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legend The following icons appear throughout the Handbook. Each represents a short e-learning clip covering the topic next to which the icon appears. The clips are available on the accompanying CD. Icons are colour-coded using the same colour scheme as the Cost Estimating Road Map (p22).
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1. introduction The BP Well Cost Estimating Handbook is a compendium of expectations, guidance, best practice and information. It is has been written as a reference for engineers who are required to prepare well cost estimates for BP operations. The contents of the Handbook are wholly owned by BP. Reproduction of the material outside the Company, in whole or in part and whether electronic or hardcopy, requires the prior written permission of EPT Drilling and Completions. BP’s approach to and tools for well cost estimating have been continuously developed over five years and more. This process will continue after the publication of the Handbook. The most up-to-date tools and information can always be found at the Drilling and Completions Risk Management web page: http://epsegmentcommonprocess.bpweb.bp.com/Default.aspx?tabid=193
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introduction Business Context Roughly 30% of the BP Group’s capital expenditure is on wells, and this percentage is increasing. 6000 5000



Million dollars



CLASSROOM INTRODUCTION



Net Development Major Project Development Non-Major Project Appraisal Little ‘e’ Exploration
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Drilling and Completions Spend by Well Type 2003 – 2006.



Accurate, high-quality time and cost estimates add value in several ways: • They help the company to invest in the right (ie most profitable) projects. • They allow projects to be optimized for value, by comparing the costs and benefits of different options • They improve the understanding of, and therefore the management of, risks to business delivery. There are a number of additional business benefits specific to wells: • Time estimates are required to plan and optimize project schedules. Well timing impacts production schedules, data acquisition, facilities installation, rig and equipment availability. Poor estimates will lead to bottlenecks and inefficient, costly operations.
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Chapter 1



introduction • Higher than expected costs may result in a well or project being “de-scoped” – data acquisition is often an early casualty. In a development drilling program, the optimum drilling sequence may have to be sacrificed if there are insufficient funds to drill all the planned wells. In both cases, inefficient reservoir depletion may be the result. • The reputation of the Drilling and Completions function internally, and of BP externally (with partners) is dependent on our ability to deliver on our promises. Well cost is near the top of this list. GIAAP Group Standard The Group Investment Assurance and Approval Process specifies how BP makes large investment decisions and how the Financial Memoranda (FMs) which support these decisions are written. It specifies a detailed Economic Evaluation Methodology based on a discounted cash flow (DCF) analysis. This has important implications for the way we develop cost estimates. The Create FM section has more details (p81).



Estimating Methodology The costs of future wells or wells projects are always subject to uncertainty. This uncertainty arises from well scope, drilling performance, the costs of goods and services and other factors. All well cost estimates must make allowance for this uncertainty. There are two fundamentally different methods of cost estimation: Deterministic (Single Point) Estimates 1. All the individual goods and services required are listed, and a "best estimate" (fixed or daily cost) made of the cost of each.



DETERMINISTIC ESTIMATES



2. The individual activities necessary to complete the project are also listed, and a best estimate made of the duration of each. Time-related costs are estimated by multiplying the daily service charge by the time for which the service will be required. 3. The individual costs are totalled to give a best estimate of the project cost. 4. Uncertainty is acknowledged by adding a contingency amount (typically 10-15% of the total).
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introduction Until the 1990’s, nearly all well costs were estimated deterministically. The major disadvantage of this method is that a single value of time or cost can only be valid under a very specific set of assumptions. The probability that every one of these assumptions remains true through well execution is generally low, and an estimate based on false assumptions is of little value. This limitation has been the major driver behind probabilistic methods. Developed in the ‘80’s and ‘90’s, these methods have since about 2001 been accepted as “best practice”. Probabilistic (Risk-Based) Estimates 1. The individual goods and services are again listed, but instead of a single number, a range is assigned to represent the possible unit cost of each. 2. The individual project activities are also listed, and again a range is assigned to represent the possible duration of each. 3. Values are picked from these ranges at random, and combined together to generate a possible total project cost. 4. Step 3 is repeated several thousand times, to produce a large number of (equally likely) possible total project costs. 5. The range and distribution of the randomly generated totals is used to make quantified statements about the likely project cost. This sampling method is called Monte Carlo analysis. In addition to cost estimating, it is used in reserves estimation, decision analysis, and many other fields. Value of Probabilistic Analysis A quality probabilistic estimate incorporates all the risks and uncertainties which may influence the project outcome, with the likelihood of each uncertain event and the range of each uncertain quantity accurately reflecting experience and expectation. Achieving this requires the cost/forecasting engineer to answer some searching questions: • How low or high, fast or slow might each cost or time model element be? Are some values more likely than others? • How might the activities carried out or costs incurred differ from the plan? What is the probability that each of these risk events occurs?
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Chapter 1



introduction • What does the record of similar wells drilled by us or others suggest might happen? In the course of answering these questions, the engineer will have investigated both good and bad time and cost performance in similar historical wells, and will have considered the applicability of this data to the planned well. This is the ideal springboard for focused risk mitigation as the well plan matures. Of course, this value can only be realized if the analysis is performed early enough to influence the plan. Value of the Results Project economic evaluations are based on expected or mean cash flows. Estimating these requires consideration of all possible upside and downside outcomes, with their respective probabilities. For this reason, probabilistic estimating is a cornerstone of BP’s investment appraisal process. For project risks to be managed effectively, they must be visible. For wells projects, time and cost risk is formally communicated in the Drilling and Completions Uncertainty Statement (DCUS). With the DCUS, decision-makers can debate the input uncertainties, develop and discuss risks and corresponding mitigation and can see the range of likely project outcomes. Technical staff can clearly see the specific risks which contribute most to overall project uncertainty and which therefore demand most attention.



Implications for Well Engineers The importance of well time and cost estimates, and the value added by the probabilistic method means that: • The DCUS is a key element of the Segment Common Process, with significance in the Exploration and Major Projects Common Processes, as well as Beyond the Best. • Development of a quality time and cost estimate, and of a supporting DCUS, are core skills for all Drilling and Completions engineers. • Probabilistic cost estimation is the method of choice for all drilling, completions and wells projects.
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introduction Facilities Cost Estimating Facilities costs, including pipelines, is the other major component of BP’s E&P spend. Estimators again use Monte Carlo analysis to generate probabilistic estimates, but the details of the methodology are rather different: • Analogue data for facilities and other project costs is held in a BP database and query tool, eProjects. • The first step of the estimating process is to compile a detailed, deterministic estimate based on likely values for time and cost. This is known as the “base estimate”. • The second step – generally supported by a company estimating expert – is to assess each major cost item in the base estimate for uncertainty in scope, cost and productivity (ie time). • An in-house BP Monte Carlo tool called BRISK is used to generate a probability distribution of total cost from these uncertainty ranges. This step is sometimes called “Brisking” the estimate. The difference between the mean of the “Brisked” distribution and the base estimate is called the Unallocated Provision (UAP). This is generally identified separately in the Financial Memorandum for the project and is held by the project leadership as contingency. The wells cost estimating method does not identify UAP explicitly, and this can lead to confusion. The important point is that the wells method generates a mean value directly. This can be added to the mean facilities cost and to other (generally smaller) items to create the mean project cost. Under no circumstances should a standard wells cost estimate be “Brisked” in order to generate an additional Wells UAP.
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Chapter 1



introduction Cost Estimates Through Time The cost of a single well or multi-well project will be estimated several times as it becomes better defined. The following diagram shows how different types of estimate (what used to be known as “classes”) are required as a project progresses through CVP stage gates or a well progresses through Drilling and Completions Value Assurance. The diagram is not definitive - some estimates may not be required, and additional estimates – for example for re-sanction or abandonment – may be needed. Multi-well Estimate
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Well Cost Estimates in support of a Major Project.
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introduction The inputs and outputs of successive estimates change in a characteristic way: ESTIMATE EVOLUTION



• The input data become more detailed and less uncertain • Some uncertainties (eg. daily rig rate) and risks (eg. use of water-based mud) will be eliminated, while others (typically related to performance) will remain. • The range of outcomes will narrow, although there will generally be significant uncertainty, even in the sanction estimate. The following figure illustrates the typical cost estimate evolution for an exploration well, but a similar graphic could be produced for any type of well or well project. Identify Prospect
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Evolution of the DCUS for an Exploration Well.



There may be circumstances where cost uncertainty will increase from one estimate to the next – for example where a new risk is identified – but if early estimates are prepared with a thorough appreciation for risk and uncertainty, these cases should be unusual.
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Chapter 1



introduction BP’s Well Cost Estimating Track Record Trends in cost estimating performance cannot prove the benefits of one technique over another – there are too many other factors involved – but they are nonetheless useful for monitoring our progress.



BP TRACK RECORD



Single Well Estimates Probabilistic estimation started to become truly widespread in BP in 2001. Since then, our performance, measured by the difference between estimated and actual costs, has generally improved. The figure below shows that for development wells, which account for about 85% of expenditure, the (P25 to P75) range of cost variance has reduced from about 45% in 2001 to about 15% in 2004. Over the same period, the average cost variance has fallen from +9% of AFE to +5% (and in 2003 was near zero). North America
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Single well cost variances year-by-year.



Multi-well Estimates Cost variance data from multi-well projects is less easy to obtain, but a study conducted in 2004 produced the following summary chart:
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introduction Cost variance (Actual vs Estimate)



100% Cost growth Cost reductions Net cost change
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Cost Variance in Recent Multi-well Projects.



The projects are ordered by sanction date, and the overall change in cost since sanction is presented as the sum of all cost growth areas minus the sum of all cost reductions. The Angola project data has been updated to 2006 (and is therefore impacted by strong sector cost inflation). At first glance, it would appear that the use of the Multi-well Estimator (in the last five projects) has coincided with a reduction in typical cost variance. While the tool may indeed have been beneficial, there is an argument that since cost variances emerge over time, the observed correlation with time-since-sanction is only to be expected.
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Chapter 1



introduction Understanding Local Track Record The estimating track record for the E&P segment as a whole is too high level to be a reliable guide for developing future estimates. The trends in individual SPUs, PUs or fields will be much more informative – provided that sufficient data is available. All estimators should keep track of (or at least know where to find) estimated and actual times and costs in their work area, so that they can work to eliminate any systematic cost variances which have arisen. Total estimates and total actuals are required to balance - over a large number of wells – at the local as well as at the Company level. Take care when examining historical cost variances – they can be misleading: • AFE values may include supplementary AFE amounts, not just the original estimate • Wells may have been abandoned before reaching their objectives • Wells which overspent may have been “de-scoped” in order to minimize the overrun. In all these cases, the ratio of actual to estimated (AFE) cost will appear lower than in reality it should.
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introduction Discipline Expectations In 2003, while Cost Leadership was formally recognized as a GO Theme, the following statements about well cost estimation were agreed by the Drilling and Completions discipline leadership: “It is an established expectation that well/program cost estimates are supported by an appropriate (for the scope) uncertainty statement. Other expectations are: • Probabilistic methods are used • All cost element forecasts are of similar quality and robustness • Time model is validated and benchmarked • Cost model is validated and benchmarked • Cost estimators have had formal training • Cost estimates are structured to facilitate subsequent tracking and reconciliation • Costs are sanctioned at the mean BP’s recommended tool for communicating the detail behind well forecasts is the Drilling and Completions Uncertainty Statement (DCUS)”.



Estimating Requirements and Confidence Ranges Some cost estimation instructions make reference to Confidence Ranges, meaning the percentage uncertainty (typically the P10 to P90 range) of the cost around a likely or mean value. For example, +/- 15% might be given as a typical confidence range for a Define FM cost. A common misconception is that BP uses such confidence ranges to specify how accurate various types of cost estimate must be. This is not the case. Cost estimate requirements are only ever specified by reference to the quality of inputs (analogue data, detail of scope etc), never to outputs such as confidence ranges. Wherever cost estimate confidence ranges are quoted for “typical” projects at various CVP gates, these should be interpreted as guidance only. They may not be applicable to wells projects and should never be interpreted as hard-and-fast requirements. 18
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introduction
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2. cost estimating process Introduction This section describes the steps necessary to complete a sound probabilistic well cost estimate. The sequence of steps is the same whether the estimate is for a simple well intervention, or a multi-billion dollar development, although the detail of the work in each step will change
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cost estimating process Process Overview The following figure shows the six main phases and individual steps for compiling a well cost estimate. Each step is described in more detail in the sections which follow. Plan the Estimate
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Well Cost Estimating Road Map.
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Chapter 2



cost estimating process Roles and Responsibilities A well or wells project cost estimate must have a Single Point of Accountability (SPA). This will typically be the Senior Drilling Engineer (or Senior Completion Engineer for Completions-only projects). Sources of help for certain steps are indicated by Red Letters in the boxes above. In some cases, this “help” may be required in order to comply with the functional expectations. A – Cost Analyst / Supply Chain Management C – Performance Unit Commercial Team D – Drilling and Completions Performance Team E – Exploration and Production Technology (EPT) L – Performance Unit or Wells Team Leadership P – Peer Assist / Review Teams S – Suppliers X – Other Performance Unit Teams (subsurface, facilities etc).
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cost estimating process The description of each individual step concludes with a table showing specific guidance for different types of estimate. Five types are distinguished, although the classification is necessarily somewhat subjective and should be adapted to circumstances. Estimate Type and Code



Description



Cost



(1) SW $10M



Complex, critical well



> $10 million



(4) MW $100M



Complex, multi-well project



> $100 million



Special topics relating only to Multi-well Projects, Early Exploration Wells and Well Decommissioning are covered in separate sections.
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Chapter 2



cost estimating process Plan the Estimate Frame the Estimate



FRAME THE ESTIMATE



Answer these questions for every estimate before you start work • Why is the estimate needed - what is the business context? • When are the results needed - what sets the timetable? • What is the work scope which it covers? Is the scope essentially fixed – as in a “base case”, or is there uncertainty around well type and count? • How does the estimate fit with and support BtB and the Segment Common Process? • Who has completed an estimate for a similar well or project recently? What can I learn from them? Financing and Budgeting Most wells require an Authorisation for Expenditure (AFE) against which to allocate the costs. The AFE amount is generally taken from an FM, which may cover many wells. Before starting the estimate, find out the details of the AFE and FM which will be used to finance the well or project from your Commercial team. Inclusions and Exclusions There are no standard definitions of the major cost categories in FMs (Facilities, Wells, Subsea, Overhead etc). As a consequence, costs in the “grey areas” between these categories can be missed. The various teams contributing cost estimates to an FM must agree whether/where the following costs and issues will be accounted for: • Rig building / upgrade / mobilisation / maintenance • Subsea equipment / well testing / decommissioning / abandonment • Personnel / office / allocated costs / logistics / other overheads • Tax / insurance / customs and excise duties
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cost estimating process • geological sidetracks / early completion failures • inflation / foreign currency exchange fluctuations Severe Risks A time and cost estimate should incorporate risks to well delivery, with the probability and potential impact of each being assessed. For most wells there is a spectrum of risk severity ranging from the loss of a few minutes to the loss of an entire production facility or the Operator’s license. It is important that we acknowledge this entire spectrum in the economic evaluation and investment decision process. This does not mean, however, that all possible risks have to be included explicitly in every estimate. The following table will provide some guidance: Potential impact of risk event



Examples



Typical treatment



50% of single well cost



Lost well, geological sidetrack, major well control



Exclude from single well AFE in multi-well project. Include in single well or multi-well FM.



>10-30% of multiwell project cost



Loss of facilities, major environmental incident



Exclude from FM cost estimate (but discuss in DCUS if risk is of special concern).



Treatment of Risk Events in Single and Multi-well Estimates.



The inclusion or exclusion of high impact risks in cost estimates is a matter of frequent discussion between the Business Unit and those providing assurance. Hard-and-fast rules cannot be made, but it can be stated that: • Bias should be towards including risks explicitly in the estimate • A risk which is not included in the estimate must be discussed in the accompanying DCUS.
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Chapter 2



cost estimating process Framing Multi-well Estimates Suppose you are asked to estimate the cost of a 20 well drilling project which is planned to deliver 100 thousand barrels per day (mbd) of production and to take five years to complete. Do you estimate: • The total cost of drilling the 20 wells? • The total cost of drilling in the field over the next five years? • The total cost of drilling however many wells are eventually required to deliver 100mbd of production? Any one of these alternatives could be correct, depending on the context of the forecast. If you misunderstand the context, it is likely that the estimate will be wrong before you start. Scope Changes When does a change in the program of work invalidate an estimate? If a well’s geological objectives change, a revised cost estimate may be justified, but what if the casing depths are changed? Or the casing grades? At some level of detail, changes in workscope must be absorbed in the uncertainty of the model inputs.



Develop a People Plan Once you have decided WHAT needs to be done, you need to decide, as early as possible, WHO will do the work and what help they will need. The following roles may help:



DEVELOP A PEOPLE PLAN



• Senior Drilling Engineer (SDE) – Understands the technical challenges of the project and can assess relevance of analogue data. • Senior Completions Engineer (SCE) – As SDE. Completion costs must receive the same attention as dry hole costs. • Cost Analyst – Can provide detailed cost information from historical wells and from contracts. Will help SDE/SCE compile AFE. Responsible for well cost tracking. • Procurement and Supply Chain Management (PSCM) – Can explain the cost implications of existing and future contracts. Will also provide the latest view on projected inflation in well goods and services.
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cost estimating process • Drilling and Completions Performance Team – Can identify potential analogue wells and provide high level time and cost benchmarking data. More detailed data should be requested from individual BUs. • EPT Drilling and Completions – Can provide detailed help with the use and customisation of estimating tools or with building bespoke spreadsheets for nonstandard estimating tasks. EPT can also provide scoping cost estimates for wells and projects in new areas. Above all, an early Peer Assist with experienced estimators can bring huge benefits later on. How Long Will it Take? The most time consuming part of cost estimating is gathering data, so requests should be made early. Estimates for one-off, unique or complex wells or well interventions will require more time than those which form part of a repetitive sequence. Some broad numbers will illustrate the time typically required to complete various types of cost estimate: Type of Estimate



Typical time required



Straight forward well or intervention, $10 million; multi-well project, $100 million



4 months



Engage the People ENGAGE THE PEOPLE



While Framing the Estimate, you will have discussed it with your team, your management and maybe other teams. It is also important to let others know your plans: If a Peer Assist or Review is justified, organise it early – select candidate team members, send invitations and agree dates.
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Chapter 2



cost estimating process If you will need help from the Drilling and Completions Performance Team or EPT Drilling and Completions, contact them early to discuss their involvement. If your team doesn’t yet have the specialist knowledge you’ll need – for example in completions, facilities, subsea or rig design/procurement – find someone, perhaps in EPT, or another PU, and secure some of their time.



Select An Estimating Tool While many engineers are capable of creating their own spreadsheets for probabilistic analysis, it is now expected that all estimates will be made using one of the small suite of standard templates created and maintained by EPT. There are several reasons:



SELECT ESTIMATING TOOL



• It gives engineers more time to do engineering. • Having been developed in response to engineers’ feedback over several years, the templates provide a distillation of estimating experience • Each template undergoes rigorous checks to guard against the errors to which most spreadsheets are prone. • Those involved in functional assurance (peer assists, HoD reviews etc) can concentrate on the choice of input data rather than the details of the calculation.



Caution – Customizing Standard Estimating Templates The above arguments can also be used to advise caution when making significant edits to standard templates. Any engineer contemplating making major changes to the tools should only do so after considering the above four bullets, and seeking advice from EPT. Each template is an Excel workbook incorporating Crystal Ball functions for Monte Carlo analysis. There are two commonly used tools: • Single Well Estimator (SWE) • Multi-Well Estimator (MWE) And three tools for specific applications: • Access Multi-well Estimator (AccessMWE)
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cost estimating process • Appraise Multi-well Estimator (AppraiseMWE) • Exploration Access Cost Tool (ExACT) All five templates report drilling and completion KPIs, and generate summary sheets in the standard DCUS format. The following table shows the applicability of each tool. (end of) CVP Stage Estimate Type (1) SW $10M



ExACT



SWE. Some customisation may be required, eg. mob/demob costs



(4) MW $100M



MWE, AccessMWE or custom model. Ask EPT Drilling and Completions for advice



Define



Execute



SWE. Mean times from Supplementary SWE com- AFEs are based bined with on original AFE detailed cost and cost trackdata to coming data plete AFE



MWE. MWE. Can also use SWE in early Detailed cost stages to gain confidence in actuals will also performance assumptions be required.



Typical Application of Standard Estimating Tools.



30



http://btbcp.bpweb.bp.com



Well Cost Estimating Handbook © BP p.l.c. 2006



Well Cost Estimating Handbook 3-10-06 SINGLES.qxd:Layout 1



22/9/08



09:36



Page 31



Chapter 2



cost estimating process Gather Data As far as possible, all well cost estimates must have their basis in quality, traceable data. This minimizes the influence of opinion, guesswork and wishful thinking. It also means that should the actual result turn out very different to the estimate, it will at least be possible to determine where and why the mistakes were made, so that they can be avoided in the future.



Find Analogue Wells The historical wells which we use as the basis for our time and cost predictions are called “offset wells”, or more appropriately, “analogue wells”.



ANALOGUE WELLS



Ideally, a set of analogue well data: • Would be large enough to represent a full range of performance and outcomes and to minimize the effects of small sample size. • Would only include wells closely similar to the subject of the forecast, so that all data points represent plausible – indeed equally likely – outcomes. It is rare to be blessed with data of this quality and quantity. Rather, it is usually necessary to make the best of what you can find. Good analogue well data: • Comes from wells similar in design and complexity to the well(s) you plan to drill. • Utilises the same type and class of rig as the rig(s) you plan to use. • Has timings broken down to at least the phase (hole section) level, and into productive and non-productive time. • Has the most significant periods of non-productive time itemised, and their causes identified. Some apparently relevant analogue data should be treated with caution: • Early wells in a development which may have been affected by start-up problems and inefficiencies. • Wells exhibiting strong seasonal dependencies, such as long periods waiting on weather. • Poorly kept or partial records, where the interpretation of actual performance is difficult or questionable. Well Cost Estimating Handbook © BP p.l.c. 2006
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cost estimating process Wells drilled in a different area, or by a different Operator, or several years ago can also make good analogues. Good quality data should be excluded from your analysis only when there are specific reasons to expect it to show a different level of performance to your planned well(s). Even if you don't include some data in your analysis, you can always use it to reality check your final results: does the comparison show the difference in performance you expected? This is discussed further under External Validation (p71). How Many Analogue Wells do I Need? The simple answer is “the more the better”. In practice, there is a law of diminishing returns where time spent analysing more analogues could be better spent on other aspects of the estimate – or on engineering. To understand productive time and associated costs, 5 wells is a good minimum to aim for. Since non-productive time (NPT) events are by their nature infrequent, you will need a larger sample of wells to properly understand risk. To understand NPT and associated costs, 15 wells is a realistic minimum. These numbers must be treated with caution: it is better to have a few analogues from a variety of fields, operations and Operators than many wells all from the same drilling program. Different Analogues for Different Data Where there are no good analogue wells, it may be necessary to use several sets of less good analogues to inform different parts of the estimate. Suppose, for example, you are developing an Appraise stage multi-well estimate following exploration success in a new country. The following analogues might be useful: • The exploration well – for rates of penetration and drilling hazards • A development using similar completion types – for completion times and costs • A development in a similar water depth – for daily rig and services costs • A development with similar in-country facilities – for logistics, shore base and other costs. Analogue Cost Data Depending on the type of estimate, gathering good historical cost data can be as important as finding time data. A breakdown of actual costs from analogue wells will enable you to: 32
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Chapter 2



cost estimating process • Check that you haven’t missed any major cost items. “Bottom’s up” estimates are often incomplete. • Validate final costs against contract prices. Invoices often contain charges not immediately obvious from the contract terms. Mob/demob charges may be higher than you expect, too. • Place less reliance on other engineers’ estimates. Simple mistakes can be multiplied many times if an estimating error is copied from one estimate into others. Actual historical costs may be available from your Cost Analyst or Project Services team. Failing that, the data will likely be stored by cost type in DIMS, CTX and/or SAP. Your Cost Analyst or Project Services team should be able to help you access it. When using historical cost data you must, of course, allow for the effects of inflation (p99). For estimates made in Define, contract prices should be available, so you can dispense with analogue data. In addition to the above warning about invoice costs, find out (from PSCM) which contracts allow for cost escalation in line with inflation, and what the latest estimates for inflation are. Estimate Type



Expectations for: Find Analogue Wells



(1) SW $10M



Look globally for wells which presented similar challenges. Ask the Drilling and Completions Performance Team or the Well Engineering Performance Forum for help. Data without sufficient detail for modelling can be used as benchmarks for validating the results



(4) MW $100M



As (3). Find a variety of analogues to match different aspects of the project: geology, rig type, completion type, impact of simultaneous operations, learning, logistics, overheads etc.
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cost estimating process Define Workscope Activities DEFINING THE WELL PROGRAM



The time estimate will be based on a list of planned operations appropriate to the scope of the project: the “workscope activities” As a well progresses through its planning phases, this list will become better defined and for multi-well projects, differences between wells will be better understood. The definition of activities in the workscope will drive the analysis of the analogue well data. In order that engineers can share analogue data, it makes sense to try and work to a standard level of detail and demarcation between activities. The following definitions have been found to work well: Starts



Ends



Drill



Start drilling after LOT/FIT



BHA laid down



Evaluate



Pre-job safety meeting after BHA laid down



Tools laid down



Case



Pre-job safety meeting after BHA laid down



LOT/FIT Finished



Typical time breakdown for a well phase.



Not only is it unnecessary to sub-divide activities into smaller and smaller tasks, it can impair the quality of the estimate. This is because (a) it can distract from the conversations around uncertain scope and risk events and (b) it can introduce too much randomness into the forecast, leading to unrealistically narrow ranges of results (see Correlation). Follow the guidance below, and you won’t make this mistake.
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cost estimating process Estimate Type



Expectations for: Define Workscope Activities



(1) SW $10M



As (2). Some very deep, complex wells may legitimately require as many as 50 activities.



(4) MW $100M



As (4), although Appraise estimates may justify more detail. Pay special attention to program interrupts: facilities, production, rig moves.



Analyse Analogue Data Well time is customarily broken down as follows: Total Well Time = Productive Time + Risk-specific NPT + Non-specific NPT



WELL TIME BREAKDOWN & NPT



• Productive time is time spent on activities in the well execution plan or modifications to it. Includes wasted time due to sub-optimal performance and inefficiency. Also includes, for example, time to run a contingency casing string required because of unfavourable pore pressures. • Risk-specific NPT is any period when a single problem or event causes significant time to be spent on activities not in the execution plan and not contributing directly to the well objectives (eg. recovering stuck pipe). “Risk-specific NPT” is a better name than the previously used “Major NPT”, since, in a time estimate, it applies to any NPT event with a named cause, regardless of its duration. • Non-specific NPT is any short period where problems require activities not in the execution plan (eg. rig repairs). Within a time estimate, all NPT not attributable to specific, identified risks is non-specific. “Risk-specific” and “Non specific” are adjectives describing how NPT is treated in a time estimate. They are not used in describing NPT itself.
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cost estimating process Risk-specific NPT



Non-Productive Time with the estimate cause identified in the estimate. Measured in days.



Non-specific NPT



Non-Productive Time without the estimate cause identified in the estimate. Measured as a %.



Productive Time (PT)



% non-specific NPT =



non-specific NPT PT + non-specific NPT



non-specific NPT days =



% non-specific NPT x PT days 100% - % non-specific NPT



High level well time breakdown.



Risk-specific NPT must, wherever possible, be broken out of your analogue data, and the causes identified. Failure to do this will seriously limit the value offered by both the estimating process, and the results. If the time remaining after the removal of risk-specific NPT can be easily subdivided into productive and non-specific non-productive time, do it – it will allow you to estimate the total well NPT and compare it to the total in analogue wells. Don't, however, spend hours searching through drilling reports totaling up short periods of NPT – the benefit will not be worth it. There is no hard-and-fast division between risk-specific and non-specific nonproductive time. Listing risk-specific NPT events in an estimate makes them visible and encourages helpful conversations about them. In general therefore, the more risk-specific NPT events identified within an estimate, the better. Having taken the trouble to gather suitable analogue data, try to get some detailed understanding of it. Follow these steps:
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Chapter 2



cost estimating process 1. Represent the data graphically to aid analysis and understanding. 2. Research the background of any data points which appear unusual or out-of-place. Make sure you understand what happened, and why. 3. Tabulate the performance in your analogue wells, matching each activity against the drilling and completion program for your planned well(s). Make sure you include risk-specific and non-specific NPT in the tabulation. Use the historical performance for each programmed activity as the basis for your time estimate for that activity. 4. When preparing to define input distributions, use your in-depth knowledge of the data set and of the subject of your estimate to make reasoned predictions of likely outcomes.



Operation or Event Drill 12-1/4" hole Install 9-5/8" casing Drill 8-1/2" hole Run TD logs



Galileo3



Galileo4



Galileo5a



CallistoA2



CallistoA3/A3ST



426 ft/day 620 ft/day 515 ft/day 339 ft/day 485 ft/day 2.6 days



2.1 days



2.9 days



2.0 days



1.7 days



227 ft/day 289 ft/day 315 ft/day 191 ft/day 195 ft/day 1.6 days



-



1.3 days



2.2 days



-



Perforate



-



-



-



3.9 days



5.1 days



Run completion



-



-



-



2.7 days



2.4 days



21.6%



8.8%



5.5%



17.9%



20.0%



-



-



6.5 days



-



-



2.4 days



11.8 days



-



4.4 days



-



-



-



-



3.1 days



-



% Non-specific NPT Stuck pipe (12-1/4" hole) Waiting on weather Incomplete perforation run



ANALOGUE DATA EXAMPLE



Example of Correctly Tabulated Analogue Well Data.



Risk-specific NPT is always broken out from analogue data first, and added into the time estimate last.
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cost estimating process Our final estimate of well time will be calculated based on this definition: Total Well Time = (Prod. Time) / (100% - %Non-specific NPT) + Risk-Specific NPT Waiting on Weather and the SWE Within the Single Well Estimator (SWE), a fourth time category is broken out – Waiting on Weather (WoW). In reality WoW is a special class of risk-specific NPT, identified separately because it is sometimes convenient to estimate its impact by using a percentage of well time (as is done with non-specific NPT). In this case, the equations become: %WoW = WoW / (Productive Time + Non-specific NPT + WoW) %Non-specific NPT = Non-specific NPT / (Productive Time + Non-specific NPT) and our equation for well time is: Total Well Time = (Prod. Time) / [(100% - %Non-specific NPT) x (100% - %WoW)] + Risk-Specific NPT These equations imply that weather is broken out from well times before nonspecific NPT and added into estimates after non-specific NPT. DATA SOURCES FOR COST



Analysing Cost Data Cost data from analogue wells may be analysed in much the same way as time data. Historical cost data is indispensable for estimating, but differs somewhat from time data. It is typically:



SOME COST MODEL PITFALLS



38



• Less easy to access – Other operators may be less willing to release cost data than time data. Also, while most BP operations track their time in DIMS, there are currently a variety of applications in use for tracking cost. That said, extraction of data by cost element from DIMS, CTX and SAP are all possible. Ask your Cost Analyst or Project Services team for help.
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Chapter 2



cost estimating process • More quickly obsolete – Inflation and market fluctuations tend to change more rapidly and systematically than Drilling and Completions performance. • More complex – Wells contracts have become more complex in recent years, with stand-by rates, minimum charges and volume-dependent discounts hampering accurate cost prediction. A thorough analysis of analogue cost data will break down well cost by: • Major cost components (Rig, Logistics, Tangibles etc). Use of a standardized Cost Element List will be useful here. • Time-dependent vs “fixed”(ie time-independent costs). This requires judgement, given the contractual complexities mentioned above, but it is one of the keys for establishing the correct relationship between Drilling and Completions performance and well cost.



FIXED AND VARIABLE COSTS



Analogue data can also reveal links between NPT and cost. This is discussed in more detail on page 59. The following figure shows a high level cost breakdown for a deep water development in the Gulf of Mexico. This level of detail is sufficient to see how the cost structure for a batch setting program differs from that for a single well.
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cost estimating process Batch Setting Program (15 wells) 80.1 days $ Total per well per day Fixed Costs Casing Wellhead Mud Wireline Cement Bits and Reamers Site Survey Tech Limit & PreSpud



8,500,000 1,800,000 9,500,000 9,000,000 200,000 700,000 300,000 30,000,000



566,667 120,000 633,333 600,000 13,333 46,667 20,000 2,000,000



106,117 22,472 118,602 112,360 2,497 8,739 3,745 374,532



2,000,000 100,000 1,000,000 750,000 500,000 200,000 75,000 4,625,000



60,606 3,030 30,303 22,727 15,152 6,061 2,273 140,152



18,022,500



1,201,500



225,000



7,425,000



225,000



Variable Cost MWD/LWD 1,250,000 83,333 15,605 825,000 Directional 1,200,000 80,000 14,981 825,000 Logistics 5,000,000 333,333 62,422 1,320,000 Supervision 2,400,000 160,000 29,963 660,000 Casing Running 1,100,000 73,333 13,733 264,000 Fuel 1,600,000 106,667 19,975 412,500 ROV 1,200,000 80,000 14,981 297,000 Rentals 1,500,000 100,000 18,727 330,000 Inspections 750,000 50,000 9,363 Other 1,977,500 131,833 24,688 16,500 Variable 17,977,500 1,198,500 224,438 4,950,000 Rig and Variable 36,000,000 2,400,000 449,438 12,375,000 Fixed 30,000,000 2,000,000 374,532 4,625,000 Total / "Burn Rate" 66,000,000 4,400,000 823,970 17,000,000 Example High Level Cost Breakdown for part of a Multi-well Development.



25,000 25,000 40,000 20,000 8,000 12,500 9,000 10,000 500 150,000 375,000 140,152 515,152



Rig Cost



40



G5 w ell 33 days $ Well per day
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Chapter 2



cost estimating process “Statistical Outliers” In any analysis of data, the proper response to statistical outliers – values which appear unusual or out-of-place – is to investigate them and retain or include them on their merits. Automatic rejection of outliers is never justified. This is doubly true in well estimating, where the investigation of unusual results may highlight risks or opportunities which require specific attention. Selective Memory Unfiltered analogue data sets will contain values representing both good and poor performance or outcomes. Estimators sometimes ignore the poor outcomes when filtering the dataset for use. This may be because: • The poor outcomes can be traced to specific events or mistakes which, it is supposed, won’t happen again. In contrast, the better outcomes can clearly recur. • Inclusion of poor outcomes is condemned as “sandbagging” – padding an estimate unjustifiably to make it less challenging. The second bullet doesn’t merit further discussion. The first is rather more subtle. Although the specific circumstances which lead to each poor outcome may be unusual in themselves, poor outcomes in general are not. They should clearly be represented in the final analogue dataset.



Caution – Assertion On occasion, the systematic gathering of analogue data may be entirely bypassed by the rather less systematic use of assertion. This may take several forms: • “Our commitment/target/promise is to reduce NPT to 10%, so we can’t use a higher number in the estimate” • “Now that we’re doing more pre-planning and front-end engineering work, we should expect to better our previous best performance” • “The project is uneconomic with these figures. Change them” Setting challenging goals is a vital part of good business. Mixing such challenges with the estimate input data makes them implicit in the estimate results, rather than explicit in the way the estimate results are used. This not only leads to disappointment when the forecasts turn out to be optimistic, but also to confusion over how it happened.
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cost estimating process Estimate Type



Expectations for: Analyse Analogue Data



(1) SW $10M



As (2). Discuss the wells with the engineers involved. Analyse and understand the full cost of NPT events. Find out why the events took as long as they did to recover from.



(4) MW $100M



As (4) Extract and compile data for major model elements: Drilling and Completions productive time, Drilling and Completions NPT, WoW, learning rates, effect of step-out on performance, rig cost, logistics costs, overhead costs etc.



Identify Risks IDENTIFY RISKS



The basic steps in risk identification are included in the table below. The smaller the set of analogue wells, the greater the chance that some key risk events will not have occurred and may be missed. For complex wells or projects, it is always worth having a people-driven information source (eg a team-based risk identification and assessment meeting) in addition to data-driven sources (analogue wells).
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cost estimating process Estimate Type



Expectations for: Identify Risks



(1) SW $10M



As (2). Hold a risk identification and analysis session with a diverse invitee list – like a peer assist. Talk through and document possible risk events, how they might develop, and contingencies.



(4) MW $100M



As (3) and (4). Ensure risk sessions are multi-disciplinary. Talk to teams with recent experience in comparable projects.



Get Additional Cost Data For complex projects, particularly those in new areas, much important data may be unavailable from analogue wells. Some examples are given in the table below. Price inflation (p99) also falls into this category. Estimate Type



Expectations for: Get Additional Cost Data



(1) SW $10M



As (2). May also include weather and oceanographic data, logistics costs, cuttings handling and remediation, site surveys, rig audit.



(4) MW $100M



As (3). Review cost inclusions from “Frame the Estimate” and search for analogues as well as getting project-specific estimates.
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cost estimating process Get Supplier Cost Data When contracts are already in place with suppliers, the engineer should request cost estimates from them, and use this data both in the probabilistic estimate and in the final AFE. Well services suppliers will need time data in order to prepare estimates, resulting in the following data flow: Create probabalistic time estimate



Create SoR



Create (deterministic) AFE



Create probabilistic cost estimate (P10 & P90 costs)



BP Extract mean hole section times



Input data into SWE



Estimate costs based on mean times Supplier Split estimate into fixed and time-related costs Role of Supplier in Generating a Well Cost Estimate.



At its most simple, the supplier provides cost estimates (usually by hole section) based on mean hole section times (which can be estimated by putting time data into the SWE). These costs then become the line items in the detailed, deterministic cost breakdown which is generally required to accompany the AFE. A further useful step (shown by dashed lines) is for these cost estimates to be split into “fixed” and time-related elements, which can be fed back into the SWE. Only by doing this can reliable P10 and P90 well costs be estimated. Conversations with major suppliers around the cost impact of specific risks (not necessarily directly related to their service) will help estimate the true cost of nonproductive time. 44
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cost estimating process Define Inputs This step involves turning tabulated analogue and additional data into the standard format of line items, probabilities and simple distributions required as inputs by the SWE, MWE and other estimating tools. The input data defining possible well time – the “time model” – can be defined before costs are considered. The input data relating to cost – the “cost model” – is, in effect, an add-on to the time model.



Define Time Model Choosing a Distribution Type The choice of distribution type is not particularly important in well time and cost estimation. The section on Central Limit Theorem (p135) explains why this is so. Instead of wasting time debating the choice of distribution, we should pay close attention to giving our input distributions the correct mean and standard deviation (see the Statistics chapter for an explanation of these terms) and be rather less concerned about their shape.



BASICS OF DISTRIBUTION FITTING



Choose simple distribution shapes – uniform or triangular. Unless you have 10 or more analogue data points, or are sure you need an asymmetric (="skew") distribution, stick to a uniform distribution. Choosing Distribution Parameters Parameters are the numbers, such as minimum and maximum, which describe a probability distribution. In the absence of good data on which to base their estimates, engineers have difficulty estimating the range of possible values which an unknown quantity could take. We tend to significantly underestimate ranges, regardless of the extent of our knowledge. Many training classes contain exercises which demonstrate this. Where we are fortunate enough to have good analogue data, it is vital that we plot it graphically before attempting to characterize it with parameters. The objective is to look for and identify trends, correlations, or outliers which may require further investigation.
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cost estimating process Here are some simple rules: • Define ranges which are significantly wider than the extremes of your analogue data. It is most unlikely that the data include either "best possible" or "worst possible" performance. The fewer analogue wells you have, the more you should exaggerate the range of possible performance. • Don't build in any systematic change in performance compared with your analogue data unless you can justify it by something you are doing differently. In particular, don't assume that performance improvement over time "just happens". It doesn't – at least not reliably. • If you know or suspect that your analogue data doesn't tell the whole story, you should allow for different performance in your planned well(s). For example, if your planned well has a higher step-out than any of your analogue wells, or is being drilled along a difficult azimuth, you might bias your estimate towards poorer-thanprevious performance. Benchmark Times While analogue data should be the main source of time estimates, Benchmark performance can help define minimum values. A benchmark time is usually calculated prior to a Technical Limit workshop by combining the best productive times yet achieved for each individual activity (although variations, such as removing invisible lost time may be used). By the same reasoning, the minimum non-specific NPT – at least for a single well – should normally be set to 0%. The DataFit Spreadsheet DATAFIT



This simple spreadsheet, downloadable from the Drilling and Completions Risk Management web page, is a practical tool for fitting simple distribution shapes to small datasets. It also provides a simple means of visualizing the data – a useful step in quality assurance. The formulas built into the tool are given in Ref 1. Exclusive reliance on calculated distribution parameters, such as those provided by DataFit, is tempting but dangerous. With this approach, there is little need or incentive to understand or check the quality of the data. As a direct result:
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cost estimating process • Distributions may be fitted to datasets containing anomalous values, leading to incorrect (often completely unrealistic) parameters. • Important risks or opportunities suggested by the variations of the data may be missed. • The estimating process becomes a mechanical exercise, and as such may be delegated to personnel lacking the skills and insights necessary to produce reliable results (or recognize unreliable ones). Use DataFit as an aid to your engineering experience and judgment, not as a substitute for it. Select whichever of the uniform and triangular distributions seems to fit your expectations best. In particular, consider using the triangular distribution if:



MORE DISTRIBUTION FITTING



• The parameter (min, likely or max) which you have fixed has some independent source (eg a Technical Limit) and • The maximum and minimum values are both plausible in the context of your estimate. If either of these criteria doesn’t hold, it is usually safest to use the Uniform distribution. If neither distribution seems reasonable (eg. the minimum time or cost is negative), there may be several causes: • One or more of the data points doesn’t represent the same thing as the others – it may include NPT, extra scope, extra services, or just be wrong. If you can find the problem data, exclude it. If it represents a real possibility, you must include it elsewhere in your time or cost model. • The data is good, but cannot be approximated with either a Uniform or a Triangular distribution. In this case, you should construct a distribution which at least has the correct mean. Make sure that: For a uniform distribution, Min + Max of chosen distribution = 2 x Mean of dataset For a triangular distribution, Min + Likely + Max of chosen distribution = 3 x Mean of dataset The following flow diagram summarises this guidance.
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cost estimating process



Check outlying data points: Remove all NPT and values representing different workscope. Handle these possibilities elsewhere in your estimate



Start here: Enter data into spreadsheet  Uniform distribution







Triangular distribution Yes



Enter in the 



Do you have a good idea of a min or max value (eg. Tech Limit) ?



Is the



 credible



No



?



No



Yes Use 



Use 



Yes



Yes



Is the  credible ? No



Can you define a credible  given the allowable limits on min and max values ? No Define a credible distribution with the same mean as the data, eg: Min  = minimum credible value Max  = 2 x mean - min



Using DataFit to define distribution parameters.
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cost estimating process Modelling Drilling Performance Suppose we expect to drill a 2000m hole section in 4 days. We could describe our performance equally well as a rate of penetration (ROP) of 500m/day. But how would we express a range of uncertainty of, say, +/-50% about this value? The ranges [2–6 days] and [250–750m/day] are clearly different. Even if we define two identical ranges – say [2–6 days] and [333–1000m/day] – our choice is still important. In this case, it would lead to a difference of 0.7 days in the estimate of our mean well time. The reason for the difference, and how it is calculated, in explained in Ref 1. (Hint: the “P50” performance is 4 days if we define the range in days, and 667m/day = 3 days if we define the range using ROPs). Given that the same range of performance can make a different contribution to the overall drilling time depending on how we model it, which approach is more “correct”? We generally wish the inputs to our Monte Carlo model to be basic quantities, not derived from others, and we can use this as our guide. ROP (at least on bottom) is not a function of hole section length, whereas “section days” certainly is. This suggests that ROP is the more basic measure of performance, and therefore preferable as a model input. The argument is less easy to make, but probably still valid, if we choose (as we usually do) to model the entire hole section time, including tripping and other flat-spot times, with a single ROP value. Though use of ROPs works well in many cases, a problem can arise when the range of performance is wide: Example: We have drilled the same hole section in three wells and are planning a fourth, with performance as follows: Well



Interval (m)



Days



ROP (m/day)



#1 (actual)



1000



12.5



80



#2 (actual)



1400



14



#3 (actual)



1500



10



1800



Min = 1800/172 = 10.4 Max = 1800/48 = 37.9??



#4 (plan)
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Calculated from DataFit: Min = 48 Max = 172
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cost estimating process Using DataFit to define a uniform distribution for ROPs in well #4 leads to an unrealistically high maximum hole section time of nearly 38 days. A better approach in this case would be to normalize each analogue section time to the planned section depth, and then model the performance in days: Well



Interval (m)



Days



Days normalised to well #4



#1 (actual)



1000



12.5



12.5 x 1800 / 1000 = 22.5



#2 (actual)



1400



14



#3 (actual)



1500



10



#4 (plan)



1800







14 x 1800 / 1400 = 18 10 x 1800 / 1500 = 12







Calculated from DataFit: Min = 8.4 Max = 26.6



The predicted range of hole section times in well #4 now looks more credible (although still wider than we might have chosen by “eye-balling” the data). This method of depth normalisation doesn’t always give such good results, but it is certainly worth trying if using ROPs directly proves problematic. Flat Spot Times With increased emphasis on “performance drilling”, we sometimes pay less attention to flat spot times (activities, such as casing and logging, during which no new hole is being drilled). The detailed analysis of these is a task for the Technical Limit process, but estimators should at least ensure they understand the activities to be performed during each flat spot, and the associated risks. Taking two or three attempts to run a long casing string is not unusual and will likely have a major impact on well time.



Modelling Risks and Wrecks Probabilities and Frequency Counts The probability associated with each risk event should be based on the analogue data, supplemented by an understanding of the project specifics. The four steps involved in estimating any probability are:
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cost estimating process 1. Compile historical data 2. Make an initial estimate: Initial Probability Estimate = No. of Occurrences / No. of Possible Occurrences If, for example, a downhole tool has been run 5 times and suffered 3 failures, the initial estimate of failure probability would be 60%. 3. Consider the specifics for your project: • Are the conditions for the risk more or less severe than was typical in the analogue wells? • Has anything been done recently to mitigate the risk and reduce the probability ? 4. Adjust the estimate (upwards or downwards) accordingly If, for example, the 3 tool failures were all due to a faulty component design, which has since been improved, it might be reasonable to reduce the estimate of failure probability (not to zero, but perhaps to 20 - 40%).



Caution – Double-Dipping on Risk Probabilities When compiling a list of risk events to incorporate into a probabilistic estimate, it would appear to be good practice to: • Include risks which have impacted similar wells in the past • Include other risks which may have an impact on the current well • Use the historical frequency of each risk to guide the probability attributed to it in the forecast Following these rules can, however, lead to a subtle error in the forecast. Example: The following table records the significant risk events that have occurred whilst drilling four wells of a development. The table also includes two risks that have been identified as possible occurrences, but which have not yet struck.
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cost estimating process Risk



Occurred in well? 1



2



3



4



Historical per-well frequency



Wait on Weather



✓



-



-



-



0.25



Equipment failure



-



✓



-



0.5



Lost Circulation



-



-



✓



✓ -



0.25



Stuck Pipe



-



-



-



-



0



Geological Sidetrack



-



-



-



-



0



An understandable use of this data would be: • For the three risks which have occurred, translate the observed historical frequency directly into a predicted probability of occurrence. • For the two risks which haven’t yet occurred (but which are thought possible), assign a low but positive probability, say 10%. This approach would be wrong. It would overestimate the per-well frequency of any risk occurrence, giving an average number of risk events per well of 1.2 compared to the historical average of 1.0. The error lies in the inconsistency of approach. To make an unbiased allowance for risk, we must either rely on the historical data and assign a probability of zero to the last two risks, or use lower probabilities for the first three risks than their observed frequencies suggest. The latter approach probably gets us closer to reality: whereas the historical frequencies of events are unbiased estimates of their future frequency, historical frequencies conditional on the events having occurred at least once will always be (positively) biased estimates. Downward Pressure on Risks In practice, under-estimation of risk probabilities is perhaps more common than overestimation. The reason is that the inclusion of specific risk events at their historical frequency can be challenged: “we must have learned how better to avoid this”, as can the inclusion of events for which there is no precedent. In general, a reduction in overall well non-productive time should only be made if a track-record of continuous NPT reduction in the past can be demonstrated.
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Chapter 2



cost estimating process Using Decision Trees for Forecasting Challenging Wells The probabilistic estimating method described in this Handbook works well for 99% of wells drilled by BP. For the most challenging wells, however, where a successful outcome is in doubt, it may not be the best way of communicating risk and uncertainty. Where several possible outcomes are possible (success, TD in smaller than planned hole size, abandonment etc), these are generally best presented using a decision tree. Classical decision trees are populated with deterministic values, and this may be adequate to describe the riskiness of well delivery. If not, a Monte Carlo analysis can be embedded within the decision tree to model the variation of time and cost (payoff) within each distinct outcome (terminal node). A detailed description of this method is beyond the scope of this Handbook. Those interested should seek help from EPT and can refer to Ref 4 which describes the approach and its practical application. BP’s preferred software for decision tree analysis is TreeAge Pro. Risk Events with a Wide Range of Outcomes Some NPT risk events may have a potential impact ranging from one or two days – if the usual remediation works – to a month or more if it doesn’t. Attempting to model this range within a single event can result in too large a contribution to average well time. The best solution is often to divide the risk into two, one low impact and the other high impact.



Example: An NPT event has probability 25%. It will likely impact the well time by between 2 and 6 days, but may last as long as 30 days. The blue triangular distribution below is an attempt to model this uncertainty with a single event. It is unsatisfactory: in order to allow a maximum impact of 30 days, the mean impact time has increased to (2+4+30)/3 = 12 days, which is probably too long. At 25% probability, this risk will add 3 days to the mean well time.
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cost estimating process



Relative probability



0.05



Prob. 25%



Min. 2 days



Likely 4 days



Max Mean Time 30 days 3 days



20% 5% 25%



2 days 6 days



6 days



6 days 30 days



0.8 days 0.7 days 1.5 days



25



30



0.04 Area = 0.2



0.03 0.02



Area = 0.25 0.01 Area = 0.05



0 0



5



10



15 Duration, days



20



A better representation of reality – dividing a single risk event into two. A better approach is to model two risks. The first – the green uniform distribution above – represents successful remediation of the problem and has probability 20%. The second – the green triangular distribution – represents continued problems and has probability 5%. It is heavily skewed towards shorter times to most closely mimic the likely duration of the event. Together, the two risks correctly model the NPT behaviour, but combine to add only 1.5 days to the mean well time. The mean impact time has been halved from 12 to 6 days – a more realistic value.



Contingent Risk Events Not all NPT risks occur independently. In particular, some events can only occur if another event has already occurred. This type of dependency cannot be modeled exactly within the SWE or MWE, and an approximation must be made.
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cost estimating process Example: Suppose that the NPT event “Logging Suite lost-in-hole (LIH)” can only occur after the event “Stuck Wireline” has happened, and that the dependency is as follows: NPT Event



Probability



Min impact



Max impact



Stuck Wireline



20%



3 days



7 days



Logging Suite LIH



25% if “Stuck Wireline” occurs 0% otherwise



4 days



10 days



Their combined effect is shown by the blue distribution curve in the figure below. These two events are best modelled in the SWE or MWE as two discrete, independent events as follows: NPT Event



Probability



Min impact



Max impact



Stuck Wireline (only)



20% x 75%* = 15%



3 days



7 days



Stuck Wireline and Logging Suite LIH



20% x 25% = 5%



3 + 4 = 7 days



7 + 10 = 17 days



* 75% is the probability that event “Logging Suite LIH” doesn’t occur if “Stuck Wireline” does.
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cost estimating process 0.04



Correct treatment – modelled as initial and conditional events



Relative probability



0.03



Recommended treatment in SWE – modelled as two independent events



0.02



0.01



0 0



5



10



15



20



24



Days



Combined effect of two dependent risk events.



The distribution of the combined duration of the two independent risk events is shown by the red line above. The mean values of the two distributions are the same (1.35 days) and the shapes are similar too. The differences in the exact shape of the two distributions will not have a significant effect on the final forecast. More complex relationships and dependencies between risk events can be treated in a similar way. Ask EPT for guidance. It is sometimes appropriate to manage the highest impact risk events outside the formality of AFE, FM etc. This issue is discussed in more detail under Frame the Estimate (p26).
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cost estimating process Estimate Type



Expectations for: Define Time Model



(1) SW $10M



As (2). If analogue data is inadequate for use of DataFit, base the ranges of performance on realistic best and worst cases. Select/Define: Review contingency plans to derive minimum and likely impact of NPT events. Base maximum times for each event on a specific “nightmare case”.



(4) MW $100M



As (4). Estimate performance impact of drilling outside previous envelope (max. angle, step-out) and compare with analogues. Model impact as either a “step-out factor” or additional or elevated risks.
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cost estimating process Define Cost Model For estimates supporting Access and Appraise CVP stage gates, the cost model may consist of just: • Daily Rig and Services Cost • Fixed Costs As more definition around the well scope is gained, each of these cost elements must be broken into more detail. In particular, it is important to differentiate costs by operation. The daily operating cost may be substantially different between drilling and completion, and also between one hole section and the next. Eventually, cost estimates based on analogue data will be replaced by contract prices. Until a contract is signed, make sure your cost model reflects the full range of uncertainty in the final cost of each service. For example, if you have yet to secure a drilling rig for a well, avoid describing its cost as “$100,000/day”. A description of the type “between $85,000 and $135,000/day” would be better. Fixed Costs and Daily Costs It is important that costs are modeled to a level of detail which ensures that their relationship to time is correct. Example: Historical data shows that we typically drill wells in 20 days at a cost of $4million, so that we spend money at the rate of $200,000 per day (this is sometimes called “burn rate”). When evaluating the benefits of a more efficient or more powerful drilling rig, we estimate that it will reduce well times by 5 days. A quick estimate based on burn rate would suggest a new well cost of: 15 days x $200,000 /day = $3million. This is likely to be very optimistic. Suppose that $1.6million of the original $4million is due to tangibles and fixed intangibles which are not affected by well time. This leaves $2.4 million time-related costs per well, so that our new well cost is: (15 days / 20 days) x $2.4 million + $1.6 million = $3.4 million
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cost estimating process In fact, even that might be an underestimate. The increased pace of rig activities would likely require an increase in daily logistics charges, and possibly increased planning and engineering personnel. The new rig is likely to cost more too. Non-Rig Costs For major wells projects, and some wells, especially exploration wells in new areas, a significant proportion of the cost is not directly related to rig activities. Examples include planning and engineering, tax, insurance, allocations, rig acceptance, subsea equipment, maintenance and inspection, warehousing. The best way of ensuring none of these costs are missed is to review actual final cost breakdowns from similar wells or projects. For each cost item, ask yourself whether your current project will incur a similar cost. Variations in Daily Cost Daily costs can change significantly through a well or project. An obvious change occurs when different rigs are used, for example for drilling and completing a well. Less obvious can be reductions in day rate during periods of rig transit or weather downtime, or increases due to the additional services required for a well test. Cost Effects of NPT NPT events can have a cost impact over and above the rig time they consume. Lostin-hole charges, lost circulation, unplanned drilling liners are examples of fixed costs which should be associated with specific NPT events. Additional daily costs, such as fishing or well control services, or extra logistics costs may also justify inclusion. Inflation Price inflation is one of the most important elements of a cost model, especially for wells projects. It is discussed in detail starting on page 99.
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cost estimating process Caution – Oil Price Assumptions and Cost Estimates The GIAAP mandates a deliberately conservative approach to economic analysis by specifying fixed oil price assumptions. These are often (and are currently in 2006) significantly below actual levels. This creates an apparent mismatch between, for example, outgoing cash flows based on actual daily rig rates in a $60/bbl oil environment and inward cash flows based on an assumed $25/bbl. However, this mismatch is intentional, and designed to ensure that all BP’s investments will remain profitable even if the oil price falls. Cost estimators must not discount current or projected rig hire or other costs to align them better with the mandated oil price assumptions. Cost inputs must always be based on a realistic best estimate of actual cash costs (although decommissioning estimates for liability provision may be a special case).
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Estimate Type



Expectations for: Define Cost Model



(1) SW $10M



As (2), but split costs by operation/NPT event. Identify operations with elevated or reduced daily rates compared to the average and estimate the difference. Pay special attention to costs not directly associated with Drilling and Completions performance: rig mobilisation, tax, import duties and VAT, cuttings disposal etc. Select/Define: Review contingency plans to derive minimum and likely impact of NPT events. Base maximum costs for each event on a specific “nightmare case”.



(4) MW $100M



As (2). Estimate a range for major cost items based on analogue data. Define: Use specific contract prices wherever available.
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cost estimating process Compute Populate Tool Entering data into the appropriate Excel workbook is largely a mechanical exercise. Details of data entry for the standard templates start on pages 148 (SWE) and 163 (MWE). While data entry cells are generally filled with simple values (numbers), it is possible to enter a cell name or formula referencing another part of the Excel workbook (typically a worksheet added by the user). This has proved useful when one element of the estimate, for example rig mobilization, is complex enough to require its own mini-analysis, the result of which is incorporated in the well total. Additional worksheets containing detailed cost breakdowns and analogue performance data can be easily copied into the standard workbooks.



Caution – External Links Avoid including links to external workbooks or data sources. These links typically get broken when one or both of the linked files are moved. Tip: You can find links in an Excel workbook by choosing Edit>Find>Options and searching for “[“ within the Workbook Formulas. When data entry is complete, make a check that it has been done correctly, with the right numbers in the right cells. Like all such checks, this one is best done by a fresh pair of eyes.
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cost estimating process Estimate Type



Expectations for: Populate Tool



(1) SW $10M



As (1). Make sure any significant modifications to the tool are highlighted and checked by EPT.



(4) MW $100M



As (3) and (4).



Run Analysis CRYSTAL BALL – RUN PREFERENCES



The number of Monte Carlo trials required to achieve reliable, broadly repeatable results depends on the complexity of the data entered and the way Crystal Ball is configured. Crystal Ball gives the user a choice in the way it selects random numbers for each trial: • “Monte Carlo” sampling is a purely random method. • “Latin Hypercube” sampling is less random in that it ensures that the full range of each distribution is sampled. It requires more computer memory than Monte Carlo sampling, but less trials will be needed to achieve reliable, repeatable results. If your computer can handle the extra demands, this is the recommended sampling method to use. Different simulation results require different numbers of trials to become reliable. The order in which reliability is achieved is typically (from least to most trials):



CRYSTAL BALL – NUMBER OF TRIALS
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cost estimating process 1. Forecast statistics (P10, Mean, P90) 2. Forecast distribution shapes (ie relatively smooth frequency curves) 3. Sensitivity charts (p136) The best indicator that enough trials have been performed to produce a repeatable sensitivity chart is that there are no blank lines in the top ten sensitivities. A blank row occurs when a Crystal Ball assumption corresponding to an empty row in the template happens, by chance, to have generated values which are correlated with the target forecast. The more trials are run, the less likely it is that this “noise” will show up amongst the top sensitivities. Broad guidance on the numbers of trials necessary to achieve DCUS-quality results are in the table below. Estimate Type



Expectations for: Run Analysis



(1) SW $10M



Run 5000+ trials. Store results in the spreadsheet.



(4) MW $100M



Run 10000+ trials to generate final DCUS results.
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cost estimating process Validate and Document Validating an estimate means providing assurance that the results can be relied upon. The numerous possible activities which can contribute to this assurance can be split into: • Internal validation – Double-checking the input of the entry data and examination of the results in relation to inputs and expectations. • External validation – Examination of the results in relation to other wells and projects. Also examination by people outside the wells team. Following satisfactory validation, the estimate should be documented – to a level of detail appropriate to the well cost and complexity – in a Drilling and Completions Uncertainty Statement (DCUS).



Caution – Critiquing Results Providing assurance on an estimate by comparing the results against expectations can be a fast route to finding major flaws. It also entails some serious dangers: • To the estimator whose work is being reviewed, the feedback “the results are wrong, go change the inputs” can sound all-too-familiar. It is likely that the next estimate which he or she produces will either be less conscientiously prepared, or deliberately made to conform to pre-conceived expectations. • It is a blunt instrument – only major problems with the inputs or calculations are likely to be spotted. • Intuition is not always a reliable guide – estimate results can be simultaneously correct and surprising. An example is discussed later.



Internal Validation Checking the Estimating Spreadsheet If there is a calculation error in the estimating spreadsheet, or an error has been made when entering data, the whole validity of the estimate is compromised, if not destroyed. It is impossible to protect the standard estimating workbooks, since this function interferes with the operation of Crystal Ball. It therefore remains easy to introduce error by, for example: 64
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cost estimating process • Deleting or inserting rows or columns • Pasting values over formulas • Dragging and dropping cell ranges It is practically impossible to fully check the calculations in the SWE or MWE once they have been populated with data. The only way to ensure calculation accuracy is: • Avoid making structural changes to the sheet • Don’t trust the “undo” function to return Crystal Ball function cells to their original settings. • If in doubt, start with a newly downloaded sheet. Checking the Data Entry We all find it difficult to check our own work, although it is possible if you go about it systematically. Far preferable is to talk a colleague through the numbers you’ve entered. It doesn’t matter if they are unfamiliar with the tool – this will be an opportunity for them to learn. Try and avoid having external reviewers find your mistakes. Even if they are simple slips – for example getting a decimal in the wrong place – it won’t increase their confidence in the remainder of the estimate. Reviewing the Results Reviewing the results against previous expectations or experience should be treated as a separate, additional quality check on the forecast, not as a substitute for the two checks above. When reviewing the results of the analysis, consider these questions:



INTERNAL VALIDIATION



• Are the numbers roughly what you expected? • Can you explain all the features of the various outputs, including the sensitivity charts, in terms of your inputs? One of the most powerful checks you can make is to plot your analogue data relative to the P10, Mean and P90 estimate values. An example plot is shown below. Such plots can be produced for time, cost, days/10kft, days/completion, NPT% and other performance indicators. You can include analogue data on these plots even for wells which didn’t contribute directly to the estimate inputs. This may be because:
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cost estimating process • They were insufficiently similar to the planned well(s) • The data you have are not detailed enough for inclusion



Dry Hole Days / 10K



70 Wells used in estimate Wells not used in estimate



60 50 P90 estimate 40 Mean estimate 30



P10 estimate



20 X01



X03 X02



A02 A01



Exploration



A04 A05



Arial Platform



B01 A05



B03 B02



Bembo Platform



Q43 Q45 Z-7 Q42 Q44z Z-6 Other Operators



Validating Estimated Performance against Actual Performance in similar wells.



It is easy to see, from such a plot, where your estimate sits relative to the analogue data. If the P10, mean and P90 values for the analogue data are substantially different to your estimate values, it doesn’t necessarily mean that your estimate is wrong. It does mean that you must have a good explanation for the cause of the difference. The Position of the Mean The mean, representing the mid-range of the results, is largely determined by your selection of analogue data (for multi-well estimates it is also influenced by your learning assumptions). It is difficult to significantly alter the "bottom line" of the estimate without making substantial changes to these fundamental inputs. This is as is should be - transparency is the number one requirement of a cost estimate.
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cost estimating process The P10-P90 Range – How Wide is Wide Enough? There are no hard-and-fast rules. Actual cost data for single wells from several years ago (2000-01) suggests that the P10 and P90 were typically about 75% and 160% of the AFE. There is some evidence (p15) that this range may since have narrowed.



P10-P90 RANGES



While multi-well projects inevitably involve risk, intuition is a poor guide to how much uncertainty to expect in the estimate results. There are at least two reasons: • For the purposes of economic evaluation, the time and cost estimates for a multiwell project are often premised on a single ‘base case’. That is, the forecasts will reflect only the risks associated with executing a fixed scope, and not the (generally larger) risks associated with changes to this scope (well count, type or location). If the reviewers of the estimate challenge the results based on similar projects where the results differed widely from the forecasts, it may be they are failing to differentiate between changes of scope (which should not be in the forecast) and unexpected costs or performance levels (which should). • While we have noted that there is some correlation between well outcomes in the same project, there is also variation. Over time, the project will experience both good and poor performance, and these will have a tendency to cancel out more completely than they do with single wells. For both these reasons, the spread in time and cost relative to the mean can be expected to be significantly less for multi-well projects than it is for their individual wells at a similar level of planning maturity.



Caution – Uncertainty rules-of-thumb The above P10-P90 “rules” should be applied with care: • there is no such thing as a typical well – some wells are “riskier” than others • actual well outcomes may include effects, such as scope changes, which were deliberately and rightly excluded from cost estimates • advising an engineer to change their estimate because the result doesn’t fit the “rule” is unhelpful. The golden rule for uncertainty ranges is:



Check, challenge and confirm the input data, then trust the results.
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cost estimating process Well time and cost estimates are subject to a number of systematic errors, most of which cause the spread of likely results to be underestimated. Challenges around input data may be justified when they will help to counteract these errors. Some common problems, and their resolution, are given in the following table: Contributor to Narrow Range Possible Change to Input Data The tendency of statistical randomisation to reduce relative uncertainty when combining random quantities



Eliminate unnecessary sub-division of the well program into separate operations. Versions 4.0 and later of the SWE have in-built correlation, which helps counteract the effects of randomisation.



Relying on historical data alone Consider "best case" and "worst case" scenarios for each to define the limits of future activity. Make sure they are captured as possibilities in your performance model.
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Using distribution shapes which place too much emphasis on the most likely value at the expense of the range.



Favour uniform over triangular distributions. Use the DataFit tool to ensure your distribution parameters reflect the spread of your data.



Failure to identify all the risks to performance



Ensure you have accounted for all NPT events in your historical data and additional risks from your Risk Register.



Underestimating the time required to resolve some problems



Contingency plans often fail - through lack of detailed planning or lack of experience. "Plan B" is probably sketchy at best, and even more prone to failure. Make allowance for this in your estimate.



Neglecting uncertainty in costs, particularly "fixed" costs



For costs, only use fixed values when contracts are already in place. Make full allowance for market fluctuations, inflation, and unexpected costs, such as tax and import duties.



Ignoring possible scope or program changes



When decisions have yet to be made about formation evaluation programs, running contingency liners, drilling beyond the planned well TD, using optional services etc., include these as possibilities in the estimate. Remember that a productive operation can have a probability of less than 100%.
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cost estimating process Caution – Mean and P90 Operation Times For the vast majority of distributions, we are used to seeing the mean fall roughly midway between the P10 and P90 values. When it doesn’t, we are apt to suspect an error. However, in the special case of operation times subject to a large risk, it is perfectly possible that the mean may exceed the P90. Example: Consider the following operation and NPT event associated with it:



Planned Operation NPT Event (prob. = 5%)



Min time



Max time



Contribution to mean time



1 day



2 days



1.5 days



10 days



20 days



5% x (10+20) / 2 = 0.75 days



Total mean time for operation



2.25 days



With the NPT event occurring with only 5% chance, the P90 operation time (inclusive of NPT) must be between 1 and 2 days, ie less than the mean.



Caution – Well “Riskiness” and Distribution Shape The assumption is often made that high risk, unpredictable quantities – for example the duration of a very challenging well – must have highly asymmetric (skewed) distributions. This is not always true. Example: We are required to estimate a well duration. We split the time into: • 10 planned operations, which are certain to be required, and each of which will require between 3 and 5 days to complete. • 5 unplanned events, each of which may occur with probability P, and each of which, if it occurs, will require between 2 and 10 days to recover from. The following figure shows the frequency distribution of the total well time for five values of P: {0%, 5%, 15%, 30%, 50%} – no correlation is applied in this case.
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cost estimating process Probability of each Unplanned Event = 5%



37.31



39.23



41.15



43.06



36.35



37.07



40.23



43.38



46.54



Probability of each Unplanned Event = 15%



Probability of each Unplanned Event = 30%



Frequency



Well Duration



38.43



42.97



47.51



52.05



35.90



41.56



47.22



52.88



58.54



Well Duration



Well Duration



Probability of each Unplanned Event = 50%



Relative Probability – All cases 0% 5% 15% 30% 50%



Probability



Frequency



33.89



33.91



Well Duration



Frequency



35.40



Frequency



Frequency



Probability of each Unplanned Event = 0%



43.07



49.79



56.51



63.23



30.22



Well Duration



38.22



46.22



54.22



62.22



Well Duration



Effect of Project “Riskiness” on Distribution Shape.



As expected, the skewness of the forecast distribution increases as the probability of each unplanned event increases from 0% to 5% and 15%. As the probability further increases, to 30% and 50%, the distribution resumes its symmetrical shape. We can explain this by observing that the tail to the right of the distribution represents those wells which include one or more unplanned events. In the latter two cases, we would expect 83% and 97% of the data respectively to fall in this “tail”, which therefore loses its distinct character.
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cost estimating process The last plot shows the five distributions superimposed on the same pair of axes. The evolution of the overall shape from tall and narrow (low risk) to widely spread (high risk) is now clear. Estimate Type



Expectations for: Internal Validation



(1) SW $10M



As (1). Compare results with SWE correlation “off”. Discuss unexpected differences with EPT. Several iterations – involving changes to the input data and re-running the analysis – may be required.



(4) MW $100M



As (4). Run sensitivity cases on: learning rates, NPT, rig rates, tangibles costs. Several iterations – involving changes to the input data and rerunning the analysis – may be required.



External Validation After checking the mechanics and internal consistency of your estimate, it is time to seek external challenge – from new data or new people. Challenge from New Data Given that the estimate results survive comparison with your analogue wells, how do they compare with a broader class of wells – all exploration wells, all deep water completions or all BP wells drilled in Algeria? These comparisons should be made using some or all of the following metrics: Comparison metrics for time: • Dry Hole Days / 10,000 ft
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cost estimating process • Days/Completion • %NPT – it is worth separating both dry hole drilling NPT% and completion NPT% from total well NPT% Comparison metrics for cost: • $/ft Dry Hole Cost • $/Completion • $/day – either a “spread rate”, which generally excludes fixed costs, or a “burn rate”, which is all-inclusive. These comparisons will highlight differences between your estimate and “average wells”. Your ability to convincingly explain each difference is a powerful test of your estimate. Challenge from New People Whereas you or your team will know more about your well than anyone from another team, you haven’t got a monopoly on experience.



There is no better way of improving the quality of an estimate than tapping into BP’s “bigger brain”. This may take the form of an informal “show-and-tell” with a colleague from another team, a peer assist, or a formal peer review. Whatever the format the “event” takes, following some simple rules will maximise the value: • Organise the event at a point in your planning process when changes are not only possible, but relatively painless. • Experienced, knowledgeable staff are busy people – book their time several months in advance. • Document the recommendations of the review team, define and track actions to address them, and feed this back to the reviewers. Cost Estimate Quality Scorecard COST ESTIMATE QUALITY SCORECARD
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One tool for helping structure and document a conversation about a cost estimate is the Cost Estimate Quality Scorecard. This is a simple questionnaire touching the key points of single and multi-well cost estimates. The Scorecard can also be used for
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Chapter 2



cost estimating process self-assessment before a formal review. It has a rudimentary scoring system – a scale of 1 to 5 for each sub-topic – but no overall score. The Scorecard questions are given starting on page 116. Copies may be downloaded from the Drilling and Completions Risk Management web page. Estimate Type



Expectations for: External Validation



(1) SW $10M



As (2). Conduct a Peer Assist. Organise it well in advance and select teams carefully. Ask EPT to check the technical detail of the estimate before the Assist. Updates to the input data will probably be required as a result of the Peer Assist.



(4) MW $100M



As (3) and (4). Consider carefully where and when the Cost Estimate Peer Assist sits relative to other Project Peer Assists and Reviews.



Finalise DCUS A time and cost estimate is only as good as the document which supports it. Describing how the cost estimate was calculated, what the results are, and what they mean for the project is more than just good housekeeping, it plays a critical role in building confidence in the wells project within the BU and BP organisation. That is the context of our chosen tool for such descriptions, the Drilling and Completions Uncertainty Statement (DCUS).



FINALISE DCUS



The DCUS provides the link between the risk-based time and cost estimate and the risks to delivery of the wells project. A formal DCUS is usually required to support stage gate progression for every multi-well project, and for many high cost single wells. Well Cost Estimating Handbook © BP p.l.c. 2006
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cost estimating process 1. It demonstrates that you understand your time and cost estimate, and the risk associated with it 2. It helps others understand this information 3. It therefore increases the Company's confidence that you can deliver the project in line with the estimate. Estimates for less expensive or less complex wells, although they may not justify a formal DCUS, should still be documented in some form. At its simplest, the description can be included as an extra worksheet in the SWE. The (minimum) contents are detailed in the table at the end of this section. The following Specification describes the content required and expected from a formal DCUS. Description and Purpose The DCUS: • Highlights the key assumptions underlying the estimate. • Presents the estimate in the form of probabilistic ranges for time and cost. • Sets the results in the context of prior performance of ourselves and of our competitors. • Identifies and describes the most significant risks to time and cost, their occurrence, impact, and plans for their mitigation. • States the project plans for progressing towards best in class performance. Lifetime and Application • Created at the inception of the project, when hard information is scarce. • Developed and enriched as project scope is fleshed out and engineering work is done • Pre-read for peer assists, reviews and other assurance activities. • Included in the Decision Support Package for CVP stage gates.
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cost estimating process Content The DCUS should include discussion and estimates of both time and cost. It should not cover HSSE risks, which will be captured elsewhere, typically in the project HSE risk assessment. Background to Project Briefly describe the wells project and its place in the Business Unit plans. What are the deliverables of the project? What CVP stage is the project in? Is the wells element at the same stage? Assumptions State the main assumptions on which the time and cost estimates are based – well count, rig type, completion type, spud date etc. If any risks to delivery have been deliberately excluded from the probabilistic analysis, make this clear and give the reason. Project risks which have not been included in the probabilistic estimate – perhaps because they are difficult to quantify – are, in effect, assumptions (the assumption being that they don’t occur). Describe these risks, including their likely causes and consequences. Summary of Uncertainty Provide a general overview of drilling and well uncertainty which will direct the reader to the key areas for understanding. Indicate the risks that the team believes are of the greatest impact, whether to cost, time or delivery of the objectives. Wherever possible, include the potential impact of Drilling and Completions risk on other parts of the project. Estimate Description List the analogue data used to develop the time model. Justify what was included and what was excluded. Describe how the inputs to the cost model (rig rates, service rates, tangibles, overheads etc.) were defined. State which estimating tool, and version, was used to make the estimate. If a standard tool (SWE, MWE, AccessMWE, AppraiseMWE or ExACT) was not used, explain why.
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cost estimating process Results Give prominence to the headline results: • Mean cost • P10-P90 cost range. State the confidence range of the estimate (half the P10-P90 range, expressed as a percentage of the mean cost) • The percentile of (mean) cost estimate (usually between the P50 and the P60). This shows unequivocally the probability that the project will be completed within the stated cost In addition to these figures, report: • The P10, mean and P90 times • The best wells time (see below) • The estimated Drilling and Completion KPIs (dry hole days per 10,000ft and days per completion) • The overall well or project NPT% • Any additional results which are important to the project. Examples might be: time to complete template drilling; time to first oil. Always include ranges, not just point values Do not give the minimum, maximum, most likely or technical limit costs. These could be misconstrued and cause confusion. Best Wells Performance State what the best wells (BW) drilling and completion time for the well or project would be. The calculation should take the form: BW Time = BW Days/10k x Planned footage / 10,000 + BW Completion days x Number of completions + Minimum historical time for planned non Drilling and Completions activities Your Drilling and Completions Performance Team representative can help you find values for the BW days/10k and BW days/completion. To support this calculation, you should indicate:
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cost estimating process • What the comparative well/completion class(es) are considered to be • The projects from which historical performance data have been gathered • How the above calculation was done. Do not attempt to define a best wells cost. Key Project Risks Include Crystal Ball sensitivity charts for both time and cost. For the NPT risk events which appear on the project cost sensitivity chart: • Describe the risk, including its likely cause and consequences. • State the probability of occurrence and severity of impact which were used in the probabilistic estimate and give some justification for these values • State the mitigation actions that will be taken to reduce the risk For uncertainty ranges – for example Rig Cost, ROP, Learning Rate – which appear on the sensitivity chart: • Justify the minimum and maximum input values which you have used • Describe your plans for securing an outcome towards the favourable end of the range. In addition to the sensitivity data produced by Crystal Ball, a sensitivity table complied by performing a number of “what if” analyses on the input data is a powerful way to communicate risk. Example entries might include “no wrecks”, “fast learning” and “reduced well count”.



LINK WITH RISK REGISTER



There are (or should be) close links between the DCUS, and the well or project Risk Register. This relationship is illustrated below:
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cost estimating process Significant risks should be included in cost estimate



Drilling & Completions Uncertainty Statement - Summary Project Details



Country: Argentina



Project: Condor A-14



Deliverable: Oil producer



CVP Stage:



Basis of Estimate



Very High



Assumptions: o Logging requirements per PDDP 18/3/02



SWE 4.43



Workbook:



o Rig preparation scope per Subarctic 22/2/02



High



Best Wells Performance: BP d/b, Dvlp-4/5 csg-SW-12-18kft. ChevTex (Gom Shelf), Completion : Condor A-08



Time & Cost Summary



Mean Well Cost: P10 - P90 Range:



$



13.69



MM



$



11.69



MM -



P55



Cost Percentile: $



Total Well Time (days)



Moderate



Impact Level



Define



Analogue Data: Performance based on Condor A-2 thru A-13



16.08



MM ( ±



16%



)



Total Well Cost (millions)



BW



Low



46



53



59



65



72



57 days



Best Wells:



78



(



P16



Cost Breakdown Dry Hole Cost: Completion Cost:



Very Low



Low



Moderate



84



90



97



)



9.9



103



$ 9.11 MM $ 1.98 MM



High



Days / 10K Days / Completion Well NPT%



12.5



13.8



Drill 12.25" hole Incomplete perforation job Drilling Non-specific NPT% =>



o No well control incidents (cf. A-3)



o



18.9



20.2



Best Wells



28.7 5.6 7.6%



21.5



36.6 7.9 16.9%



46.4 11.2 29.1%



28.0 4.0



o



20.7% 10.0% 9.7% 7.2% 6.7%



Rig Equipment Failure



6.4%



Drill 8.5" hole Wait on Weather (post) Other



4.6% 4.6% 3.2% 26.9% 0%



23-Mar-06



17.6



P90



Problems with conductor



Tie-back operations



Last updated on:



16.3



Mean



Sensitivity: Total Well Cost Stuck pipe in 12.25" hole



Risk & Uncertainty Comments: o Slot will be reusable after conductor problems



15.0



65 days P10



Risk & Uncertainty



Probability / Frequency



Risk Register



11.2



Mean Well Time:



KPIs



by:



5%



10%



15%



20%



25%



30%



Hugh Williamson



DCUS Top sensitivities should be prioritised in risk register



Links between DCUS and Risk Register.



Performance Improvement Plan The mean time estimate may substantially exceed the Best Wells project time. The Performance Improvement Plan describes how the gap will be closed (although not necessarily eliminated). Indicate specific actions which are in the project plan and which are designed to improve performance in specific areas. For example: “Top-drive to be installed 2Q07. Will improve tripping times and reduce risk of stuck pipe.” In some cases, credit may be taken for these planned actions in the estimate itself. The amount which is “banked” should depend on the likely effectiveness of the action. One Page Summary Complete a DCUS summary sheet in the format shown below. All the standard estimating tools have an embedded summary sheet which is automatically populated with data.
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cost estimating process



Drilling & Completions Uncertainty Statement - Summary The next stage gate in the Capital Value Process



Project Details



Country: Argentina



Project: Condor A-14



Deliverable: Oil producer



CVP Stage:



Basis of Estimate



What is BP going to get for its money?



Assumptions: o Logging requirements per PDDP 18/3/02



Define



From which set of wells was Best Wells performance defined ? Identify any outstanding wells.



o Rig preparation scope per Subarctic 22/2/02



What assumptions underlie the estimate?



SWE 4.43



Workbook:



Analogue Data: Performance based on Condor A-2 thru A-13



Which historical wells were used to inform the estimate?



Best Wells Performance: BP d/b, Dvlp-4/5 csg-SW-12-18kft. ChevTex (Gom Shelf), Completion : Condor A-08



Time & Cost Summary



Mean Well Cost: P10 - P90 Range:



A measure of cost uncertainty



$



13.69



MM



$



11.69



MM -



P55



Cost Percentile: $



Total Well Time (days)



16.08



MM ( ±



16%



)



Total Well Cost (millions)



BW



The mean cost, and its percentile



Best Wells performance is described in terms of time



46



53



59



65



72



57 days



Best Wells:



78



(



P16



84



90



Mean Values



Completion Cost:



9.9



103



KPIs $ 9.11 MM $ 1.98 MM



11.2



Days / 10K Days / Completion Well NPT%



12.5



Drill 12.25" hole



17.6



18.9



20.2



P10



Mean



P90



Best Wells



36.6 7.9 16.9%



46.4 11.2 29.1%



28.0 4.0



21.5



20.7% 10.0%



Incomplete perforation job



9.7%



Drilling Non-specific NPT% =>



7.2%



o No well control incidents (cf. A-3)



o



Further info on well risk and uncertainty can be captured here



Problems with conductor



6.7%



Rig Equipment Failure



6.4%



Tie-back operations



4.6%



Drill 8.5" hole Wait on Weather (post) Other



The sensitivity chart shows which risks contribute most uncertainty to the project



4.6% 3.2% 26.9% 0%



23-Mar-06



16.3



Sensitivity: Total Well Cost Stuck pipe in 12.25" hole



Last updated on:



15.0



28.7 5.6 7.6%



Risk & Uncertainty Risk & Uncertainty Comments: o Slot will be reusable after conductor problems



o



13.8



65 days



Mean Well Time:



Cost Breakdown Dry Hole Cost:



97



)



by:



5%



10%



15%



20%



25%



30%



Hugh Williamson
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Estimate Type



Expectations for: Finalise DCUS



(1) SW $10M



Typically a 10-20 page document, following the standardised format. Contains a full discussion of the choice of analogue wells, the time and cost model inputs, the major risks, and validation of the results against benchmarks.



(4) MW $100M



As (3). Typically 15-40 pages. Explain the basis of all time and cost model inputs. Answer all the “framing questions” clearly. If the mean cost from the estimating tool and the FM value are different, make this clear and explain why.
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cost estimating process Use the Results Although we require the whole forecast distribution to get a true picture of risk, some business processes require a single number “answer”. How do we choose a single number to represent the distribution? We must be absolutely clear what we require the number to represent. For a single well cost forecast, this might be: • An input to an economic evaluation (for example a discounted cash flow analysis). • An estimate (AFE value) for cost control and tracking. • A component of a rolled-up annual budget. • A target used to influence team behaviours and decisions and which may trigger incentive payments. • A “delivery promise” (ie. maximum well cost). No single number can perform all of these functions. We must use different numbers in different circumstances. The figure on page 88 shows where some of these numbers might fall along the possible range of cost. The Uses of Cost Estimates Not all cost estimates will feed directly into an FM or AFE. Early scoping estimates will inform a decision whether to move through a project stage gate (eg. Appraise to Select). Post-sanction estimates (to quantify cost variances) may just be circulated to interested parties for information.



Create FM (Economic Evaluation) The GIAAP (Ref 2) was thoroughly revised and relaunched in May 2005 as a Group Standard, and as such is company-wide and mandatory. Group leadership believe improving capital efficiency to be one of the key levers to increase BP’s competitive position.



CREATE FM



The business case for large investments (>$100 million) must be described in an FM, which will include a project cost estimate. FMs are required at both the Selectto-Define CVP gate (the Define FM) and at Define-to-Execute (the Execute FM).
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cost estimating process Economic Evaluation Methodology (EEM) Each FM must follow the Economic Evaluation Methodology – a set of rules and guidance for evaluating, documenting and presenting a business case. The table on the right picks out eight requirements from EEM which merit specific interpretation for wells investments. You can find out more about GIAAP and the Economic Evaluation Methodology at http://giaap.bpweb.bp.com Inflation The BU Commercial team will incorporate Consumer Price Index inflation into the FM cost estimate. Inflation is discussed in detail on page 99. Economic Threshold It is a good and common practice to ask at what cost point the well fails to make money. This cost is sometimes called the “economic threshold”. If it falls between the mean and the P90 cost, then a successful outcome is far from guaranteed. Even if a conventional sensitivity analysis indicates that the well will be commercial at the P90 cost, scenarios in which an overspend co-incides with poor results (resulting in commercial failure) should be identified and their likelihood assessed. Inputs to Production Forecasts Like cost, production is a purely additive quantity. Like cost therefore, the components of a production forecast – dates and rates – must be expressed by their mean values if a meaningful forecast is to result. Use of P50 well times, for example, will inevitably lead to an overestimate of the number of wells delivered in a given period. Page 131 has an example. This isn't just dry statistical theory: it has been and continues to be a significant business problem for BP. Basing production forecasts on mean well times (and production rates) will effectively eliminate this systematic source of error.
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cost estimating process EEM Requirement



Wells Context and Comment



The evaluation of the business opportunity should be based on a defined Base Case



This means that the scope of work underlying our multi-well project cost estimates, at least in support of the Define FM and Execute FM, will not generally need to allow for uncertainty in well count. Well count uncertainty should, however, be fully explored in the accompanying sensitivity analysis (see below).



The number representing each Base Case assumption should generally be a deterministic single point outcome, with a reasonable balance of upside and downside where possible. Stretch (aspirational) assumptions should be avoided.



Historically, EEM mandated the use of expected values (means). In Wells, we use Monte Carlo analysis to effectively bundle together the numerous individual assumptions underlying well time and cost. The most appropriate single number to adopt as our “assumption”, particularly when viewed from a portfolio perspective, is the mean. This will continue to be our standard practice.



All expected decommissioning and environmental remediation management costs to be incurred should be included in the evaluation



See guidance on cost estimates for Well Decommissioning (p112).



Sensitivities to equally likely changes to the key individual assumptions should be calculated. The probability range covered…should be P10/P90 as the norm.



The net present value (NPV) sensitivity chart will thus show where the “headline” assumption value, typically the mean, sits within the range of likely outcomes. It will also clearly show the P10 and P90 wells cost values.



Sensitivity analysis should aim to take account of the incremental cost and value of mitigating the outcome in the case of downside sensitivities and the cost and value of accessing the opportunity in the case of upside sensitivities.



Where the volume of recoverable reserves will influence the number of wells drilled, this should be reflected in the sensitivity analysis. For a low-side reserves outcome, the project NPV may reflect a reduced well count. For an upside outcome, the well count may be proportionately increased. Likewise, if a wells capex increase (decrease) is likely to be associated with a schedule delay (advance), the combined effect of these could be reflected in the sensitivity.



An Assumptions Register must be maintained, setting out all of the key assumptions and their rationale along with the key sensitivities.



“Key Assumptions” pertinent to wells would be wells capex, opex and probably drilling schedule. We already document these fully in the DCUS, which would be suitable as an annex to the Assumptions Register.



A Single Point of Accountability (SPA) for each assumption is to be named.



The SPA for wells capex, opex and schedule assumptions should be a member of the project wells team, typically the Senior Drilling Engineer.



Sources of Value analysis, based on ten standard categories, is now required. Sources of Value are BP’s competitive advantages that enable the proposal to earn a positive NPV.



Probably the most relevant categories for Wells are: • Sunk costs: eg. exploration well expenditure • Capital cost: the capability and technology we use to achieve superior Drilling and Completions performance • Operating cost: as above.



Economic Evaluation Methodology – Implications for Wells Cost Estimates
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cost estimating process Estimate Type



Expectations for: Create FM (Economic Evaluation)



(1) SW $10M



As (2).



(4) MW $100M



As (4). Take account of long lead items when calculating cost phasing.



Relate FM to AFE Since the financial and budgetary basis for the well cost will have been determined while “Framing the Estimate”, there should be no difficulty in establishing the correct relationship between the FM (possibly pre-existing) and an AFE (usually generated from a single well estimate). The PU Commercial team will take the lead for this part of the cost process.



Create AFE The FM is the communication tool by which Business Units make requests for capital. The AFE (Authorisation For Expenditure) is the formal estimate of the cost of an individual well, for use in cost planning and budgetary control. It is the communication tool by which the BU requests funds from partners and releases funds to the wells team. Being a Group Standard, the rules for constructing FMs, GIAAP, are more rigorous that those for AFEs, which are local to a BU. In practice however, the numbers in both documents can be influenced by Business Units seeking support for their particular well or project. This tendency can be counter-balanced, to some extent, by the assurance processes put in place by the Drilling and Completions discipline. The “rules” in this Handbook are part of that assurance process.
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Chapter 2



cost estimating process Using the Mean Given that the FM cost (which often covers several wells, as well as other elements of a project) is required to be stated at the mean, considerations of consistency and transparency are enough to justify setting each AFE at the same point of the cost distribution. But there is another important reason for using the mean. Since the mean is a probability weighted outcome, it would be expected that across the company, the total actual cost of a large number of wells (for example all those drilled in a year) would closely match the total predicted cost. The extent to which this is true gives us a powerful measure of our cost estimating capability. Only by consistently setting AFEs at the mean cost can we make this comparison across our wells portfolio. Contingency and Partners Most AFEs allow a contingency amount of 10-15% before a supplement is required. The uncertainty in individual well costs is such that this threshold is likely to be exceeded perhaps once in every four wells. Where partners are involved, this can cause friction and delays. The aim should be to discuss this eventuality with partners at the time the AFE is approved, and to agree with them how the administrative effort can be minimized in the case of a cost overrun. Generating a Deterministic Cost Breakdown Different Business Units and wells teams have different requirements for the cost detail which supports a well AFE. For some, the SWE output is sufficient. Others require a deterministic breakdown of costs, which together total the AFE amount. This may be to satisfy partners or internal cost control procedures. This section describes a method by which such a breakdown may be generated.



CREATE AFE



The principle is that: Mean operation times (inclusive of non-productive time) when applied to a deterministic cost model, will generate a mean well cost To be more correct, an allowance for “risked fixed costs” (resulting from specific NPT events such as lost circulation or lost-in-hole charges) must be added to this total. The following schematic shows how a detailed well cost breakdown by service line and section might be laid out, and how the allowance for “risked fixed costs” is calculated. Well Cost Estimating Handbook © BP p.l.c. 2006
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cost estimating process … … …



… Drill 12 -1/4 ” Install 9 -5/8 ” … … … 10 days 2 days … … … F ixed ( $k ) Daily( $ k ) F ixe d( $k ) Daily( $ k) … …



Rig Hire Consum ab les F uel Rig total



… … … …



… … … …



-



BULKS Bits M ud & Chem s Cem ent



… … …



… … …



110 225 -



Bulks total



…



…



335



T ANG IBLES … etc … …



… …



… …



... ...



Activ ity T o tal



…



…



1255



M ean T im e (inc NPT)



Co st Ite m T o tal



RIG 85 2 5



-



920



85 2 5



… … … …



… … … …



… … …



… … …



35



…



…



3 70



… …



… …



… …



… …



219



…



…



184 -



35



-



Risk Event Proba bility 5 ” Liner 10 % L ost Circulation 25 % … … … T o tal (Risked Fixed Cost)



F ixed ( $ k) 34 0 12 0 …



T o tal AF E (Estim ate d M ean )



1,1 04



$ 1,4 74 k Risked Cost 34 30 … $ 64 k $ 1,53 8 k



Development of a Deterministic AFE.



Since the cost data in the SWE can only approximate reality (as defined by contracts), the mean well cost from the SWE and the total of the deterministic cost breakdown will never be identical. A check should be made that the two totals agree reasonably closely (say within 2%). If the check fails, the error should be found and corrected. The agreement between the two totals can be made arbitrarily close by modifying the SWE cost model (and also the deterministic sheet, which itself is only an approximation of complex reality), but this is really an unnecessary step.
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Chapter 2



cost estimating process Forecasts, Targets and Promises The AFE is primarily an instrument of cost control. Historically, it has sometimes been made to play an additional and ultimately incompatible role: in acting as a target for well delivery. There is no doubt that setting ambitious targets and sharing their ownership can help deliver exceptional performance. To achieve this, the target must itself represent exceptional performance. That is why Technical Limit is part of the Beyond the Best Common Process. The AFE time or cost for a well, if it is set near the mean, will represent a balance of upside and downside outcomes, and hence moderate performance. It does not, therefore, make a good target. Decoupling performance targets from budgetary control is a necessary step towards consistent delivery beyond expectations. The key is establishing an approach to target setting which engages the well team and about which the team can talk powerfully to management.



TARGET, AFE & OTHER VALUES



The following figure shows typical relative positions, for both time and cost, of the AFE value, the team target, and other named outcomes along the forecast distributions.
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cost estimating process Team target: Use for influencing behaviours



Mean: Use for risked schedules, production forecasts and deterministic AFE costs



Probability



Best wells



Technical limit



Well Time (days) Team target



Probability



P10



Mean: Use for economic evaluation and cost control P90: Cost “Upward Tolerance”. Use for testing robustness of economic case



Well Cost ($)



Named Values along the Range of Well Time and Cost Outcomes.



The line marked ‘Technical Limit’, if based on a “Best of the Best” calculation, should be towards but greater than the P0.
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Chapter 2



cost estimating process Estimate Type



Expectations for: Create AFE



(1) SW $10M



As (2).



(4) MW $100M



N/A



Prepare for Cost Tracking Cost tracking – the monitoring of actual expenditure and commitments – falls outside the scope of this Handbook. It is nevertheless important to make a firm link between the cost estimate (the individual cost items in the detailed cost breakdown) and the database which will be used for tracking costs. This link will be tested when the cost reconciliation – the detailed breakdown of the variance between estimated and actual costs – is performed. This in turn will be used to better define the cost model for the next AFE.
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cost estimating process Post-Analysis and Cost Variance Completing the Plan-Do-Measure-Learn loop for well cost estimation requires that after we complete the well (or project) we compare our estimates with the actual time and cost. A good way of doing this is to represent the actual time and cost as percentiles on their respective ranges predicted by the estimate. At a basic level, if the percentiles don’t “feel right”, then the estimate may have been in error. Another indication of possible error is if the actual time and cost percentiles are significantly different.



Learning from a Single Result If we deliver a well, or a well project, at the P90 cost (ie near the maximum of our estimated range of likely results), what should we conclude? • A statistician would say that the result is not statistically significant, so there is no evidence that our estimate was at fault (ie that our cost distribution didn’t represent the true distribution). • A BP manager would see things rather differently. He or she would expect an explanation of why the cost significantly exceeded the mean, and might expect that estimates for future wells would be increased. Who is right? This is not an easy question. We must recognize that drilling and completing wells is not a truly random process, like throwing dice. We rightly celebrate P10 outcomes because they represent a job well done, and we rightly examine P90 outcomes to see what lessons we can learn for the future. It is wrong to radically shift future estimates towards the most recent result, but it is also wrong to ignore large cost variances as “chance” results. The best approach is probably to use unexpected outcomes as an opportunity to re-examine our estimating assumptions. Whenever we do this, we invariably find improvements can be made.
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Chapter 2



cost estimating process Monitoring your Track Record We can be really precise about our estimating performance only when we can compare the actual and estimated well cost for a significant number of wells. If we were to assign each well a percentile value (ie where the actual cost fell on the forecast distribution), we could then plot a bar chart, with the bars representing ”P0 to P10”, P10 to P20” etc. The following figure represents four possible shapes which we might see emerge from the data. B Number of wells



Number of wells



A



POST-ANALYSIS - QUESTION



0 10 20 30 40 50 60 70 80 90 100 Forecast percentile (%)



0 10 20 30 40 50 60 70 80 90 100 Forecast percentile (%) D Number of wells



Number of wells



C



0 10 20 30 40 50 60 70 80 90 100 Forecast percentile (%)



0 10 20 30 40 50 60 70 80 90 100 Forecast percentile (%)



Four possible results of a cost variance analysis on a large number of wells.



Keeping in mind the statistical definition of percentiles, we can diagnose these four different results as follows:
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cost estimating process POST-ANALYSIS - ANSWER



Estimate Bias



Potential Business Impact



a.



Overestimating uncertainty and riskiness



Planned wells appear to Decision Makers to be riskier than they actually are. May cause underinvestment in this type of well or in this area.



b.



Overestimating cost



Planned wells appear to Decision Makers to be less good economically than they actually are. May cause underinvestment in this type of well or in this area.



c.



Underestimating Planned wells appear to Decision Makers to be less risky than they uncertainty and actually are. May cause overinvestment in this type of well or in this riskiness area (or investment in the wrong wells).



d.



None.



Decision Makers get a true picture of planned well cost riskiness. This is the only basis for making sound investment decisions.



Multi-well projects are too rare and too diverse to make the type of analysis illustrated above practical. As an alternative, actual costs for individual projects are generally related back to their estimates by means of a “bridge plot”. This is a typical example:
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Chapter 2



cost estimating process Missing or underestimated activities & costs Result of subsurface uncertainty ‘Base case’ mean cost



Target changes, Well design



Time & cost planning



Cost



Well count



Time & cost performance



Well complexity



Mgmt stretch



Best technical estimate at Define Gate



Continuum of possibilities arising from execution challenge and market uncertainty



FM



High quality estimate with perfect knowledge



AFEs



Final cost



Time



Typical “Bridge Plot” for Planned vs Actual Project Well Cost.



The Drilling and Completions Cost Variance Framework Bridge plots such as the one above may help in the context of an individual project, but they are not ideal for completing the learning loop. For that, a more standardised breakdown of cost variance is needed. The Drilling and Completions Cost Variance Framework has been designed to help us identify the root causes of cost surprises, so that we can improve our estimating performance in the future. The Framework consists of the six elements shown in the following table:
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cost estimating process Variance



Characterised by



Scope



Taking a broad view • Changes in well count and / or well design • Drilling of project uncertainty and Completions program changes due to reservoir or and riskiness facilities change



Planning



Pre-sanction planning – and having an appropriate Drilling and Completions team in place



• Drilling and Completions team involvement through project CVP process pre-sanction • Project scoping and definition • Major Drilling and Completions risks to delivery identified early • Appropriate application of BtB process



Estimate Quality



Rigour and completeness of cost estimate at project sanction



• Probabilistic cost estimates • Credible assumptions on performance, risk, environment and learning • Thorough capture of time and cost factors • Appropriate benchmarking for these factors • Market and contract understanding



Execution



Post sanction planning and execution



• Appropriate staff on board for detailed planning • Every risk identified and mitigated • Learning mechanism in place and effective • Robust supplier selection and performance management • New technology effectively deployed



Setting up the right Wells Team capabilities and Leadership working the project right



Line Leadership



Leadership support for technical case and setting up team for winning



Elements to look for



• Strong and capable supervision • Right people in the right place at the right time • Clarity of individual roles and responsibilities • Assurance sought and utilized • Integrity of technical / commercial input applied to cost estimate • Costs sanctioned at the mean • Project follows at “natural pace” • Team owns stretch in sanction case



D&C Cost Variance Framework.
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Chapter 2



cost estimating process Isolating Cost Variance Components Before individual sources of cost variance can be categorised using the above Framework, they must be identified and quantified. This is best done following the structure of the original estimate. Any cost variance analysis is likely to contain “bricks” corresponding to time (ie performance), cost (ie unit price) and scope. Significant differences between the plan and the outcome for any of these “bricks” should be translated into a cost variance in dollars. An attempt should then be made to sort these variances, by root cause, into the six areas identified by the Cost Variance Framework.
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3. special topics Introduction This chapter discusses a handful of important topics in more detail than they are given in Chapter 2. It also gives guidance on several special types of estimate which require variations from the usual process.
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special topics
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Chapter 3



special topics Inflation The principle governing the way in which cost inflation should be incorporated into wells cost estimates is that: The inflation assumptions (if any) built into all cost estimates must be clearly and explicitly stated with the estimate.



INFLATION



In practical terms, the word “inflation” covers two distinct quantities: 1. Market Sector inflation – short-to-medium term market-driven fluctuations in the cost of specific goods and services (tubulars, rig hire, well services etc). The Procurement and Supply Chain Management (PSCM) function is responsible for tracking these fluctuations, although Drilling and Completions have an important local role in validating the numbers. Global PSCM in Houston gathers data on market sector inflation from all SPUs. This data can be distributed regularly to those Well Managers and others who request it. 2. Consumer Price Index inflation – longer term changes in prices affecting the whole economy of countries or regions. Group Planning is responsible for providing these figures.



Inflation for Single Well Estimates Single well estimates are generally developed no more than 24 months before the money is spent. Costs are therefore dominated by sector inflation. For costlier wells, the likely value, and possibly a range, of sector inflation for each major sector should be agreed with PSCM. These values should be reflected in the range of costs for each item in the SWE. All this should be documented in the written DCUS. One of the key assumptions noted in the DCUS should be the timing (generally the year of spud) for which the estimate is applicable. This guidance also applies to cost estimates in service of the Group Financial Outlook (GFO).



Inflation for Multi-well Projects Multi-well cost estimates may be developed 10 or 15 years before some of the money is spent. In these cases, consumer price inflation is as, if not more important than sector inflation. For clarity, market sector inflation data should be entered explicitly in the appropriate section of the MWE ‘calculations’ worksheet. The format of data input is very similar to that provided by Global PSCM. All inflation data used
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special topics in the estimate including the assumed year for each well should be discussed explicitly in the DCUS. Since forecasting of consumer price inflation is outside the responsibilities of Drilling and Completions, no attempt should be made to account for it in the MWE. Instead, the cost estimate should be communicated with the clear understanding that it is in real (say “2007”) dollars. The BU Commercial team, when it splits the total spend into annual amounts, can apply consumer price inflation to these. This guidance also applies to cost estimates in service of the Long Term Plan (LTP).
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Chapter 3



special topics Learning The concept of learning – systematic performance improvement over time – has long been part of multi-well estimation. The principles laid down by Amoco’s Ford Brett and Keith Millheim in 1986 (Ref 3) are still in use today. However neat the theory, the following points must always be borne in mind:



LEARNING CURVES THEORY



• Learning curves are difficult to find in real data – they are often masked by changes in well type, complexity and other effects • Learning must never be taken for granted. Some level of underlying performance improvement probably “just happens” in most operations, but it is only a small part of what could be captured by a real commitment to knowledge management.



Definitions For the purposes of multi-well estimation, a learning curve is defined by the following: Reference Performance (R) – Loosely speaking, this is the top of the curve or starting point. More exactly, it is the level of performance corresponding to learning sequence number 1. Plateau Performance (P) – The bottom of the learning curve, the level of performance which would eventually be reached if an infinite number of wells were drilled Learning Rate (L) – The rate at which performance approaches the plateau. Measured by the percentage of the gap to plateau performance eliminated on every well.
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special topics Gap = 20 30 30



Reference



}



20 x 20%, Gap = 16 26



}



16 x 20%, Gap = 12.8



}



22.8



20



12.8 x 20%, Gap = 10.2



20.2 18.2 16.6



Days



Plateau
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0 1
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3



4



5



6



Learning sequence (n) Learning Curve with a Learning Rate of 20% per Well.



Learning Sequence (n) – The set of numbers applied to a sequence of wells which describe their respective positions on the learning curve. The higher the learning sequence number, the nearer the well will approach plateau performance. A negative or zero learning sequence number indicates performance inferior to Reference Performance. The equation for “learning factor” (F) is of an exponential decay type:



F=



P ⎛ P ⎞ L (1− n ) + ⎜1 − ⎟ e R ⎝ R⎠



The following figure shows the basic shape of the learning curve.
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Chapter 3



special topics Gap to plateau Performance (days or days/10K)



Reference Performace



Learning Rate



1



2



3



4



5



6



7



Plateau Performace



8



9



10



11



12



13



14



Learning sequence Learning Curve Definitions.



By customising the learning sequence to fit the development plan, several effects can be modelled. The following figure shows some examples: LEARNING CURVES CUSTOMISATION
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special topics Start-up inefficiencies – Reference Performance first achieved on Well 3



New rig arrives – with its own learning curve. Some learning is transferred, so initial performance is better



-1



Performance (days or days/10K)



Drilled by “Arctic Nomad”



First rig changes drill sites and well type – performence ‘regresses’ by 2 wells



Learning sequence numbers



0



0 1



Drilled by “Ocean Nymph”



1 2



2



2 3



3



3 4



4



4 5



A-1 A-2 A-3 B-1 A-4 B-2 A-5 B-3 A-6 B-4 C-1 B-5 C-2 B-6 C-3 Well sequence A Customised Learning Sequence.



Although we normally associate learning with performance improvement, we can use the same concept (and the same equation) to model performance worse than our reference level. In the above example, early performance is forecast to be poorer than our reference performance.
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Chapter 3



special topics Default Assumptions for Learning Curves At the time of writing, the data we have for “average” or “typical” Drilling and Completions learning curves is meager.



LEARNING CURVES – PRACTICE



In the absence of quality historical data, estimators are advised to use the following rules for modelling learning. They generally provide for significant performance improvement without relying on unjustified aspiration. • Reference performance should be modeled at close to the median (P50) of the analogue well performance • Plateau performance should be modeled at close to the top quartile (P25) of the analogue well performance. • The learning rate should be modeled at 20% per well. In practice, using a uniform distribution between 0% and 40% reflects the considerable uncertainty in this parameter. The means of accounting for uncertainty in the reference and plateau performance, and for entering this data in the MWE, is described on page 164. Using Non-default Assumptions There is no obligation on estimators to use the learning curve assumptions above. The only obligation is to explain the values you do use. As an example, if your team has a properly resourced and documented learning and knowledge management (L&KM) plan, with every team member committed to fulfilling their role within it, you might consider using a faster-than-default rate of learning.
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special topics Learning sequence numbers are used to “customise” learning curve for: – start-up inefficiency Time – learning regression – multi-rig operations Analogue Well Performance



P50



Default learning curve: – improves from historical P50 to P25 – gap-to-plateau closes by 20% per well – analysis includes uncertainty in these values
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Well Sequence Default Learning Curve Assumptions.



Caution – Learning Curves and Well Complexity There is a tendency for well time to increase significantly with well complexity (whether measured by horizontal step-out, or some other factor or factors). In recognition of this, many multi-well projects start by drilling the easier prospects first, so that as learning progresses, more challenging wells can be tackled successfully. If this strategy is successful, well time will only increase moderately with well complexity. Estimators who subsequently analyze this data may simultaneously
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Chapter 3



special topics • Underestimate the amount of learning that has taken place • Underestimate the real impact of increased complexity on well time. The latter error may cause the estimator to mislead their teams into attempting to drill more complex wells earlier in the program. At this point, the error will normally become painfully evident.



Using Learning Curves to Influence the Project Once a multi-well project learning curve has been modeled, a series of “What if…?” questions can be asked to probe where the real value lies. This process – done by changing the learning curve parameters and noting the effect on project time and cost – is a form of sensitivity analysis. The answers to the questions may be useful in influencing the project in terms of resources, priorities or planning. Here are some examples: Learning Question



Sensitivity Analysis



Potential Influence on Project



How big is the learning “Prize” on this project?



Compare (1) learning “OFF” with (2) learning rate at maximum and optimum plateau performance



More priority / resources given to learning and knowledge management.



How much would eliminating start-up inefficiency or learning regression be worth?



Change the well learning sequence numbers to reflect these questions



Special plans made for FEL, maintaining continuity of teams / work programs etc.



The need to maximize early Re-order the well learning What effect does changing well production is balanced against sequence numbers to order have? the risk of drilling complex wells reflect these questions early on.



Well Cost Estimating Handbook © BP p.l.c. 2006



http://btbcp.bpweb.bp.com



107



Well Cost Estimating Handbook 3-10-06 SINGLES.qxd:Layout 1



22/9/08



09:36



Page 108



special topics Early Exploration Well Estimates In the figure depicting Cost Estimate Evolution (p14), the left-hand column depicts an early DCUS for a single well in a new area. Such estimates are characterized by: • Scarce analogue data • High uncertainty, including “unknown unknowns” • High cost (new drilling prospects are generally challenging and there are no economies of scale) The SWE is unsuitable for making such estimates, since it presumes a knowledge of the drilling program which won’t exist at this early stage. EPT, in conjunction with the central Drilling and Completions Excellence team, has created a process, embedded in the Exploration Common Process, which ensures the quality of cost estimates in support of “wildcat” exploration wells in their early planning stages. The tool which supports this is the Exploration Access Cost Tool (ExACT). It allows such estimates to be made rapidly and efficiently, but with a degree of uniformity which helps improve their overall quality. It is described in summary on page 172. Exploration wells to be drilled in areas where BP has a presence and analogues exist (even if only one or two wells) should generally be estimated with the SWE.
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Chapter 3



special topics Early Multi-well Project Estimates The earliest stages of appraisal for multi-well projects are characterised by: • Poorly defined scope, often including uncertainty in the number of wells • No differentiation between wells of the same type • Sparse cost information Two cost estimating workbooks – the Access MWE and Appraise MWE – have been developed to provide probabilistic estimates in precisely these circumstances. They are described in summary on page 172.
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special topics Batch Setting Operations Many multi-well projects include a period of batch setting, where the same sequence of operations is performed on several wells in turn, without any being completed. Using the MWE, the best approach is usually to enter each activity (ie visit to a well) as a separate well. Thus, a 12-well development could be entered into the MWE as 18 “wells” as follows: Drilling Program



MWE Representation [no. of wells]



Batch set 13-3/8” casing for A01-A06



A01 (pre-drill) – A06 (pre-drill) [6 wells]



TD and complete A01-A06



A01 (complete) – A06 (complete) [6 wells]



Drill and complete A07 – A12



A07 – A12 [6 wells]



In this way, appropriate learning can be applied to each part of each well (by customizing the learning sequence number – p103. Also, if the cost structure is different between batch program and main drilling program, that can be reflected by defining separate rigs (p166) and assigning them appropriately. The one minor drawback of this method is that an extra step is required to generate total costs (and KPIs) for each well.
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special topics Turn-Key Contracts There are two estimating tasks associated with turn-key or lump sum wells: • Estimating cost to determine a fair contract price for performing the work. • Estimating final cost to BP once a contract has been agreed. The first of these tasks requires no special discussion - the normal estimating process can be followed (as if BP were going to drill the well). Of course, the final contract price will need to account for some drilling contractor costs, such as profit and insurance which would not normally be included in BP estimates. The normal estimating process is applicable to the second task too, but with modifications: The use of analogue data is probably not required. Instead, close attention should be paid to the contract: • What costs not covered by the contract will BP bear? These might include site preparation, BP overheads, operations after a certain depth or casing point is reached. • What risks to BP are implied by the contract (eg. in “get-out” clauses covering NPT, rig delay, force majeur, etc.)? This information, together with the contract price, can be included in a Single Well Estimator in order to compute the fully built-up well cost.
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special topics Well Decommissioning This section should be read in conjunction with the “E&P Decommissioning Guidelines” currently (Aug 2006) in draft form. Well abandonment projects have many similarities with well construction projects: • The project involves a set of wells, with similarities and differences • Each well will require a set of activities to be performed on it. Each activity is generally performed on several of the wells. • There are risks associated with the project. Different wells are susceptible to different sets of risks. • Costs can be divided into variable (time-dependent) and fixed. • The main time-related cost item (MODU, platform rig, DSV, Workover unit etc) may change through the project. There are also some significant differences: • The exact sequence of operations required to abandon each well is often not known in advance. The operations program for each well must be customised according to the state it is found to be in. • This “expecting the unexpected” makes the concept of non-productive time somewhat meaningless. • Analogue data is (currently) scarce, and is unlikely to furnish a comprehensive list of problems which may be encountered. It can, however, provide performance benchmarks and help identify the type of challenges which the project may have to overcome.



Required Estimates Some form of decommissioning cost estimate is required at nearly every stage of an E&P project life-cycle. The figure below has details. E&P Project Planning The GIAAP Group Standard requires that “All expected decommissioning and environmental remediation management costs to be incurred should be included in the [economic] evaluation”. It is recognised that these costs will be uncertain, not least because they occur far in the future. 112
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special topics E&P Project Timeline



App.



Sel. Def. Exe.



Operate



Shutdown



~5 years Decommissioning Project Timeline Decommissioning Estimate Required for: Recommended Estimating Tool



Appraise



Select



Define



E&P Project Progression



Liability Reporting



Decommissioning Report



MWE or Appraise MWE



Appraise MWE



MWE



Execute



Decommissioning Cost Estimates and Tools.



Operating Asset Good corporate governance requires that BP know and report its decommissioning liabilities at all times. For E&P producing assets, an estimate will be required from just prior to first production, through the producing life of the installation. The Projects and Engineering discipline recommends an estimate of Appraise stage quality be maintained during this period. Decommissioning Project About five years before the end of the economic life of an asset, decommissioning cash flows will appear in a Business Unit’s Long Term Plan (LTP) for the first time. At this point, a decommissioning capital project is deemed to have been initiated, and estimates of Define FM and Execute FM quality will be required in turn.



Methodology Decommissioning estimates should follow the same general methodology as other multi-well estimates. In particular, a Monte Carlo analysis, incorporating as full a picture as possible of project risk and uncertainty, should be performed. The main steps of the analysis are: i. Determine the population of wells involved. ii. Determine (or make an assumption about) the final state of abandonment to be achieved.
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special topics iii. Divide the well population into classes requiring different abandonment operations. These classes will be determined by the internal configuration of the wells (casing, cement, completion type, wellhead, fluids etc) iv. For each class of well, determine: • the sequence of operations required assuming a trouble-free abandonment • one or more scenarios, depending on the found state of the well, which would necessitate additional operations v. Estimate the time required (a range) to complete each operation or sequence of operations. vi. Estimate the daily and fixed costs (ranges) associated with the project vii.Input the data into one of the recommended cost estimating tools, run the analysis and generate results.



Estimating Tools There are two tools which are suitable for decommissioning estimates: the Multiwell Estimator (MWE) and the Appraise MWE. The following comparison table will help in selecting the right one. MWE



Appraise MWE



Maximum number of wells



200



Unlimited



Maximum number of well types



200



5



Can include uncertainty in number of wells



No



Yes



Uses construction-specific language (drilling, completion etc.)



Yes



No



Can include learning curves



Yes



No



Comparison of the MWE and Appraise MWE tools.



In summary, engineers should: Use the MWE when: • The number of wells is between 3 and 200, and
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special topics • either a detailed (Select or Define) estimate is required • or an MWE has already been prepared for well construction, and can be adapted for the corresponding decommissioning estimate. Detailed instructions for using the MWE for decommissioning projects are included on page 170. Use the Appraise MWE when: • The number of wells is more than 200 or not known exactly, or • A less-detailed (Appraise) estimate is required.



Modelling Risk and Uncertainty There are several different sources of risk and uncertainty associated with wells decommissioning projects. All of them ought to be investigated using the available analogue data. Within the estimate, they ought to be handled as follows: Unknown requirements for the state in which each well, and the well site, will need to be left – Legislation and BP policy changes, generally becoming more stringent over time. A reasonable assumption should be made about the requirements likely to be in force at the time of decommissioning, and this should be clearly documented with the estimate. Unknown state of the cement, casing, and completion in each well – Where the below ground state of each well will have a major influence on the complexity of its abandonment, an attempt should be made to estimate the probability/frequency of each major variation. These can then be modelled in the estimate. Uncertain cost basis at the time of decommissioning – Unless the project is imminent, all costs should be estimated in money-of-the-day (=”real money”), with suitable ranges expressing uncertainty. The Commercial team should be requested to apply consumer price inflation (p99). Unplanned events during planned operations and Uncertain operation times should be handled exactly as they would be in well construction estimates.
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special topics Questions from the Cost Estimate Quality Scorecard COST ESTIMATE QUALITY SCORECARD



This section gives a little background to each question on the Cost Estimate Quality Scorecard (p72), and points out some problems with estimates for reviewers to look out for. Page references where more background to some questions can be found are given in parentheses ().



Methodology and Tools Standard methodology and tools Is the cost estimate derived from Monte Carlo analysis built up from project time and cost components?



Basic requirement for probabilistic rather than deterministic estimate



Was the most recent version of the SWE/MWE used ?



Latest versions are available on the Drilling and Completions Risk Management website. An out-of-date tool doesn’t necessarily invalidate the estimate. However, an old spreadsheet may have accumulated errors over time.



Have any modifications to the SWE/MWE workbooks been validated by the EPT Subject Matter Expert (SME)?



Editing of these sheets is possible by skilled Excel/Crystal Ball users, but changes can have unexpected consequences. EPT should be asked to check. (p29)



Trained estimators
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Have estimators either completed the Decision Making and Cost Forecasting course (class based or e-learning) or received indepth training from the EPT SME?



The CD which accompanies this Handbook contains all the cost estimating lecture material covered in the DMCF training course.



Do the estimators have relevant experience?



Generally, engineers attempting a multi-well estimate should have experience with single well estimates. All wells cost estimates require engineering/supervisory experience.
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special topics Documentation of estimate (p73) Has a written Drilling and Completions Uncertainty Statement (DCUS) been prepared?



An Excel spreadsheet without documentation is not sufficient.



Does the DCUS contain clear descriptions of assumptions, sources of data and risk? Is the derivation of final sanction numbers fully documented and justified?



“Sanction numbers” meaning the costs seen by decision makers and used for project economic evaluation.



Does the DCUS follow the published specification?



i.e. pages 74 – 79 of this Handbook.



Peer review



Is an appropriate level of peer input incorporated into the estimate per BtB common process expectations?
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All major wells and projects require peer input. For a few, the cost estimate deserves its own assist and/or review. Involving peers is not sufficient – acting on their documented findings is necessary too.
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special topics Content Selection of analogue wells (p31) Does the choice of analogue wells encompass the scope and challenge of the subject well(s).



For example, ERD/HPHT wells require ERD/HPHT analogues.



If nearby wells provide poor analogues, were wells selected from further afield?



The plea of “there are no analogue wells” is inadmissible. Some form of analogue can always be found, even if it is from another region.



Time model validated and benchmarked Was the list of well activities checked against actual activities on analogue wells?



Necessary to avoid later apparent “scope creep”.



Were the ranges of duration of well activities based on actual performance from analogue wells?



“Based on”, but not “determined by”. There is always scope for judgement, so long as it is informed by track record.



Were the probabilities of risk events based on actual historical frequencies of occurrence As above. of similar events?
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Does the range of predicted performance mirror the range of performance in the analogue wells?



It may not – due to judgement – but discrepancies must be convincingly explicable.



Is Best Wells performance for analogue wells articulated and understood?



Best Wells performance provides an external benchmark. This prevents internal complacency and provides an opportunity for learning.
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special topics Cost model validated and benchmarked Has the list of well cost items been checked against invoiced costs for analogue wells?



Necessary to avoid later apparent “scope creep”.



Are costs based on existing contracts or ranges of actual costs from analogue wells? Have the predicted output and ranges been validated against the range of analogue well costs? Have the assumptions on consumer price inflation and market sector inflation been validated by Commercial and PSCM teams?



While the Single Point of Accountability (SPA) for the cost estimate sits in the Wells Team, he or she must seek advice on inflation (p99).



Does the range of predicted cost mirror the range of cost in the analogue wells/projects?



As for time, it may not – due to judgement, inflation etc – but discrepancies must be convincingly explicable.



All cost model elements have the same quality Have drilling, completions and well intervention cost estimates all received the same depth of engineering input and analysis?



Particularly if the estimate is led by a drilling engineer, the completions and well-work components may have received a relatively cursory treatment.



Do all cost elements have an appropriate range of uncertainty?



Uncertainty should only be zero after contracts have been signed (and sometimes not then).



Quality conversations around risk (p42) Have multi-discipline meetings focusing on well project specific risks been held?



Required to supplement the information from analogue wells.



Are risks incorporated in the estimate linked to a risk register?



The DCUS and Risk Register support each other and key risks should appear in both (p77).



Have well project specific risks been discussed as part of a peer review?



Points raised by the peer review should be addressed in the final estimate.
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special topics Application DCUS compiled before Select-Define gate Are Select-Define gate costs based directly on a probabilistic estimate?



The earlier a DCUS is first compiled, the better. For major projects, this should be during Appraise.



Mean, AFE and FM costs (p81) Does the Sanction (ie. headline) cost represent the mean generated by the probabilistic estimate? Is there consensus between management and the project team that the headline cost represents an appropriate balance of probability between upside and downside?
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4. statistics Introduction This section explains the statistics essential for understanding inputs to and outputs from probabilistic estimates, and gives recommendations on how to use them in BP's business processes.



123



Well Cost Estimating Handbook 3-10-06 SINGLES.qxd:Layout 1



22/9/08



09:37



Page 124



statistics



124



http://btbcp.bpweb.bp.com



Well Cost Estimating Handbook © BP p.l.c. 2006



Well Cost Estimating Handbook 3-10-06 SINGLES.qxd:Layout 1



22/9/08



09:37



Page 125



Chapter 4



statistics Distributions, Means and Percentiles DISTRIBUTIONS, MEAN & PERCENTILES



Probability



The fundamental output of any probabilistic estimate is a probability distribution. To describe this distribution exactly we must use a graph, and we can draw it in two ways. A Frequency Chart highlights the relative likelihood of different outcomes:



$8MM



$10MM



$12MM



$14MM



$16MM



$18MM



$20MM



Well Cost



Frequency Chart for Well Cost.



Frequency curves can have many different shapes – flat, pointy, multi-humped etc. The example above is "uni-modal" (one hump) and asymmetric, or "skewed". For well time and cost estimates there is, loosely speaking, more scope for results being much worse than expected than for them being much better. This creates a longer "tail" on the right of the distribution peak. We say the distribution is "skewed to the right". We can plot the same distribution as a Cumulative Probability Chart, which highlights the probability that a given result is not exceeded:
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statistics 100%



Probability
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Cumulative Curve for Well Cost.



Although it looks different, the cumulative curve displays exactly the same information as the frequency curve. The choice of which to use is largely a matter of custom. Explorationists, for example, typically illustrate distributions using cumulative curves. To properly evaluate the results of risk-based estimates, and in particular to compare them one with another, we must summarize the information contained in this distribution with numbers called “statistics”. Probably the most important statistic of the distribution is the Mean, also called the Expected Value:
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Probability



Mean
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Mean or Expected Value.



The mean (“P-mean” is not a recognized statistical term) is the arithmetic or probability-weighted average of the distribution. As the figure above suggests, if you imagine the frequency curve of the distribution as a solid shape, the mean defines the point at which it would exactly balance. Although they sound similar, the Expected Value is not the same as the Most Likely Value. The Most Likely Value (also called the Mode) is the top of the frequency curve, but is otherwise of little importance. Other important statistics include the Percentile Values or P-numbers:
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statistics P40



P50 P60
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Probability
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Frequency curve showing percentile values (deciles).



The most important percentile values are: • The P10: the value below which there is a 10% probability that the well cost will fall. • The P50: the value below (and above) which there is a 50% probability that the well cost will fall. The P50 is also known as the “median”. • The P90: the value below which there is a 90% probability that the well cost will fall. We can define other percentile values as well. For example, $14MM in the above example represents the P88 of the distribution. The P50 divides the area under the frequency curve exactly in half. If you compare this definition with the definition of the mean, you'll see that whenever the distribution is skewed to the right, the mean must be greater than the P50. This is almost always the case for well time and cost estimates. If you can't see why this is true, the figures below may help.
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Probability



MORE STATISTICS
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A Skewed Distribution does not ”balance” at the P50. P50
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The Mean of a Right Skewed Distribution is Greater than the P50.



The following figure represents a frequency chart and a cumulative probability chart for the same statistical distribution. It shows how percentiles (P10 and P90 in this case) relate to areas under the curve (frequency chart) and points on the y-axis (cumulative probability chart).
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statistics Cumulative probability



100% 90%



Cumulative probability
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Statistical frequency



P10



Frequency Forecast value (time, costs etc) Mean - SD



Mean



Mean + SD



Cumulative Probability and Frequency Curves.



The P10 to P90 range is often used to measure the spread of the data. An alternative measure, the standard deviation, is defined as the root-mean-square distance of data points from the mean (this approximates to the average distance of points from the mean). The set of values within one standard deviation of the mean is bounded by thin dashed lines in the figure. For many (but by no means all) distribution shapes, this set of values represents rather less than 70% of the data. Another measure of distribution spread, its variance, is simply the square of the standard deviation.
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statistics Mean or P50 – An Example Should we use the Mean or the P50 when we need a single number to express well time or cost?



WHY WE USE THE MEAN



Two possible responses are: • "I thought they were they same thing" (less common now than it was!) • "Since the difference between the mean and the P50 is much smaller than our overall uncertainty, does it matter?"



SUMMING DISTRIBUTIONS



It does matter. Specifically, it matters when a number of such values are added up. We can add up mean values and end up with a total that makes sense. Expressed in statistical language, "For any two variable quantities, say X and Y, Mean(X+Y) = Mean(X) + Mean(Y)". The importance of this simple fact is demonstrated by the following Example: Suppose a risk-based time estimate for a development well produces the following results: Mean (= P63)



Probability



P50



P10 P90



27



36



40



Days



58



P10



P50



Mean (=P63)



P90



27 days



36 days



40 days



58 days



By definition, there is a 50% chance that we will beat the P50 time of 36 days.
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statistics Suppose we base our annual production forecast on the assumption that we can drill 10 such "36 day wells" in 360 days. Big mistake! If we do a risk-based estimate for the total time to drill 10 wells, the results would be something like this: P50 P33



Mean (= P57)



Probability



P10



P90



318



388



Days



499



360 400



P10



P33



Mean (=P57)



P90



318 days



360 days



400 days



499 days



There is only a 33% chance (1 in 3) that we will deliver our forecast. Things get even worse if we include the performance of our four regional "sister assets", who have similar drilling schedules. A risk-based estimate of the total rig time required to realize production from the 50 wells might show:
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statistics P50 Mean (= P54)



Probability



P10



P90



5
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Rig Years



6.2



5.56



P10



P50



Mean (=P54)



P90



5 rig-years



5.5 rig-years



5.56 rig-years



6.2 rig-years



In the 5 rig-years available this calendar year, there is only a 10% chance (1 in 10) that we will drill and complete all the 50 wells that we promised the organisation. In fact, the number of wells we deliver in the year will have a distribution like this: P50



Probability



Mean (= P54)



P10



P90
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Wells Drilled 50



P90



Mean (=P54)



P50
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39 wells



44.8 wells



45 wells



50 wells
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statistics The likelihood is that we will deliver about 45 wells, leaving a short-fall of 5 wells. The result would have been exactly the same had we been making a multi-well estimate for a stand-alone 50 well development. We would have predicted, wrongly, that the drilling program would likely be completed in 5 years. Would our forecast have been any better if we had based it on the mean? The answer is yes. If we had built our forecast using "40 day wells" we would have estimated 360/40 = 9 wells per rig, or 45 wells total drilled in the year. The conclusion is: never add up P50 values (or any other percentiles). If you do, you are setting yourself up for failure.



The Wider Context In order to forecast and set achievable targets for Corporate capex, revenue, production etc, BP has to add up uncertain quantities from all its BUs. To get robust estimates, mean or expected values should be used. To complete the picture, two other reasons for nasty portfolio surprises should be mentioned. First, “hidden stretch” which is really just an exaggerated case of the P50/mean effect. If delivering consistently at the P50 is difficult, delivering at the P20 is all but impossible. To use a sporting analogy, when a professional golfer stands on the tee, he or she knows that if he plays the hole well and avoids bad luck, he will likely take less shots than the “par” for the hole. More than 20% of the time, he does: This feat, known as a “birdie”, is a P20 result. But no golfer anywhere has ever played 18 holes in a total of 18 shots “below par” (the record is 14 below). Second, “wrecks”: individual teams rarely incorporate the possibility of total failure in their forecasts (dry development wells, failure to reach TD etc). In a PU with a handful of wells or projects, that’s a reasonable simplification, but in a company with hundreds, someone somewhere is almost certain to get unlucky.
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statistics Choosing Input Distributions – the Central Limit Theorem



CENTRAL LIMIT THEORUM



Suppose that: 1. We have a large collection of probability distributions. They can be of different shapes, and cover different ranges, so long as they are, in a mathematical sense, reasonably well behaved. 2. We randomly sample each distribution once and sum the values 3. We repeat this process many times and examine the distribution of the sums Using admittedly imprecise language, the Central Limit Theorem tells us that our distribution will: • Have a mean close to the sum of the means of the individual distributions • Have a variance close to the sum of the variances* of the individual distributions, provided we sample the distributions independently. • Have a shape which approximates the Normal (ie. bell-shaped) distribution. These approximations will become more exact as we increase the number of distributions. In other words, the distribution of the sum of a large number of random variables depends only on the mean and standard deviation of those variables, and very little on their individual distribution shapes. * The variance is the square of the standard deviation (SD). The SD of the new distribution will generally be much less than the sum of the SDs of the individual distributions. We may call this effect “randomization”.



Conclusion When we are defining distributions for input into any of the well estimating tools, we should pay particular attention to getting the correct mean (average) and standard deviation (spread), and not worry too much about the shape.
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statistics Sensitivity Charts EXPLANATION OF SENSITIVITY



Sensitivity Charts are generated automatically by Crystal Ball. They express the amount of influence that each uncertain input (“Assumption”) has on a particular result (the “Target Forecast”). This influence is measured by the degree of correlation between the input and the result. The figure below shows a (rather exaggerated) relationship between the ROP in one hole section and the total well cost, in the form of a scatter plot.
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How an Entry on a Sensitivity Chart is Generated.



Each blue dot represents a single Monte Carlo trial. The shape of the best-fit ellipse to the cloud of points determines the degree of correlation between the input and the result and hence the sensitivity of the result to variations in the input. Those inputs with the highest sensitivity are the most powerful “levers” for achieving a good outcome result.
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statistics Crystal Ball can measure sensitivity in two ways: • Contribution to variance – between 0% and 100% - the fraction of variation in the Forecast which is due to variation in the Assumption • Rank Correlation – between -1.0 and +1.0 – the degree of correlation between the Forecast and the Assumption. These sensitivity values should only be interpreted qualitatively, as in the following figure. It doesn’t matter which measure is used, since the ranking of Assumptions is always the same for both.
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Measures of Sensitivity and their Interpretation.
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statistics Correlation MODELLING CORRELATION



Many engineers who have developed probabilistic well forecasts will have found that the range of predicted outcomes seems narrower than experience suggests. Historical data indicates that the P10-P90 cost ranges typical of Monte Carlo forecasts are narrower than those observed in reality. Only part of this discrepancy can be blamed on our inability to capture the entire range of possible performance in our inputs. We must also blame correlation – the tendency for the performance of operations or the occurrence of risk events in any one well or wells project to deviate from statistical independence. How (or whether) the phenomenon of correlation between uncertain forecast inputs is handled within the Monte Carlo simulation can have a dramatic effect on the results. This is most true when separate forecasts are aggregated, for example in multi-well estimates and production forecasts, but the correlation within single wells can also be significant.



Causes of Correlation Single Wells Both time and cost inputs may be correlated because they are influenced by common factors: • The costs all tubular goods will be affected by steel prices at the time. • The time taken to run two casing strings will both be affected by the efficiency and competence of the rig crew. Relationships of cause and effect may also exist: • If a hole section takes longer than expected to drill (presumably due to problems), the likelihood of encountering problems while running the subsequent casing string may also increase. Not all correlations are positive (ie reinforcing): • The size of a performance-based incentive payment to a key contractor will (at least should) be negatively correlated with the cost of the well.



138



http://btbcp.bpweb.bp.com



Well Cost Estimating Handbook © BP p.l.c. 2006



Well Cost Estimating Handbook 3-10-06 SINGLES.qxd:Layout 1



22/9/08



09:37



Page 139



Chapter 4



statistics Multi-well Projects Most of the correlation here arises from the repetition of the same operations within many wells: • Each formation is drilled many times. It is likely that progress through any one will generally be faster or slower than originally forecast. • Many risks will be common to every well. If the severity of any particular risk is different to the value assumed in the estimate, this difference will typically be reflected in every well. • The same costs will be incurred on every well. Most will be determined by the same contract rates. Time-Related Correlation Some risk events are not associated with a particular operation and occur more or less at random – waiting on weather, rig repairs, HSE incidents are examples. We may call this “time-related NPT”. If a well (or project) experiences a high number of NPT events, it will take longer to drill and complete, which increases the chances of these random events occurring and extending the time still further. The result is an apparent correlation between operation-related NPT and time-related NPT.



Effect of Correlation Imagine a simple well program comprising 10 activities, each with an uncertain duration which we model with a triangular distribution: {3, 4, 8 days}, so that the mean time for each operation is (3+4+8)/3 = 5 days. The following figure shows the P10, P50 and P90 total well time as a function of the coefficient with which the individual activity times are correlated.
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Pair-wise Correlation Coefficient Between Activity Times Effect of Correlation on Forecast Spread and Skewness.



With the duration of each activity sampled independently (coefficient = 0.0), the effects of statistical randomization are at their greatest, and the P10-P90 range is only 18% of the mean well time – almost certainly an underestimate of risk. As we increase the correlation coefficient, the variation between the individual activity durations decreases. This reduces the effects of randomization and preserves more of the input uncertainty in the result. If we assume perfect correlation of activity times (coefficient = 1.0), the P10-P90 well time range increases to 58% of the mean. This assumption is, of course, as unrealistic as perfect independence. Whatever the truth is, it lies somewhere between the two extremes. As we increase the correlation between the individual activity times: • The P50-to-P90 gap gets steadily larger than the P10-to-P50 gap • The P50 well time deviates more strongly from the mean (50 days) These trends indicate that the distribution is becoming more skewed (i.e. more like the input distributions). This illustrates how the inclusion of correlation in a forecast retards the effects predicted by the Central Limit Theorem (p135)
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Chapter 4



statistics The next figure shows the effect of correlation on the frequency curve of a typical well cost forecast. The blue distribution is the result of assuming perfect independence of inputs – note the narrow range and symmetrical shape. The purple distribution assumes perfect correlation. The shape is wider and more skewed, with a long “tail” of cost over-runs. The orange distribution represents the default correlation coefficients embedded in the SWE (p153). It has an intermediate shape between the two (blue and purple) extremes.
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Incorporating Correlation in Time and Cost Estimates Crystal Ball has its own correlation capability, which may be used to create relationships between the otherwise random numbers generated in Assumption cells.



Caution – Sensitivity Charts and Correlated Assumptions When input assumptions are correlated together using Crystal Ball, the sensitivity charts become harder to interpret. This is because Crystal Ball interprets any relationship between Assumption and Forecast as a sensitivity.
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statistics Example: In a 20 well project, we are to drill one well with rig A, and 19 with rig B. We correlate the daily rig rates together since they will both be influenced by the rig market. The project cost will rise and fall with the daily cost of rig B and this will show as a strong sensitivity. However, the project cost will also rise and fall with the daily cost of rig A (since the costs of rig A and rig B go up and down together). The sensitivity chart will therefore, misleadingly, indicate that the cost of Rig A is a strong driver of overall project cost. Because of this, the standard estimating tools do not use Crystal Ball’s correlation function. The different ways in which the SWE and MWE account for correlation are described with those tools. Details of the correlation calculations embedded in the SWE are given in Ref 1. The ExACT spreadsheet uses the same method as the SWE to correlate together fixed and daily costs. The structures of the AccessMWE and AppraiseMWE worksheets are similar to that of the MWE, and correlation is introduced in the same way.
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5. standard estimating tools Introduction This chapter describes the standard well cost estimating templates. For a discussion of why we use them, see page 29.
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standard estimating tools The Single Well Estimator The Single Well Estimator (SWE) is an Excel/Crystal Ball workbook created and maintained by EPT and designed to produce probabilistic forecasts for individual wells. It is equally applicable to exploration, appraisal and development wells, and has full provision for modelling completion as well as drilling times.



SWE – OVERVIEW



The SWE does require a basic well design as input. Scoping estimates for exploration wells, where the well design has yet to be settled, may be better modeled by the ExACT tool. The detailed description which follows relates to versions 4.4x of the SWE.



Caution – Compatibility with Crystal Ball Versions 4.2 and earlier of the SWE worked only with versions 5.5 and earlier of Crystal Ball. Versions 4.3 and later of the SWE work only with versions 7.2 and later of Crystal Ball.



Version Numbering This section applies equally to the Multi-Well Estimator (p160). The SWE has been and continues to be developed to keep pace with the requests of engineers and the needs of the business. While the principles on which the tool operates remain the same from version to version, the details are subject to change. To help engineers understand the implications of using different versions of the workbooks, the following conventions are applied to re-numbering: • Whole number increment (eg 3.11 to 4.0): indicates one or more major structural changes to either the underlying time and cost model or the way in which data is input. • First decimal increment (eg 5.1 to 5.2): indicates one or more minor changes to the time and cost model (including bug fixes) which may affect the numerical results. • Second decimal increment (eg 4.1 to 4.11): indicates one or more cosmetic changes. These may affect the graphical results, but will not alter the underlying calculations.
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standard estimating tools Operation and Structure The SWE is a straightforward well time and cost estimator embodying the principles contained in this Handbook. All the important data input and calculations are performed by the “Calculations” worksheet. The other 11 worksheets are as follows: • Instructions – Basic information and Correlation Coefficients. • Opn Times – Output: range of times of all planned operations, inclusive of NPT. • Opn Costs – Output: range of costs of all planned operations, inclusive of Nonproductive cost. • Cost Pie – Output: Division of the well cost into its major components • Drl Time – Output: Time-Depth curves for Drilling • Drl Cost – Output: Cost-Depth curves for Drilling • Cmp Time – Output: Time-Activity curves for Completion • Cmp Cost – Output: Cost-Activity curves for Completion • DCUS transfer – Input data for the DCUS one-page summary • DCUS summary – Output: DCUS one-page summary • Lists (hidden) – Entries for pull-down menus and pick lists



Entering Data Cells intended for data entry are colour coded: SWE – DATA ENTRY



• Yellow (or olive) cells with Blue text – data entry from keyboard • Yellow cells with Red text – data entry from pull-down list Olive shading indicates that the default value in a cell should rarely need changing. The Calculations sheet has the following schematic layout:
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standard estimating tools Well Header Data



Basic Cost Data



Cumulative Time and Cost Percentiles



Completion



Time and Cost Calculations



Drilling



Time, Cost and Bit Depth Input Data



Preparation



Post-Completion Layout of the SWE “Calculations” worksheet.



Defining Distributions The probability distribution for uncertain input variables may be defined by: Either:



a Likely value (which the model will treat as fixed)



Or :



Minimum and Maximum values, which the model will use to define a uniform distribution.



Or :



Minimum, Likely and Maximum values, which the model will use to define a triangular distribution.



A fit-for-purpose uniform or triangular distribution can be chosen to describe nearly all datasets. The DataFit spreadsheet (p46) can help with this. The worksheet contains functions which allow the above choices, and the chance occurrence of low-risk events, to be controlled automatically by a single (uniform) Crystal Ball assumption. These functions are explained in Ref 1. It should never be necessary to edit the Crystal Ball Assumption cells directly.
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standard estimating tools Header Data The following header data is entered on the Calculations worksheet: • Well name • Date of estimate • Depth unit – “ft” or “m” • Currency – “$”, “£” or “NOK” • Grnd L/mud line/KOP MD – The measured depth at which the days/10k KPI calculation starts • Correlation – “ON” (apply correlation coefficients) or “OFF” (set all correlations to zero). Basic Cost Data Three cost items not directly associated with well operations can be entered explicitly: • Planning – One distribution for the number of days required to plan the well, and another for the daily charge for this planning effort (= number of planning engineers x daily charge per engineer). • Reporting – As for planning. • External Studies and Costs – A description and cost distribution for each engineering study, survey, inspection, audit, peer review etc. that will be charged to the well. The all-in daily spread rate applicable during any well operation is the sum of the “Rig Only Rate”, all the “Rig/Operation Support Services” rates and the “Special Day Rate”. The last of these is operation-specific (see below). The others are input here: • Rig Only Rate – A distribution for the daily rig hire charge • Rig/Operation Support Services – A description and distribution for each service normally incurred throughout the well operations. This will include personnel and office overheads, logistics support and basic rig services. • Uncertainty in Fixed Costs – A percentage (positive or negative) applied to all fixed costs in the well. Must account for uncertainty in fixed costs scope (what will you buy) and price (inflation, foreign exchange, tax and duty, contract terms). 150
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standard estimating tools Time and Cost Data Well time is partitioned into four “activity sets”: • Preparation – Activities undertaken before spud. • Dry Hole Drilling – From spud to end of logging at final TD. • Completion – From end of logging to the point at which the well is ready for handover to production or suspension activities commence. • Post-Completion – Production or suspension activities. The purpose of this division is to allow the workbook to calculate KPIs for Dry Hole Drilling and for Completion. More detailed definitions are available from the Drilling and Completions Performance Team. Each block of data is divided into productive operations (ie productive time), nonspecific NPT, waiting on weather NPT and risk-specific NPT. Productive Operations Each operation is characterised by: • A short text description • Start and end depths – Used in calculation of hole section time and for constructing the drilling time-depth and cost-depth curves. These data need only be entered for drilled intervals and should be left blank for all other operations. • Probability of occurrence – Some productive operations, such as data acquisition or installing a contingency drilling liner may have a probability of less than 1. • Range of performance – Defined as a distribution (see above) • Unit of performance – Either a direct unit (eg. “days”) or an ROP-type unit (eg. “ft/hr”). If an ROP-type unit is selected, start and end depths for the operation must also be input. • Fixed cost (tangibles) – A one-off cost, in thousands, which is not time dependent (eg. tubulars). • Fixed cost (intangibles) – A one-off cost, in thousands, which is not time dependent (eg. drill bits).
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standard estimating tools • Special day rate – The difference between the total daily rate for time-related costs during the operation and the basic spread rate (the sum of the rig only rate and all the itemized rig/operation support services rates). A negative number represents a reduction on the basic spread rate. • Bit depth – Used for calculating the time-depth and cost-depth curves, and the Days/10k KPI. Only required if the depth calculated from the operations data is incorrect. Completeness and consistency of the data entered for each operation is indicated in the Data Check column. Several checks are made, but the list is not comprehensive. Risk-specific NPT These events are described by the same data as productive operations (except that bit depth is not entered). If the event can only occur during a particular “susceptible” operation, this can be chosen from a pull-down menu. As an example, the NPT event “stuck logging tools” might have a susceptible operation of “TD logging”. Note that: • The probability that the NPT event occurs during the well is unaffected whether or not a susceptible operation is chosen (and whether or not the chosen susceptible operation occurs). • If no susceptible operation is chosen (as might be the case for “equipment failure”), the NPT event will occur at a random time, with the specified probability. • Any special day rate entered for the susceptible operation will not be applied automatically to the NPT event. The special day rate must be entered for the NPT event as well. Non-specific NPT and Waiting on Weather Non-specific NPT is input as a percentage of total time for that activity set (eg. dry hole drilling) excluding risk-specific NPT and WoW. Weather downtime may be input in the same way, or as risk-specific NPT. See page 38 for more details. If the input range of %non-specific NPT (or %WoW) includes large values (more than 20%), the relationship between the range mean and the final mean well NPT is changed. Ref 1 explains why and how.
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standard estimating tools Correlation Coefficients The SWE uses Correlation (p138) to model the tendency for more very good wells and very poor wells to be drilled than would be the case if performance was a truly random process. The random input variables which drive the SWE time and cost model are divided into ten groups. The variables are correlated together within groups, with each group being statistically independent. The default pair-wise correlation coefficient for each group is shown below. Default Coefficient



Group of Variables



Description



Rig/Op Services



Daily rig rate and all rig/operation support services



0.8



Preparation PT



Duration of planned preparation operations



0.8



Preparation NPT* Dry Hole Drilling PT



0.5 Duration of planned dry hole drilling operations



Dry Hole Drilling NPT* Completion PT



0.5 Duration of planned completion operations



Completion NPT* Post-Completion PT



0.8



0.8 0.5



Duration of planned post-completion operations



Post-completion NPT*



0.8 0.5



Waiting on Weather



WoW% during preparation, drilling, completion and post-completion



Other Inputs



Including planning, reporting and fixed costs



1.0 0.0 (not editable)



*Non-specific NPT and occurrence and duration of risk-specific NPT events (not WoW).



Groups of Correlated Input Variables and their Coefficients.



These correlation coefficients are somewhat speculative, but generally produce realistic results. In the interests of standardisation and assurance, users should seek advice from EPT before changing them. Random inputs not listed in the table, such as Rig Daily Rate and Well Planning Costs, are sampled independently. Further features of the SWE’s correlation feature: Well Cost Estimating Handbook © BP p.l.c. 2006
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standard estimating tools • It can be turned OFF on the Calculations Sheet. This is useful for testing its effects. • The calculations are included in Excel formulas, which avoids the drawbacks of Crystal Ball’s in-built correlation feature (p141).



Outputs and Results SWE – OVERVIEW



At least 2,000 trials are usually necessary to give reliable, repeatable results at the extremes of the time and cost distributions. Getting a reliable, repeatable sensitivity chart may require up to 10,000 trials. The following is a guide to the time a complete simulation should take to run. If your timings are very different, there may be a problem with your installation of Crystal Ball:



Computer - Dell Latitude D600; Operating System - BP Passport (Windows XP Professional); Excel 2003; Crystal Ball v7.2.1; SWE v4.3



Crystal Ball



Trials



Time



Normal Speed



5,000



4 mins



Extreme Speed*



5,000



7.5 mins



*For simpler spreadsheets, such as ExACT, Extreme Speed can be much faster than Normal Speed. For complex models such as the SWE and MWE, it can be slower.



Workbook Calculations The correlated groups of line item times and costs are sampled using an algorithm explained in Ref 1. The sampled times are combined together using the standard equation for well time (p38). The cost of each operation or event is calculated from the basic cost equation: Cost



= Daily cost x Time in days + Fixed cost = (Rig Only Rate + Services Cost + Special Day Rate) x Time in days + (Tangibles Cost + Intangibles Cost) x (1 + Uncert. In Fixed Costs)



• Non-specific NPT and WoW are assumed to be distributed on a pro-rata basis amongst the productive operations. The daily rate during non-specific NPT and WoW is the same as the operation during which it occurs.
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standard estimating tools Output Forecasts In addition to the summary results and charts, eight Crystal Ball Forecast windows are set to open automatically: • Dry Hole Drilling Days – Inclusive of NPT • Drilling KPI – Dry hole days per 10,000ft • Completion KPI – Completion days • Total Well Time – Total time, including preparation and post-completion • Total Well Cost – Total cost, including preparation and post-completion • Dry Hole Drilling %NPT – Total dry hole NPT, including WoW, as a percentage of total dry hole time • Completion %NPT – Total completion NPT, including WoW, as a percentage of total completion time • Well %NPT – Total well NPT, including WoW, as a percentage of total well time



Caution – Update Chart macro buttons When the Crystal Ball calculations are complete, you must click the “Click here to update all charts” macro button on the Calculations sheet to store the results of the simulation in the sheet and show them on the output charts. Until you do this (or hit the similar buttons on the output sheets), the output charts will display data from the previous run. If you don’t store the results, they will be lost when you reset the Crystal Ball simulation or close the workbook. Operation Times and Operation Costs Worksheets These two worksheets display the P10, mean and P90 times and costs for each planned activity, inclusive of all NPT. The results are shown in tabular and graphical form. These results have a specific purpose beyond highlighting which operations are most time-consuming and/or most risky: the mean well times should be used as inputs to detailed, deterministic cost models in order to generate an AFE-quality breakdown of mean well cost into line items (p85).
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standard estimating tools Cost Pie Worksheet This sheet shows the breakdown of well costs into its major components: • Preparation costs (fixed and variable), including planning and external studies • Drilling fixed costs (tangible and intangible) • Drilling variable costs (ie. time-related costs) • Completion fixed costs (tangible and intangible) • Completion variable costs (ie. time-related costs) • Post-Completion costs (fixed and variable), including post-analysis and reporting Drilling and Completion Time and Cost Charts Probabilistic Time-Depth and Cost-Depth charts (up to the end of Dry Hole Drilling) are generated by the Drl Time and Drl Cost worksheets. The equivalent charts for Completion (with Depth replaced by Operation name on the vertical axis) are generated by the Cmp Time and Cmp Cost worksheets You can choose to plot up to three time/cost curves at different percentile values, in addition to the mean. The default percentiles of values of P10 and P90 can be changed. Select “no” in the “plot?” column to remove a curve from the plot. On the Drl Time and Drl Cost sheets, you can enter the depths and times/costs for an additional curve, such as the technical limit or the actual times/costs. You can also enter the times/costs for an additional curve on the Cmp Time and Cmp Cost sheets. DCUS Summary Sheet The DCUS Summary Sheet is a fixed-format summary of a wells project time and cost estimate. Data finds its way onto the DCUS summary worksheet in two ways: From the Crystal Ball simulation results, via the DCUS transfer worksheet From direct user inputs to the DCUS transfer worksheet.
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standard estimating tools Inputs from Crystal Ball Results When the results of a Crystal Ball simulation are in memory, the following data appears automatically in the DCUS transfer worksheet, in the table headed Results from Crystal Ball: • Well Cost – P10, Mean, P90 • Well Time – P10, Mean, P90 • Dry hole drilling days/10,000ft – P10, Mean, P90 • Completion days – P10, Mean, P90 • Well NPT% – P10, Mean, P90 • Cost Percentile – The percentile of the mean well cost (eg. P54) • Dry Hole Cost – The mean cost of the dry hole drilling activity set. • Completion Cost – The mean cost of the completion activity set. These values may be substituted for user-defined values on the DCUS summary sheet by entering values in the Manual Over-rides table. Only exceptionally should the manual over-ride values be different to the results of a simulation.
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standard estimating tools Inputs to the DCUS Transfer Worksheet Type the following information directly into the DCUS transfer worksheet: Project Details and Input Data: • Country – The country in which the well will be drilled • Project – The well name • Deliverable – Production rate, horizon penetrated etc. • CVP Stage Gate – The next gate to be passed (Select, Define etc). • Analogue Data – A brief description of the choice of analogue wells, how the time and cost data were used, and sources of additional information. • Best Wells Performance – The critieria used to define similar wells (for drilling and completion), and any notable Best Wells. Best Wells Performance: • Best Wells Time – See page 76 for details of how to calculate this • Best Wells D/10K – The best wells dry hole drilling days/10,000ft • Best Wells D/Comp – The best wells (or best-in-class) completion days Time and Cost Results: Click the “Store Time and Cost Results on Summary Sheet” macro button to copy the headline results into the Manual Over-rides table and the time and cost data onto the graphs on the DCUS summary worksheet. Other Data: Use Crystal Ball to generate a sensitivity chart. Make sure you select the correct Target Forecast for the chart. This will typically be “Total Well Cost”. Type (or copy and paste) the Sensitivity Chart Risks (Crystal Ball assumptions), and their Contribution to Variance of the Target Forecast in the order in which they appear in the chart. Excel will reproduce the chart on the DCUS summary worksheet.
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standard estimating tools Assumptions which have bars extending to the left are negatively correlated with the target forecast. Enter their contribution to variance as a negative number. You can type in up to nine qualifiers to the estimate under: Basis for Estimate: Assumptions. These may relate to scope, cost basis or risks excluded from the estimate.



Caution – Estimate Assumptions and Risks Any assumption inherent in a cost estimate can usually be restated as a risk excluded from the estimate. For each of assumption, you should ask: Why was this risk excluded? Was its exclusion justified? You can also type in up to four Risk and Uncertainty Comments – any information which will help a reviewer to better understand the true project time and cost risk. Finally, fill in the Last updated on and Last updated by text fields.
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standard estimating tools The Multi-Well Estimator MWE – OVERVIEW



The Multi-well Estimator (MWE) is an extension of the SWE for application to any project involving more than one well. The two workbooks have evolved in parallel, and there are many similarities. Familiarity with the SWE is a great help when using the MWE for the first time. The following description applies to versions 5.5x of the MWE.



Principles of Operation The workbook produces an estimate of the total time, usually in rig-days, required to complete the project’s work program, and the program cost. It does not allow schedule complexities such as multiple rig operations and seasonal downtime to be modeled, and cannot therefore be used to directly generate project schedules and production profiles. These must be generated either by inputting the outputs of the time model (usually well-by-well) into a project-specific schedule analysis and production model, or by building such models into the workbook using additional worksheets.



Caution – Individual Well Costs The MWE can be used to generate individual well costs in support of AFEs. This batched approach to well cost estimation may make good sense where the wells are similar in scope and relatively simple in execution. The results however, should be treated with care. The method by which the total project time is built up means that, unless correlation is specifically included, the reported P10-P90 ranges will generally be too narrow. This is because the MWE incorporates correlation not in the individual wells, but only when the well times are added together. The mean times and costs, which should be used for AFE generation, are unaffected. The Well Time Model This section summarises the MWE time model. Full details of both the time and cost models are given in Ref 1. Time for each well is divided into the same four activity sets as used in the SWE:
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standard estimating tools Well Time = Preparation Time + Drilling Time + Completion Time + Post-Completion Time Each of these is further broken down as follows: Preparation Time = Preparation PT + Preparation Non-specific NPT + Preparation Risk-specific NPT Drilling Time = Drilling Learning Factor x Step-out Factor x (Unadjusted Drilling PT + Unadjusted Drilling Non-specific NPT + Unadjusted Drilling Risk-specific NPT) Completion Time = Completion Learning Factor x (Unadjusted Completion PT + Unadjusted Completion Non-specific NPT + Unadjusted Completion Risk-specific NPT) Post-Completion Time = Post-Completion PT + Post-Completion Non-specific NPT + Post-Completion Riskspecific NPT There are separate learning curves for dry hole drilling and completion. The Drilling(Completion) Learning Factor is a multiplier determined by the drilling (completion) learning curve. Learning is applied to all drilling and completion times, including risk-specific NPT. The Step-out Factor is a multiplier determined by the step-out impact and the horizontal step-out of the well. The step-out factor is applied to all drilling times, including NPT, but not to completion times. “Unadjusted” means before adjustment for learning or step-out. Unadjusted drilling PT and non-specific NPT are, however, scaled by the total drilled depth of the well. Random Sampling Method The estimating methodology used by the MWE is illustrated below. The performance of every planned operation (which may occur in one, some or all of the wells) is sampled only once for every Monte Carlo trial. This level of performance is then used for every occurrence of this operation in the project. The same onesample-per-trial method is applied to non-specific NPT and to the per-well probability



Well Cost Estimating Handbook © BP p.l.c. 2006



http://btbcp.bpweb.bp.com



161



Well Cost Estimating Handbook 3-10-06 SINGLES.qxd:Layout 1



22/9/08



09:37



Page 162



standard estimating tools of risk-specific NPT events. The occurrence of risk-specific NPT events on individual wells, and their duration, are sampled independently for each well within a trial. This sampling methodology closely correlates performance between wells in the same project but leaves performance between operations in each well independent. This avoids the use of (somewhat speculative) correlation coefficients and has consistently given realistic results in terms of estimate uncertainty.



Performance of each operation is sampled only once per trial – to model the effect of correlation



Times and costs are scaled up or down depending on well length



Well A-1



Well A-2



Well ST-1



Well ST-2 Only new-drill wells require this operation



Operation



Operation



Operation In this Monte Carlo NPT Risk trial, this risk event occurs once in NPT Risk four wells



Only side-track wells are susceptible to this risk



Well forecasts Project forecast



Random Sampling Methodology in the MWE.



Workbook Structure The MWE workbook contains eight worksheets. The Instructions, Calculations, DCUS transfer, DCUS summary and Lists sheets perform the same functions as in the SWE (with the exception that correlation is not explicitly modeled in the MWE). The Charts, Cost Pie and Table sheets are for output. The Calculations sheet is laid out rather differently to the SWE: 162
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standard estimating tools Project Information



Individual Well Data



Learning Curve Data Inflation Data Headline Results



Individual Well Summary Calculations & Results



Operation Data



“Correspondence Table”



Detailed Calculations



Layout of the MWE “Calculations” worksheet.



Entering Data Header Information MWE – DATA ENTRY



The following header data is entered on the Calculations sheet: • Project name • Country • CVP Stage Gate (eg. Select) • Project deliverable (eg. 12 oil producers + 2 water injectors) • Depth unit (“ft” or “m”)
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standard estimating tools • Non-well-specific project costs (Any cost already incurred or not attributable to any one well) • Last updated by • Date Drilling and Completion Learning Curves From the expression for Learning Factor (p102) it is clear that only the ratio of the Plateau Performance to the Reference Performance is important. This Plateau-toReference Ratio defines the potential for performance improvement due to learning on each well as a fraction of “unlearned” performance: P-to-R Ratio =100%



There is no learning potential



P-to-R Ratio = 50% :



Learning will eventually halve drilling (or completion) times relative to the reference performance



Uncertainty in the potential performance improvement is incorporated by assigning a distribution to the Plateau-to-Reference Ratio. When analogue data is plentiful (a rarity), this distribution may be estimated using the percentile values of performance seen in it: Minimum Plateau-to-Reference Ratio = P10 divided by P50 Maximum Plateau-to-Reference Ratio = P40 divided by P50 Example:



Historical (analogue) well performance: P10 = 24 D/10k P40 = 36 D/10k P50 = 40 D/10k Range of Plateau-to-Reference performance (MWE input): min = 60%, max = 90%



As the Crystal Ball simulation runs, the two randomly generated learning curves will be different for each trial – a variation which will be reflected in the final results Switching Learning OFF, eliminates all learning effects (positive and negative) from the forecast.
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standard estimating tools Impact of Step-out on Drilling Performance The value of step-out impact represents the likely degradation in drilling performance (% increase in days/10k) due to increased step-out and hole angle. The extent and rapidity of this degradation can be of critical importance in development planning, where the number and location of drill centres is yet to be decided. In these circumstances a detailed search for and analysis of relevant data from similar projects will likely be justified. Normally, the step-out impact should reflect the extra time likely to be required for good hole cleaning, directional work, running casing etc. Risks specific to ERD wells, and additional planned or contingent casing strings should be treated explicitly as planned operations or NPT events. Whatever the effects modeled by step-out factor, estimators must take care not to “double dip” by also allowing for them in NPT. The step-out factor for each well is dependent on the difference between the stepout of the well and the reference step-out. All operations data (depth interval, time and cost) must therefore be appropriate for a well of this step-out. Where the average step-out of the analogue data is different to the average for the planned wells, choice of reference step-out must be a compromise. A value close to the average step-out of the analogue wells allows the analogue well data to be used directly in the inputs for operations performance. A value close to the average stepout of the planned wells minimizes the errors caused by assuming that (unadjusted) days/10k is independent of measured depth. The second of these two options is usually preferable.



Caution – Step-out Impact and Side-tracks Where the project includes a variety of different well types, for example new wells and side-tracks, care must be taken that an appropriate step-out factor is calculated for all wells. It can be set to zero for a particular well by setting well step-out equal to reference step-out, although the calculated well total depth will then be incorrect and it will be necessary to enter it explicitly. Completions Well step-out is likely to be a weaker driver of completions time than it is of dry hole time. This is because (a) many completion operations are conducted at surface, and
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standard estimating tools (b) most of the well is cased and thus largely immune to hole-angle problems. Since the MWE doesn’t contain any in-built link between well length and completion time, it is important that the range of completion performance – and the associated risks – take full account of the range of planned well depths and angles. Project Cost Data Daily Rig Rate is the same as Rig Only Rate in the SWE. Daily rates for up to 10 different rigs may be defined. Basic Services Rate is equivalent to the sum of all the Rig/Operation Support Services rates in the SWE. It should account for all daily charges to the project, excluding the rig hire and services applicable only during individual well operations. Having only a single Basic Services Rate for the entire project may seem restrictive. However, different rates may be allowed for by increasing the number of Daily Rig Rates: Example:



Actual costs: Rig rate = $400k/day Drilling services rate = $150k/day Completion services rate = $180k/day MWE Inputs: Rig 1: Daily Rig Rate (Drilling) = $400k/day Rig 2: Daily Rig Rate (Completion) = $430/day Basic Services Rate = $150/day



Inflation Market sector inflation (p99) may be entered explicitly in the format supplied by Global PSCM. First, identify the major market sectors represented in the cost estimate and list these in the “market sector” column. Estimate the percentage of the total wells cost attributable to each sector and enter these in the “Project cost %” column. Data is provided by PSCM to cover the current year and next year. Enter these two years (eg. “2006” and “2007”) in the first two cells under “BP Sector Inflation”. In the third cell, enter a symbol (eg “2008+”) to represent all subsequent years.
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standard estimating tools Enter the inflation value for the current year and next year for each market sector. Make sure this is the figure seen by BP (not the overall market movement) and applicable to your SPU (not the global average). Inflation beyond next year is to be assumed zero. Finally in this section, enter a percentage figure representing the overall uncertainty in market sector inflation for the current year and next year (the latter will generally be larger). If, for example, the weighted average inflation for next year is predicted to be 6%, but you feel the true figure could be anything between 2% and 10%, enter an uncertainty of 4%. Have a conversation with your local PSCM team to help arrive at these uncertainty figures. Well Details The following details are required for each well: Well Name Include well in analysis?



“y” = include; Empty cell = Exclude all well times and costs from the project totals



Drilling starts at MD BRT



Used in the calculation of D/10k



Kick-off MD BRT Target TVD BRT Step-out



Used to calculate an approximate figure for drilled depth when the exact value is not yet known. Step-out is also combined with the Step-out impact to give a multiplier for drilling times



MD BRT (if known)



Used in the calculation of drilled depth



Rig Rig Rig Rig



The rig code number (1 to 10) applicable to each part of the well



used used used used



for for for for



Preparation Drilling Completion Post-completion



Drilling Learning Sequence Completion Learning Sequence



The position of the well on the drilling and completion Learning Curves



Additional costs



Any well-specific costs not captured elsewhere



Inflation year



Determines which values of market sector inflation to apply to costs for this well
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standard estimating tools Operations Data All operations depth, time and cost data should be based on a well of the reference step-out. The data are defined in the same way as in the SWE sheet except: 1. ROP-type time performance can only be specified for drilling operations. This is done by selecting “D” in the Drilled Interval or Flat Spot column and entering the appropriate Depth Interval. It is important to enter a value in the Interval column for each section drilled, whether or not the performance is expressed in days or as an ROP. The value is used in the calculation of drilling days. 2. Probability is expressed as the chance of occurrence in each susceptible well. Your lack of knowledge of this probability should be expressed in your choice of minimum and maximum values. 3. Except for drilling times and monetary currency, there is no choice of units. All times are expressed in days, and all costs are in thousands of the chosen currency. Well-Specific Operations and Risks The subset of programmed operations and risks applicable to each well is specified in the “Correspondence Table” – the array of cells to the right of the operations data and below the well header data. Any non-blank entry in a cell indicates that the activity in the cell’s row is applicable to the well in the cell’s column. Modelling Correlation CRYSTAL BALL – CORRELATION



Crystal Ball allows the randomly selected inputs ("assumptions") to be correlated manually. In the MWE, consider correlating rates for different rigs, the drilling and completion learning rates and tangibles costs. In some cases you might also correlate ROP in different hole sections, installation time for different casing strings and %non-specific NPT for drilling and completion.



Caution – Risks and Assumption Cells In the MWE, each operation or risk event has two Crystal Ball Assumption cells. For planned operations, the first Assumption cell determines the duration of the operation. The rank of the assumption on the sensitivity chart reflects the uncertainty in this duration. For NPT events, this Assumption cell determines only the per-well probability of the event. Actual occurrence of the event, and its duration,
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standard estimating tools is determined by random numbers generated directly by Excel. The sensitivity chart therefore only reflects uncertainty in the probability of occurrence of the event, and not the uncertainty around its impact. The second Assumption cell determines the fixed cost of the operation or NPT event.



Running the MWE The guidance for running a simulation is the same as for the SWE (p154). Due to the complexity of the sheet, it will take rather longer than the SWE to run the same number of trials. Customizing the Charts The Charts sheet shows well-by-well P10, mean and P90 values of: • (Dry Hole) Drilling Days • (Dry Hole) Drilling Days per 10,000 ft • Completion Days • Well Days • Well %NPT • Dry Hole Cost • Completion Cost • Well Cost All results are inclusive of both risk-specific and non-specific NPT. On each chart, the P10, mean and P90 values for each well are shown by green, blue and red dots respectively. All chart formatting, titles etc are editable using normal Excel functions. Table and Cost Pie Worksheets The Table worksheet shows a tabulation of the mean values for each of the above results for every well (that is, all the blue dots on the charts). There are also columns for Preparation and Post-Completion costs. Hit the “Click here to store data” button
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standard estimating tools to copy the current results (grey cells) into the data table (blue cells). Use the data in this table to respond to requests from your Commercial team for well times and costs. The Cost Pie worksheet is the same as in the SWE. Make sure you hit the “Click here to update chart” button before using the results. The DCUS Transfer and Summary Sheets With the exception of name changes to the forecasts (eg Total Well Cost becomes Project Well Cost), the DCUS transfer and DCUS summary sheets are completed exactly as for the SWE (p156).



Using the MWE for Decommissioning Projects The MWE contains some language, KPIs and calculations specific to well construction. Some re-interpretation and “fudging” of the data entry fields is therefore required if it is to be used for decommissioning estimates (p112): i. If more than one “operating platform” (eg. DSV, MODU, workover unit) will be used during the project, • Assign these to the four pre-defined activity sets. Example:



Preparation = platform Dry hole drilling = semi-submersible drilling rig Completion = diving support vessel Post-completion = not used



Note:It will only be possible to model learning curves for those operating platforms assigned to the dry hole drilling and completion activity sets, so make sure these comprise the bulk of the activities. • Define a daily “rig” rate for each operating platform and assign these to each well by activity set If only one operating platform will be used, the abandonment operations can be divided amongst the pre-defined activity sets in any logical way. ii. Operations not associated with individual wells can be grouped together in one or more “dummy wells”. For example, the well list might start with a well called “Preparation” and end with a well called “Site re-instatement”. 170
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standard estimating tools iii. If the well depths are known, they can be entered as normal. Make sure, as with a well construction estimate, that the “reference drilled depth” for each well is similar to its actual “drilled depth”. iv. If the well depths are unknown, or it is not required to differentiate between them by depth, the depth details should be entered as follows: • Drilling starts at MD BRT = 0 (m or ft) • Kick-off TVD BRT = • Target TVD BRT = • Step-out = • TD BRT = 1 (m or ft) In the last row for entry of dry hole drilling planned operations, enter a “dummy operation” with “interval” 1 (m or ft) and “y” in every column corresponding to a well (dummy or real). All other cells in this row may be left blank.
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standard estimating tools Other Tools Exploration Access Cost Tool (ExACT) A full description of the ExACT workbook, and instructions for its use, can be downloaded from the Drilling and Completions Risk Management web pages. The tool itself also contains detailed instructions. Besides being much simpler than the SWE, the major difference to that tool is that ExACT contains analogue data within it. Summary time and cost data from recent exploration wells is extracted from various databases, including DIMS and CTX and consolidated in a worksheet in ExACT. The team which drilled each well has a role in reviewing and validating this data. The estimator selects those analogue wells which can be expected to show similarities to the proposed well. As an example, an estimate for an exploration well offshore Greenland might be informed by rig costs from the North Sea, logistics costs from Sakhalin and drilling performance from Brazil.



Access MWE AccessMWE – OVERVIEW



This is the simplest multi-well estimating tool, and as such is ideal for early scoping estimates of development projects. Up to 5 different well types are permitted. Full instructions for using it are included on the “Instructions” worksheet.



AccessMWE – DATA ENTRY



Appraise MWE The outstanding feature of the Appraise MWE is flexibility – it can be applied to almost any project. The penalty is that some users will find it less than intuitive. If you need help translating your project data into the required format, contact the EPT Subject Matter Expert. A comparison between the standard and Appraise MWEs (in the context of well decommissioning projects) is given in the table on page 114.
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references Resources Subject Matter Expert (SME) Hugh Williamson, EPT Drilling and Completions Contact: [email protected]



BP Intranet Drilling and Completions Risk Management (with links to cost pages): http://epsegmentcommonprocess.bpweb.bp.com/Default.aspx?tabid=193



Standard Estimating Workbooks Crystal Ball versions 5.x and 7.x are not compatible. You will need different versions of the standard workbooks after upgrading to Crystal Ball 7.x: For Crystal Ball 5.x



For Crystal Ball 7.x



Single Well Estimator (SWE)



4.11 / 4.2



4.4



Multi Well Estimator (MWE)



5.2



5.5



ExACT (Exploration Access Cost Tool)



1.5



1.7



AccessMWE



1.2



1.7



AppraiseMWE



2.1



2.2



Current (August 2006) Versions of Estimating Tools



Crystal Ball Crystal Ball is a commercial product of Decisioneering Inc, of Colorado, USA: www.decisioneering.com
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E Economic Evaluation Methodology ExACT Expectations, Discipline Expected Value (see Mean) Exploration wells F Framing, Estimate Frequency chart G GIAAP I Inflation L Learning curves – in MWE Learning rate Learning sequence numbers Links, External M Mean Median Mode Monte Carlo analysis MWE N NPT O Operation times (SWE) Outliers, Statistical P People plan Percentiles Performance Improvement Plan Plateau performance Production forecasts
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Q Questions for reviewers R Range, P10-P90 Reference performance References Resources Risk Register Risks – contingent – identifying – modelling – severe Roles and Responsibilities ROPs, Working with S Scorecard, Cost Estimate Quality Sensitivity charts Skewness Statistics Step-out impact SWE T Targets and promises Threshold, Economic Tools, Selection of Track record Turn-key contracts U Unallocated Provision (UAP) V Validation – external – internal Version numbering W Waiting on weather
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Warning This CD may not run on a BP Passport computer until you "Allow Blocked Content" by clicking on a toolbar which automatically appears. This is due to an Internet Explorer security setting. The "How to use & Help" section within the course has more details.
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