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Abstract
The Maleo Producer is a Mobile OffshdPeoduction Unit (MOPU) that is owned and operated by Global Process Systems
(GPS). The MOPU is currently leased to Santos and operates offshore Indonesia. First gas was produced in September 2006
This overview paper describes the conversion, operations and benefits that can be recoveredvt®®igleployment.

Safely designing a relatively old mat-supported jack-up drilling structure, to operate as a MOPU on a very isadt soil,
very seismically active location, was challenging. Techniffatte were placed on the dynamanalysis of the foundation
coupled with the structure. Tlircumstances required unusually advanced &inalyefforts in the fieds of geotechnical and
structural engineering. ABS, the selected classification society, needed special assistance in understanding the soils issues
especially in terms of the structlls response to seismic events.

Site investigations were performdibth before and after the structure swplaced on location. Extensive in-situ
measurements of the soil charaistiies in the mat-effected zone were maderdfte structure was installed. Advanced static
and dynamic laboratory tests of the soil were undertaken. A new method of computing the overturramgeesigypical
mat foundations on soft soils was developed. A very large 3-D non-linear dynamic finite element soil islandofoundati
model was developed andkied with the structural finite element modelsite-specific seismic hazard study produced time
series data for ground motions for design verification and dynamic response predictions.

This paper provides an oveew of the last and most difficult phasetb& Maleo project and explains how each of the
following six papers in this session relates to the project@each other. The culmination of this last phase was ful clas
approval being given to the Maleo Producer as a fixed offshore structure.

Introduction

Shallow water marginal field development demands a cost effective solution with expedient delivery and comgissi
production assets in order that field development plans amgkssion development obligations are met. Field development

is further complicated by uncertainty of reservoir life; a ledaeility mitigates the reservoiisks by offering flexible éase

terms and limits capital expenditure by the field operator while reservoir performance is evaluatetsi@oo¥e 250 ft

class MODU such as a the Maleo ProddoerMOPU applications readily meets tleagquirements with a fast conversion
project timetable as opposed to conventional new build, simple installation procedure, easy relocation of the unit during the
field operational life cycle anchinimal abandonment costs.

The Maleo Producer (Figure 1) is an example of a Mdbffshore Production Unit (MOPU) that provided cost effective
exploitation of a marginal field. The platform is currently leased to Santos and operates offshore Indonesia ideptivate
of 187 ft (Figure 2). First gas was produced in September 2006.

The Maleo site is underlain by very soft normally consolidated highly plastic lightweight marine téagoilitions
were evaluated in a typical geotechnical investigation, whigkldped material parameters for the clay in terms of typical
geotechnical variables (PT Kalindo Raya Semesta, 2003). Site soil conditions and their charactenzakiatedayreatly to
the challenges of this project.

While the MOPU is not a hew concept, each individual project has its own unique project ancltetiatienges. This
paper covers in detail some of the challenges faced during the Maleo project execution and the expertisgadind in
technology that was emplegt to overcome them.
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Figure 1: The Maleo Producer — On Location in 187 ft Water Depth, Offshore Indonesia
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Figure 2: Maleo Field Location

Project Drivers and Challenges

The primary drivers for the Maleo Project can be best destrinder two categories - casid delivery. These are common
to any offshore project in the petroleum industry. The Maleo Project was delivered from forjeet kink off to production
in 16 months. The use of mat supported MODUSs converted to production units provides the templater tine eliructures
on a fast track basis, as opposed to conventional new-build fixed structures, or MOPUSs, which cureathyapgproximate
delivery schedule of two years fébrication capacity is available.

The challenge for this type of project is not now so much economic feasibility but the technical aspects of converting a
mobile unit to a site specific fixed structure under a spediies notation. The requiremeifits the site specific structerare
location dependent and may include environmental conditionshiatriginal MODU structure was not intended to operate
in. This challenge was presented at the Maleo field locati@reviind seismic design considerations in conjunction with the
soft clay site needed to be taken into accauualifying the unit for its operational life.

The execution of projects of this natueguires a close working relationship between all parties from client through to all
of the respective contactor, classificatiogisties and engineers of many disciplines. The Maleo project and in partieular th
structural and geotechnical team put together by Stewart Tlegynassociates (STA) is the most prominent example of the
expertise, coordination and effort that is required by a project of this nature.
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Maleo MOPU Description
The platform is a Bethlehem JU250 (1970's vintage) mgiported mobile offshore drilling unit (MODU) that was
designated as the Cliffs Drilling Number 10 (CD10) and was originally classed as a MODU by the American Bureau of
Shipping (Hull Class Number 7900120). The Maleo Producer and its sister vessel the Cendor MOPU (formerly the Odin
Liberty) and are both currently operating on a lease basis in South East Asia. The process scheme anRhedMizde is a
120 MMscf/d gas dehydration and compression facility @eilig gas to the Indonesian natural gas network.

Although the conversion is technically defined as a mobile offshore production unit (MOPU), therptatiy operate
on location for a period of 14 years. Consequently the unit was classed as a fixed offshore structure. Claghtwethso
the American Bureau of Shipping (ABS) using the requisite class documents (ABS, 1997).

The platform consists of an “A shaped” mat with nominal dimensio@4®ft by 170 ft by 10 ft (Figure 3). The mat has
an internal slot with dimensions of 59 ft by 108 ft and an external slot to the aft that is 87 ft by 90 ft. The bottonabf the m
has a 2 fskirt that extends around its outer perimeter and the perimeter of the slots. The skirt also extends across the bottom
of the mat in several locations. Internally, the mat is stiffened by a series of watertight and non watertight bulkheads. The
watertight bulkheads form a series of buoyant tanks that are distributed throughout the mat. Thengareeaf@xcluding
cut-outs) is 21616 3t(2008 ). The rectangular mat areacinding cut outs is 35700%f3317 nf). The ratio of these areas
is 1:1.65.

I 64.01m. I
9.75m.
12.19m.
—9.75m. 17.98m. 9.75m. 26.52m.
51.82m. 170.00ft. O 90.00ft. 27.43m.
l—32.00ft. 59.00ft. 32.00ft. 87.00ft.
40.00ft.
32.00ft.
210.00ft.

Figure 3: Mat Dimensions and Leg Locations

The platform deck is supported by three legs with outside diameter of 12 ft and variable thickness (ran@r2 fraimes

to 1.75 inches). The original leg length was 312 ft from the botditine mat. Pin holes are located every 12 ft for the deck
jacking mechanism. The legs dl@oded during operation. Internals to the legs consist of ring stiffeners, constructiors spider
and doubler plates over the majority of fleg length to support the jacking pins.

The nominal deck dimensions dré6 ft by 132 ft with a nominal depth of 14 ft. The deck is self elevating with two sets
of six pins (per leg) and a jacking yoke on hydraulic rams (two per leg) comprigingajor components of the jacking
mechanism. All deck vertical loads are transmitted to tlgs karough the large rectangular steel pins. Pin sets are
alternatively engaged and the ram extended or contracteddaraldower the deck. The pins and hydraulic rams are located
in three jack houses.

Prior to conversion, the CD10 operatechddOPU in the Arabian Gulf. Deckqress equipment was relatively light and
the platform operated in benign conditions.
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Platform Modifications and th  eir Impact on Installation

Conversion of the CD10 to the Maleo Producer was carried out in Sharjah and Dubai between Q2 of 2005 and Q2 of 2006.
The conversion process consisted of a complete refurbishment of the structure, reduction in leg length from 81.25t to 2

ft, installation of a flare tower and installation of thes giehydration and compression facilities. The new topside failitie
represented a significant increase in deck loading resulting iimcegmase in the deck centergrfvity (VCG) from original

design.

A series of gusset plates (eight per legye added at the connection of the legthe top plate of tnmat. These provide
an alternate load path and protect the fatigue sensitive wrplgperconnection from the original design. This approach was
taken as past fatigue life from the 30 years of operation could not readily be quantifieduEsehplate was located on a
bulkhead and the bulkhead steel was alptaoced such that the gussetb and bulkhead were foed from continuous steel
plate. New deck plate was als@pided around the gusset plates.

The gusset plates extended 6 ft above the top of the mat which limited the lowest deck position relative to the mat. This
did not present a problem for in-place operations. Howeverrdfatively higher deck elevation in combination with the
increased deck loading limited the afloat stability of the platform. This was mitigated by the addition of four large open-
topped sponson tanks that were located at each corner of the mat (Figure 5).

Sponson
Tank

Figure 5: Mat Sponson Tanks and Gussets at Mat to Leg Connection

The design water depth for the platform is 187 ft. Thegtledeck elevation was set at 2830 account fo, initial mat
penetration on installation, short and long term settlemeignpal subsidence as the field is depleted and environmental
conditions. This deck elevation was at a height where the pin holes were not supported by doubler plates. New doubler plates
were added at these locations and the new phaes sized using seismic demand loads (Figure 6).

Table 1 shows the weight summary of the platform after conversion.

Structural Component V\(/I(;E)ht
Mat steel + ballast + sponson tanks 12094
Cut Columns (3) 2438
New steel at mat column connection 71
Deck outfitted no fluids 7748
Lightship No fluids 22351

Table 1: Platform Characteristics
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D'oubler Plate

Figure 6: Additional Doubler Plates to Increase Bearing Capacity (12 Locations per Leg)

Design Challenges

Metocean conditions at the Maleo site weeéatively benign and did not exceeck tbriginal design environment of the
platform. Consequently, adequate structural performance could be readily demonstrated for storm and fatigue loads. The
addition of new process equipment to the topsides increaset loading which resulted in an increase in overturning
moment on the structure. This did not significantly impactstral response. However, demonstration of overall stability of

the soft clay foundation witthe increased overturning moment was necessary. Seismic loading was not part of the original
design basis of the platform and this presented a number challenges to the designers.

Storm Overturning Resistance

Due to the soft soil conditions at the site, the foundation failure mechanism that would lead to toppling, or least
overturning resistance, was not certain. Certainly the ABS MODU Rules relating to mat rigs were deemed quite
inappropriate. Deep-seated slip-circle failure was initiallgppsed. This resulted in relatively large overturning safety
factors (OTSFs). An alternative method of strip footingmtmel the mat foundation was considered and developed. OTSFs
predicted by this method were found to be extremely sensdivke mat penetration achievddring installéion, and to
assumptions about how the penetration would disturb soil strengths in the mat-effected zone.

The design environmental load (wind, current and wave) in@Beyear storm developed a lateral load of 922 kips acting
at 177 feet above the bottom of the mat with an associated overturning moment of 1G8fé&4 ki

Seismic Design

Safely placing a 30-year old converted jagkrig on soft clay in @eismically active region fd#rs further challenges.
Foundation and structural integrity must be demonstrated for seismic loads. The class process using ABS rules required that
the procedures of APl RP 2A (API, 2000) be used to define the seismic analysis methodology and deteotuirs st
response for seismic loads.

A site specific seismic hazard was conducted to determusdslef ground shaking (Nas, 2008). Ground motions at
return periods of 200 years and 1000 years were selastéite strength level earthquake event (SLE) and ductility level
event (DLE).

Response spectra calculatiomsl gpushover analyses were performed in thly etages of design. These indicated that
the platform structural integrity was apete. Base shear loads were high relative to the calculated foundation capacity for
the SLE and DLE events and hence mat slippage was likely. However, it was only possible to estimate upper bounds for
relative translational movements between the mat and soilcaaiibnal movements could only be subjectively estimated.
These results were severely limited as they were basedatinaly crude geotechnical models where rate effects (especially
those associated with soil and structural inentieyclic conditions) were difficult to evaluate.
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Installation History and Class Approval 1ssues

Following conversion in Sharjah and Dubai, the platforns wiy towed from the Arabian Gulf to its operating location
offshore Indonesia.

The structure was installed in July 2006 and the mat penetration observed was more than expected. aftosn pesetr
not smooth with the mat remaining level at all times. During the installation and preloading (using only the hull
compartments) the structure tilted, or rocked, over 2° bow domdsywand back by about 1° stern downwards, before ending
up at about 0.3° stern down and 0.3° starboard down. While the rocking during installation may have resejped thate
expected penetrations, it was argued that the soil maytesreweaker that predicted by the site investigation.

The method of strip foundation analysis to compute OTSFs showed large safety factors against overtuensal if th
strengths from the original site investigation were used thiéhobserved penetration depths. However, the deeper than
expected penetration depths and so#rgiths could not be rationalized. ABSl diot accept that the minimum OTSF was
greater than 1.5 in storm conditions. (Some background is given in Stewart, 2007.)

Furthermore, ABS did not accept that tigger bounds of relativeatnslation between the mat and soil for both the SLE
and DLE seismic events were accepgdbl full classification approval.

Overcoming the Design and Analysis Challenges

GPS and STA saw the challenge, knew what was wanted, amdbédesden team of respected geotechnical practitioners with
considerable experience in offshore site investigation, characterization of soil conditions and assessment of foundation
response. This team would address the challenges presented by the Maleo Field foundaticso A$adled their team

with additional geotechnical and seismic hazard expertisenas itecognized that class appiaesguired additional scrutiny

above that in the published class rules. Both teams of geatatbrperts were incorporatedarthe overall project team as

shown in (Figure 7).

Figure 7: Overall Project Team for Maleo ABS Geotechnical and Seismic Approval Efforts
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Opinion varied within the team on the failure mechanism that would dominate in overturnivas firoposed that a
deep-seated slip circle type of mechanism may potentially control. Initial local failure around mat edges would lead to further
embedment (penetration) of the mat as a whole, withoutibgpand increased bearing cajpacesulting as a consequence
of the clay’s increasing strength with depth. Other opinions suggested local failure mechanisntommade.

Additional Site Investigation

The geotechnical team members were of the unanimous opinion that additional and more extensive cgéotechni
investigation of the site was required.

In December, 2006, a plan to proceed with two new geoieahinvestigations was ewad. One would be a seismic
investigation with two holes taken to 100 meters depth at a distance of about 100 meters away frgendhthednat. The
other would be a series of holes using pushed rods with the subsea equipment sat directly oedge. mMalditionally,
pushed rods would be used to deploy cones, t-bars and in-situ vanes away from the mat edge to investigatefthieeextent
mat effected zone. All in-situ measuremecisse to the mat would be made to a depth of 12 meters. Both investigations
were undertaken by Fugro and completed in May 2007.

The advanced laboratory tests performed of the recovered samples from the seismic holes are the subject of a paper in this
session (Spikula, 2008). Dynamic moduli and damping parameters were derived for use in time domaimamnklysi

The analysis of the in-situ tests in thetraffected zone are described in detaithirs session (Audibert, et al., 2008).
Detailed assessment of the soil strengtitsounding and beneath the mat after the mat had been in place for nearly one year
is presented. Disturbance (local heavethefseabed caused by the mat displasuilgas it penetrated is also described.

Addressing Overturning in Storm Conditions

An improved strip footing analysis method was evolved and is described in this sessiorafiduribung, 2008). Using
the new soils data it was concluded that a very conservative minimum OTSF of 1.64 was justifiads etk tbf ABS
requirements for class (OFS> 1.5) was satisfied.

Addressing Platform and Foundation Response Due to Seismic L oading

The concerns of the class society regarding mat slippage, overall stability on the foundation and pin loading could not be
addressed by response spectra calculations. Consequently, further seismic assessment was conducted in the tihee domain. T
problem was divided into two parts. dBhl stability was assessed by fully coupksmll structure interaction analyses
(Templeton, 2008). This approach required an explicit reptatsem of the soil mass below the mat, or the soil island as
indicated in Figure 8.

28 Central Daylight Time 2007

Deformation Scale Factor: +4.000e+01

Figure 8 - Deformed Mesh Contour Plot of Plastic Strains for DLE 1 at 9.0 seconds
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The model represented a soil region 150 ft deep by approxyniatetile wide. The depth was selected to be sufficient to
reach firm soil conditions and to be suféintly below expected variations in up@warave propagation to make the results
relatively insensitive to the precise location of this boundary.

A reduced versin of the detailed ABAQUS structarmodel was placed on top oftkoil model and fully linked through
the mat. Run time efficiency was achieved by omitting thenpialefor uplift at each pin support pin. A complementary full
structural model was developed to address pin gapping and results from the soil structural interagsies \waed used to
drive the structural model (Stewart addcob, 2008). The approach was deenwde appropriate only when it was
determined (by numerous analyses) that local pin response did not impact overall global response of the platform. Extensive
calibration was carried out between the models to ensure wortsisof global response. All time history analyses were
carried out with ABAQUS/Standard.

Three sets of acceleration time historigere developed as input for the soitusture interaction analyses and are
described in this session (Nisar, 2008). These were basedrenselected from historiearthquakes records that were
considered representatifer the site. To aid the selection, deaggtiegaof probabilistic seismic hazard analysis was
conducted which identified thdahe most significant contribution to the shezard is from earthquakes with magnitude
around 7.0 at distances greater than 100 kilometers.

Time history analysis of the structure indicated that ferDhE event, the leg member loads did not develop utilization
ratios (per APl RP2A formulation) that@eded unit. Pin loads were also foundh¢oacceptable with peak bearing stresses
approximately 60% of those used to size the additional doubler plates (original loads from pushover analysdt$gntnter
uplift was observed at individual pin locations but at no time was all pins offloaded.

The maximum relative translational and rotational movemaftthe mat/soil were shown to be acceptable to the
structure, the export gas pipeline and the wefinections in both DLE and SLE events.

Summary and Conclusions

1. Application of MOPUs as marginal field developmentusons will continue to be realistic options for E&P
contractors.

2. In this case, more than usual engineering effort was focused on geotechnical and seismic data gathering,
interpretation and dynamic analysis. To the author’'s knowledge, this was be the first complete, combined, finite
element analysis of site response, soil-structure interaction and structural dynamic response to earttongake loa
yet published, not only for a mobile offshore production unit but indeed for an offshore structure of anyakksl, th
largely to Sage USA.

3. An improved understanding (and method of calculation) of static overturning resistance of mat-supporneesstruct
on soft clay soils was evolved.

4. Valuable data for the dynamic soil properties for oneisitte Madura Straight was acquired and is presented.

5. The Maleo Producer is found to meet all structural requirements for full class approval in both storm and extreme
seismic conditions with no foundation failure or excessive movement.

Acknowledgments

This paper and this OTC session would not be possible without the author's help from reatgdtahd exceptional
engineers including, Paul Jacob and Ahmed Nisar from MMI Engineering, Jack Templeton from Sage USA, Alan Young,
Don Murff and Dan Spikula from GEMS, Inc, Jean Audibert from Quest Geo-Technics, Steve Neubecker from Advanced
Geomechanics, Vladimir Rapoport, Consultant. The ABS team included Bob Pyke, Consultant, Paul Thenhause from ABS
Group, John Stiff and Robert Sheppard from ABS Group, Houston, and Yatendra Rajapaska, ABS, Houstoth&Bscial

are given to the Maleo Producer OIMs, especially Mike Ward, and to GPS Indonesian Manager, Mark O’Canhothwh
helped enormously with the Fugro personnel and equipment on board during thetéo@alesitigation around the mat.
Santos is thanked for permission to publish this and the other papers in this special GFC sessi

References

American Bureau of Shipping, “RulesrfBuilding and Classing Offshore InB&dions”, Special Committee on Offshore
Installations, 1997.

American Petroleum Institute, “Recommended Practice fomitlg, Designing and Constructing Fixed Offshore Platforms
— Working Stress Design”, APl RP2A-WSD, 21st Edition (With Errata and Supplement 2), October 2005.

Audibert, J.M.E., Neubecker,,&nd Stewart, W.P., “Detailed Geotechnicalestigation Around In-Place Mat Foundation
Including T-Bar and CPT Comparisons”, OTC Paper No 19580, 2008.

Murff, J.D. and Young, A.G. “Overturning Analysis of Maleo Jack-Up Mat FoundatiorotirCiy”, OTC Paper 19553,
2008.

Nisar, A., "Seismic Design Criteria Maleo Producer, Madura Straits”, OTC Paper 19583, 2008

PT Kalvindo Raya Semesta-Fugro Geotechnic, “Offshore Geotechnical Survey, Maleo Development Prograemngiteyial
Madura Offshore Block PSC, Offshore South Madura, Indonesia, PTKRS Report No. 03008J-3 Issust20033u



OTC 19581 9

Spikula, D.R., and Garmon, S., “Soft-Clay Dynamic Characteristics for Madura Straits From Advanced Geofees$isical
OTC Paper 19582, 2008.

Stewart, W.P., “Mat-Supported Jack-Up Foundation On Safg €EIOverturning Storm Stability”, Eleventh International
Conference, The Jack-Up Platform - September 11th and 12th 2007 —City University London

Stewart W.P. and Jacob P., “Seismic Time HistorypBese of the Maleo Producer”, OTC Paper 19480, 2008.

Templeton, J.S., “Time Domain FE Seismic Analysis of Mgtidrted Jack-Up Structure on Soft Clay”, OTC Paper 19645,
2008.



	MAIN MENU
	PREVIOUS MENU
	---------------------------------------
	Search
	Print

