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Table 1. Examples of offshore structures in the NCS for different water depths.

UNNEL

Water depth

Offshore stiucture

Jackets
FPSO
Concrete fixed facilities and steel topside

Concrete fixed facilities and steel topside
Semi-submersible platform

A€

TLP steel platform
Semi-submersible platform
Spar platform
*Future field development
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\WiAd-generated waves present irregularity motion that in time and space cannot be exactly "

predicted. Therefore, it is a common practice to represent the elevation of the sea surface with sum
of many sinusoidal waves with different direction, amplitudes, frequencies, and phases
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Motion of marine structures

Added mass
Exclitation koads Damping and Restering

forces and moments

Superposition of wave excitation, added mass, damping and restoring loads.

- Semi-analytical
# - Numerical Model

- Experimental testing
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Response amplitude operator, RAO

it establishes a relation between the motion and wave
amplitude in the frequency domain

heave motion of
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Introduction to the Analysis of Offshore Structure Page 45 of 48

Ex.1 Wave energy spectrum and time domain wave record

A wave energy spectrum obtained from 20 min sample of instrumentally recorded wave data
in the Troll field (position 60° 45' 21.12" N 3° 38' 22.98" E) is given in the figure below. The
spectrum has been simplified to a column type diagram with frequency steps of Aw=0.1 rad/s,
and the values are given in the table. This sea state is formed by long crested deep-water

waves. » 0 A “'0)\/,5
w7
A - %
Nt
ki radys m-s
E_ 0.35 1.1
§ 10 0.45 i
5 055 126
E. 0.65 8.6
g 5 0.75 5.2
E 0.85 31
3 095 19
0
0 02 04 06 08 1 12 14 o e
| " 115 08
Fleqllenl:). . raa/s 1.25 0.5
Tasks:

1. Find the wave surface elevation amplitude for each wave component
2. Find and plot the wave elevation function corresponding to the first. fourth and eighth
wave component (0.35. 0.65 and1.05 rad’s).
Then. find and plot the resulting wave surface elevation by adding the contribution of
all the harmonic wave components for time steps such as: 0.1.2 ... 300s.
¢ Generate random values for the phase angle & among all wave components. To
do so. it is possible to use excel functions as follow: =RAND()*2*Pi()

L]

Useful equations:

e
I

Wave surface elevation for an “7” harmonic component: {;(x,t) = {,; sin(w; * t + &)

Total wave surface elevation: {(x, t) = Y, (s sin(w; * t + &)

Wave energy spectrum: é{ 2 () 2 8¢ () Aw;
E _y Yz ey o yN N Wi
i = Ei=12< ai(ml) = E{=1 SC (ml) Awl £ — USE
ZAr00M

FUNCTEON
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Cases that show how not to do it

Typhnnn up_side down after
The Mars TLP after the hurricane Katrina hurricane Rita




Waves statistics / Short-term
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Waves statistics / Short-term

e Distribution of wave surface elevation

1
L= (Ta+ T+ T+ -+ Ty) (9)

H

1
mean_E(Hl+H:+H3+'"+HN) (10)
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Fig. 8. Wave surface elevation normally distributed (Ganssian)
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Waves statistics / Short-term

e Distribution of Wave Height

Ravleigh distribution, which canbe writtenas:

H}—H
fu (H =10,

5 exp

C g\
mﬂ'ﬂ"ﬁ)

1

0 5 10

Wave height, 5, m

15

(11)

The mean and variance of wave height can now be expressed as follow:

Himean = fn ;.;H fu () aF
[ Fa () di

= J-m H fy (H) dH
0

- f (H = Hyngan) fiy (H) dH
o



Waves statistics / Short-term

e Distribution of Wave Height

From statistics, the probability for the stochastic variable wave height H is lower that certain
value H' is given by}

Hi H; 2

P(H<H") = fu(HYdH= F; (H)=1-exp -(—) (14)
0 a { VIE

Where Fy (H) is the cumulative distribution function (cdf) for the wave height. Fig. 10

provides an example of probability density function f;; and cumulative distribution function

F,; for the wave height of the wave record in Fig, 8. For example, in the figure it can be seen
that less than 75% of the waves will have wave heights lower than approximately 7m, or one
could say that the probability of exceeding 7m wave height is 25%.
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e Distribution of Wave Height
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Fig. 10, Probability density function fy (Rayleigh distribution) and cumulative distribution function
Fy for the wave height of certain sea state.



Waves statistics / Short-term
Distribution of Wave Height

At this instant. it is also convenient tc bring up the definition of significant wave height. H_.
H_ o or H. ;5. whichis defined as the average of the highest 1/3 of the waves in the record.

Ilence, according toTig. 11, the 7l is provided by:

% 2

f
-

dH
i ﬂ'{\"ﬁ J

s = g, exp
L Hfy (H) dH  “ris™ 207

H_ =—1 = {15)
* ... fu(H) dH 1/3

n(3) (16)

015

o=
et
I

C.05¢

Distribution of H, £ @

L
LA

Wave height, H, m

Fig. 11. Probability density fimction /., (Ravleigh distribution) and significant wave height ofa
certain sea stafe.



e Exercise

Short-term
statistics

Ex. 2 Wave energy spectrum and time domain wave record

The total surface elevetions in the previous EX 1 is assumed to be Gaussian distributed, which
means that the expected mean value will be zero and the variance equal to a;%, and they are
considered to be constant dunng the whole tune interval. This s illustrated in the figure

below.

gl

Tasks:

VARVAV

Wave surface elevation

V\i

Distribution of surface elevation
Goussias distributed with sero meon
varlue ard vorfonge O

Using the data of wave surface elevation for time steps from 0,1,2...300s, find:

- Statistical caleulations:

1. The mezn value of wave surface elevation, {
The variance of the surface elevation, azf

The limit of the highest 1/3 of wave heights, Jiy;
The significant wave height H.

FO Ve Y

- Distributions:

1. Probability density function of wave elevations. f; ({) (Gaussian distribution)
2. Probability density function of wave heights, fi; (H) (Rayleigh distribution)

3. Commlative distnbution function of wave heights, Fy (1)

Useful equations:
In(3
H5=40¢- hl,’3 =4U’{ ng )

RS S _(L)

R{ ) _a¢v2n w G{'\'ri
H i\’

Pl =32 % l‘ (U(Jé) l

Fy(l)=1—exp {— (E:@)Z]




Motion of marine structures
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Waves, wind and current comparable with
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Table 1. Examples of offshore structures in the NCS for different water depths.

Water depth Field Offshore structure

70-75 mts Ekofisk  Jackets

120-130 mts Balder FPSO

130-250 mts Gullfaks ~ Concrete fixed facilities and steel topside
300 mts Troll Concrete fixed facilities and steel topside
300 mts Asgard B Semi-submersible platform

300-350 mts Snorre TLP steel platform

370 mts Kristin Semi-submersible platform

1300 mts Luva* Spar platform

*Future field development
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Properties of Ocean Waves

e A fully developed sea is a sea state where
the waves generated by the wind are as
large as they can be under current
conditions of wind velocity.

e Significant wave height is the average of the
highest 1/3 of the waves present.

— Good indicator of potential for wave damage to
marine structures




Motion of marine structures

Added mass
Excitation loads Damping and Restoring

forces and momeonis

Superposition of wave excitation, added mass, damping and restoring loads.

- Semi-analytical
» - Numerical Model

-  Experimental testing



Scaled-down Exp. Tests




Scaled-down Exp. Tests

10,000 year cyclonic max wave
Beam sea

Hs=207m, Tp=16.8s

Wind 44.0 m/s, Current 2.2 m/s



Motion of marine structures

Response amplitude operator, RAO

it establishes a relation between the motion and wave
amplitude in the frequency domain
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Fig. 24.Eepresentative heave response transfer functions for different semi-submersibles.



Motion of marine structures
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Fig. 25, Surge response transfer function of TLP.



Dynamic load factor, DLF, —

Motion of marine structures
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Illustration of largest natural period versus depth for some platform concepts, and
periods for important environmental loads.



Motion of marine structures

Which natural periods (=2n/o,) do we phase for offshore structures?

* Fixed platforms:
Jackets and GBS's:  About: 1s for depth < 100m, 3-6s for 200-260m depth
Jackups: About: 4-6< for depth of about 80 150m (depending on foundation solutlon).
* Floatng platforms:
Heave seml-submersible: 23 = 265
Surge/sway of catenary moored semi submerisbie: 60 - 30s
PitchRoll of semi submersible: 30 ~ 60s
Heava of Call spar platform (sse next page): 26 - 165
Surgelsway of taut moored spar: 2 = 3 min.
Roll = piteh of spar: about 1 min
* Artioulated platiorms
Heavs TLP 2=3s
Surge/sway of TLP (300 - 400m depth): 1 =2min.
RolUPitch of TLP; 2-38s

G R e N L R
StatoilHydro



Current world fleet of floating systems

Not shown in the bar charts & § FPAO off-field mvaiting contract . Ao not shown are
@Q 3 3 proguction semis that are off=ffeld and may or may Rod remrn o producion.

256 Floating Production Units worldwide (Aug 2011, ref. Petroleum Insights)

62% are floating production, storage, offloading (FPSO) vessels;
17% are production semisubmersibles (Semi);
9% are tension leg platforms (TLP);

7% are production spars;

and the remaining 5% are production barges and floating storage and regasification units

(FSRUS). I AkerSolutions
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FPSO (Floating Production Storage and Offloading)

Ship shaped or circular
Large storage capacity
Large topside capacity

Good separation between hazardous and non-
hazardous areas

Fair motions
Flexible risers and turret L F'_rfrerw::mf-ii?" :
Integration and commissioning inshore e . Pidtecing \ e

—fatifies i
iz e
--.M{:nmﬁ'r:ud&!ign'-..‘i__ ot 1 Officading

=Xy

Thruster

Meoring ChainA®ire

«Subsea System

Risers




Semi-Submersible (Semi)

s Flexible concept with large (unlimited) capacity, topside weight and area
s Column stabilized
= No water depth limit

s Good motions
¢ F[easible with Steel Catenary Risers (SCRs) in deep water

s No (limited) storage
= [ntegration and commissioning inshore

Drilling
Ultra-Deepwater '

Semi-submersible

7

Flexible risers
yancy:

Chain/Wire/Chain




Main Platform Elements - Gjoa

g
Utility and Process areas }5
15 600 t B
| W
f__'l | ;,-"

Riser area

5500t

14000t

Living Quarters & Helideck Hull




TLP (Tension Leg Platform)

= Station keeping and stability by tethers
= Excellent motions

= Top Tensioned Risers (TTRs) and dry trees
m Large capacity, limited by tethers
= No storage

m Integration and commissioning inshore




Spar Platforms

s Weight stable (by counter weight)
m Limited capacity, limited footprint
= Excellent motions
= Top Tensioned Risers possible
m Storage (limited)

= Integration and commissioning offshore or
inshore in deep fiord (= 200 m WD)

Aker design: «Belly Spar»

B AkerSolutions



Mooring Systems

s Purpose of mooring is to keep platform on location

Catenary mooring .
(traditional) Taut mooring Tethers (steel pipe)




Risers

= 1he tube that connect the platform to the well head. Purpose is to transport
hydrocarbons from the well to the platform or to export hydrocarbons from
the platform to pipeline/shuttle tanker

Steel Catenary Risers Top Tensioned Risers
(SCR) (TTR)

p—
i kg k-
e
L e
4 e
i
3 . £
%, Ty
r

Flexible Risers

e




Riser tensioner

Top Dive (Drilling
machine used to
rotate the drill sting)

REB /Drill foor

Gambal ‘flex joint

Deverter {anmular walve
used for closing the riser-
drillstring anmulus )

] . D;:'i!-u.lg. :M -L'ef;.ll'll:

¢ line with valve

Seal

Sea waker

| Wae |

| Flex joimt used to allow inclination of riser

Riser comector
(nsed te disconnect the
mser from the BOF)

—»

BOP (used to seal anmulus/cut dnll -—P

string if revared/close the well)

30 Stmectural casing

207 wellhead casing

o

Crown block (mery include conpensator) |

Travelling block (nay mxlnde conrpensaion)

Deawworks (usad to nn
thee drill strimg) |
(Mew systems allows

thee vt also fo be used

.
-
| #4— Riser
fenrsion ring
T )
T | Telescope with seals

Buoyancy | (nsed to compensate for vessel
elements | heave motions)

Dnlling {
mmd fivr heave compensation) |

supply

| F———

(a) Wire-line. (b) N-line.

Diverter line with
valve {used 1o divent

/ gas from the riser)

Raser tensiomer (used to keeps
the riser in tension)

The different riser tensioner systems {National Oilwell Varco, 20070).

-

L
‘\\\ Riser fill-vp valve (used to avoid collapse
of niser when heavy tmd 15 dramed 10 sea)

Lower manine riser packaee
{anmular walve used to close the
riser)

Temporary &permanent gridebase

Sea bed

Dill string

Figure 5.3: Production riser tensioner system at the TLP Jolliet (National Oilwell
Varco, 2007h).




Principal Selection Criteria

Storage or pipeline?
FPSO Drilling capabilities or independent drilling
Mild weather: || Severe weather: Dry trees or Wet trees Semi / mini TLP / Spar
Mo turret Turret
/ \ Blind Faith

West Africa Aasgard A Gjoa

SE Asia Norne TLP / Spar Semi w. drill Typhoon

Conversions sSkarv : T
Snorre A Njord ~ed :mk:
Diana Snorre B -
Shenzi Thunder Horse
Tahit

k= AkerSolutions




WH Fatigue

Background

* |[ncreased re-entry on existing wells on the Norwegian
continental shelf

* Complex well designs and operations including mutilateral-
and smart wells increases drilling time. Increased amount on
intervention and work-over operations on sub sea wells.

* Life time extension of wells, Specified total drilling time for
new complex wells can be up to 300 days

* Increased size of drilling rigs and weight of BOP's, on new
rigs up to 400 ton




-
| 3 ) ki
== | ikt

- ’ 1 - L
= ['Iw - LS
— === ] tegm
b= | I ¢ = t
- | -
™ __l o | =1 T
t— 1 (1 T
- I | L e
= ———— ! | vl
- — H taigit
== 1 = i
b 1 4
j = N

Deilling.

IMhase 1

Completion.
Phase 2

Waorkover.
Plaase 3

Raotary,
diverter,
flex joint

Fiser
tensione

Flex

3N

BOP

WH
datum

Telescopic
Jjoint

Marine
Riser

-

Hydril will supply two BOP coritrol stacks and a multiplex pressure control
system similar to this for the Ocean Endeavor (Fig, 3, imoge from Hydril Co.

Weight : 250 Ti

n ai
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