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Glossary
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E&P (Exploration & Production) P
LNG (Liquefied natural gas) OHSIHAT A

RO FIAHO| Y 18-S 7|

N 782 7IAH EQP JIYES ERPRE AZIEAE P1(=E

YYoR Lix 250l B

100%) gt 7=

7R &

Aol U= mHEF

wE W3

At 7127t Lol BiTHel M4t AYOR ME 4 ol B

Bpd (barrel per day)

AR A (B

<OIHA] & H2l >
BOE (Barrels of Oil Equivalent)

MBOE (Thousand Barrels of Oil Equivalent)

MMBOE (Million Barrels of Oil Equivalent)

Mcf Thousand cubic feet

MMcf Million cubic feet

Bcf Billion cubic feet

Tcf Trillion cubic feet

Tcfe Trillion Cubic Feet Equivalent
Scf(Standard cubic feet) standard ft3

bbl Barrel

Bbbl Billion Barrels

BBO

Billion Barrels of Qil
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Analyst 2 &H XH2I7} g
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SloI=Ho|E7} A APl F83E oz, ZAPEA] wfet Aotz QAR AlA wiEke] Aol wigk
slol=go|E0] Fe APgElof Qlof, BAECR Hgkor 253 4= Aok, Al A FHFel 27
/12 A0 o= mzold,

HA et stolSeo]=2) ¥ gas—in—place)e ARt Ak B 104 o, = A4 U
. 7H, AR SR ) 20 ol Aoz meke

TEA MAH HEQ HZ ZEN: HE OHOISHI0IEI E
Land biota
. . 830
Dissolved organic Peat
matter in wat / / 500
9809’1
Other
/ 67
Soil
1400
Recoverable and
nonrecoverable
fossil fuels
(coal, oil, natural gas) 50 _"‘_}’f{:ﬂj_ef__.s
5000 (onshore and offshore)
10,000
Units = 1075 g carbon
A& DOE
TE2 MHE OISHO0IE 22 FHX: M AR, JHA, ME 2= 2AHQ 241 01
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o
10004
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Coal Qil Gas
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A= Energy Outlook 2007, Wallmann GEOMAR Research Center
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ok sjoj=goE REF 3= LNG

85 3509 ol 3HT

2~
T

TE3  MNAH HIESIHA THHE

A 71207 [5REQ] Ao

Analyst 2 &H Xpi7j et

(H: tcf)

e ol AlA oA

Tght Ges | ShaleGas | CBM | GW | Toal

=0
S|
Med
o
EfAlot
sg/=o0=za)5t
Atstetol
SU0rAlOHES
EfFE2F OECD
7|EtOERXIH
HORA|O}
A

1,371
1,293
383

3842
2117
510
39
627
2,548
274
3,528
2313
314
0
16,112

m7
39
157
118
3957
0
39
1,215
470
0
39
9,051

2420
187,839
30,229
0
166,367
7,557
15,150
15,150
60,494
7.557
15,150
747 506

250,239
191,287
31,248
235
171,852
10927
16,247
20,244
43,981
8419
15,385
780,066

XkZ: Holditch, JPT, Dec. 2010, Kevnvolden, 1993, 7ASI0| =20 E THEEA I

4 HME
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ng | Comemorsl | Tgwos | Shleow | CeM |
o | s | o | s | e | s | i | s

E. Europe & 136
Middle East 11&
Asia/Pacific 33
North America 45
Latin America 23
Africa i)
DECD Europe 22
Waorld 403

-6
27
4-8
3-9
3-8
3-7
2-9
2-9

1

9
20
16
15
9

a0

3-7
4-8
4-8
37
37

37

83

12
21
0

ne

3-6
3-8
3-8

3-8

K2 Holditch, JPT, Dec. 2010, Kevrvolden, 1993, 71ASIO|=2{0|E THEEAIAE
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Hn
Rl
ol

HIEt OLOISHIOIE B & (Gas-in-Place JIE) £ (H: tcf)
gas hydrate resource pyramid

Included in

this Assessment

mare difficult to recover
increasing resource volumes
generally decreasing resource concentration

A2: DOE, Adapted from Boswell and Collett, 2006

8_ www.Eugenefn.com
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AD7IA0} nE7 AR, digh sjo|=go| St AlA] Z=of lolef Fa1F =] Q= ZloR ek,
o] F, ul=o] 16%, 7irt 5%, ¥ 0.4%°H.

AA 574 FEF 16282 200710) vl ey e ARt Ak ol mipgElo) i, v sjol=z]
OJEZH S ATE, = A oA &RfEF 7IEeR 4 i Sok AN 4 Sl ouAIE Bt
Al e,

THE6 JiA OIOIZZI0IE MH 22 =

8l 8 EA|E gas hydrate recovered, B9l ¥ FAIE AIZ25E FHE X2
A2: Thomas D Lorenson, Keith A. Kvenvolden, U.S. Geological Survey

TE7 ME O0ISHOIE WA BX(Gas-in-Place JI1ZE) (= tcf)

Total Median = 43,311 tcf

Arctic Ocean
6621

Southem Ocean
3583

Latin America & the

A= DOE

www.Eugenefn.com _9
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SO Za HEE 135km AH SEARIA ek sloldo]s Yiko] SRIslglon] Y
680120l A0 It 2 ok MRk 4:10] 200, A AR Gk 2rEo] oF e
e afolct

b= S0l MIEH OHOIZHIOIE BZ Ol XIF

Hn
Rl
(0]
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1. dxid

sfolsafol= A152] ofef A130] 7RaelA] B4R ket AANE TR, obe Agilo] ofFolx(A
ool 2Kt ke FEAH, Helrks Holz}2io] $10/mmbtu(Q5 S/ mmbtuz 75) olo]
ofof Aol qli= 0= B,

0] oje] AP 71AL B HORE $3~5/mmbty U ACR dKIEl], Ho] Ajelo]As g0l
o] AYHIGo] o Sfellol HA0] Gk A0 Tekeict

I, Qe 315 5 S5oPlor A9e] Ak £U7HAS $14~16/mmbuol B, ool 5
o|=dol= Ato] HrfEo Suluirt A A0 Uk,

THEO9 MHE OIZHO0IE XIE %

Case 1 - Gas Hydrate Over Free Gas Case 2 — Gas Hydrate Over Water
50 m gas hydrate, over 10 m free gas 50 m gas hydrate, over 10 m water

KE2: Timothy S. Collett(U.S. Geological Survey)

EX 10 XIZ 3ZTH HE OL0I=HI0IE MAo] 04 IRR(Internal Rate of Return)

K2 Timothy S. Collett(U.S. Geological Survey)
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Il. HIEt 510|=2|0|E2| E&

-1, HE OO|=ZI0[EER

7k slolEdo|Exs By Hst ofdjAl 7AEARRE EEAE 0T 26719, 10C 76719 5] A - 1t
BlofA, FAIEQL BEAL Alolof] W, ofgt, Zauh Fe So] AR} ©dleA W Ny, €O, 52 7R}
23Elo], A3} visst Felo] 1A AFRE YA oot A3t vl suL A% v
B4 B A3t 2 Aolr} ot

7h0] 9 AR whEl, wE, opilsEle, 4 Slo|THlolE Fo) it Hg 8}OlEi'ﬂolE(Methane
hydrate)= 71-’\«] /o] vk 90% ol 7ol Ejojojol it Hig=sle], “EER= Difire ice)”
ogw B2}

& + CH4 > 1&gt slo|=go]=
£+ 002 > 002 slojcgo]E
+H2 > $aslolugelE
7k sloleo| B 7k Fel| weh B4 7heet 250t ¢ 2710] thErt,

TE EUPE: HE 2X0L 2 2X0 SAM0 Z0JAs 32X

A= DOE
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N-2. 46 =&
Hgt sPo|=o|EE st EFEEY] EESe| e TASkE Rl W2 2ok =2 oE
A = Aglstod et = 500molste] vtk o A5, E= 7]eo] W TEA|Y SO,

TR, Aok Ui QFEe] SR A2 AL 2] migef, 71 sloj=olErt EAE
T e AT ke sfdelMe Aol 4Him, FE AGelde AeA 1,200~1,300m ©f3}o]

o

d

tiok. L7} o7t Qlelo] WobHIk A - Algloll, 1nre] 7] 71 slol=AlolE 170w o)
B0} 0,8m0] B2 ol

TH 12 HE OISH0IEY UMl SENR JIM SEiS 20 Hlu: Gas-Water Ratio

im?*
Methane hydrate

+ @

0.Bm?*
Water

17o0m? Methane gas

R}Z: Prabhakar, GTW, AAPG, BOEMRE
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I-3. HLIXIROZMO| FRIS

gk sloj=go]E9] Ade- thil 7kA]e],
A, vEk slo|=do|ERRE Fakks ek, ARR AME A, ohlRigkadt SRk A7)
ufizol] A2t Mgttt A3t o A]eldt,

SR, SA7IA 2R} Sof| AREEF 4r Q1= Holeh njgRe] B-S Ak 7|tehd, WEke] Ao 170HH4
oIS AP 4= Qltt. &, AR RIS sk oAIBRIAN(COy), SESIRHSK), aEsiet
(HFCs) = 7k sfo|=efo] 2] ez Aked &= Qlrt. E3h slo]=go]E 23] COE FUsk= Ho]'
W2 247 AP HAZRS ks B S S Gl o
AR, 710 ofgatt ol AA)e] MK Liquefaction) 4] tAl AR 4= Qlet,

A, 7k slo|Eeo|Ex U A|GolX9] & FEE AT o= Sirt 71 sjol=golE FAYRE o]
B9, al] FhE A gt B2 95 47 9] whzelth

CHA, e A 71 WA Pl A0 B,

O
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-4. 2|23

Hgh sjol=go]E AN TEE, o] 7IA| AFEiR tiy] SO WEEH ojteiekatnt of 20819 )

JE = )

o}
T2 A7) iy, Rk, s = TgollA veto] WEE, ARt sief LHo] AT < ik

EH o2 2 HEk Slo|=go|E9] A 7lao] L7 IR TgAIAo1A] otk

TH 13 2&0tA FFE X7 2UHYKS

A ER X P2HSIK[GWP) Hj &8 FQEM
CO2(0|AkeIERY) 1 HBAIR/AMAEH oflLix|Y, SalulE
CHA(HED 21 7|2/ 52/5A HIMESElZ T2 ol
N20(o kARl 310 MASH/H|ZABA| tiZ2lof w2t =7 ol ZxY
HFCs(sagslety) 140~11700 Koy, 2| LA HIEALR
PFCs(Tt23iER) 6500~11700 WHET| AP | MO AR OIS RHEZ|7I0| 2T B oR oFNE
SFe(S=212) 23900 SM7|7|”A7 |~

Az sEEHes|
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IV-1. Z&H(Depressurization)

7k BolEeolE A, AW 7is 3 AU, Tk Sloleol=0t QT A% TRaFe AFES AT
sk RA%0] QR ZAPI Hloleh A g Qe AR, Tk SoldlE 59 dlols
ol=7} feleicy,

e TE15 AUH: AFMUM ANF3ZS WH OHMXIZS
S U2t 2, YLUEE MY JIAE At

ressurization

KFZ: Prabhakar, GTW, AAPG, BOEMRE, OGJ (Collett and Kuuskraa, 1998) Az nfskzof

16_ www.Eugenefn.com
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V-2, & F2&(Thermal Injection)

AL 7] B 4 FUA 71 slolEdolE ARTY 2 28 Slo|EHP|ES SlE|AA
715 AeRe Wl 71 Soj=Fol B0 QIR free gasTo] 9k ml a2 4= Qe oI,

THE16 EXH

Thermal injection-cyclic

Fracture

R
ks
i

AIZ: Prabhakar, GTW, AAPG, BOEMRE, OGJ (Collett and Kuuskraa, 1998)

www.Eugenefn.com _17
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IV=-3. SN F&H(Inhibitor Injection)

AN T & AGelA okEsHhydration)S =7 9f8 AME 7S 583 2o,

Alef2]o} Messoyakha Fieldo A= mekE: 3=9lof| oJaf 71 slol=glo|ES slfAlA 7k ARk 7t
AFtHMakogon, 1998). 212, ¥k, g4 U= A=

AN FUHTE AT 7ol B T4 QAR pofuidel A FUAME SAlCl ARgotH axt

L, THA 7R AN Bl amigel Ao ek

e

TE17 UMM FE

Depressurization Thermal Injection Inhibitor Injection

I-?éﬁ.’ f;'l ’?er' Methanol
Gas Gas (_ e Gas (
Out Out \:] Qut ;‘

Dissociated Hydrate

Free-Gas Reservoir

AIZ: U.S. Geological Survey
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IV-4. J|Et

7|E} HHo 2 A HS o] g3lo] A4E THE0] 8= geothermal stimulation W, Z|5olx]2] Zuf
Ry ‘?l 5= B3l Sol=HolEE dl2|Al7 = controlled oxidation, 7k Blo]Ego|ESE =0)A] G
HERS: A= 23R 50 Slct

T¥E 18 Hydraulic mining EF 19 X=H: JIA OIOIEY0IEZE S0/X| $UT
HELS Mt

Hydraulic mining

Benthic biota

XIZ: Prabhakar, GTW, AAPG, BOEMRE, OGJ (Collett and Kuuskraa, 1998)
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S et spolSeols A TRAESS,
o mEAESo

(1) On—shore Alaska Prudhoe Bay (J75EX%)

— 2012~ 2014 (DOE, BP): 7¢I (long—term)

Analyst

— 2012 (DOE, ConocoPhillips): CO2 injection (short—term)

(9) Off—shore Japan (~1000 m oW 3fA)

— 2012 (MH 21): ZX9PH(short—term)

- 2014 (MH 21): 74P (long—term)

THE 20 MAHIQ ME OISI0IE JHEr T pig

ol
=

&

vl Qi) GBS S,

| R0

0]
=

R

e

il

gl

COMPLETED | FUTURE

Jagan

MiTI MET! MH21 production test
[ CEREER IRTEreere 3]

Asia?

@
£
=
USA (Guif of Mexaco:  @reee L ]
] fitst commercial scale
= DOE/Chevion JiF) production fom hycraies
= . countries lacking
E Korea (UBGH) .80 significant domestic
E Incia (NGHP) comentional reseves
2 | China (GMGS) L
a
Gumusut-Kapak
Arctic
. |canada A SREE |
w | (Malik) first cornmm-‘ai‘.s@l\a production
£ Hot DOECP to support conventional
= ful CO; hydrate test - and unconventional oil production
E |Usaamsea P
g |Horth Siope) DOEBP DOE-ed long-term
$ X
M. Elbert production fest
China (Tibetan Plateau) £y
. IODP Exp. 311
ODP Leg 164
‘Biake Ridge Uanum.rsr Margin
L Cabled gas hydrate
000 vg 209 (Mnrmﬁ?r( mic? -
Hydrate R antic?
] 9% Gufol Moxcor =USGS
=] vancouver margin?) s s g et
T T T T T
1990 2000 2010 2020 2030 2040

A= USGS
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A= USGS
STH 22 MAHIQ ME OIISI0E e Z=HES
4
( S B oS & o
I b e Okiotsk Sea Marine %
Lo m, Y ®
I‘I Agr;pc‘%]uﬂe.,j?&: TéH TAEW 72
. MH 21 program (2001~2016)
E DOE 155 Wi¥| (2001~201583)
| GiE BarAR 20258

~

Nanakai Trough GH
NS4 (1988)
Natural gas®| +=% / W8 &

M M (Mitsui Z4)

ysI s
o L 2 ‘G
“’—.—
s o
) f}‘(wem) : i
© J‘(y

_21
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Analyst F &t Rhl 7] g

V=-1. &2 MA HEZ 04X HE O[O|=2O|E0 A HOATA B4t

Qo] ghgop
oI g sut

O

Wlo)(Nankai Trough) o] 9F 1,1% tem(trillion cubic meter)2] WEk slo]=g|
AOR FAE o= dio] 119 7h AHfsh= 7k ofux]9] ¢foltt,

JOGMEC?] w=H ¢

=
Ho| 100417 £ & =

Xdiﬂ °H°j‘°ﬂ HbeE v slol=o|EofA 2T
ke,

Q= A (Ministry of Economic Trade and Industry, METD-S g} slo|Ego]E AJHAL 7)4
s H 3 “‘MH21" ZRAEE 9001FHE] 18 = 9

S7leE

A=O| MH21 HE

o v

I

24

oF a5k oﬂx%o]r,}'

S iR 3 2023~20290) AAIARS AR Alglolct,

2=9| MEOHIEHI0IE IHEE

H AHL 9018A7HK] AR

BEx

FY2001 First onshore preduction test in Canada

FY2002 3D seismic survey in Nankai Trough

FY2003 Basic exploration in Nankai Trough

FY2006 Detailgd assessment of reserve volume in
Nankai Trough

FY2006-FY2007 Second onshore pn?-ducuon testin Canada
(successful preduction)

FY2o008 Final assessment of Phase 1

Phase 2 (FY2009 to FY2015)

FY2011

Advance drilling in first offshore

production tests
FY2012 First offshore production tests
FY2014 Second offshore production tests
FY2015 Final assessment of Phase 2

Phase 3 (FY2016 to FY2018)

Miap provided by the Research Consortium
for Methane Hydrate Resources in Japan

BSR area: Approximate 122,000 km?
® BSR (dstailed survey shows fhing zone
in part of affshore areal
Appraximate 5,000 km?
@ BSR irecognition of characteristics indicating
fishing zone in part of ofishore area) .
Appraximate 61,000 km?

®BSR ino characteristics indicating s %{‘
fishing zone) ’
Approximate 20,000 km® -
BSR (little survey data) 3

Approximate 35,000 kin®

2

I___;

FY2016 Commercial production preparation Refrence matarisls 20th Mathan Hydiste
FY2017 Comprehensive assessment (economic Devslopment Investigathve Committes materils
; : Nt 5K St S et
factors, environmental impact, etc)) ote:BSR: Bottom Simulating e from sefsmi -
FY2018 Final assessment of project St e o mevene
AHR: JAPEX KI2: JAPEX, MH21 Research Consortium
22_ www.Eugenefn.com
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H=710] 3 (Nankai Trough)
Qi Aoyl T;L:g% H7HL(JOGMEC) erwm oF 50km E*% %7%01 OHOd(Naﬂkal

ok Ak 251k ZIJQ ﬁi Tk, *lw“*k’% ol *P‘lﬂ po H*ﬁﬁ% Xl‘rl
20024 AEA0 MRS TH e 2pAlet T AT A0 ekt

1997 1095} 1190] 2jRlole] A1 olgalo] Wvlo] sl spromye A 250 mrk) 5

) B A, 19999 62014 9] Wrlol alpel Hlkt TEoR 399 et B ik

19994 11945 20004 29477}z] Wlo] o]l JAPEXE A2 37) & A%E ulatate} Saaigict

gk HE&5F0] 123.6 tef ool A& HrlERitt JOGMECS Wrte] A|HojlA 2012 295 E 397}
A oF 7R BB 1, J&é@ 9)0] A2 Skl

o] 8 Aol oF 509] olo] EAES,

TE 25 MH21 £Q U8
® 1 T7(2001~2009)
— gt sloj=glo]E 7] 245t
— o] el 71 3D Tt B
— o] jtellA] wigt slol=go]E R Ao 7 9l REek Hr}
— d7lo] FlrelAe] AAAIEE $fat et slol=go)E B 2] A
— S(7Ic} McKenzie Delta)ollx] 23] AJ@84tel oJgt vt sloj=go]E S7]e 55
® 2 T7(2009~2015)
— Wlo] st SOl AAMREA 28) D S S SR AT
— Y o] FEH mEt sjo|=eo|E FEF H}
— S AR O R RE KAk o AlEHolE At
— d7lo] Bt oAl AR} e S Wt
— SAHANS)oN 2] AR RS B3t Wt Slol=Ho]E Slh)e 5
— dlo] Bt o] Higt sloj=Hlo]E Ale] oet okd W AAVY Bt
— W7lo] s Sl AAF(EAAE 2012 H 2014])

® 3 T4(2016~2019)
— AJRARS Sfat 71e]
SR RES vt A Alxgl] gk 27} 2
AV w7t 9 T2 o] wigk sjo|=go]E HEgk Wyt

AIE: MH21 Research Consortium website(2009), 7 ASI0| =210 E7H A
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Okl

U2 (Malik): M EHER HEDIA G4 A4 A

2 200195 gt slol=Ho|E ¥ 7eES i AR JOGMECs 2008\de]l 7Hue} H5t
EZ0l| Q= vEk slo|=go|Eof HATIAE 255kl Ade3ict. wgt slol=glo]Eof)x X|&A o]
QAR 7IAE AR AlA 2Z Allo]t,

21 AZS] AFEA, At SAlA 9] ALl ofaf S5 7as Uit Ald) HEr sloj=glo]|E
A7 14 bl 285)7] 98l “Mallik 2002 GH Production Research Well Program™s Fr&og
Sk, o= 2001, 1295 E 2002, 397K 7t EAfst oz e MacKenzie Delta)ollx] wgt 3}
Elo]E AJ@AES 915t 5 Al8-E programolt}, G TR AR

2007.4€3}+ 2008, 3%ol= et Weofla 221 AL itk 2008Woll= 7S A8slo] 647t
7kA0] Gids AAlo] A EiCE

kI oot ne

=

Hn
Rl
N
()]
e
o
<
T
N
A
=}
MUEE
4>
og
S
s
P
e}
e

L= i) - ew

BE i} A0S JOGMEC (Ma#H7IASS ZBEXRIRY | GH BAPIS, 223 Wobls Y, AISE 23 589 62
MMT|H Y SY SRS | AIST (Me7|2EETRA) GHES| 7|F SHTIR MAH AISH0[EPHZ AAI7|2 iR
) . SHEER ZAL 02 Al SME|E SR HI| baselne T,
= |X| =& 3|
Sl7iele) MY} GOE | ENAA (FIX|LIRIZIESE) ESA AR, SHRIR|EE O sk OIE AISR0IM o
RIS JOGMEC (MRAHCIUIASSTLSAEY|T) | MH21 2AAYe| £, T2HE oM U Map 2| S
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V-2, ot

Shro] F3f S5EAlE ARl Aol 25|, HEk slo]=Hjo|E HEro] 6o}l Ao ket
o= gt Azt Awfge] 208l digsle Folck

Skt ARIAFIESL Sha7 A AR 20008~2004W0]] 53l Ao dfgt 7|2 EeEAlE Aefgiom, st
LHGTAR= 2001 ERE 2004971 A BARIAS: 4=3igict

A= 201549 ARRAIARS: Exte R A4S it

1 BA(2005~2007)o e F3f S5 oA 2] 22191/3xH et ul BALR} oIt BLAAfR]o] ai=|]ict
20057} 200610]| 6,690km2] 2D} 400 kire] 3D dut FARE Jict 2007l 970 -5l 1} Al
Zglon gk slo|=o]E AR AL

27 B3 8B basin

kH

—
4.

UBGH1 Expedition—2007

Ulleung Basin hydrate—bearing reservoirs are at 150m below seabed in 1800—2100m
water depths

UBGH2 Expedition—2010

Ulleung Basin hydrate—bearing reservoirs are at 230—360m below seabed in 910—2160m
water depths

XIZ: Prabhakar, GTW, AAPG

28 %= 88 basin

kK

—
L

\
e
| "’-.
o h
‘L: -_“J:jq‘.“:

XIZ: Prabhakar, GTW, AAPG
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2 @A(2008~2011) = 337 ol 23F AR g vt Sjol=o]E il ot Ao
BRI Q= vk slo|=Ro]E ok AR ElHSS gt 2011 d0ks 252A19) 7S HERS
7hlict, AR $12] AE 18l 200983} 201199 1,689 km?] 2D EHm} BARE S7 4]0
o},

3 ©A2012~2014)oA1= B T B71E 3 Folnt 201249 200kie] SDEVIut EARAI =T 5
7} 2=,

THE?29 U= HE OIOISHO0IE JHEY A T HE

7zt 2005~2007 2008~2011 2012~2014
YIRS (S5 28 Xl Y « 5ol 58X 2 HYEA Y «MMAEE AE Y AFAE 24
HUTAL MBAIFEZ GH 2= &2l ARAE GH 2= 7} MAMAR Y AN M EE
MYUWE | - MM J|ED|= 7|E B « MM TE | A
< WML A AAG X
« IFQUB] MAAIN TE AR

A= 7 [2510| =20 ETHLARAE! 2012
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V-3, 2Rt =

910 Kerala—Konkan Basin, Krishna—Godavari Basin, Mahanadi Basin, Andaman Islandso]]
et sjolEgo] EVE FEElo] Ql= A0 R Ty,

FToolle GEEAIAT sliA1e] 22} 1 A|of| vt slo|=go]ErF FERo] Qe AR ek,

e

TH 30 QO HE OIEHOIE 2Z XY

70°E

75 E 80°E 85"E 90°E 85°E

Mahanadi

At Prabhakar, GTW, AAPG, DGH, Govt of India

THE 31 339 HE OOIEHO0IE 2 XY

K2 Prabhakar, GTW, AAPG, DGH, Zhang et al. (2007), Lu et al.(2010)
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V-4. 0|7

DOE/FE®] “=7} tifd MH R&D Program Z#|(National Methane Hydrate Multi—Year R&D
Program Plan)” 4= %, “MH R&D Act; S, 14182 2000,5¢ 1|=+ &J3lolA] 2% 42l=9lx, 20019
ARREIGIEE, 20159 Ao et 200195 E 106 F<QF 23,6008F 7L FAR=|GIL,, o, nl=t
AR 2006E 7¥ “MH R&D Z=W(Interagen—cy Roadmap for MH R&D)"& Aj383ict mjjet sloj=
Fo]E ARPIAL AJHE ANS 5 SAH9] - 20154, GOM 5 Alafe] 74$- 2025 0= 443k

U HA HEZ T 014 MAH A

OH

200219, 2007~2008de] 7t} E5219 FEES eAUAE (Northwest Territoryl) W71 2et
2|9] Ao | E(Malik Site)ellA] 7Hrt, U, ulsio] F=si= mgt slo|=Hjo]E AJF Aito] 4AJx]
ek, 7 oR vEh slo|=do|ERRE vk 7EAS AA| HEE A40R A,

ul=ro] FElal Gl wgk Slo|=o]E A A9 52 dejArt ANS(Alaska North Slope)2t HIA| T
(Gulf of Mexico, GOM)o]ck

TF 32 JIUCH 23NN 2 51-38 NFI0IM 20024 MH 21Xl ItA OISOl
E o1y A A
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AT E2AH(ANS, Alaska North Slope) Joint Industry Project(JIP)

0] v} SlolSelol3Ee ] $EEe] A, vl e X0z, B SuY
TKsRo R 323 A /K53 A0 e

deAre] Hjgk slo|=glo|E 2 19724 SRI=GIT 2001.99 194 Alde ARk, 20079 2 Al
slHo] AlzE]9lom, 2009 % njEe] HEEKUndiscovered Gas Resources)S 85 tef= H71=|Qich

uj=+ NETL(National Energy Technology Laboratory), ConocoPhilips, ¥+ JOGMEC(Japan Oil,
Gas and Metals National Corporation)s= 2008\ 5E] wEk slo|=Ho|EREE|Q] HoA7|A YA 7]&
TS AJRFsto], YRRl Pkt ANS(Alaska North Slope) Prudhoe Bay A9elA Al5E 4
AIBIIE), 201149 A 2,597 ft742] AlFEI9it,

2012.5% ANSA|99] Tgnik Sikumi #10]419] wgk sjo|=ejlo]E 2R e 0] HA7RA Al PAlo] FFFrt,
2012.2.15Y4% € 2847k Ignik Sikumi #1 A5l 210,000 scf(standard {t3)2] CO2-N2 7|27}
FJ=]e], CO2/CHA ekt Zetsiell ofell, 2012,3 4U5H 2012.4. 1597HA] A|gAYAtolA] et 7k A
AkFo] 20,000 scf /dayollA] 45,000 scf/day7FA] S7F5153Ek. Conoco Phillips project”} 2,6009FEE,
e o] % 700RkElelE A, 20154 Algio) ol

TH 33 0139 ANS JIPY 2t THHE FT U8

1 ©A4|(2003~2004)

— GH H& EA1} 2d 719 (2,5009 US$ S2p)
2 ©A(2005)

— GH B x1%9] mjo} (9007 US$ EAD
3 ©AI(2006~2009)

— Fofg) @ B2 A4 (6,300 US$ oW} 24
4 9A(2009~)

- 39h BelE A2 R ) A

Rz 7 [2510|=2{|0 EHLAIA T

www.Eugenefn.com _29



() )
AT oS Analyst. oIz REAH

30_

www.Eugenefn.com

HA|ZIHGOM) JIP
GOM(HA|ZTE Gulf of Mexico) JIPol= $REAS-EZAHKNOC), Chevron, Schlumberger, MMS,
USGS, JOGMEC, Halliburton, Conoco—Phillips 5 187} 7|3o] ofalar gict

200349 59 USGS= s edut BARE 3 5, o]F- 2005\ 49 12} AF7F =38=|3ie), 20099 44
27 Mgl A 17 AR 5 A7) Aol wiet slol=dlo]ESf BES SIS,

2013W0]| 37} A5t Aglelof QIIANRE 20106 4ol Bhet $g GEANIE A7]=i9ic)

T 34 0|32 GOM(BAZE) JIPY BAHIE F2 U8

1, 2 ©4|(2001~2006)
- EAS 4 A5 w Alee] g5
— 200 m2] AJFo] A 2 24
- STHARE S Al A A
3 ©A(2007~2010)
— GOM JIP Leg II 43}

A2 7 [2510|=2{|0[ETHLAIA T
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VI. Value Chain

T# 35 Value chain

—/

C_—;b Prospection Al
%,

8%

A: Exploration

il A1: Hydro-acoustics
“'.\_i Exploration f\\B N
— A3: Autoclave-Drilling

‘ * A4: Basin Modeling
C& Quantification A

n

A2: Geophysics

=

* B: Exploitation and Transport
@ Exploitation/ g4 B1: Reservoir Modeling
CO, Storage B2 B2: Laboratory Experiments
J’ B3: Gas Transport

. Pellet
M Transport B3

\.

X2: Walmann GEOMAR Research Center

T 36 Value chain

Project Academia Industries
Al IFM-GEOMAR L3 Communications ELAC Nautik
GmbH
A2 IFM-GEOMAR, BGR Hannover K.U.M. Umwelt- und Meerestechnik
GmbH, Magsen GmbH, SEND
Offshore GmbH
A3 University of Bremen, TU Bauer PRAKLA Bohrtechnik GmbH
Clausthal
Ad IFM-GEOMAR Schlumberger-IES
B1 Fraunhofer UMSICHT, GFZ Wintershall, Aker-Wirth GmbH
Potsdam, IFM-GEOMAR
B2 FH Kiel, GFZ Potsdam, BASF, CONTROS GmbH, R&D
Fraunhofer UMSICHT, IFM- Center at FH Kiel, 24sieben
GEOMAR, Uni Gottingen Stadtwerke Kiel AG, RWE Dea,
Wintershall, E.ON Ruhrgas AG
B3 IOW, FH Kiel Linde AG, Meyer Yards,
Germanischer Lloyd, BASF

AtE: Wallmann GEOMAR Research Center
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RYRL/S He FYa

%h}a'j } ﬁ_g_ A} ( O 3 6 4 6 O . K S) Tel. 368-6099 / icjoo@eugenefn.com

= [ = o
OFAJOtO| A M|EF 5HO| EH[O]E MHIIA MA | BUY(RAD
A = L O 2= o °
H 0|42 E7t 2A3 QolE MY 2uol1ou, 7) 1250008
SR ZE7H3/15) 72,5008
HIEH ol0|EH|0|EQ FEH2 MA §F, 714, MEH i 24 0|4 KeyData (7% 2013. 3. 15)
- o= A oflUA] 85 350 oAk BFE 4 Q= KOSPI(p) 1,986.5
- AA vgke] Arlo] sloj=dlo]E R A KOSDAQ(RY) 554.8
o472 5,000
0= 4 4= 3d 20|, Y= iy 7= 109 Fo| Ay &L o2 A7 KB4 (4letel) 5,603.1
- Hjgt Sjo|=Hjo| ERRE 9] AT ofg] AFAAIEIR] ok QJATE o]2H 20151 527 /() 87,400/ 35,600
of w5 SART, 20230] QL sigre] AR 7H54o] Sk AR Tt i °%
) ) AT A (R 77,285
- 34 A7kE $10/mmbtu(Y5-= SR/ mmbtu® 57) ol M. A1) 20
FHGo| s, MA UK S S71=, MA oIUA| J1E ekyst HY ﬁ;’ja”lﬂ“ﬁ‘<fM;“ﬂ"ﬂ%) 22,789
2=2l X[2&(% 9.0
OtAloj0f A2 30| =3[0|E Mo AThE o Sn|HCt 580 8 MY FRFF ALB(%)
— ORAJo} HA7ZRA Ql7hA L st g wiio] Hu| 71A2] 3u) opifolox, gk slo]= grel 22l o74
= olAlo} oA o oG Ao] BZQEl] olx]ololAe] slolEdo]E
#lo|E7} oo} BjeoflA] XHiiflﬂ H, HspAVo] B as, ofrjolelAe] slol=go] Company Performance
RAlo] AJta o g Bojkct 5.80] & A% ZMoE%) M M 6M 12
U0| Mgt 510|SHO|EZRE(Q HOTIAS MRS MBI, ZSOHIOF HETIA e
+8 J14 SIEC R, SHTIASAR| MeItA £ATMAL SiEtg MY A0l 13 20 172 1083
- o= Qo] Hgt slol=ao|ERRE] HA7IAE ARY] AJAIeI, o] HATRA
9 a7} Fashe Jat ok AR alisl] i Finandial Data
- - ZAP|(12g) 2011P 2012P  2013F
_ olHo N AQEk0 =
- AP ks ] 20%2 7_\“] i i ofso(aiofe) 284937 35031.3 87,7239
- HioF gt mgk slol=go|ERRE HATINE AR VAR, Fa7gAL oioloy(xiot) 10182 12667 13345
o] HA7IA YR l= o Wk sl At NEAGARIAOMoMR) 3894 5185 5465
- o= nE B MRS A, 71 BlAaE wE DR T 0 e
’ EPS(&) 2,348 4,730 5,527
PER(HH) 178 15.3 13.1
ROE(%) 2.6 44 51
(

PBR(tH) 0.4 0.7 0.7
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Sk [A2AH036460.KS) ASHMIE
ORI =& LA AN
(EH:AI ) 2010A 2011A  2012E  2013E  2014E 128Z4 (AYd) 2010A 2011A  2012E  2013E  2014E
FSAR 8,557 11,983 11,850 13,660 13,665 o =Y 22,805 28,494 35031 37,724 38,841
MR 203 170 647 722 279 Bt (%) 17 25 23 8 3
bS] 6,021 8,082 6,904 7,996 8,255 j&30(2 1,264 1315 1609 1,733 1,988
T AR 2,157 3,360 3,810 4,454 4,643 E5012E (%) 6 5 5 5 5
1N 15,818 24,028 28,670 30,670 32,670 Hhoft| of2k2H] 256 292 350 399 464
SRR 4,447 4,786 6,857 6,857 6,857 It (%) 13 14 20 14 16
FEHRR 11,095 17,493 19,391 21,391 23,391 "ol 1,008 1,018 1267 1335 1,523
N 318 1,749 2,422 2,422 2,422 Bt (%) 8 1 24 5 14
KHAEEA 24374 36,010 40,519 44,330 46,335 EBITDA 1,655 1,864 2,004 1,335 1,523
TS 6,109 8,140 8,174 8,945 9,312 Bt (%) 7 13 8 -33 14
RN ES 1,769 2,823 2,244 2,591 2,667 Aol &0l -670 -629 -748 -788 -750
R 4,195 5,082 5,534 6,220 6,511 pNEate] 18 23 8 0 0
FESYT|RA 0 0 0 0 0 o|xH|E 570 724 842 925 985
| RS2 12,954 19,826 24,079 26,818 27,979 9| szt &0 -17 -7 73 0 0
ARI A7 | A2 12,392 18,080 22,083 24,823 25,984 x| 2ol 14 142 141 237 335
7|EH| 7SR 562 1,710 1,996 1,996 1,996 7|Efd o &0l -116 -63 -128 -100 -100
B EA 19,063 27,967 32,253 35,763 37,291 MEAEAIE £ 338 389 519 546 774
Az 386 386 386 386 386 HolMH|2 65 215 157 120 169
A2Yoizd 1,385 1,385 691 691 691 SEhAllol2 0 0 0 0 0
AEEH 820 588 1,197 1,197 1,197 g7|20|2! 272 175 362 427 604
7|4 -102 -102 -102 -102 -102 Z7lg (%) -5 -36 107 18 42
oleljoizd 2,704 5,690 6,000 6,300 6,777 E7|20|AE (%) 1 1 1 1 2
KEEA 5,311 8,044 8,266 8,567 9,044 EPS 2719 2348 4,730 5,527 7,824
Sz 16,588 23,163 27,617 31,043 32,495 Bt (%) -12 -14 101 17 42
TARIF(EEF) 16,384 22,993 26,969 30,321 32,216 23| MEPS 2719 2348 4,730 5,527 7,824
A= 21,080 29,693 33,434 37,085 39,457 Bt (%) -12 -14 101 17 42
g5 EE FENX®E
(=t Al ) 2010A 2011A  2012E  2013E  2014E 2010A 2011A  2012E  2013E  2014E
AALSHFSE 729 -470 -430 -1,461 -103 TEX|E(Y)
7|0l 272 175 362 427 604 EPS 2,719 2,348 4,730 5,527 7,824
TR E A2 646 845 737 0 0 BPS 68,518 104,153 107,068 110,950 117,127
7| EH|sZ &0t -39 -133 661 -237 -335 DPS 620 760 1,640 1,640 1,640
MR HE -248 -1,689 -1,635 -1,651 -372 H.70l0|M(tH, %)
&AL (57 76 -1,091 911 1,091 -259 PER 17.8 17.8 15.3 13.1 9.3
M ORAZEA (BT -516  -1,204 -448 -644 -189 PBR 0.7 0.4 0.7 0.7 0.6
A EETHZ L) 211 1,148 -59 347 76 PCR 3.8 1.7 3.2 29.5 20.8
7| Et -18 -542  -2,040 -263 -0 EV/ EBITDA 12.2 141 16.3 26.9 24.8
FAgsSsgsE -1,702 -3,663 -3,831 -1,500 -1,665 ool s 1.3 1.8 2.3 2.3 2.3
| SRIRIA £ (2 5) 39 0 -157 263 0 £l (%)
PIENSHME(FS) 3 -1 -243 237 335 doldg 4.4 3.6 3.6 3.5 3.9
M| FX} -1,612 -2,097 -2,624 -2,000 -2,000 EBITDAO|Y & 7.3 6.5 5.7 3.5 3.9
FEAMME 3 3 10 0 0 ololg 1.2 0.6 1.0 1.1 1.6
FYRMZ (S -160 -1,287 -787 0 0 ROE 5.2 2.6 4.4 5.1 6.9
AEESsasE 894 4,117 4,531 3,299 1,325 ROIC 4.0 1.8 2.8 3.0 3.1
AAZEIHED) 1,012 4,162 4,674 3,426 1,452 O A (%, HH)
A2 Z7HZ ) -118 -45 -143 -127 -127 =XIAZ/A7|RFE 308.5 2858 326.3 3539  356.2
== N = 118 45 55 127 127 FeHlE 140.1 147.2  145.0 152.7  146.8
sige] ZyHz4) -75 -55 230 338 -443 O| Rt Alulf & 1.8 1.5 1.5 1.4 1.5
e 220 204 155 384 722 =M (3])
7|Lei 2 145 150 384 722 279 SR M E 1.0 0.9 0.9 0.9 0.9
Gross cash flow 977 1,890 1,760 190 269 EHNE 3.7 4.0 4.7 5.1 4.8
Gross investment 1,988 5,352 5,309 3,414 2,037 MIORAS| M 12.0 10.3 9.8 9.1 8.5
Free cash flow -1,011 -3,462 -3,549 -3,224 -1,768 o LA 23| M g 13.8 12.4 13.8 15.6 14.8

RE: RASASH
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Compliance Notice

A A2 N 7|Fo= X3 7 sHEE=o thsiA 77153 walol| Eoist o] gigHCt
ks 2 AR YRS VIECR dEEEe| FAIS 1% oA BRI K| eksuct

EAlE S XIRE 7|2FAP} EE HMSKoIA AR HiEEh AMo| iELH

TARMEER = X2 offl] & S50} 221510 KA ofsiaAT} sigtict

S X120l AE LHBSS TAKSMEICH olo| of2i2 Malsp| veishn 9loni, olie] S olziolLt 7HIRI0l SNEIRISS Solgh it

o=
£ xj2E Sl HalgeA 2 XaS Sl adch
S X2E SAlel Solglo] ol 3 A0S Ol et EefzE A, HH  H, W, thofg 4 sledch

o —
= Aol == '-H%: AL 2IMAMET} A2lg gkt Al S HE2FE 0T R0, FAE O Hako|Lf 2
Ol Az 2ol FAIEXIe| Zujof Cie A M2lnfol| thet SURIRZ ARBE  elEHCt

HAS R 5 LIk TR ofrE 32

[Shalan

2R A °.:%$L FAPREADKE (FHIEY BVite| FHEF0| oY SEFASS bl

- STRONG BUY FH7|ZY B7I04E| +50%014
- BUY FH7|Z Z71h| +20%0[A ~ +50%02F
+ HOLD FX7|ZY BIICHH| 0%0]4F ~ +20%0(2t
- REDUCE ZH7|=Y Z7chy| 0%0]2t
ni HI7F E o|l74 ol 2z =X H{&= | }od
i;z}(f 22 Tx*‘;;g”” L;Q 1(%) sH27tAZAH036460.KS) F7+ 2 2EFI} FO0f
20091028 BUY 63,000
20091214 BUY 63,000
20100208 BUY 63,000 . Lo I
20100302 BUY 63,000 140000 -
20100325 BUY 63,000 120,000 |
20100412 BUY 63,000 '
20100430 BUY 63,000 100,000 4
20100603 BUY 63,000 80,000
20100614 BUY 63,000 60,000 -
20100730 BUY 63,000 40,000
20100916 BUY 63,000 20,000 |
20100927 BUY 63,000 . | | | | |
;81 81 ?g:: ggi ;2’888 '09.10 '10.4 '10.10 '11.4 '11.10 '12.4 '12.10
20101108 BUY 75,000
20101109 BUY 75,000
20101112 BUY 75,000
20101213 BUY 75,000
20101229 BUY 75,000
20110210 BUY 75,000
20110307 BUY 60,000
20110309 BUY 60,000
20110314 BUY 60,000
20110418 BUY 60,000
20110503 BUY 60,000
20110509 BUY 60,000
20110525 BUY 60,000
20110602 BUY 60,000
20110620 BUY 60,000
20110812 BUY 60,000
20110823 BUY 60,000
20110829 BUY 60,000
20110926 BUY 42,000
20111010 BUY 42,000
20111021 BUY 51,000
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20111028
20111031
20111101
20111114
20111123
20120216
20120327
20120402
20120409
20120410
20120417
20120514
20120517
20120529
20120530
20120604
20120702
20120803
20120910
20120917
20120920
20121004
20121008
20121029
20121115
20121120
20121206
20121207
20121210
20130117
20130121
20130123
20130125
20130128
20130205
20130221
20130226
20130304
20130308
20130318

BUY
BUY
BUY
BUY
BUY
BUY
BUY
BUY
BUY
BUY
BUY
BUY
BUY
BUY
BUY
BUY
BUY
BUY
BUY
BUY
BUY
BUY
BUY
BUY
BUY
BUY
BUY
BUY
BUY
BUY
BUY
BUY
BUY
BUY
BUY
BUY
BUY
BUY
BUY
BUY

54,000
54,000
54,000
54,000
54,000
70,000
74,000
74,000
74,000
74,000
74,000
74,000
77,000
77,000
77,000
77,000
77,000
77,000
77,000
77,000
100,000
100,000
100,000
115,000
115,000
115,000
125,000
125,000
125,000
125,000
125,000
125,000
125,000
125,000
125,000
125,000
125,000
125,000
125,000
125,000
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