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ORVAIS, {HEEORV 6m-Super ORV
fEERE(m) 6 6
&5 %5 /Panel 100 90
Panel/[Z& 12 8
7K & (Ton/H) 3,600 3,000
ORV A/IMLxW: m) 7.7x11.9 7.7x10.1
5 AR (m®) *1 91.7(1) 77.8(0.85)
Parallel Fin HPT Vaporizing &
Heating Zone
BiigE 15%
- w -
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o
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(=) FAFA RS RE:

DESIGN PRESSUER : 120KG/CM”

ASME U STAMP : Al &30 k556

TRANSACTION JOINT—AL/SS CLAD ; HELIUM LEAKING TEST

REPORT

Leaking G 2%

Test pressure AR

1.1 1.25
132 KG/CM2 150KG/CM2 30MIN
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Cylinder

Crank shaft
Connecting rod

Crosshead

Cylinder valve
Piston

Liner

2-2

650kW KR20-4 LNG BOG Compressor for LNG Receiving Terminal in Taiwan
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(piston rod packing) ~ ZHAF#i(connecting rod) ~ +FHH(crosshead pin)
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displacement

HH e 80 micron
crankcase
VST cylinder 300 micron

(2) Vibration level during operation

HHEHFS crankcase : 7 mm/s of pre-alarm, 9 mm/s of alarm, 11 mm/s of
trip &L cylinder : 13 mm/s of pre-alarm, 15 mm/s of alarm, 18 mm/s of
trip (for reference no sensor)

pre-alarm alarm trip

HHEFS 7 mm/s 9 mm/s 11 mm/s
crankcase
JREL cylinder 13 mm/s 15 mm/s 18 mm/s
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- Direct Expansion Turbine

Gencrator

B — 5 B8 AL

Rankine Cvcle System NG

L?‘l-{; Heat Madinm
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Torhine |
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{EREAS B ©
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Calendar year 2004 )L 2092 2013 2014 2015

No.1 tank Demolishing H

No.3 tank Demolishing H

No.5 tank Construction W

4-2
BEE 23 B ASREHTE EA MRS

(—) BrEtHR LERARZ LNGHE -7
KPR ECHr R » ghBls SE O%NI #f> F RJEE By S0mm » DLH A E 5

2008 7 1EEYIER Safety Factor(SF)=4.0 #1%E T » 9%Ni $f 2 LNG fEFE R A
B 5y 18 BN - AE R FLrEtsES J1 T » Safety Factor HHJFZE 4.0 8525 3.5
PRIEE 9%Ni SiFTRE R G i RS BT 22 23 BT « 40 NIEl 4-3 Fim » i 23
B ARG B IR AR ) Z sk (Bottom Course) [ EAE Safety Factor /£ 4.0
I 7 Ry STmm & HEHRE 2 3.5 Wi » BEAR BALER JEo A ] = SR =188 I AL 7R S0mm >
FETF 9%Ni it o] i R K&



Required Plate Thickness (9%Ni)

4-3

(DD —EEER R TN i (E Ry IR g iE et 2 LNGEE 71
LNG AR i B b L3R JERAR ] = 84K (Bottom Course) 5538 9%Ni it

Ab - HERNTESTERA TN SRS o KRB ECHTERIHER A T%Ni 5.2 B
FHTFEAE NI <2 Z (B  BIIE SR R HIR R Ni Z 2 (Fh 9%[ R 7%)
AR IR S A © FEAREEH 2 Ni & /T » i&# TMCP(Thermal
Mechanical Control Process » SUE# i BB ATHIZE A - HECR 7%Ni s
O%Ni $il A AHEHIR IR o Bt 7%Ni g FAAS R ST H 8- (A 5
AL EINT S 2 SRR > B NI 4-4 ZAORHREERE AT BB R A 2R TMCP
FOMTHE FI1& Z A4 ¥4 7 Grain Size #&E&E QT HUFEZE 8 um - (#15 7%Ni
HRE AL 9%N1 SH{E Ry LNG {8 PYEERFH -
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(=) BARBNZE—{EER S ip-Forming T AR ELNGHEEFRE R 1IN
Slip-forming ELEZ (i HAF B S 8 2 deayds o Wfase - =58 - K

LR AR Z s b - ANaEes - 28 RAE HANBIY LNG SN EE
i FALRE B o KRBRECHTAIA Slip-Forming T4 » 48 24 /NI BN (ECR
BT DU/ N 10 A3 RSB A) - {E 20 REFHEI4/11 BRAAKEMH > 5/1 58E0)
REL 0.8 AR = 43.6 AR > 0.8 A RI&ZTRILEEE T IMER IG5 - 1H
B A E R A2 T ] 4-5° R ELr %R 48 Slip-Forming TUA¥HSMET =
AT 7 E A AV - SRS EERE S v a k2 (8 ARy TR -
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TAEtRERERE

(—) FAIE:

1 A 160000 MEREIE 4R SO MASEH - $70 TR MEEE BiSRAHHE <
— > HESFWEE AR/ INE -

BRI ASTM AS53M-TP1 9%$88Hiti ~ ASTM A36 Mod2 & #ififk k2
304 SEARAEIR N RSB 4H Y > HoA EREMEE Ry ASTM ASS3M-TP1 9%$8$AR -
HEEEM B TFIEH 2 AWS 511 ENiCrFe9 BTIE A~ AWS 5.14
ERNiMo-8 » ZZHERTESTME - (AR - 5 LRTZEFR(WPS g ~ $21
fiE ~ SRFERTE ) » i TR e - i TR TEH - i T NDT DLE
fiti T1& NDT #5.00a% € (5 8 Bli(holding point) &% - (€ SET HT %)

srmiitn B0 LNG GErEARHRER - B TRTZER -8R LieiE - sRRTEH -
SRFERAEEET - M 1% NDT f22% ~ BOG BE4EI#% K ORV EMRE /TR T

(=) B3 LNG e R EE:
- BEREMTE

H 250ACFCOREAI%. pil . Adels: Bruder

BEE REE S Dy T EEE KEH x

(=N L JENENT- NN X

“Liguid tightness” Structure of Conventional LNG tank
which holds LMG

without leaking LNG

outside. —_— Imngr tank
Outer tank ""\ o] bulilineg ol LG

=Eupport al insulalion

e Holdmg ot M2 . .
“Structure stability” | 2 - /[ insulntion
. A shnimiFation of
which bears loads —_— = BOG rate
assumed, such as an Oike -
[ 1 [

earthquake. laakad LMG -

“Heat insulation

function" /
which controls Base alab T steal plle
evapnrati::-n of LMG. >Supparl of fank >Fupport of Lank
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World Trends of LNG tank type & capacity

NG storage L

H pucratstra i u}RERDpdd - Adube Eewles
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EICEOEET =] « = -
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MAIN COMPONENT

g.Inner roof F.Pump
9.Insulation (Wall & Roof} - Barrel
I s E———
e iy I: 6. Knuckle Plate
i []
- G.lener Shell Plate

1 B

d.inper Bottem Plate

2. Bottom Insulatlon | J.Annular plate

i




(=) #th B3\ LNG GEE [AkHesR] : O%SRmN K SR sF RIEa R in A B, -

W imdio mdlyy TR CAD RS IRy

dl‘* *‘?"2“ Hﬁ'm';ﬂﬁ:”-_‘ I'

* 9% iR+t E & 5ASTM A-853 TP1 - & &
v H50mm
B2 Ay — B8 2 /1 #00.003% - A F LA
0.01%
#1814 — #rCharpy test#i # 44 -7 15100 £ &
FB E-1967C 4k e

3% ik 4m — ASTM A578 level B4 100mm

X100mm#5 2 #0100% 47 34 #4 Bx
=5 U 1B — B4R w9 ] BA 3 A7 E R R 45 K 450
o B4R
B I A IR 154818 3%

Wiy ik mAy TR CRD Rm R

@ im wennl & B -

9% 4467 1 42 4

« #H — 43 k47 4% & Inconel type #,
Hastealloy type  Charpy testf; %= {f F 34
50 H 718 FE-196°C ik fE » 12l IR &
% 00.381mm

» SMAW—AWS 5.11 ENiCrFe-9

« SAW/IGTAW —-AWS 5.14 ERNiMo-8

C AN T = ®5 & TFO0HE
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BN dD WAM SHE TRD WEe Rem i)
[ . B NEET }m: - oW s |- = :_Iﬂ |

9% NIFIT M 5 s 181 - 7T HEE

Hid 0.5%

Fe 5% l Mn 2%

Kt 1%

o g

Mo 19%

%N THRIAFG | Craov

Ni 70%

g EREr - R A IHE AT

I TE 5 WA | Bk pilEEs fEAE gl 34

1 SRR Ni & | EEEH | B 65+2% PMI(or PAMI)
=
e | [EEEHL | B 50J@-196°C | Charpy test
H

29%SEIMBER | Ni & | [EIEH | fhikE 912% PMI(or PAMI)
==y
VWL | PN | sMRIURE | 50 i ETET
e | [EES | EESIR | 100J@-196°C | Charpy test
H

(19) # B3 NG #818 [BILRT2EMH]  (Preparation Work before Starting):
WPS/PQREIE (Preparation of WPSs/PQRs)

$F T &R E(WQR)(Welders Qualification)

i T A2 2= 45 55 8131 4% (Preparation and Training of Working Procedures)

(1) WPS/PQR#EY/E (Preparation of WPSs/PQRSs)
JEMREERERIR 52 ¢ WPS/POR #%E (Preparation of WPSs/PQRs) : Gl FESFH#

S EH(Welding Test) ~ WPS/PQR & $%26(WPS List)

%36 F X 46F



N EEE 8T » Er shell B annular BEFH T-joint $EBECAILL T RER]) »
HE— &R EEEE PT -

(1)Butt weld joint that has high reliability 1s adopted for inner tank
pressure parts

D G AN AN

(2)Shell course to annular plate welded joint — }

.. . : |
T-joint : Liquid penetration R15 for Fatigue ! |' !
: : countermeasures
examination at each layer after ] QA
|

welded metal has been deposited.

| BEMEARE A T

RODF S \1 -_;.::I!:. 7 R tr' '_'.I-'.-
] e R ‘1 ,_i.,f'c'ff
—_—r o ) '
- SR S o 3
e K2
SHELL ==
;' ; _ '
ARNEIEARSE or T § merm =
-J:'Il.l-"_'r_,___*_______i"'_ -
BOTTOM | vore o e
W T R ) e
>‘" P '] _FT AN 1 ) :




BR4h WPS T34
AS533M Typel(9%Ni) to A533M Typel(9%Ni) with SMAW

AS533M Typel(9%Ni1) to AS33M Typel(9%N1) with SAW

2) #FIME
#F TERRE(WQR)

(Welders/Welding Operators Qualification) -

BE{EEZ s (Welders Qualification Test) ~ 5 fiks ~ &8 5F T8 $%7% (Qualified

Welder List)

R LER LI T el EEBRER
EIE TR E B PEFERIAE SRR st
P11A-/F43/2,3,4G SMAW A533M TP1to A533M TP1 F48
P11A-/F43/2,3,4G SMAW+ER | AS33M TP1to A533M TP1 FRCEET )
P11A-/F44/2G SAW+ETR A533M TP1to A533M TP1 EENHG )
P11A-/F44/2,3,4,5,6G GTAW AS533M TP1to A533M TP1 SIF

st ¢ VB E Bt s (SAW) I §7 2 H
B  SFAEFHEIEEEYE) - NRERIEIGRLL SRR -

Control Items: Preparation before Welding (Required Jigs on preparing, Operators

Training (10 already passed Qualification Test) and Layer sequencing technique etc.
(F) # B30 LNG G4 [$ERERrEE]

PR TRERIIE SR MY TAFRE P B E

(1) LNG Storage Tankjifi T2 %

(2) Welders/Welding Operators Qualification &2
3) BRREHER

4) 9% NifRs$FRE EFIH

(5) EFF LEFEHARE

(6) FRFEATFFIFAHIIALE

(7) $FFERteERE

®) FFETIREER

©) FFERIBERERT

%38F > 246 F




(10) NDE# &
(11) Horizontal SAW Zl|%kF2)F
(7N) # B0 LNG 18 (R EEER]) -

SR LA E Hl(tems to be controlled on Welding)
(1) $ETEHISEME :
-~ 85T T3 O%SRSHEH il il B 54
2~ B TER S 3% #(Qualified Welders List) » ZbasF T&EHE -

A ~ RT & E=EHI(RT repair rate control) » #7 1T. RT A~ B2 H A2
1E 5% LANEFE > 5~10%5 ] RS - 10% 2L EHCHERS

() SEBFRIEEEAHIT R (Weld Assembly/Plates/Parts Fit-up)
EHIEIE ¢ T ERRR R - BR TER - M GRS
(3) #FFIEE (Inspection before Welding)

BRI - AT - SRANER - 3R LR
(F-HERCNE M/fﬂ%ﬁﬂ/mﬁ@%/ﬁﬁ hfERE)

4.9% SRS ET R LT A
Elalinbicp g A

Since toughness and strength of 9% nickel steel 1s improved by heat
treatment in manufacturing stage, excessive heat mput by welding
process causes decline of quality of 9%Ni1 steel.

> Welding heat input shall be restricted strictly.

Since 9%Ni1 steel 1s easy to be magnetized, magnetic arc blow often
occurs at T junction between vertical weld joint and circumferential
weld joint.

RYERTALE > B - BB ~ $RRERST IR WPS MUE E HERERT A -

o

%39F > 246 F




In order to satisty welding quality and design dimension, following
items shall be checked.
> Management of welding conditions, especially management of heat
iput(= current x voltage / speed)
> Keep interpass temperature.
> Keep welding sequence. In addition, confirm countermeasures against
welding distortion.
> Manage dimension at assembly stage.

=>> Circumferential length of shell course shall be confirmed before
welding, and be prepared for welding shrinkage.
> Take care not to reduce plate thickness of base metal area.

>> The part where welding jig is removed.

>> Overlaying repair welding part.

>> Near the seams of multilayer welding joint.

0% I ELERAL SR RIN BT A E] ~ JEREAE] - $FRE(FR 2 ABNEIEH] ~ [
1E crater([MIF&)cracks S AR ET RERI T2 R A BRI S

@ Components of 9%Ni steel and welding rod are different. (Transition
joint) So welding of 9%Ni steel is difficult.

» TX1

(1) Prevention to decrease the weld metal strength by the dilution.
- Adlmn}stratmu of hegt _mput. (currency, voltage, velocity) Max 45k/em
>> Heat input and administration methods are :

; (SAW 35kJ/cm)
described by WPS and procedure.

(2) Prevention and removal of crater cracking of the weld metal -

- The melting points of 9%Ni steel and welding rod
are different, so the crater cracking occurs easily.

>> Treatment of crater is described by procedure. API620 7.1552.a

(3) Difficulty of welding operation No crater cracks
- The melting points of welding rod is 100 degrees lower than that of

9%Ni1 steel. So the welder*s capability 1s important.
>> Qualification test of welders is executed.

tEE T A E A M 3 BPEHR |

(1) AP5Edilution(MFEEE) - FMREWPS ~ M AZE =45kT/cm
BEFTFEBEIEWPS/PQRZ FEEE ~ B (SRICAmm KA PRI
145A) ~ SRR ~ ERDVRERE TG - A2 R TR -

% 40F > = 46 F



Table 5 Maximum heat input for inner Tank (Unit: kJ/mm)
Flat Horizontal Vertical Over Head
SMAW (AWS
A5.11) _
SMAW (AWS 4.5 4.5 4.5
Ab.11)
SAW(AWS 35 o
A5.14)
GTAW (A5.14) 45 4.5 45

Heat input of each pass shall be calculated with following formula.
H=60xExI /v
H : Heat Input (J/mm)
E : Welding Current (Amp)
I : Voltage (V)
v : Traveling Speed (mm_~min)

() FalR1EMIFESE (crater) > JESSE @M VI&PT fad ~ EFRIRIE -
(3) EIRETFEEWRE > LEH -

e R

#F L& (root gap) ~ BB ~ BRI THA(L « BREDETE ~ B5EUD R SRR DR
PRI -

417 > =246 F



(1) Environmental administration
- Rain, Wind, Snow : No influence because of T
completion of outer tank DG
* Humidity : Checking item N
>> Administration method 1s described by procedure. - T
(2) Groove inspection
* Groove angle, Misalignment, Root gap
>> Inspection method 1s described by procedure.
(3) Keeping of welding rod in site - Moisture 1s not put into.
>> Keeping method 1s described by procedure.

—*% Misalignmei

Humidity = 90%

Temperature = 20°C
Humidity = 40%

% 42F 0 246 F




FEREEmEEEN R

15 EIHH FLH 2 A AR

IR EE I humidity =90%
%F{‘I*/Jm = ZOOC
FREEEE humidity =90%
T A*%ﬁﬁm $F L4557
BRI R AR ST ASTM %w5k
%TIQ%E*%E%& AWS 4R5k

gz 1%51% = S0C-100C (TIG F %)
%ﬂﬁﬁaﬁfiﬁi O~IOmm(*}ﬁiﬁ?H”ﬂIﬁHﬁ?iEfﬁg)
HE[E 50~807E5"(* ME(R IR 4 7 78 [ JE 5T)
misalignment
FHEURIE =>10C
s difE 99.99%
JEERE <150°C
SEREEET [(dmm ¢ > 145Amp [JSmm¢ > 180Amp
PR R []

ST | R [ (AR A e )
iR PT =y
JEfE PT =y
PR A 1.6mm Max

sase yT | FERGEE) i

e LJE(T ) 3

P T ST

% 43 F >
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FER R $ R

Knuckle-to-shell plate joint

> Groove fitting of shell-to-knuckle joint
1s difficult, because it 1s carried out after
mner roof lift-down.

ALITY

L AN |

@)

I F'I.III; jE‘

|

T junction

> Magnetic arc blow often occurs at T
Junction between vertical weld joint and
circumferential weld joint.

g

( @J -

Pl

L
€

Vertical joint of 15 course of shell

plate
>Welding from the lowest end to a
— | height of about 300mm is difficult.

o

Welding position 1s not good.
Note : Especially applied to

The form of toe should be
finished smoothly.

(Fatigue strength 1s influenced.)

internal side.

Inside —" 7] Outside

2] |

| PLIER

ell plate

In case each layer PT is carried
out, there shall be no remnants
of penetrant liquid before

welding of the following layer.

- _
| s

AN

%44 F > 246 F

Annular plate

Difficult to conﬁ-rm welding groove.
Note : Especially, applied to
mnternal side.




(t) #th E3\ LNG 418 [HET1& NDT f&&&]

BHIZEIE ¢ VBT ~ PT } RT DIZESE THESE A B3R
9% Ni SRS RS EE JJ(F OB R(-162°C)Y BB II0F - G4 B E 100%
VBT for Tell Tale Hole(for LNG Tank) » JHlEEE ST 3.1kg/cm2g(min) ° 10 sec min
BRI BRI [ 270 1 /NIy » AU RIS AR ] 270 10 79

(1) Visual inspection
* Bead form /' \
>> Inspection method 1s described by procedure.
(2) Non destructive inspection of butt weld
* Full liquid Penetration Examination
- First layer, back gouging parts, last layer
* Full radiograph examination (in case without backing strip)
(3) Non destructive inspection of T-joint between shell course and
annular plate
- Liquid penetration examination at each layer of welded metal
- As taking the place of radiograph examination
(4) Solution Film Testing
* The inner tank bottom plate
*Shell course to annular plate
(5) Gas Tightness Test

Max. 1.6mm

PT : Liquid penetrant testing
> PT is applied to 1st (or 2% layer, Back-chipping part. and Final layer
of the weld joint.
> In addition, PT 1s applied every layer of shell-to-annular joint.

>> In case each layer PT is carried out, there shall be no remnants of
penetrant liquid before welding of the following layer.
> It 1s better in SMAW and SAW, to finish up the surface of welding
bead so that the quality of PT may not deteriorate.

%45 F > 2 46 F




RT : Radiographic testing
> Since RT for 9%Ni1 steel 1s very difficult, the inspection process and
ispection conditions should be confirmed in advance.

> Especially, confirm the inspection process for the tapered part and the
part where plate thickness became change.
> Since RT film for 9%Ni weld joint 1s very difficult to judge. inspector
shall practice checking film.
> It 1s better in SMAW and SAW, to finish up the surface of welding
bead so that the quality of RT may not deteriorate.

Inner Tank 100%f@ & TH H 283

JEEAR IR IRTRELEE | BEfY RN PR TR
it

1. )M‘ +”‘ Eﬁn/u v v v v v v
2.PMI(or v v v v v v

PAMI)
3. H A v v v v v
4.PT v v v v v v

(in process) 2" layer or 2 1" layer Each layer | 1" layer > | 1"layer > | 2™ layer or

beads SRR B (% | 2 beads

5.PT(after v v v v v v

completion) Before&after | Before&after | Before&aft Final Final Final layer

HT HT er HT layer/both | layer/both
side side
6.AirT , v - _ ~
7.VBT(SFT) i ] v - - -
Before&aft
er HT
8.RT . v _ v v v
(top
Crown)

9. R~ v v v v v v
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