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GLOBAL OFFSHORE SEEPS DATABASE




«TOPAYMNE TOYHKN»
CNMYTHUKOBbIX HABJTIOOEHUI




MARINE SEEPS IN THE SANTA
BARBARA CHANNEL

il slicks mapped from satellite SAR, Santa Barbara
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The largest natural oil and gas seeps
in the Western Hemisphere lie in the
Santa Barbara Channel.

TN

According to the California State
Lands Commission, they comprise
more than 1,200 of the over 2,000
active submarine seeps along the
California coast.
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THE GULF OF MEXICO

The SAR images indicate that water is
covered with oil amounts to,

a) conservatively ~850 sq. km of the in the
northern Gulf of Mexico

b) and ~150 sq. km in the southern Gulf of
Mexico.

1. Mitchell, R., MacDonald, I. R. &
Kvenvolden, K. Estimates of total
hydrocarbon seepage into the Gulf of Mexico
based on satellite remote sensing images.
EOS Supplement 80, OS242 (1999).

2. MacDonald, I. R. et al. Asphpalt volcanism

Dense repeating seepage
coincides with many fields.

A satellite survey published in January of 2000 and chemosynthetic life, Campeche Knolls,
counted at least 600 natural oil seeps within the Gulf of Mexico. Science 304, 999-1002
Gulf of Mexico. And they release a lot of oil. (2004).

Studies in parts of the Gulf of Mexico (MacDonald et al., 1993;
MacDonald, 1998; Mitchell et al., 1999), have resulted in an estimated

seepage rate for the entire Gulf of Mexico of 140,000 tonnes per year
(range of 80,000 to 200,000 tonnes per year).
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KAPTA-CXEMA PACMNPEOENEHNA METAHOBbIX FA3OBbIAEIEHUA B
YEPHOM MOPE

Paiionsl HanOosee MHTEHCHUBHBIX
MPOSIBICHUI Pa3rpy3Ku  yIiIeBOJIOPOJAHBIX
ra3oB U3 HEJIP B TOJILY BOJHI :

— menbd Bonrapum (ceime 480 BrIX010B
rasza Ha JIHE Mopsl);

T

— ceBepo-3anagHbid menbd YepHoro mops
(oxomo 200);

— Kepuencko-TamaHckuii menbd;

Hiihiees

— menab¢d Poccum mo Beert mimomanu Coun-
AIIIEpCKOM JETIPECCUH;

— TPY3UHCKHHA TIENb( U KOHTHHCHTAIBHBIN
CKJIOH (565);

— Typeukwi menbd B TPUOPEIKHOU 30HE
BocTOuHbIX [IoHTHA B paitone Puse;

— T1IyookoBojHas dYacTb. CBeimie 60-TH
IPS3EBBIX BYJKAHOB 33JJOKYMEHTHPOBAHO K

» KpacHble TOUKH — 33 JOKyMEHTUPOBAHHBIC .
HacrosleMy BpemeHn B UYEpHoM Mope,

MCTAHOBBIC BBIJCICHMA. IPEUMYIIECTBEHHO, B IEHTPAIbHOW €ro
» UepHble TPEYTOILHUKHN — BBIXOIBI HE(DTH U Ta3a yacTu u B nnporube CopokHHa Ha TiTyOMHaxX
Ha TIOBEPXHOCTb. cbime 1500 M

» I'- rpsizeBbIe ByJIKaHbBI
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= e e BOCTOYHAS YACTb AKBATOPUU
YEPHOIO MOPSl B PAOHE
KOHTUHEHTANBHOIO CKMOHA
o\ revaus BENWU3U NOBEPEXbSA MPY3UU

aony @S

Ha cryTHUKOBBIX H300paKEHUSIX

: 3TOTO ydacTKa aKBaTOPUHU

- . | g | et By 2l BBISBIISAIOTCS CIIUKOBBIE

o Kol - oOpa3oBaHus, PaMKAIBHO

r Hoepus | OTJINYAroIInecs 1o CBOUM

- /)5 CTPYKTYPHBIM  XapaKTepHUCTUKaM

N d Kak  oT  Hedrecomepkammx

i " CIIMKOB,  OOpa3OBaBINUXCS B

! pe3yJIbTare CYHOBBIX COPOCOB,

TaKk U OT CJMKOB, 0Opa30BaHHBIX

Ha MOPCKOM IIOBEPXHOCTHU

IJIEHKAMUA OHOJIOrMYECKOTO

IPOUCXOXKICHUS, TTOBCEMECTHO M

MIOCTOSTHHO BCTPEUAOIIMXCS Ha
MOPCKOM TMOBEPXHOCTH.

5 -

. g DT $5i TYPIS Hat

barnmerpuueckas kapra MOPCKOIO 1HA B TPY3UHCKOM CEKTOPE
YepHOro Mopsi ¢ HAHECEHHBIMU Ha HEE UCCIIEAOBAHHBIMU
METAHOBBIMU CUIIAMU

B paiione Ilotu-batymu, Ha IHe HA PaCCTOAHUM MPUMEPHO 50 KM
oT OeperoBoii YepThl PACIIOJIOKEHBI 4 XOJOJHBIX METAHOBBIX CUIIA
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SKCNEAUUMNOHHBLIE PABOTbLI B
PY3UHCKOM CEKTOPE YHEPHOI'O MOPHA

HUC «IIpodeccop Bopsauunkuii» (42— peiic, HIOHb 1993 T.).
HUC «IIpodeccop Bopsauunkuii» (46— peiic, aBrycT 1994),
«ITocerimon» (I'epmanus) (317—u pelic, OKTAOPh — HOAOPH 2004 T.)

HUC «IIpodeccop JloraueB» (26-1 pelic, HI0OHb 2005T) - 4acTh y4eOHOM U HCCIeq0BaTEIbCKOU
nporpamMmbl FOHECKO

«Meteop» (I'epmanusi) (72— petic, MapT — ampesb 2007 T.,

84-11 peiic, MmapT 2011 T) - mpoekT METRO (Methane and methane hydrates within the Black Sea).
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SKCNEOMUUNOHHbIE
PABOTbl B IPY3UHCKOM
CEKTOPE HEPHOIO
MOPA

AkycTryeckue Uccae0BaHuA
JleTasbHBIE TEOXUMUYECKHE aHATTN3BI
3abopsl P00 IpyHTa

OnpezesieHre coOCTaBa ra3orupaToB
Y BBIJEJIAIOIINXCA Ta30B

Gas bubble catcher Gas hydrate experiment




SKCNEAUWLUMUOHHBIE PABOTbI B
rPY3UMHCKOM CEKTOPE YEPHOI'O MOPHA

BbIBOObl:

[. T'yryGoKOBOAHBIE CUMIBI B TPY3UHCKHUX BOJIAX MIPEJICTaBISIOT OO0
YHUKAJIbHBIU 17151 YEPHOTO MOPS TUII CTPYUHBIX Ta30Bbl/I€JIEHUM, B
KOTOPBIX METaH COCYILECTBYET OITHOBPEMEHHO B ¢BOOOIHOU DopMe U B
BH/IE€ Ta30TU/IPATOB.

II. OTyInYuTeIbHON YEPTOU 3TUX CUIIOB SIBJIAETCS IIPUCYTCTBUE CIIEZIOB
He(THU B JIOHHBIX ra30TUpaTax U MOJTHOE OTCYTCTBHE IPU3HAKOB
I'PA3€BOT0 ByJIKAHU3MA.

II1. Ha moBepXxHOCTH MOPs B palioHaX 0OHAPYKEHUA STUX CUIIOB
Pa3JIMYHBIMU UCCJIEI0OBATESAMU OTMEYAJIOCh IPUCYTCTBUE HE(PTAHBIX
IIATEH IIPUPOJSHOTO IIPOUCXOKICHUS.
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YUNCITOBAA MOAEJb PEJIBE®A IHA B IrPY3UHCKOM
CEKTOPE YEPHOI'O MOPA, MOCTPOEHHAA MO AAHHbIM
AKYCTUYECKOIO 30OHOAUWPOBAHUA

HE

JIBa KOHYCOOOpa3HbIX HOAHSATHUS:

1) nuanuposas ropa I[lewopu, nuamerpom 2-
2,5 kM 1 BeICOTOM 75 M

2) nuanup y cumna Konxeru nuametrpowm 1,4
KM 1 BbIcOTOU 20 M

B panione Ilotu-barymu, Ha 1He Ha
paccTostHuM npuMepHo 50 KM oT OeperoBoi
Y4ePThI PACTIONIOKEHBI 4 XOJIOTHBIX METAHOBBIX
cuna

bartumerpuyeckas kapra MOPCKOTO JIHA B TPY3UHCKOM CEKTOpE
YepHOro Mopsi ¢ HAHECEHHBIMU HA HEE UCCIIEIOBAHHBIMU
METAHOBBIMU CUIIAMU

e 1% e




IKCNEAUWLUUOHHBIE PABOTbI B
PY3UNHCKOM CEKTOPE YEPHOI'O MOPHA

ITopBoaHBIE BHIXObI Ira30B:

(A) - nBa rasoBbix (akena cuma Kosxertu,
(QYHKIIMOHUPYIOIVIE OTHOBPEMEHHO
(B) - razoBeii daken U3
auanupoBou ropkel [levopu

[MuprHa ra30BBIX (AKEJTOB COOTBETCTBYET
IIMpUuHe KparepoB y ropsl Ilewopu u cumna
Kosnxeru

KpaTepa

OcnabsieHre UTHTEHCUBHOCTH OTPAXKEHHOTO B
rasoBomMm (I)aKeJIe IXO0-CHUTHaAJIA I10
HaIIpaBJIEHUIO oT MOPCKOTO AHa K
ITIOBEPXHOCTU CBUAETCIBCTBYET O TOM, YTO
IIOTEHII N AJIbHO MOpCKOﬁ IIOBEPXHOCTU
AOCTHUTAIOT JIMIIb AO0CTATOYHO KpPYIIHbIC
IIy3BIPbKU I1AaMETPOM OKO0JIO 1 CM

boJsiee MeJIKME Ty3bIPbKU IIPU BCIUIBITUHN
pa3pylamTcd Ha IePBbIX 100 M

PARASOUND echograms showing acoustic anomalies

(‘flares’) originating from rising gas bubbles or oil coated
gas bubbles.
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Two flares at the Colkheti
seep

Water depth

400

Pechory mound
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TP M ¢O P M bl B bIXO‘D‘A Oil and gas are released from a seep vent in three forms: gas
H E(DTE rA3 O B bIX KO M n O H E H T bubbles, oil drops and oily bubbles (gas bubbles coated with a

thin layer of oil)

Wetharw b

753 oo gy Only big enough bubbles of about 1 cm in diameter are

able to reach the surface, whereas smaller ones are
getting dissolved while rising the first hundred meters
of the water column

Rising gas bubbles are quickly dissolved
releasing organic matter into the water. Oil
drops with high density are cooled by
contact with water and sink to the floor near

the vent
R ot Mo o sl Low-density oil drops dissolve or mix with water
s W sederantiary taces e . .. .
BV while rising from deep locations

Only oily bubbles having small mass and significant size are able to
cover large distances at high speed. Inside such a bubble, there is a
drop of oil formed due to thickening of the bottom of oil coating
during rise, and surface tension force prevents the bubble from
collapsing. The oil drop inside the bubble is protected by the coating
from contact with water, it safely reaches the surface where the
coating collapses with the gas released to the atmosphere and the oil
left on the sea surface

e 1% e

[Ipn ecTtecTBEHHBIX BBIXOJAX YIVIEBOJIOPOAA TOJBKO Maas
4acTh OPraHMYECKOTO BEIIECTBA MOMAJAeT Ha MOBEPXHOCTh
MOpsI B BHJI¢ HEe(PTSHOW IUICHKH, TOTJA KaK HAMOOIBIIAM
YIJIEBOJOPOJIHBIM 3arpsI3HEHUSIM TMOJABEPKEHBI MOPCKOE JTHO
W HIKHUE CJIOM BOJHOTO CTOJI0A B  OKPECTHOCTH
€CTECTBEHHOTO UCTOYHUKA.




NMPOCTPAHCTBEHHAA CTPYKTYPA
HE®TEMPOABNEHUA B
HEMNOCPEOCTBEHHOW BNIU30CTU OT
TOYKU BbIXOOA HA MOPCKYIO
NMOBEPXHOCTb

L, 1"‘{,3':].;";,'-[},1'.1
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®parment PJIM SAR Sentinel -1A
or 24.05.2016, 03:24 UTC

XapakTepHbIN MPU3HAK, OOIIHM 115
€CTECTBEHHBIX HE(TEIPOSIBICHUN Ha MOPCKOM
ITIOBEPXHOCTH B PACCMaTPUBAEMOM PAUOHE — UX
«moJiocyaras» CTpPyKTypa.

dakT HAMWMYHS TPEX YETKO PA3INUUMBIX ITOJI0C
00BSICHSCTCS TeM, 9TO HE(PTh JOCTABIAETCS Ha
MOPCKYIO TTOBEPXHOCTh Ta30BBIMH ITy3bIPhKaMU B
pe3ynbTaTe OJTHOBPEMEHHOM aKTUBHOCTH TPEX
ra3oBbIX (pakenoB: u3 ropsl [ledopu u aByX saep
npopeiBanus cuna Koiaxern

BOmm3u Touky BCTUTBITHS HAOIIOMAIOTCS TPH
CIIMKOBBIE TTOJIOCHI Pa3INIHON MUPUHEL. B
Ipoliecce PBOMIONMU U Apeida cirka 3T
MIOJIOCHI MOTYT CIIUTHCS, @ MOTYT IIPOJI0JDKATh
ABOJIIOIMOHUPOBATH OTHOCHTEIHFHO CHHXPOHHO,
COXpaHsisl IPU TOM CBOIO 000COOJIECHHOCT.

HaunOospmas TonmuHa NiI€HKH HaOIroaaeTCs
BOJIM3HM TOYKH BCIUIBITUS. [[OBEpXHOCTHBIN CIIMK
dbopmupyeTcs o BIUSHUEM TOJIs1 BETpa U
TEUCHUH.

B 3aBucumocTu ot ycioBuit popMupoBaHus
MOBEPXHOCTHAS IJIEHKA JTMOO BHITATUBACTCS
BJIOJIb HAIMPABJICHUS MPUIIOBEPXHOCTHOTO BETPA,
100 BOBJIEKACTCSA B BUXPEBBIC IBUKE ™« ©ATLT




NMPUMEP NOBEPXHOCTHOI'O NMPOABINEHNA ECTECTBEHHOI'O
HEPTAHOIO 3ATPA3HEHUA HA CITYTHUKOBOM
PAOWOJNIOKALUMOHHOM WU3OBPAXEHUU IOMrO-BOCTOYHOU YACTHU
YEPHOIO MOPH

oAt 41N A \ ITocie  BcmbITMS HAa  NOBEPXHOCTH

g Pt . : HeTsIHAS MIJIEHKA HauYMHaAET
pacupoCTpaHsATbCSl B CEBEPO-3alaJHOM
HANPaBJICHUW, MPUHUMAS TI0JI BIUSHUEM
CWJIBHOTO  NPUIIOBEPXHOCTHOTO  BETpa
dbopMy y3KOW BBITIHYTOH W3BHIMCTOMN
ITOJIOCHI.

Ha paccrosaum oxomo 39 xm ot
HAaYaJbHOM TOYKM HePTsAHAs TUICHKA
3aXBaThIBACTCS IMOBEPXHOCTHBIM
TEUCHUSAM, BOBIIEKAETCA B BHUXPEBBIC
JIBUKCHUS W TPOJOJHKACT MUTPHUPOBATH
BMECTE C BUXPEBOU CTPYKTYPOHU.

O6mass 1omanas HEPTECOAEePIKAIIETO
civka - 44,5 kM2,

PJIN ASAR Envisat ot 27.10.2010, 07:32 UTC
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NMPUMEP NMOBEPXHOCTHOI'O NPOABIIEHUA ECTECTBEHHOIO
HE®TAHOIO 3ANPA3SHEHUA HA CIMTYTHUKOBOM U3OBPAXEHUU
ONTUYECKOIO AUAMA3OHA HOro-BOCTOYHOU YACTU YEPHOIO

MOPA

OtuérnuBo IIPOCMATPUBAIOTCSA TpHU
chopMuUpOBaHHBIE TOHKHE MPOTSHKEHHBIC IMOJOCHI
MOBBIIIEHHOW SIPKOCTH,  OKPYKEHHBIE TEMHBIM
OpEO0JIOM, PACIIUPAIOIIUMCA 10 MEPE paCTEKAHUS
TUIEHKMU.

[Tocne BBIXOJA HA TOBEPXHOCTh TPHU MOJIOCHI
He(TETPOSIBICHHS] PACTIPOCTPAHSIIOTCS B CEBEPO-
BOCTOYHOM  HAIlPAaBICHUM  HA  PACCTOSAHUE
npuMepHO 10 KM OT TOUKHM BCILIBITHS.

[Iocne 3toro, ABE CTpyM OTKIIOHSIOTCS HA 3amaj,
IBUTAsICh MO TPACGKTOPUH CO  MHOYKECTBOM
U3JIOMOB, & TPETh I0JI0CA MPOAOKACT JBUKECHUE
B MEPBOHAYAJIBHOM HAIIPABICHUN, W HECKOJIBKO
MO3XE, OINMHUCAB YTy, NPHUCOECAUHSETCA K OOIeH
TPAaEeKTOPHH.

CDparMeHT IBCTOCUHTC3UPOBAHHOI'O I/1306pa)KCHI/ISI

O6mas mwomaaes HeTecoaepIKaIero cimka - 53,7

cencopa Landsat-8 OLI (4, 3 u 2 cnekTpaibHble KaHAJIbI) v

or 22.08.2016, 08:02 UTC




NMPUMEP NOBEPXHOCTHOI'O NMPOABINEHNA ECTECTBEHHOI'O
HEPTAHOIO 3ATPA3HEHUA HA CITYTHUKOBOM
PAOWOJNIOKALUMOHHOM WU3OBPAXEHUU IOMrO-BOCTOYHOU YACTHU
YEPHOIO MOPH

eV bR 31530 0 Tpu CAMKOBBIX TOJOCH, OOpa30BaHHBIX BBIIIEANICH Ha
‘ MOBEPXHOCTh HE(PTAHOM TUICHKO.

[locne BCIUIBITHUS Ha TMOBEPXHOCTh HE(PTAHBIE TMIEHKU
HEME/JICHHO BOBJIEKAIOTCA B JBHKCHHS, OOYCIOBJICHHBIC
cyOMe30MacITabHBIM ~ QHTHIMKIOHUYECKUM  BUXPEM,
Pa3BUBAIOIIMMCS B HEMOCPEICTBEHHOW OMU30CTH OT TOUKH
BBIXO/Ia HETH Ha TOBEPXHOCTb.

BOmu3u TOUKM BCIUIBITHSL HaOMoAaeTcsi 00nMacTh, MOKPHITas
JNOCTAaTOYHO TOJICTOM IUIEHKOW, MO MEPE PaCIpPOCTPAHCHHS
CJIMKH M3TUOAIOTCS, TONIMHA TUIEHKH YMEHbBIIIAETCSI.

[Ipoiins o ayre okoso 24 kM, Ha paccTosstHUM 14 KM K 10ro-
3amagy OT TOYKM BCIUIBITHS, CIUK HW3JIaMbIBAETCS IO
OCTPBIM YITIOM M IUICHKA HAYWHAET PaCIpOCTPAHATHCA B
BOCTOYHOM HAIPABJIICHUU B CTOPOHY Oepera, mepeMernasch
0osee yeM Ha 54 kM.

[lo Mepe mpoaBWKEHUS B HaNpaBlIeHMH Oepera oOT
OCHOBHOTIO CJINKa OTBETBIIAKOTCS KOMIIOHEHTBI, 3aXBAYEHHBIE
Ha 3TOT pa3 yXke BIOJbOECPErOBbIM TEUEHHWEM, U HAYMHAIOT
JIBUTATHCS BAOJIL OCPErOBO YEePTHI.

PJIN SAR Sentinel -1A ot 08.11.2014, 15:10 UTC OG61as mwromaas HeTECOAEPIKAIIETO CIIMKA - OKOJIO 28 KM2,
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NMPUMEP NMOBEPXHOCTHOI'O NPOABIIEHNA ECTECTBEHHOIO
HE®TAHOIO 3ANPA3SHEHUA HA CITYTHUKOBOM
PAOVNONTOKALMOHHOM U3OBPAXEHWUU IOrO-BOCTOYHOM YACTHU
YEPHOIO MOPH

T ER 41730 N

e T 11

[In€Hka 1o BO3AEUCTBUEM BETPA NPAKTUUYECKHU
MPSIMOJIMHEMHO pacIpoCTpaHsIeTCs B
BOCTOYHOM HAIIPaBJICHUH, B CTOPOHY OeperoBoii
4epThl, (POpMUPYs TapaIeIbHbIE CYKAIOIIHECS
MOJIOChI, TOCTOSAHHO  MPEBpAlAIOIIUECST B
TOHKHE HUTEBU/IHbIE CJIMKH,
npocmarpuBaromuecs Ha PJIM  Bmiots 1o
paccTosiHusl 37 KM OT TOYKHU BCILIBITHS.

Xopomio 3amMeTHa «Iojocyaras» CTPYKTypa
CJIMKOB.

Ob6mas IJIOIIA/Tb HedTecoepxKaIiero
3arps3HeHns - 45,5 kM2,

PJIN SAR Sentinel -1A ot 16.09.2015,
15:10 UTC




NMPUMEP NOBEPXHOCTHOI'O NPOABINEHUA ECTECTBEHHOI'O
HEPTAHOIO 3ATPA3HEHUA HA CITYTHUKOBOM
PAOWONTIOKALUMOHHOM WU3OBPAXEHUU IOMO-BOCTOYHOU YACTHU
YEPHOIO MOPH

e R

[locne BbBIXOa HA MOBEPXHOCTH HeQTAHAS
IJICHKA PacHpOCTPAHSAECTCA Ha CEBEPO-BOCTOK,
IIOCTENIEHHO pAacTeKasACh MW NPUHUMAS O
_ | _ BIIUSIHUEM  CIIOKHOW  CTPYKTYpbl  TE€YECHUU
H2"15" ;;::. e | A MPUXOTIMBYIO U3JIOMaHHYIO (popMmy.

o ' [TocrenmeHHo  cIMK  CyXaercs, a  3aTeMm,
BOBJICKAsICb B BHUXPEBBIC JABWXKCHHUS, CHIIBHO
VCKPUBIISIETCS U PACIHPOCTPAHAECTCS B 3aMaJTHOM
HaIPABJICHUM.

H2°00"

O6mas twomanas HedTecomepKailero CiuKa —

e oKkoJ10 60 KM2.

5 km
‘lekm

PJIN SAR Sentinel -1A ot 18.07.2016,
03:16 UTC
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[IpuMepsI IPOSIBICHUN CIIMKOBBIX CTPYKTYP B CITyTHUKOBBIX JTAHHBIX, TTOJYYCHHBIX HAJl BBIXOJAMU
He(TEeyIIIeBOIOPOIOB C MOPCKOTO JIHA B pallOHE TPY3UHCKOTO Ienbda.

ASAR Envisat ot 19 cents10psa 2011, 19:01 GMT (a),

SAR-C Sentinel-1B ot 26 urons 2018, 15:10 GMT (0),

SAR-C Sentinel-14 ot 4 mas 2019, 03:16 GMT (B),

MSI Sentinel-24 ot 18 mas 2019, 08:17 GMT (1),

MSI Sentinel-24 ot 7 wronsa 2019, 08:17 GMT (n),

SAR-C Sentinel-1B ot 27 nrons 2019, 15:10 GMT (e)
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O06o06m1eHHast cxeMa HEPTAHOTO 3arpsI3HEHUS MOPCKOW MOBEPXHOCTH HAJl paliOHOM €CTECTBEHHBIX BBIXOJIOB YIJIEBOJIOPOIOB CO
JTHA B IOT0-BOCTOYHOM yacTu UepHOTO MOpSI, MOCTPOCHHAS 10 CITYTHUKOBBIM JaHHBIM (CJICBA);

POCTPAHCTBEHHAS TIOTHOCTH (%) HePTIHOTO 3arpss3HEHUS] MOPCKOM TTOBEPXHOCTH, BBISIBJICHHOTO Ha CITyTHUKOBBIX
n300pakeHusX (Crpana);




I. Hasimyue 0CHOBHOTO YepHOMOPCKOTro TedeHust (OUT), koTopoe criocoOCTBYeT nmepeHocy
3arpsA3HeHMI N0 HUKJIOHUYECKOHN cxeMe
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[lepenoc 3arps3uenuii no uukiaonnyeckon cxeme. a) PJIM SAR Sentinel-1A. 21 oktsi6ps 2014, 03:16 UTC.
Cnuk pacrpocTpaHseTcsl Ha CEBEPO-BOCTOK HA pAcCTOSIHUE 28 KM OT TOUYKHU BCIUIBITHUS;
0) paccurTaHHBIE IO MOJIETTU TOBEPXHOCTHBIE TeueHust Ha 21 okta0ps 2014, 06:00 UTC




II. BuxpeBblie CTPYKTYPbI PA3HBIX 3HAKOB 3ABUXPEHHOCTH, KOTOPbIE CIIOCOOCTBYIOT KPOCC-
eJib(poBoMy NepeHocy 3arpsa3HeHun
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Kpocc-menbgoBblil nepeHoc 3arps3HeHHi:

a) PJIN SAR Sentinel-1A. 2 utons 2016, 03:24 UTC. Cnuk, BOBICUEHHBINH B BUXPEBOE ABUKCHHUE,
pacrpoCcTpaHsIeTCs MOIepeK meibda Ha paccTosSHHUE 33 KM OT TOYKH BCIUTBITHS;

0) paccuMTaHHBIC 10 MOJICJIM IIOBEPXHOCTHBIC TeueHus Ha 2 utoHsa 2016, 12:00 UTC




III. KBasucranmuoHapHbIi OATYMCKHHA AHTHUMKJIOHUYECCKMHA BHXPb, MO BJIUSHHEM KOTOPOIo

He(l)TﬂHI)Ie INICHKHU, PACIIPOCTPAHATCH B IO KHOM HAIIPaABJICHUHU

1°30"§ 39° 40° 41°

a
[lepenoc 3arpsi3Henuii B 1oskHoM Hanpasienuu: a) PJIM SAR Sentinel-1A. 7 mas
2015, 15:10 UTC. Cnuk, BOBIICYEHHBIN B BUXPEBOE IBUKEHUE, PACITPOCTPAHIETCS
Ha I0T0-BOCTOK Ha paccTosiHue 50 KM OT TOYKU BCIUIBITHS; 0) pacCUUTaHHbBIE IO
MOJIENI TIOBEPXHOCTHBIE TeueHus Ha7 mas 2015, 12:00 UTC




CxeMbl TpaeKkTOpHA HE(PTIAHBIX CJUKOB, BbISIBJCHHBIX 110 CHYTHUKOBBIM AaHHBLIM B 2019 r
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PacmipocTpaHeHue mIeHOK eCTECTBEHHBIX HEPTEMPOSBICHII Ha MOPCKOW TOBEPXHOCTH 110

pe3ynbTaTaM CIyTHUKOBBIX HAOMIOACHUHN B pa3nuaHbie MecsIbl 2019 T
a) sStHBapb—MapT; 0) anpenb—Maii; B) HIOHb—OKTSIOPb; T') HOSOPb—IeKaOph.

Jluarpammbl pacripeiefieHus: HarpaBlIeHui peiida MiIeHOK eCTeCTBEHHbBIX He(TenposiBICHUN Ha
MOPCKO} MOBEPXHOCTH I10 Pe3yJIbTaTaM CITyTHUKOBBIX HAOJIOICHUIA B pa3nmndHbie Mecsipr 2019
T: 1) SHBapb—MapT; €) anpeab—Maii; ) HIOHb—OKTAOPb; 3) HOSIOpb—IeKabphb

Ce30HHas1 N3MEHYHUBOCTD PacnpoCTpaHCHUusA €CTCCTBCHHBIX
HE(l)TCIIpOHBJICHHﬁ, BbIABJ/JICHHAA 110 CIYTHUKOBbBIM TaHHBIM

Ha ocHOBE CIyTHHUKOBBIX JaHHBIX
HaMH YCTAHOBJIEHO, YTO CE30HHAs
U3MEHUYHUBOCTh PACHpPOCTPAHEHUS
HE(PTSIHBIX TJICHOK MPUCYTCTBYET
BO BCE ro/ibl HAOJIIOAEHUS, OJIHAKO

Xapaxkrep ee MIPOSIBIICHUS
Bappupyercs rox or roxa. B
4aCTHOCTH, BapbUPYIOTCS

JJIATCIIBHOCT  MHTCPBAJIOB, Ha
KOTOPBIX COXpPAHACTCA TO HIIHA

UHOE JOMUHUPYIOLIEE
HaIlpaBJICHUE  PACHPOCTPAHCHHUS
MIJICHOK €CTECTBEHHBIX
He(TenposBICHUM.




JAnarpamMmmel pacupeaejieHus HAPpaBJeHW Apeida NIEHOK eCTeCTBEHHbIX He(TenposiBJICHUN HA
MOPCKOM MOBEPXHOCTH IO Pe3yJabTAaTaM CIIyTHUKOBBIX HA0/II0ICeHHH B pa3jnuHbie mecsubl 2017 r:
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A part of a Landsat-8 OLI image (composite

e of 4, 3 and 2 spectral channels) of 29 May
Oh : 2014, 08:01 UTC.
Examples of natural oil slicks in satellite radar images of the southeast l—surface slicks from the seafloor seepages;
Black Sea: a) Sentinel-1A SAR, 24.06.2015, 15:10 UTC; b) Sentinel-1A 2—biogenic films

SAR, 01.03.2015, 15:18 UTC; c¢) Sentinel-1A SAR, 19.02.2016, 15:10
UTC; d) Sentinel-1A SAR, 14.12.2015, 15:18 UTC. Asterisks mark the oil
slicks origin location.




40°30° 40°36° 40°42° 40°48’ 40°54°

41°18° 417187

The site of seep source was documented as the persistent location of origins of 230 oil slicks
detected in satellite images taken over the region of interest in years 2010-2017. Our results
indicate that the point with coordinates 40°41°E, 41°09E appeared a “source” of the natural
oil slicks origin. This point can by recognized as a point of location of an offshore seep at the
seafloor at a depth about of 1000 m.




PacnpocTpaHeHue HeQTAHBIX IVICHOK B PalilOHe TYPEUKOro me/ibga noja 1eiicTBUeM MEJIKOMACIITAOHBIX
BHXPEBbIX IBUKEHU U

a 9] 8

@paemenmol PCA-uzobpasicenuti MOpcKoti no8epxHoCmu 1020-60CMoyHolU yacmu YepHozo mops
68 patione mypeyxoeo uienvpa eoausu 2. Puze, svisasnsarowue mpaekmopuu pacnpocmpaneHus
HepmAHbIX NIEHOK, 00V CII08IEHHbIX eCMECMBEHHbIMU BbIX00AMU Hepmu ¢ MOPCKO20 OHA:

a) SAR Sentinel 1B. 26.06.2018, 15:09 GMT. Boonvbepe20os8otl neperoc 3a2ps3HeHull;

0) SAR Sentinel 1A4. 16.11.2017, 15:10 GMT. Ilepenoc 6 cmopoHy omkpwvimo2o Mopsi,

8) SAR Sentinel 1A4. 30.08.2018, 03:25 GMT. Bo3mooicHblil 6bIHOC 3a2pPs3HEHUl HA bepee

v" B 10-12 mporieHTtax cirydacs He(TSHAS IUIEHKA ITOCIIE BBIXOA HA TIOBEPXHOCTh OKAa3bIBACTCS BOBJICYCHHON B MEJIKOMACIITAOHBIE
BUXPEBBIC ABUKEHUS, KOTOPBIE 3a4aCTYIO PaJIUKAIbHBIM 00Pa30M MEHSIIOT 0KMIaeMYIO (PacyeTHYI0) TPACKTOPHUIO paCcpOCTPAHEHUS
CJIMKA.

v" Touka BCIUIBITHS €CTECTBEHHBIX HE(PTEMPOSBICHUN Ha IIOBEPXHOCTD B 3TOM pailOHE HAXOIUTCS HAa PACCTOSHHU OKOJIO 5 KM OT Oepera, u
npeoOiagaeT BAOILOEPErOBOE HAIPaBICHUE MTEPEHOCA 3arPsI3HEHUIA.

v B 3aBUCHMOCTH OT pa3MepOB, 3HaKa 3aBUXPEHHOCTH U TPAEKTOPUH IBIKCHUS BUXPS, BOBICUYCHHOCTh CIIMKA B BUXPEBBIC ABHKCHHSI

MOKET UMETh KaK MOJIOKUTEIbHBIN 3((DEKT, ClToCOOCTBYS KpOCC-1Ieb(OoBOMY NEPEHOCY 3arps3HEHUN M OUUILCHUIO TIPUOPEKHOM 30HBI,
TaK W OTPHIIATEIBHBINA, CIIOCOOCTBYS BEIHOCY HE(PTSIHOTO 3arps3HEHHs Ha Oeper
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N3MeHYHMBOCTh MHIUBUAYTBHBIX pa3MepoB HePTecoAepKaIIUX MSTEH MPUPOTHOTO
ITPOUCXOKICHUS, BBISBIICHHBIX 110 CITYTHUKOBBIM JaHHBIM Ha MOPCKOM TTOBEPXHOCTH B
paiioHe rpy3uHCcKoro menbda YepHoro mops (a) u

Typeukoro 1eibha YepHoro Mops (0)
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CoBOKYTIHbBIE IUTONIAU 3arpsI3HEHUSI MOPCKOM MTOBEPXHOCTH FOTO-

BOCTOYHOM 4acTh YepHOTO MOpPsI B pE3YABTATE €CTECTBEHHBIX

Ob0bmenHas cxema HEQTIHOTO 3arPA3HEHHs MOPCKOH He()TENPOSBICHNH, BHISBJIEHHBIE 3a TOJ 110 CIIYTHUKOBBIM JTAHHBIM

noBepxHoctH 3a 2010-2016 rr. Hag palilOHOM €CTECTBEHHBIX
BBIXO/IOB YIJIEBOAOPO/IOB CO JIHA B FOTO-BOCTOYHOM YacTH
YepHoro mopst

The map can be used to estimate the sea surface oil pollution probability in the region under study. High risk of the sea surface oil pollution is attributed to areas
of 859 km? and 360 km? respectively.

The highly unstable system of sea currents governs the oily films drift in area I. A cross-shelf transport of pollutants can occur here with high degree of
probability

Prevailing currents and wins determine the mainly alongshore drift of oily films in area II..
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Main pattern and sources of sea surface oil
pollution of the Caspian sea, revealed on the
basis of satellite remote sensing data:

1 - Natural leakages of liquid hydrocarbons;
2 — Seabed mud volcanoes;

3 - Natural hydrocarbon seafloor seeps off
the Sefid Rud Cape;

4 - Natural hydrocarbon seafloor seeps
westward of Cheleken Peninsula;

5- offshore oil-producing platforms in the
Cheleken o1l field;

6- Kashagan oil field;

7 — LUKOIL oil-producing area; Main
shipping routes depicted by green lines.

Main shipping routes depicted by green
lines



PANOH HE®TENOBbIYN
HE®PTAHbIE KAMHUA

» Mopckoe wMectopoxkaenne Hedrsapie Kamuu,
pacnoyiokeHo B akBatopuu Kacnuiickoro mops, 42 kM
K KOr0-BOCTOKY OT AMNIIEpOHCKOro mnoijiyoctpona, 100
KM OT baky

» Pa3zpaboTrka 3TOro MeCTOpPOXKICHHS Hadajaach B
1949 romy. Hnst Toro, 4toObl CO3/1aTh OCHOBAaHMS
OypoBbix  miaTdopM, OBUIO  3aTOIUIEHO  CEMb
CIIMCAaHHBIX KOpalbJieil, B TOM 4YMCII€ U MEPBbIA B MUPE
CaMOXO/IHbIN MeTa/NIn4yeCKuil He()TEeHAIMBHOM TaHKED,
nocTpoeHHeli B 1877—78 romax Mo  3akazy
«ToBapumiectBa OpatbeB HoOenb» mjisi  J0CTaBKU
kepocuHa HanuBoM wu3 baky B Ilapuisin (HbIHE
Bonrorpan) u Actpaxansb.

» Ceiiuac Hedrsaasie KaManm — 310 GoJiee IBYXCOT
CTallMOHAPHBIX TUIATHOPM, CBSI3aHHBIX MEXKAY COOOM
ACTaKagaMHu oOmei MPOTSKEHHOCTBHIO 350
KHUJIOMETPOB.




PANOH HE®TENOBbIYN
HE®PTAHbIE KAMHU

S0%ar’ S0°53¢

A subset of a true-colour MSI Sentinel-2B image (composite of 4, 3
and 2 spectral channels) acquired on 15 April 2020 at 07:37 over Oil
Rocks oil-producing site

B ob6nactmn conHevHoro 6auMKa, HedpTecoaepKalme
NAEHKN MMEIOT NOBbIWEHHYIO APKOCTb U NPOSABAAIOTCA KaK
CBET/Ible CTPYKTYpPbl, OKPYKEHHbIE TEMHbIM OPEOIOM

» HenpepsiBHOE 3arpsi3HEHHE MOPCKOW IMOBEPXHOCTH
HedThio B paitone Hedtsubix Kamueit oOycrnoBieHo B
OCHOBHOM HE€ YTE€YKaMHU B Mpoliecce HePTea00bIun WU
ycTapesbiM 000py/I0BaHUEM, a TIOCTYIJICHUEM HEPTH U3
€CTECTBEHHBIX W HCKYCCTBEHHBIX TpUGOHOB (BBIXOT
He(TH Ha TOBEPXHOCTh MOPSI).

» EcrecTBeHHBIC BBIXOABI HEe(MTH HA IOBEPXHOCTH
MOPS B 3TOM palioHe ObUTM M3BECTHBI 33JI0JIT0 IO Havayia
HedTenoObrun. Hed1h mpocaunBamack mo TpemuHam U3
BBICTYMAIOIIEH HaJa TMOBEPXHOCTHIO MOpPS KaMEHHOU
rpsinbl UEpHBIE KaMHU, KOTOPAs MO3KE MOTydnsia HOBOE
HazBanue — Hedrsabie kamHU.

» OO0pa3oBaHUE HCKYCCTBEHHBIX T'pHU(OHOB SBISIETCS
XapakTepHOW  OCOOEHHOCTBIO  Mpolecca  MOPCKOU
pa3BeKU U HEPTEeT0ObIUH.

» 3a BpeMsi pazOypuBaHus MECTOPOXKICHUS
"Hedrstapie kamaun" go 1958 r. rpudonoobOpazoBanme
umeno mecto B 37 ckBaxkuHax. Ilpu stom rpudonHbI
HEKOTOPBIX CKBAXKUH JIEMCTBOBAIA OT HECKOJIBKUX JTHEU
0 2 JeT, a KOJMYECTBO BBIOpachiBaeMoil He(pTH BO
Bpems aeiictBus rpudona konedanock ot 100 1o 500 T B
CYTKH.

» W ceromHsi WCKYCCTBEHHBIC TPHU(POHBI OCTAOTCS
OTHUM U3 HCTOYHUKOB HE(MTSAHOTO 3arpsi3HEHUS
Hentpansaoro Kacnus.




SAR-C Semtinel-1A
27 April 2019

1429 UT(

PANOH HE®TELOBbIYN
HEPTAHBIE KAMHU

» llpakTnueckm Ha BCEX  CIYTHHKOBBIX
M300paXKEHUSIX paiioHa HedTe100bIYH
UJICHTUPUIUPYIOTCS HEDTSIHBIC MATHA, IPUYEM
cienapl He(PTHU BBIABIAIOTCS 3a4acTyl0 Ha
wromaaun 6omee 800 KM? BOKPYT MOPCKHX
OypoBbIX TIaThHOPM.

» Pasmep u HampaBlieHHE pPacIpOCTPaHCHHS
MATHA 3aBUCSAT B OCHOBHOM OT METE0YCJIIOBUH.

» Paiion MECTOPOKICHUA «Hedtsnbie
Kamam»  Moxer  BbICTyHnaTb B pOJHU
CBOCOOpa3HOM €CTECTBEHHOW JabopaTopuu,
I1€ MOXXHO HCCJIEAOBaTh: BJIUSHUE BETpa U
TEUCHUH HAa PACHpPOCTPAHEHUE HEPTIHOTO
MATHA, @ TaKX€ 3aBUCUMOCTh (DOPMHUPOBAHUS
pPaIUOIOKAIIMOHHBIX  00pa3oB  HEPTIHBIX
3arpsI3BHEHUN OT YCJIOBUM HAOJIIOJCHHUS.




1989— 1991 rr.

ABHaIMOHHBIM MHOTOYaCTOTHBIN painonoKaimoHHbI koMiuiekca “MAPC” [KanmbikoB
u 11p., 1998], ycranoBienHoro Ha 60pty camonera-naboparopuu MJI-18.

CpeMkH IpoBOJWIINCH OTHOBpeMEHHO TpeMs jiokaTopamu Ka-SLAR, X-SLAR u L-SAR
¢ BbICOTHI 7200 M.

T Linna Cpeanns HTvpstma MpocTome- Ban
pRG- BCWTHIEL, MY M Moanpi- faCi CTBeHHOS olpaBoTEN
FOKATORN = Hﬂlul!itﬂcl'h. JALIMA OOIOPE, KM | PAIPTIWIEHME. AEHHBX
—— L M
PEO 08 )l v, HH 15 30...50 GopTosas
_PEO 32 8.3 ~ WY 43 20,..50 GopTonas
PCA 23 11.2 v, HH 30 2.5..25 Ha ¥MIE
YH, HY b . 1 BopTosas

CreneHp 3arpsi3HEHUS] MOPCKOM IOBEPXHOCTH OLIEHUBANACh 110

D 10 20 30
L,

KM
CHUHXpOHHOE JBYX4acTOTHOE paauonokanuonHoe (CM_u JIM nuanazoHoB) n3oOpaxkeHue

paitona no6srun HegTH “Hedranpie Kamuu” B Kacniniickom Mope, OJTy4eHHOE ¢ TTIOMOILIBIO
MPJIK “MAPC” 19.07.90. ( Cornacuo [boes u dp., 2008]) De(kgz) = 101g

BEJIMYMHE JIOTApUPMUIECKOTO PaTru0IOKaIIMOHHOTO KoHTpacTa DE(KE):

W Q‘W

|
J [1bB].

w w

| P,
|7,
TeopeTnueckue paguoIOKallMOHHBIE KOHTPACThI pACCYMTHIBAIUCH B PAMKAX TEOPUU
B3aUMOJICHCTBHS IOBEPXHOCTHBIX BOJIH C IIJIEHKOW KOHEYHOU TONMIIUHBI [ boes, Acnuyxkas ,
2002, boes, Acnuykas , 2003]. B ypaBHEHUsIX, UCIIOJIb3YEMBIX aBTOPaMH, COACPKUTCA IISITh
apaMeTpOB, XapaKTEPU3YIOUIUX IJIEHKY: aKTUBHOCTD, TOJIIIMHA, [IOBEPXHOCTHOE
HaTSDKEHUE, BI3KOCTh He(DTH U €€ IIIOTHOCTh

rae Pr, Ps — cpeHue MOUTHOCTH CUTHAJIOB, IPUHATHIX, COOTBETCTBEHHO, OT
3arpsi3HEHHOTO M YHCTOTO YYAaCTKOB MOPCKOI MOBEPXHOCTH, Py— cpenHss MOIIHOCTD
COOCTBEHHBIX IITYMOB NPHEMHHKA Ha BBIX0/IE 0710Ka 00paOOTKM CHUTHAJIOB

MCTO,[[I/IKa AOJI’KHA OITUPAThCA Ha CPABHCHUEC TCOPECTUUCCKUX PE3YIILTATOB U
OKCIICPUMCHTAJIbHBIX KOHTPACTOB 3al"p5[3HeHHOﬁ MOpCKOfI MMOBEPXHOCTHU, ITOJYUCHHBIX I10
pe3yiabTaTaM CUHXPOHHBIX 1/13MepeHm71 Ha pa3s/IM4YHbIX JIBYX JJIMHAX BOJIH.

Pe3ynbrarhl HATYpHBIX MHOTOYACTOTHBIX U3MEPEHUH, IPEACTaBICHHBIE B CTaThe, MPEJICTABIAIOT HECOMHEHHBI UHTEPEC, OJTHAKO TEOPETUUECKUE BBIBOJIbI MPEICTABISAIOTCS CIOpHbIMU. CreayeT
OTMETHUTH, YTO PAAHOJIOKAIIMOHHBIN KOHTPACT B OOIIEM cliy4yae sBIsSeTCs] PyHKIHUEH He TOIBKO MapaMeTpOB TUICHKH, HO TaK)Ke CKOPOCTH BETPa, COCTOSHUS TIOBEPXHOCTH MOPSI U PsiAa Jp.
napaMeTpoB OKpyxkatorei cpeasl. [IpeneOpeskenue nociaenHuMU GakTOpaMy MOKET IPUBECTU OITMOKaM B pacyeTax. Bo3aMokHO, Oaronapsi 3ToMy, OIEHKU TOJIIIUH HEPTIHBIX MIICHOK,
MIPUBE/ICHHBIE B MyOIMKAIUH, BBITIAIAT CYIIECTBEHHO 3aBbIIIEHHBIMHU



Sensors Resolution Band Wavelength Count of
(m) used images
SAR-C Sentinel 5x20 C 5.6 cm 376
1A, 1B
OLI/TIRS 30 2 — Blue B2 (0.452-0.512 um) 50
Landsat-8 3—Green  [B3(0.533-0.590 um)
B4 — Red B4 (0.636-0.673 um)
MSI Sentinel-2A, 10 2 — Blue B2 (0.456—0.523 pum) 162
2B 3 — Green B3 (0.542—0.577 um)
B4 — Red B4 (0.650-0.680

pm)
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All in all, we examined, for this study,
588 satellite images of the Caspian Sea
obtained over the oil-producing site Oil
Rocks

Inter-annual distribution of data analyzed and
natural oil slicks detected in them for the Oil
Rocks region



A subset of a Sentinel-1A image A subset of a true-colour MSI A subset of a true-colour MSI

acquired on 2 February 2019 Sentinel-2B image (composite of 4, 3 Sentinel-2B image (composite of 4, 3
and 2 spectral channels) acquired on 4 and 2 spectral channels) acquired on
July 2020 in the sunglint zone 15 April 2020 outside the sunglint

zone.

Examples of different types of oil slicks manifestations in VIS images.

In the VIS image obtained in the sunglint area, oil films have increased brightness and appear as bright structures surrounded by a
dark halo; the polluted area is about 520 km? in this case.

In the VIS image taken outside the sunglint zone, oil films are seen as dark patches like in the SAR image. At the same time,

central parts of some slicks appear as brighter areas, which indicates an increase in the reflection coefficient of the water-film
system. Hence we observe "thick" films there



Characteristic examples of oil slicks seen in radar images taken over the Oil Rocks platform under moderate winds

1M

a) Apart of a VV-polarized Sentinel-1 SAR image acquired at 02:43 UTC on 29.05.2015 showing oil patches near the oil-
drilling platform. Total area of the oil slick — 375 sq.km;

b) a part of an HH-polarized Envisat ASAR image acquired at 06:39 UTC on 13.07.2010 showing oil patches near the oil-
drilling platform. Total area of the oil slick — 515 sq.km.

c) apartofan HH-polarized Envisat ASAR image acquired at 06:45 UTC on 07.05.2010 showing oil patches near the oil-
drilling platform. Total area of the oil slick — 290 sq.km.

The reduction in the Normalised Radar Cross Section (NRCS) within a slick can reach 2 - 11 dB depending on film thickness, oil concentration
and wind speed as well as on the type of sensor and polarisation.



PAONOJIOKALUMNOHHbIE OBPA3bI
HE®TAHbLIX 3AFPA3HEHUUA NPU
CUJIbHOM BETPE / AKTUBHbIX
ATMOC®EPHbIX NMPOLUECCAX B
NMPUBOOHOM CJIOE

A subset of Sentinel-1A SAR image
acquired at 02:44 UTC on 08.04.2020
showing the sea surface near the oil-
drilling platform. A relatively small
area of 12 sq. km covered by oily
films can be identified near the oil-
drilling platform

A subset of Sentinel-1A SAR
image acquired at 14:29 UTC
on 16.03.2020 over the oil-
producing area Oil Rocks

» CuibHBI TIPUTIOBEPXHOCTHBIN BeTep (Oosee 9-

10 wM/c) B couUeTaHMM C  Pa3BUTHIM
MMOBEPXHOCTHBIM  BOJIHEHHUEM  MPEISITCTBYET
Pa3BUTHIO OOIIMPHOTO CIIMKA, T.K. IPU OOJIHIITNX
CKOpPOCTSIX BETpa MOBEPXHOCTHBIE IIJICHKH, KaK
HeTsHBIE, TaKk U OHWOTCHHbIC, HAYUHAIOT
paspylIalTcs IOJ BO3JIECHCTBUEM BETpa W
BOJHEHUS M HE Bcerga MOTYT  OBITh
UIeHTU(UIMPOBAHbI Ha clTyTHUKOBBIX PJIN.

Bapuamuu 1mons mpUNOBEPXHOCTHOTO BETpA,
00yCIIOBJICHHbIE KOHBEKTUBHBIMU JBH)KCHUSIMU
B TIPMBOJHOM CJIo€ aTMocdephl, MPUBOAAT K
nosiBiicHUI0 Ha PJIU stuencTeix CTpyKTyD.

B pesynbrare = COBOKYNMHOTO  BJIMSTHUSA
OMHUCAHHBIX  BbIIE  (AKTOPOB  HEPTIHOE
3arpsi3sHEHUE cinabo MPOSIBISIETCS Ha

cryTHUKOBOM PJIM — pasmuuuM TOJBKO OYEHb
HEOOJIBIION y4acTOK NOHMKEHHOI'O paccesiHus B
HETMOCPEJACTBEHHON OJIM30CTU OT MIaT(HOPMBI.

Bapuanuu VHTEHCUBHOCTHU oOpaTHO-
PacCEeTHHOTO CUTHaJA, CBSI3aHHBIC c
MPUCYTCTBUEM HEDTSIHOW TUIEHKHM HAa MOPCKOMU
IIOBEPXHOCTH B 3TOM CIIy4ya€ HEBEIUKU U

COCTaBJISIOT puMepHO 1,5-2 nb mﬂ



PAOVWOJNTIOKALMOHHbIE OBPA3DI
HE®TAHbIX 3AFPA3HEHUN NMPU
CJIABbIX BETPAX

@paemenm P/IIH ASAR Envisat om 4 uions 2015, 02:43
UTC, nonyuennoeo Hao pationom Hegpmeodobwiuu
Hegmsanvie Kamnu 6 ycrosusix cnabozo
NPUNOBEPXHOCNHO20 8empa

BrisiButh Ha 3ToM PJIN HedTsiHOE 3arpsizHEeHHE BOKPYT
wiardopm, a TeM Oonee, yCTaHOBUTH €ro IIIOIIAIh, He
MPEICTABISIETCS] BO3MOXKHBIM.

Ha PJIM, mnonydeHHBIX B YCJIOBHUSX CJ1abOro
MPUTIOBEPXHOCTHOTO BETpA, BBISIBIISIFOTCSI
oOlmMpHBIE TEMHBIE OOIACTH  MOHUKEHHOIO
paccesHusl.

[Ipyu cnabom BeTpe WIM €ro OTCYTCTBUH
I'PaBUTAIIMOHHO-KAMIIApHAS KOMIIOHEHTA TIOJIs
MOBEPXHOCTHOTO BOJIHCHHS, OTBETCTBCHHAs 3a
bperrosckoe pe3oHaHCHOE paccesiHuEe, MOXKET He
yCIeTh  pPa3BHUTHCS,  UYTO  MNPUBOAUT K
3HAYUTEILHOMY OCJIA0JICHUIO HWHTEHCHUBHOCTHU
00paTHO-PaCCEesTHHOTO CUTHAaJa.

Ha PJIM, nosy4eHHBIX B YCIOBUSIX CJIabOro
IIPUIIOBEPXHOCTHOTO BETPA, IPUCYTCTBYET
MHOI'0 00JIacTell MOHMKEHHOTO pPaCCEsHUS,
HE CBS3aHHBIX C HAJIMYUEM HA MOPCKOU
MOBEPXHOCTH  HEPTAHOW  IUIEHKH, YTO
3HAUUTEJIBHO  TIOBBIIAET  BEPOATHOCTH
(JIOKHOW TpPEBOTW» TPU MOHUTOPHUHIE
HEe(PTSAHBIX 3arpsA3HEHUN, a TaKXKE MPUBOAUT
K 3aBBIIIEHUIO UX IUIOIIAAN
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An example of a combined analysis of SAR and VIS data.

a) A subset of a Sentinel-1 SAR image acquired at 14:37 UTC on 31.07.2020 under low wind conditions;

b) a subset of a Landsat-8 OLI-TIRS-derived true-colour image obtained over the same area close in time (at 07:19 UTC on
31.07.2020)



IL1omaap HePTIHOTO

3arpsi3HeHus, ompeeasgeMast
M CKJIIOUNTEIHLHO 110
PaZI0JIOKAITIOHHBIM JTaHHBIM
MOKET OKa3aThCA

3ABBIIIIEHHOM, ecim pgaHHBIE
IIOJIy4eHbl IIPHU CJIa0bIX BeTpax
WJIN B IIITUJIEBBIX YCJIOBUAX

[L1omaznpr HEPTAHOTO 3arps3HEHUS,
ornpenaeasieMas HCKJIIOYUTEILHO II0
PaZInOJIOKAIIMOHHBIM JTAaHHBIM
MoxkeT okazatbeas SAHVDKEHHOI,
eCJIn JlaHHbIE IIOJTyYEHBI B
IIPUCYTCTBUU 3HAYUNTEJIbHBIX
BO3MYIIIEHUHI B IIPUBOJAHOM CJIOE
aTMOChepbI




3ABUCUMOCTb ®POPMNPOBAHUA
PAONOJIOKALUMNOHHbBIX OBPA30B
HE®TAHbLIX 3ArPA3HEHUN OT
yCNOoBWUWU HABIOOEHUSA

69% ciy4daeB - He(PTAHOE 3arpsiI3HEHUE
C YBEPEHHOCTbBIO BBISIBJISETCH.

22% ciiydaeB - He(PTAHbIE
3arpsAA3HEHMs HE BBIABJIEHBI, IIOTOMY
YTO UX IPOABJIEHUS MaCKUPOBAJINCH
PaIN0JIOKAIIMOHHBIMU 00pa3aMu
aKTUBHBIX aTMOC(HEPHBIX MTPOIECCOB
JIn0O0 TIOTOMY, UTO ChEMKU
IIPOBOJWJIVCH B YCJIOBUSIX CUJIBHOTO
IIPUIMIOBEPXHOCTHOT'O BETPA.

0% ciiydyaeB - HA MOMEHT Cb€MKH B
palioHe HHTepeca HabJIIomacs
c1a0bIN MPUIIOBEPXHOCTHBIN BETED
WJIH yCJI0BUS, OJIM3KHE K IIITUJIEBBIM.
Ha PJIN npucytcTByeT o0IupHas
006J1aCTh IIOHUKEHHOTO PacCEesSHUs U
yBEPEHHO BBIZIEIUTh HEPTIHOE
3arpsi3HEHHE He y/IaE€TCA.

11|
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Ce30oHHas N3MEHYMBOCTD KOJIMYECTBA HEDTENPOABIECHUH, Ce30HHast U3MEHUYNBOCTH YaCTOTHI BBISIBICHUS HE()TEIPOSBICHUH Ha
BBISIBJICHHBIX HAa MOPCKOM MOBEpXHOCTH B paiione Hedtsaubie Kamun MOPCKO IIOBEPXHOCTH B CIIyTHUKOBBIX JaHHBIX ( detectability rate)
(NOS frequency )

The most pronounced is the seasonal variability in NOS frequency in VIS images. The majority of NOS— about 70% — were identified in VIS images of the
Oil Rocks oil-producing area during the warm season, from May to September. No one issue of natural oil showings on the sea surface was detected in VIS
imagery in December over the whole study period. Depending on the season, the frequency of identifying oil patches in VIS images changes more than three
times - from 20% in January to 63% in July

As the two main reasons for this variability, we can point out
(1) acloud cover masking the oil patches signatures in the cold season
(i1) the presence of a sun glint area significantly improving conditions for detecting oil slicks in the warm season

The seasonal variability in the detection rate of oil patches at the sea surface in the SAR images is almost non-existent. This fact can be explained by
different mechanisms of oil slicks manifestation in SAR images. SAR can detect oil slicks through clouds and is insusceptible to solar light conditions.
However, the detectability of oil slicks in SAR images depends mainly on the hydrometeorological conditions at the time of the survey. The detectability
rate of oil slicks in SAR data varies from 53% in November to 82 % in June; its mean annual value reaches 68%, which coincides with the results we
reported early.
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Pacnpenenenue nHIUBUAYaTbHBIX TUIOMIAEH HEPTAHBIX 3arpsI3HEHUN
noBepxHocTH Kacnuiickoro mopst B paiione HedTenoosrun Hedrsausie Kamuu

IIpencraBiieHHbIe OLEHKH OA3UPYOTCH MCKIYUTEIbHO HA CIHYTHHUKOBBIX JAHHBIX H
MOTYT B Ty WJIH JAPYTyI0 CTOPOHY OTJIMYATHCHA OT U3MEPEHUil, MPOBEAEHHBIX in Situ.




BJIIUAHUE
NMPUNOBEPXHOCTHOI'O BETPA
N NOBEPXHOCTHbIX TEYEHUW
HA PACIMPOCTPAHEHUE
3ArPA3HEHUN

OLI-TIRS UC3 Landsat-8, 5.08.2016, 07:19 UTC

BoBieueHHbIE B BHUXPEBBIE JIBWIKECHUS IUICHKH
pacpoOCTPaHSIIOTCS B CEBEPO-3anaJHOM
HamnpaBJICHUH HA paccTtostHue 10 20 KM U B IOTO-
BOCTOYHOM HANpPAaBJICHUHM Ha paccTrosHue 1o 10
kM. [Inmomans 3arpsi3aenus 200 kB. K.

dakTopbl, OKa3bIBAIOIINE HAUOOJIbIIIEE BIUSHUE
Ha pa3Mep, GopMy U HallpaBIEeHUE
pacrpocTpaHeHus HE(QTIHOTO 3arpsi3HEHUS B
OKpecTHOCTU He(dTeq00bIBaIONICH MIaT(OPMBI:

» TIPUTNIOBEPXHOCTHBIN BETED;
» TIOBEPXHOCTHBIC TCUCHUSI.

Paiton AniepoHCKOro nojiyocTpoBa — 3TO CaMblIi
OypHBIN paiioH Ha Bcel akBaropuu Kacnuiickoro
MOpA.

Oporpaduyueckuii 1 MBICOBOM d(PPEKThI cO3AaI0T
OJaronpuATHBIC YCIOBUS ISl PA3BUTHS BETPa,
HaOI0MAIOTCS YaCThIE MMITOPMOBBIC BETPHI.

Cucrema MOBEPXHOCTHBIX TEUYECHUM SBIISIETCS
CJIOKHOW M OTJIMYAETCS] HEYCTOMYHUBOCTHIO.

Habmnronarorcst BBICOKME CKOPOCTH
MMOBEPXHOCTHBIX TEUYCHUH, MEK Ay 0. JKuiion u
Hedraapivu Kamusamu, HarpuMep, CKOPOCTh
MMOBEPXHOCTHBIX T€UeHUU nHOrIa gocturaet 100
M/CeK | 0oJiee

e 1% e




BJIIMAHUE
NMPUNOBEPXHOCTHOI'O BETPA
N NOBEPXHOCTHbIX TEYEHUW
HA PACIMPOCTPAHEHUE
3ArPA3HEHUA
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JIBa sTana pacnpocTpaHeHusi HeYTIHOTO
3arps3HEHUS:

[. Hedtaubie mnéHKN MepeMeniaTcs u
PACTEKAKOTCS MOJT IEMCTBUEM JIOKAJIBHOTO
BETpA JI0 TEX MOP, IMOKA HE OKA3BIBAKOTCS
3aXBAYE€HHBIMU OBEPXHOCTHBIMU
TCUCHUSIMU

II. HedtsaHoe 3arpsa3HeHre MOKET 0Ka3aThCs
3aXBAYEHHBIM [TOBEPXHOCTHBIMU TEUECHUSIMU,
Y PacpOCTPAHATHCS 3TUMU TEUCHUAMU HA
JIOCTATOYHO OOJIBIINE PACCTOSHUS WM K€
OKa3aTbCsl BOBJICUECHHBIM B BUXPEBBIC
newxkenus. HedtsaHoe 3arpssHenue,
3aXBaY€HHOE NTOBEPXHOCTHBIMU TCUCHUSIMH,
MOXET PACHPOCTPAHATHCSA HA 3HAYUTEIIbHBIC
paccTosiHusA, BIUIOTH 110 70 KM, B
HAIIPABJICHUSX, HE COBNAJAIOIINX C
HAIIPABJIECHUEM MPUITOBEPXHOCTHOTO BETPA.

[Tocne BCIIBITUSL HA TOBEPXHOCTh HEPTIHOE 3arpsi3HEHNE PACIIPOCTPAHSIOCH B CEBEPO-BOCTOUHOM
HanpasjeHuH (rony0as cTpesiouka Ha pucyHke). Ha paccTosiHuu 6,5 KM OT BbIXOAa HAa IOBEPXHOCTh HE(DTIHOE
3arpsiI3HEHUE OKa3aJI0Ch 3aXBaYCHHBIM TOBEPXHOCTHBIM T€UEHHEM, 00YCIOBIEHHBIM Pa3BUBAIOIIMMCS BUXPEBBIM
JUITIOJIEM, TOBEPHYJIO HA CEBEPO-3aMa, a 3aT€M, YBICUYEHHOE COIYTCTBYIOIIMM BUXPEBOMY JMIIOIIO TEUEHHEM,
MIPOJOJIKUIIO PACIIPOCTPAHATHCS HA FOro-3anaj, T.e. IpOTUB BETPa, Ha paccTosiHue A0 40 KM OT Ha4yaJbHOM TOUKH.

e 1 e
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The probability of the pollution by crude oil of the sea surface near
the Oil Rocks oil-producing site calculated based on satellite data

The total aquatic area potentially subject to
contamination by crude oil films is about 9000 sq.
km. This area is shaped under the winds and
currents that affected the oil films drift and
evolution. A pronounced spatial asymmetry of
this area can be easily seen.

The part of the sea surface with the nonzero
probability of crude oil pollution stretched for 170
km 1n the direction of the northwest—southeast
and about 100 km in the northeast —southwest
direction.

About 800 sq. km of the sea surface has a 10% or
greater chance of contamination by crude oil.

Approximately 100 sq. km of the sea surface near
the drilling site has a very high risk of pollution
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This study examined all Envisat ASAR images of the Caspian Sea obtained over the two regions of interest from January 2010 to January
2012 and Sentinel-1 SAR images taken from January 2015 to December 2020.
Also, visible (VIS) data with less than 10% cloud cover for these periods were analyzed

Analyzed satellite data for the region of Cape Sefid Rud o —a
Sensor Period Number of images 120 ::i:::etected
ASAR Envisat January 2010 - January 2011 39 L
2
SAR-C Sentinel 1A, 1B January 2015 - December 2020 413 % N
TM Landsat 5 January 2010 - August 2011 17 i j:
MSI Sentinel-2A, 2B January 2015 - December 2020 154 2
OLI Landsat-8 January 2015 - December 2020 71 0
2010 2011 2015 2016 2017 2018 2019 2020
YEARS

Analyzed satellite data for the region of Cheleken Peninsula

140 I SAR
— /IS
Sensor Period Number of images 120 | —ici e
100
ASAR Envisat January 2010 — March 2012 77 9
B 80
SAR-C Sentinel 1A, 1B January 2015 - December 2020 459 2
Z 60
TM Landsat 5 January 2010 - August 2011 28 20
MSI Sentinel-2A, 2B January 2015 - December 2020 129 20
OLI Landsat-8 ]anuary 2015 - December 2020 108 ’ 2010 2011 2015 2016 2017 2018 2019 2020

YEARS

All in all, we examined 702 satellite images of the Caspian Sea obtained over the Iranian waters and 801 satellite images over the Turkmenian waters.




Yacrs akBaTopun Kacnmniickoro Mops y 10ro-3anajHoro nooepe:xxos B nposununu I'miian (Mpan) k Boctoky ot mbica Cedun Pyn

Ha upanckom menbde ase
OJIM3KOPACIIOI0KEHHBIE TOUKH
BBIXOJ1a HE(TEYTIIEBOOPOIOB
Ha MOPCKOM JTHE

C KOOpAWHATAMM

50°24.4" B.x.,37°23.4" c.l1. u
50°28.9" B.1., 37°20.4" c.1m.
UJICHTU(DUITMPOBAHBI KaK
MOCTOSTHHBIC TOYKHU BCTUIBITHS
HE(PTSAHBIX CIIMKOB.

(e)
(a) Sentinel-1A SAR-C of February 16, 2015, 14:36 UTC;
(b) Sentinel-1A SAR-C of June 25, 2018, 02:36 UTC;
(c) Sentinel-1A SAR-C of December 09, 2018, 14:36 UTC;
(d) Landsat-5 TM (color composites of bands 3, 2 and 1) of June 11, 2010, 07:04 UTC;
(e) Sentinel-2A MSI (color composites of bands 4, 3 and 2) of June 30, 2018, 07:38 UTC;
(f) Sentinel-2A MSI (color composites of bands 4, 3 and 2) of September 03, 2019, 07:38 UTC.




IIpuMepsbI NPOSABJIEHUI CJIUKOBBIX CTPYKTYP B CIIyTHUKOBBIX JJAHHBIX, IOJIYY€HHBIX HA/l BLIX00M
He(dTeyIIeBOIOPOI0B C MOPCKOIO THA B PallOHe TYPKMEHCKOI0 meJib(da B paiioHe n-sa YesiekeH

a) ASAR Envisat ot 7 ceHTS0ps 5[007, 18:13 GMT,

0) ASAR Envisat ot 27 nrons 2010 2007, 06:42 GMT
8) SAR-C Sentinel-14 ot 10 mapta 2020, 02:36 GMT ,
2) TM Landsat 5 ot 19 urons 2007, 07:07 GMT ,

n) MSI Sentinel-24 ot 18 mas 2018, 07:28 GMT

e) OLI Landsat 8 ot 17 centsa6pst 2019, 07:07 GMT
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Pacnipenenenne nHIMBUAYATIBHBIX TUIOMAACH HEDTIHBIX 3arps3HEHUH TOBepXHOCTH Kacmiickoro Mmopst B paiioHe MbIca
Cedun Pyn u B paiione noimyoctpoBa UenekeH

NuauBuayalibHbIe pa3Mepbl €CTECTBCHHBIX HE(TEIPOSBICHUN, OOYCIOBICHHBIX BBIXOJAaMU CHIPOW HE(PTH C MOPCKOTO JHA, BBISIBICHHBIX B Pa3HbIC TOABI HAa CITyTHHUKOBBIX
U300paKeHHsIX, MeHsIMCh B peaenax ot 0,01 mo 45 km? mis paiiona meica Cedun Pyn u or 0,01 1o 83 km? ns paiiona n-a Yeneke).

MBbI MOXKEM KOHCTAaTHPOBATh, YTO OOBEMBI TOCTYIUICHHSI CBIPOH HE(TH C MOPCKOT'O JTHA HAa MOBEPXHOCTh B TYPKMEHCKHX BOJIaX paioHe m-Ba YesekeH BhIlle, YeM Ha UPaHCKOM
menbhe BOm3u Meica Cedun Py,

B 40% ciyuaes 1uiomam ciInkoB, o0HapyxuBaeMbix BOim3u Mbica Cedu Pyn, He npesbimarot 1 kM2, iomau emie 35 % CIMKOB BRIPbUPYIOT B Ipesenax | — 5 KB. KM.

B 10 xe Bpems B paiione n-Ba YenekeH mromaan 6osee, 4eM IMOJIOBHHBI €CTECTBEHHBIX HE(TENPOSBICHUI Ha TTOBEPXHOCTH MOPS IPEBBIIIAIOT 5 KBaIPATHBIX KUJIOMETPOB, a
Oosee yeM B 25% citydaeB IUIOIA M OOHAPYKEHHBIX TISTEH MPEBBIMIAT 10 kM.
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In the case of the Iranian shelf, two hydrocarbon seeps located close to each The seabed seep near the Cheleken Peninsula is
other on the sea bottom are documented as persistent "sources "of 157 and d ted ‘stent oriein of 423 NOS detected i
172 NOS with coordinates 50°24.4' E, 37°23.4' N, and 50°28.9' E, 37°20.4' N, ocumented as a persistent origin o etected In
respectively. the satellite images.
Their "source" point coordinates determined as 52° 36.2'
After reaching the surface, NOS form, as a rule, thin curved stripes and can E, 39° 32.9' N evidently indicate the seabed hydrocarbon
spread over long distances - up to 35 km in the Cape Sefid Rud region and up to seep location.
50 km in the Chelfeken Penmsula.regmn..Thls 51gr.11f1cantly increases the sea The seep is situated on the continental shelf at a depth of
surface area potentially prone to oil pollution, despite the relatively small area . v 2 d di 44 km h
of each individual slick. As a result, more than 1200 km? of the sea surface in the approximately Smandata ) Istance o m from the
Cape Sefid Rud region and more than 1500 km? in the Cheleken Peninsula western end of Cheleken Peninsula.
region are potentially exposed to oil pollution. A high risk of sea surface oil
pollution from natural seabed seeps is attributed to areas of 100 km? and 200
km? correspondingly.



Ce30HHAsI N3MEHYHBOCTDH KOJIMYECTBA €CTECTBEHHbBIX He(l)TﬂHI)IX l'lpOﬂBJIeHl/Iﬁ Ha MMOBEPXHOCTU MOPS BBIABJIACMbBLIX HA CIYTHHKOBBIX u306pamemmx
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% out of total numberof natural oil slicks
% out of total numberof natural oil slicks
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(a) (b)

Ce3oHHas U3MEHYMBOCTh KOJMYECTBA HE(QTETPOSBICHUN HAa MOPCKOM MTOBEPXHOCTH B paiione a) M. Cedun Pynm; 6) n-Ba Uenekew;

[Tonasnstomiee OOIBIIMHCTBO MPUPOAHBIX MATEH OBLIM UACHTU(UIIMPOBAHBI HA N300paKeHUSIX BUAMMOTO JMana3oHa B TEIJIoe BpeMs rojaa — B
paitone mpica Cedup Pyn okono 85 nporieHTOB Bcex He(TenposBIEHUHN BBISBICHO B MIEPUOJ] C Masi IO aBT'yCT.

AHanoruyHbIe pe3yJbTaThl Mbl OMYUYUIIU AJi pailoHa noiayocTpoBa YenekeH. OiHaKO 371€Ch CE30HHOE pacipenesieHrne 0osee miaBHoe.

Ce3oHHasi U3MEHYMBOCTh B 4YacTOT€ OOHApPYKEHMSI €CTECTBEHHBIX HE(PTSIHBIX MpOsiBICHUN Ha u300pakeHusx PCA Takke CylIeCTBYET, HO
CYILIECTBEHHO MEHEE BBIPAXKEHA U OMPEACISIETCS B OCHOBHOM THAPOMETEOPOIIOTHYECKUMHU YCIOBUSIMA HA MOMEHT ChEMKH.
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(a) (b)

Inter-annual variability of NOS detectability near:

(a) the Cape Sefid Rud;

(b) the Cheleken Peninsula. SAR - blue bars, VIS - orange bars.

Grey lines show the overall percentage of SAR and VIS images bearing distinct NOS signatures

We found that during the whole study period, NOS detectability in satellite images (both SAR and VIS) of the Cape Sefid
Rud region varied within 33%—-50%.

NOS structures were identified in 47% - 60% of images taken in the Cheleken Peninsula region in the same period
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® HedpTtAHble KamHK  ® [pAseBbIvi BynkaHu3m = Cedup Py m YenekeH

OTHOCHUTEIbHBIC BKJIaZbl Pa3IMYHbIX THIIOB SaPpHBHCHHﬁ, BBISIBJICHHBIX 110
CIIYTHUKOBBIM JaHHBIM, B HHTCI'PAJIbHOC HC(I)THHOC 3arpsA3HCHUC

noepxHocTu Kacnmiickoro Mops
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