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Abstract @ This paper proposes a design verification method based on system dynamics for offshore separation systems. Oil and gas separation
systems are key components of offshore oil platforms, these systems determine the competitiveness of engineering, procurement, and construction (EPC)
projects, especially in terms of added value. However, previous research on design verification has been limited to the process and deliverables of
design. To address this, the study aims to develop a comprehensive design verification method and the associated functions from the perspective of
project management, for the entire project life-cycle of offshore structures. The proposed methodology for design verification is expected to contribute
toward effective and detailed designs as well as improve the competitiveness of EPC companies in constructing offshore structures during the early
design stages. We first analyzed the separation system of the FPSO using the design verification method adopted by advanced countries and compared
it with the system dynamics process formalized as ISO 15288. Subsequently, a tailored process for the design verification of the offshore structure was
derived. It is shown that the proposed design verification method can be applied to the front-end engineering design process of offshore structures.
Moreover, it can contribute toward the successful performance of offshore projects in the future and also minimize design changes and critical risks

during the construction of these offshore structures.
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Fig. 1. Configuration diagram of FPSO separation system.
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Table 1. Pressure of FPSO separation system

HP Separator IP Separator eparator

Pressure : 30~50 bar

Temperature : 100~150°C
Water content : within 5%

Pressure : 0~3.5 bar

Temperature : 60~80°C
Water content : within 1%

Pressure : 10 bar

Temperature : ~100°C
Water content : within 2%

ole} T AAHE FaI HFAHoRE iHd =3 Ttae
Re-injection system®l] & 338} InJecnon pumpE F3| YAl
o FAP RN Aol Al whet vtobx] FA -

A A A 54 H th(Hwang et al., 2010).
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Control of Water and QOil
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Water Out

Liquid Retention

Water Out__ Oil Out

Fig. 2. Principle of oil and gas separation.
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Fig. 3. Design phases of the offshore structure.
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2 2 thFig. 42] ©).

2ow, oA 2433k PFD, UFDO +nf HH & wof Hrh
A8} ¥ P&ID(Piping & Instrumentation Diagram)& = 3}
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“hs capacity on majo- equipment 3
and the process data for E
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9 Jetemine terrperature,
pressure, fiow rate
(Heat & Material Balance)

UED(Utility Zquipment Datasheet)
UIDUtility Instrument Datasheet)

Fig. 4. Process FEED of the offshore structure.
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Aol oA A g e 4 &
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olelgh el &S JNAsty] Hste] Aol s AAA
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A T3 gy A &) flEE AARST R

Aol ol WAt &

i
ol -
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Fig. 62 felvet 7]&o] obx Fashx] Ratn e
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H W AES p&IDE 1A 1 7)EF 0 ¢ FEe T &
g @ g 2Elal BdA] AR g e B e W
|5 Ak ol ATste] FAEA dEsA FHdE
U= el

= AT

Design Verification

Contract
RISK FeED
/ FEED Maturity
Maturity Design Failed
p Verification Project
? " Design Change
A vk /\/\/ \/ ;
\ 3 SR T e et
e N i i e s i i
\\~ 7 Alowable Risk Successful
|| A~~~ Project
Design Change

Contract Time

Fig. 5. Necessity of the design verification.

( System Verification ) s
Commissioning(SVR)

Mechanical Completion

Separator Arrangement

Detailed Design

P&ID (AFC)

<Verify ltems>
- ERROR

- OMISSION

+ INSUFFICIENT
+ DISCREPANCY

* SVR : system verification review

Module Fabrication

* P&ID : piping & instrument diagram
* TFC : issue for comment

* AFC : approval for construction

Fig. 6. Design verification process model.
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AzEE olsta WEE Aol RAE AFHoE AT
sfo] mustd ¥, Uw Ge)

A A4S 9 414401 A A s

Al 2=El thofu] ~ & o] &8t 19| E(Research Framework)
2 ol o} o] sehAR O]E ﬁ‘jr

AR, 4 2] FAo| 3 A
Aol gt FAE A st HFE Xé-"4T?_‘jr(Determme the
Variables).

A, GAl A= Al E 3] =9 Al Zt(Feedback Perspective)
ol A 71'd 3H(Conceptualization) Al 71T}, o] WA= EA
TAE oF7IA7]= oy ARlEo] o9 FE AAH ]
AE7HE I =W A Zb A YER = 91 74X X (Causal Loop
Diagram, CLD) #}/do] 588k A7} #th

AR, ool MdstE vt o R AA|R G o]
E 298 % (Create Model) 3},

U], A& o)A EA(Simulation analysis)S =3 3FT}.

UAA, ZAdE BEoA Kol 8 HTEe] JHE T4
o2 mdlo] eldAS 7K Model Validation & Evaluatlon)?fhi]-

2 AT E gAl g & FollA AA dARl
o Aojet A dAY AAAE AHE Foto] A 74]745
RS AAISHITE Ae] Wel= ol ] Fig 73 Zth

Create
Causal Loop
Diagram

Create Simulation Model
— Model — Analysis — Validation &
Evaluation

Determine
the Variables —|

Design
Verification
Process Model

— Scope of this study

Propose
the Design
Verification | —

with OC-

Model

Fig. 7. System dynamics research framework.
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o]gste] JAAAEE AT F I=F FQ& 6—‘%:]3-?1
(Cause and Key Factors) 8714 ?'5}%% Fig. 83} o] X435}
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[¢]
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WA 99 stetd & g 517] Wil

Cause and Key Factors

Concept Design Detail
Design ‘ ERED Verification Contract Design
* Tech. Selection * Desigh Change * Vendor Data * FEED DATA * Process
* Rule * Change Order * Operating Con * Estimation * PFD
* Regulations * System * Pressure * Specification * P&ID
* Code * People * Temperature * Bidding * HAZOP
* Standard * Technology * Internal Dia, * Hysis Data
* License * Profit & Loss * Length & Head
Cost * Material
*Sch. * Corrosion
* Quality * Lining
* FEED Maturity * Insulation
Fig. 8. Cause and key factors.
r = - 2= o] &
BE3E, Al 28] ol s ARSI AR S Ee ot
=] = =y - o -
o Wam grldolm AA A WahAo] 2He RF
= = 2= o =
a7 QIAA =S A4, o]& Mg O® FEED A& =] whe
= = I~
AAMAT FBAL 3 4wl S QT
=
2 o} Fig 99 2ol LpEIT.
Cause and Key Factors
‘ Concept Design Q_ Hi®iel TE T — BrE
j—r :><:{v€ Avw\qg AN AN | rw_‘[;]
e | g ——
‘ FEED Maturity esign Verification -~ o ] ‘Tw‘)"-r'
I I A Seti e il
Rule Y - mee \‘6 " iy
Regila
| Design Change ‘ - A:,M s et D vl
Standard
‘ Change Order ‘ 3’ : B
=] \ n
] I o nm“cm i r)
] X
‘ Profit ‘ ‘ Loss ‘
B
s =

‘ Contract ‘

Fig. 9. Causal loop diagram (CLD).
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FETF - AAE o] FA - HEY

4.3 AAE ClO[Lf2IA J[HI pH X Output(1) Operating Condition - Fig. 11(a)
AAAZ 24 7(-]_9_ = Ho O]‘EH-‘DJ Fig. 1001]7\1 Ho ]%
- A.  Liquid Volumes
H]’Q’ 71'51'0] FEED Eﬂ O]Eig’]' /\]E—E]IO]/F]_ Eﬂ O]H _—lE]—’ ]ﬂ‘] 1.  Oil/Condensate: 235000 Barrel/Day
Eﬂ o] H% 1?:1_0]_ @%3}9&5}' ;1-_ FEED Eﬂ o] H Oﬂ }\1 T'o___;ﬂ el 2. Water: 420000 Barrels/Day
’ B. 0il/Condensate Characteristics
3”]’ }\]%Eﬂ o]’E Eﬂ O]E‘] 01]7‘1 %iﬂ-‘ﬂ %}‘6] _—lE]_]—’_ ‘ﬂ\:‘] Eﬂ O]E‘] 1. Foaming: Nil ____ Moderate vV  Severe
2. Paraffin Problem: No Yes_V

ol A AA &FAEES st A&skgith
FEED Ho]E] 2] &H A Pressure®} TemperatureS

3. Slug Flow: No___ Yes: ¥ (If Yes, give details such as maximum liquid rate,
slug Volume, etc.) 3 o

)

' C Gas___530  MMscid
23R Al EF el dolee] FAle] B/l Headse] 3 D. Operating Temperature (°C) : 55 Max 45 Min
AFO Q9 =1od 7 o]o= O R Lglo= oolml 7 E.  Operating Pressure (bar): 3.5 Max 0.2 Min
$& HEsat = fAdA Sehes ek 7b o ontent: 0.005  Moled% CO2Content: 0.1  Mole%
229] Mol%ell w}g} 2%}, 32} A28 oA 279 7} G. Geographical Location: Nigeria OPL 222

2 2717 g=A A8 5 7] wiEelth el Hiy
glole 2] A7 QA8 A Internal Diameter, Height or Length,
Material, Corrosion Allowance, Lining/Cladding Type, Insulation

Typee 4 33k510% o | ~components | —wows

Output(2) Fluid Composition - Fig. 11(b)

Nitrogen 0.02
()
PROCESS INPUT, co:
*FEED Data
—_ I Methane
‘*Simulation Data
*Vendor Data System Analvsl Ethane

& Control
{Ealan:e]

O 0 N O RN

Propane
Regquirements Analysis « Trade-Off Studies
") Oparacing condivion e faatin
Requirements Loop n-Butane
Composition Analysis =
- simulation Data i-Pentane
- (2) Fluid Composition
Design Loop n-Pentane
Verification Synthesis 10 ce*
* Vendor Data
- (3) Design Requirements. 11 c7*
PROCESS OUTPUT 12 cs*
+ Operating Condition =
RELATED STANDARD: = Fluid Composition 13 c9
ISO/IEC 15288:2015 - System life cycle processes * DesignRequirements
14 clo*
15 Cll+
Fig. 10. Process application method. 16 H20
17 02
5 : TOTAL
FEED Data Simulation Data Vendor Data
Operating Condition Fluid Composition Design Requirements
.’ ‘ ‘ Output(3) Design Requirements - Fig. 11(c)
Output (2) Flid Compositon
AMTAL ) Oparniing Conchicn %-? Output (3) Design Requirements
= - A, Type: Vertical__ v Horizontal Spherical.
Manufacturer's Recommendation: FMC Technologies
R Two-Phase v Three-Phase

B. Design Pressure: 3.5 bar at Temperature _60 °C
C. Type Mist Extractor: (Specify) _ Vane Pack

D. Corrosion Allowance: __ 3.0 (mm)
E. Corrosion Allowance for Non-Pressure Internal Parts: 3.0 (mm)
F. NACE MR-01-75 Required: No___ YesV
G. Special Stress Relieving: No vV Yes
Specify if Yes:

Based on the information obtained from FEED data, simulation data and vendor data as
described above, the design verification of the separator was completed.

Fig. 11. Summarized of the design verification. H. API RP 14C Safety Systems Required: No Yes v
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Table 2. Results of design verification (Source: HHI USAN project)

DESCRIPTION IFC P&ID AFC P&ID
* Separator Number TO VZ 2002 TO VZ 2002
* Stage 2nd Stage Separator | 2nd Stage Separator
* Type 2 Phase 2 Phase
1. Pressure Design FV/29 Fv/3.5
(bar g) Working 0.5 0.5
2. Temperature Design [ Min. [Max.| -29 [ 100 29 [ 100
c) Working [ Min. [Max.| 45 | 55 5 | s
3. Internal Diameter (mm) 4600 4600
4. Height or length(mm) 15400 15400
5. Heads Elliptical Semielliptical
6. Material cs s
7. Comosion Allowance (mm) 3 3
8. Lining / Cladding Type Coating / Anodes Coating / Anodes
9. Insulation Type H PFP
1. Error : Full Vaccum / 29 bar(3.5 bar)
2. Insufficient : H - Heat Conservation (PFP)
3. Type Change : Elliptical(Semielliptical)
* PFP : Passive Fire Protection
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