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Brinonneno IIPOTHO3UPOBAHUE BEPOSITHBIX

COCHApUCB BO3HHKHOBCHUA aBapPIﬁHbIX Pa3JIMBOB

He(bTerOIIYKTOB IIpu OCYLICCTBJICHUU
Heperpy30qH0171 ACATCIIBHOCTH Ha  aKBAaTOPUHU.
PaCCMOTpeHH OCHOBHBIC IIPUYHUHBI BO3MOKHBIX

aBapI/II\/JI, K KOTOPBIM OTHOCATCA Pa3IMYHBIC BHJIbI
MOBPCIKACHHUA Y3JIOBBIX KOMIIOHCHTOB IIEPEIUBHOIO
000opyI0BaHUS
pasrpy304HBIX

IIPU  IIPOBENACHUM IOTPY30YHO-
omepauuid  MEXAy  CylIamu.
BoinonHeHs!l pacuéTel 00bEMOB U Macc aBapUHHBIX
pa3siIMBOB  H3CJIBHOIO  TOIUIMBA, BAaKyyMHOIO
ra3oiiass ¥ Masyra B 3aBUCUMOCTU OT YCIIOBUH
BO3HUKHOBEHUs1 aBapuil. OTMeueHa MpakTU4ecKas
3HAYMMOCTb paboThI, yKa3aHsbl obsacTu

MMPUMCHCHUA MOJYYCHHBIX PE3YIbTAaTOB.

KuaroueBble cioBa: HedTEnpOIAYKTHI, aBapUMHBIN
pa3ius,
OLICHKA

MMPOTrHO3UPOBAHUC, KOJIMYCCTBCHHAA

Beenenne.  CoBpeMEHHBI  MHp

TPYAHO
IpeJCcTaBuTh 0e3 Macel M TOIUIMBa, OBITOBOI
XUMHUHM, MEIMIMHCKHX [penapaToB, OJEXKIbl U
00yBH, COBPEMEHHBIX JIOPOKHBIX MOKPBITUH. DTH U
opyrue Omara [UBWIM3AlMM B 3HAUUTEIHHOU
CTETIEHU SIBJIIOTCS PE3yabTaToOM IMPeoOpa3OBaHUS
Hedrenpoaykros [1, 2]. HedrenponykTsl — 3T0
CMECH YIJIEBOAOPOJOB, a TAK)KE WHAMBHUAYAJIbHbIE

XUMHUYCCKUC COCAUHCHUA, MMOJIYIaCMBbIC 13 He(bTI/I u
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The article presents the performed forecast of
probable scenarios of accidental oil spills in
transshipment activities on the water. It
considers the main causes of possible accidents,
which include various types of damage to nodal
components of transshipment equipment during
loading-unloading operations between ships.
The authors have carried out the calculations of
volumes and masses of accidental spills of
diesel fuel, gasoil and fuel oil depending on the
conditions of occurrence of accidents. The
practical significance of the work, along with
the scopes of the results obtained is discussed.
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Introduction. The modern world is
inconceivable without oil and fuel, household
chemicals, medicines, clothes and shoes,

modern road surfaces. These and other benefits

of civilization are largely the result of
petroleum products processing [1, 2]. Petroleum
is a mixture of hydrocarbons, as well as

individual chemical compounds derived from
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HeTsHBIX ra3oB. K HedTenmpoaykraM OTHOCSTCS
pasnuuHbBle BHABI TOIUIMBAa (OCH3WMH, KEPOCHH,
JIM3eJIbHOE TOIUIMBO, Ma3yT, BaKyyMHBIN Tra30iib U

ap.), CMa304HbIC MaTepuaibl,
AEKTPOU3OIIALIMOHHBIE CPEIbl, PACTBOPUTEIH U AP.
[1].

OueBuAHO, 4TO 100bIYAa HE()TH UTPACT BAKHYIO
poias B MHpOBOM pa3BuUTHH. OpHako HePTH U
IPOAYKTHI €€ MepepadOTKU B CIy4ae MOCTYIICHUS
B OKPYKAIOUIYIO0 CPEy CTAHOBATCSI ONACHBIMH JUIS
YeJI0BEKa, PACTUTEIILHOTO U KMBOTHOIO Mupa [3,
4].

ABapuiinble pa3iuBbl HePTH U HEYTENPOYKTOB,
NEepUOTUYECKA  BO3HHMKAIOIIME Ha  O0BEKTax
HeTenoOpun U HedTenepepaboTKH, a TaKKe IMPH
TPaHCIOPTHPOBKE HEPTETPOIYKTOB, 4acTo
SIBIISIIOTCSI TIPUYUHAMH CEPBEZHBIX JKOJIOTUIECKUX
KaTacTpo(, KOTOpbIE HAHOCAT 3HAYUTEIBHBIA Bpex
IPUPOAHBIM

HCTaTHUBHBIM

3KOCHUCTEMAM, MIPUBOISAT K
SKOHOMUYECKUM U  COLMAIbHBIM
nocyuencTsusm [ 1, 4].

B Hacrosimee Bpemsi, B CBSI3M C U3MEHHUBUICICS
3a MOCJEIHHE TOAbl MOJUTUYECKOW CHUTYalHeH,
MOpPCKHME TMOPTHI YEPHOMOPCKOTO  MOOEpexbs
Poccnn monyunny HOBBIM MOIIHBIA TOMYOK K
MHTECHCUBHOMY DPa3BUTHUIO, KOTOPOE MPOSBUIIOCH, B
TOM YHCIIE, B P€3KOM POCTE Ipy30000poTa HEPTH U
HEPTENPOAYKTOB. DTO, B CBOIO O4epe/ib, IPUBEIO K
YBEJIUYEHUIO Y4acTOThI u BEPOSITHOCTH
BO3HUKHOBEHUS Ype3BbIYANHBIX CUTYaIuH,
CBSI3aHHBIX C aBapUWHBIMHU TpoJMBaMu HeDTH U
HEe(TENPOAYKTOB Ha BOJHYIO IOBEPXHOCTh U
HEraTUBHBIM BO3JEHCTBHMEM TaKHUX pAa3JIMBOB Ha
okpyxarwtryto cpeay [1, 3, 5]. Bo3moxsbie
9KOJIOTUYECKHE TOCIHEACTBHSI IPU 3TOM HOCAT
TPYIHO  YUYWUTHIBAEMBIH  XapakTep, MOCKOJIbKY
HEe(TAHOE  3arps3HEHHE  HapyliaeT  MHOTHE
€CTECTBEHHBIE TIPOLIECCH U B3aMMOCBS3H B BOJHOM

cpeae [3, 6]. Hdnsa opranuzauuu >¢pGeKTUBHON U

OBICTPOl  JIMKBUJAIIMM  MOPCKHX  HE(PTIHBIX
pa3iMBOB W 3aIIUTBI OT HUX HPUOPEKHBIX
TEPPUTOPUIL Ype3BbIYAIHO Ba)XHO

3a0JIarOBPEMEHHO IIPOTHO3UPOBATh BEPOSTHOCTD
BO3HMKHOBEHHUs aBapUUHBIX CUTyallud B MeCTax

OCYLIECTBIICHUS WHTEHCHUBHOU IepPErpy3Ku

HEe(TENPOAYKTOB, a TaKke BBINOJIHATH

petroleum and petroleum gases. Oil products
types of fuel (gasoline,
kerosene, diesel fuel, fuel oil, vacuum gas oil,
etc.), lubricants, electrical
solvents etc. [1].

include various

environments,

It is obvious that oil production plays an
important role in the world development.
However, oil and products of its processing if
enter the environment are dangerous to human,
plant and animal life [3, 4]. Accidental spills of
oil and oil products that could occur at oil
production facilities and refineries, and in
transportation of oil products, are often the
causes of serious environmental disasters,

which cause significant harm to natural
ecosystems, lead to negative economic and
social consequences [1, 4].

Currently, due to the changed in recent years
political situation, the seaports of the Black sea
coast of Russia have received a powerful new
impetus to intensive development, which
appeared, in particular, in the sharp increase of
turnover of oil and oil products. This, in turn,
has led to an increase in the frequency and
probability of occurrence of emergencies
connected with accidental spills of oil and oil
products on water surface and the negative
impact of such spills on the environment [1, 3,
5]. Potential environmental impacts in this case
are difficult to estimate as oil pollution violates
many of the natural processes and
interrelationships in the aquatic environment [3,
6]. For effective and rapid elimination of
marine oil spills and protection of the coastal
areas it is extremely important to predict in
advance the probability of occurrence of
emergency situations in places of intensive
transshipment of oil products, and to perform a

quantitative assessment of potential negative

t 2
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KOJIMYECTBEHHYIO OIEHKY MAacIITa0OB BO3MOXKHBIX
HEraTUBHEIX BO3ACHCTBUH.

IIporno3upyembie aBapuiiHble CHUTYallUH.
Opguumu w3 Haubonee  pacHpOCTpaHEHHBIX
He(TENPOAYKTOB, neperpyska KOTOPBIX

IIPOU3BOJUTCS B MECTAX PACIIOJIOKEHUS PEUIOBBIX
NIEPErPy304HbIX PallOHOB HAa AaKBATOPHUSIX MOPCKHX
NOPTOB  YepHOMOpCKoro mobepexbs Poccun,
SIBJISIFOTCSI pa3JIM4HbIE BUABI TOIJIMBA, B TOM YHCIIE
BaKyyMHbIH Ta30iiib, Ma3yT, AU3EIbHOE TOIUIMBO.
[Teperpyska aKBaTOPHUSIX
MIPOU3BOJIUTCS, KaK MPaBUJIO, 1O BapUAHTy «OOPT

— 60pT» qepes3 CYAHO-HAKOIIUTECJIb C

TOILJINBA Ha

HCIIOJIb30OBAHHUEM CYIOB-IIPUBO3YUKOB W CYIOB-

OTBO34YUKOB, KOTOPbIMHA CIIyKart
cyna

(He(TSIHBIE TaHKEpBI) C JBOHHBIM KOPIYCOM H

CIeIMaTM3UPOBaHHbIE  He(PTCHAIUBHBIC
IPY30BBIMA TaHKaMU pPa3jIUYHOW BMECTHMOCTH,
pacMoI0KEHHBIMU MapauIeNbHO 10 000uM OopTam
cynHa [7, 8]. Ileperpyska HepTepoayKTOB C CyJqHA
Ha CYJHO OCYIIECTBISIETCS B aBTOMAaTHYECKOM
pPEKHUME 3aKpPBITBIM CIIOCOOOM C HCMOJIB30BaHUEM

HACOCHOTO o0opyaoBaHus, IPY30BBIX
TpyOOIIPOBO/IOB, THOKUX [IJIAHTOB,
000pyI0BaHHBIX (IIaHIIAMH, 3aTJIYIIKaMU U T. 0. [7,
8]. IlpumeHsiemMble  TEXHOJIOTUHM  MEpPErpy3KH

MO3BOJIAIOT NIpEAIoaraTb, YTO BO3HUKHOBEHUE
pas3MBOB HE(PTENPOAYKTOB Ha AKBATOPUU MOXKET
INPOM30WTH BCIIEACTBUE YTEUKH Hedrerpysa B
pe3ysibTaTe  HWKENEPEUYUCIEHHBIX  aBapUHHBIX
cuTyanui, OOYCIIOBIEHHBIX, B TOM YHCIE,
Pa3IUYHBIMU BUJAMH TOBPEXKICHUS MEPETMBHOIO
000pyIOBaHUS:

1) manoe noBpex/IeHrne NePerpy304HOro MIJIaHra;
2) mnepenuB (MEPENOSHEHHE) TPY30BOTO TaHKa
CyJlHa MPU NOTPY3KE;

3) yaCTMYHBIN pa3pbIB NEPErPY304YHOTO [IUIAHTA;
4) moAHBIN pa3pbIB MEPErpy30UHOrO IIJIAHTa;

5) moBpexaeHue OOpTa WM JTHHUIA TPY30BOTO
TaHKa CyJ/lHa;

6) NOBpEeXICHHE [BYX IPY30BBIX
TAaHKOB B pe3yjibTaTe IeperoMa cyaHa (Tak
HopMmaTuBHbIN pazmuB ¢ 50%

CMECXKHBIX

Ha3bIBAEMBbIN
OTMOPO’KHEHUEM TaHKOB [9]).

KonuuectBeHHast omeHka OObEMOB W Macc
HE(PTENPOIYKTOB, KOTOPbIE MOTYT TOCTYIHTHh B

impacts.

Predictable emergencies. Among the most
common petroleum products, transshipment of
which is  produced in the roadstead
transshipment areas of seaports of the Black sea
coast of Russia there are different types of fuel,
including vacuum gas oil, fuel oil, diesel fuel.
Transshipment on the water is made, as a rule
"Board to Board" through the ship drive with
the use of ships that come and go, which are
special tankers (oil tankers) with double hull
and cargo tanks of different sizes, arranged in
parallel on the both sides of the vessel [7, 8].
Transshipment of petroleum products from
vessel to vessel is carried out automatically by a
closed method using pumping equipment, cargo
pipes, and flexible hoses equipped with flanges,
plugs, etc. [7, 8]. The applied technology
suggests that the occurrence of oil spills in the
waters can occur due to leakage of oil cargo as
a result of the following emergency situations,
including different types of damage to the
equipment:

1) small damage to a handling hose;

2) overflow of the cargo tank of the vessel
during loading;

3) partial tear of a handling hose;

4) complete tear of a handling hose;

5) damage to the board or the bottom of a
cargo tank of a vessel;

6) damage to the two adjacent cargo tanks as
a result of the fracture of the vessel (so-called
regulatory spill with 50% emptying of the tanks
[9D).

Quantitative assessment of the volume and
mass of oil that can enter the waters as a result

¥
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AKBaTOPHIO BCIIEICTBUE peanuzanuu
MPOTHO3UPYEMBIX ClLICHapueB aBapUITHBIX
CUTyallui, BBIOJHJIACK B  COOTBETCTBUH C

pekoMenmanusamu [9-13].

Yr1euka HedrTerpysa B pe3yibTare MAaJoro
NMOBpPEXKIEHUsI TNeperpy3o4yHoro unuiaHra. B
ciaydae  oOpa3oBaHHS

HIeperpy304HOro

MaJoro IOBPCIKACHUA

nuiaira  (CKBO3HOM — CBHIII,
TPEIIMHA, HEIUIOTHOCTh (PJIAHIIEBOTO COCIMHCHUS)
pacxon  HedTenpoayKTa
OTBEPCTHE COCTABHUT:
- d2
Q== J2:g-H, @

rae O,. — SKBHMBAJCHTHBIA JHAMETP aBapHIMHOIO
orBepctus; Uy = 25 MM — OAMH W3 OCHOBHBIX
pa3MepoB, NMPUHUMAEMBIX TMPU MPOTHOZHPOBAHUU
aBapui o0opynoBanusi; | —

onpeAessieMbIi

yepes  aBapuifHOE

€MKOCTHOTO
K03 (ppunmeHT
BSI3KOCTBIO TIEPEKAYMBAEMOM KUAKOCTH, MPHUYEM

HCTCUCHHS,

JUIsl TIPUHSATOTO pa3Mepa aBapuitHOro oTBepCTHs Uy,

BUJIOB KHUAKOCTEN (Iu3enpHOE TOILINBO,
BaKyyMHBIH Ta300JIb, Ma3yT) U PEKUMOB UCTCUCHHUS
(xputepuii Re) BenuumnHa p cocrasusier 0,73-0,78;
g =981 m/c? — YCKOpPEHUE CBOOOHOTO Ma/ICHUS;
H — mnanop, oOycloBJIeHHBIH pAaBieHHueM P B
aBapuHOM ceueHuH, M; (haKTUYEeCKHe 3HAYCHUS P
JUIsl TUTIOBOTO HACOCHOTO 000pYy10BaHUS HE(PTAHBIX
TaHKEPOB COCTAaBISIOT 2—3 Kr/eM,
=20-30 m.

O0BéM paznuBa:

CJI€10BAaTCIIBHO

V =60-Q-t, @)
rie t — BpemMs OCTaHOBKM TNIE€PEKAYKH; B
COOTBETCTBUHU C [13] pacué€THoe BpeMs OTKIIOUEHUS
TpyOOIIPOBOJIOB MPU OTCYTCTBUHM PE3ECPBUPOBAHUS
3JIEMEHTOB YyIpaBiieHUus cocTtaBisger 120 c¢, mpu
PYYHOM YIIPABICHUHM OTKJIIOYEHHUS TPYOOIPOBOIOB
— 300 c. B macTosimem pacuére npunsaTo t = 120 c.
Takum 00Opa3oM, MaKCUMaJbHBIA 00BEM
pa3iuBa He(TENPOAYKTOB B pe3yibTaTe Malloro
MOBPEXKICHUS Meperpy304Horo IIUIaHTa,
paccuntanubiii o popmynam (1)—(2), cocrasnsier V
=1,1m
[TnotaocTs Hedrenpoaykros npu 15 °C pasHa:
MasyT (Mapka M-100) — 9942 kr/m>; qusenbHOe
tormauBo (mo 'OCT 305-82) — 831,1 KT/MS;

BaKyyMHBIH Ta30isib (Mapku A u b) — 920,6 Kr/M>

of the predicted emergency scenario was carried
out in accordance with the recommendations [9-
13].

Leakage of oil cargo in the result of a small
damage to the handling hose. In case of small
damage to the handling hose (through a hole,
crack, loose flange connection) flow rate of oil

through the escape hole will be:

Tcd2

Q=p-—2 J2.9-H, 1)
where dax — the diameter equivalent to the
accident hole; dak = 25 mm — one of the main
dimensions adopted in the prediction of tanks
accidents; u — the coefficient of discharge,
determined by the viscosity of the fluid, and for
the accepted size of the accident hole dak, kinds
of liquids (diesel fuel, vacuum gasoil, fuel oil)
and flow rates (criterion Re), the value of p is
0,73-0,78; g = 9,81 m/s2 — free fall
acceleration; H is the head flow determined by
the pressure P in the emergency section, m; the
actual values of R for standard pumping
equipment of oil tankers are 2-3 kg/cm2, and
therefore, H = 20-30 m
The volume of the spill:

V=60-Q-t, (2

where t is the stopping time of the

transshipment; in accordance with [13] the

estimated time to shutdown pipelines with no

redundancy of controls is 120 s, for manual

control the shutdown — 300 s. In this
calculation it is accepted that t = 120 s.

Thus, the maximum volume of oil spill in the
result of a small damage to a handling hose,
calculated according to the formulas (1)—(2) is
v=11md
The density of oil at 15 ° C is for fuel oil (M-
100) — 994,2 kg/m*; diesel fuel (GOST 305-
82) — 831,1 kg/m®; vacuum gas oil (grade A

http://bps-journal.
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[14]. CnenoBaTenbHO, Macca pa3IuBIINXCS
He(TEMPOAYKTOB IMPU PACCUUTAHHOM 00BEME

1,1 M COCTaBIIseT: MazyT — 1,09 T; qu3enpHOE
toruBo — 0,91 T; BakyymubIi razoinas — 1,01 T.

Yreuka HedTerpy3a B pe3yabTare nepejnBa
(mepemnoJsiHeHHsi) TPY30BOr0 TAaHKAa CyJAHA NpPH
norpyske. Ilpu
pa3rpy30uHbIX OMNEpaluil CYHIECTBYET OMACHOCTh
repesmnBa (meperoTHeHus )

BBITTIOJTHCHHUH IIOIpy304YHO-
BO3HUKHOBCHUA

IPY30BBIX TaHKOB B pe3yjibTaTe OLIMOOYHBIX
neiictBuil (Oe37eiicTBUS) MepCcoHaNa W/WIH OTKas3a
TCEXHUYCCKUX CpCAacCTB.

apaMeTpoB

Ornpenenenne
KOJIMYECTBEHHBIX paznuBa B
pe3ysbTare 1oj00HON aBapuu OCHOBAHO HAa OLIEHKE
CBEPXHOPMATUBHOTO BpPEMEHU TMOTPY3KH TaHKa,
Korja mocie 3amojHeHust ero momHoro (100%)
00BEMa, MPOUCXOAUT MOCTYIJICHHEe HedTerpysa Ha
nanyOy 3arpy>kaeMoro CyjnHa W, B JajbHeiIeM, B
aKBaTOPHUIO.

Benuunna mnojgaun rpy30BBIX HAcoCOB CYJIHA,
OCYIIECTBISIIOIIETO MOrPYy3Ky, B 3aBeplIaroLIeil
qacTh morpyskn cocrasmsier Q = 600 m/a (0,167
MS/C) [8], a cBEpXHOPMAaTUBHOE BpPEMs MOTPY3KH 10
e€ ocranoBku — t = 300 c¢ [13]. IIpu >TOM Ha
nany0y 3arpyxaemMoro cyAHa mocTynut mo 50 M
HEe(TENPOAYKTOB, MOJOBHHA KOTOPHIX MOXKET OBIThH
yAepKaHa KOHCTPYKIMEH ManyObl, a MOJOBHHA, T.
e. OKOJIO 25 M°, momagér 3a 0opT B akBaropwuio [7].
C yuérom muoTHocTH HedTenponyktoB [14], ux
Macca MpH JaHHOM O0bEME COCTaBUT: JAM3EIbHOE
torBo — 20,8 T; BakyyMHBIA ra3oiib — 23 T;
Ma3zyT — 24,8 T.

Yreuka HedTerpyza B pe3yjabrare 4aCTU4HOIO
pa3pbiBa Meperpy3o4Horo uuviaira. B ostom
ciydae  00bEM

ONpeeNEHHBIN o

MIPOTHO3HPYEMOTO

bopmyie (2) pH
MaKCHMaJIbHOU Ioj1a4ue Tpy3oBoro Hacoca Q = 3500

pasnuBa,

M/a [8], coctaBut V = 292 M. [Ipu 3TOM yuTEeHO
BO3HUKHOBEHHE  JIOTOJIHUTEIHHOW  HEIITaTHOMN
HapsAny  C
IIPOU3OIIEN

CUTyaluy,  Korja pa3pbIBOM

MEePerpy304HOTrO  IIJIaHTa OTKa3
anmapaTypsl TpyOOmpoBOJIa W
noTpe0oBajICsl TepexoJ Ha pydHOE YIpaBJICHUE,
MOSTOMY BpeMsl OCTaHOBKHM mepekaukn (I B

dbopmyne (2)) npunsto paBasiM 300 ¢ [13]. Becn

OTKJIIOYCHU A

and B) — 920,6 kg/m?® [14]. Consequently, the
mass of the spilled oil with a calculated volume
of 1,1 m® is for oil — 1,09 t; diesel fuel — 0,91
t; vacuum gas oil — 1,01t

Leakage of oil cargo in the result of
overflow of the cargo tank of the vessel
during transshipment. In loading and
unloading operations, there is a risk of overflow
of the cargo tanks in the result of erroneous
actions (omissions) of staff and/or failure of
technical  equipment.  Determination  of
quantitative parameters of the spill as a result of
this accident is based on the estimate of the
excess time of tank loading, when after filling it
to full volume (100%), there is a flow of oil
cargo on the deck of the vessel and, further, into
the waters.

The rate of the cargo pumps of the vessel is
responsible for loading, in the final part of the
loading it is Q = 600 m%h (0,167 m*/s) [8], and
excessive loading time to stop is t = 300 [13].
At this up to 50 m® of petroleum products will
go to deck of the vessel, half of which may be
retained by the construction of the deck, and the
other half, i.e., about 25 m®, will fall overboard
into the waters [7]. Taking into account the
density of petroleum products [14], its mass for
a given volume will be for diesel fuel — 20,8 t;
vacuum gas oil is 23 tons; fuel oil — 24,8 t

Leakage of oil cargo in the result of partial
tear of a handling hose. In this case, the
projected spill volume calculated by the
formula (2) with a maximum flow of the pump
Q = 3500 m%h [8], will be V = 292 m*. This
include additional non-standard situation, when
along with a gap in a handling hose, the
pipeline shutdown equipment failed and there
was the need to switch to manual control, so the
stop time of pumping (t in the formula (2)) was
equal to 300 [13]. The entire loss of oil cargo in

http://bps-journal.ru/
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00BEM HedTerpysa IMpH  TOJOOHOM
aBapuifHOM  ClLIEHApHUH MOCTYIHUTh B
Mopckyto  cpeny. C  yuéroM  IUIOTHOCTH
pasnuBIIUXCs HehTenpoaykToB [14], ux macca npu

pacCiNTaHHOM JAU3CIBbHOC

YTE4KH
MOXET

00BEME  COCTaBUT:
TOIIMBO — 242,7 T; BaKyyMHBIH Tra3oitns — 268,8

T; Ma3yT — 290 T.

Yreuka HedTerpy3sa B pe3yiabTare IOJHOIO
pa3pbiBa neperpy3o4Horo
Pasrepmernsanusi rpy30BOro IulaHra ¢ pa3pbiBOM

HJIaHra.

Ha II0JIHOE CEYCHHME BO3MOXKHA IPU HECOOIIOICHUH
IpeanucaHuil cepTudukaTroB, MpaBuil U YCIOBUI
CYILECTBYIOIINX

BHEIITHUX

JKCIUTyaTalluk,  HapyLICHUAX

OTpaHUYECHUH, HEpPacCYE€THBIX
BO3/ICUCTBUSX U T. 1. B 1aHHOM ciy4ae Bech 00bEM
pasIMBLIMXCS ~ HEPTENPOAYKTOB  C  BBICOKOH
CTENEHbIO BEPOSATHOCTU IIOCTYNIMUT B AKBATOPHIO.
[Tporno3upoBanue 00BEMOB BO3ZMOXKHBIX PA3JIMBOB
HeTerpy3a CBOJIUTCS K ONPEAEICHHUIO BPEMEHU
ABApUIHOIO MCTEUEHHUs NMPOAYKTA B OKPYKAIOLIYIO
cpely IpH pacdy€THOM pacxone B
(ckopoctu MOTPY3KHU/BBITPY3KH). Jns

MaKCUMaJIbHOTO BPEMEHU NEPEKPBITHs MOTOKa t =

HnujIaHre

300 c [13], ¢ yuétom dopmynsl (2) U MIOTHOCTH
HedremponyktoB  [14], 00BEMBI W Macchl
IPOTHO3UPYEMBIX PAa3IUBOB COCTABIISIOT:

1) V = 100 v®
pacxoze Q = 1200 m*/a (0,333 m%/c) mpu paGore
[IECTH HACOCOB C MakCHUMaIbHOH momaueil mo 200

— IpU NOIpy3Ke CyIHa U

M4 [8]. Maccsl pa3IMBIIUXCSA HEPTETPOIYKTOB:
JIA3EIbHOE TOIMBO — 83,1 T; BaKyyMHBII Ta30MiIb
— 92,1 1; Ma3yT — 99,4 T;

2) V=583 M® — IIPU BBITPY3KE CydHA U
pacxomxe Q = 7000 Mg (1,94 v¥/c) npu paboTte
JIBYX HAacOCOB ¢ MakcuMasibHOU noaauert 7000 M/
[8]. Maccel  pa3nmuBIIMXCS — HEPTENPOIYKTOB:
Iu3eabpHOe TommmBO — 4845 T
razoisib — 536,7 T; MazyT — 579,6 T.

BAaKyyMHBIN

such emergency scenarios may come into the
marine environment. Taking into account the
density of the spilled oil [14], its weight by the
calculated volume will be for diesel fuel 242,7
t; vacuum gas oil — 268,8 t; fuel oil — 290 t,
etc.

Leakage of oil cargo in the result of the
complete tear of a handling hose.
Depressurization of the handling hose with the
rupture on the total cross section is possible if
there are failures to comply with the
requirements of the certificates, terms and
conditions of wuse, violations of existing
restrictions, unplanned external influences, etc.
In this case, the entire volume of the spilled oil
with a high degree of probability will go into
the waters. Prediction of the volume of potential
spills of oil cargo comes down to determination
of time of an emergency leakage of the product
into the environment having the estimated flow
rate in pipe (speed of loading/unloading). For
the maximum shutdown time of flow t = 300
[13], taking into account formulas (2) and oil
density [14], the volume and mass of the
projected spills are:

1) V = 100 m® during loading of the vessel
and Q = 1200 m¥h (0,333 m?s) when six
pumps with max flow of 200 m*h are in
operation [8]. The mass of the spilled oil will be
for diesel fuel - 83,1 t; vacuum gas oil — 92,1 t;
fuel oil — 99, 4 t;

2) V = 583 m3 during unloading of the vessel
and Q = 7000 m*h (1,94 m%s) when two
pumps with a maximum flow of 7000 m*h are
in operation [8]. The mass of the spilled
petroleum products will be for diesel fuel 484,5
t; vacuum gas oil — 536,7 t; fuel oil — to 579,6
t.
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Yreuka HedTerpysa B
MoBpe:KIeHuss Oopra W/WIM JHUINA CYyJIHA.
Pazmue  wedptm ®w  HEPTENpOIYKTOB  MpH
HOBpEXICHUHA OOpTa W/WiM JHUINA CyJHA MOXKET

MIPOU3OUTH, pe3ynbrare

pe3yJbTarte

Harpumep, B
CTOJIKHOBEHUSI, IPU yJape CTOPOHHETO CyIHA WU
MOCAJKH HA Melb. OMIOUPUYECKOES 3HAYCHUE
o0IIero pasjiuBa MpH TOBPEXKICHUU Oopra n/wium
JHWIA TaHKepa ompeaensercs cormacuo [12].
Benmununna o0rrero pacuy€THOTO pasnuBa
NpeJCTaBIsieT cO00i HEMONHYI CyMMYy OOBEMOB
pasIMBOB IPU BEPOSTHOM MOBpexacHIH 6opTa (Q,)
u aauma (Qs) cyaHa, M

Qoo =0,4-Q; +0,6-Q5.(3)

Takum oOpa3zoMm, cormacHo ¢opmyne (3), B

COOTBETCTBUU C MeToAuKou [12], BeposdTHbIE
pa3MBBI IPHU MOBPEKICHUH OOpTa M JHUINA CyTHA
ONpeAeNsoTCS  OTAEIbHO, a
ompezensercss OOIIM MpeAnoiaraeMblii pa3iuB.

B  ciaywae  moBpexnaeHus ~ OopTa  cyaHa

IMMOBPCIKACHU A

ITIOCJIC 9TOI'O

KO3 UIUEHT
Ipy30BOro TaHKa cocTaBuT [12]:

S.
qC 2(1— Itcjx

rne Si = 2,6
OOIIMBKM KOpIyca 10 TPaHUIIbl TPY30BOTO TaHKa,

BEPOSITHOCTH

L +1,
L’[+Ic’ (4)

— pacCTosiHueC OT Hapy>KH0171

M; tc = B/5 = 10 — nonepeuHast mpoTsHKEHHOCTb
HOBpe)KJ:[eHHs[ 6opra, M; B = 48 — mmpuHa cynHa,
; i = 33,6 — nmnwna rpy3oBoro tanka, M; g =

/ 1?® = 14 — npononbHas IPOTSKEHHOCTH

noBpexaeHus oopra, M; L = 274 — nnuHa cynHa,
M; Ly = 264 — nnwHA Mexay mepemHed u 3amHei
OKOHEYHOCTSIMHU I'PY30BBIX TaHKOB, M [7, 8].

Takum oOpasoMm, Ko3(h(ULIHMEHT BEPOATHOCTU
HOBPEXACHUS Ipy30BOTO BBULY
NOBPEXJICHUS OOpTa CyAHA, PAaCCUUTAHHBIN 10
dopmyne (4), cocrasnser qc = 0,125.

OOBEM MPOrHOZUPYEMOTO Pa3nuBa M3 TPY30BOTO

TaHKa

TaHKa TpH MOBpEXACHUH OopTa cyaHa [12]:
Q=0 Vi, (5)

rne Vi = 148412 M>  —  MakchUManbHas
BMECTUMOCTb I'PYy30BOr0 TaHKa [8].
Takum  oOpa3oMm, 00BEM  mpeanojaracMoro

pasznuBa M3 TPY30BOTO TaHKA IPU IOBPEXKIACHUU

Leakage of oil cargo in the result of the
damage to the sides and/or bottom of the
vessel. Oil and petroleum products spill in the
result of the damage to the board and/or the
bottom of the vessel can occur, for example, in
a collision, collision with a third party vessel or
running aground. The empirical value of the
total spill damage to the board and/or the
bottom of the tanker is determined according to
[12]. The total estimated spill is a partial sum of
the volumes of spills at a probable damage to
the side (Q.) and bottoms (Qs) of the vessel, m*:
Qoo = 0,4-Q. +0,6-Qs.(3)

Thus, according to the formula (3), in
accordance with the methodology of [12], the
probability of a spill in the result of the damage
to the sides and bottoms of the vessel is
determined separately and then the total
estimated spill is determined.

In case of damage to the vessel the coefficient
of probability of damage to cargo tank will be

I +1,

[12]:
qc:(l_Sitch L (4)

where s; = 2,6 — the distance from the shell
plating to the side of the cargo tank, m; t. = B/5
=10 - the transverse extent of the side damage,
m; B = 48 — the width of the vessel, m; I; =

% 128 =

14 — the longitudinal extent of the side
damage, m; L = 274 — the length of the vessel,
m; Ly = 264 - the length between the front and
rear extremities of the cargo tanks, m [7, 8].

Thus, the coefficient of the probability of
damage to cargo tank due to damage to the
vessel, calculated by the formula (4) is g =
0,125.

The amount of the projected spillage from
the cargo tank in the result of the damage to the
vessel [12]:

Qc =0 'Vi’ (5)

where V; = 14841,2 m®
capacity of a cargo tank [8].

Thus, the amount of the estimated spill from

33,6 — the cargo tank length, m; I; =

— the maximum
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O0opra cyaHa, paccyMTaHHBIA 10 Qopmyne (5),
coctaBuT Q. = 1855,2 M,
[Tpu moBpexxaeHnH IHHINA cynHa Kod3dduImeHt

BEPOATHOCTH TOBPEXKJEHUS TPYy30BOr0  TaHKa
cocTtaBuT [12]:
h (I; +15)x (b +bg)
v (6)
s Lt +1)x (B, +by)’

rae hjy = 2,64 — BeIcOTA ABOMHOrO 1HA, M; Vs =
B/15 = 3,2 — BepTHKambHasi MPOTHKEHHOCTD
MOBPEXACHUS JTHUIIA, M; B = 48 — mmpuHa cy/Ha,
M; li = 33,6 — mmnHa rpy3oBoro taHka, M; I = 0,21
= 548 — IPOTSHKEHHOCTD
MOBpPEXACHUS AHUINA, M; L = 274 — nnwHa cyHa,

IIPOJI0JIbHAS

M; bj = 16,9 — mmpuHa rpy30BOro TaHka, M; Ds =
B6 = 8 —
MNOBPEXACHUS JHUIIA, M; Ly = 264 — anuHa Mexay
nepefHed ¥ 3aqHel OKOHEYHOCTSMHU T'PY30BBIX
TaHKOB, M; B; = 42,8 — mmpuHa rpy30Boii 30HbI, M
[7,8].

Takum oOGpa3zom,

ornepeyHas HpOTSI)KéHHOCTI)

KOA(PQUIIMEHT BEPOSTHOCTH
TPy30BOTO BBUY
NOBPEXJCHHUS JHUMNIA CYyJHA, PAaCCYUTAHHBIN I10
dopmyite (6), coctarisier (s = 0,0238.

Koadppunuent BBUTY
THJIPOCTATUYECKOTO U30BITOYHOIO JABICHHUS B
Ipy30BBIX TaHKax [12]:

MMOBPCIKACHHUA TaHKa

pasnuBa

o =1 ps(d —hy)x g —100Ap @
" L1xpexh, xg ,
I7ie pc — HOMHUHAJbHAs TUIOTHOCTh HedTerpysa,

T/M3; ps = 1,025 — mimoTHOCTH MOPCKO¥ BOJIBI, T/M3;
d = 17,02 — ocanka cyaHa IpH MOJHOM 3arpyske,
M; he = 20,72 — BeICcOTa cTONOA TPY3a HAJl AHUILEM
rpy3oBoro tanka, mM; Ap = 0,05 — nauGombiee
HOpMaJIbHOE H30BITOYHOE JaBJIEHHE B TPY30BOM
tanke, O0ap; g = 9,81 — yckopeHne CBOOOIHOTO
m/c%; 1,1 —  xoadduimenr,
YYUTHIBAIOIIMNA TPOMEKYTOUHBIE TIOTEPH, BOJTHEHUE

MajcHus,

u pwms [7, 8].

Takum  oOpazom, A  TpPY30BBIX  TAaHKOB
KO3 PHUIMEHT pa3iauBa BBUAY THIPOCTATHYECKOTO
U30BITOYHOTO
dopmyne (7), cocrasmuser gy = 0,37.

OO0BEM MPOTHO3MPYEMOTO DPA3IMBa M3 TPY30BBIX

TAHKOB IMPHU MOBPEXKACHUU JHUIIA cyaHa [12], M

QSZQS'Qh'Vi' (8)

JaBJICHUA, paCC‘II/ITaHHEJﬁ 110

a cargo tank in the result of the damage to the
vessel, calculated by the formula (5) is Q¢ =
1855,2 m°,

At damage to the bottom of the vessel, the
coefficient of probability of damage to the
cargo tank will be [12]:

(I +1) b (b, +b;)

( hvsj L+, )x(B b)) ©

where h; = 2,64 — the double bottom height,
m; vs = B/15 = 3,2 — the vertical extent of
bottom damage, m; B = 48 — the width of the
vessel, m; I; = 33,6 — the cargo tank length, m;
Is = 0,2 L = 54,8 — the longitudinal extent of
bottom damage, m; L = 274 — the length of the
vessel, m; b; = 16,9 — the width of the cargo
tank, m; bs = B/6 = 8 — the transverse extent of
bottom damage, m; L; = 264 - the length
between the front and rear extremities of the
cargo tanks, m; B; = 42,8 — the cargo area
width, m [7, 8].

Thus, the coefficient of the probability of
damage to the cargo tank due to thebdamage to
the bottom of the vessel, calculated by the
formula (6) is qs= 0,0238.

The spill factor due to the hydrostatic
overpressure in cargo tanks [12]:
1 ps(d —h,)x g —100Ap

11xp.xh,xg

On , (7

where p. - the nominal density of the oil

cargo, t/m® ps = 1,025 - the density of the sea
water, t/m%; d = of 17,02 — the draught of the
fully loaded ship, m; h, = 20,72 — the post
height of cargo above the bottom of the cargo
tank, m; 4p = 0,05 - the highest normal
overpressure in the cargo tank, bar; g = 9,81 —
free fall acceleration, m/s*; 1,1 — the
coefficient, which takes into account interim
losses, the sea disturbance and tide rise [7, 8].

Therefore, for cargo tanks, the spill factor due
to the hydrostatic overpressure, calculated by
the formula (7) is g, = 0,37,

The amount of the projected spillage from
cargo tanks because of the damage to the
bottom of the vessel [12], m®:

QSZQS'Qh'Vi' (8)
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Brruncnennsiii 00bem coctaBui Qs = 130,7 M,

Takum 06pa3om, OOITHI TPOTHO3UPYEMBIH pPa3IuB
U3 TPY30BBIX TAHKOB IMpU MOBPEKICHUH OopTa
W/WAM  JHUINA  Cy[OHA,  PACCUUTAHHBIM IO
smnupudeckoit popmyne (3) [12], cocraBusger Qosy
=820,5 M°.

KonmdaecTBeHHOE BBIpRXKCHHE pa3liiBa MO Macce
JUTSL TIEPETPYKAEMBIX HEPTEIPOAYKTOB, C YIETOM
uXx wioTHoctH [14], cocraBmseT: mazytr — 815,7 T;

BaKyyMHbIM ra3oisib — 755,3 T; JU3€IbHOE
TOILUIMBO — 681,9 T.
MakcumajibHbIH  pacyéTHbId  pasauB. B

KayeCcTBe MaKCHUMAaJIbHOTO Pacu&THOTO pa3iuBa s
CyIHa C JBOWHBIM KOPIYCOM (JABOHHBIM JTHOM U
JBOMHBIMH OOpTaMH) B COOTBETCTBHH C [9]
npuHuMaercs pasznuB B KoiudectBe 50% aByx
CMEXHBIX TaHKOB, KOTOPBIH, Y4UTBIBAS
MaKCHUMaJIbHYI0 BMECTUMOCTb IPy30BOro TaHka Vi u
MJIOTHOCTh

Ppa3JIMBIIAXCSA He(TEenpPOIYKTOB,

cocTaBisieT 00bEM, paBHbIil 14841,2 M3, MU Maccy,

paBHyl0: g Mmaszyra — 14755 T1; BakyyMHOro
razouns — 13662,8 T; AU3ENbLHOrO TOIJIMBA —
12334,5 .

CornacHo pa3IUYHBIM JIaHHBIM  BEPOATHOCTH
takoro paziua — 1 pa3 B 8000 ner [12] wnu 1 pa3
B 167000 net [15], MOCKOJIBKY OTMOPOKHEHUE TBYX
TQaHKOB ~ BO3MOKHO  TOJBKO TpPH  TeEperIoMe
KPYITHOTOHH)KHOTO TaHKEpa Ha JUIMHHOW BOITHE.
VYuuteiBasg HalIW4YKMe ABOWHOTO KOpITyca, AJsl TAKUX
CephE3HBIX MOBPEXKACHUN HEOOXOIUMBI OIPOMHBIE
Harpy3ku Ha KOPIIyC, KOTOpble MOTYT BO3HHUKHYTb
UCKJTIOUUTENHFHO Ha IpeOHE WU Y TOOIIBBI BOJIHBI

BCJICJICTBUE BO3JCHCTBUS BOJH ONPEACIEHHON

JUTMHBL. YCJIOBHSl TUIABAaHUSA CYJAOB B MOPCKHX
MmopTax d4YepHOMOPCKOro  molepexbs  Poccum
MO3BOJISIIOT JIOTTYCTUTD TUTIOTETHYECKYTO

BO3MO>XXHOCTbH HO}IO6HBIX HOBpe)K)IeHI/Iﬁ TOJIBKO Ha
M0JIX0/I¢ K TIOPTY Ha BHEIIHeM peiine [15].
WroroBble pe3ynbTaTbl KOJIMYECTBEHHOM OLIEHKH
MacmTadoB IIPOrHO3UPYEMBIX aBapUNHBIX
paznuBOB HE(PTENPOAYKTOB MPU WX TEpeBajKe Ha
AKBAaTOPUAX PEUZIOBBIX MEPErpy304YHBIX PAOHOB

MOPCKHX MOPTOB CBEJICHBI B TAOIUILY.

The calculated volume was Qs = of 130,7 m°.
Thus, the total projected spill from cargo

tanks because of the damage to the board and/or
the bottom of the vessel, calculated by the
empirical formula (3) [12], is Qus, = 820,5 m”.

A quantitative expression of the spill by the
weight of the oil transshipped, with regard to its
density [14], is for oil — 815,7 t; vacuum gas
oil — 755,3 t; diesel fuel — 681,9 t.

The spill.  The
maximum calculated spill for the vessel with
double hull (double bottom and double sides)
according to [9] is the spill in the amount of

maximum calculated

50% of two adjacent tanks, which, given the
maximum capacity of cargo tanks Vi and the
density of the spilled oil, is a volume of
14841,2 m®, and a mass for oil — 14755 t; for
vacuum gas oil 13662,8 t; for diesel fuel —
12334,5t.

According to various reports, the probability
of such spill — 1 time in 8000 years [12] or
once in 167000 years [15], since the emptying
of the two tanks is only possible when there
occurs the fracture of large tankers on long
wave. Given the presence of the double hull,
such serious injuries require huge loads on the
hull, which can be only on the crest or at the
foot of the wave due to the impact of waves of a
certain length. The conditions of navigation in
seaports of the Black sea coast of Russia allow
the hypothetical possibility of such damages
only on the approach to the port in the outer
roads [15].

The results of the quantitative assessment of
the extent of the predicted disaster of oil spills
during transshipment in the waters of the
roadstead transshipment areas of seaports are
summarized in the table.
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Table

Tabnuua

Pacué€THbie XapaKTepuCTUKHN MPOTHO3UPYEMBIX aBapUHHBIX PA3IMBOB HE(DTEIIPOTYKTOB
Calculated characteristics of the predicted disaster of oil spills

KoauuecrtBo,
Hcrounux Tun Hedrenponykra | O0béM, M’ TOHHBI
o/ pa3auBa / Sourse of the spill / Oil product type /Volume, m’ /Quantity,
tons
Yreuka HedTenpoaykroB B pesyabrare | Ju3enpHOE TOIIUBO / 0,91
MaJoro TMOBPEXKICHUS TEPErpy309HOTO Diesel fuel
uutanra / Qoil spills as a result of a small | BakyyMHbIii ra30iiisb / 1,1 1,01
1 damage to a handling hose Vacuum gas oil
Masyr / Fuel oil 1,09
YTeuka HedTenpoaykToB B pesynbrare | JluzenbHOE TOIUIHBO / 25 20,8
IepeauBa IPy30BOIO TaHKAa CyJIHA IpHU Diesel fuel
) norpyske /  Qil spills as a result of | BakyymHblil ra3oiins / 23
overfilling of a cargo tank of the vessel Vacuum gas oil
during loading Masyt / Fuel oil 24.8
YTeuka HedrenpoaykroB B pesynbrare | Jn3enbHOE TOTUIUBO / 242,7
YaCTUYHOTO  pPa3pbiBa  IMEPErPy304HOTO Diesel fuel
3 nutanra /  Oil spills as a result of partial | BakyyMHBIi ra30ib / 25 268,8
tear of a handling hose Vacuum gas oil
Maszyt / Fuel oil 290
VYTeuka HedTenpoxykToB B pesynbTare | JlM3enpHOE TOIUIUBO / 83,1
TTOJTHOTO pa3pbiBa MePErpy304HOTO Diesel fuel
4 nuiaHra npu norpyske cyaHa /  OQil spills | BakyymHbli razoiins / 292 92,1
as a result of a complete tear of a handling Vacuum gas oil
hose during the loading of the vessel Masyt / Fuel oil 99,4
VYTeuka HedrenpoaykroB B pesynbTare | JnuzenpbHoe TOIINBO / 484.5
MIOJTHOTO paspbiBa Heperpy304yHoro Diesel fuel
5 | utanra npu BeIrpyske cynna /  Oil spills | Baxyymnbii rasoins / 100 536,7
as a result of a complete tear of a handling Vacuum gas oil
hose during the unloading of the vessel Masyt / Fuel oil 579,6
VYTeuka HedTenpoxykToB B pesynbTare | Jlu3enpHOE TOIUIHMBO / 681,9
MOBPEXKACHHS OOpTa W/WIK THUIIA cyaHa / Diesel fuel
6 Oil spills as a result of damage to the sides | BakyymHbIi Ta30Ub / 583 755,3
and/or bottoms of the vessel Vacuum gas oil
Masyt / Fuel oil 815,7
50% omopokHEHHME JABYX CMEXHBIX | JluzenmbpHOE TOIUIHBO /
! 12334,5
TaHKOB TNpPH WX  TOBPESXKICHUU B Diesel fuel
7 pesynbTate mepenoma - CyaHa /' 50% | BakyymHbIit rasol?lnb / 820.5 13662.8
emptying of the two adjacent tanks when Vacuum gas oil
they are damaged as a result of the Masyt / Fuel oil
14755
fracture of the vessel
VYreuka He]TenmpomaykToB B pe3ynbrare | Ju3enpHOE TOTUTHBO / 20,8
YaCTUYHOTO  pa3pbiBa  MEPErpy304HOrO Diesel fuel
8 nutadra /  Oil spills as a result of partial | BakyymHbBIi ra30Ub / 14841,2 23
tear of a handling hose Vacuum gas oil
Masyt / Fuel oil 24,8
http://bps-journal.ru/ I 42 :
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3akuouenue. [IpousBeneHa  KOJIMYECTBEHHAS
OLICHKa BEPOATHBIX OOBEMOB M Macc aBapUITHBIX
pa3iIMBOB TakKUX HEPTENPOIYyKTOB, KaK Masyr,
BaKyyMHbIH Ta30illib M JW3eIbHOE TOIUIMBO B
YCJIOBUUA

3aBUCUMOCTHU oT IIPOTrHO3UPYEMBIX

BO3HUKHOBEHUS aBapUMHBIX CUTYaLMH,

BKIIIOYAOMIKUX  PAa3JIMYHBIC BUABI TMOBPCKICHUA

Y3JIOBBIX KOMITIOHCHTOB MEpCIUBHOIO
00opyI0BaHus
pa3rpy304HBIX

HOJ'IyLIeHHBIC B pa60Te PE3YyIbTaThl paC‘{éTOB MOT'yT

IIPU  IIPOBEICHUM IOTPY30YHO-

oTieparuit MEXIY Cy/IamH.

OBITh HUCIIOJIb30BaHbI JIA

IIPpOIrHO30B

COCTaBJICHUA
336J’IarOBp CMCHHBIX tII)GSBLI‘laI‘/'IHIJIX

CUTYalH, 00YCIIOBIIEHHBIX pas3irBaMu

HEPTENPOAYKTOB  Ha PENIOBBIX
IIEPErPy304YHBIX  PAOHOB

YEPHOMOPCKOTO TMobepexbs Poccun u npuHATHS

aKBaTOPUHU

MOPCKHUX IOpTOB

HEOOXOANMBIX Mep 0€30macHOCTH TUTSt

IIPEYNPEXKICHNS YKa3aHHBIX Pa3IMBOB.
bubaunorpaguyecknii Cnmcok.

1. Epémenxko, O. A. AHamu3 METOJOB
JIOKaJIM3allud U JIMKBUJIALMU aBapUMHBIX pa3IMBOB
HepTH U HEPTENPOAYKTOB U IE€IE€CO00Pa3ZHOCTH
OpUMEHEeHHus T1pH 3ToM copOeHToB / O. A.
Epémenko, H. JI. Ilonskos, B. B. OsepsHckas //
IloBbllIeHNHE MEKTYHapOAHOMU
KOHKYPEHTOCIIOCOOHOCTH pOCCUICKON

WHHOBAIlMOHHOW  MPOAYKUMH W TEXHOJOTHM

npeanpustii  PoctoBckoit ob6mactu: c¢O. Hayd.
TpynoB I MexnyHap. Hay4.-ipakT. KoHp. —PocToB-
Ha-Jlony, 2016. — C. 74-78.

2. ®opmupoBaHue U  (PYHKIHOHUPOBAHUE
TEPPUTOPUATBHO-TIPONU3BOICTBEHHBIX KOMIUIEKCOB /
B. B. Osepsnckas [u ap.]. — Pocrtos-Ha-/lony :
W3n. uentp AI'TY, 2012. — 76 c.

3. Osepsnckas, B. B. H3ydyenue u ananu3
NPUPOIHBIX Cpei, MpolueccoB M siBieHuit / B. B.
Ozepsnckas, b. Y. Mecxu, P. P. Jlazypenko. —

PocroB-na-/lony : U3a. nentp AI'TY, 2017. — 149

Conclusion. The authors have conducted
probable
volumes and masses of accidental spills of

quantitative assessment of the
petroleum products such as fuel oil, vacuum

gasoil and diesel fuel depending on the
predicted conditions of emergencies, including
different types of damage to the components of
transshipment equipment during loading and
unloading operations between ships. The
obtained results of calculations can be used to
make early forecasts of emergencies caused by
oil spills in the waters of the roadstead
transshipment areas of the seaports of the Black
sea coast of Russia and to take the necessary

security measures to prevent these spills.
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