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e Risk Operation Plan (including undesirable events);
e  Simulation results.
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Figure 1 The tool model structure

The well construction process can be defined as a set of chronologically ordered phases:
Mobilization of rig

Spudding

Placement of BOP

Drilling of hole sections

Abandonment.

Each phase includes several operations, which are automatically generated by the software; the resulting Operation Plan
can then be edited by the user by adding/removing operations.

Duration- and cost-related information for each operation are combined by the software in order to simulate the cost and
duration picture for the whole well construction process. This modelling allows al the available deterministic data and the
associated uncertainties, to be expressed at an appropriately detailed system level.

In other words, the well construction process is divided into severa operations, whose cost and duration are expressed in
terms of probability distributions. The probabilistic total cost and duration will be obtained as the sum of the costs and
durations of the single operations, refer to [Aven, 2003]. Thisis mathematically described in equations (1) and ( 2) below:

C=C,+Cy+...+C, (1)
where C isthe total well construction cost, Cy, C,, ..., C, are the costs of operation 1,2, ..., n respectively.
D=D;+D,+... +D, (2)

where D isthe total well construction duration, D4, D, ..., D, are the durations of operations 1,2, ..., n respectively.

For each operation, a set of undesirable events can occur. The extra cost and duration of possible undesirable events are
added in the same manner asin equations (1) and ( 2).

The results are provided in terms of both expected (most probable) values and the associated uncertainties (probability
distribution). This allows the identification of the most critical operations/undesirable events, which can be optimized/avoided
or reduced by using appropriate preventive measures for both operational and contractual aspects.

Assessment of input datais a crucia and considerable part of the tool analysis process. Some input may be supported by
relevant documentation related to the drilling operation, e.g. the drilling program. However several parameters, especialy the
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probability values and distributions, are assigned based on subjective considerations in combination with the available
hystorical data.
Subjective probability assessment is adifficult task, which requires consistency in several sub activities:
e Correct parameter interpretation
e Thorough consideration of all the available information
e Quantification of the performed assessment, i.e. the uncertainty related to the chosen parameter values.

Preliminary work meetings, involving experts from various disciplines, are important to stimulate constructive discussions
and ensure that relevant conclusions are consistently taken into consideration.

After assessing the input parameters required for well construction evaluation, the tool analysis is performed. The results
provided by the well specific analysis are listed below:

e Mean duration and cost vs. drill depth. Curves representing the mean duration and cost, obtained analytically from
theinput distributions vs. the deterministic drill depth.

e Drill depth vs. time curves. The 5-, 10-, 20-, 25-, 30-, 40-, 50-, 60-, 70-, 75-, 80-, 90- and 100-precentile plots for
drill depth vs. time.

e Well construction duration. The probability distribution for the total well construction duration is given using a
histogram, also providing the minimum and maximum values, mean, standard deviation, 10-, 50- and 90-percentiles
and the CDF curve.

e Well construction cost. The probability distribution for the total well construction cost is given using a histogram,
also providing the minimum and maximum values, mean, standard deviation, 10-, 50- and 90-percentiles and the CDF
curve.

e Cost and duration limits. The probabilities of performing the well construction within user defined cost and duration
limits.

e Senditivity analysis based on cost and duration contribution. A rank of the most critical phases, operations and
events based on the mean portion of the total well construction cost and duration.

e Cost breakdown. The mean costs categorised according to Eni E& P cost coding standards.

e Comparison of well construction plans. A comparison of the total well construction cost and duration histograms,
the drill “depth vs. time” and the “cost vs. time” curves for different alternatives.

The effect of uncertainty contributors may be evaluated by preparing proper adjustments of the model input through
different aternatives. Re-analysis with the adjusted input provides a basis for ranking and selection of the candidate measures
to reduce both the expected cost and duration and relevant uncertainties.

By briefly summarising, the work flow can be described as follows:

1) Expression of the uncertainties related to operational and contractual aspects by means of probability distributions
2) Auto-generation of adefault Operation Plan

3) Adjustment of the auto-generated Operation Plan

4) Definition of the potential undesirable events

5) Execution of the Monte Carlo simulations

6) Investigation of results

7) Adjustment of operational and/or contractual parameters

8) Execution of a“re-analysis”.

Comparison between cost estimates for two possible well designs can in some cases indicate that the plan with the lower
estimated expected cost has a large uncertainty about this value, compared to the estimated expected cost value for the other
plan. An example is shown in Figure 2; the main question here is regarding the risk one is willing to take: a small risk of
experiencing extremely high cost can in some cases be more critical than planning for arelative high cost.
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Figure 2 Comparison of two probabilistic project cost estimates. The blue curve shows the
cost probability distribution for a project with low expected cost and high uncertainty. The
green curve shows the cost probability distribution for a project with high expected cost and

low uncertainty

Example case

After the Drilling Engineer has finished the Drilling Programme for an onshore well, with RKB
elevation 12 m and total depth 4645 m, he has to provide the probabilistic well cost and duration
estimation.
For this scope, the software tool is used.
First, the well architecture is to be specified by entering casing design data: a wellbore
schematic is automatically generated (refer to Figure 3).
Then, the Operation Plan has to be established based on the Drilling Programme. In our
exampl e the following phases have been included:
Mobilise
Drill 36" hole
Drill 26" hole
Install BOP
Drill 17 Y/," hole
Drill 14%," hole
Install BOP/MPD
Drill 12 ¥%," hole
Drill 10 %" hole
Drill 8%," hole

The Operation Plan is constructed based on input parameters for each phase, which are related
to cost and duration of the operations included in the phase.
The input parameters are specified as probability distributions in order to reflect uncertainties.

An example, shown in Figure 4, is the ROP when drilling the 14 %," hole. Available information
on reference wells and geological characteristics have induced to express the ROP as a triangular
distribution with minimum value 2 m/h, most probable value 6 m/h and maximum value 10 m/h.
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Figure 3 Architecture of
the example well
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Figure 4 Probability distribution for the ROP when drilling the 14 /" hole

section in the example case

The Operation Plan, together with the phase input for constructing the 14 %2” hole section, is shown in Figure 5. It can be
noticed that the Operation Plan for constructing the 14 */," hole section includes three bit changes. As a matter of fact, the
section length is 1437 m and the expected bit life, i.e. the drilled length before the bit has to be changed, is 400 m.

Operations related to one change of the bit are automatically generated.

The auto-generated Operation Plan has been manually edited to insert the specific “Installation of E-CD” operation

foreseen for this phase.
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Figure 5 The phase input window for the construction of the 14 %, " hole section in the example well (base case)

Thered incidentsin Figure 5 are the possible undesirable events for the 14 */,” phase; such events have been specified with
the relevant probability of occurrence, extra duration and cost.
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An example of an event specification is shown in Figure 6. This event has the potential to occur during the selected
operations of the considered phase.

Even_l properties
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Figure 6 - Example of assessment of the undesirable event
“Mud losses”

After the Drilling Engineer has completed the operation plan and undesirable events have been specified for al phases, a
Monte Carlo smulation is run. Results can be presented both for the standard Operation Plan (i.e., excluding undesirable
events) and for the Risk Operation Plan (i.e., including undesirable events). Figure 7 shows several (risked) results:

e Probability for constructing the well within given duration and cost limits; the Drilling Engineer is free to vary the
limits.

e Percentile curvesfor the drill depth vs. time.

e  Histograms showing the distributions of total well construction duration and cost.
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Figure 7 Results for the Risk Operation Plan of the example well (base case)
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By using the tool, the Drilling Engineer has the opportunity to identify those phases and operations with the highest impact
on total duration and cost (refer to Figure 8), as well asto visualize the cost breakdown for both the well and each single phase
(Figure 9).
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Figure 8 Most critical phases of the example well (base case)
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Figure 9 Cost breakdown for the well and the 14 %,” phase (base case)

Based on the simulation results, the Drilling Engineer can identify preventive and mitigation measures (from both the
technological and contractual points of view) which could have the best impact for the reduction of total duration and cost.
Such measures are taken into consideration, thus generating alternatives to the base case.

In our example, the Drilling Engineer has identified bit performance and mud characteristics to be the factors whose
optimization could provide the best improvement opportunities. A detailed study has been carried out to analyse characteristics
of the rocks to be drilled and to select the most suitable bits and muds for the first five phases listed in Figure 8. Figure 10
shows the results of the Risk Operational Plan for the “optimised” alternative; in particular, it should be noted that the
probabilities of constructing the well within the same duration and cost limits of Figure 7 are now 100% and 90,1% (compared
respectively with 7,2% and 4,7% of the base case).
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Figure 10 Results for the Risk Operation Plan of the example well (alternative case)

Finally, the estimated costs and durations for the two options have been compared. Figure 11 shows that the estimated
mean duration and cost are lower and the distributions are narrower than those for the base case.
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Figure 11 Comparison of durations and costs between the base case and the alternative
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Conclusions

A new probabilistic approach related to the well construction cost and duration estimation has been shown. Based on this
probabilistic methodology, an innovative tool has been developed.

The advantages of the new probabilistic approach vs. the traditional deterministic approach have been investigated. The
probabilistic method provides more informative results both for the well cost analysis team and the involved decision-makers.

The tool not only allows the computation of risked cost and duration, but also gives the opportunity to optimise the well
costruction process.

The performance of the developed tool has been shown through a detailed example case.
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