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www.icoc.or.kr

2016 International
Cold Regions
0il & Gas
Seminar

OEC. 7-8, 2016
The K-Hotel, Seoul, Korea

ICO 2016 A e

The 1% International Cold Regions Oil & Gas Seminar sponsored
by the Alberta and Korean government will be held in Seoul. The
goal of this seminar is to promote international exchange and
cooperation in unconventional oil & gas industries in cold regions.
This will be a great opportunity for all the seminar participants to

& network and exchange state-of-the-art technologies and industrial
information.

|Host|
Kerea Agency for Infrastructure Technology Advancement

kaid®

ry -
5 Consoraum of R&D Center on Oil and Gas Plant | =
|! i I 6 E%Em ; R ] “ﬂ‘_E'EE m & !
Bodufar Plant Lol s e AL L m £ | |

.
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|Sponsored byl
Qreur et

Contact information

Homepage : www.icoc.orkr

E-mail icoc2016 helpiigmail com Tel : +82-70-8883-7193
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20143 7| 22 dY 7k APERE 328.28Bem, @ AH| R 9,208.65F HiEE ot
o, fEuete] o &HIFE AlA 89 29l 245.6%F WiEE el

o9 107h3e) Al HEEE 0 B shs BEF oF 60% SEOEA AN Avle] sl Aol

F=43
(+$1: Billion cubic feet per day, Thousand barrels daily)
9 7k 99l

=7} ZH| 2 AGE =7} ZH| g q4&
1 n| = 73.47 22.4% n| =t 19,034.84 20.7%
2 Ao} 39.59 12.1% o 11,056.49 12.0%
3 =t 17.95 5.5% SRS 4,298.08 4.7%
4 o|& 16.47 5.0% ol 3,845.94 4.2%
5 JE 10.88 3.3% Bepd 3,228.82 3.5%

AR
6 10.47 3.2% Ao} 3,195.86 3.5%
olhjo}
AR-T
7 FNick 10.08 3.1% 3,185.46 3.5%
olzju]o}
8 HAlZ 8.3 2.5% = 2,456.03 2.7%
9 =4 6.86 2.1% =4 2,371.46 2.6%
10 UAE 6.71 2.0% Nt 2,370.58 2.6%
7)€} =7}k 7)€} = 7}F

i 127.5 38.8% _ 37,042.64 40.2%

SHA| SHA|

A A 328.28 100.0% AlA 92,086.20 100.0%

A5 : BP Statistical Review of World Energy
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3.71e8orE ANE d%

START END
E}2L 2ok A7 A R | 5 o | % | CAGR| A=
Y (billion) | (billion)
Gloﬁfirllzgflg“ 2014 70.6 - - - ENR
7} Aoy e
0 as NEMECHNg | 9011 773 2016 909 3.3% IBISWorld
ervices
Oil and gas _ _ 2020 10.7 _ Grand View
Separation Research
Oil and gas Grand View
v Ae-2A Separation 2014 6.39 2022 8.82 4.2%
; Research
Equipment Market
Onshore prodeced 2012 59 _ _ _ DW
water
Pipeline MarketsandM
24 @ o)s | Transportation 2014 8.68 2019 14 10.0% atkots
—}—\‘E © RS i i ;
] o] P1p¢hne Safetyé 2013 135 2018 6.73 91% MarketsandM
Pigging system & arkets
ER
Onshore Pipeline 2010 2015 713k
.S LA S| H
e A o construction ~2014 193 ~2019 22z o] Dw
14%
57t
Global Modor
vl A7) Construction 2015 153.13 2020 223.41 7.9% .
. Intelligence
Equipment Market

A& : ENR, IBISWorld, Grand View Research, DW, MarketsandMarkets, Modor Intelligence
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==49 Engineering Service A2 2011d 7,7309E2 FREONA AP 3.3% AAAS
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Z+5: Ups and Downs in the Global market (ENR, 2015)
<™ 1D S22d JHAAYAY A9 A9E A&

- AANANA F4(Transportation) o7} 2423k Bl S-S 18.9%0] %02 oF 1349 de] R0
o, A4 BUILDING)Eok= 16.6%24 ¢F 1182de Fre vpols

CE 5 W AUAAUH Ao Hopd FE 9 Hg
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L=
L=
uF|E

. FE
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nHEE
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() Rrd)

2 L3 | 3
H T = | BA
= A3 TR | 71E A2 | A A 2= 54l

22230.6| 13371.4| 11795.9| 6963.8| 3618.5| 3479.1| 3176.3| 2509.2| 2103| 1257.7| 346.7
31.4%| 18.9%| 16.6%| 9.8%| 51%| 4.9%| 4.5%| 3.5%| 3.0% 1.8%| 0.5%
A& Ups and Downs in the Global market (ENR, 2015), AXAD R 215 254
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53

T

o

M= Uep

The Top 225 International Design Firms(2014) Ao wh=2m, vl=
T AL =9l BAadoe] o, FoEE

S=(237W), =

o U 7149 AAAE ARHEL LI%EA, oFAoKH4.2%), &5 3%) Owﬂl?}(?) 2%) 52 A
fr&o] =0, Fdo = 4, v, Ytz 0.1% We)) 59 &2 1|3 Ao = 1o}
ol AL T, B, &F T oA ok FTtel SYSHAl #EIEY, ELS TE ofxo} 57}
ol= 28 F8AY Aol ¥ XS By

<& 6> Top 225 AAZALY] 20143% ANAHF&
&le] 49 E9d AFE
=7 71945 = 0 o} g
) e | HTE ) e e | T ga | wm | g | w
: (%) 7t
u)=t 80 | 22445.7 31.7 25.0 40.1 16.8 36.6 68.0 30.4
AR 6 7105.2 10.0 3.8 8.6 7.7 10.3 26.2 11.1

4 54 | 24577.1 34.7 36.0 26.2 33.9 45.5 46.0 9.2 43.6

- 7 6668.6 9.4 10.3 10.5 8.9 4.2 21.2 2.9 4.5

= 6 826.2 1.2 1.8 0.8 2.5 1.4 1.2 0.0 0.5

e 9 2695.1 3.8 4.0 3.4 6.2 4.6 3.1 1.6 4.6
ydd= 4 7201.0 10.2 5.6 8.0 6.2 14.5 19.1 1.3 13.4
olekg]o} 5 609.7 0.9 2.3 0.5 0.7 0.4 0.1 1.2 1.5
b 19 9 2200.2 3.1 7.3 1.1 3.7 1.4 0.6 1.4 13.3
7]el §4 14 4376.2 6.2 4.7 1.9 5.6 18.9 0.7 0.8 5.8

IF 7 6642.6 9.4 3.8 5.5 12.6 5.1 19.3 20.3 6.5

g E 12 734.4 1.0 0.4 2.4 2.4 0.1 0.7 0.1 1.0

==t 23 2913.3 4.1 3.8 9.4 12.7 0.4 1.2 0.1 3.0

Eiea 12 1363.9 1.9 3.3 4.2 3.2 0.1 0.2 0.1 2.1

71E} 31 5047.2 7.1 23.6 3.6 10.7 1.9 6.4 2.3 2.4

Al 225 | 70829.4 | 100.0 100 100 100 100 100 100 100

A& Ups and Downs int the Global market (ENR, 2015)

- F8 71¢og2E= AECOM, WorleyParsons, ARCADIS NV 5o] A9|de] @=aso] glom, Fur]y
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<E 7> Top 225 U] & HAZA EZ

Rank Rank P Type of o] 2]
C159) | C149) i Firm+ | (#wrae)
1 4 AECOM, Los Angeles, Calif., U.S.A. EA 4,991.7
2 1 WorleyParsons, North Sydney, NSW, Australia* EC 3945.2
3 6 ARCADIS NV, Amsterdam,The Netherlands* E 3561.0
4 5 Fugro NV, Leidschendam, The Netherlands* GE 3002.0
5 2 Jacobs, Pasadena, Calif., U.S.A. EAC 2915.3
6 14 WSP| Parsons Brinckerhoff, Montreal, Quebec, Canada E 2908.1
7 3 Fluor Corp., Irving, Texas, U.S.A.* EC 2674.0
3 3 Dar Al—Handasah Consul'tants (Shair and Partners), Cairo, EA 9373.0
Giza, Egypt*
9 7 AMEC plc, Knutsford, Cheshire, U.K.x* EC 1950.6
10 11 CH2M HILL, Englewood, Colo., U.S.A.* EAC 1517.2
26 33 Hyundai EngineeringCo.Ltd.,Jong—ro—gu,S.Korea EC 750.9
57 = SK Engineering&Construction,Seoul,S.Korea* EC 257.5
84 73 KEPCO ENGIN_EER_ING & CONSTRUCTION CO. LTD. AE 1977
Yongin—si, Gyeonggi—do, S. Korea
2+ 5. Engineering Nesw-Record 2015
= EC : Engineer-Contractor, GE : Geotechnical Engineer, EA : Engineer-Architect,
E : Engineer, AEC : Architect-Engineer-Contractor, AE : Architect-Engineer
430 29 2 NE 5
S oy ARAES FE Ol & Gas TAEY ¢ Ajunt 59 74 43S ngo
e ESHGAA AM=HE 7t oY F AUAAL S A, olFT ¢ e 2HolAd 1A
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1 A3 SKHAHo] FCIEANA F 69 2400%tEE RO ARHSAAE TAE TSk A4

SKAAEE 200735 H LdME SME Fopol]l =] AT FHIE AFkete] 201249 7yt
T 327 QJME ZRAES £Fale] 260092 FRO 7|EAA REFAHS U8
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=

EE, AAEE WU E VT FolAoE g I Ak OUE FRE| W}
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- dEE Had IR “ﬂ°111*}—°1 AV—A 4 BT Qe ARTASA Pl A K do| &

SKAAL 2014 syt ZEIA(Fort Hills) LYME ZIAEE thy F33ke] 201749

GSAAL 20109 AUt AHEr = ZZe AdoA] ZAYGT} Aol SAMEA] AE
ARG Bohe ‘BAZE ZRAE' & £33 FEEDT: ;Hurt} Ol & Gas EPC A%7]
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223 oux] AgelA el BlaA gold §4 L AWslel AAEe] Wz} vivels
I, 72k AT 7120 Slle] Fis AEEH ZAW SHe] o] s Al

< 2000) o] % A AA HFAAtl A TSR (FHA L) B3l wjAA S, Aok A Aot

AR S Sl A2l it vlFo]l 543 it 9lon s S wE Al HlE

T Ak, AR AR Ee] whE Atk BlFo] FHEE FAY

- "= USGS(U.S. Geological Survey)oll W2, HAA v M{/7F2 GARA RS 22% A =(9F

4,1209 boe)7} E5AHel wjF=H o] A= Aoz F4kE
- FAFAoZ AL ok 900 wlY, HA7F2 ok 1,670tcf(trillion of cubic feet), NGL 4409 wjd So]

5= A9l = e Aoz F4H

Jo

A&A o7 Frhehe AA oUA £eR Qs titE Af - AN 5 ohd
E5hs A el TE Balel wolAT glor], S8 AATel Qo HIA(Arctic

region)o] WA QZA 2 FEu 9lS

o BIAe oF 550709) § - 7kl 350 Booeol ZaHe A4ALL sHakd A A v
o

o] 15%E A8kl low, wikA s)<4=7Fs(undiscovered, technically recoverable) A &2 7}
2~ 1,670 Tcf, A+ 90 Bbbl, ZHA0|E, A 7I&d 9 LPGE EZFsk= NGL(Natural Gas Liquid)

44 Bbblo] HzE3l= Ao F43

o BIAYG AF/7A BARRRA S B Ao} West Siberian Basin®} Fast Barents Basin, 7= Arctic

Alaskaoll FF= o] lom F8 A wiZA = 2jAlotel] 417], wl=oll 470, =29°] I A

ofo £AI5

- Ao} Tazovskoye wiA=]= 196230l w]=+ Alaskan Pmdhoe Bay: 196730l zHzF wbAEgloH,

Ao}, k2ol Agel= F2 7k Ao Bon, v, Ayt AGells i AdFol ¥
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West Siberian Basin 36.6 651.50 203.3 1,325.7
Arctic Alaska 299.6 221.40 59.0 727.7
East Barents Basin 74.1 317.56 14.2 617.6
East Greenland Rift Basins 89.0 86.18 81.2 313.9
Yenisey—Khatanga Basin 55,8 99.96 26.8 249.2
Amerasia Basin 97.2 56.89 5.4 197.5
West Greenland—East Canada 72.7 51.82 11.5 170.6
Laptev Sea Shelf 31.2 32.56 8.7 94.1
Norwegian Margin 14.4 32.28 5.0 73.2
Barents Platform 20.6 26.22 2.8 67.0
Eurasia Basin 13.4 19.48 5.2 51.1
North Kara Basins & Platforms 18.1 14.97 3.9 46.9
Timan—Pechora Basin 16.7 9.06 2.0 33.8
North Greenland Sheared Margin 13.5 10.21 2.7 33.2
Lomonosov—Makarov 11.1 7.16 1.9 24.9
Sverdrup Basin 8.5 8.60 1.9 24,8
Lena—Anabar Basin 19.1 2.11 0.6 23.2
North Chukchi—Wrangel Foreland Basin 0.9 6,07 1.1 12.0
Vikitskii Basin 1.0 5.74 1.0 11.6
Northwest Laptev Sea Shelf 1.7 4.49 1.2 10.4
Lena—VilyYi Basin 3.8 1.34 04 6.4
Zyryanka Basin 0.5 1.52 0.4 3.4
East Siberian Sea Basin 0.2 0.62 0.1 1.3
Hope Basin 0.02 0.65 0.1 1.2
Northwest Canadian Interior Basins 0.2 0.31 0.2 0.9
Al 899.8 1,668.66 440.6 4,121.6

A5 : US. Geological Survey
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Process
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Utilities
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Code & Standard

2] AP 9 o1 ZeelaE A
o] d|F 5717k k= A, AE 3 2
HAF7)o Ax 2EXHOZ HLy= oy U

=

2 Codex= ZHA1A o] Fo¥ ¥ Standarde= @Il

59




Yol gof

ZAE g3 A

3L

B2

3}

3 Al AAME & A

3

2=
E T

dl
il

%

A A g ==

| —
| .

o L E29¢olo] Ar]# Nansen Institute

o=

2228 ofelsh 2o] Hels

=
T

Pl 1ol

J]

(Regulation, Institution 5)< A€

ofp
o
o ojn
) = ~
) e }/l ok
X B 3 2
. = ™ of
= = ) x
S W ~+ o Gl
1v.A|0 ‘HA_I 4.0! O.mv m.*_.o
a} Tw R
— al 3
5 aﬂ = ® = |
= 2 = ) =) <
e mm_v T el MW Lnxno
el |wlw | |2 T
w | o mo| R B0 5 B
~ —f 0 ~
Bo w.ﬁ o) .mu,_ Ak ,‘:|L o %0
T | o | Uo B | o X wo|
<o P - B = x
wo| T = oo
~ I = | o | W
= d ol
G H | % =0 B -
ﬁo \Mﬂ ﬂ_ol =0 uu._ L —_
at X N G i i
o om Gl B p Nr 0
ﬂm_; = —_ o ] =K z.e o
- ) 17! o) ‘,Mr H oF Hjo =
oo o T o | ® 5 = =
Mo = B lhw | E O B
= o o s N
o | & T M| T
w | B e A T X A -
o B 0 < Yo S X3 0
= ) T if - B <
4 | = T SOl S
XN il I S G
T Nw [N T | s WX
O I T O A R I - - o 8
L e T I B S B B ™ £
N
T i M -
ﬂ o) o o o (S oF = il
T T 3 ~ T 3 o - AN
" of | B |7
=

S A BHS Fael B33

A2l A

&
3

Shell Abe] kefj=7}e} 2jAfof A

| —
T

< SFA A

(Greenpeace, Platform, FairPensions 2012)

o
=1

oy

ool o] A}

wjr o) =
o ™ ~
i I &
03 8 =
ulo 7o o |2
L oR | —
o ~ 0
i |52 |2 F
T N ‘HA.A A
L ojp B° R |
~ R 7 L
(X ol
I T I
R | =8 s
. A p o
iR OME —_ ca O-#
S % =0 ~ il o
M = d4 o R -
BO %u o mJ o Mrm o
- 8 o A
WM Sl 7!
- X | o
gy % 1 o=
N oo o M il =
n —
Eo“ g0 T = m ks
a N B »Irg
B 2 No o & |
o R o rin W
20 N o) T = B
= o " o T et
5 o = o | %
T 3 S T =
T © wow i a
3w ol o BB T
7 ol do /- T |of o
nr %o = o | G
o - ™ o R~
oo =
o ] _
- o & Ny T
o B i P |
o)) N o] i
A i

60



r o
2
e
2

S A9 AZEOE Q18] BelAvh Feld A9)S Qe SIALIE B ALk
[e)
=3

= E A Hlg mE ol oksl, 7 wAlSe] vkt m9E A B olf = A
A 2
Ago] BAE A5EA B
- 3AZA g9lo] AHYLS ST Qo] a3 g3 2202 223 Gorddeva2013)= EZAHA
ol AFFE gl o] Fo3kA FElsfoksls B2 gl AAE ol o] ALY
[e]
=2

¥ 23 Gorddeva, 2013, Identification of Criteria for Selection of Arctic Offshore Field Development Concept

g3 A3k g
o)) vt} §-% ] winter time &<t
ee Conditl A%< AL FO7 Hojgtk. A eFe) B
ce Conditions ) e
FAE 0.9~1.2mO % FA =Y, 3mE 233t
T qitkar o

WAako 2 XE "Wolx L ice bergse 3

Ice bergs
g 216] 60~100m, %= o] 1~2kmol] o] 2

Ao r—‘
41" M
= A9 e] vk 24 A7 59t o] Fol A& 4 ——
Long periods of | Lo, ¥ Aol % A7) 9 5 “‘““" ‘
darkness Ak 1295 1Y SR = 87 9=
Alarl, Carmda
b - W
L phl et B P iy
Tergu ey Wi, B
AAoz e F5 wol 7 A 4=
Fog Rom, Ago= AH o= of vk 7t
A SEaL Hhell = Aol 7k ke
B e e A e | A I |
Strong Winds £=215} re—distribution of snow cover at open
areas®] ¥%lo] &
~ IGU(nternational Gas Union, 201594 = H=dGNA ZHE AIYS FIT A HFHO0E 11

Balof st 22l U@ ATE WA
-7} #7) e AriHoz Qe Ade] BE

— 9ol FEA GAY AR AL o] AT EAG

o l
- ER P A% AaY, 4Y A2 5 gL A 0

py

¢

l

AL

>~ 0

i
o,
-z
I
o
fru
ro,

sto] Abg) 8 4] 2 RO AFS Qe

61



A A oF &

0

wjr
T
ﬁo
"
B

o)
Br
X
_SL

nr

o

P Aol o

h

kel

o] A=

the World Proteced Areas Database at UNEP-WCMC. OGP
o gZolu AlLT-§-&

<9 13> Areas currently protected for conservation, as recognized by the IUCN in

ZX: Oil and Gas Operation, 2013

O
ﬂo
T

o)A el 9 mol F717}

gofok 3

St

o

=4

3}
7] A, FAF FATFEH X FAE 7171

g
A7 2y

o

L
LN

of &

4

of #gje] 7}

=
=

<5 st A Z=2A

=
o

9. (014)= STA ZHE AFgolA f

1o
RN

AF 7

=
T
3L

[€)

]

K

o1l Wt GA He 7138l F
A

e
pS|
=

—

62



—

B3 APFAE AZo] AL A A B Aot BHG /5L 27T 5
o) O

HTh B FEATL ARE 0] A% A4 Qe B4EA o

N
2
Mo
2
of
o3
1o
:Oul'_',
0%
(3
£
i
4 2

2014 Russian Oil & Gas Outlook Surveyell W2™ Oil & Gas A7} FujzE TAdA 2] F23F
g]2A% 1) Counterparty risks (& A, FAF3 F2 ) 2) Macroeconomic risks (#1274
g 87 Q3 712 WHEA 5 3) Regulatory risks 4) Low competition among suppliers (53]

=% A9 2 B4 APIME FaA 71€d SHol BAV 9F AYsS

E3 4 293 243 F4 5 Counterparty Riskse ¢F 40%0l aiwéts S @AHE©] supply
chain riske] F& QIAZ 7

Ao wue) BIARRE B9 497 ohoRRte FAGdel thg B0l AT Y. ofA
8 FASFlE BE ofggol Jou FAeIA ING ZRAE gz
A
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HEol B4l sideSAd JEs A% =¥o] o] Fo|A L S+

A2 Aot ARE BINYEE BT FU% oMo SEES) BAL AT A

5549 SHE 7IAAF AdErE 7N 7=

©9 B s} solmefel Axdlo] T AR EE BF 24
©9 g b AdelAe stolmetel Azde] B UA, AF, AF @ AARFO] hF EF
A, 24, 42, A7, 4 A, B4 Ao] B)

Abehe] 75 CSA 7662 E2g WEA FAsiok s, AR Pelds FEaom YL B

7662= 7} @ R&EZ o] 724512Steel Flanges), Z245.1(Steel Pipe), Z245.11(Steel Fittings),
7245.15(teel Valves) =& 5 4SS Wl & AS 278k AU

2 3 (A

- )= FERC(Federal Energy Regulatory Commission) % USDOT(¥]=, Department of Transportation)

oMe FAFIE Fol=Zal]l =7 zEoldd thEk FHAA Fas b 8 FARNS THEHS
g EPA(Environmental Protection Agency)ollAl= 4571 2:El|oldo 9] w77k 9 A

2 9As FASL Ae

e oo

-dE7E FEATIE BN 9 NOx vlEFS 25 ppm7bA] #AISta QS wls 2350]Q o

M 15 ppm7kA] FAISEL A
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fllo

= IECITC 5694+ 1965\ A& A(reliability) TFS =390, 19893 HF:xo=z TC HA
21914 (dependability) ©. 2 2 A g+

- Aol e Ax Zu|AE el WEY JFR S(availability), A8l A Ze] AL A(reliability), oW @ 1
A Adle] Hgd(maintainability), AWl A AF L AHIF FIEES AT 22 AF

(supportability)®] E4o2 4%

-0 Had uf FET £ Qe THOE AIHH, A|AH, AMAIE, A e MYzt &
o 23 3A A2Hasset)o] AL 5+ 9&
- A8 A 2E] Ao td 8 FAFS 7% A (functional) @ H]7)%A(non-functional) 842 +

o Mz
ox, ok

T e, 7153 aFARES AlzEle] 7]l H2jolw, H7| e AR A, Al
2 AR d(usability) # 22 2 FARFES FHE] f% 224 Ve gofd

o qu’- develapment

* Py i .-
amd realranan pesteu Todort/urvice delivred

It s gl @ et a1

—_——"— et flove
. Frquised presiune
o " teen cpnigurasion
* Specified head, Nlow ed efficiency tor ﬂ-"-f—-u—EiLl"'l'Ll_“mmmm”m._dq +' Syslant parheeance
the design gt and cperating rangs " s G pgecTive mat: Dependoble
= Pressure and temperabure rating mator d¢iver, centifuga cevnpreidion. smfely wien
= Debqgn requinerents scconding 1o FmETamOY Y o AT FTrOAmERns
specthed mdustry and cooporate miirumeniafion, Moaley tmpoct
standards, g materisk, sealng. ful] Bl i A0 AyNER
hatwication, controés and

FuArumantamnon o |/ "i

Syueen wpuils
At Dependabliny

Heed * Aywiability WEK[ior & major maortenance cysle]
= Comgression of matural gas with

; * Meliakslity 956 [resry)
Frgdrogen sulfide + hpintarability High
I:|:| I-hr:\-m.h“_“"" > = Maintenance support: Boutire mainteraree done by
ik pampzenitan el §Eafl, major maintensnce with wendee yuppoet
* Presiure and temperature = Aestorafion fo service within a mastmum of 3 days

= Teopmad piwscnrmelal condiBang v Durabilivy: Lifw of 8T eait 20 year
Sysbern requrements (ohjectrek (NP - SumEERORal heuievesbi

= Dbl CoMmprHison Caaay iU s T e £

wadpdy amel it T & ety fdertiants
erwironmentsl impact 3 i

Lacyinty, @ g sonbrod syilerm s I|
I

ZX: Achieving dependability value for pipelines and facilities, Proceedings of the 9th International Pipeline
Conference, 2012

<71¥ 14> Functional and non-functional requirements

o]z}l AA dANA AFA Y A KB4 (maintainability) S 18 AL ul$- F8.351HH,
[EC/TC 563} #& mAZES VRS B 71e3 WHEol o851 Us

- A AT BEste] AR AAAA TPE Bl o] &H = siAHEEs FMEA/FMECA7} 80%, <
o] E(Weibull) 3f4jo] 60%S =}A|s}H, o]¢]o| FRACAS(failure reporting, analysis and corrective
action system)7} 56%, ¥HFA 5A 9 6-sigma’} 53%, HIE/AT B o] 51%E AL QY
o]

v

- AAGA NN FARTAE S IH3 = T8 FHL oY B 1 Ao} A2 fA R AQEE
AZE B HES HAS) ekt e

-ol2g 237 FAS 98] =E3Hmodularization), ¥ FF3} 2D A3 T34, Aok
FARTA S D S8 GAE AEs) st X3

- fFA RS ZHo| A= RCM(reliability-centered maintenance) o] v &322 Y% 7]4l 7]

Hoz & dHA flon, gol& siXt 22 AFA 7He o8t LCC 3 A HZ 3}l &

NE

% A4,



X :

st o] &8  Ue ot Ee PE 2H oM gk LCC &4 333 Aol 7His%
= 2 AolAzE S A 2rkE B3P Azde] U BeAS HAFT S
<X 11> Example of a cost profile for various pump scenarios
Pump Type Cost Element Cost Percent of
Lcc
Initial Cost S 20,600 3.0%
Conventional [ e ating Cost 5 636900 925%
Pumping
System Maintenance Cost | § 31,000 4.5%
Life Cycle Cost 5 688,500 100%
Initial Cost 5 19,800 4.40%
smart  [5perating Cost 5 410,700 | 91.44%
Pumping
System Maintenance Cost | § 18,600 4.16%
Life Cycle Cost 5 449,100 100%
Initial Cost 5 13,500 8.5%
Parallel ANSI |Operating Cost 5 110,715 70.19%
Pump Maintenance Cost | § 33,503 21.31%
Life Cycle Cost 5 157,718 100%
Multistage Initial Cost 5 31,000 3.5%
Centrifugal |Operating Cast 5 838,750 94%
Pump (Present|Maintenance Cost | & 21,346 2.5%
Studyl  Jiife Cycle Cost S 890,265| 100%
Achieving dependability value for pipelines and facilities, Proceedings of the 9th International Pipeline Conference, 2012
o (FA#¥T) 199930 HSE(Health and Safety in Employment) 3}o]Zg}el j4o] /A= oH, 7]
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- US Minimum Federal Safety Standards for Gas Lines - Part 192
- ASME B31.3 Process Piping

-ASME B31.4 Liquid Transportation Systems for Hydrocarbons, Liquid Petroleum Gas, Anhydrous
Ammonia, and Alcohols

- ASME B31.8 Gas Transmission and Distribution Systems

- Institute of Petroleum Pipeline Safety Code(IP Part 6)

- NZS 5223 Code of Practice for High Pressure Gas and Petroleum Liquids Pipelines
- NZS/AS 2885 Pipelines — Gas and Liquid Petroleum

$ol tid AR W B olee
AR ARAQD, Aulz oot &

’

- AR AAEE gto]xeldle] opd y|E mlo]xzglele] A
o] glom(go]zelQlo] ol 37| wEol &2 <l
5 9 ARG AGo FE HF] Hrpr} o] Fo A

- Al ol zel JIFSHA L AAAETHAR)] H7F E A8 It ZT/EF
ojx ok &, Al Fpo]izellol= X2 o0 Z NZS/AS 2885 EF2 283k Sl

-NZ/AS 2885 AAGANA P E H7Hrisk assessment)E &7kl o™, o) FEFEQ NZS
52235 WiAEt L A=

- A FEE A8sh7] Aol o]z gl BER| thdk HAAPL o] FojHof shH, AX|tr] el w4
g thgk EEjdlo] AAME AAlsioF &

- BE dolzEle EX(ERSE] Mol 3lE = B FEARAS 1978 el Agtslof e

gt HET} o] F
-

SHsfoF s, e FEES I HZEE AT
# alb] B 2EE B35 vho]
% FAR Bl ATF FAEFE M RES

¥ Tie—In Weld
% Small bore controls/Instruments/Sampling piping
* Z2] ! Guidelines for a Certificate of Fitness for High—Pressure Gas and Liquids Transmission Pipelines,

Department of Labour(New Zealand), 2002

e

Giyth 24 2 7k go]zl AJ2~Hlo tjgk CSA kA AH xF38t &5
- CSAGHYT ##33]) &% 766201 & Gas Pipeline Systems)

- 99 9 7k AYA ] Sl mekel AzEo] hF HA, AT AF L AABF BT BEA
A, A, 22, A4, 4 AF, A Aol A% L FARE 5 1T 353 1549 PeAz
FA50] 98)

-4 % S sholZekel sholW, Al WA AL, BL L ks 2HolH, Y ZEold

g 24 2HolHg AT
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- 93] a3l 1070¢] 71<Y3)(TSC, Technical Subcommittees)S SF&tal 9l

-1SO TC67/SC2(EH FZRE. o] zefql A|2=El) Szl Fho

= 400,000 kme] Ilo]xzgllo] syttt AWEL A Ho A 2HFFo]™, AER(Alberta Energy Regulator)
of oJaf FAIE W U=
- A E} Xloc‘«l vlo] Zg}Ql& 2 7go] thH-E 6 21x](168 mm)e]™, <F 9007§2] Tfo]ze}Ql FALEo]

o

CAERE £9AHEelA ol zelelst BeE AnGidelut AY B3 $ol U HiME a7

o

- dpo]zglel £YAE= CSA 7662 &S WA wglof 3y, AR AEAE FEAHow AP
W] % AAAEEsS AAlsloF
- 7662(Table 5.3)&= &g 73 9 H&F
Fittings), 7245.15(Steel Valves) =+ 5

-
O,
N

=0| 7245.12(Steel Flanges), 7245.1(Steel Pipe), 7245.11(Steel
s TAES wetol & RS 878 e

« CSA 7662+ vlo]Zglol R&EEE0] gk A5 Z2a8S /st 9o, CSAF 22 A|3#
1S 53 o]zl HAde FUATIL A
-o] BF& YAFEYA Pipeline Integrity Management T2 138 zr& A& Q731 J(F

A

-3 7AA AR 52, YR T B 2E &4l tieiAE aEsioF ¢

-9EE @ ﬂ(nsk management)(AJ= 71, AdE B7E Ada] Hdeh, A= E4 5 =4
A= Aol 2 BUHE ol tigt A2 FEQ] 2662-15 A 488 A<

]

Z£X]: CSA Group Safety Standards for Oil and Gas Pipeline Systems: A Life-Cycle Approach, CSA Group,
2015

<I¥ 15 Ew|AY HA7E gho|zEel

2 (mEdo) 4 dolzell ASHd EE3 EF
- L:E-?J] o] DNV-DSS-316 3£<*(Verification of Onshore Pipeline)
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(7]=) ASME B31.8 Gas Transmission and Distribution Piping System

< 7t o]FE Hdl AMEEE Fol=El]l Aulo] ik AA|, 29, AX], HAF @ APl thd EF
ojr, o]zt Anlo] FAHA(O&Ml T3t HtFAAFE TF1 U=

- Materials and Equipment

- Welding

- Piping System Components and Fabrication Details

- Design, Installation, and Testing

- Operating and Maintenance Procedures

- Corrosion Control

- Offshore Gas Transmission

- Sour Gas Service

< vz} AR A (ductility)e 7HAAL d=A BARskr] Hsted )14(toughness) HI~EE API
5Le] SRS H+ SR6 Axtel whe} =3fafiofF g

- AHER2E7F 10C BEoh WE Afode JA% A Ade FdsfoF &

-« BEE do|F AZHE oH] H2ES A 2YFoly dARL(te-inE Alstale A Fof
ASME B31.8 ZEol we} ANdS F3hsfofF 3

- AAFEL Y SR F dalA e HA BFAAIY e T8 TR vy AFs o83t AL
o} &F

- A& AARo| teiE A ol FEdY odor FAANPS Tk 7

- TAE Ha FEATO 30% =5 1 olde] dF8g(hoop stress)oll A AexE= ZE o]z}
& AR £ 9 A Holl A=E FRlsty] flste] Folx 2AFst Ads Ao g

- Location Class 12| Division 1ol $x1g sloj=glole Ao z2Hzddo] 7" Ha FEHTS

“Zl‘

2% Rty & dFsds AT Arole 2ALEe 12589 dHom FUAAEe Al

o]: 6;}

] =
T2 BT 2 YFSHL WAATE Aol Ao A5 LM o T EE St
A@e AAsot g
~Location Class 201 $1:1% sjo]mejele Hr) 2H5qte o] 1.2509) gejoe ek ®i F9Ad
2 AAshof %

-Location Class 33} 49 X3k gpolxzelRle Hu] 2ads el 14012 o T FUAFS AA
fjof &
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(v]=) ASME B31.4 Pipeline Transportation Systems for Liquid Hydrocarbons and Other
Liquids

<« 994, LPG, CO2 5 A olFS fs AH8H= dfol=Eiel Anjo] tid HA, A5, =¥, A3,
AAL R Aol gk £

- Design

- Materials

- Dimensional Requirements

- Construction, Welding, and Assembly

- Inspection and Testing

- Operating and Maintenance Procedures

- Corrosion Control

- Offshore Liquid Pipeline Systems

- A" HE FEAEY 0% Rt & dFsHo] TAEs do|zgjlel s AA Rt
gof 1.25019] b o2 Hox 4ATE B TFUAIE S Aok &

- Aol tigk APL RP 1110 258 32

- TAE H& FEFES 20% Hoh Z
Pl 1.25H9 dHom AT &

=4 =
- o AYSE APolt 7 bar B AT Ha FEAES 25% AFIHS WA ¢

Hom APL AN

(m=h) wEXF(Department of Transportation) ZZ7]3#2] Ifo]Zglel 2 FEZ okAA
(PHMSA, Pipeline and Hazardous Materials Safety Administration)2 3}o]3zz}Ql-s- 3l
HAEo thdt okd F o]Fo] A3 AL thFEL YAPipeline Safety Regulations : 49
CFR Parts 190-199)

o AWBAE A% AL AP 8 B0l OIS PR Hasl 5] 915te] PHMSAE A 9

d=d Gl A% Ve 3 2SNk =

-~ 49 CFR Part 192 : Transportation of Natural and Other Gas by Pipeline - Minimum Federal
Safety Standards

- Materials
- Pipe Design
- Design of Pipeline Components

- Welding of Steel in Pipelines
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- Joining of Materials Other Than by Welding

- General Construction Requirements for Transmission Lines and Mains

- Customer Meters, Service Regulators, and Service Lines
- Test Requirements

- Uprating

- Operation & Maintenance

- Qualification of Pipeline Personnel

- Gas Transmission/Distribution Pipeline Integrity Management(IM)

(T=) 12719] =7} 22 62719 GAEFS A3t =

o FFe Aol 120000km ole] 0 8 b volzelele HAFI glom, HATks sl
ZZR1E& 61,000kmel] &3¢

o solmelRl B olgsHold Bope] WARES BEL ALHow FHaw oH SO B 3
A, NACE 2 208 A4 3787 918

SO %2 AA =7

—

- Petroleum and natural gas industries - pipeline integrity management specification - Part 1

Full-life cycle integrity management for onshore pipeline

- Petroleum and natural gas industries - pipeline integrity management specification - Part 2:

Full-life cycle integrity management for offshore pipeline

- Petroleum and natural gas industries - geological hazards risk management of oil and gas

pipelines

- NACE & AH

- Test method for measurement of gouge resistance of coating systems

- Test method for measurement of peel strength of pipeline coating systems

- Sholmeel BE A 35FOE Wrold e
- 1eHA): Aub(EE)

-2WA): B, 0%, RYElE Axd 5 1) §RoE BRY
-3ul: 28l A =2 3570e) arelEle) wa



Fundamentals and geseral

standnards
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w8, rehike pipeting mezthod <
*Energy =av
coure

ZX: China oil and gas pipeline standard system, Petrochina natural gas and pipeline company, 2015
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ZEX: www.transneft.ru
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X : Ramesh Sing

AW, WEol 7Mhess Adde v F1 dgde v vs
224 wlo]Zalo] @ Auj= ASME/APICSA =3} 2-o EE3 FAT=9] 71%7]Zd wel A7
HH, 0Q/7}x0] BEXzEo] A2 ttEus MA dAdA T Al2Hd 7] BA po|Ho] 9S

FA A AA W AFe] F8 olgr= ZAHfrost heave) ¥ g3 A 3Hthaw settlement) &Ato)
W, T 7R A B do|gko g o] S WA H. ol 3 %E—:‘,% 4six 7171 M E &
QoA T, TS AL IAHE AFo=Z9 uld, )G Ae EXZREH Fo|xgile

A FolMe] Heh dol= st oF 1~2m HJ=olH, o]E st} do|Z FAE FTIHAIT
A

WM& 71Nk AA|(strain-based design)= 57 B S8 Al o7 Ao ME HgE F4Y
< s HH, dFeke] WIS Ao WEF &) v TR webA olHT olf=

go]z AA 2 A9} FHH EAHEL A oF 51, CSA Z 662 T o83 ML 7|t
AAo 71Z3L A+
h,

Arctic Pipeline Planning, 2013

Aol M o] 7k g HE 2HoHE FEEY
oo} 3tH, A AFoTRE AF AEE

3)
=

o s BEH O ATHTE A
= =7 9 SX7F Ao}

157], 7k 457, WE, R AN % ANz S APl Al AEHES A
A= oloF & Be]7]= ASME Section VIO @AM o] Z3taoF 8ln), e4Z7] 2Elo]Ae] 7p2
& StolZE WY ST Jsteed s AHE3H0] ASME B3L39] 7o) Hsteiok &

dde st s ZEOlAE F UHY EFE vhddok stal W09 E oo ZRFHEEE
Aok &k, AAEolM E77HA] 09 E Hell= o3t o= = flofof H

A Ramesh Singh, Arctic Pipeline Planning, 2013

2300l A o] solzefel 2l APl 5L FA] wheh He=m, ASME B3L8(I: ol%
& sjo|zejel) B ASME B3LACIA fol= 271 3 7|epo] e} A7)

o]z 5 BelE o] AeolA AP SLISO 31836] TR AHS werop she, ARZs] wx
& 7R PSL 2 579 FA8E uE

= 4

d (

€ 23] : Ramesh Singh, Arctic Pipeline Planning, 2013
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Technical committee ; .
Technical committee name
No.
ISO/TC193 Natural gas
ISO/TC193/SC1 Natural gas / Analysis of natural gas
ISO/TC193/SC3 Natural gas / Upstream area
Materials, equipment and offshore structures for petroleum,
ISO/TC67 ) ) .
petrochemical and natural gas industries
ISO/TC67/SC2 Pipeline transportation systems
ISO/TC67/SC6 Processing equipment and systems
ISO/TC67/WG10 Liquefied natural gas installations and equipment

Turbo-compressor A&7} A8](Duisburg Mega Test Center, Siemens)

- Siemensw= 33t FHEAMG A H8E& 34 =7](Turbo-compresson) ] 5% 7HE ¢1§
AA HAdl 2] AR 7E ARlE 75 - Y938 A
< AFAH] AR

- BAE 89

Ko &7 (A FA AHEg) 0 ~ 25 MW
¥ 7~E 7% 948 (Packaged) ¢F&7] 1 ~ 160 MW
¥ A7) 5 9433 (Packaged) &E7] 0 ~ 100 MW

¥ Z7] BWl % 943 (Packaged) ¢+%7] ¢ ~ 35 MW

¥ FE(L X W X H): 180 X 40 X 35 [m]
¥ A5 7l FF HY: 10 ke/s

W T WY 7500 m3/h, At = 25 K

ZEX: http://www.energy.siemens.com/ni/en/compression-expansion/testing.htm

<29 17> vfo] =&l F-& Turbo-compressor A @-AdH]I(Mega Test Center, Siemens)
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w5

— CFR Part 192, title 49914 s}o]Z}el/o]gA| 2Hof et H A L T2AS 714

— ASME B31.8(Gas transmission and distribution piping system)ell &|A 7}2=0]$: o] Z2}o]
dulel gk A, AR, HAFE Aol thE 15

— ASME B31.4(Pipeline transportation systems for liquid hydrocarbons and other liquids)ell
A Afr & WA o5& o]kl Aol tigk AA|, AX], AAF 9 Al gk 2

— At gho] 3zl Q152 NZS/AS 2885 ol k= Aol M fd=d7HE sl 3+
— WA e o] Mol o] X @ KER t)at FAA} o] Fol Aok aFr, WA FE o] sk Ea] o]
HAF A oF ¢

— EE vpo] ZERlE AS1978¢] w2t glEl A% B A E S Fatelof

— CSA 7662(0il & gas pipeline systems)ol] W} AREAA} Sz AA AAF AAE
— CSA9} 22 A|32F TS &3l gto]zefel b SUlE fFeskal §
— 938 %= 2] (Risk management) ol g A 28 9 72662—155 A 48 A (20153)

3} DNV—-DSS—316(Verification of onshore pipeline )l whe} &4+
et 71, Qb 2 A ASS A g

3| AFel ESAU|Z Eo| A o] Zglol EA A AEHS g
= 2 74 £42(GOST, Gosstandart of Russia(Z Ao} )
— GOST<] 87448 1 1S09001_2008, GOST R 55048_2012
QP 2 TAN) Aol R A1 915 913 GOST R Q150] S=uks|ofof &
GOST ROl 21915 229] A& A= ofg)o} 728

— SGS(£29]122), DIN(54), GOST-TUV(=4), MERTCONTROL(Z7}2])

— TUV-2RRIRE 2o oprloled T, B3 (Eh), Fotol (), &%, A& d2(@)
¥ 2] - www.rapatcl.or.kr/new/system/data/GOST.pdf
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£5% AN
71E SHE 4 o YPeHe AR AAY @ Ao F/E olFa oeH, 11k
Z1€93 AEEs a8t AU Fofe] B AL 71EAHAE E3Fek= FEEDe}
AA GBS F238= PMC(project management consultancy) 50ll= 2o AlofxAS
7HAIAL Sle
EWENAY Y HofollA F$ 01]’%}3% dis FEI] AsAE T 7o) SWE 4k
27158 R & LA, A 22 2 AL B9 IFgy A8 AF AYE 83l =
BZAE z7] dANA F3HE= FEED 58 53 T AUy 71&9 AAY 337}
279

S8 AGeIA FAE DY St FNPel wek BEHOE I3 Ao
24 7Pol Bastel, dA T BeRA Z1Ee Ba) AN 2AE F2 AP
Azt dlolEle] el We Wb BE BUUAE

o wag

71E€ 24 - 7} upstream A2 E&4H FX, HFAY /S 913 onshore, offshore &
P E, FPSO T FING2| Axlg] An] 9 7]&e] Hohslyl "ash

A= 3S separator, AGRU(Acid Gas Removal Unit), SRU(Sulfur Recovery Unit), s+*12], g
7] oA BFAEAC et 7lEd A EEA8 Fol AV, HZ 359 dew-point control-&

AT ZE3} Vel AE8HL Ue

] wWolA Y - 7k~ 714 onshore ¥ offshoreo] ZAg] 34 T ¥ ZEs v|&470S 9
& &

71E 318 AgA A9 FAE 7 deusle] 7 AAE

AstA] XYY EdE5S 2dd & & Membrane 29 7<= jﬂ?ﬂq‘ﬁii
met =541 719 A87ksd A Ve g &
2% AR 9 Sl dAAl A2 S9E vEE Ao
Membrane 37}4 E4 Compact, Modular, PLC system©®.2 EZ3 X

Aol A-8rtsAol AR
IGF(Induced Gas Flotation)71&3 =214¢] 224497 A5 e 1S WEst=

SES T
Membrane 7|2l Qo2 oA} g]l7]< COD 90%, BOD 98 %, FHEAA 9% &
Bolx glom, M gAY, §3F9 fA4, HaBe FABF MG 5 Membranes] T}

< 1HT HSd8 FAY e Jidel 2ad
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A6-d AFAHE 7}

L s E

A ESd9L AlA Aol of 1089 1S ApAstaL =29 0]¢] StatoilHyd -ro7h &gt
+ Snow White 3% 7t2-& ALstales A 7F=9] 1/4S ARAZUTE T8y odlyA] 4
e 2008 79 m= x& FARE (USGS)e] CARA (Coleum-Arctic Resource Assessment)7}

BE W F BI FeAS ML o o g BAL Holw S olo) me s1%F

o B JPed AR B vks FFE A T Bk oF 900 o mide] A4, 1669 =
A FES] HA 7k, 440 9 mlEe) A 7k A EE 2 5 ok B

539 5% dF AGelA oF 84 %E A A mES S X7 sk Fo) &
Fo| f7] EAS o & ofdd dFel o3l "ol FAo AL dHst 3AHS ATt
s As o Agigh gslea 5 2 erod] 5% nit= o #ge] A% 95 %
HE 7HAa Qa1 A9 4 widgS AdE o dEvHEe 5ol £ 7ol 7t
29t Af AL 98] Aoz et | Roz vud

Hgo 7t~ wjgke] o
S =2 2] o] USGS #F
55 A= A4 olgtal of|AJs}

<1% 18> Probability of Presence of Undiscoveres Oil and Gas
Fields
ZX{: The Institute for Foreign Policy Analysis (2012)

o B2 dyi Ayt opElgl tiE 24], % 1™@= ¥]XE Basins, East Barents Basins

O

F

West Greenland East Uit} F-&. BEsh 70 % o) A 7k=s @A 3 719 Feof o
I FEE. ME AElo} B4 & v} A= B2 2 55 gt 55 AApAS we
gAjofe] E= ghalol]l tisk Zpstk BAS Aishy, A A 2 7k wigEke] 80 %7t
AHglo} gl = Aoz skt

o M

ot
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22% of the worlds undiscovered
enofgy resources in the Arctic?

1. Sauth K Sea
2. Newth Kara Saa
3. Laptey 5ea

4. East Siberan Saa
5. Chukchi Sea

G. Alaska North Slopa:
7. East Greonlanidys
8. Baronts San

Source: Morsagisn M) . C

<213 19> Energy Resources in the Arctic
ZEX{: The Institute for Foreign Policy Analysis (2012)

1 baninard

Comarls  Dessas tewsw skl Lo Sl il g i —

Daniiygolien sssae  iipHiE ssses  ssess Frams pRaEmInL 08 -'l"li_'l
= T
e ey [ —-ltlrl-!-—lll'ﬂ.:l::
e ey g e
—— EEE TN S pertoiir o
i i gl ] == m == [ETRE e
Sovprr, (LR (el B B0 ey FIPOST e LT FiGases 1 e, RIS ' Chumge e Pt gl e | s
Unimrairy P o (i, 70T LT

<13 20> Negotiated, Claimed and Potenial Borders in the Arctic

ZX: Durham University, durham.ac.ukfibru; Frédéric Lasserre, Arctic Passages and Seas.
Geopolitics of a Changing Region (in French),University Press of Québec, 2010
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7k el FAe)

= &
e A1 A 82 olafshe Aolol, 7 Yol

<19 22> Major Shale Gas Plays
ZX: Total website featuring EIA (2013)

B RaAE 09 B ks ZUE AQIS Seks SakEe] AUd 99 Bla 99 &
o sl AL 918, B, 719} el AENWLAE AU FE AAW, T well, o]
sehol L EAEY Bl o JF Ao 2HL wE

7oA #Eo] o] Fo] X, oo we}
& s AE s oA FAtel digh gt
Exploration & Production (E&P) 2 A E 7} Aukx o 2 & 7. Exploration & Production
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(E&P) AR e} 3HA| efslof ab ] &8 /a3 22 A2 Algte] 8 +-%

shA|9h B8 G&24Q1 gslrd ALES 98, 7|95 AA T8 A B volHE A~
skar #ejeh=t FEeta lon, oA FRitA] AA 7199 7 EE AT Lol
Adetar 9le], 2 B 7k ZHE 4H 9 b a1 # Tt v Sk A

ANAHOE ITZAE FEZYQ & tha o] 4o = HE|Hojof afn, TRAE EFS
&Aoo g AT 4 gl TR A o uj7) WLEE J|mo g Hrh el @ 2507 XA
AR A Z2AE 9 2719 gd 7 T 22 7Y 2eibe 58 A Al A4
2 2 hr Dol w7 Adgt T2 A Eo| SR gjof &

U 7199 UYZHE AF mlES Ads| 257 DEi(RA3AF FAADE 38 2499 &
Ho] gt JAl T Aule] FRAAHS Frlsla 9lom, olof me Uy RAALELS FF
FUZWE o B} F3th= A

Aukgg A, 71 F A7), A AAZJ] A75E 98 FoE A dFFFe] ddE
7] dinl 42% el 17 20129 AHIelE S JAeIAE FPSOE, 209 ge) o
LNG FSRUQL#, 29} 8,000% 2ehe] A AA w5 e F3eigia =84 T2 49
9], A Al 9eF 83), ING-FPSO 1279 7,009 2, A A4 w2 21) 5¢ 4
ol 2As|F okl 228 AAY fAlsH, jFEWEANY] 2HAGAY] FHEorE
Heay Utk sHAT fEjuele 7| EAAZIEN T &8 B gl 52 AAY o
e TS AHo] vHlsta, old wet 7|AA AAFAE 71 FEEDANA viAl == 75
7} wob Z1AA AkskE JA] 20% =F(Topside 715)

FERE Aol e 7L AR, 2784
= NEARNAME BAgSs g

I 7led Ao 1°H AR 7 2
=

o iy

fr w2 w2 o> N 8

el 1 LT _\\ ATILIHE \ il \

g, H| piESt Vol o) & a**ﬂixznm
) | | B = _.f_ e it _,._H' o o)
<19 23> I AZAEAY Y X7 A3 24



3AMY B 8.4

A5 WAE 28R e, T8A, 23 B 3Rl AE 2a1E 2 A %,
2R R SHERAAE Arlse] AF R AFE B I THAE

Configuration ¥ H2<EH|E A7 Ex7]1&S gR

"l“‘4'7]“d'8 e =gk 14 B 29 A

AL AT Aol FHL &0 2HolA
AA Bl °°ﬂ°1 7Vedt FAATF7|HEL FF71oe] Fofstar, zHolde| tiE AlxH
T 7]9k ﬂl‘io}oﬂ A= 7Rk Ads) d&Fs k& 719 =59 48td F35dT
JHZ FIAAE
A 72 2 A Al Ager AAE 7P 2 Track record 5 w3 SHE ) o

AR o= FH9) st
Ler3d W7k 2 B

AN Ao g2Ze AA AUA 871 203597 A8+ 1.6%)stal Lf7F A&H el
w2l SR e %}%M\l%-%“ﬁE H°k~ﬂﬂ A 10 1,400 2ol A

20 3,2009) 2Rz Y Ao Muor ARQIE x4o]
AN FRE HT AAEE SR B 42 7 000 1,000mell A 11 2,300mE

ZoiA) 3 Q) 441 3,000m o]Au AR Ato] BAE B AoE Ko AL A

HZEPSO, SPAR 57 4l Al(Subsea) AHI7E A4S FE28 202 AW Yok =

A 71 2 H2S AR5 Y= FolzElelx} URF S o]&dH] A& H|ZL 243
]

0 fAE AR Boj ol fF AYMFE Bag Y
(T - kgl %)
An
20104 20154 20204 20304
TE
A E 372 547 749 1,056
A&l (Subsea) 450 793 1,165 1,898
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A3E = R&D HF £4

Ald AR T2 A%

1. ZHE Fof I71 R&D FA &

ARE ZHE S AEE 75 sE4ReE 8430 FHE £& A= IYS 99
A7) ERE AYAGE FH3tL 71e/MES 913 R&D AHS FX8k s

R&D A1) 2017 ef4he 59359 AE FEE 2hdrie] 200019 S
R&D |2k =3=2] o 3%¢l zﬂl%*%

o FA B el #d AA FRE oF 1809 £EY
dritk = EuE R&D FAF FE= FE3 S, A8 3.6%2 SVHIE Hela .
ZHES} AU RD ARIY OIRELS IE uSRoAd Fastn 9lon 20179 FAHE

ATAL]] TFRE 37899 Y

o BUE DAY ATHE GUTY AL, JNREA L HF et 2HS T

o

o
A

ki

AR ZdEeo}l BHH REDIASE AA2011-2013D)S FPRE 1 72 AAE 2011
d 1,302 FFo1Pott 201396 110021 FFo 2 87k FAle) o Ao gebd

dlo

- RARAE 2R el FENI}F 2E €3S BoEia 9

ZWER&DS}F T AHY F AAE AMs] S8l 71 Eobd J9EE EET

H 2011858 2013970218 713ks 71Eo2 7| A A BA N ANTIDE S8 A 2
_,,].xﬂE —M t‘ﬂ-
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(E 14> SHE #d ATHA FRAY A% 2011-2013d

ne 2011 20124 20139 ABd T7HE
ZH 128,546 118,646 110,617 AT
ZER 43,187(33.6%) | 39,364(33.2%) | 25,601(23.1%) A23
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(& 15 SHE H}A dFFIFAE ZAFA70 HF 2011~20133

(4 - %)
)=] ez =]
) EEs Stk 29
2011 2012 2013 2011 2012 2013
=49 0.0 18.0 23.7 15.0 15.9 19.5 15.1
o8t 42.5 9.2 10.4 7.3 12.5 28.8 18.1
7] g+ 52.9 62.8 50.6 49.2 47.9 29.3 47.3
=279 1.0 8.9 8.7 26.2 20.5 18.3 16.3
7| e} 3.6 1.1 6.5 2.3 3.3 4.1 3.2
AZ|Yg =3

L ATAE GA ANFoEE Az AAUNY AL AUE SAE Rop] 544
ulgo] AAle] 10%7} ol v EL

o FERS A% A AT uge] Frha Yt

Zo|Z3 Qo] RAE AU ATAL YA 2pEsly

<E 16> SRE FAA /Nd DA A9 Hl&; 2011~2013'3

(29 %
El:l /d,o-]tl
= E5 T 54 3
2011 2012 2013 2011 2012 2013
54.4 79.2 86.9 83.5 74.3 57.0 72.0

o 20119elA 0139744 347 FEWFERER, TEAGE, HPFiR

£9]

AT EALY SHE R&D HA|9] FAFAE HHPE AW EE 242} 17649} 65002 =&+

- HHIZ} 1000 ol&tQl 8-+ A=t A9 fle A= 4T + dom 1800 o2 44 Fez
S + A=

- 5, A5 R&DA L v=ro] FA A Abgo] S8t Aom & 7 EH7-2] R&DA|
< 54 FAY &3] Fuxl AR 4T F U=

« SHEATAYE S 2ER AR EA, SWE AAARY a75e A3 A, 71EEA 2
AS 7S B3l S ES =8 d9 SNE 5 AAYS FUATI7] 8l 2007d FE
FHE ARG

dE Al

- 2014371 F 2,000 o]
222 AL WIS

AR 2011 HE]
FA(2010-)2 S5}

o« ZANEJAAYE AT STNEARY S
Eco-Ener 2 EZ A H 7334420092 A YA PZ7]&

E =@t A7e0d A =8 A

24

ALEE Sfold T O AFIAE dideR
3) HHIGH R340 A5): AF deld 54 FA7k 2= 932g debs) A9 FAne Frshs A5
HHI %ol %—’F% el JF=7F E5. HHI 100~1,0002 'HE=7t A9 9l A1, 1,000~1,800> 'A% <l

L=
A%, 1,800~4,000 "I A A1, 4,000 o] HHAH AL vepd
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/hb’“b“ Government of Alberta m

Canada
Alberta Korea Office

Embassy of Canada, 21 Jeongdong-gil {leong-dong), Jung-gu, Seoul, 04535, Seoul, Korea
T.02-37E3-6140. F. 02-3783-6144

May 18, 2016
Dr. Dong-In Yang
Seniar Deputy Director
Construction Workforce, Machinery and Materials Division
Ministry of Land, Infrastructure and Transportation
#11, Doume-ro 6, Sejong Specical Self-governing City, 30103, Korea

Drear Mr. Dong-In Yang,
| wash you tremendous success.

The Alberta Korea Office is requesting a meeting with Constrisction Workfarce, Machinery and Materials
Division in the Ministry of Land, Infrastracture and Transportation (MOLIT) from 10:00 am to 11:30am
on May 31, 2016 at a conference room in the MOUT offices

The purpose of the meeting is to discuss the possibilities of joint research for the organizations and
companies between Alberta, Canada and Korea on the research project MOLIT is currently planning and
tuture cooperation between the Alberta Government and the Korean Governmant {i.e. MOLT) in
regards to developing Alberta's Oil and Gas resources,

The meeting participants will be:

Gregory Baker, Managing Director and Counsellor [Commercial), Alberta Korea Office
Fabricio Lima, Acting Team Lead - Energy/Environment, Asia Pacific Branch, Ministry of
Economic Development and Trade

- Victor Lee, Senior Trade & Investment Officer, Asia Pacific Branch, Ministry of Econamic
Development and Trade

- Ja-Young Won, Commercial Coordinator, Alberta Korea Office

| hope you can accept this meeting request and please contact Ms. Ja-Young Wan far more infarmation,
fou cam contact her at (12-3783-6141 or ayouns. won@international gc.ca.

Best Regards,

Mana in'g Digector and Counsellor (Commereial)
Alberta kKorda Office



A3Ad 71&e 74

- B 7e7|goMes AT 448 718k7] 98] Top-down /Bottom-up -

>

¢ ol
o

N

N
ol
ot

>

U2 AFr]E 9 Q47| o &=

- Top-down 71&718 : 57} A9 E5dY SWE V& LS

=

- Bottom-up 714719 : & AF- 8- A AEIIE gRoE

A = rjel 27EE VeraE B

S3U% FHUE P 10|

2| RADEY, 7|7
2 9 AfRIS}E Y SO
BALE S0 MBI A

Top-down

o M%7
2%

i

-
&3

MY WEO}

i Eay

Ve M2, 884,
837ts8, 5%
=22 338 8

3

s

i/

e

g T8

I8 73 VedE =y 9@ dxt

[

Sy 24 A ofold

= |

HNE

o J|&+REA Y

=L =1
48

i =g *l‘ﬂ?
7182 g 8gr

ok 7l& i

135



2. 7l& FARAL - B

A 2ok ZleriEe] A B mfel

b, ol 5ARe Ao, Alzd 7FERAL) AT, A

S

)

7+

ol
=

© F8 JYEE BIAY Ag AT, AzHe) Ay

ENE

=
5o

configuration

1=1]
=

A2l 71247

ruze]

X
Ho

i)

el
)

K

e
o

3r
G

g

olel Bt H7h Aiz7]el g

o]
=

A4 =AL AY 712424

ELE
23 7] B B4, A

A

ZA AT 8

o
¢

JA 502 947

)] = -
“?‘]:?l—o‘x

N 5 5. y o 10 ol 20 ol MH
_ MH . [ oo w — 110 Nl
= i N S = I Fi_ Y
- T — D_ -
— KD o = r o _ il d] By = 0
= —< I 4 50 ™ ol 100
30 oK 0% |z ol = Bl ~
ol ok L B T N R O L 1 B
N ol ol =k o =M oT <0 B hi| = 3 <0
— | i = I i A ol = mlm n K o
TE | R oyl = [ BT By ST 8 ok <
o (2 20| = U T WS e =k |7 go|M
K |2 o T S L | (] S
= [© w0 o =| Mgk WnR o =jol o) - =inl T ol
~N H_II - S E = ol 0| ) N L:.Tr_ it}
" |E D[ 30 |R Mol B0 | oK X (<] 0o ol w o3l <l 30
R ol TR A | OWojk0 T KPR 0|X 30| IH|X BO|< T
_ W
S n
< | =
1 % ,m ol X
=N | E| R Ia
n c |8 I ~
w2l 5| " A T
— © = i lod —
R3S Ta
o || E |8 F Gu | W qu | M|
| R 8 |F|E|_|~|D ML I I Y
| = | .|~ [T0] | R N | ® | 3| =
A TR T R e S ) o | 33 g
X WM | 3| = |=| 20 | = | oI | =
oo | S| = ~ | wo Holw | = M
of | B | 5| 5 |m s | . | " |lm|
Sl I I - BT I O < = RS
L e N - I TR =0 - R A 7 I N -
K | ol () — Zl Ho -
TS| — || Hu { X - 10d
=
A4 183 S| S | N | | op | U
~ | 3|0 mu_ E3 |Ar_ oK o oy OF = Kd
BN 5|3 D[R = g ||| ol
RIJol | 2R [Z|ol | B |3 |4 |32 @ |m| o
RIRK|[Elw | m | x| |lrg|®|>|F|=
T o e 0 O O O = O I
| nr =] 38 [ | | © | S | OF ]~ |® | < | H
~— | || v |w]| © N~ oo o = = S 2

136



T i I - T TR (I T
o — ml _ ~ ~ < o
= N S |- - ~ Ij
1T ~ Uo %_ =
T . = 0 [E] 10l — n
— I—L 1o £ _ = <
LT N S T L L
RS Ny I 1L S M ey (Tl
B g m_o E N = Yo
Bo|zd Ko = K — |z
w BE S e D |
a1 Oljer |30 o ¥ ol ®
o Mol = olE |5k gol3 =|<" BI| Ko [Ar
T Ol[&Rr = m|T om 2 NdE
W 0/ of WEIR e TT(Ar TR OA| B (<0 B0
W T R OE|Z BT M| IHfE ®l <N T
!
™
4 o | A
D LU A
N = | KO | <
il L I A~ S I T
™l | ®|® o |kl
ML - R O I O T =
N N o S |z | D= i
S| = | ¥ | g | |@ | a
- O U A B P
o Bl Ho < - Tod Ok L]
__OL —_ —_ Mm_“_ -
n- < 0 K 1o o i)
oF Ik ﬁu.“__ ol ol iy < i
Wl = || F ||k | ¥ g
o —_ R - __U_ —
8] K K < | zm | @ Tl
o | ul o | K =N KR m
S - RO D™z | HOINYN
S G e I I T O R =
<l ToJ L] ® | K | K| N
< nr m | W& | ® | ® | Ko

137



3. 7le 4

138

= ) HAs AREE

S&7)E Eok2 7Y

o
o=

<« 3 7lEe O WVIEAE 24, @ $AEA, @ AR BFY & TPHoE 1HT
3, AE7 719943 A HAEH o ® AASA =
-« 67/ AlF7Is Eoke 4b- 8- A AE7t VleETa Al AET 718993 s WAty
127 7= Foll $AE7E 52 7IsRokE A5ty AFUES TSt 7A4%
2171 SHI}A 12 71 ES D3 (127)) 221 71 EL1 L3l (671)
35| Holrkaxzl BHE My moad Ald SHE STIE T
Ml =
o QIR YAER Al
configuration 7|& - 7tA  X[AMEH[  configuration
=)0 574 <AL E
Test method, Code, Standard, Test 7|l :':_':_' e EARE
and certification olE
UPEE KUTAL Fuloh AT 8 23 sy TAREA|S
AlEH I HF = =
S A AE 2 S
= =] o _—
== FUUM =3 AR S37 Qorlr BUE JMRIM  HEH 2|23 BAY|S
537 QA BUE JRIM|E Il&
E5HK| Deoil ¥ A2 S8 7|5
O|&AH|0lM RCM 7|& delM T)H 7B "oF ¥ /A
- i <=
S3x| 0| SAE|01M preFEED 712 el
7IESAOM 2E A SEEeP|E [ [
= { I Pyl CEA 1 —
ox lueid X B, Aguuig m oo SHEVISHESSE  ssae zus 3uas
23t A 71 plE of AEl et Bl
AlZt HEE 0|88 Alg Z2MA 22|
7% e of 3¢, Naguig m
o0 o = 2ol XA ZEjE =
2Ase| oE BIblS o S=AS AR lE ooe g BB S
, | MAE MY Bopls
A|AE configuration2 ?I8t RAM 7|&
o5x| ZaiE = Al
Zaix| ZHE JRNE AlgEol oy ol SHE JIXHE ARy
- Jlet 75
5 =
2|lA3e| HYH xEstE S5 MY
8 @plg elA3e| Y X|x=lE Set M
e AEo|ZA He Agaoly 2R EIPIS
HA J|lsuRE S8 L=
3.7 % B.7|=MH(AICIM  olX| = o 3%t 7=
AL 7| EMAAIRA Qx| 2lojMA, Al 7| =MA (AEA, X, 2fo] =
X7 5) 71 HA, ZR7H &) 7=
x| 7|2 7|lsnRE o NWs K| HFT|=o mE Al
ol #Z 7IE JleIRE Sot MWIE MY yesg o o= J|&HA
HX| H7|=o| e Alg2E 2 2 7=

S 7l=xA
SUHA T8 S| SME Al
7lE




2. 2Y.71A X|AMH| configuration 71&

11

12

5. dzjd J[8t Ji8x gt &

7ley Bdd "obls

10

TS

F

“ot ol

=3
=

BHE J|XIFIR Al

£=2)
=

2|

8.

gpls

sl
=2

Al

) 7l&

M=
o O

=

N

2fojdlA,

3

AA(AMHY, 2R

10. Al&-7|=

11. 7|

28 & 5 7IsHA

S
=

7| Z0]| e Al

Al

12.

- HIIA =F

139



4. 7l W&

A e - 7k2A] RS B gaa B47e AT

< (HF9Y Y - 7t=A A

7V N

3

. 3L

) A gaa B

N

bl mbAel Aglelaa

A3

245 B

&
=

AT A 9]

FerI s

* X}

FRNEAL ZFAL AE-AX|LIG-AL, AL MEAL S

THr
- H
o 10
™ II _x_._|l__l i H -
o il 1 i F ¥
S a Ie) e W o
© I m.*go 5 gﬂﬁwi
o 4%@ ROz § ZuedAT
X o » USRmEWw
il ! u_.__.__our o2 O T ama EER
_ - ol X BT mwmm
0 -] =~ D B o ww K e
o < & 10 H0 *
oo T o oo | © wr
TE gk | N
R a
- L - I_Il_ [
ERRL R g -
SR E L u 3
Alo ~N o H0 <k 0 ol 2 B
K E KH ok o0 0| — Lo o u
| NNIUR o o
WM =g T2 o
R | A
3 HoaAﬂ_A. <K :
S ™ | M i
g | FORO gy 3 RT . :
= o o uw Mo | & o ¥ H
S s TR o . g
ol X | < ™ = 20|30 — &l o a
of — | B | _ 5
Txlaat M ; i
R KR K3 | R <l
IRl @l el < Z (el =™
H 00 5 I
Hr o F ~ ¥ il
k| w =
= B N A

- 7|2EA W s N
- 712AA BIPE) dA e - 7k ks

A QY - 7t APTAY HEAE

3
)

iy

A 2 - 7k TPEARE A3

—_L
=

- @I

- 712 A 9

W, ol HAHstE AFduAFl el A AEGA A A

=

off cHall MATEAA 27| 74

2 E

dE

Hlu

-

F

ot

all
0

£ B2 AE- 7| Z=MA(

of cH

140



)

o
yil

1 9

°

J

A
axi

Ko =]
=

J

g

3

Aol A CAPEX, OPEX, <=¢]4d S|4 E}f

3)
el

FF A

J-

A

=

=3
FRNEAL EFAL AE-AXLIG AL, AL HEAL S

E

* 5| X} -

ir e
™
0 Ir u e
0 il d 7] ™~ oF
B3l T =] A wﬁ__
— | TR o ~
1o _. _H__.__u_l _xrl _”___._._ ]__A ‘ﬂx_uﬂ
5| N | < o
= RO o | w S
o | W, | <3
Tl _w=|= B A
o7 [ [<} w _I_M ™~ M —~ N
SN DR | -
Ly x® BIg i
Koh| o = <l m_ T = N
We | o2 o w =
o] =+ - @™ O _._.___._._ - _ — B
__OU_H O._ - — ﬂt N vAL
Rgr |y W< — P
_O |5 KRR Y
ST NARIN v o
S| ~ o
| RM o o | O <
S 0B o KO Nlo ;
T ol Ho | 2y RE o) F A
o .A_._._ < |_x = I ._ﬂ.mU dﬂ_ ﬂ
T e BT e
0T | R 5 RO N} Mo &N
— | - W | s o W = I
A_ < - 3 __An_ =+ - _uo ﬂ.._ OL
LR o) el o =
NS ®EN R BN
SR I R o w
ol ol | K ™0l K | K ® = R
o._E._ BT R B R . . v bl
o o o o o —_ EW E —
3 BRz
B o0 o o @
s 1) I r
o ol = < m.ﬁ__ ma ;M o B
L % = o o
= 3l N b B oo
/]

141

==
S

SoTE

1
o

b=

2

1x|

—

CRASAE, AAp- 7)1, At

H AL

|

=

) Xl

 —

D = vHE AE

(DB, 24, A& Sl = AA )

7| RERY
FANEAL, EFAL EGAL MEA S

AL
=,

15 71

w7
a4

oq
=

=
:l?‘

A Z1-7] 22 At
d - Tk AAEIE A

G
[eXe]

—
2 5¢ 7

* o X}

—



_n_l
8.
Ho Tl iy ;
5 iy ol
HE| e
= o
= S ol
W g
~ Ko M i 5
R0 4 &l o N~ a8
10 M a Ly i
oF | D mo S
ofn I il KT o
o A_E = op X
3w K " 5
— o __o|_ |_._.A1 0 |OrO
ol 10 z E ke
m 2| =
KO - ,
o | U i e 5
~ <M % 7o
RS ~ M KH m
@ i T N
R0 | 3 oo "
2 o T
cx|® = 0
KT K R =
0 __Ol_ 0. n
0 | 6. |
i
W | 3
o _ﬂm o 2
= i ik
_ T
I :
7 = —
~N

142



5. 71& JAI% A THA

o
)

o =R A AR (www.nti

9p]

-8

SRR EERE S E

u

277} 28k e A, A7 2001 ~20143Y

)

o 71YE «“B2E” o g3 FEIAE ¢l
o >4
SAFL A 2 AHZ 0
AMQA 2017.05.16 09:38
M@ I AHIN + EIOSEUN + ZRRLODM
AESME 60
sS=nm 4 SALHOIS
2MAY Qo
3 0 2
M2y
e | L o
e * A 2 BOIT | J|4MIE | EIOISEURE 323
B | et e R&D I A
2DAN BEK QU MAAMDY HLEH
Ul aag gao2 Bals ‘ * " A
ST BEX QU FIA WLAR &8 L ‘
2 lamEsN B 8% X X “
=oA QU PIABME AIBAS JEK
¥ |y | o1 X X X

T IN-ETA C BARAFTHUAMYSE 0f0| SWHAHL £85I Us BHIEAES =8 TH)
F2EQUESSFIAR -CIE MEBIT FAMIE o8 BI2ET 2 EF5e 2 H

T3 SSREOIUM - ES1Z UM FHSs oM S 37 RAD NI 22 +HE UHE B2 1 2 RED M
T NERMEZ - FAMIM2ED MCE 2 I 20 He FAME #3

47 HE2 HAHMR H =R HAE S S8 1A= |FADM ZDH0IH,
ZSH BHS FMHSFE EFI |22 HAIFNAXJS A 2FELICH

I =XNANEEAMH A

143



g M of T 3
N 9 ald i
M < JI EO ‘_Q‘Iﬁ <R ﬂ,ﬂ
N oo B B T No 5o
mo X P B
! B EE T B h Fo T~ M =
I
%w%)ew w,_ a;_M do B
~ G Hu e} = o=
T oS © + ol Mw o BN
S~ e ® % o Mo %o gy M
| S - o Vo o — ~ o~ | ) ~
CHASER= = = T E SN B oy o
TSE ot oo S A
SloE gDl »EF 2a RW &
Y N e R N TEEM L
oo ‘_.Mo i oo H s = . M 3 I = 1]0 im = oR
4 ° T m T oz —~ T ~< o i
A A o gs I C s 1 o P woo
TN s o= M = A W W - =P
mw 2T % 1T S o N g
o I wnn oF w_un o N r — F - 0 g ™ =<0 W
] Cr T E T T owow <0 <o T "o
or m_m xF ==
R T
v — W o) = N X
rooo 4ow gt e £
RY N N - = il g
B! — B - Mo 2 g W
—~ Wrm = o W m.@ ,,.A_.o iy Al I+ T
SE R - Voox FoEx o eX =k
. < w  |T X =
o o~o ™ T repliG [ < [ ,moL = B ®°
o | S il < 5 =0 ir g - oo
BT \ o = 2 0 R .. ~o .S 20 K
T R TV A N - - R
v ol p A T PSS =
FEE e T o B o (2o g T
oo o W Z R S S al
: _ g .o
ot 4 R R -
e XK ~ =5 X N X i £
X ~ — —_ —_ To° JI o E._ [5) E._o Eo
— O ;OL ~ OE E..E ;0L —~ E._ —~ ;OL ~ | — ~ _:Tl ey 1_|L
T " 0 2 oo H ir S e o QX A b N
— — — — > 1o
Lo L I T Lo e Sy
R | of = = B =)
" D W ~ ~ T
M| oh O = = T
Nfo B- B- ]

144



A% 71eNd AFA Y

Al AF7e i

L 89 AdEH A 4

2 AlRTEe] Ao 9 &4

o (B9 F3A ZHE AM A49] Pre-FEED @Al &%+ 34 Configuration 7]&
S AF718(project planning), Battery limit AR (F3F4 2 el H), A&} &=
H(RAZ2A @ d3zx7), A 2AL 27] AGAAER FAs3), BEDD, Plot Plan
), FEED Al¢F Tl #d a1844e 9 d4lrlselr, z sAAA A 7EEE 7]
=5 BYEl FWE &3] 93 FEAVIeE 7481

© ) NG AT TYA QYRR 4. A A B SRR
o) B35 slol grlHe= Bl ok 24711

A L AR 71EE

9 ZFA Afold ARREQAE, ARAA D AANE AZ Hsﬂﬂ%
Pre-FEED #4171%¢1 T-471% Configuration 7% 7\%S %3 FEED aaot 3m7}
493t

Typical Project Execution Approach in Sequences

FID (Preliminary Investment Decision) FID (Final Investment Decislon)

: EIP‘[.!FO:{. 5.6
months maonths

approx, 8-12 months approx. 38-48 months

-& o 8 20 Months

Process Configuration 2| &

HE A
{13 38> =3 ZUWE configuration 7L

145



mﬂ
g
<
N
K

pze)

o 7

Ay

M52
- 7]17H4 4k 613/889) YA 669 9)

- 77 s

<}
ol 2k

T
)

(

Ne

TR E

0 o Of o)
5T N © O o
ar N g g
%LJHLJ\H/L NHQ\) l )
SN ™ T T -y B
= C o8 e =8 e m%m
e ) 7o
N =
il of < "
- T T T g o =
& !
Idm | BEBET v E 5 v
™ N W Mﬂvﬁﬂ%} i m;w
~X T N !
O < X o Ne T & o T =
wwﬁ% . . . , B9 R
™K ’
2 lo B - = =
N o= I i o) o
J B T o * N B
,LIE/L» ﬂVIO EETv N To 0 7ux
~ 550 o B <" ol ~ =
N 7o Mo = — of T ok G
g %ﬁ%%%% 48z %% wﬂrﬂﬁ
of W N e I e < iy = P
S } N o) T hy T 5 ~ T
X X X < WA — 2 o~ e 2 = =
559 |sMaDE0 o L
A E,M o Wbl W R WA B B
Doy | o T S|Eo®m Jal|T o
ol N T I N ElrAw zem (el
TR HY m- o " @ 1_%. w Mo _%m X moﬂlo 1_%; = R M,u_ MG
BRE SR T EET TRy TIE|g G
o X N P 2l < o o T 2 Mﬂ N < =D B do &
T W | T o wo do__w | £ L e oy
T w W | T 5 BN e ® 2O oo 0N R | B
i R R e G N O o el SRR
SIS S eSS RIS S PSS TR
. . T _omALSAﬂa\_ ~ B W B
L
Gl M
= _ 1 T |
iy Xz G = Mo
T & e BT N 4 S —
2= M 4l s N AN omE
% T 7R o AT Al mE o ®
& X - b g T r o= 3y
Xﬁi J_l_/ﬁﬁo = N
o N T of Zn o =5 7 o
TN S o % e
Ar n of % T
T

146



147

&o
Ho
o
N Mo
=y wm
X =
= HE
. B = =
3 b 5 g S
°n = < - ﬂ%@H%MW%g
OGS % 4,7 %}EﬂoﬁAﬂLo_
a < MzT }V.Eﬂﬂe,ﬁwr Ho
= — e X @ R & ™ " o -
2 X < e o T T o = o M Ak
AN = o oo el N =~ 73
i T = XLVOHT%ELEOMM% ®
gaaaﬂlm#ér bl (i Ex @ﬂﬂ]ﬂr%%nﬁuﬂ oy
wEE DL . Wl = BE T w % -
! o Ho Jurns Mo =& 7o B N oo o o wr mo Do [ ! =
il L —_— ) o — o No o < JE S S oo i o . unu.u uE
= @.ﬂ]ﬁxm ﬂxmoﬁ. o Mo = ﬁuozl@c%ﬁ_oﬁ7 i
5 ERN R E TEsily w|
o R R i . LH* ol Ho ™ %O Mo m LS mﬂ ki oy = N X o5 o A
T ,Ehﬁoo TR L w A Wz %%ﬂid?% N s
= ~ w3 w5 i R S W om TR JE ~ |
=T =5 N W o i) o | X3 P o AR M G
=m = - O = T LE Qs TXEEZ Pl
T ob wr W ) =y ~ mK = o ny o X B odo T > = i
X ar W )y zo of o X = R ﬁxﬁr#@ =l
o XEK 2 ey e A T b = X2 ON I = e
ol uxlmboa:. %Lﬂaa_]ﬁ Al oy ﬂbﬂoeﬂﬂi@m_mm7§i ~ N
~ ogzﬁﬂo»ﬂl_. xaﬁozoumo N 0 ﬁnmaaﬁdéﬂiuhﬂiﬁo%ﬂwﬁ
1@.1_ Iod ! T X T N] o ° T ™ = = = x o ™ R i G2 o X ~ AE
g Hom R o T o B T 3 WA E oo = o o B |2 2
g ~ B ) X 3o A o) 1) = ol = |~
R T tﬂﬁoﬂﬂ% T s %Is%ﬁwﬂolATﬂﬁoaiﬂb
3 T i ﬂ:uo%ﬂo = 3 %@ﬂ..ﬂ1%M%¢J§¢ | =
~ TN R X RO %O o b %@%ﬂo xﬂoiﬂs w2 X
U__A e =) T K T T T ,Iﬂ N gl = ) s _ ™ 5r o ..
s Halufr ° o~ H%ﬁé1s§mﬂrg7ow}ﬂ}
ez =" N » S 7@$x°%4_a@z < |
{F ooy X 3 o N o A X oy S W o = A
— 0 o= W M 5 M = Kz Ho o gl T TR o A M_m
L 3 Zow o Ak 53 R N
% Ho B T M or Y ° e AT
I N Ko s g < |4
o T T o & B G R 7 % =
~ S AT 0 o k) —EE _ﬂ_ X - \MV| 0l _ -~
N UT_ z,._ﬁ ol Zx_ = W ﬂa HA_M U.rl _u._._ B q_ﬂo oW
HT = 1) T = w o N o), m_wa od G = o]
T B & - o)) Mr‘_ m Mﬁ i o} ! = < Nr r - =
B s K =X G B ) i e X"
- s - B ~ o ~ B ol
A uwb]oﬂﬂl7 Juaﬁﬁﬂ o 5 s ] | =
bE T LR = T3 I E < &
T REEE oy ~ W o ™ il of %o L
S ~ m o N ol < M = k
%ﬂ%% nﬁ]émﬁ - i X ~ =
< g h = N 2 N T
% < ow .X.L R
. | N
2 m% » W
o T <
%0 .
<




A

1

1=d

053 A

=
=

gl olH

A=)

7F A&

(e}

]

3L

]
174 Fagozy AAA

PN
T

=

=

A7

=

gdlolg 71ve] A A

8 A& Ag 2 7
w4 FrpEs R

h=

®=
S
=

sehrmatic Soa 0 hybid procrin

Fig. 1. Poacina

W o om g
~ o)
W o N P o g
~ Mo O Ko J-uﬂ % ~ © 4 2
B o N N
T o o S S A 2
wOR AW o+ ﬂ w2 Mc
— = = ) — ~
ﬂ/uL7x7Mﬂ %_.E LL_vav.lcﬁoXWm o
—~ o T 9w A "o ir < =
=TT DS ¥ = P ®
= rali i —
@%loﬁzﬂﬁ Mo g 7%% S ok
S EE X =12-5 Lyl 3
No 7 =n ¥ o < - nr = o - 3 ol 1
CES R . T mo o e W ~ F 9 %
B o T e S TIEEZ ZToe mE ot X
ST g L |ESEpFeET 32 £z
vﬁ T oo re = o+ o e | A &M N oo o u, = w__m Bl
Eﬁﬁmﬁizﬁoﬁ Eoﬂpl B MuNrEQ_W%ﬂL%NJ zﬁﬂoﬁlmﬁwﬁ =
o = ol o — = = " TR N R I~ ~0
sy ~ Ew: i of) o = 2= X
R I — <) ST Ry | A - —~ w <t - Ho
R k=L I © X — = o T 2T N o= o~ X —_—
U N I NN I ~ = dlaﬁuTwr <
TP (I EEOTONT TOEY e 1
I o oK = - R 1 -l o
R el N R N N PN o - =N A
= = Ne <O 1 o= 53
=i R B - 5 o 2EEX
w R 3P Wox L~ S gl M NEZK
B o TFT L S CEEeE o emaT
— [ N — |l = —_
W o X RS o N BT E ML LT
T g U] 4259 Tara® LTEx
« T FRES IR i L s o
o T Tl W N K| X
) ARSI S | YRR ChEEw @i
213 S (= RS FE I m < W 5 A e
- 3 i S S AT F o TE WO my RO T
: g v | EE L I e X e =
= | E 3 z_.o ﬁ__| o MM}Q W] ) ﬂHHAr_;%Hoo%o X w ~ ~O
Ak . w0 X ~ N~ &9 Al ! o B W o
‘) = = o o oy O o @T . W g WX
pj ° No Ko © n] B o g <R 2 3
BT
oF m,_..%i . ) ﬂﬂﬂaoln_rm.glm =B
_ — S o N o e I i
o O™ S = = o o | — B0 pe !
4 T < B ® ® 07 o A L= =
i i1 ~ To M Bo SR L e aeae ! 81w
¥ 7 r ool A
; 3 i 2 El
. = X  |[mIAT 2 il )
f KON N N U
B [ S :r r i
OE_ﬁ X ) ~
Nfo ¢ B TH

148



149

= o
ﬂuo&o]
Wr 3 e H %L ST
\HA_IE_;yEL qOo_Eju
s = %a@g
o)
%ﬂr@@%ﬂi%fr RN
o =) FR ob 9o o B ° do
—_— .z aTﬁ Mo‘ﬂ
mfmgnyn A ﬂﬂ_a
ki = A Yo o _c@ K o ==
lﬂ_/uw_u]?_ " Dﬂc zIm Jﬁe
%&W L o w % C
oo NS ) M T b X 5 oy
meww% o i ) (I -
i n.:% X WL o | Gy < H T 3o 0 oy Nr e
T Hp S ) Bl o}/ T X B o=
\ﬂuMaﬁm Ay HP Nd = 0 @Mwo Hﬂ i iy
.m”mbm &%q% e X . W@Wlmoﬂogo
— s 2 P callc n N = N < B o el
= = nf oy il ajo N = 4o o
WL“..GH&,WL_I \‘:ION..OJMWE o 12r| =K 7% %0 T.ca‘._“fu_o%‘w -
- g WA (5% ~ o mO T T | 2 e T E,mn_ Mo < B! e
5% EELﬁwnm%7 = 2 % 3 2 = <
T X = Boo kR b T2 = i 3 b I = N X
n) o= B ONE ey | i = do 2 | JT o - o -~ = ~
— ~ 10 S =~ o wAOi [~ o)
X K ﬁElﬂmﬁEE T ﬂﬁ 4o - T 0}1% o
e mw% ”@%meoa@ﬁhmmfa ﬁﬂ 2 - X o 5
E *o X0 uPE\/ 5 X] ~q o' 1rﬂu fuy
:m I o T o of BT - el 7o) ) o Lol Gl o
w7 i RS o R ML -z I . T Y G
- UE Eq_aﬁ%ﬂoo Smoo oy Lo E _%ZHEN;@ -
T %xéjsxﬂ ~ = JoaK )fﬂlg@_/ B0 ¥ 2
. i 3 E_a,guim o2 dd P = <~ & T B x T
! . 4 Qh = 5 T ~ _7ma0ﬁ3 =) _
Hm _o_._ o b QN (\01_ 3ﬂﬂ — ‘Ibo Xm
i A_IE.LE X N2 _ﬁoo < X =
T B o u M = g @ 15 Jo o el NG 5 A %0 B
L Egﬁﬂwgm% %:m@m_@ ﬁwm 1>L<mx@w ~ % 5
" Eﬂ@aﬁglmw% B B Lz 5
W:Twoﬂﬂ@wﬂcfmwr@z E = ) R
i w7 ygf@mwwgzymw%o; 3 §
n %@MQO%AO@J@M(%HE% R
Eh a;wﬁw&ﬂzo_of%w%wkmx
) i) 2 oF N o e o N K Mﬁ = = © 7
) ¥ W o o = B e = F 1= X
E uﬂ%mu lﬁﬂm:lmumTﬂmmeo,
@E&lzo ﬁamﬂ.su}@lﬂma
9 e ﬁaﬂW;%LﬂLﬂu
O.._ cEOE \_I:I‘L«I_oﬂ
o & x@%
o I
iodu ~,\./
qi]o 9uT
%Ad.,_oo.io
e
= X ME
0 g
%




# g-5}of — ARCTOIAq A% 8ol 7hsat &
ARCT 3] 7] |G 2T A4 A7) Zu4 A
fiioq*i}ﬂi — B sl Ee] A/AAG
b el I oSl o = =
AL AAF/ALE A A%
LR
eSS
a4 N
(A EAAY
1=
N
ARC7 =4 | Aol 753 ARCTH 34 |-FA slg7zEel npz 9@ vz & 20169 5
#4748  |AFzZAE T2 A% | el gF AT A7 (5)
AFEHE | g w71 e —FA s Uy x4
gy 714 S Fu4 gle
A7 % A%
(B
2y
5
ZR8(B30 2 Ba) A | - nas AvE TIHAE HPS
B | Qo] oA AeE @ 5 | NE EFAA D AAF AL 224 9o
=387 9l FPSO 34) 74 7wt — ICE 7]4F Met—ocean A|2=H %
AMF=HE( Ice monitoring A]Z~El 7]l )
R & %9 SRR WolE 75
H A% - - -
Ry ~ WAL AYZNE AA Yol
AR 71e Aras
) — =937 (=50 C oJshg 4 7]
AR, ) D B T

150



-« (F3%A FAE 8 F7D Y A - 7k WolA T|HES
7} dk upstream G FEA ZlEde] o] FolA AL o
A8l =7 Ade] i Ags FRUED], AskE LY/7k oF
Ag 348 FEA T8I 7D
* Douglas-Westwood(2014)&= Al 8,061 offshore ZHE] FA RS, FA&EFo F $95 billion©]
AREEIRIa1, 2015-201913 <F offshore Al&Fo] 5.4 %2 CAGRE A

- (AAY EAR 71 TA) 12 29 - 7} upstream AA P E84 32, FIAYG RS 9
3} onshore, offshore Z@ME, FPSO ¥ FINGe] AA g Ad] 9 7|&o] A3yt HQash
* &le] WolA oY - 7k 7|4 onshore ¥ offshored] HAeg] 348 T8 2 =& v&87E 9

o 2g

- (B384 duA ZHE A ¥AE AY - uyR e gAF 2 A FEAY 2 Fx 5
upstream HA 2ol g 7|&58rt Skt JoH, AAA @
§ A7 7% 2 e BuE A prefeed AHo] v

L (3RS 2EOld LRAAE TR) FBH 0 - 7bxs o)% AEolMe Fa BAxA T2,
s QA - J1RE SR, 5ol B TEL Sele] A% 2HolM £do] E3tE &
Qg 1%l Wad

- uEoly e 7%, AgH] % 2 4l SEAE
Agge] O ol 8 22 A8 24 7% 22 el
IR} AYS FAT F Ye A

2 AYAAA[AY A FAE
gl Vs
gl ool B ARIS FYRE B

Aol A 27N

et
2
A

151



FA| /=2 =
a7 P ERREERSER A
(A7717F 2009 3-3 A1) raamacl)
- NYEFHNE AARMHEE AF7] A
THIgH FEED &3} A& A7 ¢4
AEA S FZHAEFEED AT |- BF 227 187 s|SZWE FEED 3} | wSH
Zdoista 5
(2013~2015) AAUAH P54 NAED (179.62)
- U9 g FHE FHV|G/nS/AT7H
I {E vEYT 74
- 483 ING-FPSO Topside 738 FEED 7]
2 i
- Design BasisDesign  Philosophy/  Operation &
LNG-FPSO Topside EHE Maintenance  Philosophy/  Process  Descripti
i b N / ptond TETER
Sk ! AA7E N Optimized Heat & Mass Balance/Process Flow 52400
(2008~2015) Diagram(PFD)/ Piping & Instrumentation Diagram '
(P&IDs/Equipment Process Data sheets(PDS)/ Utility
AA
- AA&F< 2 Column CFD 34
- 7F23SHERE AV EAEA 9 HAS Ve
9z hes maE TgEA R HeEA
e e - IGCC 7}2-3} Z=ME Configuration 7]&7]2 o
TaEEY A7) N s SdE SEASA md A F
(2011~2015) (7009.00)
- IGCC + CCS Z¥Eq| tjgk BDP 7|yt
- 7k=SEAE o 8E Y Ve
- A3 A A4bd FEED AAE ¢33 344
PN
Sl A% 9 FEED A w | e e aEa
- A g g SHEE AT AW 2FA
oS- 3l ¢ T4 A s A A F
AA|2-E
(2012~2015) C e Bed m AR AsE A4 A% (6348.23)
7

B 7%, PEABAE T 710 B3 STu 716 Age 432 F98 98 2529,
a S Z19e) A S8 A8 Fgol Al AT, A8 Tde] 37 A&

g WE weh 4Rk AUsks A7 Bl
A meAE A AT E A8 7% el WA a7

152



AR e BAER

- Douglas-Westwood(2014)+= M| Al 8,061 offshore Z;EZo] FAHG, FAH&=YF F $95 hillion
o] AREEU AL, 2015-20191d &<t offshore A AR 5.4% BEES A8t dA2E3A
AAE &% A Xdo] s Ho g XM

LAY B4 B 23AY 39X oUks AQNESA 2 Paa B A&

- B39 53 oUrks AYS A elna 89 BIb1E AR
C A% B4 B BFAY FVA oULks AVAY HBAY N28A B9} A

[71Z22A) AEYolE 7]&et

I
5]
1
i
J{m
ok
r>~
02{25
)
_1 (

- B39 B8 FUE AYVREA BeA B4 szedo] A
- B3 A A BA A A
3% 24 B B3 QAVRAEAE AHAS 71€AA
- 23U AWNE @Y AE FAAA AR
%

AZF 71&AA N

T @7 =% 87 5E
il 1 A& QA7 Al wA HAE) =32 ) A2 v Aeae 99
= 2T E Qo] AR B3 9 Ax T BFEA 7)1 A7)
2] Fof AX e 34 AA NG a9 ek U AA e T 7|18 AA NG

WNE upstream L Y7}~

I A e S E27)E 3 E B3l AR 7| AAE
EPi Xd'%ﬂ%@*é?ﬂ%&ﬂ —u]’]E—: o U ]o]Eog—l/
A AE Sl
N AE SR 209 9 5009 €
AJAl A7 o]
498 0% 10 %
-3l 22 E =
= 5}113 =l =R 4 EF] 4409 =i 59/d, 591 57/
71 A9 4
o Jgﬁ; A7 10 2 51 A7 470 2 157/

153



7K m o O W
o G Wom N ol
N M oy P = T
b 3" W T M S "
= ® m B = H| = = X
Hi o
S = T g 5 Nlo
W X N T oeE 3" SO =
TN BT R T X¥ X 3 <
2 e
= il = Gl
4 oy A S ~
T o < i R T
| b = = ) ~ cd =
S 4 7 = = W i
oy ~ N T T o N
Pl | = ~ ~ F 0 & Neo
| ®| B e w| = o o
= | ;| o T Al - B oo
=~ | ur of 4 T
< 7 e P
7| T m ES X %0 ~
ir | { B 2 o3 il
w_. il nr
iy i
_ W
" ® o ooy
0 ol o o= = = Gl
T <] NN ir
T ¥R N
Ko w = o = g
nr fe) nr N R
H&. O,w H_Tu 0 1°
of %/

154



4. NFE7|< A FAAE
O 1M
7} f47|€E Y&

{F 3P 847« 9 NLHE&

AE 7] =
L T P I N g &
Fok JEFs  VlETE
R 100
ERNEE 30 A7) Al 87 B 71 v 1
5349 | zapy |
go:M 594 100(v]
L7k gaaa 50 A AH 374 B4 71 vl 14
A9 | agen |
3 2 R N EAR E)
22 24 g gaz | 100(H]
7= Qe | 50 AFeE) TP 2] a3 ol Wy 2 ] /W 170
7he] et o)1)
=43}

155



=
Al
= ojm

D8ar|e 18223 81 AY

7h 71e7Ee) e

ot

CESEE

e

L 71E AR AQ AR} olgle] MAE A AGEE 1E] A9 B3 0Us A

A BB AR, 8T V1 BRSOl U# 2 BAE Bsjel Ay 2aa e Jx
WA Hnd 5t Ale

533 XAMY iEE3 9 223 4

X AMY 23 BN

- 53 8K AY 2123 2| 71x e

SAAY BE 24 7|8 w2

-HIHE H3E MY 2|23 B
- ®3 3 #7 7|9 e

<29 39 AR A B4

W 7ied 224

156

- 71z AEANL A 2l 718
2 @ AR, A% 2

Y
[
N
N
Sl
o
=2
=
zl
BN
>
ML
1%
o
offt
ol
£
i)
2
AU
[>

o FE % opAohAFE AAHTL 9om FF % obrlol
slol] ThE BA e S8 o] Fold BUE DA B

A9] 79 71 e AT DR FAER ol FolA glo]
2 welol o AR Hel Bagh

T A = AL ZE 29
o B2P A8 B4 o 1A
s HL’6 =S
B2 A48 A ¢ B9 YTk HArmabe] 79 100% 7]; b @_; o m;ﬂ .
24 B3 AR] BARAE B A




A 7le FE

3

3}

h s

% TRL 6 52¢] 2123 B wrdol

Aol g

HEol AF7] g2 dg viwde] 7 Ves FR

3}
=

sfeiof

X
i

ﬁo
o
N
N
B
T
il

2:

Ay

2) 847

7h 71e7Ee) e

]

7

ki3

& B AT AiHow e Ao ula) &

A1
ax

gl

FAREA B ol HE Ee M go] Wy

bt g %

ESE:

s

jont

il

X
B

o

o
_z_o

o

A g neld AR B B

8}

3

il

;OL
ir

o|J

il
ﬁo
i
X
N

X
B
T
i

&

3
pul

4

TS AN

24 o]

T

&

K
ﬁo
B

X

23 BM

533 #XAMY HEEE W 2

SS3 ®xjdd g3 24

Al A 2la3

2] 7% e

prl
=

dr de #E 2478 iwE

157



],

=]
=

(<]

o]
=
FaL 2o A

<

71 ¥l 7hE
A7F A
d MA &aEol

e

=

L.

I
LN

| ARG dH =57] A)F

F=o0
A ARG

al
Z AR B Ao AL AM

] v

SA sl
ARG o) %8}

=

el A
=1
=i

3}

=

[¢)

st A

&

bds
Jo] A AAHOE EoA

<HEAD ZA|<2 ML 58

1 913 A 2471 2as

(<]

SESE 571 Al

sfe

o

9l
1:__-
==

ol 7Izte] Tl wel dd Aol JhEEA Xt

[ez]
5

|

I8
A

__'_l:]
=
=

|

[el]
o
2889

H

al
A} -
]
o 7le Y =3

) 7170

Fa = T N ok X
— ~ 1FL — —_—— —
~ K K% o’ "o o N
- Tz U
~ X =0 T hY
5 = i o T N
o G o ¥ oE BT
n — ~ O Lo ﬂArO _L
) o = B g -
i - o T )z
- Wﬂ % Y 1 B ,HOI 1__/;1_
i) : .= oo —
(] o o)
= o) m oy <
D pBPE T
N
TSR R Py g
E ME © IS ,‘w T )
J:W&%S ﬂjwr B
TE BN do w9 M Bn
L] L] L] )] o
N 2 © w o
3
JM w oA = ;ﬁ ,_ﬂo_ﬁ _&.E %
zm M omr X T ) T b
oo T T g = T
2o T R B @ X o
e B JE X
ﬁoWM%E o = Nr
B 9 o B i
Bl T AL s BB
oz o T ﬂﬂ_ou z K ~ o
= U=z oo —_
- 20 w]% w? _W_AM M. Horm_lm % W_MV ,.ym T
do " m. = N ! I\
ERR O T TRE T
W_l o o) ! o T ™ ,_mﬁ
<X ogr = AW mo WT 7 — X
w3 i =X T
TR W R e %%mo WW
. L] | —~ 0 vA )
- e By
i F R HE e ® o
v By o
I X N o o
< X b = o . x 7T
e B o o o T W OEK
o
e 5 )
i

71%2 TRL 6SAI7HA]

71 o] a7

J

A
axi

L = |
T

3}

=

o

158



D 8avleE 3 BT 53 Y7k ARG GAE gla3 2]l HUt Jle
7D 71Nl A9

L B49T B P AR AF 7169F R JNOR AYSY wAE aa ade B4
S OB MOE Baz AHAS WAt} A AN A AR o2
g 5 e e

S33 EXMY HEEE W 223 £y

/ £33 B3 2972 AESE TAE 223 29 %t 7| ?Hﬂ'\

-S=SH 3 B BN A AL AT =88 71

ETl

K e
e T ——
]

e
# g r
. e 5

AMEsd THAIE 2|23 99 7t 9 #e| s/w

- MAEHO BlAT HelE AMY 27| B8 B
- 5349 #yoM HFE2| 2|23 el 7ls e

O™ 4D 554 58 27k= ARed aAE g2 89 WUt Jle A

ASAY] A T 7ol R Y 4GS /HOE Pad &9 B

ol glovk, ok Fujeld Bl e wlS Y. ER, B3 A4y 879 73
A% AR T S A 2t EASte] AR ARE o o
g ¥ 4 ole 223 B AAZ Badk

ol
oL
fd
2
1y
ol

159



<E 42> FAE] L B8

T AR =4 Mtk =3 )
L= R A | Eﬂ_ 9_0]7]__/_\_ <2 0] L= H 7
T = « AL O] 90% =] BHE 71N B
= = [e) 1=}
AR A A | elel ook matel A t00wiT |
g3 e Qe | A s B Ve By
uk S/W
7N
h A Ve FE
- AA BS4E 1S dAEC] Efsta e glaa dd AYs 34 7199 Af Ad B
stal Al 7] WEe] 559 34 B Ule, AE WM 52 T’ TRL 6 £ g3
g2

160



O 247

7). 84718

(E AP 84| 9 Eg&

> o
X B
ce g ™
— umo fom
—_— o
iy o =
° £) 5
= &
all MV_HH g
< 0 S
= 7! 1o
w o =
i = 7
N b <~
| T 2
e W b
Hj G2 i)
ol il G
Nr oy 2l
jiin il M
G (7
i fir
s
(@) o ()
(a2 (] [
o =y =y ~
S — N ~ A ]
o X 0
L
= = n oW
B T s wTT £=
i = N O =) g e a T o—
WO =T o m— g 22 T
TN < NOX ~ TN
i Ul O N I S
N ooy X R
CIES woo=d 1 KT
B A BT A
AR TT N
i oy O & B M 5
il o] X TN m

161



162

ZA4A ANEHH e M

L BIW AE AE 9 A A FEAS 2 9 84 9% L A= 0T 5o U @
3 DBE Aoz b 41 A8 ABAolEl 148 PR HFA A d4a B
B3 49 A7)z A AgHelE 7% A

-2 EP| BUE YA BHEI| MY 2~ #e £

533 &3t U9 Al=/21=4A4 ME80IE 2IgE
/ Hd A=/71=84 ME0IE 7|EHE \

2= DEEE

a¥ 42> A A”122A NEA Y Zend

W 71e/iE 224

o B3 Aol A% vord BEA oo

I Qom, ofo] e} thopd 8, Al
A%, WA A5 thekd DB
A EHOY FEo] BRF



<E 44 FANNE] A 2

T R N 52 29
34 53 A8 el L7k AEARe] ABg- A%, | B 7R 7IE 3] 3 w7k
Ad/71 247 Hds SUE AR Gl aid 7k | e Alw, WE, Wt 2% DB £
AEEOTE 71 A )24 A EeolE B HE 7P Az A AlEE el H 75

B AA 7% 2
o B =7 s gl AUl da)rlz A7 DBE nast glou, Bdw /b
Mg AEAOEE Bastn QX e T, AR, WE, HF, A2 EAS BEI} S

BAS B8kl AFAS FHsly] st 7|
3 = =
<) =

<« A 7N2A4A 7P Mgl tE B
Eo izt DB, AHd M3d Z=AEo tigh

249 9
FHe B e

163



S5 S SYE A=/7|1=44 EIE8d £ 2ZEH0 7Y

/— Ag/71 587 e B 2ZERI0|E Y _\

- M2|d shud)| 9Bt BHME DB APM FYE nameof oft DB 7%

e e ey |
P ————— =
S EFH B4 AEEF O]
: '"'w:.-i - Al2lE 95574t BHE TI} s
=1 :
. 1 = _ EaeLltEnT e
- e —
S =] —

{I¥ 43> AY72A4A B 84 £ZES o)< M
w7l 284

B9 W7k PEe Susel QA g B, B3U AW AY)2HA AEdE J%
AEe B3l FRA A 477 @z Bel) B @ AP Pelskn FF AEe)
Elst #7148 THY

<E 45> FAH7|&]l e 58

A= BA =4 ANk % 2o
E3l = . 9 9.7} AEA o AE =
%%ﬂ_ﬁi} e |9 oY) el 74 T T NER 959 J)vr B8 By} B
A7 280 8D | AE AS] el BiF AalE A O
5z 7
A RZEG A ehgel diat iy A 22 e N

eh A Ve 7=

o 39 ARl ¢ pre-feed TAONA EE 2 A8 DB7|6F EbgA HrE W7IAE BRAEka
Rom o] A9 pre-feediB AF7] 2l A7kA] wfg Gofste] Z2AE XA

A Z EHS B s

73
73

164



I 8a7lE 3 H= A2 e 2A Vs e
7D 71E7N o] Ao

2] ZHE A AFYQ 9] pre-feed BAONA 275+ &4 configuration 7]&2 A 718
(project planning), battery limit A8(FE8 L FE2E H, AlFIF FHI(R A=A 2 &
d2), EIF 2ALE 27] NAEA(FEHASE 5) FEED Aok 5ol B3 a3484% S 9

N7 =

/ SS3A X dgd 7iE 84 7= i

xIAAH 47 7l NE \
-AY ZIE, 2HTHA 4E A SHE SHAE 27| Y 44 & M=

Fechnical Vanfication of

O3 4> AZAH A4 7le A

W 7led 224

XE

. ZAE QAU BollA FF oaEE dEe IHay) A F) s1Yge] FAE
AbQ) 27)1%E S & AAAA, JAA 22 2 A4 B oJu AR dd AU B
83le] ZEAE 27 WA FUHE FEED £38 53 FEH AAUY 7%
AAY 57t a7

165



<E 46> 3A7I&]l e B

T A 2 A Eg 29
=3 53 SUE
TAAE o FEAHE S 22 W) £30% CEZEQHE o= 02 WY +25%

configuration 7| &

£
rv |
2

7]

FN

<
T

oy

- ZHE ZopdA SARA Zed AZE s Ui T4 3 FAA0e dsE 9% )
T 8¢ =72 AREE, MYNAH Technologies AtellA= CAPEX % OPEX H]-&° digh
E

EAREAN, AFA FA 2 FAAN Ao o E4S FF EAF AlEd o|El(mimic
simulation software)& o]-83te Tt 5. EF AAA =R AF, ADEFA 2S/&
FAzt e AF L AP gk AojFr] FARA Z2I3(life cycle dynamic
simulation)& 7I'#, Al7gell st A

166



O 3M%
7} 84718 a4

<EAD 84| 9 g &

ARANE . A 3y A
Hol FEAE Cleez g)jasz
Bz
A% | 100 o I
224 | A% AL | G4 | 30 Mt 7% AGAL 2AAA T4 L 22 e 14
LYt | FRAA oh)
ZAE il
AldAZ Bnoy 100(7H
T aves | ABAF A 5
TE | azs | mas
AA N )

167



Deadv|e 1: 5598 M 7l a8 8 FHAA 75
7h 71 Ee] A9

< 539 o AU 2 2 A0 A EeidE Feke] hEeld ARESs d44E
&t7] 9t QIS 2 AA WAt £ 5 8% FA Ve AAE FEstka F1o B

233 2272 SHE AEUS 7IEHA

i S E7|E ¥ HE FUAA \

- S 0y 3ERE YU SN HEHEe AT U5 9 YA
IEMA 75
- BEH8 00 da0 D87 =

Flﬂ':‘tﬁﬂh'l' I:lﬂ

SR 1509001201

."I cnuur-onn = == - - 5

Algels HA =
\ - 7|55 U @EE MY S WERE F=UNA 75 /
- 2% 015, 517t § DBE7|Y B 7L VE 759 &L

I3 45 5538 A7l % F& FIAA4 AL

w7l 284

. B3AL sz AF AUBAE S1&U 7%, BEH Akedos ek B3 5333
F1&7e] Baste, o}F Wl A8 AL &5 A%, 7k Sl BAAE FA
A7t Bag. BIVE FA 5 debel A 9ol 7 TR 2%, AF, A7} 59 2710]
Hev, oF A A 14 Hob 2 DBFE] Had

168



h 7]

{E 48> FA7I&l e B2

B
|
=)
Hr

il

T+

B

- %39 5705 A%, Wit, 317} DB 7
_%_

» 741 E7H €] DBEA

\a
A

2h) A 7]

ol AEE A asFol o

S

5

TE

A

o] 7hsd FXAA

530k

DB process &

=i
=

S
[

R

& 7% TRL 6 529 44 o

&< 9

5

< Z1EAA A

2) 847

A v S e

A7) 2

o
T

=& QF 71EAA N

14

A

4
Z7(-40 C)ell 2§

\-_
= =

L

i

11 9

S

71&A AL

@_

169



S33 MEEE US 7I=HA iy

/ 233 o 71~ FUE AHS J|SHA \

-ES3 ERER 7[R MEE7 Y QISA|AR 2SS AT AIEEE AUSZISHA HE

re
{m

233 AEUE A 75
\ 3U Sis BUE SIAUL 1 2y /

¥ 46> 5538 297k SHE APAF 7€ AA

W 7enE 284
- 554 24k ERE AERS 4% VEeAAs S3A ZHES V1A AEwt
(ASME/CSA/GOST/APIASTM) 2 <1 HS S deiES ERE T2 71EAA

2 RS 97 wEel] ol o

hrle A ==
<E 49> 3H71&3 N ==

= AA) 2 N Bx 29
s A 97k ZAE Al g

A2 7% A 32

w2y BRAF £ RRANE FHA |

CAMAZAE | AT A% 2
NBAZ AEAA |« 248 20744 ZATol Agez | - RO

nro] AR QA P
TRL 397

170



of

A

d

=
1A 4 Z1EAA 275 3

( ‘15.6)3taL ot

TS

=
=

7124 A& AR S ALAA

U 747l 3R A=

<E 50> 7471€ 1 A

oK %o
o <
Bl o | o | e
o
~
= o
= = o o O
w R
T B
= =0 do |go dlo|zo dlo
X0 do X0 do|o o
CLO N S
|5 =
_@L ) il
n ~
= oa
N = " o
o =y A o
= WE |
TR N
LS U ol ARG
N N oo B W
4 D= T
o o N Rl
% ot X <
< o] Al
X X o—| ~
o - N
_Eﬁ _E_l O,.M
B
ol Wm s
L
u% :% T
1
~ W
< ﬁwwﬂw
Y mﬁ = o BN
WT H.__H o <0 pm‘_ ‘%
Nx ON

o

N

171



o 7A471e 25y

D DD DD DD EN
= = f_T_ = . H’

S98 0 By 2

RO 0L AT E

T
= =|4~;1 CLE TR T

<im w! "!'.'1|

Jri}) ojej 7

+ NuEd 54
EE R

- HBEI| MY
2|A3 24M

“+ MY 21232
Yy 92
oy

lhﬁ‘ 1-1 ! hh

IR o R AGDTIAN

MM ApaEN AM 2 e A

SE AN e MY qE 2

150 90012015
LEAD AUDITOR

172

MANUES 05
ZieMNA A

g 4D A& 1 7lend 2=9




5. Al&7]

Ay

[47]
A A3 A1% Configuration

T
T

2HAR UrH, A oA

| —
—

- ATEY WA

=i
=

o
el

A

7

714

|

A&
gl

Fef sfef Al

S

< A2A) = 7148 GTEEAY S AeAk 4d PEE AlReR

1€ WE 5%

agar =3 e 71 3 4

=9 7FsAd AL

- @A) ALAR] Ve

B

J%
W

+3 AA

1

oK
il

el

A

Bl

p—

0

5

o|]
e
N

2<El
=
3

3 A
5

=
Bl Aol A

AAE

2

i

Bz
- =2 74

2 Track record 5

b AAE

S
pul

ol
=

=

How )

<E 5D 71/ FAE 33 €9 HFAE 98

&

7
N

il

7K
i Sl
ERN X ler o
TL oo [0 zmE N
<~ ¥
N
=) —_ n_Al_l ]ﬂ
TR PP <
~ B X oo
N T X = )
G PN T
\M ﬁo ﬂ m_x
i
o
X
I RO I
ooy WM 7
SR TR _
of B W X e g
TR oo x| o | P W
T | o | N
T A N | R
—_ ,ul o Z#O
< Ao | N
— R
N
O
B
) 2y T
k- Z B
Rl 17u c3 e
R <
o SN
"
oo N
= i
N
N T
e

173



174

= O FAFAZY, Ta71D)e T HEFD)

-2 AlTIES t7I - A A IAYAFAL PR AAYAGAL IT §3 £F44 5
oA Fefstd JE B ARl A3 Ve

~sElolA WA A& BobolA
B 7lE s st A5 S g7 & A

-RUE Y A|ZE RopollA AIAE o] 87 A b ek, Al A"l AAlo] lojAe A&
Aol tha mFsh ol gt A AeAIYE Fok s T

- O AAE grRA

-S54 ZHOA AY - Al Ve RBoke 544 AU dAEE eH, 7Y, A A
A, AT SHo] st #d 2of IA - AV e A FHT} tga 0134—‘% <

-0l @ N 2AGE 2317 Sst] Aol BUES, BASH, vri5e, szt 5o w3
SERSEREN

Hm

X

BASE gl 2Eold AR A Az 1% 8- Aol wEsh 9
o] EETH TARE ol AAR 529 7% B

e
v
X,
1
b
X
M
T
lif
A

Al A oduitt M 2 ALA =7} 2A h23 Track record &
= sfele] HFH =7HE Y 8 ATed ASAE A2

= 1

2T - Sl EHE A dAIE2 AAIRE B0l AstEAL e =AY, WFEHE AFETG
© Blad 27IARD SR SHE ARA 715 a8lS Frotok ¢



6. AlF7]E 42894 A

889 e T BE=AT 669 V(5% tinl RIEEE 229 @5 weE TAE A

<E 52 1 34 FAAF (29 ¥uh

TA7| = TE 2018 2019 2020 2021 2022 2023 BN
A (Lnks 37.5 75 112.5 112.5 75 37.5 450
2o A ”(j }M)
a7 A} B4 1] 7k 12.5 25 37.5 37.5 25 12.5 150
2 A 50 100 150 150 100 50 600
Rog Axqaa [ (EEAA) 75 75 150 150 75 75 600
i 0l 7t 25 25 50 50 25 25 200
37 B4
A A 100 100 200 200 100 100 800
At sl A AR (Lus)A)) 75 75 150 150 75 75 600
23 Qo gy}« ul 7t 25 25 50 50 25 25 200
Te|akel B4} 2 100 100 200 200 100 100 800
SHA| 250 300 550 550 300 250 2,200
<E 53 2 4 FAAY (&4 97bH
B TNE T 2018 2019 2020 2021 2022 2023 =7
A 59 A9 g0 gus) ) 75 75 150 295 150 75 750
Al8/71 24 w7t 25 25 50 75 50 25 250
Algdely 7=
pr 2 A 100 100 200 300 200 100 1,000
E —
=t 53 SHE (FR(dutalF) 75 75 150 150 75 75 600
A8 /71 2 A ul 7k 25 25 50 50 25 25 200
oA B
E’f °o T 2 A 100 100 200 200 100 100 800
ALE ] A
AHE- (L3 7)) 75 75 150 150 75 75 600
]:]_—j_;—'qx}\]_}\,]ﬂ oT\ =2
7@;;] lffmlm 3 25 25 50 50 25 25 200
Ho= R 2 A 100 100 200 200 100 100 800
SHA) 300 300 600 700 400 300 2,600
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<E 50 3 F4 FAAY (29 ¥uh

747 T 2018 2019 2020 2021 2022 2023 Y
B e R (AREA) 75 75 150 225 150 75 750
A A8 FAAA T 7r 25 25 50 75 50 25 250
7N 2 A 100 100 200 300 200 100 1,000
A (olulB
229 AHes J3-(LuksA) 300 300 600 600 300 150 2,250
- o 7k 100 100 200 200 100 50 750
1o 7]€ Z‘" 7:]] 7 ]g—
27 400 400 800 800 400 200 3,000
SHA) 500 500 1,000 1,100 600 300 4,000
{E 550 F EAAY
T 2018 2019 2020 2021 2022 2023 A
A (ks A) 787.5 825 | 1,612.5 | 1762.5 975 637.5 6,600
ol 7k 262.5 275 537.5 587.5 325 212.5 2,200
SHA| 1,050 1,100 2,150 2,350 1,300 850 8,800
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