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Three periods of the

Build-up (drilling/well limited) production profile

' '; Plateau (process system limited)
Run-down (reservoir/well limited)

Target rate
(ca 200,000 \

boeld) = NPC
\ Typical water injection decline
\ Typical depletion decline
N f
tps tep fime

Field life ( ca. 15 y)

Modes of Reservoir offtake
Production Profile

Production Rate Rate Decline

Rate Plateau

Pressure Decline

\ Constant Pressure

Time Time

Which offtake mode to select?

« Constant Pressure + Plateau Rate
« Existing » Stand-alone field
infrastructure « No infra structure
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Snghvit offshore — a subsea development

. —

_| Snehvit 8 wells + 1 CO, injector
6 wells + CO, in 2004/2005, 2 wells in 2011
Albatross 4 wells
3 wells in 2005/2008, 1 well in 2014
Askeladd 8 wells
All wells in 2014/2015
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OUT - HAMMERFEST LNG PLANT

, HP flare
/

(Grid substation

Subsea road tunnel } /,,.' p Camp area

/

'

Administration building / control room \

Sea water outlet /sea water inlet -
W \ 7T
Holding basin / waste water treatment

Utlty substation
MDEA storage / fuel gas

Compressed air and inert gas faciltieg

Landfall |
Offshore utiity substation "\

MEGprocessarea\\ : i [ ~ S ™ NG storage tanks

NEG substalon il S L0 7 Product ety

MEG storage tank e _ \LPG S
'\\ Storage & loading substation

Ml cold box
NG Cold box
\ Process substation

\ Electrical power generation
\ Compression area, barge

Process ares, barge

Construction jetty

Slug catcher
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Standard reference conditions in current use

Temperature Absolute pressure Refative humidity
Publishing or establishing entity

i kPa %
0 100,000 IUPAC (STP)
0 101325 NIST 71150 10780, formerly 1UPAC!"
15 101.325 02 1cA0's 15A, 1150 13443 1 £EA M EGIAM
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Tubing flow Equation-Dry gas
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Function test(a, b)

test=a*05+b*0.5

End Function
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Atila gas Field (Base Case Data)

G=IGIP

Annual production rate

Production days per year

Ty

Pi. initial Res pressure

C, inflow Back pressure coefficient

n, backpressure, exponent

Ct, Tubing coefficient (2100 MDx0.15ID m)
Elevation coeff, S

Cr Fiowiine Template-PLEM (5000x0.355 ID m)

Cpy pipetine.  PLEM-Shore (158600x0.68 ID m)
Separator (slug catcher) pressure

Gas molecular weight (Methane)

Gas specific gravity

Number of template

Number of wells

Desired plateau

OO wewl CuiPy

0.027 fraction of IGIP
276 bara ? % <Pj T/ le)
Y TPR

365.000 day
1000 SmJ,J'ba:Zﬂ\j
2.83E+05 Sm3/bar
2.75E405 Sm3/bar
35 bara
16 kg/kmole A)b Well
0.55 Gagspecific grayity
ot
ATYERN
22 years }b Pipairg, Peowuing

270.00E409 Sm3
—

92 oC

1 M3
4.036404 Sm3/bar
0.155 TPR

—

E (P/ Tzeﬂ[))
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s kipet skal bygges av Mitsubishi Heavy Industries i Japan og far en lastekapasitet pa

145.000 kubikkmeter flytende naturgass (LNG). Investeringene i forbindelse med

kontrakten er pa om lag 1,5 milliarder kroner.

Statoil og de fem rettighetshaverne skal snart undertegne en kontrakt for ytterligere to skip
_Mmed et annet rederi. De franske rettighetshavemne pa Snehvitfeltet, TotalFinaElf og Gaz de

France, skal hente gass fra Snahvitfeltet med egne skip.

Alle de tre skipene blir engasjert for fraki av gass fra

Snehvitfeltet | en periode pa 20 ar fra feltet kommer i

produksjon i 2006. | alt skal rundt 70 laster med LNG skipes ut fra Melkaya arlig.

| henhold til gass-salgsavtalene skal 2,4 milliarder kubikkmeter gass i aret skipes til USA og

"\_\_/
1,6 milliarder kubikkmeter til kunder | Spania.
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Atila gas Field (Base Case Data)

G=IGIP 270.00E+09 S5m3 -~ —
Anmual production rate 0.027 fraction of IGIP [\9 \ N N m/ l M ‘l/o
Production days per year 365.000 day

T 92 oC

Pi. initial Res pressure 276 bara

C, inflow Back pressure coefficient 1000 Sm3/barA2n

n, backpressure, exponent 1

Ct, Tubing coefficient (2100 MDx0.15ID m) 4.03E+04 Sm3/bar

Elevation coeff, 5 0.155

Cr Flowtine 1emplate-PLEM (5000x0.355 [D m) 2.83E405 Sm3/bar

Cpy pipeine  PLEM-Shore (158600x0.68 1D m) 2.75E405 Sm3/bar

Separator (slug catcher) pressure 35 bara

Gas molecular weight (Methane) 16 kg/kmole

Gas specific gravity 0.55 Gas specific gravity

Number of template - ./ 4

Number of wells X 8.

Desired plateau 22 years
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Schematic of a back-to-back
centrifugal compressor. The thrust
from two rotor halves oppose each
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n
2038.15 4.3E+6
4650.1 9.8E+6
8424 17.7E+6
14975.4 EENRIEET
37875.1 79.5E+6

Hp Power
[m] (Watts)

Map/Test conditions

k 1.4

1E 1

Pin, bara 50

Tin, K 298.15

Zin 0.98
216.7E+3 2038.2
255.4E+3 4650.1
317.6E+3 8424.0
444 TE+3 14975.4

>this is a very high power required

Q_test_eqv Hp_test_eqv
[m73/d]
transformation to compressor map

test conditions
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Phase diagram of reservoir oil
(Muliti-component system)
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Figure 1.8 Pressure-temperature phase diagram used to describe surface separation.
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Flow rate 2677 Kgmole/hn €3 0.0033
Line Exit (3) N2 0.0310
p3 23 bara Cco2 0.0010
T3 3°C
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ot |EF100
5> 5 o
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1 2 3
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Bysys 2 LQW\GJO.SI}NVM‘J’ ﬁ\’)&lb),)

& Cut S,‘ées :

<3Copy~ f> C.vae%%w( Jus)
|} Paste 3,3 /Y {4 c)(:\e
Clipboard

| { 3) Siwivladiow— frre ss Tlew S\nu:'
TTEHIES [ Prs)



TPG 4230 Spring 2015 Page 4 of 10 09/02/2015

\»Jhwl’ Prucess tsaVve Pgace_ e A\e Valie 7
Refrigerating while
expanding across a valve

P=70 bar P=30 bar

T=0°C T=-21°C {sm\ Law s}
SO, hemin
=0/ . I
|ah=0] VaN

Used when a pressure : 5000 //' @% \
drop is available (high 4000 5 | |
inlet pressures, low 2000 // . "
export pressures) 0—200 :50 -100 -50 0 .J);O 100
'De’}r“.‘;ov\ aL sz-l»\df\g v- T Temp, C
h= W-jg-f' = ek vy Mive  pzea
Wi WO
SO
Ul}}‘\ 'iv)\lf‘mﬁ -)2'3‘{ q AA“;JBLJ.) C
VRN
AR I8
AH=0-W

dll =TdS + VdP

expanding. No heat exchanged with the e

-Expansion valve. Temperature drop whil
rgrironment
no work performed.

veive v

Q=W=0=AH

-Compre Expander. Assumel
means adiabatic (
reversibility assumpti
efficiency con 2>
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Cooling Gas stream by adiabatic mixing with Cold Liquid stream

Hot Feed Gaseous Stream Component zi . _’_I_

Flow rate 1000 Kgmole/h Hydrogen | 0.6000 Iélgrl::géne

Temp 400 °C Benzene | 0.4000 > Cooled Gas
pressure 2 bar

Cooling Stream-Liquid Benzne Component| zi F;t;d—

Temp 20 °C Benzene 1.0000 ~—

pressure 2 bar

Flow rate independe Kgmole/h

Coold gas stream Component|  zi ] _‘r

0 Liquid
Temp 200 °C Hydrogen Benzene X
pressure 2 bar Benzene Cooled Gas

MIX-100

wixdwce 15 basred! Feed

a wxo:ernU with _S;v;jfc_ \lmdzf

(o} ;z( WX

. i
q‘/h E]y_
/

) Palette — D
&)X

Upstream Refining
Custom Dynamics
Commeon Columns

Vi

QTS

[T
\BAC L)

R

% :
| 2 a0
It &
el |,

3‘%_;;{?-5_35, X
(2 S\A.ccc»}ua MWW ovtead "’\-—['I+J'E "_+_:*1.“ |
Lofluhow Aeeewa ow dhe “*f{z *e__f}+ . E
ek Ruess Valve I

[+




TPG 4230 Spring 2015 Page 7 of 10 09/02/2015
Feewad G U*“')\'M
MIX-100
Product Molar Flow 1250 | kgmole/h
Liquid Benzene Product Mass Flow | 5.198e+004 | kg/h
Temperature | 20.00 | C Product Volume Flow 74.87 | m3/h
Pressure 2.000 | bar Product Temperature 2233 |C
( Molar Flmh 250.0 | kgmole/h Product Pressure 2.000 | bar
K_/ Equalize Pressures Yes
el B
Benzene — .
)\;\JC\MM&,L Cooled Gas olbten
ana MIX-100
e - Aepre dowt
Feed
. \(arlable
Feed Cooled Ga
Temperature | 400.0 | C Temperature (5‘23_57 C
Pressure 2.000 | bar Pressure 2000 | bar
Molar Flow | 1000 | kgmole/h Molar Flow | 1250 | kgmole/h
Ajow LAY Y\u.J 40 a.}ju.s\ e V;,lm.c,
0\ 3)\(.
)73 £dﬂ\~>§m3 dne awle.rm,t@,,(- \/A,r‘za,bL
MIX-100
— Product Molar Flow 1296 | kgmole/h
Liquid Benzene Product Mass Flow | 5.557¢+004 | kg/h
;empera‘”re ioogg E Product Volume Flow 78.93 | m3ih
ressure . ar
Product Temperature 2000 |C
—
fioiar Flow @kgmolefh Product Pressure 2.000 | bar
H Equalize Pressures | Yes
. em‘)
N},.{flw) ADJ-1
L Target Value 200.0|C
Bgn,_ene Target Offset | <empty> | C
Cooled Gas
MIX-100
Feed A’YIYJ‘\J
Feed Coolsd Gas/ Vaviably
Temperature | 400.0|C Temperature ( 200.0) C
Pressure 2.000 | bar Pressure 900 | bar
Molar Flow | 1000 | kgmole/h Molar Flow | 1296 | kgmole/h
L4 )j




TPG 4230 Spring 2015 Page 8 of 10 09/02/2015

Q‘_\ﬁi‘:‘_‘i”_: Wheee sondt \/J\”) We weed 4o contl °l

—!)u_ (:ws{) a,l~ 4)1{ O\/:l"Pw’}'? ].___'
f

fw v chey ‘exwﬂ{h‘ C
| al ‘n’)\c_ ex fbf)

L) do¢ V& EVO RN/ N

v ?{;’j’;;{im to—afifelione
New o0re
- Ll*g ' (‘,b Lﬂc ox o“-) We .pdd-

amins | {hesu ad 2| Qh,\uu
?ﬂf_ug‘s gxgo Wy Q ,-f_.fv s
{wJ*Jm Nocolery— \J \ wl 6] G""LAQ\»
Leense  |PC ]l aesd n"\:%'u J)\
Racovnqisse~te S, $ 2 fw}da)lo» ’
1 dzan d’e—www}mw\Mj
Stontm @0
Ing
A7 'Dmﬂosvwl
Mo - 0% cius
vocth )‘c Ksovf e el
Joﬁ (ot DLSI o
0¥ 0 0w oo dw oy
k&)“w\)ﬂd L\ NS
f-c
roviled




TPG 4230 Spring 2015 Page 9 of 10 09/02/2015

Field Development Planning ' 7 4 M
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The 5 phases of a development
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Field Development Planning ' 4 )
-
The 5 phases of a development
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From exploration to PDO acceptance
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Potential projects: Funding required

New projects: High capital spending
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0.09 D\St_o\w»‘ Gru J
Joctor WV Yol
Discount
Time End of year |Net Cash flow| Discounted-NPV | Cummulative NPV
year usD usD usD
0 1.00{ -1000000 -1 000 000 _~ -1 000 000
1 092 -200 000 -183 486 é(.., -1 183 486
2 0.84 80 000 67 334 o_/_ -1 116 152
3 077 90 000 69 497 -1 046 655
4 0.71 100 000 70 843 -975 813
5 0.65 110 000 71492 -804 320
4] 0.60 120 000 715652 -832 768
7 0.55 130 000 71114 -f61 654
8 0.50 140 000 70 261 -691 393
9 0.46 150 000 69 064 -622 328
10 042 160 000 67 586 -554 743
11 0.39 170 000 65 881 -488 862
12 0.36 180 000 63 996 -424 866
13 0.33 190 000 61974 -362 892
14 0.30 200 000 59 849 -303 043
15 0.27 210 000 57 653 -245 390
16 0.25 220 000 55 411 -189 978
17 0.23 230 000 53 147 -136 831
18 0.21 240 000 50 878 -85 953
19 0.19 250 000 48 622 -37 330
20 0.18 260 000 46 392 9 062
21 0.16 270 000 44 198 53 260
22 0.15 280 000 42 051 95 311
23 0.14 290 000 39 957 135 267
24 0.13 300 000 37 921 173 189
25 0.12 310 000 35950 209 139
26 0.11 320 000 34 046 243185
27 0.10 330 000 32 211 275 395
28 0.09 340 000 30 446 305 842
29 0.08 350 000 28 754 334 596
30 0.08 360 000 27 134 - 361729
5180 000] Syw= 361 729 SN

YN U

Ned
Cash
Q@DN L\')

Nty
(To%d)

’

C \AW\WV&W

NPV
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Activity 1995 1996 1997 1998
1234567B9101141 2346678000121 234687890NEA1254567 8010
Report of Commerciality A 4
Declaration of commerciality v
Project definition S
Basic Engineering g
lssue of Plan lor Development
and Operation (PDO) v

Government approval of FDO
Tender invitation and evaluation
Plattorm EPC contract award

Engineering, construction
and installation

Drilling and completion

Production star

\ 4

W1 PDO 120495 HE K

e

£l

Q\(\”

e
%Y

Three periods of the

ecline

ild- illi imi roduction profile
\°~0 ‘BU|1d up (drillingfwell limited) o] P
VA ~ 71 Plateau {process system limited)
b}l’ - i Run-down (reservoiriwell limited)
Q, Y
\Targetrm \
< (ca 200,000
Fa boeil) =HPC
\ Typical water injection d
\ Typical depletion decline
5
Q, '~ -
5 _— -
t}p t, t., time

Field life { ca. 15 y)
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). Te\'ﬁﬂ W?‘/ Ol Yo fmﬂéc)‘

5 Tuberack yobe ol czhurew (\M)

RS Yhe iwlbecest wde thek élva"‘()v Total NPV

AT BT TRe 0112737 M Lheepnm h

internal rata of refurn ﬂ

Discount
Time | Endofyear |NetCash flow| Discountad-NPV | Cummulative NPV
year UsD UsD UsD
0 1000 1000000 -1 000000 -1.000 000
1 090 -200000 1973 119737
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Slip and Liquid Hold-up
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Network solving
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® Physical interpretation of holdup distribution in pipelineand Pand T
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® Liquid accumulation in low points in the pipe
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Inflow performance relationship
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The purpose of models integration The purpose of models integration
* Optimize the short term and long term yield (economical and

= Compute the total asset outcome and it dependency on all
i physical) subject to all imposed constraints e

* Allocate the total asset produced yield; quantity, quality and

* Assess and rank initial field development schemes, appraise
monetary to individual production source (Well or Payzone)

the outcome of optional recovery strategies and weigh "
considered modification decisions, all in term of system *ﬁfﬁ
outcome ' #,;\::-‘
& e
RE
| N
Capture the interdependency between all the physical The purpose of models integration
elements of the system thrOUgh models ”nking and consistent * Facilitate effective tuning and updating of individual system

variable representation in the various models models to match and predict the changing total system

I

Automate the transfer of information between the models

outcome

* Automate the running or voluminous sensitivity and parametric

studies
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SCSSY = Surface Controlled Subsurface Safety Valve
PMV = Production Master Valve

= Tree Cap Ball Valve
=Work Over Valve

= Pressure Transmitter
= Temperature Transmitter

FLOW CONTROL MODULE

SUBSEA CONTR MODUL

FCM -4

288
MFM
#D e
R @

To surface

Production
SCM

Tree P Downhole Sand Multiphase D/H Flow
. Sensor  Gauge  Detector Flowmeter Control
¢ 0% ‘\}“ Valves

Ppns /
PID {PMPLE?J O\V\.OL

Cv\ﬂ\rwf\{-‘b\hbv‘
(L\c\am N~



AN z\o&»w}aLe 4 olgﬁc\ W\AV\C\JM’\JG : QOOV—L\E <

Satellite dish

Metering station

C(/lrt"& withjor

Pumping unit
ping unit__

Wal!haad- Pump control

Do Water tank




Water Tark

—— 370" Top perforation

|—— 3502' Bottom perforation

—— 38503600, Pump

K7L

Figure 6 - Noblin gas well, instruments and signals.
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Allocation (o1l and gas)

From Wikipedia, the free encyclopedia

In the petroleum industry, allocation refers to practices of breaking down measures of quantities of extracted hydrocarbons across various
contributing sources.[' Allocation aids the attribution of ownerships of hydrocarbons as each contributing element to a commingled flow or to a
storage of petroleum may have a unique ownership. Contributing sources in this context are typically producing petroleum wells delivering
flows of petroleum or flows of natural gas to a commingled flow or storage.

The terms hydrocarbon accounting and allocation are sometimes used interchangeably.2*] Hydrocarbon accounting has a wider scope,
taking advantages of allocation results, it is the petroleum management process by which ownership of extracted hydrocarbons is determined
and tracked from a point of sale or discharge back to the point of extraction. In this way, hydrocarbon accounting also covers inventory control,
material balance, and practices to trace ownership of hydrocarbons being transported in a transportation system, e.g. through pipelines to
customers distant from the production plant.

In an allocation problem, contributing sources are more widely natural gas streams, fluid flows or multiphase flows derived from formations or
zones in a well, from wells, and from fields, unitised production entities or production facilities. In hydrocarbon accounting, quantities of
extracted hydrocarbon can be further split by ownership, by "cost oil" or "profit oil" categories, and broken down to individual composition
fraction types. Such components may be alkane hydrocarbons, boiling point fractions,*! and mole weight fractions.%]

"“3 O\J‘O Ca rbow oxcc@u,\ﬁ‘v\\c) ~ e aonutro\t'b n

Tv\dn‘v:dho\l, ov[,{/( ‘Jroa(uof\ev\ w8 Pl\wdviﬂ)h O\t J(qun,{TOF

w¥ce) \/N,W‘CV\{T W
6 :
Allocation Procedure:

i i i The example of fundamental application of allo-
Principles of Allocation: ikl e g sialionel
i : i cation is show in Figl, where allocation meters
Proportion based allocation: An allocation prin- Meter#1, Meter#2 and Meter#3 measure quantity
cipal commonly used in the oil and gas industry is Qi Qy Q, respectively in the incoming or source
called proportional allocation. Proportional alloca S I
N | . il b | A comingled in the form of processing, pipeline or
tlon assigns the quanﬂty measured by reference storage etc and output quantity Q, is measured by

meter ({otal system entitlement) back to incoming reference meter, Meter#R. -
teats lcutced) | Tl 1 e In the ideal situation, the summation of quantity
=SBl AL |n.pr0p L nf i SIE BTIY. measured by incoming source (allocation) flow
measured by allocation meter in each stream. In meters, Q,, Q,, and Q, should be equal to the
other words, proportional allocation assign the dif quantity measured by reference meter, Q, ater
f bet i ot and sumcf accounting fuel consumption and flaring etc.
grence S relerence Lt fm( L 0 .quan- However, in the practical world, they would not
fity by all allocation meters, either positive or match and so rules are required to account for the

negative, to each stream according to the relative differences.

it (bvalleznmters T Normallythe quantity measured by reference meter
(!u‘m lymeaslureF )‘ya 8 ‘|0n Sellay kL is assumed to be true or accepted value, so the
tional allocation is irrespective of the measurement imbalance isallocated backto theallocation streams

uncertainty in the allocation meters, according to a defined allocation principle.
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PIV measurement in a radial flow stage

» Flow features in diffuser and impeller may t Eficienc
be identified from measurements

» Flow misalignment and recirculations i
reduce efficiency
BEP . Flowrate
55% of BEP flowrate  79% of BEP 84% of BEP BEP flowrate
s LAFT: Example of stall region in diffuser passage (measured)
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Microsoft Windows [Uersion 6.3.9600]
(c) 2013 Microsoft Corporation. All rights reseruved.
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Water depth Field Offshore structure

70-75 mis Ekofisk  Jackets

120-130 mts Balder ~ FPSO

130-250 mts Gullfaks ~ Conerate 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 mfs Krstin ~ Semi-submersible platform

1300 mts

Luva*®

Spar plattorm

*Future field development
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Motion of marine structures

Added mass
Etﬂﬂbﬂ loads Damplng snd Restorng

forces and moments

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

# - Numerical Model
- Experimental testing
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Fig. 4. Nlustration of sea waves and swell generation.
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Motion of marine structures

Tnom EXPENIMEST S |
C; Response amplitude operator, RAO

it establishes a relation between the motion and wave
amplitude in the frequency domain
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Fig. 24, Representative heave response transfer functions for different semi-submersibles.
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ﬁnx_u_,___u__ﬁ__
Statistics of waves A o
Wave surface elevation : ._._.._.. i dkol b I L+ fime
Wave spectrum (Hs, Tp) ” o _n__ UKL

Calculation of
hydrodynamic loads

Huid-structure interaction

{
b

" _‘... -
U‘:QEEG Q:Q?m.-m response
For practical purposes considered linear

¥
Statistics of the response
Verification of design and operation
according to rules
Ordinary gravity wave-wind usually of

interest (period 4-24s)
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Current world fleet of floating systems

.%%. Nt shoven in the bar eharts i 1 FPSO aff-field mvaiting conmract . Alse nat shown are
AA € 3 production semis thar are oY= fFeld and may or may Rt remrn o production.

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

62% are floating production, storage, offloading (FPSQO) 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

Integration and commissioning inshore

Offisading

Thruster

Mooring ChainWire

< mSubgsea m.qni.-._.



Presenter
Presentation Notes
Capacity.. Up to 2 million barrils

Important roll motion control… weight and stability (ballast system)
Anti-rol tanks to control roll motion

FPSO Petrobras P34 – accident October 2002
Heel abt 32 °
Cause: Faults in the ballast system

Floating Production, Storage and Offloading vessels are particularly effective in remote or deepwater locations where seabed pipelines are not cost effective. FPSOs eliminate the need to lay expensive long-distance pipelines from the oil well to an onshore terminal. They can also be used economically in smaller oil fields which can be exhausted in a few years and do not justify the expense of installing a fixed oil platform. Once the field is depleted, the FPSO can be moved to a new location. 


Semi-Submersible (Semi)

s Flexible concept with large (unlimited) capacity, topside weight and area
s Column stabilized

= No water depth limit

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

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

Drilling
Ultra-Deepwater _

Semi-submersible

== Chain/Wire/Chain






Presenter
Presentation Notes
TLPs: Snorre and Heidrun in the North Sea


Spar Platforms

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

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

s AkerSolutions



Mooring Systems

s Purpose of mooring is to keep platform on location

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



Presenter
Presentation Notes
Traditional: Steel Chain
■ Strong and well proven
■ Deepwater issue: HEAVY.. 100-300 kg per link

State of the art: Polyester
■ Light and strong
■ Increasingly used for ultra deepwater





Riser tensioner

Top Dove (Drilling
machine used to
rotate the dnll stng)

REB /Dyill floos

Gumbal/flex joing

Drverter (anmilar valve
used for closing the nser-
dnlistring annulus)

| Drilling nod retum
line with valve

Sea water

_ Flex joint used to all

ow inclination of riser

Riser conmector
(nsed to disconnect the
riser from the BOF)

—

BOP (used to seal annubus/'ont drill
string if required/close the well)

I
“ 307 Structural casing

207 wellhead casing

Crown block (may inchide conpensator) _

_ Travelling block (nay mehde conpensator)

§

| Dulling

| mid
\ sugply

Drawworks (used to nin
e drill string)

[New systems allows
e unir also 1o be used |
for heave compensation) |

Diverter line with

valve {used 1o divert
\ gas from the riser)

Raser tensioner (used to keep
the niser in tension)

Ruser

feTvsiom ring

e

Buoyancy
elements

Telescope with seals

| (used to commpensate for vessel
| heave motions)

|

Raser fill-up valve (used fo avoid collapse
of niser when heavy mud is dramed to sea)

riser)

Lower magane riser package
(anmular valve used to close the

Temporary &permanent guidebase

Sea bed

Diill string

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

The different riser tensioner systems (National Oilwell Varco, 2007h).

Figure 5.3: Production riser tensioner system at the TLP Jolliet (National Oilwell
Varco, 20075).



Principal Selection Criteria

Storage or pipeline?

— N

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 Gjea
mm Asia Mmmam TLP / Spar Semi w. drill Typhoon
onversions v : W

Snorre A Njord Hed Hawk
Diana Snorre B ~
Shenzi Thunder Horse
Tahit

IS AkerSolutions



WH Fatigue

Background

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

* Complex well designs and operations including multilateral-
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
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