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STORAGE

CO; is injected deep
underground for
permanent storage.

TRANSPORT
Liquid CO, is
transported by
II iveli hi
pipeline or ship. -

CO, CAPTURE
CO, capture from
industrial plants.

CAdeNB OKSYI a0 2 P LiykaS (/dei{SOIDNI2 G SBEE HNHHO

/| 2ttt SOa@Ste&x GKSNB FINB YIyeé LI NFYSUSNERI LIKSy2YSy
AU2NAMYRAI2hGKS adzoada2NFIF OST gKAOK YdzadG o6S OF NBTdz
SyadaNE GKFi NESlI Ay2SOZPBY SR F2N) GK2dzalyRa 2F &8
0KS adANXBEROBE 3 of{ hYWSIK2 FHAIKSO Y2a0d AYLERZ2NIFYyG LI N
O2y&aARSNBR Aa (KBKRA(IZ282ABIRMAKISIT 2NMIyERY G(GKFG A2
AYye2SO®PSRKAh3IS2t23A0Ft F2NXIFoa2ya GKIFG FNB dzdz f €
alyRaG2yS FyR OFNB2YyF{GS FIjdAFTSNEE YR aSRAYSydll !l
2Af YR 3Fad NBaAaSNP2ANEAGLGRNISTS KEK DYS 202 RUWBNB/R T2

M



Ly i NRRdzOs 2Y

NEASNI2ANR RdzS G2 GKSANI dzyAljdzS O2YoAylaz2y 2F IR
208N £ FNBHS a02N)r3S OF LI OAlGe odzi O2YS 4AGK LINBKAOG
NE Y2NB SO2y2YAOlIfté OAlI BREISR® SOEAMNASY 8 KSE T RIDS § N
St ¢t FYBRY2WDaBt A XBHESE YAYSR alfid R2YSa LINRPJARS L
GKSANI O2yaiNHzOsa2y YR 2LISN}ra2yltf O02a0Ga m NB aiYi
a0FtS [/ /qwlINE eSSl 1B SIS0 vantMdhoy S Flj dZA FSNE S G K2dAK 2
OF LI OAGes L12&aS dzyOSNii$ MY oSE2 NBBHS NRW I3 NIK B3 NR dz& y(E
FYR OKINIOUHISNRI 2w 2P0 Lyt ®2yiaNmMads RSLI SGSR 2Af |
I f NBFRe RSY2yaidN)GSR GKSANI &aiNHzOGdzNY £ Ay dSaANRGe
GKSe KIFI@S ylGdzNFffte GNFLILISR KeRNROFNbB2ya dzy RSN
C2NBKEY S [t 0 dHAWSY WERNBISH KISANI 3s2m2d@A Ot LI
asStft OKRNBOOSENAT SR adzo adzNFI OS ORYRMIHGPFERA Sy a dzN.
wST I SSE& m@a@MIot £ 5 O2YO0AYSR gAGK GKSANI SO2y2YAO |y
JFa NBaSNW2ANE NBLINBaSyid GKS Yzad FSraiaofs S

ax

o~
QX

Ly
LI NI FNBY |t (KSYy dSYSAi ar WEA I RRWBtySG SR 2Af | yR
2T NBASNW2ANR L}2aS a2YS LRGSyeslf OKFIffSyasSa 02
Ayl SANRKKle2 yif 29 SaNBf ®RISOAHODE & //{ LINR2SOGa f
GKS ¢Sttt oKAOK A& RSUYSR [T NIKS GEBNIdzYAS, 2LBNBYal&adan
61 20SAG ®iI1PvdPSNEMPpY2SOadAlGe YAIAKE 06S wAYLI ANBR
Ke@RN} iS& NB&adzZ ayd FNRY (KIFINRFSWiKEH (RISWG SS B IK yadSA 20
LIKFasS dzl2y SyidSNAy3d GKS f2¢ LINBaadaNBE RSLIX SGSR
O2yRAa2YyY NBFSNAB (2 (GKS aAaLISOAUO O2Yo0Aylazy 2F {2
I hy2f SOdzt Sa 1IBEAWESIB DIk OS 2F 61 GSNJ Y2f SOdzf Sax NI
RSLIX SGSR 3JIra NBaAaSNW2ANARTI (KS&aS O2yRAa2ya | NB LI
0SG6SSy GKS Sttt (dzoAy3d YR GKS NBaSNI2AND

FIE OO KIINBERINGA A2 SOGBIRE A ¥ dBB | NB2INID2ANI £ S RAY
SELI yarzys 6KAOK FdNIKSNI OFdzasSa | GSYLISNI Gdz2NB R
Sy2dzaAK ¢ (SWNANKES ALI2INRTdSE Y SRA dzY OFKRIRNI HikSS =T NEMldz 2
Ay (GKS NBRdzOa2y 2F 020K GKS LBENRG&AY2] 2PRSELISNNSE
LY FTRRAa2y (2 GKSNXY2ReylFIYAO O2yRAaz2ya o6¢ yR tos3
08 VYydzYSNRdza FlFOG2NR NBfFGSR (2 GKS NBaASNW2AN OK
FYR LISNYSFoAfAGE@Dd Ly aAiyidd @INRY SNELINRIISNG GtadzR X a2 2
arfAyAter YR GKS GelL)S 2F RAaazft @SR alfdad CdzNI
YR TN} Oaz2y | NBE ONRAoaOl f AdyD I RIFIISABIM ASy@A VSTi I K€ S ZK BHRING



LY d4NRRdzOs 2 Y

Production Well

Power Station

co, Onshore Injection
Wells
Offshore Injection Well
1

SN ‘
Basalt o \4 /
Formation >~ ‘ | olr Unmineable
i ‘ ‘| | Coal Seams
‘&/
Depleted Oil
Z"d I CO Injection
as | For Enhanced
Reservoirs / Oil Recovery
r___/ Deep Saline
Aquifer

CAIuNB t t dzZA N> a2y 2F LI2aaArot $0 NS2KRWADE I FANNk p2y& F2NJ adG2N

Ly GKS Oz2u9iljSdz8ia NI a2y Ay RSLIX SiGSKeRING (GSHFRAY I bRY
0502YSa LI NbOdzZA NI & &aA3ayAUOrydz a AdG OFy RANBOI
2LISNI @29k SOl h@SNHAKSOL LI a0 RSOFRS&as SEGSyairods
GKSNXY2Reyl YAO, OSKNIGASANI RyF ddxf | deadasSvya dzyRSNI gl
RAGSNBY (0 YHYIBENSG f 1af & HomMo B oBROSWH §dryyBhi GzRANATID 8§ & 2
GKS NI GSa 2F KRRNMIABIENTBINNY 0o @Y YL R o St & dzy RSNBEL
dzy RSNJ O2yRAea2ya NBESOIyd G2 //{ 2LISNIaz2yad ¢KS
OF 8Sa,K2RNIES F2N¥I o2y | GNBIfKISH SIS { IRNPAGDS & 58S 2 I ¢S IS
a0FgSNBR IyR y2i RANBO(lfte NBLANBPaESParyOSy2RSOR ¢R.
UStORM RKI g NJPSh 2lyfSOXK S $AGE (KBRERRBYSHFAANI 5§ 6SGRI
LINA y@®O% QX [SA SYRI B&®&SyHAKSE® R2 0PX 12 @ NUN2 &3 CIKSB I SE &S
Oy aA3dayAUOlyidte AYLIAN AyecSOeagrieo

MAauNR 6t SY adlGdSYSyi

¢KS LINAYIFINEB LNROEfSY |

RRNB&aaSR Ay (GKAA GKSaixa Aa
I RKERNI GS TF2NXIoa2y | YR RAMIE2 OQ2 VBRNa 20¢yaRS Ng KNABEKS NA
2L YATAY3 [/ { 2LSNre2ya Ay RSLISGSR 31L& UStRa®



Ly i NRRdzOs 2Y

ydzOf SFe2yX AINRPSGKIE YR RA&ZaA20Ala2y>X RANBOGEE AYL
GKS AyaSOatdraiedy I yNS &SNP A NJ LISNF2NXIFyOSed C2NJ SEI Y
F2NXIFa2y RSUSNNAYS KeéRNIMYSH tad (NBNR z@S SNBKIANIK2 AONJIyLI
NEAOGNBRDEY/  GBKSNBo6e& AYLIANARY3A AyaSOegdArileo ¢ KSNB ¥z
gStt SadGlrofAaKSRI AYLERNIFYyG 1y26ftSR3IS 3 LA LISNE
¢tKS 02y Uy SRNESSNIBAI N NMEFO]l AYy(iNRRdIzOSa O02YLX SEAeSa
gSgroAtAler IyR KSGSNR3ISyS2dza bdZAR RA&AGNAOdze2Y >
IANRPGUKI YR RAA&A20Ala2yd 9@Sy Y2NBI HBHKSNESF Aa )
ddz0 022t Ay3a OFly FaSOG GKS (1AySeada Rd2NAy3d (KS KeF
AYLI OGa GKS oaYS ySSRSR T2NJ 6KS TFT2N¥YSR Ke@RNIGSa
dzy RSNEGFYRAY3I 2y K2g Reyl RA@hOASONe AIKS RIBHERT dBE
FYR dzf oYl (iSf@& KeRN}IGS &l ddaNye2yd CAylFffer (KSNE
RAGSNBY(G TFT2NXIo2ykRA&ZA20AlI02y YSGK2R&a Ay (GKS O2
OKIy3aSa ¢gAGKAY (KS aeai.B¥ROFIJUSADLI BRRNBESAYVHEHYS8&Sa
GFNBSGSR NBaSINDK Ayid2 020K (KS, 2RI 2%y dzyRS NB
NBE & SNWREND2YyRAa2Yyad

Mdhoo 2 SOa dS a

.dZAf RAY3 2y GKS ARSYRIUBN {5 219X SRABA By ORANIRMB2 § NE
GKA& aiGdzRe F20dzaSa 2y (G662 YIAYy 2028000Sad CANERI
F2NXIFoa2YKRAAA20AF02Y YSUIKEBRENRUYSHAANSADREBI NP NB dz8 N
0KS Aa2RAKNBEMIfIAYy@OS &GSL) 022t Ay3akKSlFeay3ds YR NI
YSGK2R® {SO2yRfeésx GKS aididzReé asSSi1a (2 Ay@Saosdl idsS
KERNIGS FT2NNVOsRyg2y yRY RABEE2 |1 AYySalad 2F GKSa&aS LINE
2028000S8a NP HmadRASELIBHAY Sy D2 NBzy RSN GKS 4SSttt o:
ONY YP@APp oO0FND a2 GKFG | O2YLINBKEERNDE Sdzy RE NG H v
RA&Za20AF0GS OFy 060S | OKASOSR® ¢KSNBF2NB> ,0KAA& GKS
KeRN}GS (2 IRRNBaa (GKAa 1y26fSR3IS 3IFLI YR LINROJAF
YR NBfAFOAfAGRED

mMmawnSt Sl yOS

¢tKS NBaSFNODK 2F (KAa (KSaia Aa RANBOGfe NBt SOyl
/| RKERNI GS F2NXI a2y OFy OFdzAaS LISNXYSIFIoAfAGE NBRdAzOs
NB & i NA Oo 2 Ay 2RBdaNIRYWA /yrR &G 2N)F 3Sd | GSNE AYLRNII y
Ad GKS FoAfAde 2F LINBRAOey3ad YR O2yidNREttAYy3a (KS
GENBAY3I GKSNXYIFE O2yRAo2yad { dzo G2NI KERNI A5 Wd2QE Gd
YR 3JINRdaii KXEGA AYLI OG 2y F2N¥lFa2y YR RA&Z&A2O0AI ¢
dzy RSNBRG22R® . & Ay@Sasdlayd K2g RAISNKRIIRYINBSA
6We 0o 022t AYBELIRMWINR2YT HIS OGKERNI 3 yBEaMME @Fy /thy R RA
GKA& addzReé LINPGPARSAE Ayairdkida F2NJ RSaixdayiy3a Y2NB

n



Ly i NRRdzOs 2Y

dzy RSNRGEFYRAY3I 2F (KSaS 1AySa0O LINRBOSaasSa OFy |
AYLINR PGS NBASNW2ANI YIylF3aSYSyas FyR fl ai Y K

MApK Sa A a { 0NHzOG dzNB

¢CKAA aidzRe Aa A0NUzOGdzNBR Ay U@S OKILWGSNE® / KI LG
NEASIFNOK 2062S5S0a0Sa ¢6KAES LINPOARAY3I (GKS ao02LIS | yF
GKS NBLE2NI® Ly [/ KIF LI SN 213y RIKKEIR N [ S2NBAeE0 |- LEINBFE2 gy TRS:
NEIFNRAY3I GKSANI aGNUzOGdz2NB> yR GKS LINROSaasSa 27
YR G4KS 6A33Sad LINI 2F GKS OKILIWGSNI LINBaSyida |y
fAGSNY GAANE T OPIBOBANRZFSI D / KIFILIWSNI o F20dzaSa 2y i
g & dzASRXI GKS LINPOSRd:NBa (KIG 6SNB F2fft26SRX
LINE OSaaAy3d G23SGKSNI gAlGK |ff GKS YIFIGiKSYlaOl ¢
AYLX SYSy (i SRBd NBya dif Zilil 25F K SELISNAYSyGa I NB O23SNB
LINE GARSR Ay [/ KFLIWGSNI nzE O20SNAYy3 (GKS SELISNAYSYGl ¢
GSNBE YIRS 2dzi 2F (GKSY®P CAYI{YREYAXIILWYBNIKS AGQY IRSF
2y K2g (GKAA 62N)] O2y (i NAQRAIBNI (RS/a (0KSK HFARSNNE G | Y RA y

TiK =



| KI LIMSANIS NI 0 dzZNB wS OA S g
HM LY GNRRdzOa 2 Y

58L SGSR I+ a4 NBaAaSNW2ANR KIS 6SSy F2dzyR (2 6S |
2F 6801 dzaS 2F G(KSAN SEARMBEHAoNGRNES @ N K NS § LINF RS
Ff OSOHOKEHNI LI2GSyol MOF2R8 FU QA fILINRI2SYH af IONFS aA 3y A
gARSt @ AYONBlFraAya Si2NI F2NLYRAFH o @H | 2 NBDEEMEdzinD
GSNE &ASNA2dza LINRoOofSY GKFG A& Sy O2dmeiRNIKIMAEIA W S ddd
GKS ¢Stfo2NB I NBI RMdyNR 30 KK BB YA MNIH BB 4 8y OS
JFa Ke@RN}YiSa Ay (GKS NBASNII2ANI AYLI Oda GKS TSI aa
KERNIGS F2NXIoa2y o0f201a GKS LR2NBa 2F (GKS LI NPEdz
FYR O02yaSldzsSyidfe NBANRNAI o&yiiTR2 NG hASA R flI EOARIEE 2 § KA Y X
¢CKS AyadzaOrRSNy@ES/ hY2dzyd OFy NBadzZ G Ay GKS FIF Af dzN
G2 YSSi (KS SELBDISEE a¥2NHR B2F GKS NBASNW2ANE &2
0S NBIdZANBR 9gKAOK gAff AYONBIFAS odENSENBR (S KISt @X
Hnwbo 23 dzy RSNE G Yy RAYRNIGKSE [ RAN6IC2 2 I RmMRA & &2 OA L
fA1S O2yRAa2yad Aa ONHzOALIE F2NJ LINBRAOay3a yR 02yl
02 Ay@SaodlisS . KRENJAFSFOANRFI2Y ht YR RAAA20AL a2y
RAGSNBY(G GKSNXYIf YSiK2Rad® 9¢0Sy Y2NBI (y2é6fSRIS 3

SELISNAYSYGa GKIG YAAAD GeSyLit ASaizSyRa dNB a4 SNIF2 A NJ

HHE SNY Ay 2t 238

¢tKAad aS0Oe2y RSUYySa a2YS AYLRNIFYyG GSN¥a GKIFG FNEF
HUP LY RdzOa 2y oaYS

¢tKS AYyRdz0e2Y °YS Aa RSUYSR a GKS oaYS St LBASR d
ydzOf St e2y o6F&aSR 2y LINBa&a&dzNGDH YRS (G{SAY LIB Niv i dz2WE X S h 1

9YS GKS GKSNXY2ReylI YAO O2yRA92Yya 2F GKS aeadsSy I
NEIAZY D

H dbfi dz0o O2 2 Ay 3

{dzo 022t Ay3d NBFSNE (2 (KS RAUGSNBYHE GBRIiWESYKIRR
KERNJIGS& F2NX¥I YR (GKS SELB/NAKWSyaiz2idK 2INd aBKS BV
O2y RAp®R38&y | fd> wnnto

WY Y Y



[ AGSNY 0dzZNB wSOASS

HHP a SY2NEB SiSOi
{GdZRASA KI @S &aKz2¢y GKIFIG GKS aYS NBIdZANBR (2 T2N

g GSN) GKIFd KIFIa o6SSy LINBQOGA2dzate LI NI 2F + Ke@RNIG
YS@SNI T2 NVEWR2 3KRAR N$dii StaK & My\PHINB day 3 0SKFGBA2NI Aa
StiSO0Gx I LKSy2YSy2y 6KSNB RA&ZA20AFGSR Ke@RN}GSaE v

F NN} y3SYSyiliod a2NB aLISOAUOFffes Ay OFasSa sKSNB K
GSYLISNI i ENB &2t &H10dz2t S&a YAYAO (GKS 2NAIAYyLFE KeRNYGS
2F KeRNY(GSa ARy 63 SINI &3 RBNEO ( KAa LIKSYy2YSy2y |
FYR OFry 68 O2YLX SiiSte StAYAYIGSR AT (KS O2yRAa2y
2dziAARS (KP{KSRNI B& 1ZySE HnnTO

HeD YAY SaRa8RBRIF(G S h

¢tKS LINPOS&aasSa 2F K@RNJIGS FT2NXloe2y YR RA&A&a20Al o
NBf I GdSR iy GKS N}GS yR GKS SEGSYylG 2F KERNIGS ai
L’] OIKB ¢z2 &y |1 yPEZA (ST HIHKOS G KSNXY2Reyl YAO |

a

2
& ®mBEISYRSY
K&RNY (S ‘My 90&8 IINB Y2NB RAYOdzZ G (G2 YSI&adzaNB® I yR
FILOG2Na GKFG OFry 6S NBfIFTGSR G2 2yS Fy2GKSN¥®d hyS
ydzofS|az\Mszazﬁﬁu Ay axayxo‘lyﬁ B NRFOATAGE Ay A
SELISNAYSyiGlt O2yRAa2y&ad ! RRAs2YyIffes (GKS KeRNJI
BFNARFotftSa tA1S 6FGSNI I GFEAfFOATAGERI NBEA | ¥ RE deKBSt A
YSRAdzZYQa LIK@&aAOlIf LINPLISNbSao !'ff (KS&aS ReylYAOD
1AySeo0a 2F KeRN}i{iSa NBLFHffte& dzyOSNIFAYyd !'& F NBad

aK2¢ O0AIIASNI OFNAFOAT Al IRGRIAL DFINIORSE LINR RN SMNIE 2
O2YLI NBR (2 (GKONN2RYYISWAOfREGHANTO

h@dSN) GKS &@SIFNBR ydzYSNRdza aiGdzRASE Kl gSKeBBlY(I 2y Rdz
F2NXI a2y YR RA&AA20AlIa2y | ONRP&aad &aASOSNIt | LILX AOI ¢
tKSaS addRRASa AyiSyid G2 ARSyesa¥Fe GKS Tl OG2NR (K
2LISNF a2yt O2yRAs2yad DSKRSNItH SA y|AASaSedD s 2KIATSA yEE
F2NXI a2y YR RA&A&E20Aloa2y LINRPOSaasSa dzyRSNJ O2y i NP
LI N} YSGSNE fA1S (SYLBMNHiaNBs yYREGBAENSEASHI (0 59Wb @b y
1KSaS LINEeOSARSE az2KS00AX HAHANT | dd 9¢ KSANB2 3 NBn H-of T2
dGdzRASE GKIG KIFIGS SEFYAYSR GKS &1 YS LI N} YSGSNA ¢
KeRMHESR 402N 38 AYOFKNNUS Sy OiMBEY iSiviloa { | Kdz S
BKIFYy3AZ wEiwn ONBO2,BERINI & 8B Y 0 & | NB LI Kk ORNIAG SIEKES Y1 yoRA ((KF
NEf SOFyOS 6Si6S8y2KS $42 I K®ENHIHSDT %o I A Si |
FYR //{ Ay RSLWSEASRNEAPE BBAaSNDIANBHOT GRS d2B21 3 H s
G2 Ittt (KSaS | LIWX AOlea2ya YR Ittt GKS RAGSNByd ai
2F 1y26ft SR3IS NBIF NRRAYRNI (ilS& KA S e00xSy2 A /GIKSNBR X

F LILX AOFoa2y KFa AlG& 26y Lz2N1I2a4S | yR LI NI YSGSNAOD

¢KS KERN}Y UGS ydzOf Skha2y GF1Sa LXIFOS a aRy Fa GKS
aeausSYy Aa SAGKSNI £t20F0GSR 2y 0SKyzA SAD NKHEY RNRNIYES |

T



[ AGSNY 0dzZNB wSOASS

Oy O0SCASdEEAYNd RDYFASK a@Adald afdeas M/ hk  [OAI] R (/KIS

GSYLISNI GdzNBE A& 0St2¢ (GKS Ke@RNIGS LKIF&S 062dzyRI NE
I At 6fS AYyaARS GKS LER2NRdzA YSRAdzZYZ &42f AR K&RNJ
AyOf dzZRS (62 RAGSNByYyG &adF 8SaiaNRERKNGT SHKBUOINE OSAE P
KERN}IGS F2NXI o2y Oly 6S SELXIAYSR o6& SEIFYAYAYy3
I LINB&aadz2NAT SR aeaidsSyoe Ly GKAa 1AYR 2F &aSiddzalx |
LINBa&adz2NB | yR GSYLISNIEAMENS 0RS RMSRNIAG i K& (il oFAI AL G A Yl
Ay2SOGSR Ayilz2 GK aeaidsSy G2 YFAYydlFAy GKS LINBaadz
6KSy (GKS aeaitasSy aidroAfAl Sasy KeRNIGSa F2NNIaz2y
KS LINPOSaad ¢KS Reglh I MyWH SNK ¢
yY

02 y & dzY LIs RR/dzNRFY 3 (i
O2yGiNRffSR Sy@dANZP Syli BNAYSHEIGKSE 0E2 N¥Imydy 2F K&
7
[ H-L, . L,-L.
I I
8 E: ©

Pressure (MPa)

290 300

Temperature (K)

CAIGNB KKE &S RA I Nd YOI @NO YQAKESH dzMB @ [3f KISZ aldyyR 20 aNBLINBZSyd A0S 41
tAlJdZAR 6FGSNE K@RNJIGSZT |yR 3 IZ[DKNB & WRCHDD B flj &td RINHELI Sy RIZ[Awt( aNIE
aY220K tAYS NBRIKNISSS SIjHATRAD NRKRG § A y S0 2RSS yRSHKRS R AfyASysS | VYRR A &KIS
tAYyS Acdl KIS Ityaty2S® SiG [t dX HAHNO

A~

HAM RN 0S C2NXI a2y
Ham b dzOf S a2y

F NRdzA SELISNRAYSYGF  2,0keRanG a0 SK ISt BY 82 ¥ o SRR S/ |
OQY&)\&G@YGfé éYLJKI-é?\TAYEI GKS aG20KI aa0 )/I-[deNS 2
YSRAdzY OKI N} OGSNRaAa0OaT &dzOK | & &dzNF I @@‘[I'I'Nﬂ'l' I')/IV?
S0 Hf OISy HUEBLA Y 5 5. MBEBNISRNAAEYAUOlyite f2y3



[ AGSNY 0dzZNB wSOASS

AYRdzOo2y oYS& G6AGKAY LRNRdza YSRAIF Ay O2YLI NRazy
Il G SN O2y il OG yR KSiGSNEIASIyRRAd&A WS kWWIEHRSR vl ol2fy
F2dzy R GKIF(G ydzOft Sle2y A& Y2NB fA1Ste (2 AyAaasal (S
FNB Y2NB Tl @2N}loftSo

bdzOf Sl a2y Ay G(KS O2yGSEG 2F 3I1&a KeRN}IiGSaz NB
ddzLISNAE | ( dzha i3S R& 868 G0SSWNJ Ay i2 GKS ONBAGIEfAYS KeéRNJ
ydzOtf St a2y OFy 68 LINRPY2GSR 2N)] AYKAOAYERI §OSASHE
KERNRLIKATAO YFGSNAIfA YIFe NBGFEAY 6FGSNI Ay LR2NB i
NEiSyosa2yz fSIRAY3I (2 G600 03yBYE8SSydz06666a i T dzl
f 20t LINBaadz2NB ' yR (S Y208 N dz@zNSI alizkyNB aKieS Read INBEj daAK
o2dzy BRI RE Yy St td SG It dX mMpddo

tKSaS UyRAYy3Ia dzy RSNEO2NB (KS AYLRZNIIYyOS 2F L}R2NB
IJ2PSNYAYy3a KE@RN}IGS AyRdzOeaz2y O0SKIFGA2NI t | NbOdzZ | NI
ydzOf Stea2y Ay NBASNID2ANI F2NNXVI 2FViNRPLR AFR @RRNI 8§ %
Y2RStAy3o

HdMH DNEPR ¢ 0K
¢CKS F@FAfLFO0ES AYTF2NNIoa2y AY GKS fAGSNY GdzNB LRAY

KERN}IGSE F2NY AyakRS ROIE NPE RS YiRdyMIOG diliirg & K 0 K& RNJ
Ad fAYAGSR o6& YlILaa FyR KSFIGEANUNAYSRSNISRREY 20 NIRRKE
ANRPGGK GSyRa (G2 t20FftAT S ySI N (KS, AR aK ASHKISNEE LWI2yAR
RAYAYAAKSE RdzS (2 LISNXYSlIoAfAdGe f2aa FTNRY | OOdzydz

¢KS adGr3asS 2F KeRNI}IGS 3INBogOK GF1Sa LXFOS | DSNI GK
GKS | fNBIFIRe& F2NX¥SR Ke@RNI}IGS ONrRaldlfaszs FyR Ayg2f
O2YLRySyida | ONraa 1R NHz &8 RINGIFENR BiRREA RO 4L 0 A a
ReEYIlI YABSLISYRSyidi LINRPOSaa 2y Ol NA2dza a0FfSa oYl ONJ
ANRPGGK INBE O2yiGNBEfSR YIFIAyte o6& GSYLISNI Gdz2NB=Z LN
GNY YATFSNOYSYBGIldd 2LBE KISV dDOS A Y YA Y T, 02 aANBRB 2K > A @K S
j dzA 01t & AyONBIFaSR tSFRAYy3I (2,240 dkeFRaNT GNEB IiNRI6y( &
FNRY 3Jla G2 tAljdzZAR LXKFaS FyR YraairgsSte ,OF LJGdz2NBR
Y2t SOdzZ Sa IINB O2yadzYSR Rdz2NAYy 3 (KSOXKE RN IS2 2 NI
OK@RN}(GS F2NXIo2y0 RSONBI&aSa INIRdzZa tfte 20SN) aYS>
0KS KRN} GS TSNy LINE OSaa

a2NB2JSNE 3INBHGK Y2NLK2E 218 A RGVENAR SS (LIRINE @z ARTEIRM &
RSLISYRa 2y LBR2NB 3IS2YSUNB YR DbdzZAR &l GdzNYe2y s Ke@|
RA&A02yoydz2dza Of dza®Wé NA ¢ 3¢ KB g SBIF dzs F b #S v IOBRBISIBIE S N2
3 LISNXYSFoAfAGE FyR OF LI X OINE2 YIANSEANINBE i s AYRSE
j dzSai N a2y 2LISNIaz2yad

o =
v o



[ AGOSNY 0 dZNBE wSOASH

(1) @) 3) (4)
Gas dissolution and Initial rate of Decreased rate of Steady state or
Induction period Ras consumption gas consumption mass transfer limited

| lo £

Gas consumption

Gas hydrate growth

Induction time Time

ddzYLle2y 2@0SN) aYS IyR ARSyaUOloa2y 2F F2dzNJ RAGSN
I Ao NNBRAVI $lio NEPDIABNMSBELISNA YSyi

dzOt Sl yali2NR R-dyOR yHAND § SR @A Wi BRHYESYWIAS dAMB Rl T ;
1KSaS Do dYBSWNB AN LBIBAOFEABFENR2dza RNRA FAY Z
Y2RSf asx adzOK Fay OKSYAOF f,RAUABRY ASIRE RAKS NB3 OS> T N
RAGSNBYOS: (KS DAooa FTNBS SySNHe ORAGHENBPISYyBHYRHI
C2 NJ SBIIKB2T 3y taeRe Sl y §t NBRJzZOSR | 1Ay Sea0O Y2RSt (KL
G2 GKS FdAlI OAlGeé RAGSNBYOS 06Si6SSy (GKS SELISNAYSyYI
\ 7 “Q

0 Qﬁ p p

GKSNBE 1 A& GKS LINAYINEB FLLI NBYyd NXrdsS @g2yrRadalyd |
Ej NB GKS FdAlFOAGe 2F 3l a Y2fS0dz2A Sa Ay (GKS 3l &k
O2yRA02ya NBRASDp@ISd2Yw A& 3F2Ay3T (G2 06S dz&ASR Ay (K
G2 O2NNBtIFGS GKS SELISNAYSyGlFt NBadzZ Ga 2F GKA& &l

HAPpE RNI S 5A8a20Ala2Y

5A3a4a20Al 02y OFly 0SS O2yaARSNBR a GKS NBOSNmRS 27
2F K@RNIGS ONEaa t{a YASY (2S5 O yiAQjNIEStay Ri K/Fhi Oy ©S ¥F2
Oy AYRdzOS KéRN}(GS RA&&20Al a2y I NB RSLINBAAdZNAT I
6OKSYAOLt az2fdzm2yats 2N SOEY | dpO2 ¥ DN VWKKSEIMNY hATac b
doYdzZ a2y A& 2yS 2F GKS Y2aid O02YY2y YSiK2Raz vy

4

RANBOGEE FLIXASR (G2 (GKS agdadaSyo ¢KS GSYLISNI UdzNE



[ AGSNY 0dzZNB wSOASS

LINE GARAY 3 GKS ySOSaalNE SySKESI L2 SiEKk RO 2Mal MBS0
Fdzy RI'YSyGlftte I206WKISR S@p KSHU wimNhydE TSN

RSINBS 2F &dzo022f Ay3 RdzZNAYy3I KeRNIGS TF2NX¥I o]
d20Al 02y OSKIF@A2NI | 8RNIGSa FT2N¥SR i KAIKSN
0ftS YR O2YLI OG= fSIFRAYy3 (dac¢clamNRIpSSB | tyrADSY 2 NB H
KFEdA2N) Aa SOARSYy(d AyaARS LRNRdaA YSRAF 6KSNB
RRA92Y It GKSNX¥Y2ReylIYAO ailloAtATloe2yd {dzo0O22f Ay
YR GKSANI LIKe@aAOlrt &aiNHzO( dz88 T@NKBRY A YK NB2Z NS AP &
KSe GSyR (2 200dzLl2 avYlftfSN LB2NBa |yR 3INRBGg Ay
LISNYSFoAfAGe 2F (GKS YSRAdzY YR (K@zaS@2vRANHIOGS |
IfCDZCDHmKSUOQy ySR 3S2YSGiNRSa GKIG SEAalG AyaAiARSs
SaolFL)sS 27 BtSIraSR 3Irazr gKAOK Oly t20Fffe adzZILN
LINB & & dzNB

{SOSNIt 1AySaO Y2RSta KIFIZS 6SSy LINRLRASR G2 Ol L
2DSYy OAGSR I LIDINEKOK KBS aFGWAVG IR @ &ENEQ@K092VRNJU
LINE L2 Nb2ylFt G2 GKS FdAaAlI OAde RAUGSNBYyOS o6Si¢6SSy
SlidzAt A0 BNdE SilVis & HAHOOD

QY .

o, P 2Q 0 G

GKSNB 1 F3IFAY A&hdKEKNT & ENDIZYS GIANME X @SF il dar f K\eORNY
Fdzal OAsh &> GIKBR THzZI L OA (iceK & (NI KIRGFOND RHSS a3l dgNFiFKO b & Y2 € S
Al OF ySHLONGERE 30SSR 1@ & BIF dzt dIRKBS y 3 @28l t X vHaumoO

T ™ = O ¢ &
Uy S > R
R T o ()

U
S

N x|} o

GKSNB A1 GKS Sljdzi @F £ Sy in dAay GINRSY a8 A NI KSR K2y BNIFESY W2 4
0KS dzyA@SNEIE 3L a O2yaidlyidx FyR ¢ A& GKS {GSYLISN
I32Ay3 G2 0SS dzZaASR Rdz2NAYy3d (GKS RAaAOdzaaAzy OKIFLIISNI ¥
a0 dIREMS GSNE F2NJ &aAYHINFOIOS2 f NBB | AAAHy & aGKA SR (2 0 ¢
NI S Oz2yaidlydo

HBciSOay3d LI NFYFYSGSNEB 2y Ke@RNIOGS 7

¢tKS (1AySea0Oa 2F KeRNIUGS F2NXIloe2yY YR RA2A&A20Al a2y
GKSNY2LIK@AAOIE Y adGNU2OGdzNY £ FyYyR 2LISNIea2y It FI Ol
LI N} YSGSNES yIYSteé LR2NRdzA YSRAIY RINRPASNSESAED KigKROND
F2NXIo2YKkRA&2420A1 02y YSiK2RaXI YR K2g¢g GKS& AYRA
RA2420AI a2 yKARNIABSRA 2HFA U KAY LIR2NRBdzA YSRAL @



[ AGSNY 0dzZNB wSOASS

Habav LY LI OG 2F LI2NRdzA YSRAL

RN} 4GS 1AySe0Oa OFlyy2i 0SS | aadzySR (42 0S8 GKS &ty
NRdzaz YSRALF A R S OA3 YdzYoSNJ 2F LJ NI YSUGSNE
RN} §Sad / KINYOGSNAREaOad &dzOK | 432 B NXYBINBA f&Ale
GNRAOdze2y> 6SglroAftAailter NRAdAKySaax yR 61 GSN &
NI} OGSNAT SR o6& o0A3 &aLISOAUO &dz2NFI OS | NBIF gKAOK
0 Kdza ydzOf SI oy | FBi Sa NS BRNEH RSYR O 85a 6 KSN
LI2NBa INB G22 fFNBSZT | AAYAfINRGE S6AGK GKS
SHWS& SiolrfdiznaKBOAYFEEfSNI GKS aAl § 2F GKS L%
N} GSa Ol dzaSR o6& (GKS AYLI Ol 2F OFLAfdadE T2 NDS
 fdd>S HANHHD

QX

T O R, R > @ N
T e Uy T W

AL LAn

KS ydzOf St o2y &Gl 38 27T OKBHRANI SISy GANGE f I h yemi itk 3RAY QL
SGSNNAYAYI (KS SEIFOG RdNI}oa2y 2F GKS ydzOtSlazy |
.
K

O e MRMNMSAT OcR — —

SOrdzas 2F GKI RAYOdz e Ald NTIEFNMKRIG2 9@ JIKERNBD S
nMbpd & A& Ay GKS yIF{idaNBE 2F GKS LIR2NRdzA YSRALF (KU
KSANI LIKe@aAOlrtf FyR OKSYAOIt OKINIOGSNR&EaOAD C2NJ
KS AYyRdz0ea2y oYS I yR 1 Kd&Sb i FaNiISNI yi KBy R dEGHACSS | naioidiIFoN.
NRdzaKySaa SyKIlyOSa? di KSi ywdtOpsS [Ndvehbizan ASEIS NA YSy G a 6
Ay@Saedleyd (GKS NBfle2yaKALl 2F (GKS aAl S 2F (KS
Ké RN &3adi& SiGI IIINEA SWnSROGKE G GKS Ke@RNYGS SljdzAaf Ad
GKS OKFIy3aS Ay LKI&aS O2yRAsz2ya (KF(I RAI 2SESNIISR
LI2 NBAGRA R S& HfAd® SEHENHINBASYGSR F &AYAf NI NBadA
GSNE avltt LERNB aAT S o6nywrwep/KADBERE (KYS G2 Wil NI N
L2 NRdza YSRAdzY GKIFG KIR 0A3IISNI LI NB §a dainSway 0xy ¢ K
RAGSNBY (G LER2NRdzA YSRAYy 3 63 & ZoAdy B2 byER AIBRNDSE L2 N2 dza
L2NB RAFYSGSNE 2F ¢ onxX YR mMan yYo ¢KSAN NBadz
YSRAdzY AYLINBRYBRI ii&SGKENY2ReylI YAO ailroAtAaiGe oSOl d
NERdzOS G(KS fA1StAK22R 2F KE@RN}YGS RA&ZaA20Alaz2y OGN
f SFRAY3 G2 | aA3ayAUOlLyld AyKAOAe2z2y SuiSOtiéaay (K
FGSOGSR 68 GKS AYKADO ARy {30 SOED@ yf WSINGOSMNVBSYDIK S T IRINY
2T K&ARNI GS (AySeaOa Ay LINBaSyoS 2F aSlI gl GSNIIYR
AaK26SR 'y 2a9RyEfdzyiLBE@FNI IR Ay Rdz0a2y oaYS HKAES
aYlLfttSNI aAlS aAtAO0F 60SR aK2gSR Iy SykKFEyOSR NI GS

cnCn I

{IyRaG2yS FTyR OFINB2YyIGS NrOla LkasS a GKS (62 LN
/I R 6 KAOK I NB OKINIOGSNRATI SR 68 RAUGSNByYydG YAYySNI

/ hK@ RMlaRXKaAry 8ni /Iffl® asSRAnVISy Ga Ay O2YLI NR&az2zy 64
ALISOAUO &adzNFIFOS IINBEF:= &avlitt RAFYSGSNI LI NbOf Sazx

OF LIA £ £ | NaBb I LANNS 3SauizNES & S dd D ¢ /0 drX25y OSHjdehddOA 6 NR dzy O2 y RA
Ke@RN}GS& AyaARS odzA 1 FyR OflFe &ASRAYSyld O2yRAa2Yy:
y2 AYLRNIIFyYy(d O02dz2) Ay3a SuiSOG sAGK Ofleéed ' faz2x RdzS
GKSY (2 a¢f Ay OKS$ eLIONB/EA RoyTASYIa A (I16IKA A AHIBHWBIR 620 §
Ay LER2NRaArAGe tSIFRa (2 NBAUGNAOGSR b2¢g 2F 3IlLa AYyaarr
2F FT2NXl o2y BYRZYRNESDOAE @TYy HAMp O



[ AGSNY 0dzZNB wSOASS

Habet { dzo O22f Ay 3

KS RSAINBS 2F &4dzo022ftAy3 RANBOGfE& AYLIOGA GKS |
NAGAY3I F2NOSa T2N KERNI A SSWdAyESBSTEMNY § R ENHE S KJ
K2NIliSya AyRdz0e2y oaYS |yR SyKIFIy0OSa ydzOf[Shdz2y oe&
0 It aa8@OINE AYEAARS LER2NRdza YSRAI SEOSaaArgsS ad
Oy NBadzZ# G Ay KSGiSNR3ISyS2dza KE@RNIGS RAAGNAOIz 2
/| 2y OBSNESf ez t2¢ RSIAINBS 2F 4dzo0022fAy3 VYRHFSNNR Y22GS
NIdgelr SiGolfRRAgayirDier GKS t20Fa2y 6KSNB KeRNJI G
Oty RSLISYR 2y &4dzo 022t Ay3Id ! yRSNI KAIK &dzoO22f Ay 3
GKNRIFGazx NYLARf&@ aSIrfAaya GKS LBR2NB a0dNENBIINBo !y
SOSytes YFIAYUllrAyAy3d &2INBA 28Byl LI K @yEo £ 2y ISNI

U» D¢ g &

& FEFEN) Ia (GKS RA&ZaA20Alea2y 2F Ke@RNI}IGSa Aa 02yO0S
K@RNJ}IGS&>S NBadzZ oyIowFKY I RSEd &l RNBRARBND GRS NBS 2 T
O2NNBalLRyRa (2 | f2y3ISNJLISNRA2R 2F adloAftAade oST;:
0St26 (GKS SldzAf A6NAdzY GSYLISNF Gdz2NBE NBRdzOSa (KS |
R2gy (GKS Y2t SOdZAAYWI YRR yT NB/NRIzZNSRIzC2 ¥ Y2 SOdzA | NJ C
F2N) RAaaz20Ale2y G2 GF1S LXIFIOSd /2yaSljdsSyidfter (K¢
Fa AdG 61 & NBNIRINISER tFTNRBYYI 0 SEIANA YSy (Ga Ay odzZ 1 O2y

HPLRSYaUSR wSaSl NOK DI LJa

LYaARS G(KS fAGSNI GdzNB SEA &G OF NA2dza SELISNRAYSy Gl t
2T GKSY 7208248140 25> /ddzi RAINKERNIKS aNBODGG 38 § NKNB
Y2NB AyGSNBaid YlLAyteée o06S0FdzasS 2F GKS ySSR F2N R
YAodl S 3INBSYK?2 dzirkse RANJal SSY ALaNEBA 201N Odif | NI @ NBf Sgl
F LILJX AOlFoa2ya 06SOFdzaS G(GKSe& OFy F2NX dzy RSNJ 4KS KA 3K
Oy LR{GSyeslff® IWRBODISRANTAARS (KS RSLI SGSR 3| 2
Ke@RN}GS&8 OlFdzasSa LR2NB o6f201F38a NBRdzOAYy3a (KS LISN
Aya2SOo@Ailied 5SALIAGS (KS,KRRINZ NIBI Y6wOK I TR 2 dey R § NHI KISyal
FgFAflFotS SELSNAYSYyGlLEt REGE NBYFAY fAYAGSR FyRZ
O2YLX SE O2yRAo2y&a (KIG SEA&G Ay I OlGdzZd t NBASNB2AN
aldzRASE FINBORHRSNZ oxdd ¢ KA KEeRNIZBAE Y $F2 0dza 858ISOYUDIT f
O2yGSEG 2F //{ Ay RSLXSGSR 3Ia NBASNW2ANRS 6AGK
GKAOK GKS [ @FAtlofS RIEGE FNB SOSy Y2NB fAYAGSRO

lf K2dZAAK | ydzYoSN) 2F K8 &RA 68 RRREBI SEY YAYRRRARBR &
SELISNAYSY(lf LINROSRIINBE NBE®OR yI & ASYILYE R ULSRO 1435 dalaa

Of I & &dz& LIgRAS2VEKI AT S YrAyte 2y GKS LINROSaa 27
FgSYLIWia KI@ZS NBIEW OYIIBS mildd|da S yNBAANSNI2SAYNDI A S |y R S
AYO2N1LIR2N}IGiSR ROIYOSR AYI@EOYAS (Q0OEY2Y88diRra 2P 4

dzy RSNRA G yYRA yKEe RNE (i6& 6 TRINY (INEES NERAS N@R A KA yLI2 NP dza
LI Nb Odzf NI @ dzy RSNJ Reyl YAO AyaSOez2y &aO0OSyFNAR2&Z N
KERN}GS FT2NX¥AY3 YSUiK2RA YR adzoO2eRMNBISSYALISED O

M O



[ AGSNY 0dzZNB wSOASS

RdzZNAYy3I GKS LINRPOSaad 2F RA&aaz20Ala2y NBYFAYyA dzy RSN
YFEAYGFIAyAy3a AyaSOea@Aide RdNAy3I //{ LNer2SOhaz e&Si
Ay@Saoedl i8S AG dzyRSNJ 2 @3S NE A YAK SYUSRO ORyWERS\3oa23/15ad2 YT KAS
BFNRFoftSa tA1S adzowO22tAy3dIT YR RAUGSNBY(d GKSN)If
YSOKIyAaYa 2F RAaA&a20Al o2y d

¢CKAA fAGSNY GdzNBE NBOASSE KIFa LINPDARSR | aK2NI 20€
KERNJIGS F2NXIFo2Y YR RA2A&a20Alo02Yy>Y 6A0GK Y2NB F2C
LN OS&aasSad ¢KS OKIFLIWGSN KAIKE AGKGSR RAGSNByY (G addzF
AYF2NXYIFo2y 6KAOK FNB NBfIFIGSRIYR 2Bt AagBRO0a2VSiK
Fo2dzi GKS JKERSD 0542BAM0K SEOf dAAGS AyiSNBad Ay [/
FYR (GKS yS3lI oaB8S  LINBRSYOSRMFISah KA yRdzOSad {22 o6& O
F02@S AYyF2NXNIloaz2y (KAA alaliSNQRa ¢KSara lAvya (2

1AYSoQaKeRMNI i16a8 F2NXI a2y YR RA&a&20Al a2y o0& SEI
F2N¥AYy3 YR RA&GA20Alay3a KERNIGSa G23ISGKSNI gAGK 0
G2 LINPOSaasSad ¢KS F2tft2Ay 3 OKLF LIES NINRAXSIR diNgS2 NiPKd
gl a F2tt26SR T2NJ GKS LidzN1J2aS 2 Al BREEALEBNEYST LS
O2Y0AYyla2y 6AGK /¢ AYF3IAYy3I RIEGE®



| KI LOMASSNIK2 R2f 23 @

.dZAf RAY 3 dzZLl2Yy GKS UyRAYy3a FTNRBY GKS fAGSNY GdzNBE NB
LINB A 2dzaf &, KNNRRENI OSSR =0 20 KA OKF LJGSNI FAYya G2 2dzift Ay
gl & dzZASR T2N) GKS Ay@Saoedleaz2y 2F (KS {AySaOa NB3AI
2F K&ORNI 0S4 AYAARS LIRNRdzA YSRAIF® CNRY GKS f AGSNI
2F dzy RSNEGI yRAY 3 Keé RNMi(S] So SEa yR R aNa ydaysR SINY RNB R ISINID
SELISNRAYSY Gt ALNE OREENER RKGI2ZINAY I 2F KERNIGS o0SKI ¢
YSRAdZY® Ly 2NRSN (2 | RRNBaa kP53 yAEK SELISYNRASESSY (14
ROl YyOSR AYIF3IAy3d (SOKyAljdzSaxr adzOK +a 02YLlziSR
YSGK2RR{2OASH yId NUAWSY 20a SN a2yad 2F KERNIGS RAA
GAGKAY LRNRdza YSRAI® ¢KS SELISNAYSydGEt LXIFy GKIG
2yS UESR IyR 2yS LERNIIFIoftS RS&E&AIYSR NEGREGOK F¢ 6!
a0 yySN®p ¢KS SELISNAYSydlt LINROSRdAINB& AYSR (2 4
RSLIX SGSR 31 a NBaASNW2ANES YI{Ay3 &dzNB a | OOdzNI (S
FYR ONRYS al (dzNJ o 2 v KO BIERARAA1Y28 SA VLRANRSIZEl Y2RNEIZY © |
LIN2 OS&aa 2F RIGIF | OljdA&dArsa2y FYR GKSANI Iyl feara |1
aF GdzN> a2y FyR LISNYSFoAfAGE FEGSNIa2yax Ay 2NRSNJI

AAAAA

020K ¥K® 22Nl R RAaA&a20Alea2y IINB IGSOGSR o6& dzaA
RAa&d20Aloy3d YSGiK2RaX YR RAGSNByid RS3INBSa 27F ad:
2O0SNIASSs 2F (KS SELSNAYSydlft &Sidzla %xa ikKRBaSyid
F LILI N} dza RS&aA3IYyS YIGSNRAFf&E YR LINRPOSRdA2NBaAD LYy
SyKIFIyO0S RIFGE ljdzZ €t Adeéex | NJS RAaOdzaaSR: fSIFIRAy3I (2
O2YLJziF a2yl f YSUiK2R& NP (K2NRdzZaKfté& RSaAaONAOSRO®

oM hOSNIASG 2F 9ELISNRAYSYyuUl I LILINER

DAGSY (KS O2M3RMNIELE 60 @RI OM2NJ AYAARS LR NRdzA YSRAI
RSLI SGSR #IME SNEO2YNIA D BN2E2R AayS0 SOE LIS NIWNSy 14 6 SNB 02
/| hgl & Oz2yaidlyidte AyaSOGSR Ayid2 GKS &FyRaiG2yS 021
GKS O02YLX Se2y 27T (M 2RE LASNMIA Sy (1685 NBs 2dzaG2RNIE ¢ KSe |
SEOSLIi FTNRBY (GKSANI O022fAy3 48ad8XKIBKAOERNREAKSNB O K
2yS AYLI SYSYGSR | OANDdz | G 2IND (0K &1 (6K lai ORS/NES AL SHRO
GKS O2NB K2f RSN ¢KSNXIf &doaYdZ a2y A& (GKS YSOGK2F
RA2420Al a2y o0& O2yiNRffAYWISIKRSYZNEHIISHK S dzNB § 8 MJ
RSaA3IySR | OO0O2NRAy3It e Ay @ARGNENER KA Ody RSIND 216 S K¢
gradzr t ATl a2y 2F KERN}IGS RAAGNAOdze2Yy S6AGKAY (G(KS L
RIFEGE GKFEG I NEBKSING IR ydBOFdRY T2WN) Wk ye LI N YSGSNE
1AYS@FQEHORNI 1S4 RddzZNAYy3I 620K GKS FT2NXlea2y YR GKS
GKS GSYLISNYGAINBT Fff 20KSNJ LI N}YYSGSNBR &dzOK

N oA v ~ ~ ~

|
al Gdz2N>y o2y 6KSNB UESR Ay 2NRSN) (2 S&dEDfide®S (§KSANI A

M p



aSiK2Rz2f 238

'a FtfNBFRe YSyoea2ySR Ay (KS LINBOJA2dza,KORNLIGSHE (K
AY&aARS LBR2NRdza& YSRAI A& | Y2NB O2YLX AOFGSR LINROSaA
GKSasS (g2 LINRPOSaasSa NP AybdzsSyOSR o6& Yd#Zf aLX S FI
L2 NRPdzda YSRAIF S &dzOK |a YAYSHR®D2ABY RBNRAAAYLRWNRI Y

Fa Ylye 2F GKSaS LI NY¥YSGSNER Aa LJQéé)\éfS RdzNA y 3
Y2NB | LILX AOFoftS (2 NBFIfAGEd a2NB aLISOAUOItfex O
NBEII NRAY3I iK Sy ENRSIiK2yI 2F KeRNJ (GSa a)\yé ikKS&as
O2yiNRfftSR SY@ANRYYSYy(G FT2NJ addzReAy3d GKSaS (AySac
¢tKS AY(iSaANIroez2y 2F O2YLIziSR G2Y23INILKe o6/ ¢0 Ay 0
AYLRNIFYG F2NKEYRNIAWGSR NRAYFNYI/sh2y YR RAa&a20Alaz2y L

YSRAdzY® / ¢ AYF3AAYy3I 20SNRBR | dzyAljdzS wWONBEISSOSBSt 2 ¢ &
Syl of Ay NBE&2 {KioRY G ayA2dS 204 SNl oaz2y GKNRddAK2dzi R
SELISWAEZE ! G(SOKyAljdzS tA1S GKA& Ftft26a F2NI 0N O

FNBlFa AyaAiARS (KS LR2NKERNDARBE &I YBE F2HKMSRD® (&S C
RAYSyairz2yltf AYF3ASa i RAUGSNBY(G aYS AyOdSNBFtaz / (
2y K@RN}IGS F2NXIlo2yY YR RA&ZA20Al o2y 6KAOK ¢2dzf |
SELISNAYSyYyGlFt LINROSRdANNBE P

/ 2YLIzG SR G2Y23aIN) LIKe& o6/ ¢0 all yyaNdR AcAS WA ALY F2ANEES
ONBI i SONR¥F& t A Yl IS@OI2yFy SNB 2Ry iadd deRIDS | Yy R | RS
GKFG NRGFEGS I NRPdzyR (KS YSI AadaABRE 26RBRBOGRA DS NB WaNR |
| DSNBFNRax fft GKS | OljdZANBR AYIlI 3Sa dzyRSNH2 LINROS
AY 2NRSN) (2 ORABRNYEFaRSYIAt ARIHEBE 2F (GKS AYyiSNyl!
OD2f RYI ¥ ag NBT B LISOA UOR RNIRESA D 2uA4DF YA FIA2Ft 1 25 a

RSGSNN¥AYla2y 2F (GKS Ke@RN}IGS F2NXIlIoa2y (GKNRdIzAK &l i
LIKFaS GNIXyarasz2y FNBY fAldZAR gFGSNJ G2 3IFa KeRNJI G
YR KeéRWNIKBt A\ aRMEISNBY i o6dzi 6SOl dzaS G(KS NBaz2fdm2y
AYaAaARS GKS LR2NB aLl 0SS 2F (KS O2NB Al A& RAVYOdA
2F O2RRAY IR YWYRAY X OF vy O2MNPIKE RSy 4A GBS YSiK2R2f 23AC
20ASNIAY3A | yRERNIGST pAVASs@as o6& 20SNAy3 @I f dz 6f
YEylF3SYSyid FyR aG2Nr3S SYOASyodeo

oMP 9 ELISNAYSY(Glf {SOsaz2YVy

oHPOM O ELISNAYSyYydlf al GSNAI f

obdOmPdPmM al GSNAI €

¢KSIF¥YR,Oeht AYRSNE GKIFIG 6SNB dzaSR RdzNAy3a GKA& SELIS
DPpdppd: YR dppdm: NBALISOs@dSted ¢KS& GSNB LINE JARS
dzZa SR F2NJ GKS YI1Ay3a 2F (i KEBNIONS yISYIRA3EId2e ZBNRDYT &1 KSS
CAAKSNI {OASyaUO0O® 55A2yAT SR RAdaaffSR g1 6SNJ g1 & dza

MC



aSiK2Rz2f 238

O2yRdzOG SR SELISNAYSy(iad ¢KS LRNRdzA YSRAdZY dzaSR ¥
6 pm ez lj dzl NI T 3 #uSdipRaa LI FNEE A yWARG Sixb s 20 KSNJ YAY SNI f &
CAJuzS ¢ KS O2NB L dz3a KIFIR RAYSyaazya 2F mt OY Ay
L2 NRdzA YSRAdzY A& OKFNYOGSNATSR & | KAIK LISNNYSI
M®p G2 HdPp 53 YyR LRNRaAGE 2 F2yi%HloNBI 24 RSbHip OF ANI 3
dGdzRASE 0S0lIdza8S 2F (GKSANI 1 (18NISH 402 gy KBS 1R
LINBLI N} o2y 2F (GKS O2NBa 06ST¥2NB GKS@& | NB dzaSRI N
SLREE& NB&aAYy Ay 2NRSNI 2 LINPOARS LINRP(GSOez2y f I &SNX

CAIpNE A OlGdzNBa 2F | . : & GKIG 618 dmSR R
&1 YLX S A& &adzNNEPdzy R 58 | a a

owpdm dH { SGdzLd R

L

SN g2 asShdz2ada dzaSR FT2N (KS
-ff& GKS alFyYS ITLINI FTNRY (KSANJI
Oa 2ya Ol O 8y sA RBKSD UBREG NI Y S& $ 3«

yu
YO ¢KS OAHEINSER A IDINBNBGLIRBERA RSt A &S 6 a OKS
2y

9SSy G(K2dzAK GKS
RS&A3Iy A& LINI Oe
GKNBS RAGSNS
2dzif SG &aS5S0e2
NELINBASY Gl o

[N O(

2T GKS Gg2 aSiadzuay



aSikKz2zR2f 2368

| Inlet Section

outlet Section

15t Core Section
10.5cm (dp,)

2nd Core Se.ction
6.5cm (dp,)

Vacuum Pump

2y
1
1
1
1
1
1

= |

N

ZINJOOH LI

=——4

CAIdINBDNI LIKAOIt NBLINBaSyiGleaz2zy 2F GKS SELSNAYSyGlFt LI NF Gd
dS0s2yayY +y AytSi aS0Oe2y adzZllX eiyad s GSNKLRAYBE (XKARdAKY KN
GKS YlLaa b2g O2yiNREftSNBR o6acC/ 0T | OSyiNrt aSOez2y GKIFG AyOt
SlidzA LILISR 6 AGK F2 dzlN thINDS S18KASNNSY 200\ dyL3f RodzQSINED 6 th Y R 63 | RXGSNB Y o I
Y2YAU2NBR 08 Lty |OldzAa508gyoaRTil PRy GVAREZIEKS o6 Ol LINBA A dz
LJzYLJZ FyR GKS SPdsSyi o

' Acquisition Box | i

a2 Tt T |

et L :

- L :

Heating/Cooling & 1 ! | H

Circulator ' ' i :

. if F: s

\E ermal Jacket i

e ———— T
CAIOUYNBDNI LIKAOI f NBLINB&ASY(Gla2y 2F (KS SELSNRAYSYGlFf | LILI NI G dz

a

o Cn O( o O~

Ol yy SN

¢tKS

aSidz) O2yan
Ay Of dzRSa
ANDdzE F G2NJ GKS

&8
i K

BJ. 2 Rl KiFKGS O AQ2RSYNSEO (125FR

(kS (X Sa Sval

S GKSNXNI ¢
vdzAil A E

OANDdzf I 12N 6 KAOK

A a

02

LXzYy NR Y6 ya dSdzF2yizy Ry @ A OKY

I Ol dABAVB®RY G & SDB 2%/2 &It HIRK RFKHMBURK SINY A R2A2019NE @ ¢

LINK & & dzNB 3|
SPpdSyi o

[Ladtes

dzZ3S&8 65t mMI 5tHO0® ¢KS 2dzif Si

GKS O2NB K2f RSNJ A a

My

2

T

L2aAs2y SR



aSiK2Rz2f 238

¢tKS AyftSiG aSOe2y Ay@2ft @Sa GKS.Ib dANRIY SIEKRhg I NB NB Yy
G23SGKSN) g AGK (GKS LizvyLla GKIG Fft26 GKSANI AyaSOe
d24a0SY (KS +AyRdzY LidzYLCAAZsizNERS SRS MBI &1 KBK 3) E\Sd2A TaiSHI di
F2N) GKS LENIOWIRE S 241\KS LddzylLla O2yaradiSR 2F (62 LAAl
LIdzEFENS S YR KA IK LINB OAd WRY, I/ LHKHINIEK® &4 dzMB T2INA §(XISa &b
O2yGNRffSNI F2NJ SIFOK 2yS A& SYLX28SR Ay 2NRSNI G2
¢tKS OSYyiN}rtf aSOes2y O2yairaita 2F GKS O2NB K2f RSNJ |
G2 AG O6LINBaadaNBE aSyaz2zNB YR GKSNXY202dzL Sa0d a2 NF
G2 OFLIdz2NBE (GKS LINB&adz2NB OKY yHEE it SIKS AgdGY ZI #l
2dz0f SO YR G GKS 2dzif S 2F GKS O2NB K2f RSN¥®» ! R
G2 O LXidzNB Y2NB LINBOAaSteée lyeé LINBaadsaNBE RAUGSNBYyOS
KFE@S a |o/2dgyyRIANB I NS f 20l a2y 6KSNB (GKS (GKANR LN
G§KS GSYLISNF GdzNE NBO2NRAy3Iaxr G2 GKSNN2O02dzL) Sa | |
G GKS 2dzif SG 2F GKS O2NBod® hy (KS SBHESRISEL dRINI (
0Dw! aX . A2/ 2YLI OG LL wmnO GKIG A&ARHRBIZhYWa AGOKESS T
L2 NI FoftS aShdzd 6§KS O2NB K2f RSNJ A& &dz2NNRdzy RSR o8
G2 GKS OANDdz I G2NJ 6! ! 51 tNRBfAYS wtynp0v SKAOK A
O2NB o0& OANDdzZ Fay3d GKS @2 2MAEMITZNGS RAydzY 21T plY nédpi SN
[FadGfesr GKS 2dzif SG a SeCe22EtASy GfadzRi2a ORK/S/ S20dil (KIS @I
gAGK GKS 06101 LINBaadaNBed Ly 2NRSNI (2 O2y@mNRf GKS
LINBaadzNBE NB3IdzZA 62N Aad dzaSR 6KAOK Aa NBFSNNBR (2
2dzif SO2NB KRS RSNE | yRORGOGAYRSNREAZAEBRIBAYKIKSD SEL
bon O0FNLP® ¢KS @If@dS 02yySOay3d GKS o6 O1 LINBaadzNB
f Ay S Ri&IdiL) Sly2 G8KjSIZAILBLASRNDRSEia St Ay 6 KA OK (KS SbdzS)

C2NJ GKS LRNIIFIofS SELSNAMSYW (R & GTHgXBISIR ERBO!I f
aLISOAUOFtEte GKS {ASYSya {2Yl (2Y nSa2dS2 yI yA YA yI& iy
OF LI oAftAaSad Lia O2NB IRGlIyidlr3aSa IINB (GKS Fft26l
gAGK2dzG FEGSNRAY3I AG 2N REINHTERY ITANI F eI KLINE & 1S yNE
I OljdzA aAe2y 2F RIGIET &AyOS Al OFy ljdadOlfe OF LdzN
LIN2 OS&dasSazr YRAMGRS2RISHUIIAVEBRSONBEAG Fff26 FT2NJ LJ
AYGSNYFEa RFOMKSA I0O2INS ddzAS/R F2NJ 0KS O2YLlzil a2y 27
RAdZNA Y3 GKS LINRPOS&aasSa 27 ,.K2RNIBR2Y I g/IRA KA akaa2 OAQ KRS
at A0S (KAOlYySaa 2F ndc YY F2N SOSNES a0 kS Ni2BAA K
RAYSyaArzya sKAOK NBadzZ Ga qayl & G208t aK$ 8o 23 nlou0
YI' FTyYyR | @2t4GFr3S 2F wmnn 1+ A4 dzASRO®

Q



aSikKz2zR2f 2368

CAIyWwNB A Ol dzNB 27

iKS

LRNIF6fS SELISNARYSyGLEt &S

CAddgeNE A Ol dzNB &
6Rt0U® bSEG G2
K2f RSNV &R ROSR

Ys 2%

2
|
NBE FNAISNI G2 NI

G§KS LJ NI a
LIAOGdzNBE 2F GKS 02 NB

[Fadtes

0K G

2y GKS

dzLJ 6/ ¢

02y aA
LIX I O
0292

< O ax

H N

l.:.l
R

4 S 4 dzLao

R Oy
¢
o O e

K
Y & A
IK

u
A
NJA



aSiK2Rz2f 238

oMbdH O9ELISNAYSYGlIf t NBOSRdIz2NB

¢KS SELISNAYSY(dlt LINPOSRINBE (Kl 4KAaRRSAZAYLRAKRS
L2 NRdzi YSRAI dzy RSNJ O2y(iNRft SR O2yRAo2yad ! LI NI T

4 LINB&aadz2NBEZ LR2NRdzA YSRAdZYEZ OoNRYS alfAyArdexz Iy'
2NRSNJ 12 20aSNBS GKSG@G(‘SFOSJ BAFNNISarad 35 NI yiRIZNEBA 25/2 ORI
SELISNAYSY(l F2tt26SR + &GNHZOGdINBR &S1jdzSy 0S8 (2 Sy
G§SYLISNI GdzZNB OKI2n3a Sl WFQNUKJS(SR)\TGE&\IZ(G))@IGZY RAGSNBR | ¢
AGB®WAISL) 2dzit AyS 2F GKS SELISNAYSydlt LINRPOS&aa Aa |
.SFT2NB GKS o0S3aAyyAy3da 2F SIOK SELISNAYSyd | ydzyo S
NERdzOS (GKS NR&|l 2F SyO2dzyiSNAy3 Fye LIaaroftsS Aa
GKS ONRYS a2ftdzm2y omMolE: bl/ 0 &I R iz FOASE AINBAS RNEBIF
RAGSNByYoal f LINBaadza2NB 3l dz3S& 6 RtIAWR KdfRSH 20 & SNEORSDY
G0N} LIIJSR I &P LY FRRAa2y>X G(GKS LINB&aadz2NB FyR GSYLISN
FYR GKS ol O1 LINSBBLESMINBSRSYONI yS Aa

I DSNJ GKI G2 | £SF1 GS&ad s+ a LISNF2NYBSRBESY ! ¥RR 8 Kdz 2
GKS LINBaadaNB AyaARS (KS O2NB ¢g2dzZ R NBYlIAYy aidGlofs$S
GKS £SI] GSadx 3Ara LISNYVSiaAGKELIBRME8EOANEGBISKNF 2
4G RNEB O2yYyRAaz2yd

| DSNJ O2y UNKNEyaeakEY Aa €SI FNBS IyR (KS LINB4&adz
4dz6 2SOGSR G2 | /¢ &OI yA & (b 2N@A2yY3 (GUSKYNRSAXA: it ENGSA MoyKRA f 6S
GKNRdAK AlG Ay 2NRSNI G2 SEIFIYAYS (KS /¢ AyiaSyarde

990SY Y2NBIZ GKS GSYLISNI dzNB SuSOG.62ya ALANF arsyiiiS ypa Al
I f&d2 SEFYAYSR o0& adzo2S0eay3d G(GKS RNE O2NB |G O NR?
2T GKS GSYLISNYGdzZNBE adSLla GKFIG ¢2df R 6S F2ff26SR

¢tKSy GKS LINR2OSa 2F GKS O2NB al Gdz2Nyes2y A& F2ff 2
idKS SELJSNJ\YSyué gAGK (1,08 yIeSIAd 2/F (1S OWRAMR AjadRy & MISY
d2fdze2y 6A0GK aLISOAUO b2 mFNSIBRYR oA 52k fIAKSIZAAR aR1dSe:
YySSRa (2 0SS RAAGNAROdzISR dzyA¥T2NXf & | ah Li@2KGar20yf S (|
LINPOS&aa ftlFada | TS 2RISR GRYWR G ¥ 2 ¥ DENS &1 KB2 16 NA Y
A02LIISRD WCAWKS f@NMRA WEKSAA RAAGNAOdzZISR dzy AF2NXNE &x
AyaSOez2y tAYS KIFEIR (2 068 NBGINIOGSRO®

l DSNJ 6KS SyR 2F GKS al ddzaN} a2y LJNEOSéé GKS O22f
0§KS LINB 8 ¥ HARBICi0dzNBK [16&tS RAIFINI Y Ay aLISOAUO oNRYS a
2NJ NBFNRISNIG2NI 2 (KS RBRAIANBR GEYLR ‘ﬁmulzﬁﬁ & 8 NL
NBEIFI OKSR ¢6AGK GKNBS RAGSNBY(l YSGK2Ra (KNPdAzAK?2 dzi
Ad20KSNXYIFEf 6KSNB GKS GSYLISNF GdzZNB A a RééNSI-ééﬁ R A
RSONBIFaSR Ay i kSdzy®DISWS 24y (aSiNgabat 6 AFGyKR G KS NI
GSYLISNI GdzNB A& RSONBIaAaSRY &KDKP | & 2@ 2N % GGAKYS (i
GKS &aeaidisSy Aa NBIOKSR (2 (KS RSaANBR {SYLISNI {da
022t Ay3 YSKKWZRDa2KS LINRG202t Aa AAaf AYESOI SRAIZNWVY2
aedaidsSyYy A0GK I aiGdSIFIRe Db2gNIGS 2F p IKKD Ly Aaz2iK:

>
Q)¢



aSiK2Rz2f 238

GKS O022ftAy3 2F (KS aeaidSy O2yeydzSa dzyef KeRNJ GS:
Ffft20FrGSR FT2NJ SFOK aGSL) G2 NBFOK adaSIFrRe aidlrasS A
YFEAYdzZY INRPGGK A& | OKASOSR | 6 LINEKSa EVR REFI &K K |IC
allraSuiyeB®orly Aad O2yoeaydzSR YR 1SLI O2yaidlyido

| DSNJ NBIF OKAy3 adSFRe &KBIRING (RSES &l Al diNg S 2W1SE AKAY R/Ah
S3aIAya o0& AYONBlFaAy3a GKS GSYLISNYGdNB 2F (KS aea
I NBSG @1 tdzS Ay Aaz2i0KSNXYIE FyR O2yail yi Kél-aya 0
KS alSLIYBEK2R g KA S,AQRYS0pdAyY HzylekS /KNS Sy R 2F (K
SYR 2F | K@RNI}IGS FT2N¥Xlo2y YR RA&Aa20Alo2Yy Oé()ts
F LILINRPEAYF GSteynyn ﬁg(RaY[ijﬁJSNJﬁdzNB F2NJ Y2NB (KL
KERN}GS RA&&A20AlLoa2yd | 8RNIGS F2NX¥lo2y YR RA&A&Z
OFrasSasx yz20 2yfteée (2 Ay@SasdalasS GKS AYLIOG 2F 61+04S
GKSLISIY GFoAafAlGe 2F GKS GSad

N Cn O

Q)¢
Q¢
No
O
>
(¢}]
N
<,
No
-+
A
D
Py}
Z
[

u
K2g GKS LRNRdza YSRAdzY 61 & | 0SOGSR o6& G(KS SEL
RA&a420Al a2y ®d 5dz2NAYy3I (GKAE &0l B6KIKBAYENBvMAKRR ari
Ly 2NRSNJ (42 | OKASOS O2YLX SGS ONRYS &l GdzNye2y s
dzaAy3 | @ OdzdzY LidzY LI®

a
I DSNJ GKS O2YLX SGS fl1ad RA
gl a | S00SK

9@SyildzZ fttes FDSNI Ittt GKS | F2NBYSyoa2ySR LINE OSRdzN.
Fff26Ay3 aasSLia INB GF1Sy Ay 2NRSNI F2NJ AG o6S 0O2)
G2 0SS O02YLX SGiSteé& RSLINBaadzNRI IBKRS NJ ydRA (KK Sl KOSNAG2SNBA 2
Ot SIFYSR FTNBY Fye NBYIFIAYAYy3d oONARYS o0& AyaSOeay3a (L
& YdzOK | & L2 Myﬁdzs oz )\q/SB'-FSZO\hB/EIuRbS O2NB Aa G118
O2YLX SasSte Iy NEIFRe& (2 0S NBdzi

;U‘ g_)(

owbdo [/ KIffSy3aSa 9yO2dzy i SNBER

9SSy (K2dzAK (GKS SELISNAYSYy(l f LINEOSROABHLISE al 2 &It
AYLI OGSR GKS | OOdzNYy Oe FyR O2yaraiSyde 2F GKS aic
aSOSNIt oaYSa sl a GKS FTNBSTAy3a 2NIof201Ay3 2F GKS
GKNRJZAK® ¢KA&A Aaadzg oKS QESEMﬁﬁﬁdwlbﬁbéMaS Yl yeé
AYaARS (GKS NBFNAISNIG2NI FyR (GKS t2¢ GSYLISNI GdzNB
GKAOK YlIe& KIg@gS yzﬁéﬁ&éyémﬁﬁﬂlﬁﬂﬁéiﬁdm@BOIMas of
F2NX¥Ilo2yd ¢KS&aS o0t201F38a AyaiRS (KS fAySa RAR
GSYLISNY GdzNBE NBO2NRAYy3I& YR Ay adzOK Ol asSa GKS SEL
ly20KSNJ aA3yAUOlyd LINRGEfSY gla GKS FoAatAade G2 YI
GKS SyoNB aLly 2F SIHOK SELISNAYSy(d YFAyteée oSOl dza S
O2yRAa2ydb2Miyld /ORryaiGlydGte FyR Ffa2 o0SOFdzasS 2F
G KAOK OFdzaSR I F¥S¢ oaYSa a2YS avlitf GSYLISNI GdzNB A
2NJ 6SOldzasS 2F  YSYONlyS a¢SttAaya 2008 S® KyaiRr
SO0 020K GKSNLINPRE BNBSHNRY ¢y & RdZORB & &4 dzNB Y S & dzNB Y



aSiK2Rz2f 238

o aSUK2R2t23A0IFf ! R2dzaGYSyla
¢CKNRdAK2dzi GKS O2dzNBRS 2F G(KS SELISNRAYSyiGlEt 62N
FR2dzadYSyda ¢6SNB YIRS G2 AYLINRGS RFEGF | OOdzNY Oex

GKS (1AYSEORNRGFS / A2 NI o 3tyA { By RENIRNBR2YNID2 ACNKS | R2 dz
F20dzaSR 2y Y2RAUOlIe2ya YIRS NBIFINRAY3I GKS SELIS
OKIFIy3aSa Ay (GUKS YSikK2R 27 TZNN)\)/EI FYR RA&Aa20ALl ay
R2GKSNXYIf YSUK2R 2F 022 tlAlySH A & KROONERO NiRKoSS Ri STY2L58 N 201
NERdzOSR (2 GKS GFNBSG GSYLISNI GdzZNB | O02NRAy 3 (2
SEIFYAYSR® Ly (KS UNBG GKNBS SELISNAYSyida GdKA&a YS
RSANBSa 27O 2AFMI T dein GKS YSGK2R 2F F2N¥YAy3
NBad 2F GKS SELISNAYSyida Ay 2NRSNI (2 SEIFIYAYyS K2,
1AYySeaQkKeR®NI (a0

¢FLoMSE¢KS F2ff26Ay3 (FoftS adzYYFNRT S&a Fff (GKS SELSNAYSyiGlt O
G2N)] 2F GKA&A alidzRed az2NB alLISOAUOFffer GKS 022t Ay3akKSlFeay3d Y
2F SOSNE SELBMNArStydisd NE f A&

Cooling  Cooling Steps| Heating  Heating Steps

S{pEiwEl Method Interval Method Interval SueEEelinfE]
. . Direct Step o
First Experiment Cooling Heating 1.5°C 6

. . Direct Step o
Third Experiment Cooling Heating 1.5°C 10

Fifth Experiment Step
First Cycle Cooling

Step

(o
2°C Heating

2°C 4.5

Sixth Experiment Ramp
First Cycle Cooling

Ramp

[o]
0.1°C/h Heating

0.1°C/h 4.5

osbdmM O9ELISNAYSyida m YyR H

Ly FFOGZI RdNAy3a GKS UNARG SELISNA¥SHEG adfoD2rRE RNIFTDLSE
YR GKS YSGK2R ¢l a G(G(KS RANBOI ézzf)\ya 2¥ GKS O
I DSNBIF NR&A GKS aGSL) KSlFeay3a YSGK2R ¢l a F2iAfy2gSRZ
atsSLa sAilK Iyzxyq/smrzﬁlnsyzﬂmmmz REWB @NBE & O& ELIHSIG S

RA28420Ala2yd C2NJ 1KS aS02yR SELISNAYSYy(d (GKS LIX Iy

20 Bn adzoO22t Ay30z Ay 2NRSNJ (42 &4SS GKS SuSot 27
Aaaz2O0Al o2 yifteSiikkeSR a3EMD LINR OSRAzNBE 61 a F2f

<

(

<

PUAREE



(bar)

Pressur e

N
o

w
&)

w
o

25

20

15

10

aSiK2Rz2f 238

KSIFoy3d $AGKIBMNPE{ 003y TRINBV MR B PRARNBROG2 & BSas8 SE
6SNBE O2yRdzOGSR dzy RSNJ 1KS UESR aS8SGdzdz IyR GKS R
LIN2 OS&aa ¢l a I-AYSR G2 0SS I NRPdzyR Hn K2dz2NAX odzi GKSE
Y2NB G(GKIFy GKFG oSOl dzadSEBSENe® 65861 §RB D22t Ay Iy
020K SELJSNJ\Yéyuéz 0 KF G CANERIZNESS &wOINIA 6 SR> | NB LINB &Sy
................ B
................. 9y R 2F {GSLI
""" I SFdAy3
— 1wt%NaCl| -e---ee- CO2 Condesnse Line
-15 -10 -5 0 5 10 15 20

Temperature (eC)

CA IdaNBt NBaadz2NB | yR ¢SYLSMI kS KIFRING § SR AT P@JM:@;EJ%RMQ@/S”;F? RS
fAYSMRIGIKISRIO YR (GKS SljdzAf ANARdzY ftAYyS GKIG O2NNBALRYRA 02
FNNRBga AYRAOIGS 0 KS2GELYSNANG SiydiaNISs KASINSLBEE 207K S KRS MK SR NNR 6& A Y

2F HRBELBNAYSYlG®

o8PdH 9 ELISNAYSY(H o

C2NJ 6KS GKANR SELISNAYSy(G GKS RANBOG O022tAy3 YSGK
0 SYLISNI (dzNB o#/KAGM i O2124 Ay3v: I KAIKSNI RSANBS 2
LISNF2NXSR dzy RSNJ §KS YSRAOIFIE /¢ a0l ViySaN®iIg8ESYI KSI
SFOK aitsLl ;al & dzZaSR F2NJ KERNJ} (S ReGaAEKRB | oRly WKS d
RdzN} a2y 2F GKS adSLla ¢l & RAGSNBylGd a2NB aLISOAUOI

aYSa gAUGKAY | RIFeéd . lFaArAolfftes 2y0S GKS GSYLISNI G4
G2 GKS ySEG adSLe ¢K& 20/y3- SENJ 800S0 d2aTS  SItKCGK gRING Atyl3a
GSNB 20SNJ I yR (iKdzda G(GKS ySEG GSYLISNI (dzNB OKI y3asS ¢
lo2dzi GKS /¢ a() Fya GKIFIG 6SNB (F 1Sy RdNAy3a GKA& S

|-ﬁdzNJ-ezqm288f RSB 6SNB (F 1Sy RdNAy3 GKS LINROSaa
Oy sl a GI] Fd GKS SyR 2F SIOK RA&Za20Aloa2y &0

-

(j))
K

QX



N
o

(bar)

w
o

25

20

Pressure

15

10

aSiK2Rz2f 238

o

ot
.
.
.

o

.
.
.o
.
.
.e*
.o
.e*
oot
oot
.e*
.ot
.
ee®
.e”
oo

— 1wt%NacCl

?

9yR 27F
I SFGAy3

{GsL

.........

CO2 Condesnse Line

s

-10

MBt NB & & dzNB
RE AfK-SER0
Ol G Sa

Iy R

by R

¢ SYLIS NI N KIIRING §I SR AIGE MIAYLAZER B 2y
G§KS SljdzA £ A 6 NA dzY
GKS 022t Ay3

0

5
Temperatur e

A0S 6KAES

tAyS
iKS

10
(eC)

15 20

O2 NNB & L2
F NNB ga aKk

aKF G
NB R

N < B

R A

ogbd o

9ELISNR YSy

I'I

gl a

S

dz

¢KS F2dzNIK SELISNAYSy

02y RdzO{

<

gl
27

a

G2
KeRN}(Sao

Ay@dSaes3lds

Ly

KA &

GKS AYLI O

R
2F I RAGS
SELISNRESYyRGUREKSYS&Rrd

gl a

I LILIX A SR

Ay I

[

GSYLISNI GdzNE 2 7F

iKS

LINB O A 2 dza
aeaidSyYy A&

SELISNAYSyiGax

NBERdzZOSR Ay

[N T

atlSLae a

% ® ¢KS AyAolf {2HI58 (6105 Vil NNF dABR N 22 N#kd OK2 A y:

AAYOS YBKBS nl YR MF

SELISNAYSyGaod

g At ofS OBy 28SG@lz/ 6KS AyRal @

TNRY
0 KeéRN}iGSa

¢KS

adzo 022t Ay 3

agausy ot a

0 K dza

by R
i KS

02

GKS KeRN}GS F2N¥IWad2y diizy $

F2NXSR ¥

G4 SYLISNI GdzNB a

aalr e

u
K

b

]
SI OK

iKS

SNB
TR

i & WILIS NI @ dNB 4 Id:
FRISS Iy (RIZNEF @ik S
SNB G caNB T @NIINESING

G S

R2oy ol NRamii s HEY OR

LINBa 3 dzZNBE RNRLI | yR

b

GKIF G

G4 SYLISNI (dzNB o

90SY Y2NB:

iKS

/¢

AYlI3Sa

z

0

27

I DS

AA3YAUOL v

AYONBF &8

(KS O2NBQa al (dKBo2y

RA2a20Al a2y

LINE OSaa

0KS YSGK2R dzaSR ¢l a

iKS

al Y¢

KSFreay3d YSiK2R® ¢KS

0 SY LIS NP/ (izdzNS52  AR/AGESANZZD A ed2ayS Ra {1 3N

YR AYLX SYSIgeS R (pK Sa (ISL¥LISONG Fi2dxNSS F22TA2yvBn KRR SISOV & & NJa 2

KT

R

02

CA JdaNEB!

oS

iKS

a0y

alYS Ay 2NRSNJ F2NJ SF&E&ASNI O2YLI NA &
gla Gr1Sy i GKS SyR 2F SIFOK adsSLl

HpP



(bar)

Pressur e

B
o

w
()]

w
o

25

20

15

10

aSiK2Rz2f 238

a4 aYS | LSN¥YSFIoAfAlGe GSad o1 a
-y 0S dzaASR FT2NJ GKS OFf OdAf a2y 2

A 4

— 1wt%NaC| ceceeeeee CO2 Condesnse Line

-10 -5 0 5 10 15 20
Temperature (eC)

Jd2MBt NBaaddzZNB ' yR ¢SYLISMI #ddS KIIRING § SRAKINMIALAZRERRERPYSR A A RS
)/ST‘RdGafKISCR“[U FYR GKS SljdzAt AoNARdzY tAYyS GKIFIG O2NNBaLRyYyRa (G2 1
RAOFGS GKS 022fAy3 aGSLBAY oKAES GKS NBR INNBRga akKz2g (KS

ogbdn 9ELISNAYSYH p

¢KS UDK2 DR NBELISNAYSYi( ¢ am@2 wRdzO KSR Lifz) 'S NO2 INK §i K/A ¢

gl a

g A

G2 NBIOK GKS alyS f2¢Said GSYLISNI GdNEB |a GKS
UK GKS YSUK2R 2F NBRAZOAY3I GKS GSYLISNI Gdz2NBE Ay

aYS G(KS AYyGSNDIE & &iH NH G FYIRY NEH SpoRyEKAEZ2 H O
aYS (KS AyAalf GSYLISNIGdINBE 648 KAIKSNI 0SSOI dzasS Gf
2dzYLJ AY ONAYS &l (GdzNY o2y |f2y3a gAGK RNBLI Ay LISNIE
020S GKS O2NNBaLRYRAYy3I SljdKe RBENA 82y T8 BYLSAY ( &N

RA
T2

3a2fde2y® a2NB @25 GEDFMISE sA To S KB YLI2SNR dza Y S RA ¢
NYIFoa2yd ! ta2s GKSNB sla I ySSR 2F 80l tda i8S (K

RNAGAY3I F2NOS0O Ay KE@RNIGSE F2NXIo2YykRAA&20A a2y d
OK I YEIéSRa‘ﬁSKAIfaQ AU W RWNRSNWDIHI2Z 2B SH 6KS SiSoi

7

ae
Keé
RA

GKIy 0S¥2NB Ay RA4a20Ate2yd® C2NJ SFaASN) O2YL} NR&

SY RARBOHYR (irSy/dgza ¥ i SNIIKGIAK FI2aNY i KBG RA&&2 O0A
JiSad ¢KS RdzN} a2y 2F GKS UNRG Gé62 &0GSLIA RdzNJ
NEByided Ly FIFOGT GKS UNRG O22tAy3 adsSLl tl adasSR

v g¢ Qx
U)>Z S



(bar)

w
o

Pressur e

N
o

w
)]

25

20

15

10

aSiK2Rz2f 238

Ay 2NRSNJ (2 YIS adaNB GKIG GKSNB A& y2 Llaaio
GSYLISNI GdzNB KAIKSNI GKIy GKS SljdzAt A0 NRdzy GSYLISNI @
G§Saia 6SNB LISNF2NN¥SR i (KS O0SANYNAFA2 ONIRe 2yi &K
F Ol dZANBE Y2NB AYTF2NXlo2y 2y (GKS KeRNI}IGS TF2N¥I o2
SELISNAYSY:d I &aS02yR 0edf$S s6la faz LISNF2ZNYSRI Rc
2NRSNJ (2 NBRdzOS (KSR AR MFNI2INRNBNJ (12 MY Keé RNJI
RA&Za20Ala2y YSGK2R g1 a LISNF2NYSR 2 AAY{SHNREt OMA G 2
Oe Ot Sa I NBA A¢KB dRSR A Y

ot
.
o
.

....... {Gr NI 2F {650
........ 122t Ay 3
.......... v
___________ OYyR 23V (O i ey e — —— e ———
---------- I 22fXKy3
.............. 9YyRT {GSLI
...... I SFHidAy3

— 1wt%NaC| ececeeee CO2 Condesnse Line

-15 -10 -5 0 5 10 15 20
Temperature (eC)

CA JddaNBt NBaadzNE | yR ¢SYLIS M kS KIIRING § SREIGINIALAZERERYSR Aa RS
fAYS REIGBIKISRY YR GKS SlidAfAoONAdZY fAYyS GKIFG O2NNBaLlzyRa G2
FNNRPga akKz2¢g (GKS GSYLISNI GdzNBE adsSLia 2F GKS UNBRG Oedft Sz 4KATS
Oe O0f So
osbdp 9ELISNRYSYlH c
CAylLftfeés GKS f1F&ad I'yR AAEGK SELSNAYSy(d ¢l a |faz
F2NJ GKA& SELISNAYSYy(d ¢l a G2 NBFOR I FHAIYK (K SR Aall SINS
YSGK2R 0KA& aYS® ¢KS YSGUK2R ¢l a 0KS NIYLI O022f Ay =
a2ailSY GAGR KK NGIHIBA V2F hadm  adl Nby 3 dLIXAKABR RS SNSY
YSGK2R A& SEIFYAYSR 06S0FdaS 6AGK (KAA OSNB &Yl ff
Ad S@OSy aYlHT {BEMS XKk FLIGE? 2t Ry3 LINRPOSaad ¢KMéZ 0 KS
AYFEEfSNI RNAGAYT F2NOS 2N 4dzo6 022t Ay3a OFy iSOG o
l62dzi GKS RAaA&20Ala2Yy LINROSaA QﬂKﬁuaP\a'SlN.l_JﬂﬁéiQ FAY
G2 4SS K2¢ UGUKS LINRPOS&da 2F RA&A&a2O0Al a2y A& |0SOGSH



aSiK2Rz2f 238

YI 3AABS RA&A&A20Al a2y 2F Ke@RNIGSa 200dzN3d C2NJ 02 YLJ
O22tAy3 0&0tS: RddINAYy3I 6KAOK (GKS Aa20KSNX¥IFf YS(iK?
G2 GKS alyYS (BTWLISKISYdNEBS2 WSHERER 2F RAAA20AlIa2y A
2F GKAA SEYIRKAKRSYybydoomy 2NRSNI (2 20aSNWBS +ye
ﬁe)\aazoxlazy LINEOS&da o6KAES KIFE@Ay3d F2NN¥SR KeéRNJI G
- i RNX FRWH T RNIIS y @D uSK@S)éSOE yR 0e0f Sz I DSN
GSYLISNI GdzZNBE NBYIFIAYSR GKS alryYyS F2NJ n RIFeéa Ay 2N
F2NX¥IFo2y YR 3INRGGK LJNEOSéé 0ST2NB &Gl Nby3 R)\
SR YSy iz GKS a0lya yR GKS LISNXYSIoAtAaGe (Sai

Y
>
[t}
w
» Z
o
<
N

GKS aS02yR 0e0fSx YdzZ oL S alOlya I RF& &adl Nby3 '-F
YR (GKSYy NBRdAZOAYy3 (KAA ydY@SM EDlo/aa Oliy ai KISS W Rl &
G§KS RA&&20Al a2y LJNBOSééZ AY 2NRSNJ (2 206&aSNIBS 06S¢
RA&da20Ala2y LINROS&a (6AO0S I RFe I ao0Oly (23S0HKSNJ

o 5F0F t NRPOS&aaAy3aI yR [ IfOdzZ | a2y
omddmM t NBaadz2NE YR ¢SYLISNF GdzNBE 51 OF
¢KS LINB&aaddz2NB yR GSYLISNIGAINBE 6SNB Y2yAili2NBR O2y

GKS KSfL)I 2F GKS F2dzNJ LINBaadz2NB (N} yaRdzZOSNERI (KS F
L2aAo2ySR f2y3 (KS O2NB K2{RSINgY It BESdzRAGENBEY o f o

Ffft26Ay3 F2NINBEAIofS RSGSOaz2y 2? avylLtf OKIy3aSad
dza SFdzf LI NbOdzZ NI @ Rdz2NAy3 GKS 3JI LISNXYSIFoAf AdR

LISNYSIF oAt AlGe 0OKNBYAS 33 (RdANRREY I2 TR Al Ké SELISNAYSyGa I &
4dz0aS002y®d® ! RRAs2Yy Il ffeéx @Al GKS LINB&aadaNB | yR ¢
GSYLISNI GdZNE @SNEdzA oYS YR RAYSyaAirzyf Saa YS 08

3SySR} {12 @AradatAl S (GKS ReéeylrYAOa 2F KEeRNIGS F2N

ARSYaUOI o02WB2FIRKBRNNGBESAdzNSE 0dzA f RdzLJAZ LINBa adz2NE RN

omdPH t SNXYSFoAfAGE /I fOdd a2y

¢CKS LISNXYSIFoAfAGE 2F GKS O2NB &l YLX S&a ¢4l a YSI &adz2NB
2F FR2NIBHM2N ONAYS:E RSLISYRAYy3a 2y GKS adr3asS 2F (K¢

gl & LISNF2NN¥SRo® ! ff LISN¥SIoAtAlGe GSaia Ayg2f @SR
N} S IyR (KS NBO2NRAY3I 2F (GKS OADRNRSRRZ WREYI (i KK
RAGSNBYoalf LINBaadz2NBE 3l dz3Sa O0Rto0d az2NB aLISOAUO!N ¢
200dzNNA Yy 3 Ay Fi K SUNERNSE $AdXy mndp OY fSyaiKz gKSH
RAGSNBYOS i GKS aSO2yR aS0Oes2y 2F (KS O02NB 6AlK
6YO GKAETS ONARYS Ad LINBASY (o [AFaT § 30 Kiiybdrly SORNBA ANINJ (yKaSS Ro
FOO0O2NRAY3 (2 9ljdzt a2y mY

oo, wd

g UT T



aSiK2Rz2f 238

GKSNBZ |j oYokas Aa (KSi D@2 yNIfG SIENGt @ &1 S Qs
LINS&adzNBE RAGSNBYOS f2y3 HAESH iOR26NBA & SiyEAS KO REO@D RN
GKFG Nizya GKNRdAzZAK -8 KSiQENBPRYA IIKNGAEYRERRS (6 KS LIS
Ad RSUSNXNAYSR | GKS af 2L 2F GKS tAYySFEN GNBYR
LISNYSFoAfAGe 0 G4 6SNB LIONFSNMEKRE Ay AYNBYIENE
KFR G2 0SS dzaSR 2NJ 0 KS RSUOSNXYAYlLo2y 2F LISNNYSIOACT
)
0

0 0 p v

A Ao oA oA

GKSNBWH5® Aad GKS LI NByid 2N StiS0o00®2 NEBRUSEBRACL A
LISNYSIoBfA@eEKS Wt Ayl SWWININBOARY KBy Iy S WR SIRNS  LJI
St Ltz an@2VOAYAYI Sldzrea2yad m FYR H GKS YfAyYy(Sy
5FNOe [+F¢ LINPGARAY3I (GKS F2ft26Ay3 SldzZ a2yY

Ao b o

5 P37 i} ¢

¢ KBf AYy1SyoSNHMAAZ2 REGSINYWRYSR gAGK (GKS KSELI 2F | :
LISNYSIFoAfAGe Aada LI 29SR AL AYDENI BENAFAHANES a2 FISHI
6Sada G RAUGSNBY kB & &RENB OAWRBA NI WHBIAINBaaArAzy Aa
NBadzZ ay3d fAySoD2 N@QBaqusRayu8N$£N£Y9w95ﬁsw¢®|0ﬂ\lﬂzsfa
aftAL) FILOG2NI 6 A& SEGNY OGSRO

obdo /¢ AYI3IAS ylfeéara

¢KS RIGF FOljdZANBR FNRBY (GKS YSRAOFT /¢ &O0OFYyySN A
aGlr3sSa 2F SIFOK SELISNAYSYy(d FyR GKSAN) dza8S 4l a @K
aF GdzNY a2y s yIYSte al Gdz2NF a2y OKIGyK3S 53 21 DR NBNRGKE FSia |
dzZaSR FT2NJ GKS tylrteara 2F GKS /¢ AYFr3aSa ¢6Fa LYI3
GKSANI O2f 2NJolftyOS 4Fa R2dZAGSR Ay 2NRSNJ F2NJ Y2
R2yS AyAslffte |dz iKE oLON@RSAGS ROAWLIINGKY IOA & dz £ € &
RAGSNBYyOSa 06SiG6S8SSy (KSYXI IyR adzoaSljdsSyidte ljdz yali
YStyYy 1 2dzyaUStR dzyAida 2F SIFEOK AYIF3S f2y3 GKS 02
' Y2dzy G N2 ® 2%l AgzaARS (GKS O2NB®

¢KS &l ddz2Ny a2y AYAARS (G(KS O2NB Aa SasaYlI{i®R o0& 20
yazr (G23SGKSNJI gAGK GKS aoly

Al 0 dzNI;ES R YR @ N2 ¢ Ra& o 2
AYGSNGEHL OHHIGKSNI Al A
o)

& RdzZNAY3I GKS oNARyYyS &l (dzNI a2
2N KS K&@RN}IGS RA&Z&20Al o2y LINRPOS&&D LYy FlOGZ (KS
GKS T FTEA& LINRUES 2F St OK &Q@ly 2Afa 9did8 R 22 NIYG KA &
" 5°Y 8"y

§Y 8V X

H



aSiK2Rz2f 238

omddn | @RNJ}US t NPLISNBS& /It Odz e2ya

¢tKS | OljdAarezy AF BEYR BSNMAIoR{yAHBE oYL OKIy3S
SELISNAYSY:d | NB ONHOALFE F2N) GKS Ol tOdzA a2y 2F
A 0dzNF a2y ® | 8RN} (S GDR2d0832Y L@ FNI2INS NES S3 MBE> +H/ymR
O2yPBSNAAZ2Y O

'd UNBRGZ GKS LISHNOOS I26FA fSA (DK RABINBYEODIE OdzA i SR o6 @
2T (KS LINBGA2dza a0SL) FNRBRY (GKS LISNX¥YSFoAfAdGe @I f dzf
WO 0 0 1

¢tKS ¢l e GKS LISNN¥SIoraftAaGe Aa OIFtOdA# I GSR |aadzySa

RAZNAyYy3 SIFOK aidSLI 2F F2NXIloea2y YR RA&a20AlFa2y Ay
Y2NXI AT SR LISNYSIFIoAfAGE G SEOKTFAKSERNIMGS LA 2gER 4
RFEGF LR2Ayida INB (GKSy O2YLI NBR 6A0GK SYOMANENE f LIS
ME YR (KS& IINB UgSR (2 GKS Y2RStf GKIFG GKS& NI
SYLANROFE Y2RSt3IX ySg KEeRNIGS &l GdzNI a2y @I f dzSa 2«
O2NNBOGSR Ol f dzSaOF NBdAIKSE HABR2AUK SANRBRILIEANDO S O
Sttt o
o 1w
EE 0.9
o
X 0.8
o1

0.7
o 0.6 ®
N 0.5
N ¢ o
—_ 0.4

[ ]
= 0.3 * .
© .
€ 0.2 * o
L ¢ Y
= 0.1 * o ©
o L 2 z ‘ ® °
- 0 ® &6 0o 0 8 8 ¥ o
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Hydrate S§jJuration (
Modified Cozeny Carman Capillary tube (Grain Coating)
Kozeny Grain (Grain-coating) ®Kozeny grain (Pore-filling)

¢ Capillary tube (Pore-filling)
CAIUMBb2NYIF AT SR LIENWSNBAZA A GEKSYKERNWHDGS {FGdzNF a2y @28d {&Y

02N} y3IS0 3z 7rONWMEYE |/ NB otydZ 5 FNSEIRNYE /Y2 SR  ONGIATNR 0CA (Y2A \BF &6 DINGZ
FYR /| LIAGti2INSBBY GAdBHEBENS Sy 0 @

¢tKSYy (GKS al dmNJ.o 2V IRSEDGSNBYOHESHI Aa RSGESN¥YAYSR o8
GKS {lGdz2NY o2y 2 NbKIzAa GKIS AF (AzNd SR@&E R ¥ O KBS NBINS @
RSGSN¥AYSR FNBY (GKS /¢ AYIF3ASa OFfOdAle2yad a akKsz

WY Y Y W

on



aSiK2Rz2f 238

| DSNB I NRaAX GKS O2NNBOGSR LISNXYSFIoAfAGe OKLFy3
g GSN) G2 KE@RNI}GS&axX o6& lFaadzyAyda (GKFG GKS OKI
KERNIGS F2NX¥IFoa2y 2NJ RAaaz20Ala2yY

o W

6 — T
5 Y

- N~ A A sy s oan

GKSNBxpy£f 8 Aa (KS O2yiSynYs@56 oNAYySEKEyaa REBE QKSR Ol
RAOGSNBSIOLSSY GKS adGSLI 2F AYaINSERBEH MAER (KIBa OZNNENG
LJSNNSIO)\fAGé 2 F (]KS LINEGA2dza aGSLIP ' fazx o0& RAODA
ONRYS 0O2yiSyi AyaiRS GKS O2NB:I GKS LJSNDSYGI-EIS 2
0S 20GFAYSR® 90SY oMPBPSI OGXKWBI WS I AKIAY 6| y2i 02
Ol t OdzAf F ISR 06& &adzoiN}Osay3d (GKS ozyaﬁmxzwmo/ wYf 8

CKS KeRNI ($ca6ddNEo@KSY{OItOdA ISR FTNRBY G(KS F2¢¢

Y o63Y WY pp
GKSNBZ / @286 Ad (KS O2y@dBNEM2 Vi KSF Ag/TARI NI B2 (KIZNQ Nal;
O2NB>X 0SF2NB ailNby3d (KSHK@RGIT A8 THRRBINIAS HW\WNLINR PGS
OF f OdzA i SR FNRBY (GKS /¢ AYIF3Sao
¢CKNRdzZAK GKS F2tt26Ay 3 SlddYet28y0> AlGK O G20 ddzvF Si S2RT 6K F
OF f Odzf I 1 SR K& RGBS ¢aAl(iKdzNI Ko yLI2ONBS @2 f dzYS 2F (KS LI
® 0aY 0wéIY &Y pC
l RRAg2ylffex (GKS Y2tSa 2F GKS #IdY2NIBWK FAGa QI yE GONKE ¢
08 RAGARAY3A GKS IANIYa 2F g& GBGNG Ui K& Al i SNBSS Or3/{0S Mdr
2F o0 0 $MIAOK A& SldzZf G2 my 3IkY2fY

a

- po
L

GKAOK A& (KSY dzZaSR FT2NoW&B2(06d OdKFE 62§ a202yYazy 2R

KERN}IGS F2NXIFoa2y 2N NBfSF&ASR F2N¥ KeRN}IGS Ol 3Sa

. €
€ ,,— T
5 P

GKSNEBE ba (GKS K@RNI}Ioa2y VYdzYoSNEX gKAOK A& GKS Y2fl
AY | aAy3fS KeRNIGS adNHzOGdzNBod ¢KS (KS2NBa Ol tf gl
KRN} GS&8s 6KSNB SOSNE dzy A lh yRS O yOK@pHRE @BAId& B ayc / h
6ncky OV dp ddp/0 3P YI ¥ASOEMMcOKAE ydzYo SN Oty @I NB Ay
RdzS G2 FFrOG2N&E fA1S GSYLISNIGdzNB | yR LINBaadaNB OK
ydzYo SNJ Aa | 44ddzySR (2 068 Sljdztf (G2 conz &aAyOS (KS
M 26 FYR (GKdzdax 6S [aadzyS G(KI G y&RGOKAKRD A iEdSddy oF N
KIra G2 0SS YSye2ySR (K2dAK G(KIFIG GKS | O0dzNI GS R
SEGNBYSte RAYOdzZ G 0SOFdzasS 2F (KS YA&aary3d 1yz2éftSF
f AGSNI GdzZNB NBIFNRAYI GKAE YI § FNIW KSK S MBI SINKNI dzNB F &
SELINAYSYy(dlt O2yRAe2y&d 0aS0Gdzldz LINBa&adzaNBzZ (SYLISNI

oM



aSiK2Rz2f 238

Oy ©6S ARSYyaUSR Ay 2NRSNI (2 RS0 INNSINED yiTK S SKR0FRINI o
2y GKS I @FAtFotS AYyF2N¥Ia2ys (GKS 2SN GKS GSYL
KERNI a2y ydzYoSNJ 3Sita G2 GdKS ARSIHf 2ySe® .l aSR 2y
y2i @SNE 263 GKS K&RNJI o2 W ddvkoSS NI RSl I a23y08vdS R G522
ydzYo SNJ Aa FaadzySR G2 NBYIAYy (GKS &l YS {KNERdIZAK?2 dzi

AKGKI ¥20z0B8 OFyadzySR 2NJ NBf ¢

. @ KIF@Ay3d RSISNNVAYSRS
/@I f OdzZA SR ¢gAlK (.S KSfLI 27F

Ol 3Sas (KDYYbARGO 2NA
' nn w3dIkY2fB0LY

(o}

¢ D pu

CAylLftter (KS RSyaIkiet e0F K SSIKEKR NI il HF GKS SELIS
F2ff26Ay3 Sljdzd a2yY
a a
— pP@
G KSNGHI® Aa (KOKIYE adl 2 FO2hadzyYSR 2N NB& $93IBSR FTNRY
Ad GKS YlLaa 2F GKS 61 0SSN GKI G ofF Wi Mo daikSR  dizt day
KeRN}(GSao

ompdp +2f dzyYS [/ KIy3$E22H0ANAYSE RdzS (2 / h

.SO0lIdzaS 2F a2vYS avirftt AyONBlIasS Ay &b idiNIasz2y @ fc
F2NX¥Il o2y 1T2ySy GKIFIG 6SNB 20aSNBSR FNRY (GKS /¢ A
RAaOdzaaSR Ay GKS dzZlJO2 YAy 3 OKVAWHSNE KISK S5 NRGySO i y2RF .
2y GKS ONARySa @2fdzyS gl a RSOARSR G2 068 OFf Odz I ¢
P'd UNBRGZ GK$SAARE didbRS AdRI 2N gha RSISNXYAYSRd . SOI «
2fdze2y Ay SOSNE SELSNAYSYylG s¢la GKS aryY$S FyR Ad
29 alftAyAride R28a8 y26ARSONBRAGAURSYyaAa2pHDAE ¥R R
GSNB dzaSR T2N) (KS  RBMUENNANG & 2NB BFNIGEKS FHhiaSNI Fa
NI LIKa ¢SNB dza SR 2it2dzo00 £ AQidef 2 (0Ss 20 KRSF /hK EX I BRRS F 2 dz
SG It o mMddmTI PR RRES SHKANRIS IMappEDHY SN CERIANBRY (K
Mpod ! DSNI OF f . GdeftldaoyAT AlliRS FINBY GKS (GKNBS L2304 Iy
GSYLISNI GdzZNBE O2yRAe2ya Al FLIISFNBR GKFG @I f dzSa
SEGNBYSte Otz2a$ (2 GKS @SN} 3IS @FtdzS 2F (GKS KN
| ha2tdzoAft Ale @FtdsSa GKIG 6SNB Ot OdA I iSR FTNRY A

—ax



aSiK2Rz2f 238

s ol
~

(mol e/ mol e %

water

caqin

Pressure (bar)

R 6C 1 @c 0AC 10AC——20AC

CAIMdNBEKS aztdooAatAde 27 /hw Ayitiz2z GKS 61 GSNIoY2tSkyY2t &0 @81
GKAA LI 20 GKS az2ftdoAtAiide 2F /hwuw ¢l a RSGSN¥AYSR +d on o6FN
0 SYLISNI (dzNB
n

7]

&0 S LBdzNIKyF T SISO SRS NMYSRY G @ . SOh dznB / EK SNE | NB 2
/'3 GKS aztdzoAfArAde 2F GSYLISNI GdzNBa Ay 6SisSSy (K¢
Fda ISYSNFGSR FTNRBY | &@RNICtlFaK az2Degl NBo

Mn/ X yR H
¢CKA& LI 240

¢CKSYZ 6A0GK 5K AK SXBLJ (2K XRGSS athhibd /2T YUAKESI deNBS A & O f
¢tKS Y2RSt 2F (GKA& aiddzRe Aa | LILX ADI@X BK FI2yWJI IOBWIRM G
N} y3IS 2mprtwtor InmdnnoM™NE YRR A bl/t O2yO08SyiN}e2y
O2yOSYyiNIo2ya NIYIAYIT FNRBY n dzZLJ G2 &l Gdz2N¥ a2y LI
OF £ Odzf  iS GKS RSyaaride 2F (GKS YAEGdNNBY

” prtmmo @D T 1D pnnniﬁil) pLFDp”U P X
GKSNEYRwIkOYoB6 NB (UKS RSyaAaSa 2F IF1jdzS2dza bl / €
YR FINBE FaadzySR (2 0S5 agiadyiR J0jyazif tk 1B M NBk GKESD YI2ff 2
b/ f YR /hun AYyaARS (KS YAEGdINBE NBaLISOa@Sted ¢
Sljdz a2y I'y;®IWONKE 8EKS Syarde 2F GKS YAEGdNB @

c
—

| | 0 Py

c-

LB B L am

GKSNBZ ¢ OYB YR t 0ol NB AYRACLH BB (0 KISNX $§01ISNK ( d
FNB f A&aiSRuOSBIRSIINYVAYSE R[] F NE & (dEREZY 0 H A MMOU



aSiK2Rz2f 238

¢l vy S[ Aaild 2 Tl KINRYZBEUBERR dzt o2y OomMpPpd P & A2l A ¥ SR A NBYW O

V] 0.38384020
v} 0. 5595385
V) 0.30429%268
G 0.72042330°¢
G 0.63003388
V) 0.577086332
U 0.82764653
Us 0. 4381355
V) 0.10142907
o 0.8677704°
{AYyOS (KS ONRYS a2fdm2y Ay Ftt SELISOKRES yiik: (@ a4 av
AyOf dZRSR Ayild2 (GKS ONARYyS &d2fdzme2y Aa IAGBSY FTNRBY GfF
, a P
a p w
p TITT

7 A

gKSNExpIB Aa GKS YlLaa 2F (K ONAYS GKIG A& AyesSo

¢CKSYy G(GKS YaioY2T 6wl /¢6f2ddyR 0SS (KS RAGAGG2FARR HKS
Y2t SOdzf I NJ @S A TKip y20m I/ Yi2f 0 Y

. a
€ 5 ¢

¢KS YIraa 2F GKS az2ft,®m3AB U RAOK RA d SYKS 41 GSNJ 6Y
. A a

a pPTMTT ¢P

{22 GKS Y2algowes k21Haebok /G yo 6S RSGSNXYAYSR o0éyY
&

0 -
p ¢q

C2NJ 0KS Y2022t kFI 6 th ( KS 33 NISdpadMINSRE BKA/OK A& |

|l 8RN} Cf I AK & SELXIFAYSR SINIASNE A yoRNRSNI drRrl (RS

FNB RA&a&2t SR Ayid2 GKS YlFLaa 2F GKS 4FGSN) 6KAOK A
5

0 -— o
a q

9gSyildz tfesx & KI@gAy3a Ol §RNEYSH Rl KK SY DR2ISEY 04 S
Ol 0 SR

0
RSyaAade 2F GKS YAEGdAINB A& GKSy f OdzZf i SRY 6 KAC
YAEGdzNBrtd#) o0& | aadzyAyd G (GKS &l v:3I8VvS Slikard dry
a a a CT

, a

w [y




aSiK2Rz2f 238

| DSNJ GKS RSGOSN¥YAYlIo2y 2F Kb ly/Sts6 DRS dFBt &FS (KBLJ
OF dza SR Rdz§ (2 GRYGRA HGKSE dzaNAy S2 Ol /yh 6S Sada Yl GSR
G2t dzYS 2F@FNBYSTFHNRY (KS @2ftdzyS 2F GKS YAEGdNBY
@ @ W C o

.8 OFtOdg Feay3a (KS @2tdzyS SELI yarAzy:r (KS KeRNI (S
KERNIGS &l ddzaNy a2y YR KE@RN}IGS @2fdzyS AyiG2 GKS O3
GKAA @2fdzyS Ay ONBIFasS (Kl yAiz GiIlKd3E S5 NRES FNR2IYK S KR
GKIFG 6SNB RSAONAOSR SIENIASNP ¢KS ySEG OKIFLIISNI A&
GKFG OFYS dzZLJ F DSNJ GKS LINRPOS&aaAy3a yR 2F (KS | &
FF2NBYSyo2ySRO AtMOdAIHlod2NGas 2y > GKS LISNYSFoAfAGEZ
GKSyalRHK dzoAt AGes Ay 2NRSN G2 3I KR RNIAISH § N yd3ysROSINERIAEN
F2NXIFoa2y YR RAaA&20AlIoa2y LINROS&aasSao

op



[ KI LaWwS\N Odza a A 2y

nM hSNIBASS

¢CKAa OKILIWGSNI LNBaSyda IyR ylfelsSa (GKS NBadzZ Ga
202S000Sa 2F (KS addzReé NP (GKS Ay@Sasdrezy 27F
/| hRK@8RN} 0Sa AyaARS LER2NRdza YSRAIF |a ¢Sttt a GKS S
RNAGAY3a F2NDS 2y (GKS (AySeaOa 2F (G(KS&aS Gg2 LINROS
200GFAYSR (KNRP@BRRYAKSEQSNBYSY (& WHFa&ENRSMI Iid&S d RRN2
O2yGNROdzI S (2 RRY I22FNGRNS WBARBNENIH /2y YR RAaazC
AY RSLJX SGSR 3+ a NBaSNW2ANI O2yRAa2Yyad

tKS 02ttt SOGSR RIGF AyOfdzRS G(GKS Reyl YAO LINB&adzNB
AYF2NXYIFoa2y Fo2dzi GKS 1AySeaOa 2F KERNI}IGS&axX AyOf dzF
0@ y20O0Ay3 | aA3ayAUOLFY OLINGGZEIdANSY RIN2AB RHISNIGRA K
AYONBI 4S8 RdzS G2 GKS SE20KSNXYAO NBIlI Oa2yd LY | RRAG
0S ARSYyaUSR: F2NJSEFYLX S (KS 2yasSi 2F GKS YI ONR:
2F (KS (BSYOIINNGSH KBIRNK f 3 o Ydz | a2y ® LA &g 2Adyi2RS OaiS Ry 2
Oz2zyadlryidfte Ayid2 GKS adeadiSY RdNAy3I 620K GKS TF2N
ORBYIYAO aedaidsSYyuv (42 YAYAO GKS NBaSNI2AN) O2yRAa2y
/¢ a0FyySNI (2 y2i 2ytée YSBYFRANIBRY 6 KR RABENROS & :
dzaS AdG Ay OFtOdzZ ay3d AYLRNIIFYy:d LI NYYSGSNER 2F GKS
Al GdzNy a2y 4l GSN) (12 KERWNE drB LIORWHiINENHA2ABFIOK Yy R S & O
LISNYSIFoAfAGeE YSIadaNBYSyia LISNF2NYSR YdzZ aLX S o YS:
L2NB al0OltSoeo .St2sr GKS GelLiSa 2F RIFEGE yR GKS SEI
ASSYl BogFSTF2tt 2SR o0& 'y 20SNWASG 2F GKS Fftf (GKS ¢
A¢l onv S

O02ff SOGSR RdzNAy3a (KS
|.

¢koovS! tAad 2F ff GKS RFGI a
AYSR FNRBY Al gKSNBIFa

i
AYRAOFGS gKIFG GeLIS 2F REGE gl

D¢ R

Data\ Experiment

Pressure Data

Temperature Data

CT Imaging

Gas Permeability Tests
Hydrate Properties Calculatio




5A30dAEA2Y

¢l omyS { dzYYF NB 2F SELISNAYSyGlt LI NFYS

G§SNB YR 20aSNDI o2
YSGK2R&Y AYyRdz0ea2y oYSTE LINB&&dzZNE RNRLI |

y &
-y G§SYLISNI GdzNB Ay O

Hydrate Onset of Hydrate

Induction Onset of

Dissociation9C]

Experiment SubcoolingyC] Formation Hydrate Dissociation

Time [h]

Method Nucleation Method

1.2 bar P drop| Step Heating

Experiment 1 6 Direct Cooling 35 1.8°CT 1.5°C Step 6.3°C
increase Interval
0.2 bar P drop| Step Heating
Experiment 3 10 Direct Cooling 0.17 1.6°CT 1.5°C Step 6.3°C
increase Interval
Step Cooling Step Heating
Experiment 5 $Cycle 4.5 2°C Step - - 1.5°C Step
Interval Interval
Ramp Cooling 2.4 bar P drop| Ramp Heating
Experiment 6 2 Cycle 4.5 0.1°C/h - 14°CT 0.1°C/h Heating 6.3°C

Cooling Rate increase Rate

. ST2NB RAEKDBIzZAZHYARAIIA RdzZ £ SELISNAYSyiGasz Ad Aa dzaSTdz
I RE YR 61 GSN IKKARE RAINFIANG Y 2dzift AySa GKS GKSN¥Y2Rey
KERNIGSEa OFy F2NX¥ YR RAAa20AFI0ST RSLISYyRAYy3 2vy
SELINAYSyi(da GKS LINBaadaNBE GNASR (G2 0S8 Ozyadlyd I
GOKIFIBy®DER GKNRBdAK2dzi GKS d(dSada FAYAy3d F2N LINBaadz
f20FGS GKS adeadsSYy AyainR®s GIKYBR KRAENI RESHNBHIWORYREF A §
2dzald | 020S KHXKSaREWHRIR DAYS

v

nP Q9 ELISNAYSYyGlIf wSadzZ da

nubdmM CANBG 9ELISNRYSYI

¢KS UNBRG SELISNAYSY( AYO2tHzZ08RITRANNEDH RERNAFSa YIS
G2 # &dzo022tAy3dd 5A84820A1 a2y ¥g Ay AYNAECRER dald (520
F2tt 2SR o0& |y NyasiR ySit AAWAGNEIFSA NBi@2A Rida- £ K@ RNI 4GS

¢CKS LINAYIFINE aA3dy 2F YI ONRaO2LIAO KeRNIGS ydzOf Sl o
RNR L) 0SOI dzaSy PITLIAWK S aRly gAGKAY (GKS KeRN}GS OF3sS
Ol dza S 08 (KS SE20KSNXAOARBN®oRYW RPRAKERNE SIS FrY
gl & o2dzi modH O0F NI YR (KES aBYKISHIPPdzKE 6 h wONB I+HS R

AL

O2yaARSNAINWESSIKSR2 Y haYSd | DSNJ GKS AyRdzOsa2y LISNAZ2R

Z

i
S

Ao

oT



5Aa0dzaaAzy

NEFOKSR | FILANX & adlotsS adlisSz O2MNBRSI0d2R Yy I KBK
LINE&&ddz2NE AyONBIFasS OFy 6S FgNRodziSR (2 (GKS @2f dz¥S
0f20113S YR [ @FAfFofS LER2NRaAide NBRdAOea2y I YR | f
RdzS (2 (KR y2ySI@aAzyyd NBhadzZ ayad Ay Y2NB adloftS KeRNI I
gl & OFfOdzZ I iSR I DSNJ 4KS ONRYS alGdaNys2y LINROSaa
0KS KeéRNJ (% BENRPORGYKLIE 3S00F SRS
¢CKSY GKSNXIf &daYdzZ a2y YSUiK2R gl a dzaASR (2 RA&&Z2(
OdzNIBS RdzNAy3 (GKS RAAa20Ala2y LINRPOSadaazr |y 2@SNI) ¢
I LI NblFf 0ft201163S NBYlIAya 6KAOR OKB2AOBNBKSALIKSE
d4d2NB YSYONIyS Ol dzaSa GKS LINBaadzaNB (G2 RN
RdzZNAyYy 3 (GKS RA&&20Al a2y LINRPOS&dad ¢KS SELSOGSR 6§
I R2gYy 6l NR ANBRRZROADlodRyS R ¥o &K elRMNG (& | yR NB i dzl
hyte i GKS Uylf KSley3d &aiGSLI GKS LINBaadaNB OdzNI!
a0FNby3 +y AYONBIFaS (23SGKSNI gAGK & KSA YOyt e 24 SivK
GSYLISNI GdzNB LINRP Ut S aK26a | IRIBALI @FY KSHF oVHE RNBI
0N} yaro2y TWRBEY gKS&y O2YLI NBR (2 GKS GSYLISNI {dzNB
KSFey3d aitiSLA® Ly FIFOGX RdNAYy3I HKRD SND SLIKEK NI ¥EN
af 2L 2F GKS GSYLISNY GdzZNB OdzNBS A& t26SND FyR Y2
F LIS NB &AKFNLISN | yR I & KSN® ywSdzd RiFe RANBRYOR e ®of
SYR2GKSNXYAO NEKERNZ VI S2 RABKE OAH a2y @

NRGOIJLWs 6 e
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280

) 33 L L L L L L L L L L L L L L 30.0
o 1 270 3
T 2 1 =
= T 240 ~
3 1 o
D I 210
_ 31 1 §
© 1180
- L a L . ] ar
~ 30|/ tNBaadNB RNRL) Rd;  CSYLISNI GdN5 at2L 1150
2 éyOILédﬂlazy Ay GKS SyR234KSNYAO ] o
29 4/A ) ) ) / T 90 z
¢ SYLISNI G dzNB 2 dzy L 1
-~ SE20KSNYAO XBIRGA |1 60
F2NNI a2V ]
/ | 30
27 IS A [ S S S S S S S I " S—" " S —" —"— A

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380
2ROVUL RYUGUHY WaqRGWWa Aé e
——TempCore [C] —P1 P2 P3 —P4

CAJdazNBt NBaadz2NB | yR ¢SYLIRBRUHZE FRRNVE S2RANFEIRABIAOAD 2K FR

ONRYS az2fdza2yd ¢KS AyAasl f 1022y2RWBR ylal NINIRYF olnK S5 | 3NN LOKK Sa K 2A¢3aK (1
all3ST ¢ KSNBO2 AINSR LUK AWSRA OF 6S&a GKS RAaaz20Alas2y LKIF&aSo

oy



5Aa0dzaaAzy

npdn { SO2yR 9ELISNRAYSYI

¢tKS aS02yR SELISNAYSyl Ay@SaedriSR (G(KS KeRN}IGS 1
d2fdze2ys SOILidddyARJdDODOE2CEFODE a%2 MbKEARNINESY 2 N A
RAa4d20AFoe2y LINRPOSaa AyOfdzZRSR (KS 280 FRNKAEKSWH I S
daYdd a2y ®d ¢KS LINBaadz2NBE YR GSYLISNY GdzNBE RIFGF (K
CAIdaNB wmT

Ly GdKA& OFasSs S@Sy (K2dAK (KS KeRN}GS F2N¥YAy3a
F2NXAY3I GSYLASNI Ny¥izZNENBSN) 92 Ay@SasadardS I n RSINBS
UNBG SELISNAYSY(id ¢KS AyRdzOe2y oaYS A& 26,ASNBSR |
AyaS0Oe2y YR Al A& o0& mMpdp K KAIKSNI GKIFy (GKS UNH
2T odd O6F NI g1 a& NBO2NRSRI YR (KS aA Wdz GK IlyyS2l1za G &
AYyaARS G(GKS ORNBI®SNXKISo Of X D&zt 668 NBRIzZOSR FTNRBY mMdg
LIKFaS SyRSR (2 nopm 5 gKSYy (GKS K@RNIGS INRGOK LI

CKSNXYIf aoYdz I &/2yA & yLIZNBALRY SRy Riaybgid S NimdpRE G KS (S
Aa A4S0 RANBOGfe #20 MNP 2&KS SYINGENA dzNBIBE OdeNIBS R dzNA y 3
LINEPOS&da aK2gSR | OSNEB aAYAfFNI 0SKFE@A2N) (2 (GKS
GKNRdZAK2dzi G(KS SyaNB RA&Z&20Al a2y LINYEASSAE ¢ yONR Y
08 OKIFy3IAy3ad (KS 20 SYRINHDpING yAER YAyc af 2LIS OFy o6
LISOAUOI ff ey o¢RKRSYAXNKREY D2INEBS ASYRAGTKINNVAO NBIF Os 2y
CAylLttex 2yteé | DSNJ GKS &0GSL) KSFeay3d LINROS&aa Aa O
AYONBI &32AY3IGHKE BNBaadsaNBE akKz2ga | &dzZRRSY RNRBLI 2F nd

Q)¢



5Aa0dzaairzy
NRGOWJLWa 6 e
O 0 20 40 60 80 100 120 140 160 180 200 220 240
33 1 1 1 1 1 1 1 1 1 1 1 1
= t NE&&dNB AYONBI &S f2“>§
T 3 Ol dza SR, 0 & / h 5
= — = = 240 —
= RAaazzftdziAzy _
3
5 31 L 210 %
© 39T t NBaadaNB RNPLI RdzS (G2 [ h E 180 _
- SyOl LadzA  GA2Yy AYd8yd&_r 6&,3 862135 Okly3as>2k
5 29 OF3Sa i YHONRAOBKBOSYROERENKRAD NBI OG22
_ t//ﬁu KERNIGS t1FH30GAO0S RSOz 5§5°ﬂ
< o8 L . i . ] . Tz
¢SYLISNI Gdz2NB 2dzYLd RdzS (2 GKS 00
SE20KSNY¥AO NBFOGA?2 2F ~+h '
27 KeRNI 4GS FT2N¥IGAZ2Y 6.0
26 / 3.0
%F ; ; . . . . . . . . . . . . . —L 0.0
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320

2ROVUL RYUG WUt WqRGUWa Aé e

——TempCore [C] —P1 —P2 P3 —P4

CA KBt NBaadzaNB | yR (SYLKARNANS TRRNVIE $2 RGNFKFARABaAaROa ks 2 F R
ONRYS a2fdze2y® ¢KS AyAoF b OXKPROABLES R NEIBND € 0KSIJ BNRLIK aK
F2N¥YIF o2y adGl3asSz r@gtémmﬁ%t WKSI t A ARAONBRE GKS RA&AA20AFa2y LKI ¢
nbdo ¢ KANR 9ELISNRYSYI

¢tKS GKANR SELISNAYSYy(d o6& O2yRdzOGSR dzy RSNJ i KS YS
SPSY KAIKSNI RSINBSD D FRRNGAICIA GKECINWKERII Wi B

K3 4ISKN$ axsibmplat T2T t RGBSR RAZNRAY I G F
0KS GSYLISNI itdzNB G2 NSBEORWRMRS
2 GKS O2NB a 6&8ABdNS GKS

RA&420Ala2y>
MA/ 0ST2NB AYyONBIaAY3
ACAIIANBIKE /¢ AYIEIASa
MdbdYRA IWANBENS &4 LISOs @St &
CKS F2NYIL&&2RNRFSAhAa | OKASOBR oo X KE RNVREDOB 22 dYS
gAlySaaSR @GSNER |jdAadOlfer YR Y2NP2HQBDA UDGE NRBSRY
LINE&&ddz2NE RNRBL)I Ol dzASR W AP A KEKSyKe RBIA § o @I ST dlha
SE2GKSNYAO NBIF Oa2y Ol dzaSR (KB Om@hQa Sk § K 03 NJIG K dzNB
KS GSYLISNI GdzNB #HIl 0 Sk S l1agdiSAda Tmega ol O1 G2 Al
dZNAYy 3 GKS INE @diNE RINNBR iRS olBa®dl NI 6§ KSNE Ad N
KS SyR 2F (KS 3INRgGK aidl3Sd® ¢KS LISNNSFOATAGER
FddzN> a2y 61 & O2YLX SGSRX FyR 41 & C S 02

Q¢ o =X

RSONBI aSR nd



Ad SELISNAYSyid Aa GGKFG GKS &
i S O0SKIFE@A2NI 2F G(GKS LINBaadaNB (
Ra (2 0SS YSyoR¥SRYAKHKS | &#SOKEBR SKRI ¢
Wb/2hd KR A02LIISR® 5dzNAyYy3d adaSL) KStey3d || LINBaad
LINS&adz2NBE {SLII AyONBFraiAy3a a AF Al aF2tft26SReé  (F
l

A % 4 oA X

YSGUK2R® ¢KAAa o YSdzNBK SO2NdRf2Ry yii2SiY LBSING ST F 6§ SOGSR GKS

aShtdzLd 61 a t20FGSR AYAaARS I NR2Y 6KSNB dh (i 3DSINS Y LIS N
c? 61 & NBIFOKSRI ¢ KA O S yiaK ¥ (0S8 3 IroyiytadysaNdeld 30idk 6S Ty
2 0>y GUKS GSYLISNY GdzZNBE OdzNBS aK26SR | RSGOAlL a2y AY
/| hKERNI GS RA&&a20Al a2y ® & KAELILBNRAMIYa 20yS tA8&d Y20 OSR |
NRUOJWs 6 e
0 20 40 60 80 100 120 140
@ 32 . : : : : ‘ : 240 w
— » =
-0 i 210 2=
I _
= + 180 B
E 31 f %
- Bl 150
© 2
. 4 12.0 v
- X [}
2 304 tNBaadzNBE RNRLI RdzS .2 T90 o
- ' I RSy Ol LiadAg | GA2Y Ay 1 z
< TR _GKS KBRN}IGS OF38a + G ¢SYLISNI GdzNB at 213 OKP¥ 38
Y ONR&O2 LA O GKS SYR2GKSNIXYAO NBIDPlOAZ2Y
29; ydzOf St GAz2y 2yasSi KERNIGS 1 GGAOS RSC):?WJZéA
1 ¢ SYLISNI G d2NB  2dzy L) RdzS 0.0
; 2 GKS SE20KSNYAO
T \NSI-O(J}\HQY 2F / h -3.0
; KERNI GS F2NXYIGA2Y
28 T T T T T T T T T -6.0
0 20 40 60 80 100 120 140 160 180

2RGWOL RYUGWH Y WaqRGWWa Aé e

——TempCore[C] —P1 P2 P3 —P4
CA 3Bt NBaadaNB yR GSYLISNI GdzNB LINRPUES 2F G(GKS;, T @mNB 2HdzNA y 3/ |
g&> bl/f ONRYS ad2fdze2yd® ¢KBZ DYy EFLKSIODAKRKRE @ 2 MENI NBY i Sy I K- NG
KERNIGS F2NNIoa2y a(0RS2 NBERSNE NG AW RAOrFHEEH NERE RAa&E20AlI a2y

nbbo d®m / ¢ LYFIAYI !yIfeara

¢KS RIFEGE SEGNI OGSR FTNRY (KS CAAMBBILIKDIANE KIINRE §¥ O
/¢ AYF3ISEA 2F 6 GSNKKE@RNIGS al Gdz2NY a2y YI LA RdzNR Y.
YR RAA&a20Aloa2y LINRPOS&a G SOSNE aidSLd !fft GKSaS$S
&L GdzNF a2y AY |t ELBKNBSYyadl a8AY28K8&S SYl3sa | o
6RIFN)] o0fdzS &aKIR260 OFly 06S RAdAay3IdZAAKSR I TSg OF
GKAOK Aa GKS 20l o 2sfied 2CGNIMIBS AI(K SINAY 2 10R2&2J BA Hdx80f S
& YLX S (KIFG 61 a dZ&ASR RdzZNAYy3I GKAAE SELISNAYSYy(H o1 &

nmm



RAGSNBYG LER2NRaAAGE FYR LISNXYSIoAfAGEed a2NB aLISOAUOD
alF GdzN> a2y LINRPOSaa AG Aa OfSIFENI GKFd G4KS ONRYyS 41l
g a aArlda GSR Ay I OSNIIFAK UINSENS 2674 fAKIS G2 NS N@pK Al (
20aSNWSR GKIF(G RdzZNAy3a GKS LINRPOSaa 2F KE@RN}IGS F2NY
as8sS Gkl i inS ONAYSKKE@RNI}GS &l {idzN)»oa2y AyONBIaSR
LIKSYy2YSy2y ORYy SA8KSHNNRK@dz2 SNDO2YAy3 27 uKS OF LJA £ f

RdzS G2 G4KS RAALI I OSYSYyil 2F (GKS AYY20AfS ONAYySP ¢
0K2dza3K GKS @SN 3IS alddz2Nyes2y 2F (GKS OAINR RSONSBI

z

Y2NB dzyAT2NXYE& Ff2y3 GKS O2NB®

Saturation Process

Direct Cooling Step Heating

1PV CO, Inj
& T

15% water - 85% N,

AT ; A 2
End +1.5 °C End +9 °C

4PV CO, Inj

c
2
T
e
5
2
;]
a
-]
§
>
F3
=
1]
2
%
2

CAIMB5&yFYAO /¢ AYIFI3IASEA 2F gl GSNKkKERNIGS al Gdz2NTF a2y RdzNAYy 3
O2NB ot+ ' nm Yto la ¢6S¢t¢ & RdzZNAYy3 Ke@RNI GS F2NXI a2y 65ANB
FNRY SD (ME NAARA® (6§ 24120SNJ b Ke@RNI GS &F (GdzNIF a2y ljdzt €t Al o ¢
INBSykeStt26Y AYUGSNYSRAIGS &l GdzN> a2y T o0t dz2SY €26 al (dz2NF a2y 0
CA JwWzflBzr ya USR |ye OKIy3Sa KFd 200dzZNNBR 2y RA{SNJI
GKS OKlFy3aS Ay (KS I-@SNJ-EIS @ tdzS 2F (GKS ONARYySkKel
ow: alddaNys2y G GKS SyR 2F (KIS (oMK ¥ 8y ai2FdzNuKS2 y
AYONBIFI&SR (2 nmom: ¢KSYy GKS KERNIGS FT2NNIea2y LINJ
KERNIGSaow !'fazx Al Aa 20aSNBSR GKIG Yz2ad 2F GKS

7

g & | OKASOSR dzyof+WOEP ERBBAPY2E024YSAET 0pKAOK Aa Sl
NBIF OKAyYy3 | @I f dzS RAFO SINS®cO:SE FINRava GIKKSE yE vzt a Ol y 2
LIN2 OS&aad 5dz2NAy3d GKS RA&ZA20Ala2y LINRPOS&a | aftA3daki

7 A =

OKNBU KSI awafp 0a idd1dto GKS UDR 0K Sa KayGK ariGaz deynmidap ¥ 2



5Aa0dzaaAzy

ﬁzSONﬁI- aSo 2KSy GKS Z7020NBA BA\iBK KaSH- SILS0R (dKLE NB2 Aca | Y2

aF GdzNY a2y s odzi GKS Yz2ad aA3ayAU00Fyild RNRIAKAIODK NBC
I 002dzyiSR F2NJ I RNRBLI 2F o®dm: AYRAOFay3d Y2NB Ke&RN
FTNRY di/ Tipp2 a0l yan $ENESYIT YSYSKNYDK cxadbd | LILINREA Y G
GKS aYS$S uKIu GKS SOAlL a2y 2F G(G(KS (% WLIS KISNENR a0 dz
AA3AYAUOFY(d RSYONBS BAS Iy BKIadNI be2 a0l ya adzZJi2 Nby 3
Ay GKS GSYLISNI {dz Js OdzNBS Aa OFdzaSR RdzS G2 GKS S
[ FGSN) 2ysS GKS &l GdzNY o2y T doNJIAKISKNT KR SKOANSar yaB aa GliSRLIovozn
LR2AYy(d GKS RSONBIFaS AayoSNE 2SIy (7 NByYS i KK SU BdENB/E
2F oodd@E:d® ¢KAA QOFfdzS Aa Ffyz2ad w: KAIKSNI 0Kl y

~ LA oA

LIN2OS&aa YR AYRAOIGSa (KBIRABAZROARNBRSHZIKER UEHI

¢KS &l ddzaNy o2y NBUOdzZNYy SR (2 Alda AyAelft @ fdsS 2yt e
NRE2Y GSYLIS/NG @G dzZNB o my

o

71 RUDWeWc! T1 ¢qUWEE qe

OFRP NWbMAMOUUIONOO®OER

~ AT AT AT AT AT AT AT AT AT AT AT T AT <"~

3C
-3C
3C
3C

5PV CO2 inj. (-

—_ T e = = O

Co-Injection Saturation En
1PV CO2 inj.
2PV CO2 in;.
3PV CO2 inj. (-
4PV CO2 inj.
Diss Stepl (-1.5C

Diss Step2 (0C
Diss Step3 (1.5C
Diss Step4 (3C
Diss Step5 (4.5C
Diss Step6 (6C
Diss Step6 (6.3C
Diss Step6 (6.8C
Diss Step6 (7C
Diss Step7 (7.5C
Diss Step7 (8.3C
Diss Step8 (9C
Diss Step8 (10C
Diss Step9 (10.5C
Diss Step9 (11.5C
Diss Step10 (12C
Diss Stepl1 (18C

Hydrate Formation after 24h (-
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Step Cooling

Start +9.5°C

Saturation Process Step Heating

Start +8.5°C

17.7% water - 82.3% N2

Water/Hydrate Saturation
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End of Saturatio
Step Cooling 9.5C+
Step Cooling 6C
Step Cooling 2.5C

Step Heating 4Ct
Step Heating 5.5C+
Step Heating 7C
Step Heating 8.5C
Step Heating 10C

End of Step Heating 18.5

mmm Brine + Hydrate Saturation —=¢==Brine + Hydrate Saturation Difference
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Saturation Process

27.8% water - 72.3% N2
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