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The Trends and Outlook of Technology Development for Oil and

Gas in the Arctic

Jong-Se Lim'!*, Hyo-Jin Shin', Ji-Su Kim', and Young-Keun Jin?

'Department of Energy and Resources Engineering, College of Maritime Science
Korea Maritime and Ocean University, Busan 606-791, Korea
’Korea Polar Research Institute, KIOST
Incheon 406-840, Korea

Abstract : The rising global demand for energy resources may lead to greater interest in the Arctic region.
Since it has various resources, such as oil and gas, and large potential as a strategic location in exploration
and production (E&P), there is likely to occur island sovereignty issues between the five arctic costal states
and other countries. While global warming has led to the opening of the Northeast Passage and the
Northwest Passage, several obstacles may impede the development of this area such as the low temperature
environment, infrastructure problems in a limited area, flow assurance, environmental regulations, etc. To
overcome these problems, various techniques have been applied in the exploration, development,
production, transportation, and environment fields and it seems to be made technical development in
extreme environment. In this study, the E&P status of representative states and development technologies in
the Arctic region have been summarized with regard to carrying out E&P related to drilling, development,
production, and operation in oil and gas fields. Furthermore, environmental factors have been taken into
account to enhance progress with regard to E&P and ensure sustainable development in the Arctic. On that
basis, it will be possible to secure oil and gas field development, production technology and R&D
infrastructure in the Arctic.

Key words : Arctic, oil and gas, exploration and production
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Fig. 2. Arctic Oil and Natural Gas Provinces Map (Nijoka et al. 2013)
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=

o] w4, Eiszlﬂd_oﬂ ol 7MY el doh &
gk 717 Ho] doo] HOomA AFHS W7ES &
ol 2L §3l %] SH(thaw settlement) E730] dojuiH, &
&l T4 Fal7t ATt 2 BAsHA €. o] w, o]
Sujdo] As RFAH A|uhdstl] gk ko] v
5 BElsH Zgsh=tl B0l thEk HaAol AlE
of we} w5 AJolstR R o]F uij u A whgk H]§
AT g e ol WY ThsAd o] sttt o2 o
ESAQollM = golzalelS 1A Al AWHst, g
AEA, T4 wARE ARbste ok, AEdWPt =
o] 7l 9 H|-E AR <lal] shEe) ofg o] mErt
ole} ZHE -7k o]Ful us FA o] o= ALk
2 FE ok JFE PXle FEEAE FE(flow
assurance) A7t ATt ol= S AlFStaL 245
Aol AFToll SAste A T8 2700 o8l 2
BHE FAIBIAL o, A FAY o] o] Fof R AL {-A| 7}
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3 E7] /\] ng].l:q}q A8 oﬂ}q M%
Al sk, A& TAEZ A F7]1- 34 E(inorganic
deposits)oll = tHEH 2 2A|Y(scale)o] YL 7712 =

2 & (organic depositsy> 22~ (wax), ©F2>Z¥l (asphaltnes),
& X (resin), 7F2=3lo| =8| 0] E Fo] 9lom, o5 A4t
A oAU AhAecm ve en= exE A

— =
(perforations) 23 51,

= JZAEEE 23l

e FHdA AEHAY &

g)7]ef S A Ao A Aol A B ET AU
& ol AMAIE FolA HAS el
(iron)yS A3AAA 2k} (iron oxide), 3312 (iron sulfide)
I 22 225 WA, f71E FJHES AR e
frede] gHzlo] Zoj5o] fA9] fE5& Waldth &
5] A&} 22 Alal] AAF oM = stol=golE §4
© 2 Q18| frEdo] AT 9ol AerE HA s, 7F
E A9Q1 Ajdlgotel Hafl Bl WAlA v 5] o {3
o} 7t2aZ oA AZe BAIE WA TS ATl 5
2002). 222 FE3F 48] 2% 4°CH T A F-o] YA
I=(Wax Appearance Temperature; WAT)R.C} 57| ufj o]
Aol FAgle] A AEE o] Af AR WefiskaL 4l
Aol= F8E E7sfokete A¢E HAEY 5t

Fuz Qs A A4 o] PHEE T Ao 5

9
37 Fof
B3R oA st 7]59] 3 Sz S A

Al 270l ZEA1 Wyt X glom, s ] A
oF A7]7F FES| AL Sl ol d A2 dstE )l
af BESafollA ) & o]4te] vgkrtart B sl Aol A
WEE L o, ZHRA 2 H=4 (Persistant Organic
Pollutants; POPs), &5, WAFs, 2H33), 55271, &
= 3, AEiA —ﬂrﬂ TOE 3 g ede] 7]?9 g
A7t Ut ARll= LAWAE g 7] rhEe] A AE L
o] gl H} 2 _g,_ AL e AR BE(F 2012)
g e 2 A BHES 9l dmAde] e o
nhdo]l Fasirt B3l HAaE o R Qs S
A B SHoEE ofgint ot B gt o
AME Atelo] 4AH §]’E % gk ’?ﬂ‘i}" 3ol St
ste] AlAle] F9e ol gt 4
Al et
o 59 de F5AY 8] A9, ﬁ%’\]-’l‘?ﬂ, AL
A, A9 A A7 E 8 917] tl-§ UIE A |
3}7} 2 8 stk (Berkman and Vylegzhanin 2013).
ES438]0ll M= A&7 S WAle-aL o,
AA EFal BAR LS S F7F 7 AR 3 g
7 @A 7He] Zhgo] EARTE BEA9e s, A%

L

[e]
5 T
Z9] 91840 A, AL A F A3l 2 A= o)
7} =t} B3, glREe] 4i4RE WA Ve =
2 AMgs] SsiAe 3 4
7], olxg} Ry ke o
AlZE Yol vehr] oz g7 3

SUECIELE

AL gl A of
B} Fof
A A7k ARl e] BE Vs T A

9% A o7 SIS T, sﬂxi s B
o] sj-H ol & FAK(scanning)stal H]'/\]'E]CH =0k
© =95 T3 HASS AT 559 45 YEkE
1&gk A (noise)o] st €0l Am A2 Al A
do] Askd 4= glon, 3D B utEALA AR &
9 AAdS 213 STK(sound wave) A Al o1& 9FAA
AR AdE 22T 7FsAe] vk Y, Weke '
A Aoz el AR FF o] A7k Aok o

o, o2& K& WAl A% FAL 7le sl AL

=] = =] o =
o) B, F3 A, B 53} e 29152 <8
=l DA

A7k AN 714

=2 B9 AR
£ I5% F Jdon, oy 553 ZAYY HARIeR
wo] Fe8g 3 FA17] (pole magnetics)E AT= 319
TR oM o] A A AHETFs e T MAIR A3
#S(coherent noise)dll i3 FFTES ZHI] HS|
WesternGeco’}F  2002'd9] Q-Land single-sensor land
seismic system3} $MA| point-receivers EU3HOH, o]
= ol 24 ¥ W 3K(ground-fastened ice)e} FHALo] <]
o7kl A A5 ] FEjet vszsHAl e el
el RE Egolint 7Sl dEF Ee Ao
2 Uehfo] A&3itt Al HAEe AHE 7EE New-
generation UniQe E-73F XA 329} 7H8-0] 413k 317
AME 2P F UAEF AAHASH, UniQ seismic

H= ;S”%oﬂ oﬂ s]:__O_ UJ—o] H= ;(]O:loﬂ

system &= ¥ oY
A8l A HAE =T F Ue VISR o]&HL 3
thBishop et al. 2011). ©]£] ]‘: g m exp At
(seismic vessel)2] 23] A2E AB31A17] Y8l o]FA
YbA]| 28 (dual-vessel system)Z U5+ 2% (polar-
class icebreaker)S AMg-st FsH, FEaF T4l
(streamer cable)yS QPSR o2 {A8}aL AukEA] 9]
& Wt FHol Ho R o F RS AEZH X
&F A|Z~Hl(streamer steering system)S ARE-gH}
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oy Fof
A2 oA o] gt 29 f18t] T (wellhead)
B A5 A 227719 &4 BAE 9%
double-wall shelter AH&-0] AF=H, 7] IO Z {A
7F AAEHA S BFE thHlste] =
Sub-Surface Safety Valve(SSSV)E AF&-3}7| = 3t}
21 ol =YolE A, TFES 3

==
ol

ZA)1719(Singh et al. 2006), & AHAE=AS 71
2 3k 7oA AREFTHD’ Amico 2008). ©]E2% A
NS eire B 7eS B8R o, EZ 22 A
F 71, AlFeEla 9 SHE, A, 94 2UEd
g Ao okl AEE A& 7hsg 7]l it e
skt

AT 71E T 1A BSRGS 2E =
29 7 A vEF HAE ASH] &
2l Casing While Drilling(CWD) 71&& AFE-3It}, o]&
= w}o] Z(drill pipe) tHAL A7 (casing) A E =L
o)A AHgEe, BHAPol e A7 glol
AREEE A0S AR|shs WRHORE £8 A AlFolas
Aol WA, f4e] KA Y, Aol og FFF elvt
7Fs8lth. & WA Z Extended Reach Drilling(ERD) 7|&
< BSlraTE BERY s HiE A Yo ABxHoRR
B e JolA AAY FE AFo R o] o
o AREEE 7ER AR & 29Hl8e] == 3
oA A4S 7IWESZ g A]F(land-based drilling)S 4
Y3t FAARA FAI7E e A FHFANA A|F7L 7
s, F7HQ) EHE ARl AIFE FHE 5 A
(Bishop et al. 2011). Al WA 2 Insulated Steam Injection
Tubing Y27t FEEESANA 2 A0 FAE 3l
As7] flste] JQHE 7R AR FEEH e A
FZol A&ol 7hsatH, FUA AL GELE FolL
a29E PP U Yol

AlFEla 2 FPEY BEE Ve 558 oA <]
S JiEel] fleiMe Fa3 e R A7 o
&gt 7lsEol AL Ak 2, A4S v stAY
e TARIC RN AWS Feste s Y A
A5l A Fg7E SR 7F 7Fs 3 ANE 28 AR 7],
717 B2A 2 E B8l Fst 40°Ce] SghollME 2Hgo]
7Fsetal AlfelA] siA Wl g skA] ol A et A
F2Ae T 5 AJE HIAIA oA 28] (dynamic positioning
system)yS 7H| g SA] AF4(Fig. 3), Fig. 49F 2ol 5=
3l A3 A Al AN mkg g, Yt
(iceberg)®] 1@ = s ol =Z=]o] Qo] WA= 2
& AR ARG S FHAA ARE Hast AE

AE o1%F2] @2 (mobile rig), PAFe] ¥-A$ 3153 ohF

A A%
Q7N S

=

Fig. 5. ADS (BergerABAM 2013)

gk Egke] 27 g a#rt 7hsetal s Wl 29
o] 7F&¢t Arctic Drilling Structure(ADS)®] AThFig. 5).
3, 7i 717K open-water season)®] ¢~ &S H-=x] <
e 7t sl Feob FF9, thaA s, e wA e,
WAke = Qlate] A5 AHES Tl o] f18del =2
7] ol artificial islands, floating drillships, spray
islands, Caisson Retained Island(CRIs), Gravity-Based
Structures(GBSs)e} 7o) W2 F7/2o 7= /L=
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Fig. 7. Offshore Mooring (TUDelft 2013)

©oH, Ice platform} o] &b Q1 - 32| 1(conventional
land rig)s AHEE 4 U= Y 7N F2E0] s
o] drillships, artificial islands, 3| F+2ES ©|-8-3t s
Aol Blef AL wgog Ade FAL &
SAeF g FA¢lo] AEH R dojuhe= Tt 7
& Aol olE Bebslr] 913 s dulEo] lom,
¥ o ® WA thie A ddEe] YLk A
Hlo] A7 Alo] B A, A9 I+, stk Fdoll 2 ash
T, gz, A714E b FElE vidste Z'“X]'Q ks
o AolBz @748 e 37 AL AolEL =3 A
55 AEATHFig. 6). ThroR2 AubzQl gho X1°ﬂ H| s}
A7y 45 et 3 E A AL AH[ S 9]
= Alut EE—E -'?*-?r/—‘n} TZEE Al  2AUS AW
T e BF 9 2elA7t o (Fig. 7), vHeo
Fol Agk HFale] A-poll= s 2holA o] ARg-e] o
7] wjZol] oA E ARESHA] BaL o]FE Il
Riserless Drilling and Mud Return (RDMR) 7]&©] 21
o] «=3td ©]4~E BOP(Blowout Preventer)® H-E &
g S8 WS Hdglste] puken, $ehE o] o]

; Hﬁ_i ML= A=
™ (Fig. FAFAIER AR 7%—;}1 fsP% ol ﬂ“ﬂi*
=4 E_:l':g_L o] .F_E/\-l‘_:o] BRALE b‘ﬂgﬁi /\]
FoF RS A 715S 7HAAL u}(wOrld 0il 2013).
UH " 2 Alo)7le2 EEF 845
glo] #= tid A1 Eul4 - sketa] 540l i B
E 7 7 e AR A4S T8 SAAEE A
Al Adu ) FEAEsEE 94 A
E ol g I AAEA = AX
= ZARSHL %X] AR g 7% 2700 7]
e FED 5 don, dA40F AT

g Qo) KA Al AET dATE b

olFEsdd Fgiolw)

ZEl M= AFAAN Al 48 EHE
AFTol Ak ohgst H{F 3’4’ =
freshas e ¥ % vE 2%, of
5101 %L—’:, slo|=go]E, ofAEEl Eﬂ iﬂ
HAHH, o]= Q3] HFE 0}72?312
+o] 2tk Brower et al. 2005). &
A3 gy HoAo] v =3t :0::_1-73101]

Al A Eo] JAE 75 ol& AASI7F ulg- ofE-
2 o]z A= frEerdd gx 7]5

o
érsﬂn:i;&u.ﬁ
> = N g
hE L
BT X

o 1

N

+zﬂm

(o3

oo M mh o
o 2

N

N

rlo

Rl

oftt

2
ofr

<
=
2
_v,i_t o,

S 2~
58 F J=
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Integrator/Systems Architect

[ FLOW ASSURANCE |

-

Remediation

Model: casing/tubing/flowlines
risers/process/pipelines

Marine flowline/
pipeline design

Tree design
Control system design
Subsea pumps/processing

(4%

Downhole pumps/processing
Model and analyze reservoir
Sample and analyze fluids

Riser
design

Process selection/design \

Land plpelme design

Operating
knowledge

2%

Prediction of:

Flow Assurance

Paraffins Flow:

Hydrates 1) To move in a stream

Scales 2) A smooth uninterrupted movement
Asphaltenes

Assurance:
1) To give confidence to
2) To make sure or certain

Fig. 9. Technology Coverage of Flow Assurance (O’connor et al. 2007)

o] FART} Hol| FEL WA ATHY 5 2012). 7]
A, 584 ool ARFoNA e 547}
A A 7HA] o] B = Eot <}

= &< Wl glo]l 35 4 A
e FE7IEEA Fig. 9 71448 HAE RIS
THO’connor et al. 2007).

4D

g2 Ao] ]

A (petroleum)i= AFAZ 02 WAYSE 1A, HA|, 31A
}\]-_/] E]—§]._'-_,_§ FA=E E@— o]/\]—ﬂ]ﬂ-/\ A~ §j—§1_
T, G e vkl ar Edkshy, o] & A ghat
Fagl 2ol EAske gt T 18~65% =T
324 (normal paraffin), oFo]2ule} A (iso paraffin), 4]
Z =292l (cyclo paraffin) &2 o]Foiz E-§A ot
2010). €2=2] A (precipitation) I8 AF-9] 2%=7}
AR ol B ko] R ek 4t
o] LEUA7E Sl AARE A7t FolESo] 3
2kl dRkEo] M2 gl TR AEH o] 2]
Ha M2 Ashis WEsAu A FE e 2gew
ggshet olHe A A % A Ao FA
o A3t o9} e HA L Bl HAAE g4Am
ol &d¢] gele 4L == s /A7 ‘3
oA TEA] Y= Lxo] K57 (pour point)

oo v R ]O]'i }\-]o
o] L&} WopAwd A7t A sk s s
e g A e olsteld A7t fEﬂ °‘% Bk
< SAgnt ope} of~BEl F3 2 ThE 248k
VIS WA, A dAlIME dube oz oe |4
S g2 FAR DFI 28R MG Ao d8d
AN pES flste] F7h ARHA Rek=s oAls)

Av BEEHAE 75 ol AATES k= Aof7]s
o] a5, o]e} AHH %ﬂ]oitﬁ(thennal management
system), 2= A| A (wax inhibitor) =™, 37 (pigging)
of thated Agjatict.

A Aol REE AP RE oo R 4]
AZTAY ozl 255 T AsAlA g5 4‘13]]/\]7]
7] 93l A-gshH, oF Tl A& of el w} fEH
o] GHEES A7) $13F TR (passive insulation)
I A7 Aol oJ8f 7FEsh= 719 ¥ (active heating) >
2 BH53 4= ti(Thant et al. 2011). 7FEH-2 #4221 3

AoA] A Go] LE2 AANHOE L= SEA o]0

2 fFASAY on] A E GAE TA] 83417171 218l
fFrEds 7Hdste WHo R fE5d o] AlojEd &
2 A7) A7} freHe] A71A g os dAlse d
< o]&3t= A 7]— H(Direct Electrical Heating;
DEH), 53l F2he 54 o) 7] /75 324
sto] &8 WA 7= 7H93 71718 H (In-Direct Electrical
Heating; IEH), f-5& 3o 229 §A7F 55 4 9
= WHs AAEAY s oFAPL Atelo] Sl
Zroll L2 fAE SRAA ARE 7HEse AL2RAT
A (circulation of hot fluid)&.2 FEITHY T 2012).
“GadRe] A9 FEds il AAAE A X sk
Aol 25 TAaE Eolv WHoE vaA] Ady fF
TS 7= WO wheEtbA] YFo] X9, Ruschau et al.
(2010)°] w=H HFHHAH (wet insulation)S FEHS
A G et HEshs WHoRE 9885 H &

Hijol] 2840 2 &

3
<] T =2
Z2ddS fredol ®ol AMgstal AxddR(dry
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insulation)y> A]-F-A3ARS LAF o2 %—D}g b RPN
&7t 548 yobd

W A5t Ash EE 395 wmzlgl A%
& Sl welT.

LA FAAE 2
G2 oA F
on] PHE %rs

»
M
2
il
il

ol
ol
N
o
Ko

%ﬁolﬁ}(Bacon and
Romero-Zerdn 2011). &2 AA= =2 28 HAYS
o w2} f-57 75 (pour point depressant), 27 H A
(crystal modifier), 4HA(dispersant), -89l Al (solvent)=
LRttt f58 78 7Pk o] Adste] 478 A
AL =z 9o §EHS o] Ao 733} vz
= "fﬁﬂi}ﬂ o|FAR = AIZRS AAA T, &9 H]

= 229} 4A] dgstd

5% 722 71K AYRBA

52 el Skl 4 Fashe A welgo A o
23A e dsied 22 $89T BAAE AU
A F FHE AR AR LS BT AU,

F4 Fito] 20 A sted 15 Fe2 TEo
AP ATE SIS 5 U 95
oA gk Sl PP stk guiAl 70 B

-‘r’r@@% B3l g9 SHlEE =] A" g AA
& Jde T3} Atk(Wylde and Slayer 2012).

AL G225 AAS] 95 EA HOE A
Aol M F2 Fol AR, ol 3 (pig)E —zr?}
st FAZ "ol o] FAIZIHAl A E (hydrostatic
test), Bz, Wl AL, S8 L(slug) A SN2, 5
T, e o 2 WY FHaA-E sl A8Er &
F= gelly pig, pig train®] $1.2™, gelly pige Z=|™ |
Zo] o] Bo FaE FYsl= Wi o g HEd 58
7 Sl AX| et 929] GA| 7FeEE w e Ao
3 pig train AT P ES A A ARE U &

o]

H7t QP FaoA AL} T8 FAo HLs= wh
thY 5 2012).
of2ZE Aof J]g

o}xurel )

EAE 7P s o= sfdst
2ZElo] JAHR] v 2k, 4, 13 A
ojuf, Ak FHA o] FEtaE 7] Wl ofx
Zelo] S He A AV gorE 3t T
PetAY 9 S 283t o]F AAsHE o] YREAd
el

ofAgEle] HAE Wl A AAsE 237 3l E 3}
SFAA| =Y (chemical method)> S U ofA~T 9]
{8 =ole #AX 7] E]H(resinous organic
polymer)Z F& AME3HH, o] AFU] FHES vk

ARORA F £ AR 4 Sl ol k. of

Qo= 38t G E ARESe] ofABElS v BafAlE
T ueH, Add = EFAE Bol ARSIt
Zoll= 33 ok de] EAIZ B2 (terpene)S Bol
ARSI QU S, wijdo] A E ofATH S oo}
PR R 97S FE AAS 5 9l 9Tt Fol
Hod yF o] BT ool HW 23|y AAS T
WS 4 9louR ¥Te] Wik}
o 97 el 50~100

2~ A =
T BT ——,?‘jﬁ)\]’o

3fo]Ezo] E Ao] F]&

sto]Ego| Ex A2, 7oA A= D2
FrAkgE 2 YAA R =3 28 7}’\7} T3P 0°Col
M= BEE Aok EAS 7R o] w8t
ol=HolE HAEA= Alsll B SAMS o frEolA
As = 9= EHJ;QO] _,ﬂxﬂ%(jg AI=E ;qoﬂo] }\]
Hlgjo}, Fajol WAl sRt 5o o] frlot 7kaz el
AZFeE FAE HAAIZ|AL ATHE] 5 2002). dto]=Ho]
Aol ogh v B3l AR5 Aitele A st
Z71 ol HAA7ERS} Eo] FAlol EAleA s &
AAFAA 1 mm/isec =2 10~30 um F7A] gk &lo]
Zgo|E To] FAHT. o] uf, lo|=HolE YAt A
AetA =aL YA} ko] st Bl QlEo] zhg-ate] A
2 St A A %‘:P

slolEglo|EY A Axe} HAHE 9= A
°§_7r:Zﬂ, AR 28 A AALEE, %E—'vﬂ‘j, Ao A
BES W] wjizol] o]& Alofate] sfol=golE
2 vl 2] A4S AT F Ut o] & fI%
= A HAZ A=A o1 (pressure method)yS F 2 & 3lo]
ZHoEVE 239 F IS AEE TIgsAY stol=g
o|E AIA o =7 o]F = 71dsk= W o|t) o] A
39 PETE G50k slo|=Yo|E A A7} 7HsEHA]
9, Joule-Thomson effectell 2J3] 3lo]=#0]E tojg] 9]
2he oAl WA E = 7FAE Bl stol = o Ev
AFEE F Jdenz AHG gxdo] Fasith + ¥
R 2 DA (thermal methody> 717k o} wlj ek
g 5% Bl "@slrad] 2EE Slo|EYoE ARE
o Fo® frAgt Alojsh=s Ao HAH slo| =g o] E

o) FUEL MDY A% FAG AFOE 3| Y

%t 3

[t

F

é
0{4

o.E oé
rE ox o Mo

sfol=dlol 7} WE S olFsle] A A2 &
HE N 5 JOBE Ao Hg Al ol WS F

olafof ?Z‘:} 019101]‘: A ol =dolEE AV 1L
2 A2 =3 7E ZLFY (coil tubing) W, dFS
(alcohol)olb‘r %E]%(glycol)ﬁr 72 gslshy AAAE
ARgate] sto|EglolES] S wHE e s5elA
A S (chemical method)o] AT}
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A Y Ao] &

dukx o 7 2AYS A AsH= 71414 ¥R (mechanical
method)oll= 712222 Wiping, Brushing, Scraping,
Peening, Abrasion/Erosion®. 2 &35}, o]& AH|=
mole®]2} e THCowan and Weintritt 1976). Wiping=
29\A 8} 2 A E ARRS] FugE 2AYS It
oz A7stE W ol™, Brushing FEH7U B
g 2o 98 olgste] f-5H WS WipingE T W
E58 gHo 2ALYS AASHAIN frE5d WS &4
A 4= k= @go] dth. ScrapingS TEs VA EE
= fredely golzejle)] Folates W o R Akl
2AY AAE 913 97 A8 Aol ARS-EW, Peening>
Fredolut gto]Z o] YA Eo] e Arrt 2 &
ALE FEgA AAG e YR FEdo= [JAd
2AY A Aol g-o]slt}. Abrasion/Erosione A5k ol
A FEAREE WHORE 52 HHoRE FAA EH
Zolup AxHNA A7t | 2AYS AAsHE WHHol
v A E AR AR 1 AASole fredely 3t
ojZeRlo] &4 7He 4 Ut

ZIAAQ WY 2ol AAAE ARGste] 2AY S
Aloshs WY & 771 IS AR 739 AR
Ag7Fsst, f71 AAF oAlHlZ2= oF 38°C ©]3t, 1Ak
< °F 65°C olatellAnt mapHolt), g, ZEHE AR
d AF 93 M8 H 58 s AtiEeE 2
A7 ol g e o] gltkelek A 2010). o] <jell = 3}t
Sl (solventyg 3l ZAYS &3lAI7]= o] lom,
2AYo] &A% HSMEFS] A AT Aozt
7V 3kl Bk =AY | 881 (iron sulfide), 2F8} (iron
oxide) 5 @A sl A7} 7St

¥4 Eok

W3} o] 2ol A A7k AL st kgl
o) Yf-2el P40l ABE o2 93 WA B )
P10l Wasitt | RH o AEAS AN 2
e Q82 BAsiok 85, 47 $2E2
428 989 358L Hol
A2 (buming)E 1A F5e7]7} Helah oz
o o EA AL AT} Z, A7} AR AL B, A2
8 7o) FAe TAR AFHE AL PASE Zol
o} B3] AT LHHEAIT B A S,
uhel, 2Re) o= Q8 Wbyl 24 @ o urt o
17 WA B2k 2 7hsAde] glo) AT B oA Al
o] F83h], olst TE FRH 7)ol vhstel Bl
o},

7= "A](oil spill prevention) 7]& ol = WA W=

N
<A
olfr —

o
z

I s

o 38

]_

of

1] (BOPY/} 1.0, A|20]2=(drilling mud)e] 2
o} g2k 2 73] '8l d Yo s 3
1532 YR o} ASHATE AIFFTOE
Z]o] WAshE TS AW ¢ e tiEA |
ok 7 AR vEsto] Eglo] ES] 3 W] 9} 54
ToA Aol tig a4 o= Fukg st
TR o] TS A olE g FRE EA
A7l AbAQl {E A 2= (containment
structure)?} 22| Thermal Taming Chamber®] 73-$- ¥
FEE5H FUE 293 7EAE 6L ol A=)
2§ 7Fs 3 weto] Qlth(Ecomerit Technologies 2013).
o|9]o| & iAoM) SAAQN FAE oF7IEHA] %71 ¢
st FAAIO)E $1ek A 0] (surface casing), A1
o] 7FZ(casing intervals), A|WI® Z2 73 Fo] 23}
glo|zo} AARLE FEFHZE taRIste] 84S =
ol AYES ol-Z& Well Integrity 7]<0] AT},

A-5-Z"4A) (il spill containment) 712 mechanical
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