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Study of Implementation of Simulation for Subsea

Production System

Young-jin Lim

Division of Naval Architecture and Ocean Systems Engineering
Graduate School of

Korea Maritime University

Abstract

The purpose of this study is implementation of the simulation for subsea
production system. Subsea production system is installed under the
environment of high pressure and low temperature. Most of processes of
production are proceeded in the subsea equipments. Therefore, the
understanding and study of subsea production system is very difficult
because people cannot observe the process directly. The simulation
system can be a solution for this difficulty. In this research the
information models and 3-D graphic model for the subsea equipments
were built using the object-oriented technology and 3-D CAD. The
entire system was implemented with help of simulation software, 3—-DVIA
Virtools. The simulation system of subsea production system was tested
with several scenarios of production process. The test results showed
that the simulation system is very useful for the understanding of subsea

production system and can be a good education tool.

_|V_



A1 A&

1.1 d9i 7

5ol T vdEFol
&  F7PF wiE" 1409 EE 7= %
o] AFE AAEel v AoZ HrtH Ao weka sl Al e
HolA A3 A= vk ok

[HS(Information Handling Services)ol] 2Jsbd 2007d1& 7
E AT T AT OF 24%E AA S Th2e] B ol ZFe E VI
TOo R FTtzo HFo] oF 43%F AA Gtk AA HEAFALS
AH Ak oF 35%5 AAstm glrk gla 20079 Ae A
o 6%TolARE 2012\d7FA] 10%= 571 ZLo2 o EHm o]% &40

S

2 sk Fdd o] # A O = Douglas-Westwood+ HAwstar ot

Ky
=1
i
i)
K oft
\]
o
(@)
oo
L
ik
=
iy
o

AN
o
fr
1
do
1o,

¢

» Shallow water
60000 B0 = Deep water
50000 50
z
g 40000 g 40
S 30000 =
z S %
.'.',’, 20000 =gy
g - — - 20
10000 . —
— : 1111
0 .
R | ;
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
#b& @ Douglas-Westwood 2} Douglas-Westwood
1 A1 0 )=z A& 3 . =] =] =] = =] &
Fig. 1 214 source™ A1+d s Fig. 2 A&|9} Ao A= 52 A3
=1
EU . iy EUy

HRPEBE Af Q] FL 4TS AW, 53 Ha) Al E oA

o] Ax]3}l+= subsea system? & ro] F 23T} Subsea system®] FHH|= 4



oA 7}

2
E

iz

=

A

3t dAEE 7L

te et AA sl Aol A

E

=

o
T

9

1=

2 A]
o}

1

3k 7
PN
=
1]
T

o
H

ol™, o

e

ﬁo
B

NI

R L

S

Al 2Ee A

toh ole} 22 o f = f-Eututel A T T|Eel o

°

A%t b

S|
=

ﬂo
B

91|

Ry e F

ok

A s ol A

file)
0

o

an
I
e

B

/KE1

manifold,

A2t
X-mas tree,

-

h

3

3

471 4

[e)

=
subsea system? well,

9213173

= X
L

AR E =

ol A Aofut

&l A el

AR

flowline, umbilical cable, umbilical termination assembly(UTA)

ER

+
ol
o
B

m

—~
o

min

}

0]
yal

'

[



A2 A& A+

2.1 Asl M4 ke 77

o

s AN 0 FR zolt mde YTE AUdTh g mdold o
B2 7t vhgsel 9 Aolekn AYNE TUL Hu, BAL AN
o At N AFoE BEFLE BolSe Aue] Fgoluh

A A AW T AL e W 2o A ek
w AEA AR At 2ol 4

az
ol
2

QA Wy

a9 gk

Sol xaH ol

S4H oy
Lease

)

A7 oA
Prospecting

¥

NE Al
Drilling

¥

27 w7}
Well evaluation

l

8 8
Well completion

|

Mo 5|4

Product!on

¥

A el el B

_/] H}:ﬂ— J/]_X-]

=2 B
Ny TSt ojg A gm

Mo EX| 0j2A %=

O EH
£
L]

SAAE (M=)

REMZ

= (Well logging)
Atsd FAHDST, drill stern test)

of

=E
AHEH
Se

kI uh
T °

% 2= (casing) 2%
A|HE (cementing)

#HZ (Perforation)

P2 (Fracturing) {

transportation

Fig. 3 &+ 71

N R 2 P =207 (sep
Storing 8, e >
=

34

rr

Oft

hn

_4

gel



i)

2.2 A8 A% AN A2R Fo FHAER I

AA, =744, TAA ZF oS

ol #d AEe 7HAL A= V=, 7 H
THEC =290 AT AHNORSOK Standard),
= A %3}7] 7 (International Standard Organization, ISO), =4 A 7] 73] 9]
(International Electronical Committee, IEC) &©°] AT}

A3 A A AzEle] gue g Aol Fas AZey] Wi

A A AN e AARL Qs R agelr Fart R 23
she @AAbol uehdk. olsh 2e g wEel Als AR AL A28 gu] A
o z7] Al WS ¥ Aejolga & & 9

a9

Wo) gule 2 AR gu), FEed
= 4 o Ao me [IOR(Increase Oil
Recovery) FH| % 3718 4= 9t} A5 IOR AH| &= ofx A X% o] B

erob melshd @712 stk webd FulES BRel we ggo agow

olsh Ze el Af A Al

dotng gl =508 YH Mo ZH|

Umbilical




2.2.1 X-mas tree

X-mas treex wellhead 4o AX| =™ 4, AX]$1#], borehole®] A7,

#4048 Sol met dFH FR7 9

Vertical Horizontal
X-mas tree X-mas tree
— e N — e N
Traditional Traditional

- Vertlcal —  Horizontal
X-mas treefVXT) X-mas treelHXT)
~ U ~
S S S S

Enhanced Enhanced

L Vertlcal L Horizontal
X-mas treelEVXT] X-mas treelEHXT]
.~ @ J -

Fig. 5 X-mas treed &7

X-mas treed] 7|%5& v} 2t}

o o AL Ao

o uitiel Aol kd A

o tHstA At Aoy wAlS FUS T

® Aol flowlineo| 3}d&E F¢

® Downhole WHES] A& 7M538HA &

® Downhole Al°l*] =9 A7]4 A& 7ot 3
® Annulus® %3 ¢4¥S wiy

® ChokeE Tl 555 dAsHA #A

o 49 e 7hsstA 3

X-mas tree?] HFAA meAtee otdolt}, ZHoly FES E AU
=29E g Q7] "ol o9} e ALE wo fE e A AoE fgk st

We7E .



Choke

Internal Tree Cap

Crown Plug

Connector

Fig. 6 HXTY +=%
U 729 35S 2ESAY A 4 Qe WHe] FRe 9F8e o
=3 2k
Table. 1 WH O T/} 11 AT
LLAZ] %
Surface Controlled Subsurface | Production tubeol] X% += WHZH
Safety Valve (SCSSV) Aol A HA B
Product%on Méster Valve (PMV) | | o} Fhae] BEO AuEe Wy
Production Wing Valve (PWV)
Annulus Master Valve (AMV) Annulus 999 ¢4EHES AdstsE 9
Annulus Wing Valve (AWV) a- 0}‘“ ELR=E
7}l FES Alojste] A
Production Choke Valve o ki _]— e o8t °
g zAsE Wu
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2.2.3 Flowline, Pipeline End Termination(PLET)
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3.1.2 Dynamic Model
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class production system/
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3.3 UML(Unified Modeling Language)
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3.4.2 Sequence diagram
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4.2.2 Manifold
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4.2.3 Pipeline End Termination
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4.2.4 Umbilical Termination Assembly

X-mas tree®} manifoldE #|ojst7] ¢l = A7|A Q] As7F ds
AUl-o] d&3st 555 9138 $8EA S injectiond T Q7F S
= 934l umbilicale] Z 23 umbilical W9 AsE LubA
A

=
dH]Ql umbilical termination assemblyE th3-3 o] ReEl&3}e]

>
St S POR AT SRy @ ] -

O EESsyYRBn @ 60 mS8Y wEindQsafAEE 8 238 c0LBIY Z
[isoingypeaos s T JEI

Fig. 26 Umbilical Termination Assembly®] =&

£

_24_



34 Fol A ol
o). wepA o] R

F uj

°

I8
ol = o] 7pA] AL

=

7(61 el

=

=

Al

X

=
T
RS

o=

h 8

3}, o))

sko] 1Y

e}

ALy

=
=

Al

X

3 A AL Al 29 layout

5

/]\31
Fa e )

2.148 A 3F7 JEagel ois)

4.3
7}

4

—_
fiie)

)

]

514

°©

as s

12

°©

AAE A 2" o] Jayout AA

iy

S
&

3 A A2k A 2~E] layout AA

9

Al
f

4.3.2

il
o

2ol

o
il

_25_

% ek ek o] =g 7]

=

fei3



@ 44 1,000m °]7%

@ HA el Atd P A

@ v|Z Ho AdwE Au= A}lgst A

@ Bl Hro] MEE A 7]ES A @ A

01m 30s 082ms
Scenario 1

Scenario 2

Scenario 3

Educatianal Version

Fig. 27 A8 A A4 A]2=®" 9] layout

_26_



4.4 NEOIAY T Y

=

441 7144 £49

3DVIA Virtools= 24 FH|¢} I F-&E5S AR AAste] 2o wf

Heo]de] o] Zhsstth AlEH el 7% ¥ & building blocke]

AE o, 3A T v ads Folste] AlEdeldS I & Ae

3= 7x3te dojgtar s 4= v}, Building blocks F&31e] scripts 1+

st A 9] script 5 HolES A2 9|5 schematic o]gtal HF-Et}. 9]

THA N M= ZF Fnrjol L2t scriptE 2SI Ydhs AEoly avE
o

dslo] A EEolAE & 5 JEE I,

Building
block

_27_



Afre] AYES odst dEutow pdstd Al olHEZN ou7t gl
a1 #este] 3DVIA Virtools® particleo] 8= 7152 AFE313 T Particle
e A7Iv B3 gto] WAIRE el AR EJATTT AbeRA = Al a3E 918
AREETE o] EiolA e MES deElste] AT AWFIIE TAs] 4

o] FAdE YERHATE Particles #olut Ala Al AAE A|2®le] ]

5

& 4
WE mE oBeA 2Asel BFHGA Hfel #

Particles /3= 8.4F emitters, particles, deflectors, interactors®
LAl Emitterss particle®] WSO A= Lol Wek AAHE] 2o x o
AN 5& 2HS £ Jut. Particle AEHAIZY, ¢, =, FA aglx
M7t =8 zA4E 5 Qi) Deflectors A particleS vF&A A|AH HAEE
FASd ¢ e Lot 1 FFE+ box, cylinder, infinite plane, plane,
sphere, object’} At} Interactors:= particle®] 35 =2 3 S5 A

I Q= Q4olY. 1 FH/HEY disruption, global wind, local wind, magnet,

mutation, tunnel, vortex”7} It}

o] =&l = wellhead &l emittersE A Xt 3 A AH ALt
AN2®e] Fu]E deflector® A3kt maEkA wellhead FZollA A H
particle®] x-mas tree, manifold, jumper%¢ #H] YH = wteg} o] ssim A
el ols AEE XA F AEF ST

00m 158 977ms

Fig. 29 Particle?] °o|&

_28_



4.5 A& A AL AJEY oA

Fig. 302 & AF& &3 7/IEs Asl Af At AlEgelde] A sfwol
t}. Subsea production HEZL
sequence diagram< T3 3t

& 5 JES Fserk

05m 09s 721ms

Scenario 1
Scenario 2

Scenario 3

Turn off

_29_



4.5.1 AlEeolde &&

ol

IRRER e

3] 3]

of A

2l

»AO
)AO

O

)

(D

)

ol

Fig. 31

23

A3} PLET 13 PLET 2¢] &3

§—_]__

5% 9% 700ms 23}

ok
oF

AlEY ol A&
particle®] 7R57F & AFol7) §l&

_30_



(2) A 251
o] Alya]lQe+= PLET 1 =& manifoldo|A PLETZ AZ%+= jumperol] A
o] A7|= A A3S 7HAE) Eo}‘:}. giete 2 PLET 22 AAiHS A &3

o

=
tal 7FA4 8kl manifolde] WHE O3S vy go] ZZbele] AlE# oS
_/r:

Fig. 33 Al 4% 1

PLET1 0

PLET 2: 565

Fig. 34 A %3 19 A3

Aaadelsh v g8 Bl A o 5% 9% 700ms Het Agshgia
PLET 16] =231 particleo] §18-2 SHelgto2 PLET 1& Al8a14 %1
HHE AN 5 9SS F F 5 A9

_31_



(3) —r;(ﬂ o 2

o] AY}8]2 = x-mas tree = L7t OV\LO] 71 A manifoldoll A x-mas
tree?} AAE = jumperol] A7 A ASS 7EAE] H ko

Fig. 35 &A] &% 2-1 (88 =74 M) Fig. 36 A &4 2-2 (8B =4 f)

WH 2L A @3 oF 5 9% 700ms E<F AHF A3} 7 sje] PLET
29k particle®] 4 ztol7}F 382 uUEbwth WHHe] MBS zAsta A

PLET 3} A7} 29

Y

_32_



it

i As

9

glolEl el of

h=]
=

299 A

A A

3

—

<H

of

< H O
— 1 =

3 Al

71 <

S

ol

o

e

3

Al
f

of THEL WRoIA Aojutrt. mebH

o,

)

oA ool ut

=
=

wjp- L7pol B R A4

o

=y

Tl

™ Az ]

o

sttt Asl A4 A Al="e FAES 3D

24

HLo
=2 =2

A= AlEEelE A

P
T

3DVIA Virtools

TAY

=
=
°o]&

EdolH

7t} 3DVIA Virtools

AA A= ol

gy =< CATIAZS

2}

KeN
=

o

NI
o)
Hjn

g

A

7

1]

S

=
=

gl

b=

S

oA AbE-

=
=

EE]

S
=

= 74

gl

o] Al EHIHE &

7 As

CEE

>
2l

!

el

el

i

il o]

9]

1 A6 Aakel s o gl o

Al 3]

=
P

T Aol A

’

o

]

;ﬂo

el
R

¢+

o
el
R

¢

o
)
]

=
)

A2l 7
AlE e o] Bl

f?‘l.

< El O
— 1 =

[OR(Increase Oil Recovery) A

-
1

gl

o a3

PN
=

3 217

_33_



9.

3AH AlEE ol A" el dietal ekl MAaf=, 2010

&, 2FA, oJAF, YIA, ‘&G HFEAE Rig FF AEH A

. Einar H. Winther-Larssen, “Design of and Electric X-mas Tree Gate

Valve Actuator”, Master of Science in Engineering Cybernetics,

Norwegian University of Science and Technology, 2007

. James Rumbaugh, Michael Blaha, William Premerlani, Frederick Eddy,

William Lorensen, “Object-Oriented Modeling and Design”, Prentice

Hall, 1991
Yol #ZALA, http://100.naver.com/100.nhn?docid=100447

10. Wikipedia, http://en.wikipedia.org/wiki/Unified_Modeling_Language

_34_



	제1장 서론
	1.1 연구배경
	1.2 연구 목표

	제2장 심해 석유 생산 시스템
	2.1 심해 석유 생산의 과정
	2.2 심해 석유 생산 시스템의 주요 구성품과 역할

	제3장 객체지향 정보 모델링
	3.1 객체지향 모델링 기법 (OMT : Object Modeling Technique)
	3.2 객체와 클래스
	3.3 UML(Unified Modeling Language)
	3.4 UML 다이어그램

	제4장 석유 생산 시스템의 시뮬레이션
	4.1 시뮬레이터의 의의
	4.2 시뮬레이터 모델링
	4.3 심해 석유 생산 시스템의 layout
	4.4 시뮬레이션의 구현 방법
	4.5 심해 석유 생산 시뮬레이션

	제5장 결론
	참고문헌


