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Abstract. This paper addresses the structural response and characteristics of a Tarpon platform, presented as an in depth sensitivity study of its structural system from the perspective of its reserve strength ratio and mode of failure. The Tarpon platform is one of many marginal field minimal platform concepts in use worldwide. PETRONAS currently owns and operates several Tarpons in Malaysian waters. A single platform of which its data is most complete and available is chosen to represent the fleet of Tarpon Monopods in Malaysian waters.  The platform, heretofore named Platform A, situated offshore Terengganu, is modeled and simulated in SACS v5.3 to reflect it’s as built condition. The SACS Collapse module was utilized to simulate the Tarpon’s ultimate strength which serves as a benchmark for the comparison of the static in place analysis to obtain the Reserve Strength Ratio (RSR). The initiating mode of failure was determined to be at the anchor piles. The results point out that the Tarpon Monopod has a low structural redundancy, especially where there is a loss of wire rope.   
Introduction

As Malaysia’s conventional offshore oil and gas reserves continue to deplete, attention in the country is shifting to the harder to tap deep water reserves and the once un-economical marginal fields. To address the latter, new minimal, low cost platform concepts are coming onto the mainstream which renders the marginal fields economical. The Tarpon Monopod is an example of such minimal platforms. With several Tarpons operating in Malaysian waters, there is a pressing need for a better understanding of their behavior in terms of structural response, characteristics and sensitivity to the forces exerted on it by the environment it is placed in. In particular, this study addresses this need from the standpoints of ultimate strength, reserve strength and initiating mode of failure.

 A single platform has been chosen to represent the entire fleet of Tarpon monopods owned by PETRONAS in Malaysian waters. The platform, coined Platform A is situated in approximately 76m water depth, offshore Terengganu. It was chosen for this study due to complete documentation and key data. The Tarpon Monopod is a highly standardized minimal platform design, hence justifies the use of a single platform to represent, for this study, in general any Tarpons situated in water depths ranging from 70 – 80m, subjected to approximately equivalent metocean conditions. 
Specific studies relating to the structural behavior and limitations of the Tarpon monopod in the open literature is very limited. Hence despite benefits like that of short fabrication time, little is known about the Tarpon’s structural characteristics. More knowledge on its ultimate strength, reserve strength ratio and failure mode is a pre-requisite in order to effectively gauge the risks involved intrinsic in deploying Tarpon platforms and to contribute to further improvement in its design via optimization and the like. 

The Tarpon Monopod

     The Tarpon Monopod is also known as a cable guyed caisson. As of the year 1999, there were 37 of such platforms operating in the Gulf of Mexico, West Aftica and Indonesia.  It was first used back in 1987 with Stolt Comex Seaway as the initial owner of the patents for the system. [4] 
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Figure 1 Components of the Tarpon Monopod
     Today, there are more than 56 installations worldwide installed in water depths in water depths ranging from 60 ft to 350 ft. [6] 

     Table 1 showcases the main Tarpon platform elements and their primary functions [3] while a 3- dimensional graphical illustration is portrayed in Figure 1. 
Table 1 Tarpon components and functions

	Component
	Function 

	Main caisson
	To anchor / fix the guy wires to the mudline/seabed

	Anchor piles
	A steel caisson with a diameter typically larger than the conductors which acts as the platform’s leg, bracing points for the conductors via clamps, and in some cases, can be used to house several internal wells.

	Conductor
	A steel caisson or riser used to protect the well and production tubing.

	Conductor clamps 
	To vertically fix the conductor casings to the caisson

	Guy cables
	To provide lateral resistance and stability for the platform.

	Topside 
	The superstructure located above the reach of waves, equipped with facilities such as production equipment, jib crane, boat landing, helideck and a flare boom.


     The representative Tarpon model will heretofore be referred to as Platform A. The general design data for Platform A platform as modelled in SACS 5.3 is as shown in Table 2.
Table 2 Generic model details [3]
	Platform details
	Platform A 

	Platform type
	Monopod 

	Accommodation
	Unmanned, no quarters 

	Year installed
	2006

	Water depth
	76.2m

	Jacket height
	82.2m 

	Water Depth
	76.2m 

	Deck weight
	184.8 MT

	Jacket weight
	800 MT

	Pile weight
	150.34 MT


Reserve Strength Ratio
     The Reserve Strength Ratio (RSR) in a common form known to both industry practitioners and researchers is depicted in Equation 1 [1]; 
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(1)
    A closely related parameter to the RSR can be interestingly defined by the terminology of the Residual Resistance Factor (RIF)  as in Equation 2 [1]. 
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(2)
    The definitions for RSR in the open literature vary from author to author, and also from different contexts. For the purpose of this study, the author has opted to define a measurement the Tarpon’s structural RSR to be defined herein as the ratio of the ultimate structural caisson mud line moment generated via pushover analysis and the maximum design mud line moment taken from the in place static analysis.  
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Simulated Scenarios 
     The static in place analysis was performed via modelling in SACS Precede module and simulation in SACS IV. The pushover analysis for the modelled guyed caisson monopod was performed in SACS via the Collapse module and interpreted using the corresponding results output file and the graphical results interpreter, Colvue. 
    Table 3, showcases the four different sets of storm metocean criteria and the design water depth respectively used in the study. Table 3 metocean data does not apply to pushover analysis, as the initial load is arbitrarily defined by the author which is then incremented until structural failure.
Table 3 Design Data
	Data
	100 year return period

	
	PTS [5]
	Joint Density
	As Designed [2]

	Wave Height [m]
	5.77 (Hs) 
	5.7 (Hs) 
	11.3 (Hmax)

	Wave Period [s] 
	8.06 
	Assume 6 and 8 seconds
	9.3 

	Current [m/s]
	1.67 @ surface

1.33 @ mid 

0.36 @ seabed 
	0.69 @ -3m 
	1.3 @ surface

0.7 @ seabed 

	Wind (1 hour mean)  [m/s]
	23.2
	13.2
	36.4

	Design Water Level [m]
	78


Pushover Analysis and Mode of Failure 
Failure of the structure was initiated at the anchor piles, where for most instances, pile plasticity occurred and in some scenarios, SACS recorded pile pullout events in the degraded soil models. Pile failure / plasticity for both instances are equal and this enforces the notion that the integrity of the Tarpon structure is controlled primarily by the anchor piles. Table 4 showcases the summary of the ultimate strength prior to complete structural failure of the Tarpon Platform A. Another key result that can be extracted  is the maximum Tarpon deflection prior to initiation of failure.  This value , taken at 130 cm as seen from the rounded –pre failure value in Table 5 provides an insight into the amount of displacement that can be experienced by the Tarpon before failure is initiated at the piles. 
Table 4 Maximum results prior to structural failure
	Storm direction
	Soil condition
	Max displacement (cm)
	Base Shear (kN)
	Max base moment (kN.m) 

	NE
	Intact
	189.5
	4329
	17830

	SW
	Intact
	373.6
	6493
	23090

	NE
	Degraded
	115.8
	1883
	10518

	SW
	Degraded
	253.1
	4936
	15169


    Pile failure / plasticity for both instances are equal and this enforces the notion that the integrity of the Tarpon structure is controlled primarily by the anchor piles. A snippet of the anchor pile failure during the pushover analysis is given in Table 5.
Table 5 Collapse for a fully guyed Tarpon (North East Storm Approach) 
	Increment
	Load factor
	Caisson deflection (cm)

	11
	6.88
	76.9

	12
	7.68
	93.6

	13
	8.84
	111.0

	14
	9.82
	129.8

	15
	10.80
	152.6  -PILE PLASTIC

	16
	11.78
	196.6 – PILE PLASTIC


Ultimate Load in the Guying System

An important assumption regarding the ultimate strength of guy cables is the nominal breaking strength of the wire ropes which is taken to be 713 tons [2].  Taking g = 9.80665 m/s2, that equates to 6992 kN. Each of the guy wires are analyzed to act in set of pairs and in the condition that one of the wire in the pair snaps. Table 6 showcase the guy cable tension summary for a signature in place condition at the structural failure at pushover. The factor of safety (FOS) for the guy wires are computed for each predominant monsoon season direction when failure is first initiated in the pushover analysis. The FOS is defined by Equation 4;

FOS = 6992/ axial load 









(4)

Table 6 Guy Wire strength check at pile plasticity 

	
	NE load (kN)
	SW Load (kN) 
	NE FOS
	SW FOS 

	Simulated (fully guyed)
	2580.1 
	2685.5
	2.7 (pair)

1.4 (single)
	2.6 (pair)

1.3 (single)


It is clear from Table 6 that the guy cables will not fail in axial tension. Even with the pushover analysis, the guy cables still possess relatively large reserve strengths. Hence, should any set of guy cables be observed to have failed attention should be given to its connections at the terminator clamps and anchor piles while investigating the potential role of corrosion , creep and fatigue in its failure. 

Reserve Strength Ratio
Table 7 showcases the RSR values for various Tarpon conditions subjected to metocean conditions as recommended for PMO operations by PTS 2010. 

The instinctive hypothesis one would infer from a first look at a Tarpon monopod is confirmed here, that the platform is highly dependent on its guying system which plays a crucial role in maintaining lateral stability. By inspection of table 7 this becomes clear as the RSR of the Tarpon is seen to be more than adequate in its fully guyed condition (intact) but is drastically reduced as the guy wires fail in function or physically. Notice that the dually guyed Tarpon will have an RSR value approximately equal to its fully guyed condition if and only if the storm direction acts against the tension pulling capabilities of both guy wires. 
Table 7 Summary of Tarpon A Reserve Strength Ratio 
	
	Condition
	RSR 

	PTS 2010 Metocean  approaching from North East (Monsoon)
	Freestanding
	0.41

	
	Singly guyed
	1.05

	
	Two guys
	6.72

	
	Fully guyed
	6.10

	PTS 2010 Metocean  approaching from South West (Monsoon)
	Freestanding
	0.46

	
	Singly guyed
	0.53

	
	Two guys
	9.57

	
	Fully guyed
	8.55


Summary
    The Tarpon Monopod utilized for this study is situated in a water depth of approximately 76 meters. It is anticipated that this study can be applied for any generic Tarpon structure worldwide situated in similar metocean conditions and within the water depth range of 70 – 80 meters.
The main take away from this study is as summarized below; 

· The Tarpon Monopod is a sound structure if and only if its guying system is intact. 

· The wire ropes will not fail in axial tension even in the event of structural failure. Hence, should the wire ropes be observed to have snapped or failed, attention should be given to its connections at the anchor piles and terminator clamp, or even consider dynamic failure modes through vortex induced vibration or excessive fatigue. This can be taken up as future research.

· The initiating mode of failure is through the anchor piles, by which they turn plastic or experience pile pull out in weak soil. Once the lateral holding capabilities of the guying system has been diminished by such an event, the Tarpon will face a high risk of failure.

· A way forward would be to increase the structural redundancy of the Tarpon and to increase the anchor pile holding capacities. 
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