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FRAZAAR] 48y AOA ARHYI= Hx dAd A
EWHENA a8k ARGkel SHF7] 98 A dolEE AA, A 2
Ase ¢ 5 AT A dHolEA T 24 F syl A7
S A AFRA del Ruske AAe Hu 2EE dehde,
ARkA o7 o) FFAFl A= API (American Petroleum Institute)
650 olgt= v= ZFEe web Aabdth weba ddo] g E 9
ARG A= e AA dHolHE 7AW AA % oldor AAE
Byskx] ¢ As 4o gith olyst o] {2 7|E B 129
TAE Bash] feiMe At BAE AlAdsiop v EE V)E
Ao ® Q3] WA Feed 255 ®A9 AL

2

U fAE Bl sk 497t ok
o

HAE W&or, o dvexes A4 AP eJHe] F79k 2x99
AP e olgstel AA & oo dAE Hushr] S W

o
=
3, A8 AlE 2% (Linear Program Modeling) & %3 WHEE
3} (Optimization) 3}t F7t2 AA &% ooz IAAE

4
P 5 e W A 5 o w9 9 gt oa wagin

A

Foo 1 489 AAAFYA, API 650, A %, ¥ 7, 1-foot
method, SHE 9 H|-& 2, THE FAY £4
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A1 ZAE

1.1. 9 w3

1.1.1. U A Ak 9] o] E)
T3] o= AF S ARE AR s Aoy A
AAE FEE A AAES Ash o)E =AU Upstream I

Downstream .2 Wz & Qo1 Upstreama Y= EAFST Al

Wk AAeE ©@AE 9ulstal, Downstreams /45 QA
st GdAlE wokth fElve A {fAaYdS Downstream 9=

wdEo] glow, &4k o, thal T AfRsstdxE o] itk
Szt A A A7 TH okl ® 1-13 o], 20194 7=
s, T, Aol QIEel ool AlAl 59lolm sHF 3,393%WF wid
AA7E 7hssioH1].

[3 1-1] &7 ZA Ag 58 +9 (2019)
a5 AA Ay )

=] 2] =

=9 9 =7}

(Thousand barrels daily)
(2019y)

1 ul =y 18,974
2 == 16,199
3 2] Al o} 6,721
4 ol 5,008
5 o gkl = 3,393
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A5 FYshes WHOREE Fx4do] 5o Hulsto] A/
, SPM(Single Point Mooring, & 34

= o835t FAo] A2 el g Fol (Buoy) E

=

T2 ZEANe A7E Z Asfel AR Ak o= SPM S
ARgellok shal, Fafiqtelyt daliqkels Aol AR Autels W
AR e Fells dE Y] SlE AR dEele] dE wowA

obyel &3] ®A =ds FRAGAE Rady, g Rad

A AR EAEY o8 34e 713 AFwozE A, Agakd
S, AR T8 AES oA Adubel Ao SR FEEHAY, SEE
S8 U FH4 5ol #ject

= FFAardel 7t & 54 dEE A% Fdsvs Aol
A Akl ol " 1-29F o] AfEAN A5 52 Upstream
e A, A, AF AL 52 DownstreamZ7bA 9] ZE 02 LT
%, "= % Upstreamo] g3t =7leA+  Upstream'El

Downstream7}4] B A7} 7Fested Ad AFE AlFsts 35H
AA & AFo=E 7R JhsskARE 2yt DownstreamWh
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Oil extraction Transportanon/storage Refining/distribution

r = 1]
|Offshore oil platform | Transportation Refinery = g ») ﬂ
— —

—_— |
- | Crntlcal Infrastructure

- ) Slorag! mbutnon
IA' —= ®

Retail & Commercial Public
Onshore pump jack | Storage | Pipeline station customers services

[727¥ 1—2] The oil supply chain, from upstream to downstream [3]

B 9= Naphtha ®3g} 3t}



e a9 1-33% Zol AfTAelA wS FAE AAG=

7ol Tankolwt. olelst ®WAE AHAsr] fairs 7=l Slofok

sh=d, =d thEE AR EoA= ®AL AA 92 AHAXE 9IS
=X 593 (API, American Petroleum Institute)? ®3I XF
(Standard) <! API 650 o]} %TS WETE API 650 2 Welded
Steel Tanks For Oil Storage®ll st x=[510]19, API 6504 g <] st
B g7|gAd8 a3 (Atmospheric  Storage  Tank)  ©]t}.
AR A 2R B e o] dividel dHEE, 4,

Gl
SHAE, HEAE, detE, = 5 dEE FA A 5 Sle

il

Ao AR A= Ae Typeel
el B5F7F Hedl, A%Eo] 124 Fo] 3+ Fixed Cone Roof Tank,
A]g-o] Dome RS 3t ¢l& Dome Roof Tank, #A%&°] B W&
etedof] 23] ¢/ol#lE A o] Floating Roof Tank, Floating Roof
Tank®} Fixed Cone Roof Tank® 574J¢] #*7 Fixed Roof with
internal Floating Roof Tank 5©| St} o] Ao = 713 LHkA el
Type®] Storage TankQl Fixed Cone Roof Tankell w3l &o}m iz}
3ttt obg] 18 1-4% Cone Roof Tank® REAEE Yehuw, 79
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1-5+ Floating Roof TankE 4YERITE 133 o] 24 Floating

Roof 5 =Fo]7}

Foam V_ﬁ g a
chamber\ 5-::_-__ __________
\
Varec \ﬁ ~ Foam line
conduit - deflector
Foam
line _\\
— N
Varec
gauge \l
Floating
suction
Suction line pontoons !
Water draw — = T ——

Shell
reinforcing
pad
Swivel
joint

Cone Roof Tank

Reinforcing Safety hand
Free event pad Safety handrail
Redundant alarm
Sample
hatch Roof hatch

/_ Safety handrail

/— Stair rail

Fill line diffuser

Center column
earthquake collar

==~

Tank shell
manway
Fill line

] L
E__.{.J...._ ] 7
Sump Center column

reinforcing plate

(1%

\
\— Floating suction

drain plug

External Floating Roof Tank

Varec conduit \
Wind -/

girder

Varec gauge

Suction line

Water draw

1—4] Cone Roof Tank[6]

Sample
hatch
8” Slotted Truck
gauge pole / platform
Redundant alarm
v
Gauge tape Roofing )
Secondary CP seal ladder )
/ Primary shoe seal "Alarm cable )
Gauge well Leg gusset Stair rail
Roof drain overflow Leg )
Leg type vent reinforcing |,
Pontoon cover
H /;anway T pad o
e, = Gauge
1 4 .,Jﬂ. ot " pole float
] = Tank shell
Roof ) manway
drain sump
Check ) Fill line
valve )
sleeve ==
[=p = |

Shell
reinforcing
pad

Floor sump

Leg pad

6

Roof —/

drain hose

-

[
\ Roof clean

[Z2¥ 1-5] Floating Roof Tank [6]
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API 650914 drEAQ1 B F°] A7 &% (Design Temperature) &
93T olstolr [5], ol= ®WA WiHF-o FAS Hul Ed 7 %7
93Cd= Yugth. API 650914 93TE Zdsh= 2k FAE
wnyshy] gk ®Aas AoshA ¥ A2 ofdal, API 6509
Appendix M (Requirements For Tanks Operating At Elevated
Temperatures) °|A] F7F e &l A4S sta 3t} ©] Appendix
Me 20§ AMgsE A9 Hx 93ToA FHd 260CT7HA 40
7hed WAaE AAY F At

olgigl olfE A EUE gl TankE A B
Tdow FA IZFol UAx ABF, FA= A FHelA Tank®
o Fste] AFHY] sl FA 2E7F A 2k olstE Ao s,
TankolA ©A B 3@l F4H7] feid= B 384 a7eh=
EEvE fA4 25E SElof @t olE ¥ 1-63 o] ndET
o}

% 1-69] cAjellA Tank® A7 2%=7F 90Tkl 7Hgsta A
g FA7E 327Colal B ¥Ael 200C= FlEofoR dupd,
FA= Tankel F4=7] Y& 90T7HA] Y3+ Cooling #gS A Aok
stal, Tankel 90CE A& 5 thA] B &4l F4& f& 200 C7HA]
Heating ¥7do] H@astrt ofdd Asfel| wkef Tanke AA 2=7}
90C7} obd 200CeHd, =, Tank W Fx& 200C7HA] Bas &
ATHA, FA9] &%= 327C > 90T > 200C7} ofd 327C > 200T
7v 3 4 QI o]& xES Zlo] 17 1-7olt}

o] 7}4go] 7}estetd, o]& 13  ‘Energy Saving 83E 7MAH 2

=
o
>
>
of

il

x2

F QA FeAY e cloldolel M ATE AFEA FUt =, 17
1-69 @A A%e 19 1-7% 6B 5 o o 5sA T
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Tank
*| 80 °C
206 °C
327 °C | — ] @
Y _Jes<
148 °C

196 °C @‘ 176 °C , ..7

(729 1-6] Tank 2% &% 80TC2 A Flow Sample (3A))

~ -
A3d
Tank

200 °C

=1 £50

D *

200 °C 200 °C

[29 1-7] Tank ®¥% &% 200C<% $A Flow Sample (To—Be)
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A2 ETd 24

2.1. Tank @ Au] 24

A% "3e] Fx+= A vE#E (Bottom Plate), =3 (Shell
Plate), #I%& (Roof Plate) &2 /5o vt A2 o] wepa o
Z3 ®3 (Cone Roof Tank), %% ® 3 (Dome Roof Tank), #2] =
= (Floating Roof Tank) 022 &gttt A2 Bl A= X Fo] 9
ofe 2 HAolA &=, olyd A9 FH =7 W Af fA9 A
T7F FotA Ael 74 5
olg]gt o] fF = A B AP dAst & oS FAdFe stk
545 7MAT dg7]. AR ®a3e A 2dS 7 AdA 2F
(Standard) o] wepa] Zfol7t Qlom, 7h <l AA 2% AgE WUt
th2w, o= ofg ¥ 2-13 Zuh[8]. w7 EFEQA API 6202 Ho A
ALEE 121 CE Agatda, JFAkellA] F2 AFE-shE APL 650014]
T 260C7HAZ Algketa vk =A<l KS B 62258 A34r
A2l JIS B 8501 X8 API 650 543 260CE Hu dALEE
(L=

Mo

A]

o
ol

[ 2—1] Tank 274 T+ 4E FHu A4 &%

¥ (Standard) Ho dA 2% (C)
API 6201[9] 121
API 650 260
KS B 6225[10] 260
10 3 L= |



JIS B 8501[11] 260

Auirx o7 AA ¥ 7]eto] etgloll) ofF HE Ao oF
2 glo] EE = Zlo] oy £7]9k9 AolHo|th A HAE BE
YE3 (Cylindrical) ©] 3, F3 3t njete] Fxo 7 HAxHn pAH X

ojuf ##ol= (Floating) A&= 7Fvh. A% &= A 2 &4
of A&¥= w2 &4 AZE lor, ol WA del xgd #A9
EAo wet g2 A4 A ¥3 (Above Storage Tank) 9F A3} A
% ® 4 (Underground Storage Tank) ol 285 1A= A2 th=th
APT 650914 M %= Shell 7 A W2 ell= 37H47F lov, dnt
Ao % 1-Foot Method”} AFg-o] ¥t} o] ¥HHE thiio] & A7
of Ago] HA, Aol #7A (BAL AF)ol 61lmE 2t 5ol
= A&o] =7k st12].

ESE AL diFRe ®Waws AAL A7 BA9 Eolry A
Al AA =Holdwt o]& A X3 L o a<le] &g ®¥Ae SAdE
7] fiekeltH[13].

A "Was AAske Ve AR AuskdANE API
6509 A= AL ofyth. FE Tl AHE-sk= Eurocode 8, NZSEE
=5 API 6503 @7 7Hd ol AFg5 = AAAZRH A 2A =0
olF ILo= B2 ApolEe] UARE, 15 API 6500] & Afo]E HO|
= A2 @A gigk FEolth API 6502 3185 AAM S AH8-at
3 Qlal, Eurocode 8, NZSEE& ZEAAME A&t [14]. vtz o
2 ZHES AAD dde dd ¥4 585 7HAa 9l= Licensor
7F o™, Licensor7b A4 3st= Coded uwhehok bk =l o2
719E w5489l APIOIA A7 sk API 6505 = wEn, o)y
of A5+ thd<l W= oA API 650¢] 7|vtsto] A7, Axg ®aolt
327CRl A Al AA &%=7F 90T<l BRYAR &

ofr
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_~
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i
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[Z2¥ 2—1] Air Fin Fan Cooler[16]
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Air Fin Fan Cooler+= 13 2—-13 & EoFs 7H< a1 Qi
Hel= 2708 Fan 1ol Tube @O wj#o]l &#A Sle FEHE
stal Qlth. Tube Wi wi¥k WFes 228 W3de FA7F 52
ool 9115 2709 Fano] =WA of#follA flo] o
17V 324 "o ol AFVIE AZekd olaizt v Tubed
7] vkEE skl EolA Tube®d Aeicty AZstd "ok =
Al ek vl AF71E o T Zolgty B #Hu old Air
Fin Fan Cooler= IA E™ 19 2-13 7Fo] Fano] ofgie] f1A&
FE = AR Fano] Tube #el #AA% Fe= Uk Fano] ofzfe]
Q=3+ HE)E Forced Draft Air Cooler#} 3tal o]& I1HO % X3 sH
o] ot 19 2-20]t} Fano| fJol 912¢ @EES Induced Draft Air
Coolergt stwl ¥ 2-33 #L BEFS HAY 2 34 A

£-0]3% Type? Air CoolerE A¥ajr dx|3}A Hr}.

ri ol 3o o |
N R
5
do

i

X

. 1
[ I 3 i 19 {
: :
[ i I = 5 T
| 8 |
A s abde | 4
Cold Air

1 Tube bundle 4 Fan 7 Fan ring
2 Header 5 Belt drive 8 Fan bridge
3 Plenum 6 Motor 9 Walkway

[29 2-2] Forced Draft Air Cooler[17]

13 : i"”1]| 11].



A A WarmAir o A

7

3

1 i e

-—lle ol -

1 ! | (A

e

1 Tube bundle 4 Fan 7 Fanring
2 Header 5 Belt drive 8 Fan bridge
3 Plenum 6 Motor 9 Walkway

[2¥ 2—3] Induced Draft Air Cooler[17]

Shell and Tube @372 7|2 8= Tube side?} Shell
side 7+ Gugoltt, ofe] 19 2-4ex 2EZ o}d] Tube inletO&
o2 = TubeE Fa €% 919 Tube outlet®® WrpA =,
% ¢ Shell inlete2 Eoj& EU2 fFAlE 2% oy shell
outlet© & Yzt o] uf, F7tel tube W (Tube side) £} tube 2|3
(Shell side) olX F FA7} tubed Atololl i1 2% 2pol7k lA HH,

S 259 FAY doyA7F Fe x99 fAZR ZE7HA HEA
Lo fAE 257F SolAAl Ha, W32 L9 fAleE 57

doEE ol
rlo
rfo

O
o
N
X
fh)
rlr
o
&
o
o

. 5 S8t



Tube Shell
outlet inlet Baffles

< AN “« Front-end
y N [
— = | |<\ header
AA < 4 <«
N |\ J :T e \ /- [] g
Rear-end /]"
header /4 ll Q 'T
TUbeS ShTe“ J
Shell Tube
outlet inlet

[719 2—4] Shell and Tube € 3+7][18]

2.2. 33}

A& A& (Linear Programming) S Folx A& x4

=
WEATEA Y BA F5E ARt BAoth MY AW

& Feh, vA] AAS, HEANA AR HAS} 5 WS 2ok
AREE I glom, A9 AW e F9Ql UEYA 53 #2
EAE dEiAe ofel E3td dugEse] ATEHo  stoh 23
AARE 5 o =24 By #-d9 5F, 29, wx T
SIPN s . 194734l George DantzigZ7} A3 A2 S

%] Ql AEHYAH (Simplex  Method) &2
A9 AN U180z HAsA HATh
A8 AYHLS YgAEA W (Decision  Variables) £}
5243 (Object  Function),  AleFx3 (Constraints) 2 7A@t
AArE W HASE EAlolA Folopdt titom SJAAY WG9
A%t E HAs =e Hdgsiof @k HEsh
2

= A
A WA A2E Aot STAG AGEAS Wk



Zol xdEth 2-D& HAFFR, B A¥IF H45 vehdn
Hhek i AdFda Hdighs dohdli= Zlo] HAolgbd ‘Maximize
AT o), HagE  dohl= Aol HFHolwd “Minimize
FATS A Aotk (2-2)& HAHATFE USSP Akxds

Minimize or Maximize Ciyi1+ coyxot-+ Caxn 2-1)
Subject to

annx1t azyet -t amyn (£, = 0or =)b;

ag1 X1t ase x ot + asmyn (=, =, 0or =)by

Amix1t amz2x 2t "t amn Xn (g, =, or 2)bm

¥5=1,2 = n

A7IAM (2-1D9 ¢ HATTY ATz, Hast EAcdME
Hl &3 Ad=m, Hdg ZACdA = 7% AdE7|E g Aotz
2-229 9 b, -, bn =AM e Al2E
24 (resources) & LR =1 FA A = A2~ H] 9]
2 FAe (Requirements) 2 YERATH I8 B2E g5 Aupyg @
Aoy @ AL i7F A jol el drby AR EE RSEHEAE
o] gk},

AREARL A ARl A Wt da-d WE A
A% A& (Integer Linear Programming)©lgtil F=w A4
He dF 7 Aed HE &3 A+ Ay AEH (Mixed—Integer

i=]
Linear Programming) ©]2}1. $Et}[19].

flo

i

o
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Al 37 THE

2 A7 obdlel 2¥ 3-13 #o] &gt Tank® Shell
Thickness& /3= 247F 7994 1-Foot MethodE &3l

Stress #to] &%, o3} od

<5 Uy 129 fFAE ALY 5 AsAE #Gle stal, olE
#HAgshs WH R LP Modelings ettt o] g H#skst ¢, &
.

St Case 27MA& AAste] 7oz 283

re
- J
i
Y
ofo

Tank &7 Tank 88 HE
T8 e84 HE
(1-foot Method)

SEHI 2 7 #A dE SEIF Y 7 A dE
(Design Temperature) (

7|Z& Tank Off 12 | ME 7ted =gl

Tank FHE CtESH=
2L/Y4#Hol £ Xzt Sample & & Case 1
(LP Modeling) ZHd
e
Sample X & Case 2
(13 3—1] A7 WY Work Flow
17 ] _'-.'.'2 _



3.2. Tank A A

APT 650°] W= Tank AAE S8 slol & 24= A7

Load, Design Factors, External Loads, Protective Measures, External
Pressure, Tank Capacity 7} ¢t}

Load:= Tank AHAI9] &tF, AAH <F &9, UF o4, T

Al Al &9 s}, Internal Floating Roof Type?] B4 2] Roof 3}

, A%l 3tF, Tank Aol #oli= = (Snow) 9 3t%, Tank el A%

© FA9 &%, vE(Wind) o] d&F ol A% 5= on|dn. o

AgelM= Tank AHAS] &tg, AFE &% 4, UF e, 5

A, Roof &t%, A% 3%, Tank 252 9] atF, vhgre] FaFS wt

o

WA gomz Aretn A9F & Qo

rEAﬁO{N

&
stg AFEE fFAS o] ded F jlorE ¥R 2 5 Qlrh
o] Fo] oW AT FLoF o4&
Design Factoriz &3] WFEAMA Y38t Tankd AA &%,
B, 2 oJ (Corrosion Allowance), A& Alg Fo] Qlt}. o] <

-

T oju] AX¥ TankE 7FA 3l A3 E7] wfj&Fo] Design Factors

¢

012

Febal 7pgeta X3 E ¢ Qi
External Load: 919 LoadollA A&t % o] 29 wFale
A F7E Ak steo®, Tanke AX| WaFoluy, F7F A A,

Hpga o] A HQl 5407 F7F ntgEofor dk= &5, Tankel A

E
o=z, oln] AXE Tanko|il Walx| kov =z 4=z 714 str)
External Pressurets Tank W4o 7]+ B8 3o @3k

Ul
€07, 7]& Tanks} b= Fio] glolAl o] oA WA gk @t

. A 2-t]) @



CE Mg 4 otk

Tank Capacity: Tank o A4S H AT 5+ A= &
S oulstd, 4 24t A= Tank WP 4 23 235 oulg

2 Ao = oju] A Tanko|Z2, A5 149 foln=z A=
Tank Capacity: A2 A wolel AAdAY, FA49 A FHole= &
AE dviy Bask=Ao s et wWaolth, &, A wol7) o]

W7 #39e & 5

3.3. 57 A3 (1-Foot Method)

Tanks= 19 3-29 #o] o2 Fo Hyo] o= ool

32

2ol 7% ofdlel Q& AW (Shel)o] F 2 FFe ww
2]
A

ol E olgZ=o®E ZFE Shell)] FAE FAYRAL. 1

T Txolt 7 SHE WA H= ksl vE2Y] wiiel 19 3-33%

, ol

3-3

7V obel el Shell F717F FAwS HolF7] 913 Sample©|t.

TO ATMOSPHERE (OR PIPED
TO RELIEF SYSTEM)

GAUGE (DIP)

HaTCH TANK ROOF

€ PLATES

e [LHFT T [T 01
CONNECTION [
—
[
-
[
[
—
— TANK
'BUND' — SHELL
COMPOUND
—
] . TANK
o H BOTTOM

[Z28] 3—2] Tank T4 ©]u]#] [20]

& 2 A ST



2440
[RR1]

2440
am |
2440
o
2440
(130

2440
(161)

2440
(191)

2440
)

2440
(251)
2440
(281)

Shell Hydrostatic
Course  P'ressure

[7218] 3—3] Tank Shell Course ¥ F7 xzlo][21]

247kl v Shelle] FAE sk W2 APL 6501 1-Foot
Method #h= WOz A7fEoe] Qlth. 1-Foot Methode Tank9
Aol 6lm  o]gkdl Aol ARgske WHolm, AF°]l 6lmE
Z338k= Tankell tisl|A= Variable—Design—Point Method, Elastic
Analysis 59 & WHES AFE-3F9] Shell ThicknessE AF=E3Ht},

Fi1# 1-Foot Method2t= WHW-2 Shell#} Shell 7He] 3] &4
7102 nt2 olf Shell courseZHFE 1—foot Zolel 1ft (0.3m)
Point7} Stress #-§Hoz 7V & 9+ wevha 7Hysta Axlst
= Rl w2 Aol

API 650 Y}2+= Minimum Tank Shell Thickness &2} 1—
Foot Methodi= o}l (3—1)¢ 2413} 2t} (3—1) F2oA 2714 4
T 4 HEE olgf 9} 7ol Design Shell Thickness, Allowable Stress,

Design Liquid Level, Corrosion Allowance, Design Specific Gravity©]

.

v 2 A2 e



te= 4.9D(H — 0.3)G/Sq + CA
(3-1)

ta = design shell thickness, in mm,

Sq = allowable stress for the design condition, in MPa,

H = design liquid level, in m,

CA = corrosion allowance, in mm, as specified by the Purchaser

G = design specific gravity of the liquid to be stored, as specified by

the Purchaser

1—Foot Method¥ Shell ThicknessZ 38} F2lo]x|ut, o]
7} olm] AX HoQlE Tankel 29 FAE R

0 5
FA0 7 7HA L Q7] witel FAE A Q= a2 7 Atk
= )
= T

o
f
i
HT!
=
H
[
=
w
o
.%
Q
=)
~
i
é
f:
L
o
o
R=)
rlr
wm
=y
@,
o
-

Y Tankd] A5 W7 2 5 AR ‘olm] HAAE’ Tanks
Tank A2 GAlo] AEH FAE 7|IFox2 AA7E k598 Zlo)7] Wi
of 74, A& 592 Datarx= 457 Hi= Foltt

72 CAT Corrosion AllowanceE 2|73, TankE A |3}t
= EFARA YR AASkE FhoelEE o]ttt Corrosion
Allowancet ZHE FHoA FA Aol &4, H4& 5 1Y

&to] AL FAEG FEAQ FAE 0 ForM FAo ddl oAfE

T 2 9u|sth Tank #RF ofyel ERHE ARG Y= e A
Hlol Z&o] ¥, Anje ¢t 2% W FAS & VAF QA
= 5%k Shell F/A& 274 & 5, Corrosion Allowance#}il shi=
F7F FAE Shell FAlol &7Fste] FHl o] FiEt FAo® Qg &
AE Zo7 iy HES ®edtth Corrosion Allowanceols= -2
&, A& T 1] EFEAbelA AAFE F lom, dntdow =
W EREAN = BFAd AAE F3 Corrosion Allowances 7|54

21 ‘_".' .
A2t ?



[ 3—1] 1-Foot Method 219 44

ta (Design Shell Tickness) A
Sa (T)
H
(Allowable Stress (Temperature))
H (Design Liquid Level) H
CA (Corrosion Allowance) T
G (Design Specific Gravity) S

22




3.4. A5 $¥ (Allowable Stress)

A= Allowable Stress #tol#, 7AWV +X2&5
o 3849 & e HUdre $8€S ulsty, Zh7te] A

3= 27 7}
A= 54 Foll shveltt. AARE AU SR W2 @Sy
Rt o] QFES aeste] AAl AR Ve ARl dE ofF A
% (Allowance) & FiL 317] wjZolt}h. & 5o 27} &3] of= A

1

e
_\3
|

S 7F 7t 9= 189 Allowable Stress Zto] thEth= AL

b @w ek 72 AR HEete SES ZaeA HW ARE %

)
fu
5
2
L
i)
4
rE
)
|o
it
offt
117
T
I
X
1o
i
e
=
Jo
i)
i
R
=
3%
o
£

tiH] A2 ol oJsi A A Pk
olg} o] L Hpo|tlgtr TankE T/J3te Shell] AjHo]
AdA el wat Stress gk AaliA Utk ok & 3-2+% API 650
Table 5.2a ‘Permissible Plate Materials and Allowable Stresses’ 2]
AR = WSl Zi¢ld], o] KW Plate Specification®] W&} Product
Design Stress #t°] A2 ZdH o] Stk % 3-2% ©] T Sample
Material®l A283—C Specification®] Stress k< W33 Aot} o 7]
A Plate Specification< ASTM(American Society for Testing and
Materials) ol A A3 A7 2] Specifications 2w|stty, Holgba
stejete 1 Hae]l 0] ofd Ao wet i EHe 548 deA
7] wjizell olell thejAl ASTMelA 7l&= Asto]l AEE g

[3 3—2] Tank Shell A5 A283—-C2] Allowable Stress

Plate Specification Product Design Stress Sq (Mpa)

A283-C 137

23 A ! _'-.'.'ZI_ .I_.ll :



a9y, 22 AsdREr 25 uegt gE Aojgh= A oAk
sk 4= it} 18] 3—4 ‘Yield Strength Reduction Factors’ ®& X

(2

2% W Factorgto] EA8TE A57F 7FA= 1172 Allowable Stress
#ell 2% W Factor @< wdl5°] Allowable Stress #S ZAA3H
). =, Allowable Stress+= A& HE FalA J+= AFoly, 259
2} Factor #k& #FalFo]oF 2 =2, Allowable Stress #< %ol 9]

 AAEE FEUSel, REv BN B 5

Table M-1a—(SI) Yield Strength Reduction Factors

Minimum Specified Yield Strength (MPa)

Temperature
0 < 310 MPa From 2 310 to < 380 MPa =380 MPa
94 091 0.88 0.92
150 0.88 0.81 0.87
200 0.85 0.75 0.83
260 0.80 0.70 0.79
mmerpnlalinn shall be applied for intermediate values.

[19 3—4] 2% " Reduction Factor

AYslRd 1-Foot MethodolAx Wo = 259 H (Design
Liquid LeveD) 9% ¢ & Sith

ol AFE 9 MEZE A7g3%t Tank® Construction Details
= AvHEY 1 3-37% @t o= AA Construction Detailsel] 3
o F ARk Bl AA Detail2+ 3% 3-39] W& ¥ ofy}

Tank Bottom Plate®] F74 AA}E, Roof Type, 54, W&, Tank A

ABAL D AL BT B B

U
otk

2] Specification, Tank? Z%
H7F 33 o] glont, ol A+t FQst Shelldt #HHE ZRE o
¥ 3-33 o] =3t

24 . ,-ﬂ kl 1_'_” r



[ 3—3] Construction Details

Construction Details

Material Specs ‘ Shell A283-C | Roof A283—-C | Bottom | A283-C
Shell Courses Number EIGHT (8)

Plate Width & | (1) 2438 x 19t | (2) 2438 x 14t | (3) 2438 x 12t | (4) 2438 x 9t
Thickness (5)1829 x 7t (6) 1829 x 6t (7)1829 x 6t (8) 1861 x 6t

Construction Detailselli= 2 JR7} 3E3HE o] Ql=d], ©]
3Fu7F Material Specs. ©]th. ol foflA wsk ASTMOA 43t
A7 CodeZE 9u|sl=d], MZ Tank® Shell A5E ¥F 3-30lA
T %ol A283-C= w#H o] 3tk °o]E API 650°] #7¥ A=
Allowance StresselA] Zrolrm x7]5o] QIS AT 4 3,
Sample®! ‘3% 3-2 5% Allowance Stress’ 9% A283-CE
geld vk AAZ A283-C Ass EFAECAA M o
AFE-= a1 QlE Carbon Steel A® 5 stuolt). old o= AR
Specification®] Aa|#A <lar, o]o] st Allowable Stress %k,
Reduction Factor &= ©|&sto] AA 258 Az e Hy 245

=] >~ [e X} 2~
e s & UL

% ol

nE e

3.5. A % (Design Temperature)

1—Foot Method®} follA A3 Allowable StressE EU=Z
geld] B, %7} ol W Reduction Factor7} 2ro}#]al, Allowable
Stressi= ZrobAaL, 7= AeiA 3l ool 2 H (Design Liquid
Level) #ko] Zrolxjof dtct, witf2 27} Yrolx]wd, Reduction Factor
7b ZobAaL Allowable Stress #k< 714132, H #k2 7 A of gt

= A2 Design =59 Design Liquid Level 2 Yid] &3},

25 3 1 = —
-':rwﬁ-: -I|_|' 1_.l| '.-'.!_ '|'|'I_



M ew ol 12 fAE AR ANAE Liquid Level g 3
W bsetts 2 o4 S 9k

O

1A Ak

[e]

API 650914 &% ¥ Reduction Factor+e= 77 ¥ o
2 AHo] Hol gt HAR AR FAAHA &% H Reduction
Factor 3t 3= o]Fojx ST API 65094+ o5 S3)st

rSL'

PN
o T

of 574 X142 Reduction Factor gt ¥+ Aa7lstal Qlth o& =
W 7% 3—-49] Reduction Factorol4l 310 MPa w5+ 745, 150TCe
= 0.88, 200CoAE 0.859 Reduction Factor s 7FXt}. whek

180Ce]®Al 320 MPa®l Yield Strengths 74 wo] A%
Reduction FactorE 3t Atpd, A3 HIFY (Linear Interpolation)
= &l 7 F UAN, AA Aol = ol A&skA ¢, BH4A
1 grow Agoto] ol Wkl #l 0.755 FE A &St AY B

(e

P S o] g3t ol K 2 7k Reduction Factor 7} 12 Zo|t},

Ay Beldt, € 3 s AAMoE dAAs & dd A
et dgoR F3 & FHsE WHolt. 919 Reduction Factors
A2 59 ZH7e] ¥RIE AARE & Sl A3 HIPHE o] &3std

3— 2

73 o] ¥QAEE AAOR AAsto] F3F A U=

2 T 0ff 2 Reduction Factor EH 3}

0.92

05
0.88
0.86
0.24
0.832

08

0.78
0 50 100 150 200 250 300

(18 3-5] &%) & Reduction Factor (13 ®7FH) (<310MPa)

26 : ;‘i _-;'I_‘,r_ 1_” &



& =W 125C94¢ Reduction Factore= $1°9 A3

= A4t ad=ZE 38l 0.89~0.90 1] oW LS

T Atk olE Ags] &V AsiME alld A vt Feshd,
= S o]gst 94T~150C WS TFE

ofgfj ¢} o] Al & & QAT (3—-2)% 19 3—4°] ®%7|E 947T9

Reduction Factor %t 0.913 150C¢ Reduction Factorgk 0.88%

Ao O%le e dE yErdth

(y —0.91) / (x —94) = (0.88 — 0.91) / (150 — 94)
(3-2)

(B-2)F yel disted A& sbd otz (3-3)3 ko] A2
%3, °l% vy = ax + b 9 £ FHIE B Aeshd G- =

y =0.91 + (0.88 - 0.91) (x—94) / (150—-94)
(3—3)
y = —0.00053571x + 0.96035714
(3—4)

xoll 7t A 2% 125% didstd, y a2 0.89 7}
e o]zo] 125TY w2l Reduction Factords & 4 Ut} ol&
3] 125CY W] A283-C AFAl9] Allowable Stress #h2 137
Reduction FactorE 3%k 122.40 945 & F Slth

ol 2 WWo® API 6500 X:7IEe] olE AAI
Allowable Stress #t= 7 4 Qi o5 &8 Hsh= oA
Stress #t& ¢il, 55 ¢7] "ol Design Liquid Level 2] #AE
o]-§-38to] 1—foot MethodE wall B 7Feds & 5 Stk

27 A L) ¢



3.6. 33 (LP Modeling)

29 FAE Tankel £ Al 1ol W& Liquid Level& W3
of gth= & oA <A HIUv shxRE 72 7]+ gle] Liquid
Levels St of bl apd <tw 7] wfjiof], o] tfst HZ 57F Qs
t} o= 5o AALXE7F 90To]1, Design Liquid Levele] 15m¢l
Tankell 200C2 #AE5 st 7148 A} Liquid Level?!l 15m7}
A FAE ASHA &3 1m7EA R B3-S siohd, ©ds] ®Ho] s
g oty of7|A w27k dast HA 5 gk 200C AL B s
FHf sFolE ztolof Fhrh

H gke] Hrijghks Zrofof shu, ofo] thst Wy &% 1709 gl
v 1AgRolth. B4} Aok o] BF 1A E 2l E 9l
= 3 249 HAst U F sl LP Modeling  (Linear
Programming Modeling) & AF&3to] HE FHogks 3 + Ut

o]5 F<2l3l7] 93] Sample TankE ¥ 3—-2¢F o] A4S 3
St} Sample Tank Shell®] AL EF A283-Col]a, o] 29
Allowable Design Stress #k2 3% 3—4¢%} o] 1370]t}, 7} Shell®] =
o]&= 1~4 Shell 2,438mm, 5~7 Shell 1,829mm, v}#|2} WA
Shell 1,861mm7} AF&5 At}

[3£ 3—4] Tank Shell Course® 7], A2 % Stress

Shell Allowable Design
Course Width
Course Material Stress
(mm)
No. Sqa(MPa)
1~4 2,438
5~7 1,829 A283-C 137
3 1,861
28 ' L,



¥ 3-59 o] dA AA¥H Tankel AFEE ThicknessE
Used Thk@elA gelg 4= 9lil, 1-Foot MethodE AFg-3lo] AAts
Calculation Design ThicknessE <18 < 9lt}. Calculation Design
Thickness ¥t} Used Thickness 7} FAUH ARE 7hsgh Zoleta
£ 4= 9lt}. Used Thickness: X% B3 A4 Ao 71A] a1 Sl 7]&
Datas 7FA 3L AAkE FA o @Akl A] At Corrosion Allowance
S X3 dzel Are #ETE Y2 7S Fubel STk o
¥ 3-5&% H¥ EE Shellol A Calculation Design Thickness #kH.th

Used Thickness7} F74%5 &21& 4 Q)

[3 3-5] Shell Course F7| Bl — 7]& Tank Levele] 90T F¢]

Shell Calculation Design Used
Liquid Height
Course Thickness Thickness
(m)

No. (mm) (mm)
1 15.14 16.27 19
2 12.70 13.85 14
3 10.26 11.42 12
4 7.83 8.99 9
5 5.39 6.56 7
6 3.56 4.74 6
7 1.73 2.92 6
8 - 1.20 6

29 .-_;rxﬁ-! _CI_‘,I_ 1-]'



o]

o] Dataell 200C A&
3 3-6°|th %
7} Used Thickness® .t} 411

oz AgE 5 g Jow BT 5 A

ol 200C AL WA

215t S w9 ThicknessE AlAFsH
3-62 ®9 23,49 Shell® Design Thickness
F 5t
olgdA He olf= 4

o 1 F3F Reduction Factor ko] 90T¢l A %ol 19]xq 200T

21 74 9-ol= 0.859]7] W&o Calculation Design Thickness ko] 7]&
o g FA7] dZoltt.
[32 3—6] Shell Course F7] H|1 — 7] Tank Levele] 200C ¢
Shell Calculation Design Used
Liquid Height
Course Thickness Thickness
(m)
No. (mm) (mm)
1 15.14 18.88 19
2 12.70 16.02 14
3 10.26 13.17 12
4 7.83 10.31 9
5 5.39 7.46 7
6 3.56 5.32 6
7 1.73 3.17 6
3 - 1.15 9]
¥ 3-6°14 & & U= AL Calculation Design Thickness
E Y WFo] Used Thickness®t} gFAl sljof stty= Zlo|th o]& 9

30 2



3l A1 Calculation Design Thickness”} A4ty = 21& sHelshd, 1—foot
MethodE &3 2= Liquid Height #& S3oF &

grelstr]9lal e Z Liquid Levels 12mE WAsHA, % 3-7% Zo]
EFE WSS 3las #902  o & 3-79l= Liguid Levels
12m= WA 3sF1, 200TC2 Design Temperatures 27gst3 S uf AAE

H =S AYsth o] W2 Reduction Factors= 0.850]t}.

[32 3—7] Shell Course ¥4 B]® — Tank Level2 12m= W73 &

200C £<
Shell Calculation Design Used
Liquid Height
Course () Thickness Thickness
m
No. (mm) (mm)
1 12.00 15.20 19
2 9.56 12.32 14
3 7.12 9.49 12
4 4.69 6.64 9
5 2.25 3.78 7
6 0.42 1.64 6
7 1.15 6
3 1.15 6




A EepA HEZ, Liquid Levels dArpu staojof sh=A] dopfi= #
dol Fasitt o]F $l4l Liquid Level & A g st 200C2 #A
5 B3d F e #Hd9 Liquid Levels #lalof sttt o5 98] 4
£ HAs iS22 28 HAI o4 iR A9 ASHOP
Modeling) ]t} Z+2Fe] Shell M2 F72 LP Modeling 2]& ol#j2}
Adot. A4 (3-5)¢ o] ¥ LP Modeling® 243+
P Modeling?] &#A o] Liquid Level?] ozt 3}
Zol7] witel 3-5)E AT T Ut (3-6) (3-5)E "3t
71913 Ak AL yekdl RAoZ ZF Shell® Calculated Design
Thickness #©] Used Thickness #tXE.th &AL Folof st 7S

Ol

rlr
2
o

Maximize H (3-5)

Subject to
t_dl
t_d2
t_d3
t_d4
t_d5
t_d6
t_d7
t_d8

IA

t_usedl

IA

t_used2

IA

t_used3

IA

t_used4

IA

t_usedb

IA

t_used6b

IA

t_used?

IA

t_used8

t_d;: il Shell®] Calculated design Thickness
t_used;: i1 Shell?] Used Thickness

32 [ Q. ) [
,{—'! o 1__l| .



(*]

219 LP ModelingS %7] 93 Wyorg: 71¢~ ey olA
@Fd AL dgE o83 A A (Simplex) & ©]&sk= Zlo|th
AZIANS A Aol AEEe R & AR, sty T
A Este] A VA W wAel 25l mEs 8l

AAE Aok H7 g we HAd(Es A E sk V1A W

oA 7 FE A TR Exceloltb RO#E
IO AZHA S o] &3t @= 7% 4 Utk Exceld ‘@
71" 7150l O F shveltt. ol & ARESte]l v 2l A ghell digh
Aok A e Aste wet Hx A HAY s FSE Utk
Ved HA3 7o R e v4d GRG(Generalized Reduced Gradient
method, <93 B]AE F4)), LP Modeling, Evolutionary (H] =34

= A% FAC]=Z LP Modelings %3l 3l

o %7 7Y W

my  E a8 mHoE ooz <

SE 3.0 30813 *
g @A OHaew O Xz 0
L CE L TE Jhe] 9 e az Eaar ) [
2|2 dols 7H 23| HH27] & pig oz D813 :
2E ’ F Hg ZA0 FSW
A Cl c D e F s H 51533 <= $K333 T
B |Yield Strength Reduction Factor  mFac = 085 - (AN Al 51534 <= SK$34
s 51535 <= SK335 o
10 |SHELL DESIGN DATA 51536 <= 5K$36
[ameter of Tak - N [ 2em SIS37 <= SKS37 SHD
& o a9 < swas
[ <=
HD - E m =
Hr - om 51540 <= SK340 o2F HEEE
= ;- RED
¥ € - 1
| 2 = oz
17 | Design Internal Pressure Pi = 200 mm H2O - 98 kPa O Agtelx ghe W58 20| ofd 2 3K
18 [Test Pressure L =/ 250 mm H20 - 245 kPa e i) che Lp “ e
18 |5.G for Design Candition GD = T geu FHE)
20 [5.G for Test Condition 54 = 1.
21| @y
22| Note) / 2pHSt B|MBSE PAE o) 27| £H0| CHsiAE GRG Nonlinear 3§ M=GLIC 1y
23 |1. M.2.200 2184, Design Allowable Stress= Min(2/3*mf ac*Min.vield Strength, Product Design Stres)t X8 X0 A M E LP Simplex AEE HEIBD QSN B2 HHHOE AHE ) 27|
24 |2 Annex F HB(.2) T |
25 d increased by P9.8G) = 020
26
@ s8vw 2o
28 |SUMMARY OF SHELL PLATE THICKNESS BY THE ONE-FOOT METHOD

29 Course Allowable Stress | Reduction|  Liquid Height Calculated Thi Used

0 .| Width | Design | Test | Factor | Design | Test | Design | Test | Thk

] shell Course No. Material = = o o o T CrTned

2 mm | MPa | MPa_|Gmermi| _m m wn | _mm | mm

33 1 A283C | 2438 | 1162| 1540] 080 020 [ oas 19 Jox
34 2 A283-C 2438 1162 1540 0850 224 244 |- 103 |- 206 4 oK
35 3 AZB3C | 2438| 1162 1540| 0850| 468|- 48 |- 3as|- 389 12 Jok
36 4 A283C | 2438| 62| 1540| 08s0|- 71| 7m:1 |- ses|- s 9

37 s A283C | 1820 162 1540| oss0|- ess|- ers|- am|- 7ss 7ok
£ ® A263.C | 1829| 1162 | 1340| oss0|- 11ss|- 1ise|- to13|- ae 6 ok
39 7 A3 | 1820| 1162 | 1340| o8s0|- 1321|- 1341]- 1195]- 1029 6ok
0 [ A3C | 1861| 1163 | 1540] 0@s0|- 1504 1524 |- 1377 |- 1167 6ok
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9l g™ o] H¥A3ketaal sk Al Design Liquid Level s

sk, A xHom flox AHAWE 8719
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Course ¥ Z7& 83 =t 183 o=z W LPE A8s &
o D

SHELL DESIGN DATA

Diameter of Tank D = 23.6 m

Height of Tank H = [ a7am

Design Liquid Level HD = / 14.9481 E_m

Test Liquid Level HT = /14948138 m

Corrosion Allowance for Shell CAs = ‘ 1.5 mm

Joint Efficiency E = 1-

Design Internal Pressure Pi = 200 mm H20 — 1.96 kPa
Test Pressure Pt = 250 mm H20 —+ 245 kPa
5.G for Design Condition GD = 1- T
5.G for Test Condition GT = 1- |
* Note)

1. M.3.200 2|3}, Design Allowable Stress&= Min(2/3*mFacMin.Yield Strength, Product Design StrTsJﬁk HE
2. Annex F B E(F.2) e E— 3
Hd increased by P/(9.8G) = 0.20

SUMMARY OF SHELL PLATE THICKNESS BY THE ONE-FOOT METHOD

esign Liquid Level?]

Course | Allowable Stress |Reduction| Liquid Height Calculated Thi Used
) width Design Test Factor Design Test Design Test Thk
Shell Course No. Material
w sd st mFac Hd Ht td it t_used
mm MPa MPa (Annex M) m m mm mm mm
1 A283-C 2,438 116.2 154.0 0.850 15.15 14.95 16.28 11.00 19 |OK
2 A283-C 2,438 116.2 1540 0.850 1271 1251 1385 917 14 |OK
3 A2a3-C 2,438 116.2 1340 0.850 10.27 10.07 1143 7.34 12 |OK
4 A283-C 2,438 116.2 154.0 0.850 7.83 7.63 9.00 5.51 9 |OK
5 A283-C 1,829 116.2 1340 0.850 5.40 5.20 6.57 3.68 7 [oK
6 A283-C 1,829 116.2 1540 0.850 357 337 475 230 6 |OK
7 A283-C 1,829 116.2 154.0 0.850 174 1.54 293 0.93 6 |OK
8 A283-C 1,861 116.2 1340 0850 |- 009|- 029 111 |- 044 6 [OK
(29 3-7] & 27] A3} g As = 1 14.95
LP Modelings &3l Aid Ayes 9 2" 2ol
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Al 4 & Case F& Al

4.1. Case 1: 3A& Start—Up &L Case

4.1.1. Overview
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[29 4-2] Tank % 200C Start—Up B2 %

Tank

4.1.2. AN HE

Start—=Up Al FAl S AZFE Ft 1.590]9, A 3|ALe] FH &
5d (20159 ~ 20199d) 2+ 4 Shut Down 35+ 430t} ol <
b 4t Shut Down 3157} 0.83] Y oJulstth. A FJAFe] 5 B <
F GdgeleE 7,8329do], o] & 3t ol ow FAkstd 21.46

oJ goltt. Shut Down 13| F7F Aako® gt fgjolele 32,1894
(1.5¢) °olH, o5 19 H F7HPAF ol ez gakstd 25.759
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[3£ 4-2] Case 1 A& A F7} A4k vi= (F 715)

o] @ebxA Hr}. oAl e,

=

g A7tz

Start Up A] 4| Heating A7+ L5 o
(F7F A2 7hs A17h c
#5493 ¥4 Shut down 3 4 3]
1'd 3 Shut down 34 0.8 3
A W= (o] f) (3d HA) 171,900
A7F W= (o ) 470.96
F7F Ak (13]) o] (o €) 706.44
1d B F7H84E o9 (o &) 565.15
ol g

N2 wet F7b A o]
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oF & ot}

ke

4-3] 2020 1%7] = AHAF 4

CE: 9] ole] (o9))
A —17,752
B —10,318
C —10,073
D —5,632
SHA| —43,775

4.2. Case 2: H]|E&3 2A

4.2.1.

Overview

Flow 7l4 Case

EHE 9l QoA ik ZWHEC @ FEo] st
A8 &%, Flow, Pressure &+ monitoring stil v}, EREE
sttt Y RlaaAl Ad 5 dou, Bwdd =279
ZHES m&Al sl velets deols oldEel wWEY
SHEE &9dst= tel oA BlEaEd FiEe s olE
FgHow upEA =W Azrol 7bsstAl EHH, ole] tigh
wAug 9 Adu BlE T BAA 2dE HAE 7
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o]F {3l oFdll 1¥ 4-33 T Samples AR, 19
4-32 & A7E As AFEEA " Caseolw, <kel 1.1
2R el Fded FEQ Adoew  wddeginh. Wb
327CE FAZF YA F 4die] duwgriel 1919 Air Fin Fan
CoolerE 74 80TC= wWAe] FdHH. o] ®AA FA= v
T FA9d vt F dwdy] 1gE AA A 196TCE %7}

7

Sepbs 34 AXA At olE £A5 & Zlo] 1% 4-30|tk.

g VO
Reactor
Tank
— " 80 °C
206 °C
i
327 °C
88 °C
148 °C

) | 75 °C
196 °C 176 °C ’.

[(13 4-3] Case 2 %€ H Sample 374 *2

(As—is)
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=, 327T->80T>196TC° 2% ZFo] QoA a&o
ol ge & 4 9tk o] w, Tankel 80T7} obd, 200CE B#d
ATHA, 327C>196C9 &% 35S 71Xz, &84 F7H=
TP oZA FoA FIHE HAE St

o] Wkd3t WA HE Sampled ot 18 4—-49 7t}
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OF 4-4ox= ¥ 4-33 28] dusty] 47t obd 3Rk
A 200C7HARE FAS] EE S9Fa, 200CE B3 FY=A
ok 200CE HAHE fAE oA HEY] 3oy Wzt ol
glo] IR vty 3 oE Foldnt

olglA MARCH, A vz FAE 98 FAH| 7t st
ShAIWE ofel ¥ 4-59F o] 3/ AHME AMEEHA 5o EA
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(2% 4-6] Case 2 A2 95 Wz A8 B

Aduid O AdHE @9 FAHE AMES] Hokvh 242t
AAE], AlFHI R ol Folx glom, A Q1xAR[E] Ae AT

ol wet o] gk 4 itk A AdEH O AF i
Sizetx= 67 o]H, Q&L Carbon Steel A Ao]al, AA Specificatione
AlO6°lth. A106 A gkelld AEE ASTMelAd  AgE
Specification®| ™ 7} &3}A 22¢]= Carbon Steel A& = sli}o|t}.
AL @ Wi Aol @A glskls wWl °F 500mAoH,
ol & Ao AL Al HEE FAHo] Qs Apgo|t
ojHe] Sample® AAsE FHo= ALl gl 500m 7|FOo=

EAuE PRItk E 4-49) o] 22 Aol FFE o] §ahol
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[3 4—-4] AE wja O AFAH|

= Description = T 47 (D) =9 ()

Pipe 6" A106 S40 M 500 30,000 | 15,000,000

Elbow 6" A106 S40 | EA 10 50,000 500,000
Flange 6" #300S40 | EA 10 60,000 600,000
Bolt/Nut | 3/4” ,130mm | EA 240 1,800 432,000
A 16,532,000

otef o] X 4-5% Adu# @O AFvE A dgolrt
AA AlFAlE ol HERI7E BASEA R, ol &4 &4 Point
g @bl x2Fse] HgEdu. 44 @b miEke A
At oz Aol 1 Dia Inch & £FAIY ©@7l= 9u|sl=d,
©]7]14 1 Dia Inch& ®j3 2717} 17 1 #]& 3t Points &4 3h=T)
Sol7te 35E kSt =, 67 w3 & PointgE &3 st=delE 6 Dia
Inch®] ©@7}7F 5+, 67 sl & Pointi= ©7F 50,0009 A
300,0009 2] &5n0]7F HAsHA frk, A OolA 9] &4 Pointe
150 Pointelal, Hl&= AHUAS 29 AREst . 7pgeidnh. 129
HPolng B2 AN "W AFHE EFsIoH, olE

delets dEnlE Egstol AlFHlE 86,900,00090]  AHYE A

o] doju, widto] Hol= F2o 7, ol wEt FrhHE = SR

1=
Hgo] tlalA e wdsiolol st ma Zwro] Al 1ow &R
288 5 b FIAA, okl Aol UG Avht Abgslol
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[3% 4-5] A4 wja @ Al

ST Description 9 T @G () = ()
S A 6” Point 150 50,000 | 45,000,000
) n) EL N EA 2 2,000,000 | 4,000,000
B2 (A E ) LOT 1 30,000,000 | 30,000,000
e LOT 1 7,900,000 | 7,900,000

kil 86,900,000
wela] AAEE D9 &AM 16,532,000937 Al 3]

86,900,000¢ <=

galo] Eu) 103,432,0009 0.2 AAtE Q).

A @9 AAH 9 Al E AbEe] B, Al O

ol

AL A106¢] Carbon Steelo]™,

w2 10m= Ps] F>

Tl it AAE = olel E 4—63 o] 1,082,800¢ 019, AFHE

E 4-77 o] 5,170,000€¢] AHYHSTE F T 6,252,800¥ 0=
AW Dol vle e PR FEAH|ZE AA A2L¥EE o F
WA
[32 4-6] A4 v+ @ AAjH]
=i Description 9 T G () | =9 (D)
Pipe 8" Al06S40 | M 10 35,000 350,000
Elbow | 8" Al06S40 | EA 5 60,000 300,000
Flange | 8" 300# S40 | EA 4 65,000 260,000
Bolt/Nut | 7/8” ,140mm | EA 96 1,800 172,800
A 1,082,800
45



T Description 9 T @G () = ()
A 8" Point 3 50,000 | 1,200,000
) EEE EA 1 2,000,000 | 2,000,000
B2n] (A E 3 LOT 1 1,500,000 | 1,500,000
el LOT 1 470,000 470,000

A 5,170,000

NS D3 AMEE @9 F FAE 110998 ¢ 5
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Ag39s W AL 5 U WE ABAS Agstolor B Casert
A

o
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4—8] Sample Air Fin Fan Cooler 74 H|£
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[32 4-9] Sample 4w g7] 4 v &

A 1 dw ] 2 9]
A 37| Duty 2.42 1.87 MM kcal/h
Y/FOEB 61,634 Y/FOEB
FOEB/kcal 1,524,533 FOEB/kcal

7hs ARt 8,760 h

1 MM 1,000,000
=4 v& 1,991,941,848 1,539,227,792 <
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Abstract

Possibility of Storing Liquids in Tank at Higher Temperature
than Design and Economic Analysis
Jahun JEONG
Department of Engineering Practice
Graduate School of Engineering Practice

Seoul National University

Cylindrical liquid storage tanks, which are oil storage facilities,
are constructed after setting, calculating, and verifying design data
to meet the specifications required by the plant at the time of initial
construction. The design temperature, one of the important factors in
the design data, represents the maximum temperature of the liquid
that can be stored in the liquid storage tank, and is generally
calculated according to the API (American Petroleum Institute) 650,
which is the US standard commonly used by domestic refinery
corporations. Therefore, a liquid storage tank has its own design data
and it 1s not recommended to store liquid above the design
temperature. For this reason, in order to store high temperature
liquid in existing tank, a new tank must be installed. In addition, due
to the design temperature limitation of the existing tank, the feed
liquid temperature of the tank has to be lowered below the design
temperature of the tank, and then the liquid from the tank is heated
again to meet appropriate temperature required by next process.

In this case, the operational loss caused by inefficient heat
managing processes can occur; therefore, this research has reviewed
the idea that the plant can be operated more efficiently if liquid higher

than the design temperature can be stored without taking heating up

o4 3 L= IR |



and cooling process when being stored in the tank. In this research,
the relationship between the tank shell thickness and the design liquid
temperature is used to identify variables for storing liquid above the
design temperature; and the variables were optimized through a
linear program modeling. In addition, this research has considered
the impact and applicable methods when the liquid can be stored

above the design temperature.

Key words : Cylindrical Liquid Storage Tank, API 650, Design
Temperature, Tank Shell Thickness, 1—foot method, Plant Cost
Reduction, Plant Economic Analysis

Student Number : 2019—-29780
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