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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,
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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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HTHOBEEZEZ C20MORFIEINERET-
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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

(352)

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



