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ABSTRACT 

Deep water exploration has been one of major focus in oil and gas industries and 

companies. This paper discuss about the effect of water depth on the response of spar 

platform. It also discuss about effect of drag and mass coefficient for tubular member. The 

idea of this project is to find the motion and forces to the Spar platform with regards or 

influence of the water depth at certain locations. The case study is made with Genesis spar 

platforms in difference water depth. The equation that is used in finding the motions and 

forces is 'Linear Airy Wave Theory', 'Pierson-Moskowitz Spectrum' and 'Motion 

Response Spectrum'. The project also conducts a literature survey about the Spar 

Technology, Existing Spar, and Dynamic Analysis & Model Studies. The project will come 

up with tabulated result and some graphs about the effect of water depth on the spar 

responses. Some recommendation shall be include for further study and research. 
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CHAPTER! 

INTRODUCTION 

1.1 Background of study 

Oil and gas has become primary power source in all over the world. Each country 

competes among each other to explore and extract more oil or gas. Nowadays, most of the 

sources lie deep beneath the sea bed. The exploration focus on the deeper water since the 

oil at the shallow water is depleting. A lot of innovation and research on offshore structure 

have been developing in order to improve the structure and reduce the cost of manufacture. 

Figure 1: Development of offshore platform from shallow water to deepwater operation 

Spar platform is one of floating structure which used in deepwater exploration for 

drilling, production, processing, storage, and offloading of ocean deposits. This is the next 

generation of deep water offshore structures which widely used by most of oil companies. 

The structure consists of a vertical cylinder, which floats vertically in the water. The 
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bottom of the structure floats so deep in the water that the wave action at the surface is 

dampened by the counter balance effect of the structure weight. There are structures called 

strakes which look like a fins. The fins attached in a helical fashion around the exterior of 

the cylinder and act to break the water flow against the structure, further enhancing the 

stability. 

Multi -component anchor lines are attached to the hull near its center of pitch for 

low dynamic loading and to keep the structure station. Because of the uncertainties related 

to the specification of the loads from the environment, it is major reason why analysis, 

design and operation for the spar platform become a tough job. Basically, current 

generations of Spar platforms are made of the following features: (A.K Agarwal, A.K Jain 

"Dynamic Behavior of OffShore Spar platform under Regular Waves" Engineering 30 

(2003) 487-516) 

(a) It can have a large range of topside payloads, 

(b) The mooring system is easy to install, operate and relocate, 

(c) It has favorable motions compared to other floating structures, 

(d) It can have a steel or concrete hull, 

(e) It is always stable because center of buoyancy (CB) is above the center of gravity 

(CO) 

(f) It can be operated till 3000 Mts. depth of water from full drilling and production to 

production only, 

Figure 2: spar platforms installed with different water depth. 
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(g) Rigid steel production risers are supported in the center well by separate buoyancy 

cans, 

(h) It has sea keeping characteristics superior to all other mobile drilling units, 

(i) It has minimum hull/deck interface, 

(j) Oil can be stored at low marginal cost, 

(k) It can be used as a mobile drilling rig, 

(I) The risers, which normally take breathing in the wave zone from high waves on 

semi-submersible, drilling units would be protected inside the Spar platform. Sea 

motion inside the Spar platform center well would be minimal. 

Various analysis and model tests have been performed on spar platform which considered 

different aspects of platform motion and tether dynamics. It is assumed that all applied 

forces act at the body of the structure. The force impose to the structure vary with vary of 

water depth. To calculate the load or force, the properties of the wave must be considered. 

Wave is represented with spectrum which called 'wave spectrum' ing Pierson-Moskowitz 

spectrum. Water depth is one of parameters that required producing the spectrum. 

Equation that express the motion in matrix form, Morison's equation: 

Where the object is solved for u; 

Mv = diagonal matrix of virtual mass 

C = matrix for structural and viscous damping 

K = square linear structural stiffuess matrix 

P( v, ~)=the load vector where (v dot) and (v double dot) are the water velocity and 

water acceleration. 

u = structural acceleration 

u =velocity 

U = displacement 
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1.2 Problem Statement 

Deep water exploration is moving toward deeper water in order to extract more oils 

and gases. To accomplish that, it needs a lot of researches and developments especially on 

the structure integrity and stability. Many University and research company had come up 

with different idea and result. Each result is determined with conducting experiment and 

theoretical calculation. 

The structure or specifically the body of the spar is the most important part where 

the structure will experience forces which come from the waves and other seastate aspects. 

Each parameter gives its own characteristic of dynamic forces. Without right calculation 

and assumption it will tum to the sinking of the structure. With that situation, major loss 

will be experience and the image of the company will be affected. 

There are so many failure will be arising such as cracking due to fatigue and 

breaking of mooring line. It includes the flexibility of the structure which causes 

nonlinearity to the structure material. With that, the design must dynamically design. An 

analysis at every point must be considered as the distribution of load is differ from one 

point to another. 

Genesis spar platform is one of classic spar installed at Gulf of Mexico, USA. This 

platform is owned by Chevron (operator), Exxon and Petrofina Delaware. The details are 

shown in table 1.2.1. Genesis spar platform is taken as a case study in this thesis. The 

original behavior such as force and motion at original water depth is calculated. Then, the 

platform will be taken to other water depth to see the different in its behavior and stability. 
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