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Gas Storage Using Gas Hydrates
— New Developments from the Self-Preservation Phenomenon of Gas Hydrates —

Satoshi Takeya'

The decomposition of gas hydrates at sub-zero temperatures is suppressed by the growth of an ice film formed
by the condensation of water molecules released during decomposition, a phenomenon termed self-preservation. This
paper introduces gas storage properties utilizing this characteristic of gas hydrates, the effects of additives on self-
preservation, and recent advances in gas storage research.
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Clathrate hydrate, carbon dioxide hydrate, dissociation, ice, methane hydrate

1. FL&IC

HANA FL—bh (75 AL — KRN ZaBEtah
D—MT, KGFOKRFEREES Y VT =712k o TS
NBLIHRO» TR (F—2) Wiz, A ¥ YR EL
R#ERE (KAL) 2AEET2RROMHTHD. A5~
EEWGETERATAZAE T D2RARTANA FL—
b (NGH) i, Fr7zaRRT2AERELE L THEHSNTWS
EAEORMR EAIC LY, kA TR ME T ONGHIZ W
FINTWERRAADRKIINC & 2 iREILARE D f&
H & T % (Hassanpouryouzband et al., 2020), ATl
A vEERGE LY R TNy EDRALKER

CIREHT AR WS B HANL FL— F%ENGH, %~
DHRETFAMNELTCAETLHTANA KL= b2 X5 ¥
NA FL—1 (MH), L85, FAN, FL— 2]
BB A NE LTI, A% YR BbrFEOMIZEH 200
TR DL L2 &, BLHERRE TR D 10085 DL Fo 77 X
RRERTICAELTWS, AN FL— ML, —f#i
FE (~FMPa) &4T, 3 LEKRKETICBWTidk
HTORRBRECRE L THET L. oS

®(Pm3n), OW (Fd3m), HE (P6/mmm) O3FEIHASH & 1
TEY, KRAGTFTREINLI2MHMAE (57 45%), 144
(5"%6%), 161fifk (5"%6"), 20iHifk (5°6") DL itk — ¥ O

12X D HERE X T A (Ripmeester et al., 2022).
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ANA FL— O]

Fig.1: Gas Hydrate Decomposition Models

(a) Gas hydrate with a void between it and the ice film, (b) gas hydrate
covered by an ice film without a void. Pd in the figure represents the
equilibrium pressure of the gas hydrate.

NGH* 5 DR 22 X & O [IL%, HEREELE
KRR OBRED 720, HAN, FL— bORHAH =X
LAOBFIIELETH L. ZOW5ITE L 2oftbhTE Y,
Handa (1986) I2 & V), JKEFRETOF L/ Y BIU 7Y
7 b A RL— b OGERE, KOBUSEE T—HONA K
L— FPMRAES NS 2 &3 S 7z, 72, Hallbrucker
and Mayer (1990) &, KEREFETERLZTELVT 7
RO EFR, BFE, —MILkFE, TLVvITonNAf FL—F|
BB LR, SINOHTANA FL— b O—HBIZkORE
LEHEFCERATLIEZHMBLA. S51C,
Istomin (1992) 1%, BRIRMH K@ & E T i T o R E
YT ATV E LT, MHYVFRH O3 & KB
2 X AMHGRIEI 2 % 2, HANA FL— hDOHCRE
(self-preservation) & #4172, ZF D%, TakeyalIA» (2001)
X, MHORRIET TR TIREICE T 2 RBEDOTEHIC &
% MHO 53-8 QI DS, JKIEEFR D X & v O CHE#
EhpZbrERMITRLA (K1 (a)). SternlZ2 (2001)
W, KA T R IR L HEIE (240~270 K) D A BN T,
MHZ% 8 FE 505 6 KRE F TRIMET % &£ MHD 53+
JHE 2SR 12 92 < 7% 5 anomalous preservation” % HLH L 7.
HORAEE WO MHO MR AR T 5 2 &1k, ~
Ly MELZNGHIZ X B AL RIAA A (LNG) (b B K
IR AW ARG S 7z (R, 2008) .

—F, HCRFILORBBOLME, 7 A OFEFHIC
LBZLARENT VL., AMTOHT AN, FL— Mo
fRIZBWT, MHUAMZ S EFE NA FL— b % EFHEE S
WM WHEO S 21 FL— M, HiEfRcoys
fig S E OIREEIR (~ 220K) Tl SN 5. THISHL,
AZ U+ H VRETANA KL — L OSRFEREITH

Yakushev and

E, X+ 2y YRETANA FL— O IIMH
I HELARETHR LIS WIETTH2ICH DS T,
HORFIEZBL L 22w (Sternet al, 2003). F 72, Fa/vv
NA R L — b7 EFEE SN O T AN, R
L — M, 200 ~ 220 KFEEE O BEHIET—5UI 5 L T
L ¥ 9 (Takeya and Ripmeester, 2008) .

—7, REEHHIZEGREX Y v+ Ty v+ 708y
REA AL TR ENIZHIRONGHTIE, SR ERICE
fii S ANGHWE D 2B s i/ME$ % 2 & T, 268 KIZBW»
TOHLEHVHORGE%Z/R3 (Zhang and Rogers, 2008). ¥
72, 253 KOTBEESM T TR & ) KRB LIRS
SN/ HemBE OIS ¥ TV OXFCT % v 72 IERIE N
HRERER T, MHIZ100 um A2 DJE X DRIGICE I (Takeya
etal, 2011), NGHIZ | mmFfEEDE VK THE DN (Takeya
etal,2012), LTI SN Tz, ZDXI I,
Iy R TuUNYEESRLR T WA R 2 AT 5ANGH
ZBWwTh, BEHEZREMLTLILICL), RAE
TTORFOWREEI/RENT VS, FANSL FL—1
D5EA F = X L ORI, 5O BTN 2L e,
BALERe T A e EOWEILER 2T TR, FAMEKED
MHEAEHR BRI L VAL AH0 L OKIER R Y, B
BENEEZEL2TER L2V THS ).

HANA FL— O HCRAFHZIIHE T 20580 A R
&, R TTEOMEE B 2> TE7 (4, 2005; 77
%+, 2013). Wi OHRE DB OIVEROMI, 72 T
B INIINGHR L v b TORGFEEOEGENIFER, # A
NA RL—= M7z #i72 7 ARECHT 5 HiT b %
CHEBENTwD (Veluswamy et al., 2018; Ravichandran et
al., 2024; Zhu, et al., 2025). ARFFIZBVTIE, KA FIRE
WCBWTHBT 24 AN, FL— ORISR FmA

DB, KOOI AEBICHET A REOEDER %
W9 5.

2. NGHRLYhDBCRE

NGH®D KRR Ak - Wik lefk & UCRIIE, ko
MRS SR T ANF—FEIIHIET 2 d 0 & Wik
ENTWw5S. NGHZ EEMBIIEH T 5729121%, NGH
KLy b OBEGERN LY AT LA OSSR ETH L.

NGH~X L v b o8EHA & LT, 25V —FEsd,
BiABE, BT —v, wH - BIEH NI A% i 2 7225
WX DEHENTWS, 278 KB L U5.5 MPaD KR A 4
T, KRERRT A % BUBE MBI I G L TNGH A
) —RERT D AT - EMNCEREL, Kiz
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(a) NGHX L v b o4xfkfg, (b) REEZIZ KITHHILL
ALy MEIER, (c) 253 KOKKE T T3 HMRAEHDONL v
bR XERCTHR o B il A3K, IREEE S 2SNGHT &
. XHCTHE D72 IINGHR L v MakBHI Mo L 2 A0 5
PO LTHIKBELTEY, XLy FEOb &b E0ht
K LATRENTVEG, 22T, WEHEHDOY ¥ 7Ry —
VIEXMCTIRBIC L 2T =74 772 FThb. LHMimachi
etal. (2015) % e Z.

Fig.2: NGH Pellets and Their X-ray CT Cross-sectional Images
(a) Overall view of NGH pellets, (b) pellet cross-section immediately
after cooling to 83 K during manufacturing, (c) pellet cross-section
after 93 days of storage at 253 K under atmospheric pressure. White
areas in the X-ray CT images represent ice, while gray areas represent
NGH. For X-ray CT measurement, the NGH pellet sample was cut
from the dotted line and shaped into a small form, with the original
outer surface of the pellet sample indicated by arrows. The ring-like
patterns in the image are artifacts from the X-ray CT imaging process.
Modified from Mimachi et al. (2015).

g5 2 & TNGHNA F L — b K 240-60% % THAN
S, EHICHE N T AR R 72 O TRICHE LA
F L — b H=E80-90%IC T 5. KIZ, 25%20x16 mmD
Yo —RINGHR L v MBS 5. 20, WMEZEI
L YIET (I MPakiii) b TP T S E4RIH253KE
THH, RBICET %0.1 MPa/4r i 0 — 2 M T RET
TS 5.
COXIIHERLZZNGHR L v b (2 (a) &, 2k
DR AEDOFMH» S, 253 KOKAIET T3 » AL
WA Lz d, WRRICRR T ZZIFH L Twb. Xl
CTHIEN & 2 IEMIENIBIR 2179 &, K2 (b) ITREh
B HEBBTIE, PR TRENINGHRL v b O
AR, XMCTHIE O 22 [ 50 #RE (~ 30 um) FRJE
D VK (A 0) AANGH (JKfn) ERICRSh 5. 11
2 (c) 13253 KOKRSZIE T T3 » HBAE L2 0RKET, <
Ly MREOKBEIZEERIEL 2o TW0DEHOD, <R
Ly FATONGHGRIZ L 2 KNDEAR 7 T v 7 564
= EDZALIZ R S vy (Mimachi et al,, 2015). 2D X9
WIINGHX L v b E W2 AE Y AT A0 HETH 5.
F7, FANAFL—bOHCRABZLICHL, 701
AT =NV TOETFTIVORGEIZ D B> TV 5.

NGH~R VU v +25, @iz LRl L7z R EEEzRL
7oriid, EBECET A, NGHR L v b % L TRAA

A= WY 51203, FIEMGHE & /5o % ffo—
el 2 S HBE A D T T & 7o 72 B ICNGHAR L »
FRORIRAABIZEAEREL Iz, LEREN
i VA EAMEIR S I, By v 7 O3 A MHIE O]
D 5.

3. HANA RL— FOBESIREICRIET
IRDRE

ERERLRMEEEA 2 EORMP %2 GL A ANA K
L— MO, RN oOEICKRECEEINS. H
2L, KO TR ONaCllE, #ANA FL— bk
WREHE LTHSNTWAED, TOH AN, FL—|
RO BEIZOWTIITLEALTARONTZ B h o7,
NaCUKEW A HMHR L v b RIS 2 &, Kiffke 2o
BoOBKIC X BT, XLy bEFEARTONaCIESE
AR oEE X ) HK < % 5 (Murayama et al., 2011). &
T MR O RETIZ, MHXL v U o Bk &
&, NaClh & & 5 FumAi o Jg 2sMBKL T 0 J& P %
WY PAATWS (Mimachi et al., 2016). [FEfEOIEREIX, K
SRR THRIN S N 7-NGHHEC b #i v (Stern et al.,
2014), XHERPTHETIEF M) v A7 a5 A4 F KA
(NaCl-2Hz0) A & TB Y, MHDBIE S L5 BRISHS
B RS NaCLASEESE L TR b L7z & v 2 .

NaCl, Na:SOs, F 7213MgCl% & & KB A SMH% A4
T B &, FIRICE DR IMHDOGEE, RIS L
THr il E S O E AR EA2EAL % (Sato etal., 2013). i
IKHFDIE 7 DHI80%IINaCITH % 728, NaCliZzF H L7z
WM ATh b L9 IR o TWwAh, NaCUKIBEW A A K
L7zMH~XL v ¥, K3 (a) ~ (o) IZRTEHIT,
HERE3 Wi% DONaCUKIAE A HAEK L 72MHX L v b GREH
DY IERE0.5 wi%) 1, F2D#KD S 4% L 7-NGHD B
& L AARRIZ253 KTOTH MR % S HE AT 2R
CAUTK L, WREE10 wt%DNaCUKIER 2> & A1 L 7zMH X
Ly bGRB35 2.7 wt%) 1&, B3 (d) 1R 3 9]
IRFED S M3 () TRT253KTOTH MDA TIZ, MH
(k) ok (Afh) ~OFEIHETL TS, ZD5#E
e, XLy MEREZTTRNTTLAEITLTED,
NaClREH 2> & B8 LZMAX L v MIH ORI Z R S
72y (Mimachi et al., 2016). —77, < ®10wt% NaCliA K >
LIS NIMHR L v F ORAFIRERFEE LT, 5K
K248 KTIX7TH % T RI90% DA X N5 (Takeya et al.,
2018). NaCl-2H.00 3t j Jii £ 13252 KT & 1), 253 KTi
Bl L CNaCURIBIEIC 72 B 2 & A S MHJE PH O R IZIK IS &

177



178

K3 : NaCl/KB®&ED S1ER LIEMHANL Y h—ER3 DXERCT
i AEILES

(a) A REIE £ D 0.5wt% NaCl% & ¢-MH,
1H B AR L 72 oMH,

(b) 253 KOKZIETFT
(c) 253 KORSET TTH ML
72tROMH. —75, (d) A% D2.7wt% NaClZ {5 &MH, (e)
253 KO KRS T CTH MR L 72 OMH. b oK 8554
NGH, HEHBG29KTH %, (o) ITR EN52.7wi% NaCl % & s
MHAL v b T, WEDIZE A EDHH L TOKICEEL TW
%. CHkMimachi et al. (2016) X 1) 5]H].

Fig.3: X-ray CT cross-sectional images of a portion of MH
pellets prepared from NaCl aqueous solution

(a) MH containing 0.5 wt% NaCl immediately after formation, (b)
after holding for 1 day at atmospheric pressure at 253 K, and (c) after
holding for 7 days at atmospheric pressure at 253 K. Meanwhile, (d)
MH containing 2.7 wt% NaCl immediately after formation and (e)
after holding for 7 days at atmospheric pressure at 253 K. The gray
regions in the figures represent NGH, and the white regions represent
ice. In the MH pellet containing 2.7 wt% NaCl shown in (e), most of
the interior has decomposed and transformed into ice. Adapted from
Mimachi et al. (2016).

ZHCHRABSEMEECE v olcx L, LRREXD
i 0248 KTIENaCl-2H0AMH % JU Y P & 72 HMH 2R
fr3nizeE2 65, 53#$ 2MHIZCH, & H:0 % NaCl
KB 2728, RV v N ONaCIKIFHEACH D
WML ), SOL25MlzRETLEEZLN.
Himicix, #ANAL FL—bOXL v MEREETEM
ENDIEMBIEIE) Z S 2 2 & T, BRI L
FICERAES ZNaCiA O 2 s L, XL vy PO
DEEREZ HZ ENTE S (Murayama et al., 2011). 5
& by MEEBROENEZE NS5 L, )Ly b
o LN L OBR KB IS, XLy MO
SRENMET T 5. COHFEORBICED, BEEROW
W B B4R %2 <, 253 KTMHAX L v b # R AET 5
CEDVUREIZ R B H b Lt o,

B, REH SIS N Z2NGHEUE o I L4 D R-AF 12
DWTC, A 7 OXHCT % H 720088 O £ 0B850
TNz (Takeyaetal., 2025). K&ET, KA FImE263 K

R4 : RADNGHD B FBIRDER
(a) WIWIIRAE, (b) 263 KF TORRIE (55) 1,
TOFm2MA (5x257) 1%,
NGHA % 5E 7123 KTHISE L 7z X#CTR.  NGHIZ, NGHOKL
R HBERMHHET 5. RO GRS L2, IKn
B85 ASNGH, BV E5INTH 5. LHkTakeya et al. (2025)
Fig.4: Progress of the Natural NGH Decomposition Process
(a) Initial state, (b) After one heating cycle to 263 K (5 min), (c) After
two heating cycles to 263 K (5 x 2 min), (d) After three heating cycles
to 263 K (5 x 3 min). X-ray CT images of NGH measured at a stable
123 K. NGH decomposes preferentially from its grain boundaries.
The white areas in the figure represent precipitated salt, the gray areas
represent NGH, and the black areas represent gas bubbles. Modified
from Takeya et al. (2025).

(c) 263K ¥
(d) 263 KZF CToOHMW3I (5x345) #12

2B 5 RIXONGHO 53 IZ AN TH—Tid 2 <, ™
4 (a) @, @IZRENS X 9 IINGH-NGHEL R 7% & 856
MIZHEET 5. X4 (b) DB, ODTRINL/NE 50 (R
i) AT L, ZOFA XL FHIIES (o), (@) 12
REND )T E EHITWMT 22 Eh5, HEAD=
KIEN e BEET HALEND L. LTI,
NGHOD 53K O FAEC & 0 A B S 72k g E NGHOBE R
Tl&, NGHOGMES IRl s8N Twb. 2, NGHHIZ
BIEAE TN TES Y, NGHOGHAKIZ X D B Sz
KRG DR ILEDNZ ISR T S EE L LN 5.
NGH® H O 7% Felg & U 72 R A ORF i & ik
I WFE SN TE 72D, ZOSIEMADMHE & HAE
bETORMEENTEL, S%IXHAKD» HNGHR L v
b EEETZWERECOVWTRET A LT, AETO
NGHA L v MEEPEHTE 50 Lz,

4. HANA RL— bDRPRTE

Ut WS -7 a2 LA, LRI E
W25 LD ARSI BUREDHEFF S LD (Daeges et
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X5 BEERICEHRDIHTANA RL— MERE1L
RXFEE AT O FARMMES» S RO IZZMHB LIy g F
L— FORRICE D %) REIRAFE, Lk Takeya et al. (2022)
.

Fig.5: Changes in gas hydrate content in samples with
increasing temperature

Volume reduction rates of MH and ethane hydrate measured by
powder X-ray diffraction during heating. Modified from Takeya et al.
(2022).

al, 1986). $L EFHBEERD/ZD, ZOFHLIFHPL
GOMIZHEREN TRIED 2 WEROEBAREKN T 5 &%
ZHNTWwAS, b L, KRN OFT AN, FL— MIHL
ZORINEE EREOH AN, FL—MNETE) 2 LT,
KR ANA FL— M 2SEF ORI TRIRT 2020 <2
EATENR, KICEZ2HCHRAE LD b EIRTORES
FHTE L0 Lk,

MHERER2775 KOF F S ka7 5> (THF) A K
L— bOBRERRAERL Y METHZ LK), MHD
KBTI BT 2 508 OBl AR ST b
(Kida et al. 2011). 7z, OHITHF/\f FL—bZ T 71
X% v (CP) WAKIZIZITAZ ET, THENA FL— D
AV % W E T CREE280.8 KD ALY 7 1> %~ (CP) /N
A RL—=bFCTa—74 7 TE, #HEKETOTHFNA F
L — bt &2 %E LT & % (Sharifi et al. 2018).

[RHZNA FL—=bF (¥, =¥y, BLXUOZ#IL
RFENA FL— 1) ISR L, ARCPHIZE T i 5 o 2
B MEICPNA FL— s CTaA—T 1 Y75 2HEOHR
AR E NI, RSITRENS X912, MHOGMFIEAEIRE
HPHTH L <HHI S, KRET D268 KE TITIF50%0
NA FL—= b PBREFEENT WA (Takeyaetal, 2022). Zh
xR L, PEkoS MR TIZ, MH (B X O TR ENA
FL— 1) 1345200 KTEEIZRAHEST L, kORI (8

2BK)ETFTOMEE TRIESNZDIETL —HTHs. =
oA FL—MIBLTYH, CPNA FL—FTHI—
T4 7% LOYE, 220 KIS G TERBUI 0 E S A,
CPNA FL—=bTOI—FT4 V7 &I ZEILD, [
RO RNE L L Eh 5.

R WA ERAE UG 2 7 B 5V (Takeya et al., 2001) %
BH L, MHE 72530 um D BB T ET 5 54,
MH® 55 f# # D FZE 2> 5268 KTIERI3 umDJE X o 11 #
CPA FL— MEDPSERSMMAZHIELTWA Z LIk
5. B LAEMEEONA FL—F(TH, I8, HE)®
K TOHKEITOWT, BlEI%E (Nguyen et al. 2012; Pang
etal, 2020) 25, ZODORLBHANA FL— MEEOR
VR 22 KD R WERDPTER SN D 2 L AR ENT
W5, CPhA FL— MEDOHA, 15HEDS 6 r — UM
INLZODOHOMICHET R L, THMETRNS, FL—
FOBICHEZ RIELE R %5, Fald3 ym OCP
NA FL—=MNEDEXIZZD L) BB RICIITH5TH 5.
MH® BHHEmIZCP/NA FL— b DMK T —F 1
YTZENTBY, lo&a—T 1 v 7 L AR &0
OHTHMHO LR D3R ZHHIL S 2 THHH. —
BICMHI, P T TIERIETRTOMS RS r =V
KERSPCr =V D A5 v THEASNTWEOICHL, T
BICPNA FL— MIKE25%6"r — Y DOANCPTHA X
N3 — VI3 > TWh. 2D, MHDOY)5#
TS D A% 1%, CPA FL— MBS 7 —
JICOWDATNS. FEE, MHZI—F 4 ¥ 7§ HCP
ARFL—=FHCIEA Y Y HMYAENDE Z LHEBRTR
ENTWDH A (Takeyaetal., 2022), 7 —JWIZHDAE N
Xy 3 —VMOGTFHRIZEI D W o Y LIRIFT
Wl kEZXHNS.

WARCPH COHROMHOLFIRGE L, XHCTTH TH
fEEnTwa ([X6). 263 KIZB T 5 HARCPHOMHTIE,
PR OCPNA FL— MEOI—F 4 ¥ 7 IZMED%E
W5 REE (~ 30 um) F OV DO TH Y, SHEEEZ (13
EHEFF L7 S ORETHE > Tnb. MHO SN 255
R X o TR SN BH01E, KECPOREBMEICL Y
MH & CPIE R DR TCPNA F L — b 2L T
5. 210 KE CTHIET S &, MHIZAMRERO— 05 W
WAL, 273 KTIENEED & 5 7% 5 550 FA5 2 ) CP
NA FL—=FTHRESNTWDETH S ) HBEDARDIERD,
273 KPL L oiRE O KLAE T CMHZRF T 5 2 &3 TE
Hdpofz, 275 KETMEAT 5 EMHY ¥ 7 V3584129
fHL, XHCTIC X BMEIZIT R 2w
WARCPOR D D12, REEDIER IS TANS FL—
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1 mm

X6 : CPROMHODXHRCTEHSE

(a) 253 ~273 KT L 7=MHO BT K. (b) []—MHMD3DW{£.
XICTHE 15058 T LA HE . £HOCPHNA FL— MEIFE
FIT/REND. LikTakeyaetal. (2022) & Y 5IH].

Fig.6: X-ray CT images of MH during CP

(a) Cross-sectional view of MH measured at 253-273 K. (b) 3D image
of the same MH. X-ray CT measurements were performed every 150
minutes. CP hydrate films in each figure are indicated by arrows.
Adapted from Takeya et al. (2022).

PRI L 2 WIHAE 2 W VANFH IR IT AL,
BISIZ/R S & 9 IZMHOGER O B CR-AF % EIH 5 IR AT
WAVRENT WS (Takeyaetal., 2022). Ziik, fEkoH
CRRAFE R CCORBEARIZE 2D DTHSH. MHDOERGH)
ORI X o TIRIBENBH,01E, V< LAFH DK
BHDPIEFITAZI VT LIZED, MHE 2 V= bAFH»
WARDBEROHKRTKEET HTHAH. FHIIKEIZ
LoTLlLoh) tEDLNFEHGEINLILITLD, KD
HOEMRFE L D SMHOKIEFEIZ X 2 0534 S h b &
Z26N5 (M1(b). H LMHOKREIZKEAFEAT 5
& (B1(a), MHOGRIZ X o THRIBE N2 A 7 VA
X 5T, REGHDIETIHMHDHE (B 21E, 273 KT2.7
MPa) X0 & RN DHEDH, KL T TOHCHK
B IIHER SN S, EBIE, Bum®E S 0ok,

ZFD X BRIENEZ BT R REZFzR W
W, KETHRE SN ZMHOH A IEER TR T 50T
Hr9.

HANA FL— o ifro 7ot 203, 7
Ot AR LTCREELN, FL— bE2FHWEE LN A
FL—1DORETHE) LB TES. ZDkD, HTANS
FL— b2V ARES & S o % X
DNEDDETHAH. —HT, RERENIIE TS, Kb
R R R 2 & 0 A ZEEIC S L 9 B AR S BT
LWL, GHRELIVLETHDL. ZOLH L TatLA
DA = AN ZBIRT 57200 DEBRWIIIE I, HANA
FL—rDXYENIZRERDERIIELDOTHS .

5. SEDRE

AFTIE, REDOHTANA FL— o HCHREEO
RIS MR E, T ANA FL— b2 MW7z H 2R
ST 2872 MO TR L7, e,
WEH A X HENBOALE — M4 EIHEAET 2D 00,
INSOHEIZ LY T ANA B L — ~ ORAEE:% Hil g ]
ETHDHIENHOLNI R -T2 Gk, HTANL FL—
FOBGEFEOREIZE D, FANAL FL— OB
o Lt En 5.

—HT, HANA FL—1OHCREE, &Tor
ANA FL—=MIEENZDDOTIE W &, F72,
ANA L= FOGRIZE D % 5 KkOREREMER, K
WA T B 7 A T O H ARREEICDOWTIE, RIR
HWoFFEThHsb INOHLOBRIZ, HANL FL— M
MOGRIEZTOMBETIERL, YA MFFLKGTLED
HEAEH KO SRR L D HEICHBRLTVS L
Bbh s, 5, EBEHHIC X 2REMN2BR OB,
HANA KL — &8 S 727 7 ARFRK - s 5
DOWEAZED D Z E 2 WF LTV B,

i

KA THIA L 720781, John A. Ripmeesterf (National
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