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THRANA FL—=bFe WS UFEHDOME LD S %,

6 \ZCOA X% % 7R ¥ i A & (Critical Point)
iR E3LLIC, FH738MPaTdH b, 3 M (Triple
Point) (i —566C, HEJ05IMPaTH %, COULH
WMAFIEICBWTEARTH 5205, WEILCLT, EH
507MPall L O F Tk E % 5. 2 F ) ES500m
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Wy AEMERTH 5. N FL— P TE LS
NDEIholzDiE, RRFADIL T 54 v ORZE
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W& B M R ORERERNE LTHZEs T &7z, 44
20104F 4 H20H, X% ¥ a5 LR b3
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@ BREDOED SEN T TOKDBEEIZHE KT
BHEREAE, @ R ENZCONA FL— NN
T REE R R PR A & OB R &, WEFE OEBL O/
DX, CONA FL— MCHE L TR EK4 %
EIEINTWSESS, Zhid, CONf FL—1toD
A SR AS A SUE O T TR O RS TH B e BRI
TEHT L7290, ERETOMELNETH S 2 &2k
KLTwb, 4%, WEREEEEEBT 270121, CO:
NA FL— DB OWTOREMA 2 ER TS 2
EDATRTH %,

2 E Xk
(1) SR 2 BUFRE S A v (IPCC) 4 Ik s 3
(2007)

Download service for the GTSJ mMember of ID , via 160.16.140.208, 2026/02/14.



Vol.38 No.5 2010.9

EETEEB{ERFNTRL—b 301

(2)

@)

Download service for the GTSJ mMember of ID , via 160.16.140.208, 2026/02/14.

SAEZEN BT D BURFB SRV [58 4 s IS $ 5
8 3MEET R OWE | BORTREH ITER (2007)

[ HAREG B 20094 4 H16H

b BR BR 5% BE 3 B B SE B AE: [ URCOMr R 7 2 /1
v— 1, I3EAE (2006)

P. Bergman, Riemer. Eds, P. Eliasson. and A. Wokaun,

“Geological sequestration of COz : A status report”,
Green Gas Control Technologies, (2000),169-173
FERUHE, (IR, T EEERS: [ COLMEERE BRI Bl 3
BURY, i LB Z A IERT & — 5 X — ¥ http//www.
nmri.go.jp/

AS.Albanese and M.Steinberg, “Environmental Control
Technology for Atmospheric Carbon Dioxide”, Energy,
5 (1980), 641-664

FEUME: [COZ PRI DO EMICWO X 9 |, BRI
BYMH =2 —ZX L % —, 34 (2002)

[T s OV ESSE DR IICE T 23t o —i %
WIET A BEHEEOBRILEICOWT ], RELAIERRK
HRE, 20074

[CCS2020 WAt jr % 23BN - Hhrp iy ¥ He iy D BLAK
EFEHAEDH NI DOWT ], REGEEA MRS,
20064F

(9 H#R ] 20064F 8 H29H

FANE, KEEW, T4 FL— MR BAKRCO,
OMEEZEAL], BABWMERARTEI 77V VA
20043 Fw SR

HZIESE, KRR T ANA L= b2 HH LT
ZRBALRFIFE ORBEEIN] BT T L VX,
C133 (2006), 93-94

MAR, BHZEA HARE AT N, FL—1+] H
B AR (1994), 106

BB R — L X — ¥ http//www.env.gojp/

T, Saito., T. Kajishima. and R.Nagaosa., “A Gas Lift
Advanced Dissolution System for COz Sequestration
into the Ocean by Shallow Injection”, MARIENV' 95,
(1995) 875-881

FEkEZ, BEER TEBREE [H5RA) 7 MR R
L7 AL R RO R ) A A (GLADY A 7
)], BT A V¥— ¥ RV A L%, D208
(2009). 399-402

Haugan, PM. and Drange, H., “Sequestration of CO: in
the Deep Ocean by Shallow Injection” Nature, (1991),
357-28

FERUE, ILARfER: [ B bk R OB T 5 0F
78], BRERIML I BRI Gm CE, 9181
(1991)

S, Hirai., et al, “Measurement of CO: Diffusion
Coefficient and Application of LIF in Pressurized

Water”,
Fixation and Efficient Utilization of Energy, Tokyo
(1995)

RITE COJF 7u ¥ = 7 b+ & — & R— Vhttp//www.
rite.or.jp/

Abstracts of 2nd int. Symposium on CO:

62

NEDOWE - IREE 7 1 ¥ = 7 b A& Ehttp// www.
nedo.go.jp/

RITEME RS 7 0 ¥ = 7 bR Fhttp:// www.rite.
or.jp/

FEIRUHE, ILARAEYR: T COLZR M R - ERIRBEAL I 1AL T,
HARRHIAR RIS, 34-11 (1999)

TR RS TAHAR S ARRBIX Y, Jesr ik (1984)

E, Dendy Sloan. and C, Koh., “Clathrate Hydrates of
Natural Gases Third Edition” CRC Press (2007)
IR (RIS TICBIT AC02CON1 FL—F
DEMFFE BT 2 FZERINATSE ], RS T05eft
TR (1999)

P [RS8 & RV, W& 24, 879 (1987),
9-11

Y, Shindo., Y, Fujioka., K, Takeuchi, T, Hakuta. and
H, Komiyama. “Deep Sea CO: Sequestration”, Carbon
Dioxide Chemistry, The Royal Society of Chemistry
(1994)

ANE g THIBREBIENY KTy 7 | 7A=Y —
(1990)

J, P. Lederhow., R, L.Christiansen. and E.D.Sloan ]Jr.,
“A First Order Method of Hydrate Equilibrium and its
Use with New Structure”, Fluid Phase Equilibria, 83
(1993)

A, K.Sum., R, C.Burrus. and E.D.Sloan Jr.,
“Measurement of Clathrate Hydrates via Raman
Spectroscopy” , J.Phs.Chem.B, 101 (1997), 7371-7377

C, LRatcliffe. and A.J.Ripmeester., “1H and 13C NMR
Studies on Carbon Dioxide Hydrate”, J.Phys.Chem, 92
(1986), 1259-1263

I, Aya., K,Yamane. and H, Nariai,, “Solubility of CO:

and Density of CO; Hydrate at 30MPa”, Energy, 22
(1997), 263-271

J, ARipmeester. and C, LRatcliffe., “The Diverse
Nature of Dodecahedral Cages in Clathrate Hydrates
as Revealed by 129Xe and 13C NMR Spectroscopy:

CO; as a Small-Cage Guest”, Energy Fuels, 12 (1998),
197-200

T, Uchida., A, Takagi., J, Kawabata., S, Mae. and T,
Honda., “Raman Spectroscopic Analysis on the Growth

Process of CO; Hydrate”, Energy Convers.Mgmt, 36
(1995), 547-550
Udachin, K., Ratcliffe, C. and Ripmeester, J., “Structure,

composition, and thermal expansion of CO; hydrate
from single crystal X-ray diffraction measurements”, J.
Phys. Chem. B, 105 (2001), 4200-4204

E. G. Hammershcmit, “Formatiotion of Gas Hydrates in
Natural Gas Transmission Line”, Ind. Eng. Chem. 26,
(1934), 851-855

KA, THEE, 79 AL — AN OWHILE—
I AV X — - BRBE BN O 72 0 o G L TSR B L
¥ 2 —], Thermal Science & Engineering, 2 (1999),
35-58



302 AEA#AR 2 —E 2R

Vol.38 No.5 2010.9

T4k - B KDI5ETE & CCSHif

s « FEBE —

S35 WL CO NN I & Oy 58 Hih

s L *1
ERIL
KOUDA Ryoichi

F—7—FK:COMIKL U (CCS), Mgk, M@, fwmka A b, el ‘BN A7, FRME,
carbon-dioxide capture and storage (CCS), regionally distributed, formation, transportation

cost, safety, leakage risk, induced earthquake

1. [EC&IC

TUERERE ED520054F 2 HICIERFR LTk, SUREZ
B & MERIRBR AL I my, BN E e L%
EASF v ¥ AFk & 1XH 012, IR 23D 72
DOWFRFEIZONVT, LOEXZHI->TE2, BEIPRE
WEL TV 2E—# AR (20084 —20124F) 12, &A¢
E1X19904E T 6 BHIHZ KD BN TV D, F72, 2009
EOEGER S TIE, 20204F F TIX2B5%HII E V) HEZD
#IF7z0 BEIS, BT AN F—R T A F— iR o
CDM (Z V) —VHZEA D =X L) & EWINAKET S
HIRREEOFLEOM A B AGDOENEES NIz
Td, KB OMBE X 5COZPEH T 5 EPEIGE)
L STICCOZHIT B 7EMmo Hke LTHifEsh
TWA DA, CCSHif, BlH, COmINE X Uiy
Thb. KNIBEHOTREIHEE (77N, w7,
AR, A FATT7, HE, 77 H5E) ZBWT
SHLTED, ZOCOHMxkE LT, fFIEHE
TWwb,

ZZTR, WEDOCCSTHL LTHEM S NGO -
BWATHIMCCSOM etk & L) MLAIZ D W TRH T 5, T
Ui ECilifind 5D 0%k BET 261, —HRICKH
BALICE D I A N7 UOSHIfE T & 278, filifi o HE
HCOD &) b DEEETRIITET A%, B
DREZIDPLTLIAY Y MIHR LT, AT UIZ
ORI VI ERNS, HBGEIHAER ShTw
%o

2. HWEKRBE{LA X & COMhETEE
COHE H 12 o [N BRI I E SRR A 55 3 ] =2 oK [l o0
THEBEINTER, 2, B -Gl A - 88 -
AV T X EEREOMEITHI FREED
YCHTH b D, BEERSTE R ITNIS&E R
L, HEEDLFIGER L7 585 %2 MeEICRFETE 5,
o v NV EBAMIG 7 &6 W5 HT Chis IR A7 b
RISt 20104 7 A20H
w1 (i) FEEHATR AT
T305-8568 O < (XTHER 1-1-1

NT, MAREFE - FL—FPEIVRARZREBL TV,
ZOMIE A7) FHELTEBY, BE, COMrHiz)
BTHOTOH#HBE L Twb, JEHERG it I1ZCCS
DAA N EZ LI, FHICKRELBEAEOSE ]
LLEZLNTWS, bAELPHHEIG Y& LTHE
P E 2RI S EAS o T wads, BRICE
BEIE NG RAE LT %0 SR & 2 PLBE OBk
WL, AN F—SHEBREEO—BIFEIND
ZUoMETIE RS, EEELEERPEFRLTH2S
RXZLEEZEZOLNBIZESTW A,
IANVF—ZHBREEORTTY, ARPAHD XS
AL IREL 2 2 BICIRBES 5 TR BB L - T,
HEMAMEIG [ 720 CTHIMEOETZ £ 237 ) 2 L IZBRADS
Hbo NERMIZIIKEZEZARANF =L ENOEREZ I 5
LIS, PR EN/2CO%, M AMILD, B
BRAM A BT 2 THIRT 22023 BTH L, €O
720IIE, AWEANOER R R A L T e ERAeENEM
BEINGZINER SRV, —F, ZODEFICE
KGEIAANERTHITAHI L HHITEREPETDH 5,

A MAZTE Z L, KEIZCO%2FE T 2 Htidk D
FEAE TCO2 % 43BN L b 58 3 2 43 B BR 23 AR A% 1Y
BHIER R E b0 2O X9 il BN CO BN E X
OIr881%, CCSEM o THh MM oB A HEH ShT
&7z BRBEAM OB 720 2 7 5HE D BETH 5,
IR BT B BREERT IR & BESEIRB O AL, T ORELR 7
EOMMAS, TELLZTEEE LR E2MZ FITEE TR
BTAHZET, ILHVHREIIESTHIELEDTE S,
Bz R BlE 25, COMIMDOEI D ALE Loty
KO, ZOa A MEYRATFHIAS, Mg #HEICO.m
WHROKWREOEZPERHENRTWS, 22T, RET
b r R A % BEBL S %o

3. CO. BT DFIREM & FRRE

IPCC (RAEZEENICEE T 2 BUF R 784 )L Intergover-
mental Panel on Climate Change) 248 L 72 4 FfE D
W FEER LITORTY, Wb E gL
LTEBY, CODANYE R DHEOERLEKEDOK

Download service for the GTSJ mMember of ID , via 160.16.140.208, 2026/02/14.



Vol.38 No.5 2010.9

IS BIE C OB & U M 303

XX, RO, FHIChHME (Frxvy 7 -uvr) HCO;
R A2 B EDVEPEEE 2 5,

B, HRENTREEESAL L CHEFEICEET S 2 &
TEITEU EORENBEX S5 2 &b EEOA)
ByVa—varkihd, LiRolEFENLE2 (K
1) EfEME (RORRF ) OHEEMESD JiEET
BECH BILEMD, Fx v 7ay 7 o#itticiffsh
TWDEEH 555, #i, PO AT % B
B WEBMEOF v v 70y 7 ORETEO IR IEE
AHRY, ERBFENGRE o TwhH, Al - RRF A
WARTCONI Mg %@ LR TV T, BEAME - 7 A
HOTF—% 7217 THIROMEL T SN D 089 HEERH
e AN

2%, JH - A AHBEK D CO0 KBEHE IR T H
D, WETITORM - FAHTIEAMN - FAED 8§ 4

DEIZCONETLHHDHHHL HWVWTH D, —KICIE,

COUFIT R T2, i - HAHDEIE, CO b T v
T O AWM - RKIRAT ADBEAET 2, RESh
TZIRETHAET A EEZ LN T WA, %@‘%iﬁ%f
E I A NS5, BN - kilEDO AT L TF—71
V7 MNTI, AMAEEI»SEVI R NCTHEERINL 72
CO 2 i F O IZH LiAd TV S,

HE, KRBBHEIR DL A\MHE - A AHPEET 5
FHRIWFTE RV, BIZIE, HEEICKHBIMEZ S A
) ERIIFTE R M - F AWML EBL R WHRT
FaL, MIWWRT3EHE LI %, XL DL
AT B — e K8 & R GC L 72COM i A AEH %
HEHTW5h,

M1ICRT41CHDHEFHAT2HED, AxhiEH
TEBLAY VHAOBPRBHFRFTELEDOTIA MIIZIF

Overview of Geological Storage Options
1 Depleted ol and gas reservoirs

2 Use of CO, in enhanced od and gas recovery

3 Deep saline formations — (a) cffshore (b) onshore

4 Use of CO, in enhanced coal bed methane recovery

;
:
é:
¢
g
:
4
¥

HRELEZONTELD, LI LIFHILL L, A
W P AHERE, KEBEDHNREOE G IS TE 2504
A %wve LA L, ARBIEME - 7 2AHE ) B L,
RIS D L A L, FRICHEEICB W TERE R T 4
VE—HTOLHLDT, ZOEHBEMIHBEIRKEVE
EZLNTW5,

K1k, #EZ0db00MWEERS 2V, EASINL
CO % Bril 3 % Hug 2 WL 3 % S BEDS, 7 A By h°%
W ES D, HEEOMKk - 7R YT LEEL G0,
HHVE, REBELREZELTENREICL-TYH, H

WCHASNZCODZEDHDOEFRHEWLICK E {3
By 2, FRZ, HEMOY - <7 AT v AERLEDLA
ADOYEE, pHAS A3 23T, REEMEIW 2 T8 L
23, COFBICIFIVWRETH L Z ML T
505, ZFOWEILTLHIHEATYRY,

B 212, CO®HuH R A30] §E 70 HeFR A D HE AN 22 53
xR T o ZORITREFEN 2 REN: 2 ZEETITER S
NThY, LFLD, RELEHEZRTIOTIE RV,
M2Dkd%r—3#HwasE, HROCOM IR
%ﬁic B L HAED - T, W - A AW T67504& b

, —HEHEAKETLIIRS v, Zian%?fBOO (LLE, 1500)
@b/ﬁﬁkﬁﬁ%anfw o Bl b, RO
C%%é#%&bfbiw%o&ﬁ%f&%#,kﬁﬁ
PEIEE e, I A MYICUTREDY, V) A 7 EHiEE IO W

TIFEEIN TRV,

— e KT K BBHERFIOE VWS L% WO T, 2
O THIFICHEHA SN T L, HIgHHA b — B KE
EELTHIEDNLVERESN TV S, HIBR O
B, PEMLEEoOME 29 720, Sk eIk
MTHZEE2BEELTNA,
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Table TS.5. Sites where CO, storage has been done, is ly in progress or is planned, varying from small pilots to large-scale
a1 applicati
Project name Country Injection start Approxi ag Total (planned) Storage reservoir
(year) daily injection rate storage type
(tCO, day™") (tCO,)
Weybum Canada 2000 3,000-5,000 20,000,000 EOR
In Salah Algena 2004 3,000-4,000 17,000,000 Gas field
Sleipner Norway 1996 3,000 20,000,000 Saline formation
Kl2B Netherlands 2004 100 8,000,000 Enhanced gas
(1,000 planned for 2006+) recovery
Frio USA 2004 177 1600 Saline formation
Fenn Big Valley Canada 1998 50 200 ECBM
Yubari Japan 2004 10 200 ECBM
Recopol Poland 2003 1 10 ECBM
Gorgon (planned) Australia ~2009 10,000 unknown Saline formation
Snehvit (pl d) Norway 2006 2,000 ] Saline fi
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Figure 5.25 Some potential escape routes for CO, injected into saline
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Generation Storage process
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(Courtesy ECN).
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Performance Improvement of a Centrifugal Compressor Stage by Increasing
Degree of Reaction and Optimizing Blade Loading of a Shrouded 3D Impeller
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SEH R
SHIBATA Takanori

ABSTRACT

A% NI (i 5 S

YAGI Manabu NISHIDA Hideo

N M Hj ARG

KOBAYASHI Hiromi TANAKA Masanori

Performance improvement of 3D impellers in a high specific speed range was investigated using
computational fluid dynamics (CFD) analyses and experimental tests. Four types of fully-shrouded
impellers were designed, manufactured and tested to evaluate the effects of blade loading, backsweep

angle and relative velocity diffusion ratio on compressor performance. The design suction flow
coefficient was 0.125 and the machine Mach number was 0.87. Test results showed that high degree of

reaction stage (large inlet-to-exit relative velocity diffusion ratio and large backsweep angle) achieved

3.8 % higher stage efficiency and larger surge margin without reducing the pressure coefficient and
choke margin. It was concluded that high reaction stage coupled with an aft blade loading distribution
was a very effective way to improve stage efficiency and surge margin.

Key words : Centrifugal compressor, Efficiency, Surge margin, Ribbed diffusers
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