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Abstract

Cold-water oil spill countermeasures may be very complicated by low temperature, presence of ice, short period of daylight
and lack of support facilities in northern areas. Japan has had no offshore operating experience in such cold environments.
Considering of the recent development of oil and gas resources at the Sakhalin shelf, it seems very critical that Japan should
develop, strategically and technically, a level of preparedness to prevent and respond against accidental oil spills from
tankers or offshore oil production facilities in the Sea of Okhotsk.

The main objectives of this study are 1) to identify a set of vital requirements and conditions needed to develop a national
contingency system for preventing and responding to a big oil spill in ice-infested water, and 2) to develop fundamental
understanding on the fate and behavior of spilled oil in ice-infested waters and to identify key technologies and techniques to
recover spilled oil in drift ice.

With the abovementioned objectives in mind, the following themes have been studied. (See Fig.1)
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1) Study on total oil spill response system for cold oceans:

A general survey was made on existing maritime laws and regulations for the prevention of shipping accidents and pollution
of marine environment, Japan' s current contingency response system, environmental sensitivity index maps, and related infor-
mation and database systems. Besides, sea ice and other meteorological and environmental conditions of the Sea of Okhotsk
were reviewed and risks of oil spills were investigated.

Six recommendations were raised as the conclusions of this study: (1) To establish a cooperative relationship with Russia and
other nations concerned, (2) To establish a regional cooperative network among governmental and local institutions and experts,
(3) To prepare maps of environmental sensitivity index of the northern coasts, (4) To develop reliable technology for mechanical
oil recovery in drift ice, (5) To develop a method for estimating the spreading and drifting of oil slick in drift ice and method for
identifying the oil slick covered by snow and ice, (6) To develop a real-time information system for assisting the oil spill
response operations

In addition to the above, an Internet-accessible sea ice database system for the Southern Sea of Okhotsk was established based
on the data from three governmental institutes. A
2) Review and assessment of the capability of existing oil-recovery equipments in cold icy ocean:

Existing different oil recovery systems have been evaluated when in use in icy waters and their defects were identified. Based
on this review, an experimental effort was made to develop a “net-belt type”  oil recovery system especially designed for
collecting highly viscous oil. In addition, the leaking behavior of highly viscous oil captured in front of oil booms have been
studied experimentally. Different gelling powders were examined of its gelling efficiency on different oils. And a trial was made
on how to apply the gelling powder from underwater to oil slick staying under the ice.

3) Study on the change of oil properties in icy waters:

Laboratory studies were made on changes of oil properties such as viscosity and interfacial tension when the oils were cooled
down from normal temperature and brought to freezing temperature. The process of oil encapsulation in ice and release from
ice were laboratory-studied. The adhesion strength of oil slick to ice was investigated and the removal of oil slick from ice was
successful by flushing with sea water.

4) Study of oil spreading in ice-infested waters:

A theoretical analysis was made to predict the extent of oil slick spreading underneath the ice in the initial stage(short time
after the release). A numerical simulation program for the same case has been developed, based on a level-set method describ-
ing the time-based change of oil slick profile. The numerical model seemed more adaptive to non-homogeneous cases than
analitical method where ice has uneven underwater surface. The migration of the oil slick by sea current have been studied in the
ice tank of SRI.
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2. 32 PCHBL-HOBENMY HEERLCTS
VEPHLILPRYVOEEOERHH L, #2
TEEEMELTREAY LY V7 —sflou—35
FEBEBOTAN—RICEE 2.3 IZRTEIICH
RPLMEXD LI TR, BOFEMN
DEHTRCERT LI ENTE L,
HBPIOKBRIAFEET HEEICE. kEFHOK
NEHFHOBNERIIETT 2, 2y PNV MO
KEDPODESAE 30° TEBRZITo-P, KL
Kime —~HICEINE D, KEHET—FEICEINYT
LEEIXESAE30° IS L, kEERL
BWhODIZBEFAEI0° XV KRELTILEDND
A ldbhol, KEML—HICBNLZWEHR
BAlE ok THE SN TEIHERIIBRYT 5,
MHEBMPRTIRPFESEICET IR T W, TI T
Kb, TIAF v 7 HENBLNELRLONBRLTW
Bo Ui OEINEE TGRS 5 EEISHE] RN
BOPFIZIMYFT o TNT, BREHEETRIIL
RBETFTAAR—F -0 X IZBBRLTRETHH
RDbDb, BADOITINFHIEE, TIOEHIC
Lo THRTIHRIELR D H2-1127 3 hEILE
BRITIHEHEmERECERLTCHERDE $5
HRGEFE TR B HREEZ T,

8
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INEE R ENHEPOEKEHKE WO, FHRE
RO 1 WA T S5 TIRAKE LA 6 OWFIHRERE LA

P S—
ik ki

(a) NP ARDENAN P CHITFONBHE

HbHEBRTE

ik

BER2-2 pEINAIN b EHFHIAN N (FRIOR)
OE~ FOBE ‘

22 @AW MIEWERT 2 BEDFR

e
(h/h 0)
1
0.8
0.6
0.4 [eg=2mm & |
wedmm 4
0.2 =g=0mm
0 . .
100 1000 10000 100000
WOERE (mPa- s)
BER2-3 %y b PRABEINEBROHEINEE &
2-3 #8ic & 3 2 HDEIN i E)

2.1.3.1 EBFE

HOKEDORFIEIN~DOEELRARL DI, B
W (L), EEmEN3EE (L32, L6, T). BEM
(B)., CEMH (C) weBEEOMWMZAVETKEDR
IEKE EICE2-4I12RT L 5 ICEE5 mm, £ 36,580
mm, JE450 mm DB FFEF ¢ THE, HBEEE
WEIE DO KT E OB H ZMHIC 5 mm ORITIC
LTHBERFNEBRETo7, BIIBIZHEIZIHE-T
100 mm OFTEHREBELTED ., HHIBIE 406 mm T
b, ILAKEETHERPRIRECHRT 2 G

EE2-1 2y b bXEREFER L. 2551247 o 2%, BULY ¥ 7 12BN L 723
*@ﬁ%%"ﬁ L7
2.1.3 BE5| BN O FHE KA TS ENTMB Z R T2 5 HREIEINT 5

F v bV P TEYLT & 2 WERREEE O O B EFNVERE LT, KREBELLZSRE KOO
B LTRSIENAR 2 RE Lz, FEROEHXE DENERZT o2, H2-4DEERIERICEBVWTH
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-QkLmeOEWﬁ%KL\%wim%ﬁéﬁs
HTHOBEEZEZ C20MORFIEINERET-
72 .

B 2-4 BN & 5 PimENERER

2.1.32 ERERRUEE

EBRERZR2- 1R T HUEIBV LGV
MBS EENT, FEEOHEOHBBIMEIE
BV HOBPNENI PR 25 EELLND B
WHEN O 100 mPa-s BEOMMPHIL L BREDI R
BHRV, EHICBEMD 450 mPa-s BRI B &
BEANDONESIHFHEL . BEILTHHIZTEFS 2L
A, LPL.CEMOBICEREIC RS LELT A
. B ORNORE) S CHESRER S, EIR
BANDREOLENL 2L RY, HOENENSE
{TpoTWnBEEZILND,

KT BB L FRT 26 0R5|IEINERERT
X, MBELABEOREEMB L AR L OREON
ERRRIRLZLOTREANVEBIZIOVTRESIZKR
T ULERDLPE, ROLHZEZLNDE, FH
KEDREBEFEL 2D, BROBFIES P2 R
BV, KOBF|EHPE 2 Y A0 EINBE L
M35, LALMBLERLEORE L ) FRLE B
OREOFPEBIERAIKEL 2D, HOEIEI

F2-1 O EET A LIBSOEAIEY A
BEARERIN - oEINE
(BA7 : em¥em-s)
KOHA Bam] T | L32 | L56 |BEql|Ca|
EIAE] 58 | 52 | 451 672 ) 5.04 | 887 | 5.58

B mE|] 00 | 0.6 | 1.19] 1.08{ 1.16 | 0.23 | 0.82
EARER)| - 90 | 82 | 86 | 81 97 87

EL S
(mPa-sy | 10 | 55| 120 | 110 | 160 | 500 | 3,200
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Fm L LTI, SR &) IKE LR SRR E
W53 5 HANTHBULHAKROERRIXPZ Y KE
VHEEOHENBEMOBINENRL 2 o7,

2.1.4 ERi0hmEOEEHOIRE

W EECAL A A V7 22 2Rl EINE O E
PHTHBE2ELTHLDICAVLEZEAELTK
BEETVEREBWTERNICAR, Hhot
WCEANZER OB R UHET 2B OB 0%
BRUEIZOWTKBERICL VAN, S5KHB
BICKAEENEET AEBRORRPLBEHOMEOLE,
EBhoORMBIEOFEIZIOVTS FhFNERS
’ﬁ:Q T*ﬁ%ﬁ?{l’ Lf:o

2.1.41 KFELDOE
WRNCEEICFRE2ESE, #ETrMoBEEZ
Z. BECIIHERROERR UBHOKIRIZD
WUz, HEEME LTTm (K). Ba (L), 8
EEM3EE (L32, L56. T). BEH (B). CEH
(C) MR L7z, 1845 cm D ETAM AL % 12
Uy PVEATL, 2~ 3REMBICERZITo 72, Bk
EOBEMRUFCEMIIMEAL THLLES L1,
MDD LFHICEDIPNBEOROMBE 0L EE
122V TDEED DR EOEHNEL {fThRLTWwb,
Bl2-5 (a) IR LI ICKBEOEMIEYZ ) OlE
ZS. MOEELZ p,. KOBEEXZ p,. 6=p,/p
o HEEZV, BROHWEBORBEEITOREELLEY
DL HELDEBINICLYARWIESEZbhTWS,
LIS =2.1F?
ZZCFIIHB 7 V— FHT, gidEHmMEE,
F=V/,fg(1-o)«l§
HERZEFRZOX,LOALTRELD,
L/JS=aF"?
EBE,a, bTERWICRO S, 3, bITHBEICEI IR
B0, HEN100 mPa-sOHMZ{# > - EEBTita=
48,b=—1153B5N, 1.5 mPa-s DPSICiTa=
4.0,b=—11THo7,
WTNOERTHLAEOL Y-S54 v LOED
LHMBORRETCOEESEMBEOESLemE L. B
HICHB 7 V- FHFZ2, @CERTHEERE S
LIS E D HMBORREERDT L, BHRR
ZEUWLBHASFRADLDIIED AT TERET-
Foo KEEPHEETLABOF 2 ETAIENSIES =
S,+8,Xp,/p, &L S IZKBOEAMIELY
DHFEE cmYem, S, KO BAIEL 2 ) OKE X
LREREWOE cmYem, p ZHOTE., p 2K
WEZIIBBEAROBETH S,

[ MOWEOEE |
BHOBKEZScmIC L, MOBHEZ2EZ TiTo /2
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EBRERETH2-6 27T, 10'mPa sl LD CEH®D
WAL MB BRI E £ o TEREAFEHEO &
I, FAAENFTEL L, ZORKEIZELS
Bl THMAEEV COBEORMBREREIIF =
IBELREVWE, HEZEITFTWL L, BhiBED
R EHROMESEEL TR,

D FEEHT 700 ~ 9,000 mPa-s DIFFIZIEF=0.4
~05RBREITOLERIZELALRONZ VIS, F=
0.5 (JHE21.9~24.1 cm/s) BERHEELZ LITTHF
., BEBEREEXIZIV-THEDIHIIZWo L
DEMBAEL ZYVEOBRKIVELRDY. FOh
TRATS, BEEOCEMERWT, Eok%
EZA T o7 EBEREH2-TICR T IBOBRANE
boTHHBORRIBIZLEAEEDL N,

1. L ]
S
1
v*—
(a) KT OER OIHE
Lo R
to% l
) EBEBET 2HOMBAL
L .
1.2
——-’v
X t
(c) BEYIERTOIE
X 2-5 Eai O hE
30 & T (2mPa-s)
® B BEl (0.62Pa‘s)
25 |= & CEl (2.3Pas)
¢ X CEifi (18Pa-s)
" 2r 000 x % x
%15 %
] L S .
10— & &
L
a, %
5= * L
N &
0 I ] r ] i
0.0 0.2 0.4 0.6 0.8 1.0
F

H2-6 HENFREZHOFEZMHME (BK5cm)

20

15 =

2-7 BKETA-BEDHEZHE
(#5/% 2,400 mPa-s ~ 4,400 mPa-s)

[ WMBPIOKESESNTELET B4 ]

BRI ENFEET IHOLEEREH2-8
RT . BREICRALHMBZOb ONFEHRICER
L0, RBNHEEORVWHTER LT 2, Bl

30 = 2
4 T, Sp=137cm’,
2em/E K
L/s* = 5.8F% 2
@ L32,Sp=69cm,
1em/E Kk
W & L56, Sp=68cm’,
v lem/EK
X K, Sp="75cm,
1.2ecmE &K
by 2
= @® K, Sp=75cm,
%20 ® 1.2cmE ok
¢ L, Sp= 7lcm2,
& 1.1cm{§3}<
] X0 | O L, BHoOHA
15 |-
10}
5 I
00 0.1

B 2-8 SEPIC KRS I FET 3 L EDHEAE
(8, = 266 cm?)
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RITHO & 9 Z2EVHB OB ICIIKREOBEIRSL
R HARBICERODDELEF L TF=55%
PORBRED., FOBNIRES LIT2 Lk o
M35, HEHBEEOMTIIKSBITE VLD
LS6DBSIIMAREE TERTELP.F=0720
B, B LKEACEEL TREBICEBR:, XKEX2
cm & THOEETIEHESH 20cm (F=0.39) Tl
PHRBOTIHNEE Y, kA ME S HE L TR
2o KBOEBEDLDICHWAEHTIIERIELTH
D, AWELEITHOEERTIIFHEN33 cm/s (F=0.56)
fHECTHEL & U TR, ZOBARITLELE
DT LES LT,

[ BRiOoWEOEE |

BRIOKEOBMIEL - ) OHES®22 cmYem~
331 cm¥em ¥ T 22 cm¥cm D92 2 TBK 10 cm T
CEMERAWVWTERZITo 2. MEFSZ W, BEo
KEdLTBEd/IVSS 1.0 DB IIZERTHB
REL5§ LHEB7V—FHF OBKIZIZIZ
LIS =12F24 & % o720 & OHA I TG HIET I
POTUNTRNEHENDLEWEESI/IE >1.0
TIITRMEST 2. COBFAMAKORBMEIHRIDICE X
AENTRIS,

[ FEWEBORMBLE )

HMOBLEDOOFEEL LTH29RT LS 12, BD
HOBELERAOBPLEAEDLELBHEIZONT
FART, E2-9D (a) DX I IIE (B2ZKS cm) @
ADBEDOEEAER (HE12Y » PV, § =266 cm¥
cm, HE ; #EW. o =0.885, 4 =310 mPa-s) T
2. F=0.63 (V=27cm/s) 2% % LIEEOMHMAR
HOWDRBAIKEC LD, HMITEE L CoTRA
AR

B2-9D (c) @& 5123 (B2KS cm) DFH 90 cm
E180em DL BICHETFHBE6 mm X 6 mm D F v b
EBAERE S cm K2 FICRBLABAOERER
(& 12V v PV, S=266cm¥cm, 5 =0.887, y =
420 mPa-s) Tid. WMEA 18.6cm/s (F=0.45) O
Rl KREIC RS 2WPAE (Y EVE0LS5 %
FTHE D PHWTHIR) BREL, FAOLLTIE
HEPRNIED B IMKREOWEIKE CEHL. 7
DREEPEE L CoTEEBICF/BRHTOIRV =31
cm/s (F=0.73) OB THol,

B2-9 (d) FID & 5 (ZHEFHF OWOBRAK% 10 cm
AL, 2FIICRB LSS ERERE (HE 12
Yy P, S =266 cm¥cm, M ; BHIEWEN. ¢ =
0.888, 4 = 360 mPa-s) Tl H&16 cm/s (F =0.37)
THEIDHEETRE 2 (HEOBIZANTD 5 D D)
PRETHNENTHZ S,V =18 cm/s ( F=0.43)
TRZFCKRERMEIEOTLSBNE, V=23
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cm/s (F=0.52) TIZHMOBBTRE 2B (k
B PREL, BARBLA LIRS, LT
V=31cm/s (F=0.73) CHAREICEETLAE
ZREOENFEZCHIRITRNA L) IC25,
IRODERTHBT L, @EWHMICHET 2
LY, mMBEBOWEEERIIALET S, LALH
BOESII#E WD, BOEIS2ELLTS. Sem
TH10ecm THIFLAEHRERALTHY, EHO
WNZT 205, TRIERWD, BoBRKIE
BALTHZOHBIEIEDLLEZVWEE LN,
29D (¢) LA LE&HBTHENFEWHOBSIC
DWTIToEBRERTIX (WE12Y Y MV, §=
266 cm¥cm, o =0.92, ¢ = 4,200 mPa-s) TV =29
em/s (F=0.81) LT THRBEOBRFICHEL CEHH»T.
V=33cm/s (F=0.92) THOTHBIEEL,
WETHBIEBH LA, V=38cm/s (F=1.1) T

(@)

(®)

©)

@

€)

H2-9 BRUZ v bOEBEME
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BOTHLEZEICEBNIEL, ZhPBOHES TR
N5, H2-90 (b) D2EDIER () D& HIZEIL
B P 2BORMAICRE LSS0 mkEE
Bl abihoiz, '

2.1.4.2 BETHE

ERERIICHmE RIS HEICIE, B2-5 () KWRT X
2, HBHHBELEIAREBNBETLIOT, 20
BROMBORELZILEBTLILENDHL, £ THE
P RIERBHE LB EOEIMBOEEIZOWT,
T, BEMW. CEME BWTHAL, EEBRITIIE4S
cm. KIE 45 cm, EHLE 8 m O EIFKEOKELE %
FRHLTIT27, E2-5 (b) IZRT LT, H&F12
Yy PVoOmEEBREICENSE, EERERGICHEBE
SL, %Fto7z, MEZL XB, (B, lXkBEOIETA4S
cm) TEY, MHOMBES 2Rkdi, THORZE
121X L, %680 cm % 5 860 cm, t,130.31 cm 7 5 0.39
cm T, EMHOBEITIXL & 300 cm » 5 750 em, ¢,
12044 cmP> 5088 ecmTHotz, BEx —EEETHE
BsE, BROWMBOEREE—F—FF47H 2
SERUYCFTHASIZLIV®BELRL, FOEEL®H
WT, HELTWAHBREEL, RUL2OMEOM
BES 2RO, t & LIZDOWTOEERF %K 2-10
2R M2-1012BVWTxRIEOR Y- FESLD
EEETHL, COPE, TITS=LXt:L,F%
WmE 7 V— FE

F=V/ajg(l—a)«[§

(ZZT VIEREBOBHEE) LEXRTHEERS
(L/JS) T, BEBEROBEZWBIIoVWTINGD
BEZEERETLTA DL, BH2-11 IHEHEOIT O 2
T, BEEMOBEEMBIENLEE LD B0
OBDMBLVEL ZoTWhH, E2- 12135 RE
Z5BEOBEENOBMBOR I IIOVWTOEERE
BT, KR (1.4 mPa-s) OHMBIITEEORE
(100 mPa-s) OB L VEIHFICTHENGH V20, &L

120

100 = Wv\v.z':« s
E wl o -
= M«” ——BEJHOL
2 60 , ~S-BEHOL
S ¥ i ATHOL
=T ‘gM —&—JTH Dt

20 |-

0

0 “ SR .,1 o
EOREIEEEE x (cm)

E2-10 BBEGRDHBES LES
(JEEE ; 18cm/s)

i
w0 3
L Ls® = a0F
30~ % & BENE
. - MY
@ —R%E (BEE)
3L O e e ORISR DIE)
10
Ls* =238 K
ou | i ]
00 02 04 06 08 10

E2-11 BEPRAOME & KA DR DHBED
‘ e

b, TI-EE (2,800 mPa-s) DMBIZET L
KEDEZHAMLBENIER, FREOHED
HEBELOVE RS,

2.1.5 WEST LB OTEEERRME

FNALENE, WESAMVEL., WREIEE A LR
2 PECLoTRNRTE2LDOEMT, 40V
Tz ASETHIN CETGRLEB L -RBOXERA
OWMERNT BODIDTH S,

FMALENC X L R O2BEDD 0 WSV
EHFNEF VLS| 572010137 & BRI RT R T,
FNALENHIEES L BERBS VLRI ER
ARECTHEICHA LES KBV IVLHBATRE &
ns,

EREFICB T EBMoRNOE S, LT
R T LBEES S, BRI VAH (BT ik
HEET) OBAZICOVWTEERERTo7,

6 —
5= %
%: "

oL @ 4T (0.0014Pa-s) | mdB

B BEJW (0.10Pa-s)
-l A CEl (28Pa-s)
0 1 ] { 1 ]
0.0 0.2 0.4 0.6 0.8 1.0

F

H2-i2 #HEFrRE3ES5NEHEFNDHE
(17 cm/s)
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2.1.5.1 FI{tHOpEESE

e, ERERARBOrBONbO%
Az, BftBEg otk ZEBWMIIBEM., 7
MALH O FINEIZ30% TH{LERIZo0% L EHFER
ENTWb,

FMALRIOFEMEL, WOEEISHT 3 7 VLA
ORMEEOK (%) 2RL., VLT, wE TNV
1R & DS (BL) OEEGERTETH S,

WEBEOS VERERDLF2 205 . BITRERE
#EBDI0% LV BILHRL15~20% T, BB EMR
DAL TR VEERE D o TWBHBZ ENFHDL
herolz,

] 2-2 MEBT VLRI O T 7 I ER

hiE wmE (%)
15 20
AEM 98.68 98.74
BEM 95.85 99.90
CEH 96.19
JEH(AL) 99.93
JEH(AH) 99.98
RERRE =20

2.1.5.2 FNALHhEE OB ERMm

PN X o THBHEP S VL E 127 Vb
DESIE, ThoZENTIBOPRICBEEL Y
5o 2, EREBRICBUIAHBEROEES. BIE
BERVCEKRKBESENZ EPL . EWMEOREZ0
~20C, ¥ MR OWMEBZ15~30%IZEZLTH NV
EHOTEE 2 RD 720

WEOUNEFEZ., YMEBMOBS K ITLBRET
HEZEDPSL, TAA—R (ALY TR) OEE
FFERHW,

400

[ &8s = B 3¢ |

S IALMERE (g/em’)
(]
8

5C 10T
HBMRE (T)

20T

B 2-13 #NALHIC & 3 EILERER

(356)

RBERICEEBT 2 MMOREMIAEMTHS
ZehbH, ABHOBEZHE LAKERERK 2-131C
/'.:]_:(Lf:o

Zhd S, CEHMUAZOCIEBI 2BEST5H
526, EBRBBICBVWTHTSERASTEET
bHZEFHLPE RS2,

2.1.5.3 Xkeh» 5 DFEMEER

AR M S VLRI A SR E B L vAL - B
FTHEDICAVLENE LDTH B AFETIE K
BWOTICHZ LBl E Vb T 5 FEICoWT
wEt L,
KETEHIZHEZ L TWAHE S MET B 0121,
PRI Z KB LLBAE L2t hid2biwn, 20
BB REIMERAEZARBICEBEA T L
BTERZWD, KB/ VLR E2BELTARE L
FEE L OBREICEA L2 ITHiE%R 6 %,
FDD, KICRELEFMERE ) A bk
BICEAR L, SV LR oK PR EARRIEORE. 7
VbR 2 RB T 2B 2T o 72,
ZOER.ISVEHIIIER2-4IR L X ) kP
TEHIREEL, MBI —ICHE L CHEICE:E
L BEIC X o TEUNETEE 2 7 WAL TR & iz,
IO Ehb, KFETICHE L TWaHREHZEIX
THRDIFEHTELZLEPEHLPE 222,

BEH 2-4 R WEBI DK TOEARR

2.1.6 BERERLNRAE2.99
BFEORBHMOBEREME LT, KEBLE#RELE
BZEDTELATIHBREICLIDBYE—- bV VT
RRBOFREBL OOMERICL B~ 7 O¥,
BAG. RNABEZRAVWLEY Y Y T HENEAT
bhTwd, ALHECIZ2BEERAOHKBHOE
RITHHFRRPRFEOBEVEZFULTEOL, BER
BRICALHEE HNE, ~f 7 0EgEdorsr v
YL VRS BRERURER., BROEEEFIT
TREL 25, BE. ATHEEICX 2 —KRiEHICE
B S OB RIS OBRMIEMITIZIZEILENT
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WHEEZD, LELEWOATHRICE BXiEC
B sHBHEOBERIKOEEIZL Y +5 2 EHRHS
BohiwnwkEZ6h3,

—h. MEBRZ L RMBHEOZEOE WAERIT
WHMORE, BNOFEORBRICHATLELD
2, REHROFMICLHEHATE S, HETIZENY
HWOEDY, WMBEOE S, RS2y TNy 4
LATERTHIEMBRDLATWS, LIALZNS
Dy THEDD B, FRIR, BN H AT
LHMHBOBBATIIRMTELVWELSLHRITE
TOVHEEFBEEEILTVWS, F/-ERPOL —
F—8EL Y —I3EE. k. SEIXNMELTLHER
HWHOBRMATRER 2 L R, HOBEOBIENS T
GltoBErRONI, T2, MECESOBEN
KOWTHEDRLZ ALV —F—S32Hni-ZBOH
HER LN,

INho O BHMERBNIEY S hhE, kg
B AHHEOBERICLTOERTREELZ S, ¥
HOEMHPTETH, KOREZVEBTE2ITN
E, BRIV EThH D, AL, kigicH
FamEmoOBERILkORED LY v 7P LEEST
6‘]2‘%%);‘% % o

217 £&8

BHEREmEIEE LTSEREL-BAL
FROWMEIE T, KERPESEEShB L
CHERWV M EBBTAOT, KEIKEW{H%E EIY
BAFELFY PEATT VLTI CENRTS
‘60
EHEOMOMERVENICIZHMB2EL 354
BhFH5, MHEZOBHMEOHELIES ILD TR
SICLVENTIHE. BETHEMOMBE S X
RWEPICBEPNLBHOWMBICRERTEL 25,
o TEMEOHMZEINT EE, BEIEOH TH
ZENT 5 LMEREL CERMNPREZHETE S,
BETIEMODEEOHEOMBE S I ELED
HECLEHEOHB L VEL 2ol
KBETOWRMME VLT I2HE2BELT, B
IR ERERELKPEAT LI L2RAT,
FVALFIZE S UOBDY, wo { VEFEEL, WEIZ
BEL. ShisMbdasZ dtbdroiz,
KT BT AR BHMOBERILkORROE Y v >~
FERELLEBOAIHEC L 2 BEREROTEL
MEBEIZLDY TN L LOERENOBLFE
iﬂ%o

2.2 BEABETOROERTILICETIME

221 BE
MM OB T BN - ME OB % BT 5

LOOEET—F L LT, RHHHEOERS, B
BARUBREEMHIZL>-TEDLI BT 2%
BELTBLEFD S, HHMOERIZEE, &
BE, KeDZT VY a VLOBEICIYVELLE
AFaZermbhTwid, EREERUTZhY LR
ETomoyEE—-LE, ¥E. EEEH. RES
N—DHEEIZVE, BAEZECERAOT—¥
A2, B2Ai2, WTRZ2BES. E8HBROE
BARCTHRRE T X EHMOMEDOEEIZ AR 2-14107
FTLIIC1.0X 105mPa-s DEFICE->TWV5B EE 2
TEw, TN, WENBEOMEZFMT 2541
X, AEWH. BEH. CERUCEHROIT LY g
YEROWTHBRZITZAE, EHERCRET<EMH
DHEE—BDIN—TELEEZONS, HER
PEICEMASNTWARERIZETEEH 255, B
ZRAVWTEHIIBSROFMABRETIZ L iE, BT
BB, Tz, KBRHETHIZRRSLZ VY g ¥
D720 I HRER 4 GRS ET 2720, B
Wz AN TEEROFMEZE T 50 F— 7 0BRKD
HTE DL, 220, KEHERSEELTWES
MBROWME T NY a Y HTHINEOFEMETD &
LRERAEZEE L, LALANFD, BHBEICS
NODWMDPTHE LGS T 2HE.REED.
HMABMOREEDOEILEER, SEB T TEREN
CHANZBIERE S 2w,

FZTHERFETIE. EELTA, B, CEHDOC
HETOWE, EAEH. KL OREEHZEHL.
BEIREF- IR DL, —BEME
AOTHRBOWUE 2TV, ZOURRFAEWMIS C
EMOEOHEBICA>TWLI L2 ERALL, &
HIZ, BB FEHECERD, £5ERICHE
LB EnBERkomkE, BEEIL, XoFEL
DR TERBRIICT,

F72, KRNOHOY AH LRI OBERER MG Y
Koo DWMOFEEEIZOVT LA,

2.2.2 ¥E

HEOUEILX., BEEAOXETRERE*T/LE
ZELHELICUET S0, HERGEE KR
BEKELEAEDLEL-UEEBLERBLTHL,
FBR~—-20COEHTITo72, £/, REMIIEMR
3WE (ALB.CEM)., FEH2EE (AL: 75E7
YIGAP.AH: T T A=) RPN T 5
Y (Eki) BERLL,
SURRHMOBEOREEREREZALEREO—H
2215 KR T, Sk B E, BEHRETAEMIZ
BREOCEENFHTVALAZVOIZH LT, CEH
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