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ABSTRACT

Many latest-generation dynamically positioned ([dRNing rigs are equipped with dual activity
derricks and/or subsea cranes capable of deploguizgsea equipment, such as trees and
manifolds. This allows the performance of simultame operations (SIMOPS), such as drilling
through the drilling riser while simultaneously nimg strings of casing or deploying subsea
equipment. This can result in significant reduction the time taken to drill wells with
associated cost savings.

Careful planning of SIMOPS is required to elimintte risk of clashing between equipment and
the drilling riser through the water column, andoato optimize parameters such as vessel
position and heading for specific operations. Taper describes an onboard simulation tool
designed for use on DP drilling rigs that can beduto plan SIMOPS. The tool has been
deployed on a number of deep water projects inGhk of Mexico. The simulator can acquire
input data from relevant instrumentation and vesgstems, such as ADCP current meters and
the DP system.

The simulator uses a fully-coupled 3D finite elet@fE) model of the riser system, thereby
allowing accurate determination of the riser resgoto current loading. The tool allows onboard
personnel to check/confirm the feasibility of varisoSIMOPS using either prevailing or forecast
metocean conditions or to optimize procedures taimmze risks. The key features of the

onboard simulator are discussed, with particularpleasis on the potential to optimize

operations. The benefits of the system in plani8iigOPS are illustrated by means of a case-
study.

INTRODUCTION

As exploration and development drilling moves inteeper waters and more harsh
environments, the challenges faced by drilling etors in operating in a safe and cost-
effective manner have steadily increased. Thisplesliwith the historically high oil price that
prevailed until recently, has driven the demandhigh capability sixth-generation drilling rigs.
At the start of 2009, a record number of units watker under construction or on order, with a
significant number of these units designed for dedpr operations and equipped with DP
capability.

The ability of these units to command very high dates (in excess of $500,000 per day in
many instances) is due largely to their ability doll in deep waters and challenging
environmental conditions. With day rates so hidieré is substantial pressure to maximize
operational efficiency. One approach to achievimg has been to design vessels that can carry
out simultaneous drilling-related operations, oMOPS. Vessels with SIMOPS capability
typically have a dual derrick drilling system in isth the main drill center is augmented with an
auxiliary drilling center (see, for example, Figuty They may also be equipped with high-
capacity subsea cranes and/or winches that casdukta deploy subsea equipment.
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© Seadrill

Figure 1. Sixth generation drillship equipped with a dual derrick

This equipment allows a range of operations todxéopmed in parallel. For example, strings of
casing can be run from the auxiliary drill centdrile the drilling riser is deployed (and drilling
is potentially being undertaken) from the mainldrénter. When the appropriate part of the well
is drilled, the casing is ready to be installed iadmately, without having to retrieve the riser.
This can save significant amounts of rig time (dr&tefore cost), especially in deep water where
retrieving the riser can be a time-consuming eserdiNote that in the offshore industry the term
SIMOPS has a general meaning of any two operatansed out simultaneously, however in
the context of this paper the term is taken torrgfecifically to drilling-related operations being
carried out in parallel.)

In a development drilling scenario, the abilityingtall significant pieces of subsea infrastructure
(such as trees, manifolds, jumpers, etc.) whilediiiéing riser remains deployed can also save
significant amounts of rig time. Typically, largéepes of infrastructure such as manifolds are
deployed on lengths of drillstring from the auxijialrill center, while smaller equipment may be

deployed using a subsea crane or winch.

Carrying out SIMOPS, however, is a complex task tbquires significant coordination between
various operational personnel onboard the rig amyb with it a significant additional level of
risk. Specifically, ocean current loading on thélidg riser and on casing or subsea equipment
that’'s being deployed through the water column canse the equipment to come into close
proximity with, or even contact, the drilling risérhis is an unacceptable hazard that could lead
to damage to subsea equipment or to the drillisgrritself with serious implications. Managing
the vessel heading becomes critical to ensuring ttierisk of contact between the riser and
casing or subsea equipment is minimized.
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Another important issue when deploying large pieaesubsea infrastructure is managing the
vessel position. The horizontal distance betweerstibsea equipment as it nears the seabed and
the vessel center can be quite significant. Thissigecially the case in deep water, high current
locations (such as the Gulf of Mexico and offshBrazil) due to the lateral loading on the
equipment and the pipe or winch cable used to geple equipment through the water column.
For this reason, careful positioning of the vesgethe DP Operator is required to ensure that the
subsea equipment is landed at its design localibis. must be done without compromising the
safety of other operations.

It is clear that a significant level of planningrisquired before carrying out any SIMOPS in
order to mitigate risk and ensure the successeobgieration. A certain level of planning can be
carried out in the office in advance of carryingt @perations using design environmental
conditions. These design environmental conditioesn@rmally statistical representations of the
long term metocean conditions at a particular iocatthey incorporate a level of conservatism
in order to represent “worst case” scenarios. Beeai this, the purpose of upfront planning is
mainly to determine the limiting metocean condisiom which certain operations can be
performed.

When on-site, however, the prevailing metocean itmm$ may be somewhat different to those
used at the design and planning stage. This, cdupiih the nature of SIMOPS (the safety of
which can be highly dependent on, for example,dibection of ocean current loading), drives
the requirement to be able to simulate and planCE4 onboard the vessel using the prevailing
metocean conditions. The feasibility of doing tiesincreased by the fact that many modern
drilling rigs are equipped with Acoustic Doppler r@ant Profiler (ADCP) systems that can
provide a measure of the ocean current profilealbror part of the water column, thereby
allowing more accurate determination of the ocaament loading on both the drilling riser and
casing or subsea equipment. Even in the absené®GP systems, most modern rigs feature
upper and lower riser angle sensors that can e tosestimate the ocean current loading on the
riser, and most also have hydroacoustic positiorsystems that can be used to provide an
indication of the position of subsea equipmentmyideployment.

Thus, on onboard simulator can provide the capghdi establish the feasibility of carrying out
SIMOPS in the prevailing (or forecast) metoceandtiions and can also be used to optimize the
operation with a view to minimizing risk.

DESCRIPTION OF ONBOARD TOOL

The software tool described in this paper is a grmeent of an onboard drift-off simulator that
is used to provide confirmation of alert offsets B drilling rigs during connected (drilling and
non-drilling) operations. The operation of thislt@odescribed in detail in [1]. This tool can also
be used to plan riser deployment/retrieval andt-dnfining operations; its operation in this
regard is described in more detail in [2].

As many of the capabilities required to simulateset drift-off and riser deployment/retrieval
have significant elements in common with the cdpads to simulate SIMOPS (such as onboard
metocean data input, riser analysis, etc.) it veassiclered a logical step to extend the capabilities
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of the existing tool to incorporate SIMOPS simuaticapabilities. This approach had the added
benefit of reducing the level of training requirid onboard personnel, as they were already
familiar with many aspects of the tool.

SIMOPS Model

Fundamental to the operation of the tool is a dimtement (FE) model of the drilling riser and

casing or subsea equipment. This is used to conthbeateesponse of the drilling riser and casing
or subsea equipment to the ocean current loadingg&IMOPS. The FE model is based on a
widely-validated non-linear FE software tool [3]€fiormulation employed uses a 3D hybrid

beam-column element with fully coupled axial, bendand torsional degrees of freedom, and
incorporates independent interpolation of axiatéoand torque distributions in each element
using penalty functions (this approach gives rs¢he use of the term “hybrid” beam-column

element). This formulation, which uses an iteratbahieme to achieve solution, is discussed
further in [4] and [5].

The details of the drilling riser stack-up are eateinto the software tool in the drilling
contractor’s office on-shore and e-mailed to th#linly rig. These details include all of the
structural properties of the drilling riser joir{tacluding joint weights in air and water and joint
dimensions) and the list of joints that comprise filser stack-up.

Similarly, details of any subsea equipment thab ise installed are entered into the software tool
on-shore and e-mailed to the drilling rig. Theséaile include the weights and dimensions of
subsea equipment (for example, trees, manifoldspgrs, etc.), design installation coordinates
(usually specified in a suitable coordinate systeach as UTM) and details of how the
equipment is to be installed (auxiliary rig, subseane, etc.). Details of drillpipe strings to be
used for installation may also be specified aloritty @etails of casing strings where appropriate.

Once the relevant data has been e-mailed to tHenglrrig, it is loaded into the onboard
software. Onboard personnel have only limited ifteed for modifying the model, thereby
ensuring consistency between the models used itp @ar onboard SIMOPS planning and those
used to carry out planning on-shore.

Operator Interface

The onboard SIMOPS simulator provides an interfe# is designed to be intuitive and

familiar. Figure 2 on the following page shows aaraple of the operator display. The interface
provides two graphical views of the operation, ih@éze designed to provide the operator with
succinct information regarding the SIMOPS operation

The main view is a plan view, visible in the letisid portion of the blue area visible in Figure 2.
This view shows an outline of the vessel positind heading (the outline of a semisubmersible
drilling rig is visible in Figure 2), along with é¢hlocation of the wellhead and any subsea
infrastructure. Subsea equipment is shown in tiesv\as either a ghost image at the design
position (if the equipment has yet to be installed)as a solid image at the actual installed
position if the equipment has actually been insthll
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Installation Results Summary

Operating Mod
perating Mode: Set Launch RIM Analysis Riser State Deplayed, Connected
Analysis Type: - ic Di

Installstion Depanicllizpley | Vessel Position and Heading to Land

Subsea Equipment at Target Location:

Schemalics | Detaied Resuts | Progress |
Easting 1158733

Natthing, 10232995
Heading 119151 deg
Dfsat 101335
Bearing 299,055 deg

Connected Riser Results at Recommended Vessel Position:
UFJ Angle 3571 deg
LFJ Angle 0.079 deg
Telescopic Joint Stroke: 50.377 ft

Minimum Clearance Parameters:

+f “ [ Voob Heading for Al Headings A
| [ Maimum Clearancs Parameters for Selected Heading:

Stage | 60.0 | 75.0 [ 90.0 [105.0[ 120.0] 1350] 1500 188

708 780 841 087 918 @33 934 90

1

2 1022 1106 1178 1238 1281 1306 135 13
3 701 778 843 884 830 851 956 84
4 812 803 779 F40 B8B 622 G465 46
5 1308 1286 1246 1189 1118 1034 942 84

| Vessel Setup Environment Equipment Databass Display Settings
Bnalysis

Figure 2. Example of onboard softwar e operator interface

The right-hand part of the blue area visible inUf&gg2 shows an elevation view of the operation.
This allows the operator to easily identify thegsteof the operation that is currently being

viewed by highlighting the depth to which casingeguipment has been run. The operator can
zoom in/out of both parts of the display to examamneas of interest in greater detail. It is also
possible to rotate the viewpoint used for the diewadisplay.

In addition to the graphical display, key numericasults of simulations are provided in the
results panel on the left-hand part of the dispEyese results include details of the estimated
proximity between the drilling riser and subseaipent or casing as it is deployed through the
water column. For simulations of subsea equipmastallation, the results also include the
recommended vessel position in order to land thipetent at its design location. In addition to
the recommended vessel position, the predictetindyitiser upper & lower flex joint angles and
telescopic joint stroke at the recommended vesgsitipn are displayed. This allows the DP
Operator and the Subsea Engineer to assess thieiligasf continuing to drill if the vessel is
moved to the recommended position.
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Metocean and Other Data Input

The operator interface provides a system of menwsritering the details of the operation that is
to be simulated. Broadly-speaking, the data useeach simulation can be broken down into
four categories:

* Vessd Data
o Current/planned vessel heading
o Current/planned vessel position

* Riser Data
o Riser state (connected or hung-off)
Designation of well to which riser is connectedcfnnected)
Riser top tension (if connected)
Riser mud weight (if connected)
Number of joints deployed (if riser hung-off)
Upper and lower flex joint angles

o 0O O0OO0Oo

* Metocean Data
o Ocean current profile and direction

* SIMOPS Operation Details

Nature of operation (installation of subsea equipinee running casing)
Details of casing string to be run (if running capi

Drill center to be used for running casing (mairaokiliary center)
Details of subsea equipment to be installed (ifrappate)

Method of installation (auxiliary drill center, ss#a crane or winch)
Number of stages to be examined in simulation

O O0OO0OO0OO0Oo

Depending on the mode of operation, some of thta day be acquired directly from other

onboard vessel systems or it may be specified &yoperator. When the system is operating in
full “offline” mode, all of the input data is spdieid by the operator, allowing the operator to
look at a range of scenarios in different environtakconditions.

Alternatively, the system can be configured to a®geertain input data from other onboard

vessel systems. Vessel position and heading datdeacquired from the DP system (using a
standard serial protocol such as NMEA) or from é&8@d gyrocompass; riser top tension can
be acquired from the marine riser tensioner systéser mud weight can be computed from

pressure readings obtained from the BOP Mux aret fiex joint angles can be acquired from

the Electric Riser Angle monitoring system. Fingly interface to the ADCP is provided to

facilitate acquisition of ocean current profile @at

In scenarios where the system acquires data frower @nboard vessel systems, the operator is
provided with a facility to overwrite the measurgata acquired from the other systems — this
feature allows the operator to examine “what ifersarios, for example “what would happen if
the current direction changed or the vessel heathagged”.
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Whether the system is operating in full offline reaar not, the operator must specify the details
of the simultaneous operation that is being planfidds includes the number of individual
stages to be simulated during the operation, wisamormally defined in terms of a series of
depths (for subsea equipment installation) or lengif casing deployed. The onboard simulator
then performs an analysis of the operation at epelified depth or for each length of casing
deployed.

Simulation Procedure

Once all relevant input data has been acquiredoarsgiecified by the operator, the simulation
can be performed. Figure 3 below shows a flowdoara typical SIMOPS simulation.

The software initially generates the finite elemenodel of the drilling riser and subsea

equipment or casing based on the input data spdaifin-shore and transferred to the rig. This
operation, including the generation of the FE mésharried out completely automatically — it is

not necessary for the operator to specify any FBhing parameters. A number of FE models
are generated — one for each stage of the opera@mh one corresponding to a different depth
of subsea equipment deployment or a different degldength of casing.

For each stage of the operation, the simulatoralhjitperforms a static analysis in which only
gravity, buoyancy and tension loads are appliegatth structure. This is referred to in Figure 3
as the “initial static” analysis.

Y N
Riser . Initial Static
Model - Analysis
_ J
e ¢ h

Analysis with
Current Profile, +——»  Current & Mean

Riser Angles Ambient Loading
& J
Operator Input Data p ¢ N
& Vessel Heading
Measured Data Sensitivity Clashing Data
Analyses
J
v
4 B\
Recommgnded Recommended
Heacing Headin
Calculation 9

Figure 3. Flowchart for typical SIMOPS simulation

DP Conference Houston October 13-14, 2009 Page 7



Donogh Lang et al. Risk Session Optimizing SIMOPS

In the next step of the simulation, the measureshoaurrent profile is applied as a load to the
structures. The output of this step is thredicted response of the drilling riser and subsea
equipment or casing to the ocean current loadihgs prediction is based on the estimated drag
force coefficients that were specified on-shorenglavith the other model data. There is some
uncertainty associated with these drag force caeffts as in reality they are dependent on the
Reynolds number of the flow around the structuresaertain other parameters.

To address this uncertainty, the simulator caldwathe loading applied to the model by
comparing the measured riser flex joint angles \libse predicted by the model. The loading
applied to the structure is adjusted until the fl@xt angles predicted by the model match the
measured values. The resulting calibrated load piglied in all subsequent steps of the
simulation.

Once the loading calibration step is complete, dimeulator computes the minimum clearance
between the subsea equipment or casing and the Mighis minimum clearance is below a

certain (operator-specified) threshold value, tineutator will alert the operator to the potential

for clashing to occur. The simulator then perfoarsensitivity analysis where the heading of the
vessel is changed in fixed increments. For eachlihngancrement, the simulator performs an
analysis of the riser and subsea equipment or gamm computes the minimum clearance
between the two structures. In this way, the sitouldetermines how the minimum clearance
varies as the vessel heading varies.

The steps described above are repeated for as stepy as the operator has specified when
setting up the simulation. For simulations of ilistg subsea equipment or running casing into a
well, the simulator then performs a final step vehér computes an estimate of the vessel
position required to land the equipment at its giedocation or land the casing string at the

target well. Next, the simulator performs an analysith the vessel at this recommended

position. This is done to determine the potentaldiashing and also to determine key drilling

riser response parameters, such as upper & loerrdint angles and telescopic joint stroke at
the recommended vessel position. These outputbearsed to assess the feasibility of moving
the vessel to the recommended location.

Results for each stage of the simulation are dysplgraphically on the operators interface, and
the operator can review the results by running ubhothem stage-by-stage. Key numerical
results are also displayed and all results areilddtan a comprehensivamulation report file
that can be printed for future reference.

CASE STUDY — RUNNING CASING

The use of the tool is illustrated by an exampheusation of running a string of casing from the
auxiliary drill center of a dual derrick drillingg; while the drilling riser is deployed from the
main drill center with the BOP stack landed on #i.\iil@ble 1 on the following page summarizes
the key aspects of the scenario, while Table 2 liee input data for the simulation that is
specified or acquired onboard the vessel, and dlbece of this input data. Th&nalysis Setup
dialog, which is used by the operator to specifycmaf this input data, is shown in Figure 4 on
Page 10.
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Table 1. Key aspects of example casing running scenario

Water depth: 10,000 ft

Vessel type: Semisubmersible

Simulation of: Running of 36” x 1” wall thickness casing
Casing run from: Auxiliary drill center

Riser state: Deployed from main drill center with BOP

landed and latched on well
Spacing between main and auxiliary 36 ft

drill centers:

Number of running stages to be 10 (1,000 ft depth increments)

analyzed:

Main parameters of interest: 1. Clearance between casing and riser at

each depth analyzed

2. Recommended vessel heading at each
depth analyzed to maximize clearance
between casing and riser

Table 2. Input data and sourcesfor casing running scenario

Input: Source:
Vessel Data:

Vessel Position and Heading DP/Rig Position System
Riser Data:

Top Tension Riser Tensioner System

Mud Weight BOP Mux

Telescopic Joint Stroke Riser Tensioner System
Casing Data:

Casing Deployment Depths Operator Specified

Clearance Tolerance with Riser Operator Specified
Environmental and Riser Response Data:

Current Profile (Velocity and Heading over ADCP

Range of Depths)

Riser Angle Data Electric Riser Angle System

Once all input data has been acquired from othsselesystems or specified by the operator, the
simulation is carried out using the procedure dkedrin the preceding section. The total
simulation time depends on the number of operatisteges to be analyzed, however with
modern desktop computing power the simulation gdlyecompletes in a matter of minutes.

Upon completion, the operator display updates whthresults of the simulation. The operator
can then view the results from each stage graphicalprominent warning symbol is shown on
the graphical display to indicate if the clearabeéwveen the casing and the riser is less than the
operator-specified clearance tolerance, which waalticate that clashing is possible. The
warning symbol indicates where this may occur analeat stage of the operation.
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Schematics  Detailed Results | Progress |
Analysis

Sellings IDrag Facmrs] Inztalled Equipmant] Dpt\nns] Database|

Recommended Headings at each Installation Stage

Heading (deg) Max Clearance (ft) Riser Selup

Stage 1 200 389
Stage 2 2700 513 Seabed Connection _L]
Stage 3 oo 47.0 ESEE e =
Stage 4 2700 A5 . Deployed, Connected _]
Stage 5 2700 567 Top Tension [2000 kips

ud ‘weight |8.56 ppg

Mean Td Skroke |E‘.D oft

Fig. 1: Equipment Clearance v Heading, Stage No. 1 - Stage No. 5

G0

Analysiz Installation Inputs

Ingtallation Type Casing -
Inztallation Inputs

Equipment Type - J
Equipment Subtype |

50

Intallation Tool Eﬁ_ﬂ Qinch-Casing Xﬁﬁtacﬂ
Installation Method Ausiliary Fotary -
Destination Wellhead 51 -

Equipment Clearance (ft)
40

30

Installation Heading Recommended Heading -

Installation Stages

Step Bunning Diovwn ‘ Running Ciovn Depth [ft] | ~
1 1000
=3 . 2 2000
i 100 200 300 a0 3 3000
Heading (deg) 4 4000
5 5000
E E000
--- True Yessel Heading = 45.0 deg 7 7000 e
Stage Mo. 1, Depth = 100000 1t n Catea)

- Stage Mo. 2, Depth = 2000.0 1t 5
Stage Mo. 3, Depth = 3000.0 1

--- Stage Mo. 4, Depth = 4000.0 f

Stage Mo. & Depth = 5000.0 ft

Figure 4. Selected results from casing running example showing how the minimum
clear ance between the casing and theriser varieswith vessel heading. The Analysis Setup
dialog is shown on theright.

In addition to the graphical display, the operatan view more detailed results from the

simulation. An example detailed results displaghswn in Figure 4 above. This presents a plot
showing how the minimum clearance between the gaamd the riser varies with vessel

heading. The vertical blue line towards the left esf the plot shows the operator-input or

current vessel heading.

It is clear from this plot that the current vedsehding is not optimal in terms of maximizing the

clearance between the casing and riser, althougltulrent heading does result in a minimum
clearance of approximately 25 ft. If, however, therent vessel heading can be changed from
the present 45 degrees to closer to 300 degrebswridversely affecting other operations (or
the vessel’s station-keeping capability) this wabult in significantly enhanced clearance and a
reduced risk of clashing. In this way, the simulatopports decision-making that can result in

optimizing the operation.
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CONCLUSION

An onboard simulator has been developed for userudrilling rigs that provides the capability
to plan simultaneous drilling-related operationbaeard the drilling rig. These operations can be
planned onboard using prevailing or forecast metoceonditions, which provides increased
confidence in the ability to carry out SIMOPS. Tdimlity to simulate such operations in advance
allows identification and minimization of the rislkessociated with these operations, thereby
enhancing the safety of the operations and thegiiyeof the equipment involved.

Furthermore, the ability to plan operations in finevailing metocean conditions can reduce the
conservatism associated with office-based plannimgich must by definition incorporate
conservative assumptions as to the nature of thieommental loading. This gives the potential
for a reduction in the time spent waiting on weatlgth consequent cost savings. The on-board
simulator is in use on a number of the latest-gaimr drilling rigs worldwide and is proving to
be a significant aid to planning drilling-relatetV®PS.
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