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A Study on Efficient Implementation of
Mechanical Completion for F-LNG

Yoo, Sung Hwan

Department of Offshore Plant Management

Graduate School of Korea Maritime and Ocean University

Abstract

The offshore plant business of the three major shipbuilders shrank
considerably due to the global economic downturn, the shale gas
shortage in the US and the plunge in oil prices. In addition, For low
oil prices, orders are decreasing due to low profitability and losses are
increasing due to delays in delivery dates. Therefore, in this study, the
internal factors are examined to find ways to make up for losses. In
particular, it points out the problems that arise in the drying stage and

suggest improvements for this problem in F-LNG.

_Vi_



The part that can reduce the loss in the drying phase of F-LNG is
Mechanical Completion. The problems that arise during the execution
of this MC are discussed and it suggests ways to solve the problems.
This study explains the concept of F-LNG MC and explains how MC
system is implemented. In addition, punch, HFE and preservation
activities are investigated which are problematic in many problems in
F-LNG process. It suggests improvement plan and describes its effect.
Therefore, ship owners are willing to deliver the F-LNG on time with
satisfactory quality, thereby reducing the unnecessary cost loss and

overcoming the difficult situation.

KEY WORDS: MC 4] A]; Punch £&&A|; HFE Q13133 Al; Preservation
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Table 2.1 Component of mechanical completion for F-LNG

| F-LNG COMPLEX |

ﬁ;ﬁs 405 ;‘zzgeigyz Series 600 | | Series 490
power,/ power/ Fire water Fuel oil
Distribution Distribution system system
System System System System
402.01 402.02 600.01 600.02
FWD em'cy AFT emcy Foam Fire water
G/E ‘ G/E ‘ system system
28;- _gfg g m Sub-system
FWD em'cy 402—02-(20
G/E AFT em’cy G/E
Discipline Discipline Discipline Discipline
Electric Piping Mechanical Instrument
Tagged Itenrs Tagged Items Tagged Items Tagged Items
-Cable -Pipes -Engine -Remote
-Cable way -Pressure -Winch valve
-Battery vessel -Compressor -Safety
-Generator -Spool -Pump valve
-Transformer -Valve -Crane -Cable
-Light -Strainer -Turbine -Sensor
-Electric -Filter -Filter -Fire detector
panel -Lifting  device -Gauge
— 8 —




Table 2.2 F-LNGS] thEZ] Al2~dlS veRd Zlojw ZgA Enjrt
g2Arh @ Z2AECE Alg27F 397, Alz=He] 8671, ABAZ=HE
30671 ©l™, Bl of 2092 #AefH = &0l B IZ2AE Y

453 ®h

==

Table 2.2 Main unit / system of F-LNG

Unit No. System No. System Description
U31000 310-01-00 LNG storage tanks

U32000 320-01-00 Propane storage

U32000 320-02-00 Butane storage

U33000 330-01-00 Condensate storage

U34000 340-01-00 LNG tank interconnecting

U35000 350-01-00 LPG interconnecting lines

U36000 360-01-00 Condensate interconnecting
U37000 370-01-00 Slop tank & pumps

U40000 400-36-00 Hull lighting

U40200 402-01-00 Emergency diesel generator
U40500 405-01-00 Essential diesel generator package
U42500 425-01-00 Sea water cooling systeml
U43000 430-01-00 Potable water system

U43000 430-02-00 Service water System

U45000 450-03-00 Essential close cooling water system 1
U47500 475-02-00 Starting air distribution

U48000 480-01-00 Nitrogen

221 A% A £3}(System Breakdown)

FLNGE= A2dZQl T72& T3 «xx o= e
oA ZEAE FF a&S HAA3} 2 A IFGS GA FH35H A
AAg WA HE&& HAZHet7] 2

N 2=E] A28k gE Shto] A|2ES AEA RSO R U E PAE B3
N2z"e UF AZSAZA Jd 344 485 st ArAY 578

ME L] S GAZE kst o= Q1% TR AL Utk
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Projectduration without Sub-system breakdown
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Pre-Com
Commissioning :

Projectduration with Sub-system breakdown
MC | TIME BENEFIT
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Pre-Com
Subsystem 1 MC Commissioning

Pre-Com H
Subsystem 2 Commissioning i
MC H
Pre-Com :
Subsystem 3 whg

Fig. 2.2 System breakdown

222 B 1(Tagged Item) Y%t

B 1(Tagged Item) F-LNG2| =& Anlo thsl) A9} x5 &3}
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s &4 2 AHE Asl AHEY A duls AAE Fljska AAjsks
207 ARGET =3 B dHddle A", AA FF 2 B, 27,

Ad T B2 BAE7F 2gE] JANE AA FHolle WAT E27]=of Ut

fz
Ll

Table 2.3 Tag number and material number

Tag number Material number
Operating and Procurement and
Use
maintenance installation
Numbering unit | Each component Package
. System, kind and type, -
Information Y . YP Item description
size, material
Inspection,
commissionin Ny Check sheet
: 5 | Check sheet application | . .
operation and inconsistence
maintenances
Standard Owner’s standard Yard standard
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—{— ﬁia: l
Motor 0400A-A1-63-L-5011-AS20-00.|
SIS S01A Alm - D—Q] . ;

[ N etumeniaton] |

LON-LOW-Y10S-O}-€9

Fig. 2.3 Tagged item for emergency G/E"

olFA "H1E #eltd E‘rﬂl% AN2z=®ll 2AlE et 81 MC Al2" X
& #ert &oleta, 4 B HAPIE H HolHE HAFo=N A
F-LNG7l &35 & o ]E—L}(hlstory) gjeto] 7hssoh
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23 MC 3494

231 AA AA

F-LNG®| AX| 5B AuMHY7HA BE AAE 2429 gl1dd 2398 A
ANEZ HAAE T do. dFEA E2 AAGANA FlEHE
AA7F 255 DCCC)(Discipline Construction Completion Certificate)7F
Ay, MEA2E Yo ZE DCCCZl =™ SCCCOH(Sub-system
Construction Completion Certificate)7} s €t} o] o FE AR 7w
MY HIZ2EE 3T 5 lor, AR AvAY @A A Elol €9
H AINER FPsHA Aok AR Aol 98 ®H F AuAYS
GAEE A $AE  CTP(Commissioning Test Procedure)® <33 5}
A Ht.

Table 24~262 F-LNG®| AL A5 yehdl 22 MCHE 71|AY
M JAPE = 34 T B3 AA, AR, S8A B 21 58 4 T

A

5) 9REY W A4 L A FRAATHE A5
6) DALY U 42 Y 2 A FRAIHE AFA
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Table 2.4 Construction stage

Sub-System

(or system)

| Discipline-E | Discipline-I | Discipline-P | Discipline-M | Discipline-H |
l l l l
@ Carrying out the inspection using A check/test sheet as tagged

item and punch issue
-A check sheet conformity check(visual, installation, drawing check etc)
HFE (Human Factor Engineering) check
-A test sheet : insulation resistance measuring, safety v/v setting,
lifting lug/beam load test, equipment alignment, pipe pressure test

|

@ Construction completion walkdown carry out and punch issue

-A check/test sheet over 90% completion per sub-system
*Walk down : before next stage(pre-commissioning), re-checking punch and

incomplete work

!
® The below item 100% completion
-A check/test sheet

-Category A punch

l

@ Discipline(or Sub-system) construction completion certification issue
(DCCC/SCCCQ)
- Signing of owner and yard’s completion manager

l

® Hand-over to pre-commissioning stage after certification issue

- Discipline construction completion or sub-system(or system)

construction completion accomplish




Table 2.5 Pre-commissioning stage

Sub-system

(or System)

| Discipline-E | Discipline-I | Discipline-P | Discipline-M | Discipline-H |
l l l l
@ Carrying out the inspection using B check/test sheet as tagged

item and punch issue
-B check sheet (equipment condition, insulation resistance etc)
steam blowing, piping flushing, cleaning, inerting, lighting, circuit test,
PEFS check
*PEFS : Process Engineering Flow Scheme (Piping Diagram)
-B test sheet : motor uncoupled run(4 hour), mechanical uncoupled run,
instrument loop test, equipment function check, rotating equipment,

alignment check etc

l

@ Mechanical completion walkdown carry out and punch issue

-B check/test sheet over 90% completion per sub-system

l
® The below item 100% completion
-B check/test sheet

-Category B punch

l

@ Sub-system(or System) mechanical completion certification issue
(8-MCCQ)
-Signing of owner and yard’s completion manager

l

® Hand-over to commissioning stage after certification issue

-System mechanical construction completion(S-MC) accomplish

“ollection @ kmou



Table 2.6 Commissioning stage

Sub-system
(or System)

Discipline-E Discipline-I Discipline-P | Discipline-M | Discipline-H

l l l l l

@ Carrying out the inspection using C checkftest sheet as tagged item
and punch issue

-C check sheet (equipment condition & function test)

PEFS check, HFE check

-C test sheet : generator load test, system running test, intensity of

illumination check etc.

l

@ Ready for start up walkdown carry out

-C check/test sheet over 90% completion per sub-system

|

® The below item 100% completion
-C check/test sheet
-Operation test procedure

-Category C punch

@ Sub-system(or System)
- System-commissioned certification (S-COMMISSIONED)
- System ready for start up certification(S-RFSUC)

l

® Hand-over series to owner after S-RFSUC issue




2.3.2 HAAF SHIAF

MC HA b 38 eids Az AE &5 2ol rFojof dhar
A A Fe =do] FHlFOJoF gty HAF FH] MFeE dFEAL EE
AL A AFel goste] nmlg]l AAsEa An] B Al AEE F=H]E o
AojoF g

E9 HAE AE, 181 G
Instrument Diagram)”7} Z &5 o] glth

GA(General Arrangement)®?} P&ID

Table 2.7 Construction completion discipline document

Construction completion

discipline document

Electric Piping Mechanical Instrument
-A check -A check -A check -A check sheet
sheet sheet sheet -A test sheet
-A test sheet -A test -A test sheet -Inst. lay out
-Elec. lay sheet -Equip arrange. dwg.
out dwg. -Test pack -Supplier’s -Loop diagram
-Equip. arrange. limit P&ID -Termination
-Supplier's docu. -Mark-up -Supplier’s dwg.
-Termination dwg. dwg. -Installation
dwg. -P & ID -Installation manual
-Earthing manual -Valve manual -Punch list
-Installation data -Punch list report
manual sheet report
-Punch list -Punch list
report report
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2.3.3 MC E43#g

MCE EE A% #AAS 1 2 HAFsta A8k Zgolth. 18
Hog FTHAME Lsty] s #BE MF 2 =uS EAgEE
FHT T8930 MCE F33te A oA B ZE o
HE dA% galoz FAgste 1 #AE A5 3 AES & 59
+ 38S AP + Yot a8 FAE FLNGE
AEF w HAFolA B EFate] BARZA A= ooF Frh.
Table 282> THAES w3wr] 98] A EAE Yepd 401&1 A=k
© A dENYe FHAAIE B E A HFHoE A
A JAA .

é

Table 2.8 Flow of MC document

Preparation of
Preparation of Preparation of walk down certification’s approval
check/test sheet and (check/test sheet over 90% (check/test sheet 100%
supporting document completion and punch close) | completion and punch
close)
l l l
Document/punch sign
Inspection and punch | Walk down and punch -D.C.C. certification
-Construction completion | -Construction C walkdown -S.C.C. certification
-Mechanical completion | -Mechanical C walkdown -P.M.C. certification
-Commissioning -Ready F.S Up walkdwon -SR.F.S.U. certification
-P.RF.S.U. certification

i i i
Keep the inspection Keep the original sign
P i Keep the original sign sheet P & 8
original dossier file sheet
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24 F-LNGY 8 Eo|ALE

24.1 FMS(Flange Management System)

FMS® Hj# ZUA) AdRel B
dstel AQsta, gul D A A

x]—lﬂ

A4k A|2'll& AMEEte EWA] A AR AT F JsE AFLAE A
ARoE At AaL S 918 EFolth F-LNGe & E3A A

A A PMS AR Tk 182 o) 4k
FHe Fol AL FAT 5 Yok AAF L £AFD Y AUAE

l
JFAE AALE AV F-25H O B AdAer 7

Table 2.9= FMS7} A &%+ i A|=Elo2 1Y (high risk)¥ A
A (low risk) Alxdloz FRAT 19F A2RLS ZAA A Rv
BILE Foste] edd ARl o EA# A (torque wrench)u ®IA

U (tensioner)E ©]-&3ste 2}] F A 2EE AAsfoF ket T1E i A

.}

A% A" Bk BER
%15 24 Aol oj3) FMS Aatol ejAske] Aol ol

waL, Al =7

AAEE=

==

44T Bavt gAw
Fol 2o} g,

Table 2.9 FMS system

Type System Method
VRC, condensate, Marking the tag no. and
High risk ING/LPG/ vap'or, tops?de work using the torque
related chemical, boiler | wrench by approved
system . .
feed water, high pressure | workers and reporting
steam etc the check list
Low risk | Besides the above pipe Work by approved workers
system | flange as approved procedure
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Table 210> 9|9 it S WA 29 Aotk A WMAR wjd Apo]
zo me} EF;MA A E(alignment)©] FEXo] EA=A Fl &, EN
A W E4RE HQ8tT I Fol 7t (gasket) T ZE-UEES 9
il $EHE vEt 1 g EA S 50%7HA AAeA el wek A
A% & 100%7h4 AZ(tightening) S AAFT. RE Zdx o BEUE
2 AAY F AT £ L /1Sshe] gl 2HRYY,

Table 2.10 High risk pipe flange work procedure

Stage Procedure Remark

Alignment check e ’j
& gL L d _
1 (a: <100A 2 mm, » 100A 3 mm Z\h‘ e T
c-b: 250A 2 mm, » 250A 5 mm) J T
2 Flange surface check Cleaning, damage check
3 Gasket, bolt:nut check
4 Molykote 1000 lub. oil using
Up to 50%, torque, tension
5 1325 -
tightening 8 B
4 3 |
6 Up to 100%, torque, tension o 4 %%, ﬁW}é
tightening
[} L
. Marking the actual torque, R —
tension, attaching the tag BOLT JOINT TOBE 7,
TIGHTENED voru srree
(B2 =9 5Ny =as) e
-
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24.2 WZ 7] (Explosion Equipment)

BE Ao B0y Bdol EARAY EAT £ At T 2AH
of Tate WA 7] gulolth AW ANAE THE Uubg)
b FUSA FWL 4T 5 Qo B L fA AW o] FojAH

23
= =
FABHA AFEEO] s WA StE 7e s AT

2010 4€ 20¢ WA oA BPY A f{AlF4 Deepwater Horizons
o Zk Akal o] F g F AF-Tb AFelM s HE AAuled i A
2 HY7E AeE A i NFZHRES A= oA AFE 2
s sl AHel Folol 2add o] HAAM WF FHlm QAT F<lo]
WA S A7t 5 BASL Adn 8ol WA & B9E tiHlske

WE Al A NE Bel7} o) 2ol Aok Frt

1152
é
_I_4

29 YT T hask EAT 5 = AT B} Zone ©
o =

2 FEST Zone0> FIA T7HA7F 3 EAEAL, Zonel AY AE
T Z7tzrE EAE 7hs el e TYelH, Zone2= HIBY AT T
2 AL ¢ FL7h27 EAE THeAol e Tt AE Tl
wt AbEE A= BE ZAHl Y TFo] 2. UE Anle AN 2
THE £2F T4 55 WSk AAAR-HA HATa J1S7] ol A
AE F FHAZ Byl

I[ECEX)Z AFH AFS AFgsioF 3, W2 Aol= ASH FPAk

ol A= AFH AHAR) o3 HFo] o] F A oF ATt

7) IECEx(ZAMZ21F) © 1997d <A1 A 7] 7% 1€ 3](International  Electroctechnical
Commission Technical Committee)ol|l4] #|As+ W= d7]7]7]9] th3t =442 45

AFAEZ PEA/F FAFAMEO LPAHbl AFFE QFahe A4 <)
ZAEIt F3lo] CEAZY ATEXREA0)A2% @0 deael 34 el
FA 2ol

Collection @ kmou



2.4.3 RBI(Risk Based Inspection)

RBIZH A &7](vessel) B vl#o] F-2 RS = (life time)7}A] F7]
o7 AFste] FAARE BHS}= e DY, JlE FAE 2A
5 Az Zo A=® o=z gl Tph=Ae A (WTMP : Wall Thickness
Measurement Point)= Hi¥e] 7% fFAe] EFc] WA= LAH(elbow)
o] H(reducer) &2 A3}al, <% (horizontal) P& 7 ol FE O

)
2 FAZE 1o JqSnke Xo g AAFgtt. a8]al & (vertical) vl T
HH o

M eyl WE o2 83, LAHelbow) FES FA7 7H wol
2= FEo=E HAAIY 52487 (vertical vessel)?} 3-8 7](horizontal
vessel)= HFEEEO|AN 71 H4A 42 9t Foz A3}

2 EATA, EA

RBI 32 WIMPS] A& AT & 64 me| ¥
=

H o g 30 mm %9]Z WIMP No.Z X7|%th F74 AL ASNTS)
Level 2 ZAHA& 74 A7 & o+ lon HAES FHsA AA F
AE SAYT & J= ZAUZEZ TAH 64 me ¥ el 4 Points: SA3H
o SAHE 98 2 VMR HEEY Hag-HUG-BHEEHES VS
33, 574 Ao wA ARE xgete] AR A4 F F-LNG QI=

244 543 AX(FPD : Flawless Project Deliver)

FPD& A=l = 38 844 Ass AR
AuAY 2 A Fo FTAH AL wAEy] 9 &
A Fol 23 2 é_lfﬂ]ﬂ WAYsto] 2ol AAdH I Hlgo] F7}8)
= AtElZE MEskAl B st F3lsks wig o] H AT,

om >

8) W= B9y A]E ¥ 3](American Society for Nondestructive Testing)
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Table 2117} Zo] FPDE $33}7] 9314 Q-Area & HA IJ=S Y

FAL A=A Fr1H 0w Aot A HAe FHaloF T

i

Table 2.11 FPD Q-area check point

Q-Area Title Check Point
Q01 Tightness Pipe, valve and flange leakage
Inside contamination of pipe and valve,
Q02 Cleanliness
protection covering
Q03B Integrity-static Potential defect for boiler, heat exchanger,
equipment static equipment
Q03C Integrity-rotating Potential defect for shaft, pump, fan,
equipment rotating equipment
Integrity-
Q03D Potential defect for instrument and sensor
instrumentation
QO3E | Integrity-electrical Potential defect for electric, lighting
Potential defect for structure, painting, steel
Q03G1 | Integrity-marine
outfitting, hvac
Operability and
Q04 Potential defect for installation, maintenance
maintenance
Q05 HSE in transition Safety
Novelty and
Q06 Potential defect for complex product
complexity
Q08 Testing Potential defect for material test
Q11 Information and data | Potential defect for information provide
P | [P —
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Al 3 & F-LNG F3 % 2A3= &A%

3.1 W X|(Punch) 7} &

3.1.1 X A
AXHF MC7F ALEe Z2AEA B sles 221 B2AS
D3tk AX e Av &4, A A =] BEYx, 2y ng 59

HA] ol9o = FF EA9 FTHEE NCR(Non-Conformance Report,

RAFANG) T T E(omment)7} ATk NCRE AAl#o] AA Z& &

2 o FAT I EHO BYX AGS 753 YZEEN A W
ol g A =& A% U 9FE vAE A5 deteo] Ly
o, ZWE+E NCR Bt 22T T840 @i B} HdsiAl A g
g T e FEEAE L3¢ #AS o] WA= ey 3HS A
y3t7] st SHA HY A WrEA] X FHoof kX5 NCRY IZHE
= Ht gl 5ol gk Fd EAEZ SHA 2F oReles AV
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312 X FF

HA= MC AASE A2 5
7] 98kl ook st FAad 3
AL FREACE T FE= {747} z?éﬂ%l FUTHH WA W
ol FHA| gketh Y& FHA AE
Lo A Hgsfokste HBAS] TS F 47HAE A, B, C, DE 41d
o FPAH G FEgle]l A BX = MC B, B AX = PC B4, C HA
= AvAY &5 A7A AEEoloF oy 3RS YT + vk FA
AE HAE DS of A LGP} wrEA] SFel tisiAl ool

= to 552 S0k k.

rl

ok

Kol
| .

20 iy
JHH
j_, rH
Ll
ol

3o
=]
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Table 3.1 F-LNGO| A 35& Yehd B2 BFA 9} o5 5t
A3 54 EE BAHE F8 AXE £435e 7HH e A~-DE
ol dEsta glew, I 9 #AAC YsiM s SHAE LAY W &
A7 QEE MEet Ad FolB o, FrlHow BdARAe WA B
nEE st @AY B S5 AxAde A o
Table 3.1 Punch category
Punch category
Category Category Category Category
A B C D
- Installation - Function - Operation test - Dwg.
defect defect incomplete modification
- Test - Not supply - Mechanical - Insulation
incomplete the power running test damage
- Not restore - Loop check incomplete - Paint damage
after hydro. incomplete - Tag defect *Completion
test - Safety *Completion before work
- Cable check before R.F.S.U. accept
insulation incomplete cert
resistance *Completion
default before MC
- Equipment cert.
damage
*Completion
before CC
cert.
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e HA= T FFH FAHA FE A4 AlzEe sE5Ho] #dd
o A YA Al2Ee HAE THeHY, F2 AR siE HA 9
W& & & AN =XD F J=F HAE o|ddT. #d
FAdAE BAE 227 Fo 22X At T ARE A" 4
st F4 AAMEES oA JA EPaiet golste] HA F4 RS EAA
o whefF A A3t wlFsiad vk E sk, 2A7F 4R HIJuH
NzEA AAE FAANZE F AT Z2AE met AJxFEle] HA] g
2ES EHsto] AR EPAe] MEe B F FES AHE HA
2Es 2730 5 3 FHE Az"d §55t FAANYVIE T

2E BA g2Ee AF, AAE st Ak A 28l 4 A4
A AR E 3 & MC AT =Bt 9 243 3 F AdFoA A
Ao 94 2Bl #A4E dx= F2AY A2FHel SFske] w#d

=3
Atk 9x) YrEs Zded ma T4 W8S AL AT £ Yk
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H

Table 3.2 Punch list

Punch Category Discipline
A : To be cleared before CC M Mechanical P Piping
B : To be cleared before MC I Instrumentation T Telecom
C : To be cleared before RFSU = E Electric S Structural
D : To be cleared before H HVAC PT Painting

Accept work
Ilt\?g_l ”11\"1210g- s?élt];n Area | Description | Cate. Disc. Ath;on DWG | Date
1) 2) 3) 4) 5) 6) 7) 8) 9) 10)
Organizations | Date Name Signature

oM

Class

CPY
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A, A

A e

HAFA R A%

Ha

A

o =

F71 =

S|

skod A 2sf of

2=~1
T8

=
=

HA oA FATY =317 Ak(Final Inspection)=

L —
) Y

o

AH(Receiving Inspection)E <+3)

] A FATY 4z Aol
o] e, MC HAL o

A X

3.2 HFE(Human Factor Engineering, {1733t A7) gyt

3.2.1 HFE Y

A ada A3e SHRa e AY

&l

A gtaA

gl A

=
o

bo Al BAONA Agst APA 2 el FEA S-S A

S|

o #&

L S R B e P B

S
yul

AAE ok

g ol

dofol HT} k= I

o
=

x

101
B
W

3

2=
T

TT’J'

%

7]
™
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=
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S|

JAZ 2 #el Hojok

Z
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322 HFE F84

=2
b=
)
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rir
N
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323 HFE 8 A4 &=

HFE 8 H3 &5 &Y F(work space), =2} Alth(passage way
and stairs), AtTHe](ladder), ¥ H (valve), ]33} Z3W A (pipe and flange),
%_

7] (equipment) 52 WA a1, AlE &Eo tisiME ofeel 2o,

[‘-}L

1) =9 &

Table 333 o] 27l 4L AU AUE 317 A= HAx 7}
2 AE 600 mn, =°] 2,000 mne &
U grolr AHE FF5o=2 AF =

b SRET G AT 2o A

x4
= mUEHEs7] el 212 600 mn

37} 5850 Sojshof BT},

X

9) 1958l kol oJafjr AHE Fo kel AE7|F2A do FFS vAE A
7)Aol tiste] AR 7o e X eta, sjAterd ) e A WHAskaL st
weoks Z3lsly] 93k AAAel yFES Adsta k. ol wH, TaAlsAFE e (F4k

D TR EIHAY, 2007), pp.67~68.
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Table 3.3 Working space for HFE

I

nacceptable 1770
mm

cceptable
1160mm
Good
870mm
540mm
nacceptable

600mm

2000mm

600mm

600mm

Adequate distance of controls for
manual operation
(for standing personnel)

Adequate working space shall be
provided for work or maintenance

nacceptable 55
mm

nacceptable i
cceptable
1130mm P 1590mm
cceptable
790mm Good
Good 1390mm
_ 430mm 1120mm
380mm
nacceptable
nacceptable

600mm 600mm

Adequate distance of controls for
Adequate height of visual information
manual operation
(for standing personnel)

(for squatting personnel)

nacceptable
1190mm
cceptable
940mm
Good
B670mm
530mm

nacceptable

600mm 4

Adequate height of visual information (for squatting personnel)
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Q) B2 & A

Table 34 HIAS ARt TEE 79 &= mEt EFole
2,000 mn~2,200 mm, &< 600 mn~1,200 me] F3to] FHEojof dla, A
9 A=Y = AA X wet AAR, Eol, AldF(Landing
Space) & HApA e ASH HAHAEA Rls]oF ot

Ht
e
rr
t
r

Table 3.4 Escape route and staircases for HFE

BOOw O
| Deer H
i i
= E 1 I
£ ﬂl f 5 g i :
= fa ¥, 1 ]
] L]
n L]
J y -l e s v s L]
T 1200mm " 1000mm 1200w
Primary escape way  Secondim\Bape way Escape way for machinery space 8 Door
Minimum escape route size on Minimum escape route size
hull deck within machinery space

In Aft. Machinery Space

Min. JO0mMm

Adequate size of staircases in
fwd. machinery space and topside
cooling space in aft. machinery

Adequate size of seven staircases
in machinery space
(Min. head room: 2,200 mm)

space
Min. 1200
Straight-run landing  Min, 1200mm
Min. 1000mm B ) ek =
1807 change of direction landing = (e
J 75men |
Landings Top rail hight of handrails
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3) At

B
ol
rr

Table 35= =°] 6 m7l =33st= AtthEle 0o SR EFS A oF
stal, 2 AltEs FEUAE Y8 Qb E(Safety Gate), <t
A E ojof gt}

r_>i
)

Table 3.5 Vertical ladder for HFE

6,000mm

Safety gate Side step Safety hoop -

If total height of vertical ladder

exceeds 6,000 mm, intermediate
Safety system for vertical ladder

platform shall be provided except

vertical ladder for mast/post

(4) ¥H

Table 3.6 ~Hlo] =yulgto g = WMHE= 500 mm 7HZ, 24 200 mn
~1,800 mn =o]o AXFHojof s}, xHlo] FAROF FH WHE
610 mm7} FEE 1, o]+ 200 mm~1,600 mm Apolel] A
Al L3 obF¥ M4 glo] MEE A ¢ Qe FIro| SHEI W#E

7F ARk fA el AAHA=AE HAds)oF oot
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Table 3.6 Stem valve for HFE

1800mm
16800mm
700mm FO0mm
200mm 200mm

S00mm 2 &10mm

Acceptable height for horizontal | Acceptable height for vertical
stem valve control stem valve control

Table 3.7 Pipe and flange for HEF

— 3 Wall / Deck

| i ) Min. 150mm

Between pipe and pipe
or other object Between multi-level cross pipes 30mm
(Same as insulated two pipes)

Minimum distance between pipe | Minimum distance between flanges,

and other object flange and wall(except LQ area)
Wall f Deck Inside steel wall
Pin, 100mm | Min. 75mm

30mm i 30mm |

Minimum distance between flanges, flange and wall within LQ area
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6) Al
Table 3.82 25 kgf

FAZE F A= At
= H
) .

¢

1 e o

A 2 2= FAE

23pe) AuE HA
slofok ul, w2
s =g u

rfo
2
i
*
2
-
e
i)

Table 3.8 Equipment for HFE

O

c\\a& Q\:
Surfa‘ce@gé’ Insulation from sut/ e

Maximum manual handling weight

for single person lifting item from
standing position without assistance
shall be 25 kgf

All surface having normal temp.

above 60T shall be insulated

3.2.4 HFE A&

ERUT I

ool

(1) HFE AA =

Figd1& HFE #¢ $d 24 Axlolth tiree] FARAL AA ©
ASIA HFEZE 2857 gho} MA% F4 BAR HX FFo|ntt 80%
ooz AW Be A &+ Atk HFZAE 27] HFEF 488 =
SAEY A% AE Hd el AHE WA 2 £F Aol WY o
TAXNACR AF s £2o] WS o BAE A7) 9
MA 27194 HE HFEE A§3te 3D 29d 5 U 25 5
3 Qo 100% Wyl HA ob oA FA BAZL BAHL Y3
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Fig. 3.1 HFE punch
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Table 39% 374 ©AME AyHs HE B35S Ve Holth )
JuAA AAAE Al FFAANA FA T Y Aok AEF ook
R

5]
3, JAAAL o] FollE AL BHE XA o8 HAHL S

Table 3.9 Preservation activity by phase

",/Factory N\ . g s i
/ /Shipping Storage > Installation 7 Installation | /> Commissioning * PostCommn;mmg /

5.Com Cert Hand Over

5 >4 3 A checksheet
Initia Aphase B phase Cphase  Compete D phase
preservation
Vi Responsi
Phase Description .
bility
Before shipping, vendor preserve equipment
Initial for min. 1 year and submit result. By

preservation | If problem is found at receiving inspection, | vendor

vendor needs to fix.

After RI Shipyard to preserve it as per By

A phase ) _
vendor's preservation procedure. shipyard
After installation, shipyard to preserve it as B
) y
B phase per vendor's preservation procedure. _
_ shipyard
(Idle stand, no connection)
After installation, shipyard to preserve it as B
) y
C phase per vendor's preservation procedure. _
_ shipyard
(after connection)
After commissioning shipyard to preserve it By
D phase _ _
as per vendor's preservation procedure. shipyard
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Table 3102 F& BE AA g2Eolth 7] A5Y &

st 7)1 AAA S Ay v gy 2

3

A7 AR W

WS olAstr] 9%

9 F700 wek oy FRH7 Aok

Table 3.10 Preservation materials

Picture Item Capacity Period Usage
CORTEC | 28 L
101 (35 cm x 35 cm % 20 cm)
1,000 L
ve2 (18 m x 1 m x 0.5 m)
1 L/m' fog or mist
without dilution into 12 Water
containers, crates, i based vapor
Vpci-337 | boxes and shrouded . | phase
3 protecti
packages at a rate on corrosion
of 1 oz(1 L/m’) of inhibitor
enclosed space.
Add VpCI-322 to oil
at a ratio of 1 part .
VpCI-322 to parts oil | 2+ Oil based
. e months | vapor phase
E Vpci-322 | 2. fog cavity interior . .
. . protecti | corrosion
with VpCI-322 using on inhibitor
1 quart(l L) per 3 fi3
(L1 m) of enclosed space.
Wax type
Vpci-368 Uezrtso > corrosion
y inhibitor
Grease type
Vpci-369 Uezrtso > corrosion
y inhibitor
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333 & F8 &%

HESFE IA Be Ao o3 A (visual check), A&

equipment), 1178 ZH](static equipment), 3% Z¥H](rotating equipment)

WHAZ Ym ¢ o, Z+7tel {7 3L Tablel 3.11~3.149F 2T

Table 3.112 =& Al Uigk oY HE 507 HAY o2&

AAsAL, EGE7] A AA7F Joed A BREAWE #ojoF 5,

Al o] T

g
Ao A7t $e o)

s
ol=d #d WAE s Holol . P ®
=
=

dinlste] BHA| 2 Ao AHE BT} Ho

oF g},
Table 3.11 Visual check
No. Picture Activities Action by
1 Rust/dust check and Preservation
cleaning if necessary team
Fragile component to
& I . Preservation
2 be protected if
team
necessary
Nozzle/flange/hole to
/ & /, Preservation
3 be protected with
. team
cover if necessary
Fire retardant custom Construction
1
4 covers to be fitted if
team
necessary

Collection @ kmou

74 (electric




Table 3.12= A Anlel HE ZFo|ty 7] #d Wi F7] AA
g A% AFAE FYsta, oy |MA7E A=A AAsoF s, BEH e}
#o] 3]E (Space Heater)7} AX| == vl AH] @A o]F o] |44
=57 A7A HAE s AR HALS FHIH T FUIHCE AAA

&= AAsfoF It

Table 3.12 Electric equipment

No. Picture Activities Action by
Check inside of
Preservation
1 panel. If rusty of
Team
dusty, repair it.
Apply Vpci capsule
Preservation
2 and replace it if
Team
necessary.
Measure insulation
resistance.
Preservation
3 (Above 1,000 V by
Team
2500 DC, below
1000 V by 500 DC)
A Energize space Preservation
heater and check | Team
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Table 3132 14 AHje] BE SFolth. ®BIY dudr] 5 i
718 AAS D 5 HAE s day 12 F7)(dry ainE T3

2=
A=)
F71H o2 Y W3E HAAY, F7IAAAE FATH-

Table 3.13 Static equipment

No. Picture Activities Action by

To preserve it by filling
nitrogen or dry air, fill
up nitrogen or dry air

and monitor pressure. Preservation
(0.5 bar) team

Once pressure drops below
0.2 bar, top up nitrogen or

dry air to 0.5 bar.

To preserve it by using
VPCI powder, spray it
inside of vessel. Preservation

Once open, check VPCI team

condition and replace it if

necessary.
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25 FYsta, Wi drig dSo] aFEHA FEE IEEHYS
dlof 3ot TP fJFe] kEHE 3 AEFde FANAAE
T, Y-ET AARE B AMYL o] o] 2F §9L wolol A}
Table 3.14 Rotating equipment
No. Picture Activities Action by
Fill up preservation oil or
grease and top up if
1 necessary. Preservation
(Preservation oil : team
lubricant mixed with
corrosion inhibitor.)
Check oil condition and Preservation
2
replace it if necessary. team
Turn shaft by hand every
2 months if required by | Preservation
3
vendor preservation team
procedure.
Protect external machined
A surface by applying Preservation
corrosion team
inhibitor&custom cover.
5 Keep close in/out Preservation
connections. team
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Al gEHoE BE A
= ol=d A 7 B AN EF BAE 9 B AWIE Do of
o BeAHE ¥ FFEANA 2nE giE dolx AAY, FLNG

2+ste] dojxth I8y FLNG 59 sg=z=4

HFEET o2 Qe REAAWIL &4 Lol HdH Ay, R Rt
HAAAY &35 Zul Yol oj&dol fd=e] Al &4 opr|d
T Ao =

(2) "Wlt] v BE HAA HvF

7122 o2 Wiy Aul= An] AFAA N sTHE BE &F0] &
ol Fa=lo] A3, BE HH 2 XEV} AEH FHA k=2 FFH
of Xth & ARl FEdAe] BE AAAE B, Ho 1d97HA <
He &Fn A Eo] AAgH dn kst A A2 AHl A

670 ool A& Aol FHHY] wEd BHE ZF dAME &
A7F HAA k. LBy Al 7HA 2'd ol &85 FLNGE A
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AAZ 2d o AA " FEeA LAFZE BAoF = Aol 9

BHE 58T ofye}, 7|A U8 (mechanical seal), YA

24 (oil seal), 1
AL 7k2A sol AsEAEA, HE Rl TAHol A=A 5 AVIZE

SeEE BE BFo| o Fojxof Wt
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A 4 A F-LNGY &&3<¢ MC 534t

41 A3H HX &4

411 "X 4 ¥4

FLNG® MC 38 & 2u A x33te] HFE, REZF Fol LA E

FE ZF EAE AXE S2H3 #gdt 2894 AA HxE 2
A F-LNG®] #A] ¢F 1057 ths] &

10) F-LNG+= 7k dAe] 43 43t &4 o] o] FojA= Topside9t 7k~ #7g/d ],
AXE, AT A 9 FHo] o F Hullside® W& o Utk &2 &4 9
Az BAL Topside$t Hullside &% ¥E&3H).
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Table 4.1 MC accept ratio and punch ratio

o |MC MC MC MC Punch Punch

Discipline | Total Accept | Reject Accgpta(l)nce (EA) Roatlo
(EA) (EA) (EA) Ratio(%) (%)
E&l 122,539 | 84,096 18,335 82.1 33,683 40.1
HVAC |7,168 7,116 3,458 67.3 2,609 36.7
Mech. 12,472 | 11,050 4,872 69.4 8,057 729
Piping | 50,529 | 49,133 12,592 79.6 24,806 50.5
Total 192,708 | 151,395 | 39,257 794 69,155 45.7

— 48 —
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Fig. 41 MC accept ratio and punch ratio
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Fig. 42+ 7} @AM E Punch T3 /& Uebd I8 =2, 575
of mel ozt ZelstA T 0% HE7F MC AR SHA e A o] Fof
Ae 8% HAAK(Walkdown) Tl FAst= 21 & 5 Atk SHA L3
A #HRF JFHoz sy W e AAE AYstA FE& FHA &

Pol A g3 FHol AAHE e FAT & Yk,
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Fig. 4.2 Stage and discipline punch
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Table 42¢} Fig. 43S ZARAEE AX AFd 22 7|HS YE
ol Tefazo|th. AAG A4ke] wla] Wt A ZAsoF st WA= A
H 2~ A Yo7t BEstAY AAE FFsloF 7] wEedl 22X 7]3te]

B 309 ol £8HE Ze ¢ 5 Utk WA =Xl T AAB
Aol ApEstel x4 1S FRHE Zol FY AAL AP Py

ozt & 4 Aot

Table 4.2 Action department punch and lead time

Action department Punch (ea) Lead Time (day)
Vendor 14,493 31.1
Design team 18,604 7.2
Outfitting team 64,426 154

{(Day)
a5

30+

25

~J
=
|

Action Department Punch & Lead Time

Yendor
m[Design Team
m Dutfitting Team

Yendor

Design Team

Cutfitting
Team

Fig. 4.3 Action department punch lead time
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Table 437 Fig.

EoF O Zoltt. & AHE FAT, 9

W FAT 9 AuAA} mlEetn AR
o 100 FE WA B AL B9
o ok 309 o4 AV £8HE AL & &

44 MUNA ZASok BAE 2 GAEE e

TAA, MC AAR S8 38

sttt ZElal HX =23 7|9

i

Table 4.3 Vendor punch and lead time

W

AN

(

-

Vendor Punch Punch (EA) Lead Time (Day)
FAT 1,031 40.8
RI 1,352 53.8
MC 12,110 27.8
Vendor Punch & Lead Time
(Day) _~ W Y A
B0
g0
a0 - wFaT
ag =R
) mhC
20 47
10 -
o+
FaT Al hC

Collection @

Fig. 44 Vendor punch lead time

- 52

Kmou



Fig. 455 WEaH AHz A4 ¥ wE #AX BAF Ho|E Y
B e zolt. @A) ZRAEs Ag £ BAZ A guE wmsA

E& QAN P F-LNG A1 3 wdddr] xgste] gk 107 A5 A

500 Vv

400

300 Vv

5 F-LNG
BP F-LNG

200 vV

100 -

Punch Punch Punch Punch

FAT ] Pre- bAC
Inspection

Fig. 4.5 Pre-inspection punch
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Fig. 462 =&} =2 Wit AA o] ZA7|%S Yepd gz o|th #l
oA 3 EI Fa Mol| HX 7 =X HooF st= FAT= A Zol7t

of, FATE 73lste] Wi AXE Aol

{Day) 50
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y N
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a0

A\
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a0 \
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S

== ormestic
== lyerseas
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Fig. 4.6 Domestic and overseas vendor punch lead time
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Fig. 472 F-LNG9| #X TA A& EA4% TJgzoitt. Ak 24
LFE A Yol 41%RAeH, EA-ufA] o
2 ol AAVE B A AP ¢ AT 28 B4
Mars 10800 A== @AY, #1A B A1e S7HAR A= 8oFd

T AR

0

Cause Analysis of Punch (%)

Paint damagze
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Work

mcomplete
B9

Fig. 4.7 Cause analysis of punch
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Fig. 48< A S & O ARz 43 g Zolty oF 107
Mol AA= B EFeolv AAGH &7, A &4 5 g 739
AA7F wkom, olE Ao R AFEAH ¥ Fo AAE st o
o HAE 50% 01 AT F de BEHE & F Uk

Eic
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Tag taul

Detailed Cause Analysis of Punch

0

= Tag fault

u Tigitening and 1idng Taull

= Work incomplete

m hlealigenment

= et erial missing

= Presereation {auh

= Piping and cable ingtallation el
nStandard defaul

= Craner s add@tionsl requirements
=|nzpaciion prepairation insullicency
material qualily probilem

=Paint damage

i Design fault

& | et adlation positeon |aul

“Ele

1§
ol

i

|
| ‘ il
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Fig. 4.8

Detailed cause analysis of punch
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Table 44+ 41234 A4 #|x] 2493 AR5 wEo= 7t ¢F
54 HE F8 #A s7HAE AAT Holth A7) £4F AA O disiA
FARATE AN AA FoE FrHoR WS ANGI, A
Aol A= MC AAF A A ARIRAES AAske] vEeF #A7F 2 ske]
O 23 o AAE AARE  AEE FSsor I 28a MC
AR F A7) BAY HRHATE AAE E7 FASD WA 24
ANE A FHRTE MC RYABS 74" Ao Ed AR
AR oA te A4S AAYFT, MC A BAS AT
ZAGozN BAE Axdel FE51a Belse JvE 2Y 5 U

Table 4.4 Discipline worst 5 punch
o .. Mechanical and
Discipline Piping ec I%II{}(XC ’ E&l
Tag missing | Material damage Tag missing
;Faigﬂtening Incomplete work Cable work fault
Worst 5 Ic\l/[aterial Preservation fault Installation fault
punch amage
Interference Interference Connection work
fault
gaﬁlllation Installation fault Material damage
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Table 4.5 MC punch after worst 5 punch check

. L Worst 5 h
Project Inspection item orsCheCEunc MC punch (EA)

S F-LNG X 74
QRH, davit, crane
etc, 18 equipments
P F-LNG @) 25

412 {9 Ay Fd & 733

F-LNGoll g4 =0 2AstAL; Anjol] vjt 5 A
Ao Ay ddd W o] F4 A= EALA
Ak, e AA FE EAE A-E R 713 olwE Anl A
JA A =X|soF Tt} AHER ALY HAEG B2
Ha, 53] Al AGAZE SWzE obd =97 e A
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MoANE ge] B4 Fawe] wek A4 F
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FAT7} 4353, 2442 23 A A £2
7} %3 X
A A A}

T3 A ol
A R AT MCHARS] AX7F FAT, LAl | Hot 104
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Table 4.6 Oily water separator preservation check sheet

Check type / Activity Result Requirement
Visual Check : All Component OK| NR| NAl A | B | C | D | Period
1.1 Check damage and report to construction/commissioning team.

1.2 Rust / Dust check and cleaning if necessary.

13 Fragile component to be protected if necessary.

14 Nozzle / flange / hole to be protected with cover
’ if necessary.

15 Protection cover / Tarpaulin Cover to be fitted if necessary

Electrical Equipment : Cabinet, Transformer, SWBD, CP, JB, DB, LP etc | OK NR| NAl A | B | C | D | Period

21 Install desiccant / VPCI inside and replace it if necessary.

Rotating Equipment : Motor, Pump, Compressor, Generator etc OK| NR| NA A | B | C | D | Period

34 Measure insulation resistance if necessary.

Instrument on Skid / Equipment : Valve etc OK| NR| NAl A | B | C | D | Period

Check the condition of uncoated machined surface. Spray

41
VPCI-368 or eq on uncoated machine.
Special Activity OK| NR| NAl A | B | C | D | Period
- Spray VPCI or Grease on the stem / Spindle of valves and

wrap it with protection film if necessary.




Table 4.7 Oily water separator preservation procedure

1. Preservation/packing condition of equipment at JOWA factory
for delivery.

1-1. Bridging shall be installed in bottom of OWS skid frame.

1-2. VpClI shall be adapted inside of electric equipments.

1-3. Main equipments & instruments shall be packed by covering.

1-4. The covering shall be adapted in flanges.

1-5. The covering shall be adapted in edge side.

1-6. The waterproof cover shall be adapted in OWS.

2. Storage instruction for period of shipping

2-1. Keep the unit in its original package during storage.

2-2. Keep the unit indoors, avoid direct sunlight.

2-3. Avoid stacking anything on top of the unit.

2-4. Keep cover with full protection against physical damage and fire damage.
2-5. Avoid freezing temperature.

2-6. Avoid temperatures above 40 degrees.

2-7. Avoid excessive humidity.

2-8. Avoid damage for equipment.

3. Storage instruction for period of outdoorfindoor storage.

3-1. It's same with section 2.

4. Preservation instruction for period after installation on block

stage and or onboard.

4-1. Electric Instrument

Keep cover with full protection against atmospheric attack damage.

Keep cover with full protection against physical damage and fire damage.
Keep cover with full protection against dust and other particles.

4-2. Valve

Keep cover with full protection against physical damage and fire damage.
Keep maintain valve position for normal operation.

Check the manual valve from fully open to fully closed every 4weeks.
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Fig. 4.10 Preservation quality problem
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Fig. 4.11 Protection cover damage
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Fig. 4.12 Flange protection cover missing
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