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Abstract

When planning oil and gas wells, the cost and duration uncertainty, related to the well construction process, could be a big
concern.

Traditionally, Drilling Engineers, in different geographical areas, have utilized different estimation methods with a
consequent difficulty of communication. This tool could represent a common platform on the well construction cost and
duration estimation.

In recent years probabilistic well cost estimates have become a requirement as part of the internal procedures of the E& P
Companies, e.g. when applying for an Authorization for Expenditure (AFE) approval.

This paper describes the tool and methodology which have been developed upon request by Eni E&P to introduce and
strengthen the application of probabilistic well construction cost and duration estimation within the drilling department. The
tool offers decision support for well and operation planning and has the potential to make the cost and duration uncertainty
analysis an integrated activity of the well planning process.

The software is characterized by a user friendly interface and is tailored to Drilling Engineers’ needs, to easily and
effectively perform the probabilistic risk analysis and to systematize the corresponding workflow.

It also facilitates both internal and external communication, since it has the potential to be used as a standard tool.

In conclusion, the devel oped tool allows Drilling Engineersto:

e perform aquantitative risk analysis;
calculate risked cost and duration;
identify operations which mostly affect drilling uncertainties;
evaluate and select alternative technical solutions;
prepare prevention and mitigation plans for the reduction of both duration and cost.

Introduction

The Oil & Gas Industry is currently facing a mounting pressure to reduce well construction costs. One of the most effective
ways of achieving such objectiveis to reduce the associated uncertainties, i.e. to produce consistent cost and duration estimates
during the planning phase of activities.

Traditionally, well cost and duration estimates have been obtained through a deterministic approach; they have relied, to a
large extent, only on historical data, i.e. “single values” whose effect has often been to distract the Drilling Engineer from the
actual risks which could be likely encountered in the project under evaluation. In addition to the cost and duration related to
the operations “as planned”, in fact, undesirable events may occur and cause time delays and extra costs.

Such traditional method surely provides quick results, which are easy to communicate; unfortunately, for what said above,
this approach does not reflect the inherent uncertainties of well construction operations. Just looking at the historica project
cost estimates, the trend has often been to get too optimistic values, as a consequence of ignoring the occurrence of possible
undesired events, each having a different/specific probability and impact on the project under evaluation. The result has been
an inevitable disappointment on the actual performance of the projects selected on the basis of forecasts which do not manage
uncertainties in a probabilistic way, refer to [Chen & Dyer, 2007].

In order to strengthen the basis for decision-making in the well planning phase, a proper well construction cost and
duration analysis tool should be able to:
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systematise al the available information;

quantify well construction cost and duration;

compare different solutions for construction of awell;

create nuanced cost and duration pictures based on well-specific input parameter values;
pinpoint the most critical operations affecting well construction cost and duration uncertainties;
reflect the implementation of cost and duration reducing measures.

This paper describes the results of a research project, whose aim has been to develop a suitable model and software for the
analysis of well construction cost and duration uncertainties. As a result of the project work, an analysis tool has been
developed by IRIS (International Research Ingtitute of Stavanger) with a heavy involvement and funding by Eni E&P and
support by ProEnergy. Such analysis tool offers a very useful decision support for well construction planning, and has the
potential to make the analysis of cost and duration uncertainties an integral activity of the well planning process; consequently
it has the potential to contribute to reduce well construction cost and duration.

Probabilistic methodology

Due to well-to-well and field-to-field variations, the well construction should be interpreted as a unique process. A risk
analysis based on well-specific construction cost and duration estimates is therefore essential .

The developed software is a user-friendly tool which provides the user with means to analyze the uncertainties associated
with well construction cost and duration. The results coming from the tool study provide essential information for the planning
phase, as well as assist decision-makers in identifying cost and duration reducing measures. The software can be used as a
standard tool for calculation of well construction cost and duration.

A probabilistic approach for the estimation of well cost and duration is used, to reflect the fact that the cost and duration of
the various activities in well construction are uncertain, and thus that the final well cost and duration are uncertain and cannot
be expressed with asingle value.

Based on a fixed Operation Plan, an analysis using the software tool allows the Drilling Engineer to include potential
undesirable events and obtain probability distributions for the well construction cost and duration. Due to the large
uncertainties involved at the stage when this analysis is performed, a stochastic modelling approach is used by the tool (Monte
Carlo simulations, refer to [Ripley, 1987]). Thisis combined with an adequate model for the Operation Plan build-up. Input to
the model is based on expert contribution from different disciplines.

Following are the main benefits coming from the application of this methodology:

e More effective work processes, through:
- systematized expert input;
“gasy to do” in-house calculations;
- automatically generated reports
e Improved internal and external communications:
- field-to-field comparisons;
- communication in alicense setting;
- easy communication to decision-makers
e Effective support to technical decisions:
- risk management in a cost perspective;
- reduced well construction cost and duration.

Model structure

The model structure of the software is organised to execute the following steps:
e Development of the Operation Plan
Analysis of costs and durations associated with the planned operations
Connection of possible undesirable events to the Operation Plan, in order to obtain the Risk Operation Plan
Modelling of sensitivity related to both cost/duration contributions and uncertainties
I dentification of suitable preventive measures (alternatives to the base case)
Definition of the most appropriate alternative

Figure 1 shows the tool model structure, i.e. the general existing connection between the Operation Plan and the Risk
Operation Plan, through the addition of undesirable events to the planned operations.

In more detail, a case study can contain severa wells; each well can then have severa design alternatives, consisting of:

e  Architecture description;

e Operation Plan (not including undesirable events);
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e Risk Operation Plan (including undesirable events);
e  Simulation results.

Construct wells
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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



SPE 121837

1 Driing /ROP 8 S s P

Commen distributions

Distribution models

==

E— S——

Advanced distributions

O = A

Distribution plot { Triangle distribution )

Minimum valus 200 () K

0.2
Peak value 600  (mm)

0,1
M value 000 A

0

2 10
SLAOLY Comments Draw OK Cancel

Distribution definition

}

Wikipedia

il

Rate of penetration for drlling the section

Comments

The minimum value has been chosen to take into consideration possible hole instability.

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.
|Risk¢ 0« 0~ Riske = x
Drilling cost estimation O
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- BOP Dl 14" 3/4
“ Drill 14" 3/4: HPIHT Well: Base Case -
mauim of ECD Drilling/Circulation and bit parameters Drillpipe/BHA and Tripping speeds
oMU BHA 5 length (%) 143700 (m)
R ection lengt 437,
- Dl new formation MU BHA ” POOH W00 |
e o "
Dl Bpectedbitlfe () 40000
e
Change Bit Bitsize 1475 i) Run casing or iner () Leakeofftest ()
RIH
Dl Bit cost P 50000 | 5 Casing/liner length (7} 393600 M
Crouate Newfomation 5,00 im)
FOOH Bit change —
Change Bt — 150 Accessaries u 0 |
s . ” .
Dril
Creulate Casing cost )
FOOH Greulation duration # Duston  [[H217 ”
Change Bt 40,0000
RIH Drling fluid Casing services P
Dl
o Pevom o
ot revious casing section Casing run speed iy Log (9
- Break BHA Holevolume 28279 (m) -
y enting
- Rig up andrun
anu;:irr"gm o Suface volumes 50,00 i) Duration »
Coment Duration W5 | w
- Ooer ——— o
- Mud Iosses
- Damaged ECD L ) Cament volume AT |
- MWYD/LWD/BHA fail Rl S MR @ logcost (200000, | 45 R
- Tight hole
- Twist off fishing Waste treatment C] Fer s &)
BOF
Dill 12" 174
Dl 10" 578 il
: L | Rig rate P 250000 | s Drilsting/BHA costs 3| (s Foeed cost m e i

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

Mame Mud losses [ Add event ta library
Probabilty of event 80,00 &
Event durstion ) i
Event extra cost [ 120000 | g5
Event defintion Applies to
Pressures exceeding formation strength can cause [ Installation of ECD -
mud Aluid losses down hole. Could result introublesome | =] mu BHA E
well cortrol stustion, so remedial operation such as 1 R E|
hole cleaning or pills is expected i Drill new formation
[V] Crculsts
[ Lot
] Dril
[¥] Circulate -
Comments
i [ ok ] [ cancel |

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.

~J 0O+ Riske - B Xx
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Result type : : :
() Operation plan @) Risk Operation Plan () Compare to other well () Cost breakdown

Result view Operation completion
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(©) Event sensttivity The probabilty of the operation costing at most 2566 Sis 47 %

Drill depth curves
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a

© P1020-100
) P5-10-25-50-75-90-95-100 E \\\
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H k-]
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[ P30 151,61 (day) COF [ pan 27.157.360, (8) CDF

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).

Results: G2-100: Base Case 7" Liner
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Result view Operation completion
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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).



SPE 121837 9

v Risk€ =—B-x

Result type - - -
(©) Operstion plan @ Risk Operation Plan (7 Compare to otherwell () Cost breakdown

Resut view Operation completion

@ Well summary Phase sensitivity () Operation sensitivity The probabilty of firishing the operation within 170 daysis 1000 %

() Event sensttivity The probabilty of the operation costing at most 2566 Sis 901 %

Drill depth curves

View legend

A
s

4000

Drill depth [m]

Time [days]

0
125 130 135 140 145 150 155 0 225e+07 23e+07 2.35e+07 24e+07 245e+07 2.5e+07 2.55e+07 2.6e+07
DayDuration Cost
Distribution values Distribution values
[ Minimum 12288 @) [ Madmum 157.70 (day) [ Minimum ~ 22300.081, ) [ Masimum 25922708, (8
O p1o 13376 @@ [0 Mean 14054 (day) O rio 23673415, ) [T Mean 24350312, 8
[ psg 1405¢  ©@@) [0 stdev 525 (day) [T psp 24367593, ) [ st.dev. 50897092 )
[T psn 14743 (@) COF [T pop 24957109, ) CDF

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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