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ABSTRACT
Floating control facilities (FCFs) are designed to support 

fields using only subsea production system. Potential concepts,
including Tension Leg Platform (TLP), Spar and semi-
submersible can be selected as the FCFs. This paper discusses
the philosophy of concept selection for FCFs.

Two basic considerations for concept selection for FCFs 
are functional requirements and costs. Different structure types 
are first to be sized to meet the functional requirements for 
given water depths, environmental conditions and soil 
conditions. Then the costs for the procurement, construction, 
installation, hook up and commissioning for different concepts 
are estimated based on the sizes. Finally, the most cost-effective 
concept is chosen for further study to confirm the feasibilities of 
the concept by detailed analyses.

Global sizing tools assisting concept selection have been 
developed by Ocean Dynamics LLC (Limited Liability 
Company) (ODL) over the past years. For a given concept,
these sizing tools can find the optimized size based on costs to 
meet the functional requirements. Capabilities of the sizing 
tools cover the general layout, weight estimate (hull and deck), 
riser weight and stiffness estimate, loading conditions 
(transportation, normal operating, extreme, survival), 
hydrostatics and stability, natural periods, motions, air gap, 
environmental loads (wind, current, and mean wave forces), 
mooring sizing, cost estimate, and optimization based on the 
total costs.

Two case studies in two different water depths, 140m and 
1200m, are presented to illustrate the procedures and 
considerations in concept selection for floating control 
facilities. The FCFs used in the case studies are to support a 
Super Puma helideck, satellite communication equipment, an 

umbilical riser and option for a 3.5” pipeline riser, with a total 
estimated topside payload as 400 Metric Ton (MT).

1 Introduction

Floating control facilities (FCFs) are cost-effective 
solutions for long distance tie-backs in remote oil and gas fields 
with no existing platform [1]. FCFs are usually unmanned and 
designed to remotely control a subsea production system. The 
use of FCFs allows control of a field from a host facility, or 
from an island or the shore. The distance between the field and 
host facility or a location on an island or the shore has almost 
no impact on the cost of the FCFs [2].

An example of an application of a FCF was a control buoy 
in the remote East Spar gas/condensate field in 1996. The East 
Spar gas field is located offshore Western Australia, 40 km west 
of Barrow Island in 95 m of water. The production fluid is 
transported through a 14-inch carbon steel pipeline to the 
onshore gas- and condensate-processing facility some 63 km 
east, on Varanus Island. All the subsea structures are connected 
by umbilicals, and the main umbilical connects the manifold to 
the unmanned control buoy. Through the use of the unmanned 
buoy, the field is controlled remotely from the gas-plant control 
room on Varanus Island [2].

There are about another five control buoys in use or used 
up to now as listed below ([1], [3], [4], [5] and [6]):

�x Mossel Bay control buoy (South Africa, 95 m water 
depth)

�x Regnar field control buoy (Offshore Denmark, 45 m 
water depth)

�x Petrobras 4-ALS-39 control buoy (Northeast Brazil, 
offshore Alagoas, 25 m water depth)
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�x ExxonMobil Zafiro field flare buoy (Gulf of Guinea, 
180 m water depth)

�x Lyell gas field control buoy (North Sea, 143 m water 
depth)

In this paper the concept selections of FCFs for two remote 
gas fields, which are located in 140m and 1200m of water in 
offshore Western Australia, are presented and discussed. These 
two fields are aimed to be developed using an all subsea 
production system, each supported by a floating control facility.
The floating control facility (FCF) will support a Super Puma 
helideck, satellite communication equipment, an umbilical riser 
and option for a 3.5” pipeline riser, with a total estimated 
topside payload as 400 MT.

Potential floating concepts are Tension Leg Platform 
(TLP), Spar and semi-submersible. Semi-submersibles, TLPs
and Spars have been used widely in deep water application, 
they can also be used in relatively shallower water. For 
example, the Janice production semi-submersible locates in a 
water depth of 80 meters in North Sea [7]. The world’s first 
TLP, Hutton TLP, located on the UK (United Kingdom) 
continental shelf in a water depth of 147 meters [8].

2 Concept Selection Philosophy

The selection of different concept mainly based on water 
depth, environmental conditions, soil conditions, topside 
payload and cost. The potential concepts for FCFs in 140m and 
1200m water depth are semi-submersible, TLP or Spar.

Three concepts are first screened using ODL proprietary 
global sizing tools to size up the three types of floating 
structures that meet the functional requirements and estimate the 
cost for construction and installation. The most cost-effective 
concept is then chosen for detailed analyses to confirm 
feasibility of the concept in terms of global performance, 
mooring and riser systems.

The concept screening and selection process involves the 
following steps:

�x Perform hull, deck and mooring sizing using global 
sizing tools,

�x Estimate the cost and choose one concept based on the 
cost-effectiveness,

�x Confirm the feasibility of the chosen concept in terms 
of global performance, mooring and riser.

During the feasibility study, the outputs from the global 
sizing tools will be verified and hull and mooring configurations 
will be modified /optimized when needed to meet design 
requirements.

3 Global Sizing Tools

The global sizing tools are ODL proprietary programs that 
have been developed over the past years. They are Excel-based 
programs with built in equations and empirical formulas for 
calculation of weight, stability, motion and mooring system 

performance, etc. These programs can quickly size up the 
floating structures such as semi-submersible, TLP and Spar 
based on basic functional requirements such as water depth, 
payload, stability, etc and estimate the construction and 
installation cost. The floating structure configuration can also 
be optimized based on the total cost.

With the input of water depth, payload, initial hull 
particulars, construction cost per tonne of steel, environmental 
conditions, mooring and riser system configurations, these 
global sizing programs give the following outputs:

�x General layout
�x Weight estimate
�x TTR (Top Tension Riser) & SCR (Steel Catenary 

Riser) weight and stiffness estimate
�x Loading conditions (transportation, normal operating, 

extreme, survival)
�x Hydrostatics and stability
�x Motion (Natural Periods and Response Amplitude 

Operators)
�x Air Gap
�x Environmental loads (wind, current, and mean wave 

forces)
�x Mooring sizing
�x Cost estimate (construction, engineering, management 

and installation of the hull, deck, mooring and riser 
system)

�x Optimization based on the total cost
�x Summary report on weight and cost

4 Concept Screening for Two Gas Fields

The global sizing tool is used for the concept screening. 
Each concept was sized and costs were estimated for both 140m 
and 1200m gas fields. The most cost effective concept (with 
consideration of optimization) was finally chosen for detailed 
feasibility study.

The concept screening and selection process reveals that 
for the 140m gas field, the TLP concept is most cost effective. 
However, for the TLP concept, the site soil condition prohibits 
the use of piles and the gravity concrete base could be very 
costly to construct, transport and install. Thus this concept is 
not chosen. The second cost effective FCF concept is semi-
submersible. The cost of the semi-submersible concept is 
comparable to that of TLP and the mooring system may be 
further optimized to reduce cost. Thus the semi-submersible 
concept is chosen for detailed feasibility study.

The semi-submersible designed for the 140m oil field 
consists of four pontoons laid out into a square shape. There are 
four columns with one on each corner support the main deck. 
The semi-submersible main dimensions and weight information 
based on the global sizing tools are presented in Table 1.
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Table 1   Semi-submersible Main Dimensions and Weight 
Information – 140m Gas Field

Particular Value

Overall Length/Width 55.0 m

Pontoon Width 7.0 m

Pontoon Height 4.5 m

Column Length/Width 7. 0 m

Column Elevation 46.5 m

Draft 24.0 m

Freeboard 22.5 m

Displacement 9745 MT

Minimum GM (Metacentric Height) 1.6 m

Heave Natural Period 20 s

Heave RAO (Response Amplitude Operators )@ 14.3 s 0.32 m/m

Mooring (R4 Chain, length 2000 m) 8 x 4.25 inch

Payload 400 MT

Steel Weight 4965 MT

Ballast Weight 3724 MT

The concept screening and selection process reveals that 
for the 1200m gas field, the most cost effective FCF concept is 
semi-submersible. The semi-submersible main dimensions and 
weight information based on global sizing tools are presented in 
Table 2.

Table 2    Semi-submersible Main Dimensions and Weight 
Information – 1200m Gas Field

Particular Value

Overall Length/Width 56.0 m

Pontoon Width 7.0 m

Pontoon Height 5.0 m

Column Length/Width 7.0 m

Column Elevation 46.5 m

Draft 24.0 m

Freeboard 22.5 m

Displacement 10476 MT

Minimum GM 1.6 m

Heave Natural Period 20.2 s

Heave RAO @ 14.3 s 0.33 m/m

Mooring R4 Chain, length 450 m 8 x 4.25 inch

Polyester rope, length 1450 m 8 x 7.1 inch

Payload 400 MT

Steel Weight 5251 MT

Ballast Weight 3252 MT

5 Feasibility Study

The preliminary design of FCF should be in accordance to 
API (American Petroleum Institute) codes and standards, and 
satisfy Statutory Requirements where applicable. The feasibility 
study of the chosen concepts was conducted in term of global 
performance, mooring and riser system:

�x Perform global performance analysis for operational 
and extreme load cases with intact and damaged 
mooring conditions. Maximum offsets, tilt angles, 
acceleration, air gap, and motion data for risers, 

moorings and topside preliminary design are obtained 
from the analyses.

�x Perform mooring analysis for the operational and 
extreme load cases for intact and damaged mooring 
conditions.

�x Perform riser analysis for operational and extreme 
loading conditions. Conduct global dynamic analyses 
and clashing checks for concept feasibility verification 
of umbilical and the pipeline riser. The pipeline riser is 
only for the 1200m gas field.

For preliminary feasibility study, the structural performance 
of the structure is not evaluated at this stage.

5.1 Methodology

For semi-submersibles in both fields, fully coupled 
dynamic mooring analyses were performed for the extreme 
conditions. The mooring lines were modeled as cables with 
inertia and drag forces, and the semi-submersible hull and the 
mooring system were dynamically coupled in the calculations. 
For each mooring configuration, one 3-hour time domain 
random wave simulation was performed for each environmental 
direction. For the most critical environmental headings, 5 
randomly selected wave spectral seeds were used to generate 
the irregular waves for the analyses. The average of the 
maximum platform motion and mooring tension values from the 
5 simulations were considered as the statistically most probable 
value.

The analyses were performed by using frequency-domain 
analysis tool WAMIT and fully coupled 3-D time-domain 
analysis tool package HARP. General purpose finite element 
analysis tool Flexcom version 7.3.3 was used to carry out static 
and dynamic analyses for the umbilicals and the flexible pipe.

WAMIT is a radiation/diffraction program based on 
potential theory and panel method. It was developed for the 
analysis of the interaction of surface waves with offshore 
structures. WAMIT is used to calculate the hydrodynamic 
coefficients and vessel motions (RAO) in the presence of 
waves. The hydrodynamic coefficients obtained from the 
WAMIT analysis include added mass, radiation damping, wave 
drift damping, first order wave forces and second order mean 
drift forces on the vessel.

HARP is a suite of integrated hydrodynamic and structural 
analysis modules for offshore engineering applications. It was 
jointly developed by Texas A&M University and Offshore 
Dynamics Inc. Hydrodynamic coefficients prepared by WAMIT, 
together with stiffness matrix, mass matrix, Morison elements 
(truss and plate model), mooring/riser information and 
environmental information (including wave, wind, and current 
conditions) were passed on to HARP for time-domain analysis. 

Flexcom is a general purpose 3-D nonlinear time-domain 
offshore finite element analysis tool developed by MCS. The 
program uses a finite element formulation, incorporating a 3D 
hybrid beam-column element with fully coupled axial, bending 
and torque forces, for the modeling of slender offshore 
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structures. In this study, Flexcom used vessel motion history 
obtained from HARP as input data for the riser dynamic 
analysis.

5.2 Design Criteria

The design and analysis were performed in accordance 
with the following rules and regulations:

�x API RP 2SK, 3rd Edition, Recommended Practice for 
Design and Analysis of Stationkeeping Systems for 
Floating Structures [9]

�x API RP 2SM, 1st Edition, Recommended Practice for 
Design, manufacture, Installation, and Maintenance of 
Synthetic Fiber Ropes for Offshore Mooring [10]

�x API RP 2RD, 1st Edition, Recommended Practice for 
Design of Risers for Floating Production Systems 
(FPSs) and Tension-Leg Platforms (TLPs) [11]

Both semi-submersibles are designed to be in station for 20 
years. Both the hull and the mooring system are designed for 
design life of 20 years.

Both semi-submersibles are unmanned installations. In 
order to maintain platform and onshore communications 
through satellite signals, it is required that the maximum heel 
angle (pitch and roll combined) is equal to or less than 15° in 
both intact and mooring damaged conditions. The minimum 
under deck air gap is 1.5 m (5 ft) in 100-year design 
environmental conditions.

The design extreme environmental condition is the 100-
year return cyclonic storm. The omni-directional 100-year 
design environments are summarized in Table 3 and the current 
profile is defined in Table 4.

Table 3    100-year Cyclonic Storm Wave Conditions
Environmental Conditions

Hs 14.5 m

Tp 15.2 s

Gama 2.6

Wave Spectrum Jonswap

Wind speed (1 hr average) 42.4 m/s

Current speed 2.3 m/s

Table 4   100-year Cyclone Associated Current Profile
Depth (m) Current speed (m/s)

0 2.3

5 2.3

15 2.0

26 1.8

36 1.7

59 1.4

83 1.1

121 0.6

Bottom(1) 0.3

Note:

(1) Depth at bottom is 140 m for 140m field and 1200 m for 1200m 

field.

5.3 Hull Models

Potential (diffraction/radiation) theory and panel method 
are used to predict the hydrodynamic interactions between the 
waves and the Semi in frequency domain using WAMIT. The 
hull panel modes for 140m and 1200m gas fields are shown in 
Figures 1 and 2, respectively.

Figure 1    Panel Model – 140m Gas Field

Figure 2   Panel Model – 1200m Gas Field

5.4 Mooring, Umbilical and Riser Systems

For the 140m gas field, the mooring system consists of 
eight (8) mooring lines grouped in four (4) bundles. The four 
bundles of mooring lines are evenly distributed around the hull 
(Figure 3).

Each mooring line consists of 4.25 inch (107.95 mm) R4 
grade studless chains of 2000 m length. The minimum breaking 
load of the chains is 9546 kN with 8 mm corrosion allowance 
considered. The length of the mooring chain is selected to avoid 
anchor uplifting and limit maximum mooring tensions. For 
shallow water applications in extreme environmental 
conditions, catenary mooring lines are often stretched tight and 
the change of catenary shape does not work well enough to 
effectively adjust mooring tensions. The mooring system 
resilience to extreme vessel motions depends more on the 
mooring chain axial stiffness. Longer mooring line will reduce 
the dynamic components of the mooring tensions, especially 
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those with high peaks. There are other options for shallow water 
mooring system design. For example, inserting buoys between 
chains may reduce the cost of the mooring system.

Figure 3    Mooring Layout - 140m Gas Field

Moreover, the water depth of 140m also imposes 
challenges to umbilical design. In order to meet both tension 
and bending curvature requirements, a lazy wave umbilical 
configuration is decided (Figure 4).

Figure 4  Lazy Wave Umbilical - 140m Gas Field

The mooring system for the 1200m gas field is made up of 
8 chain-polyester-chain taut-leg mooring lines grouped in 4 
bundles, and each bundle has 2 mooring lines. Each mooring 
line is made up of 150 m 4.25 inch R4 chain at the top, 1650 m 
7.1 inch polyester line as the middle segment and 250 m 4.25 
inch R4 chain at the bottom. The minimum breaking loads of 
the chains and polyester ropes are 9546 kN and 9568 kN, 
respectively. The mooring lines are secured to sea floor by 
vertical load anchors (VLAs).

The length of platform chain is selected with the 
consideration of the manufacturing tolerance of the rope length, 
rope creep and tolerance of anchor position. The length of the 
anchor chain is selected such that grounding of the polyester 
rope can be avoided in extreme environmental conditions.

For the 1200 m field, when the vessel is on the near side, 
the umbilical sag bend and touch down region may experience 
compression and instability such as upheaval buckling. In order 
to meet both tension and bending curvature requirements, 

buoyancy modules are installed near the sag bend of the 
umbilical.

Similar to the umbilical, the flexible pipe in the 1200m 
filed also utilizes buoyancy modules to reduce riser tension and 
bending curvature. The flexible pipe is attached to the semi-
submersible through a bend stiffener (Figure 5).

Figure 5    Flexible Riser with Buoyancy Module
– 1200m Gas Field

5.5 Results

Maximum mooring line tensions
The mooring and riser analyses proved that the semi-

submersible is feasible for the 140m and 1200m gas fields. The 
maximum tensions and safety factor for intact and one-line 
damaged conditions under the 100-year return cyclone are 
shown in Table 5 for the 140m gas field. The safety factors of 
2.07 and 1.25 satisfy the API 2SK requirement of 1.67 and 
1.25.

Table 5   Maximum Line Tensions – 140m Gas Field
Intact One-line Damaged

Tension

(KN)
Safety Factor

Tension

(KN)
Safety Factor

4619.73 2.07 7634.22 1.25

The maximum tensions and safety factor for intact and one-
line damaged conditions under the 100-year return cyclone are 
shown in Table 6 for 1200m gas field. The safety factors of 1.95 
and 1.28 satisfy the API 2SK requirement of 1.67 and 1.25.

Table 6   Maximum Line Tensions – 1200m Gas Field
Intact One-line Damaged

Tension

(KN)
Safety Factor

Tension

(KN)
Safety Factor

4894.4 1.95 7432.8 1.28

Maximum offsets
The maximum offsets of the semi-submersibles in 140m 

and 1200m gas fields are shown in Table 7 and Table 8, 
respectively. Offsets may be restricted by riser design.
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Table 7   Maximum Line Tensions – 140m Gas Field
Intact One-line Damaged

Offset

(m)
% Water Depth

Offset

(m)
% Water Depth

35.45 25.3 41.64 29.7

Table 8   Maximum Line Tensions – 1200m Gas Field
Intact One-line Damaged

Offset

(m)
% Water Depth

Offset

(m)
% Water Depth

51.68 4.3 80.20 6.7

Maximum heel angles and minimum air gaps
The maximum heel angles and minimum air gaps for intact 

and one-line damaged conditions under the 100-year return 
cyclone are shown in Table 9 for the 140m gas field. Heel 
angles are within the design criteria of 15 degrees. The 
minimum air gap under the 100-year cyclone condition is 5.3 m, 
which meets the requirement of 1.5m.

Table 9   Maximum Heel Angle and Minimum Air Gap
– 140m Gas Field

Intact One-line Damaged

Heel Angle

(degree)

Air Gap

(m)

Heel Angle

(degree)

Air Gap

(m)

10.36 6.95 13.15 5.27

The maximum heel angles and minimum air gaps for intact 
and one-line damaged conditions under the 100-year return 
cyclone are shown in Table 10 for the 1200m gas field. Heel 
angles are within the design criteria of 15 degrees. The 
minimum air gap under the 100-year cyclone condition is 9.0 m, 
which meets the requirement of 1.5m.

Please note that for mooring intact condition, analyses were 
performed for environmental headings with 15 degrees interval. 
For one-line damaged condition, only the direction critical for 
line tension was analyzed.

Table 10   Maximum Heel Angle and Minimum Air Gap
– 1200m Gas Field

Intact One-line Damaged

Heel Angle

(degree)

Air Gap

(m)

Heel Angle

(degree)

Air Gap

(m)

10.17 10.65 7.94 9.03

Maximum axial tension and minimum bend radius for umbilical 
and risers

The riser analyses proved that the umbilical with the lazy 
wave configuration for the 140m gas field can survive the 100-
year return cyclone. The results are shown in Table 11.

The hang-off angle is 18° and two hang-off locations were 
studied. Based on the results and consideration of installation 
and cost, hang-off location outside of the pontoon is suggested. 
For the recommended configuration, the minimum bend radius 
(MBR) is 2.76 m and the maximum axial tension is 573 kN, 

which satisfy the required MBR of 2.09 m and breaking load of 
800 kN.

Table 11   Tension and Bend Radius for Umbilical                           
– 140m Gas Field

Case 
#

Hang
-off 

angle 
(deg)

Hang-
off 

location 
on 

pontoon

Semi 
offset

Max. 
axial 
force 
(kN)

Breaking 
tension 
(kN)

Min 
bend 

radius 
(m)

Dynamic 
MBR 
(m)

1
18 Inside

Near 49.7
800.0

2.80
2.085

2 Far 623.4 8.20

3
18 Outside

Near 50.9
800.0

2.76
2.085

4 Far 573.1 8.35

The riser analyses proved that the umbilical and the 
flexible riser for the 1200m gas field with 250 m distributed 
buoyancy modules can survive the 100-year return cyclone. 
Results are shown in Tables 12 and 13 for umbilical and 
flexible riser, respectively.

For the umbilical, the minimum bend radius (MBR) is 29.5 
m and the maximum axial tension is 723 kN, which satisfy the 
required MBR of 2.235 m and breaking load of 1,000 kN. 

Table 12   Tension and Bend Radius for Umbilical
– 1200m Gas Field

Case
#

Hang-
off 

angle 
(deg)

Hang-
off 

location 
on 

pontoon

Semi 
offset

Max. 
axial 
force 
(kN)

Breaking 
tension 
(kN)

Min 
bend 

radius 
(m)

Dynamic 
MBR 
(m)

1
8 Outside

Near 613.6
1000.0

29.51
2.235

2 Far 722.8 92.25

For the flexible riser in 1200m gas field three hang-off 
angles of 6°, 8° and 10° were tested when selecting the optimal 
configurations. When the hang-off angle is 8° the maximum top 
riser axial force is 555.3 kN and the minimum bend radius is 
5.5 m. It is recommended that 8° hang-off angle is used. For 8° 
hang-off angle, the minimum bend radius (MBR) is 5.5 m and 
the maximum axial tension is 555 kN, which satisfy the required 
MBR of 1.61 m and breaking load of 2,302 kN.

Table 13   Tension and Bend Radius for Flexible Riser
– 1200m Gas Field

Case
#

Hang
-off 

angle 
(deg)

Hang-
off 

location 
on 

pontoon

Semi 
offset

Max. 
axial 
force 
(kN)

Breaking 
tension 
(kN)

Min 
bend 

radius 
(m)

Dynamic 
MBR (m)

1
6

Outside

Near 431.6

2302.0

4.52

1.61

2 Far 516.8 9.17

3
8

Near 461.4 5.50

4 Far 555.3 13.81

5
10

Near 482.7 3.77

6 Far 589.5 14.41
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6 Conclusion

For both the 140m and 1200m gas fields, the semi-
submersible concept is considered the most cost effective and 
thus chosen for the detailed feasibility study.

The mooring and riser analyses proved that the semi-
submersible is feasible for 140m gas field. The proposed 
mooring system can meet the design requirements. The riser 
analysis proved that the umbilical with the lazy wave 
configuration for the 140m gas field can survive the 100-year 
return cyclone.

The mooring and riser analyses proved that the semi-
submersible is feasible for the 1200m gas field. The proposed 
mooring system can meet the design requirements. The riser 
analysis proved that the umbilical and the flexible riser with 250 
m distributed buoyancy modules can survive the 100-year 
return cyclone.

The global sizing tools are useful and efficient tools in 
concept selection and screening. Concept selection philosophy 
based on screening and detailed feasibility study approved to be 
effective in the FCF selections in the two fields.
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