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AHoTtamis. Po3poOneHa MeToquka OIIHKK PIBHIB EKOJOTIYHOTO PH3HWKY TIPH CKCIDTyaTarlii HeOe3MeYHMX 00’ €KTiB
CYAHOOY/IIBHOTO 3aBOMY (Ha MPUKJIA/ alleTHICHOBOI CTaHIII], CYXOro J0Ka, JOOyITOBHOI HAOSPE)KHOI Ta CTAHIIIl 3aIpaBKH
JReNbHIM TTanmBoM). C(hopMOBaHHI aJTOPUTM OIIHKA PIBHIB SKOJIOTTYHOTO PU3HKY 3 YpPaXyBaHHAM KPHUTEPIiiB OIIHKI
TEXHIYHOTO CTaHy OCHOBHHX BY3JIiB JaHUX TEXHOJOTIYHHX 00’ €KTIB 3aBOY.

Kuaro4osi cioBa: exomorigaa Oe3reka, JTiKBigallis, HeOe3neuHi peqoBIHHA, CYTHOOYTiBHAH 3aBOJI.

Abstract. The methodology for the assessment of environmental risk levels of hazardous facilities at a shipbuilding
plant (represented using the example of an acetylene generator station, a dock, a fitting-out embankment and a diesel
fuel station) is developed. The algorithm of assessment of the environmental risk levels is developed regarding the
criteria of assessment of technical condition of primary units of specific plant technological facilities.

Keywords: environmental safety, liquidation, hazardous substances, shipbuilding plant.

AHHOTaIIl/ISI. Pa3pa60TaHa MCTOAHMKA OIICHKH ypOBHCﬁ OKOJIOTUYCCKOI'0 pUCKa IMPU SKCIITyaTallluy OIMMaCHBIX 00BEKTOB
CyAOCTPOUTEIIBHOI'O 3aBOJa (Ha nmpuMmepe aHeTI/IHeHOBOﬁ CTaHIIUU, CyXOro J0Ka, HOCTpOC‘-IHOﬁ Ha6epe>1<Hoﬁ u CTaH-
11U 3arpaBKu JU3CJIbHBIM TOHJ'[I/IBOM). C(l)OpMI/IpOBaH AJITOPUTM OLCHKHU ypOBHeﬁ OKOJIOTUYCCKOI'0 pHUCKa C yUYE€TOM

KPUTCPUCB OLICHKU TEXHUYCCKOTO COCTOAHNSA JaHHBIX OCHOBHBIX Y3JI0B TCXHOJIOTUYCCKUX 00BEKTOB 3aBoja.
KiaroueBrble ciioBa: SKoJIOryecKas 6€3OHaCHOCTL, JIMKBHUJallUs, OITaCHBIC BCIICCTBA, CyﬂOCTpOI/ITeHLHHﬁ 3aBO/I.

IIOCTAHOBKA ITPOBJIEMH

CynHOOymiBHUIN 3aBOJ| IOJO CKOJOTIYHOI 0Oe3-
NEeKH sBIsiE OO0 CKIAgHy CHCTeMy 3 OaraTbma
B332€MO3B’sI3KaMU  HeOe3MeYHnX 00 €KTIB Ta MPOLECIB,
BHCOKOIO HMOBIPHICTIO BHHUKHEHHSI aBapiiHUX 1 HeOe3-
MIEYHUX CUTYAIliH, sIKi MOTPeOyIOTh TPUUHATTS €(hEeKTHUB-
HUX DIIICHb HA eTaIi 3armo0iraHHs Ta MPH JTIKBigamii ix
HacniakiB. DopMyBaHHSA TaKUX PIIIEHb MOTPEOy€ OIIHKH
PIBHIB €KOJIOTTYHOTO PU3HKY, SIKMI BUHUKAE MTPH (PyHKIII-
OHYBaHHI 3aBOIiB.

AHAJII3 OCTAHHIX
JNOCJIKEHD I MYBJIKALIA

Ha croromHi cTBOpeHi CHCTEMH OIIHKH SKOIOTIIHIX
PHU3HMKIB Ha MPOMHUCIOBUX 00’€KTax, SIKi J03BOJISIOTH
BU3HAYUTH ONTHMAILHUN HAIPSMOK €KOJOTIYHOI TOTi-
TUKM TianpueMcTsa [4, 5]. Y po6Goti [4] aBropamu po3-
poOIeHO MeTOIWKY imeHTH(]iKaIii Ta OMIHKA 3HAYUMOCTI
EKOJIOTIUYHHMX aCIeKTIB MpH Po3podii i BIPOBAKEHHI
CHUCTEMH EKOJIOTIYHOTO MCHEDKMCHTY Ha IiAPHEMCTBI
ITAT «Banan Spac Okean», sika BKITIOYA€ B ceOe OIIHKY
CKOJIOTTYHHX (PaKTOPiB HEOE3MEKH Ha HABKOJIHIITHE Cepe-
JIOBHIIIE, & TAKOXK PAH)KYBaHHS iX 32 PIBHSIMHU PU3UKIB IS

PROBLEM STATEMENT

From the point of view of environmental safety
a shipbuilding plant is a complex system with multiple
interrelations of hazardous facilities and processes, high
probability of emergency and hazardous situations which
require making of effective decisions at the stage of pre-
vention and liquidation of their consequences. Prepara-
tion of such decisions needs the assessment of the envi-
ronmental risk which occurs due to the plants running.

ANALYSIS OF RECENT
RESEARCH AND PUBLICATIONS

Nowadays the developed systems of environmental
risks assessment at industrious facilities allow to deter-
mine the effective direction of an enterprise environ-
mental policy [4, 5]. The work [4] considers the metho-
dology of identification and assessment of importance
of environmental aspects during the development and
introduction of the environmental management system
at the OJSC «Vadan Yards Ocean» which includes the
assessment of environmental hazardous factors, as well
as their rating according to the risks levels for further
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HOJaJbIIOT PO3POOKH 3aX01iB 3MEHIIICHHS iX BIUTUBY. Pazom
3 TUM BHUCOKa MMOBIPHICTh BHHUKHEHHS aBapiiiHUX CHTYya-
miif HenmepenOavyBaHMX MAacIITa0iB, HEOOXIAHICTh ypaxy-
BaHHSA BCIX (PaKTOPiB HEBH3HAYCHOTO XapaKTepy MpH TPH-
HHATTI pillleHb 0OYMOBJIIOIOTH aKTYaJIbHICTh TOAJIBIIOTO
B/IOCKOHAJICHHSI METOIIB Ta MPOTPaMHO-aITOPUTMIYHHX
3ac00iB OI[IHKA PiBHIB €KOJIOTIYHOI HEOS3MEKH.

META POBOTHM — BIOCKOHAaIUTH METOIUKY Ta
QJITOPUTM OIIIHKU PIBHSI €KOJIOTIYHOI HeOe3neKku (yHK-
LIOHYBaHHS CYIHOOYNIBHUX 3aBOMIB 3 BHKOPUCTAHHSIM
eKCIIEPTHUX METOJIIB ISl BUOOPY palliOHAIBHUX PIIICHb
HAa eTarri 3ano0iraHHs Ta IpH JTiKBigamii HaciaKiB HeOe3-
TIEYHHUX CUTYaITiH.

BUKJIAJ OCHOBHOI'O MATEPIAJTY

PiBeHb exonoriyHoi HeOe3MeK:n MOKHA OIIHUTH [ 7] siK

n 1t

R=P(E)Y > (1-n})YfAL,

k=11t=0

ne Y "/_ — (yHKILs, 10 XapaKTepu3ye eKOJIOT1YHI 30UT-
KM HaBKOJIMIIHBOMY CEPEIOBHILY INpH 31iHCHEHHI k-TO
TEXHOJIOTIYHOTO TIporiecy abo Ha k-if maHmi |k =1,2,..., n)
Ta 3aCTOCYBaHHI j-i €KOJIOTIYHO Oe3MeYHOI TEXHOIOTIl
(j =1,2,.., m) 3a Tepiol BIUIMBY BHPOOHWYMX HETraTHB-
HUX (DAKTOPIB 7, n"j — Koe(imieAT epeKTUBHOCTI BIIPO-
BaPKEHHS 3aX0/I1B 13 3a0€31eUeHHs €KOJIOTTYHO01 Oe3IeKH;
P(E") — iMOBipHICTh BUHUKHEHHS KOJIOTIUHO Hebe3med-
HoOi cutyaii; A — nepios Jacy.

Pesynprarn po3paxyHKiB piBHIB €KOJIOTiHHOT HeOe3-
TIeKH 32 TaHUM PIBHSIHHSAM HaBeIeHi B poooTi [7].

OnHak HEe3aBX/(1 MOXKJIMBO BU3HAUYUTH KUIbKICHY Xa-
paxkTepucTuKy (GpyHKIIT eKOJOTTYHUX 30UTKIB Ta (QyHKIIT
HWMOBIPHOCTI, HANIPUKIIAM, ITPY BpaxyBaHHI TPaBM JIFOICH,
IIKOZTM TIpY BUHUKHEHHI MOXKeX Ta BHOyXiB. Tomy B ma-
Hiil poOOTI PO3MISAHYTI TOCII/PKEHHS, 10 0a3yrOThCs Ha
eKCIIEPTHUX METOJaX, B SKUX KPUTEPISIMHU OLIHIOBAHHS
BHCTYMAIOTh IMOBIPHICTh BUHUKHEHHS aBapifHUX CUTYa-
1iif, BUOM aBapiil Ta OUiKyBaHi HACKIIKW Ha HEOC3MEUHUX
00’eKTax, a TaKOK TEXHIYHUI CTaH KOXKHOTO BY3JIa.

VY crarTti 3anponoHOBaHO BIOCKOHAJICHY METOIHUKY
BH3HAYCHHS PIBHS €KOJIOT1YHOT HeOe3MeKH TEeXHOJIOTId-
HUX TIPOLIECIB HA IPOMHCIIOBUX 00 €KTaX 3 BHKOPHCTAH-
HSIM KCTIEPTHHUX METOIIB 32 HACTYITHUM AJITOPUTMOM:

Eman 1. JlocaimkeHHs Ta aHaIi3 OCHOBHUX 00’ €KTIB
€KOJIOT1YHOT HeOe3NeKH, XapaKTepUCTUKN HeOe3NeyHnX
peuosuH (HP).

Eman 2. [locnimkeHHs (HakTopiB eKOIOTigHOT HeOe3-
NEeKH, MOXKJIMBUX aBapiiHUX CHUTYyallidd, IMOBIPHOCTI BH-
HUKHEHHSI €KOJIOTIYHO HeCHpusATINBoi a00 Hebe3neyHol
cuUTyalii Ta BU3HAYEHHS il 3aKOHY PO3MOALITY Ha KOXKHO-
My By3Ii 00’ €KTa.

Eman 3. BuzHaueHHs BHly MOKIIMBOT aBapiiHOT CH-
Tyauii Ha KOKHi# J1aH1l HeOe3reyHoro 00’ exra.

Eman 4. Po3paxyHOK OLIHOK HEOE3IEKH TEXHOJIO-
TIYHUX 00’ €KTIB CYTHOOYHIIBHOTO 3aBOAY 3 BpaXyBaHHSIM
(akTopiB aBapiiiHO{ HEOE3MEKH.

development of activities for their influence minimiza-
tion. In addition, high probability of emergency occur-
rence of the unforeseen scale, the necessity to include all
the factors of the undefined character during decisions
making stipulates the urgency of further upgrading of
methodology and algorithmic means of environmental
danger levels assessment.

THE AIM OF THE WORK — to improve the metho-
dology and algorithm of assessment of the environmental
hazard level for shipbuilding plants using expert methods
for rational decisions making at the stage of prevention
and during liquidation of emergencies consequences.

DESCRIPTION OF RESEARCH MATERIAL

The level of environmental hazard can be estimated
in the following way [7]

n_ I

R=P(E)Y. > (1-n})YfAL,
k=1t=0

where Y* — the function which characterizes environ-
mental losses during performance of the k-th technologi-
cal process or on the A-th link (kzl, 2,...,n) and usage
of the j-th environmentally safe technology ( j=12,..,m
for the ¢, period of industrial negative factors influence;
n’f/. — the efficiency coefficient for introduction of activi-
ties concerning environmental safety provision; P(E") —
the probability of environmental hazard occurrence;
At — the time period.

The results of the environmental hazards levels are
being calculated through this equation represented in the
study [7].

However, it is not always possible to define the func-
tion quantitative characteristic of environmental losses as
well as the probability function, for example when con-
sidering the people injuries, damage due to fire and explo-
sions. That is why this study considers the research which
is based on the expert methods where the assessment cri-
teria are the probability of emergency occurrence, types
of emergency and expected consequences at hazardous
facilities as well as the technical condition of every unit.

This paper offers an improved methodology of de-
fining the level of environmental hazard of technological
processes at industrial facilities with implementation of
expert methods according to the following algorithm:

Stage 1. Research and analysis of the primary hazardous
facilities, characteristics of hazardous substances (HS).

Stage 2. Study of the environmental hazard factors,
possible emergencies, probability of environmentally un-
favourable or hazardous situation occurrence as well as
defining its law of distribution on every unit of a facility.

Stage 3. Definition of the type of possible emergency
on every link of a hazardous facility.

Stage 4. Hazards assessment calculation for techno-
logical facilities of a shipbuilding plant considering the
emergency factors.



Eman 5. Po3paxyHOK OLIIHOK HEOE3IEKH TEXHOJIO-
TYHUX 00’ €KTiB Ha OCHOBI KPUTEPIiB TEXHIYHOTO CTAHY
OCHOBHHX BY3IIiB.

Eman 6. BuznaueHHsl iHTErpoBaHOi OI[IHKK Hebe3Ie-
KU Ta pamKyBaHHS 00’ €KTIB 32 OTPUMAHUMU OI[iHKaAMH.

O11iHKa eKOJIOTTYHOIO PU3UKY eKCIuTyaTanii 00’ eKTiB
CynHOOYIIBHOTO 3aBOMy HaBeneHa Ha mpukimami [TAT
«Baman Apnc Oxkeany [1-3]. I anamizy oopaHo:

1) anernmineHoOBy cTaHMLilO0 (BUPOOHHMILTBO Ta MOCTa-
JaHHs alleTHIICHY JUIl KHCHEBO-alleTHIICHOBOTO 3Bapio-
BaHHA) [3];

2) craHLil0 3alpaBKH CyAEH JAW3EIbHUM Maju-
BOM 1 TepeBaHTaKCHHS HAa(TOMPOMYKTIB 00’€MOM 10
500000 T Ha pik [1];

3) cyxuit 1ok [2];

4) nobynoBHy HabepexHy [2].

Haii6inpin HebOe3rneuHnM 00’€KTOM 3aBO/y € aleTH-
JICHOBA CTaHIIis.

Po3mistHeMO MOTEHIIHI BUAM €KOJIOTIYHOI HeOe3ITe-
KU TIPH eKCIUTyaTallii aleTHIeHOBOT CTaHIil.

1. BUHUKHEHHS CBUIIB Ta HEIJIBHOCTI BHACIIIOK
HACTYITHHUX MIPUYNH:

KOPO3i1, HESIKICHOTO 3BAPIOBAHHS, 3aBOICHKHUX JIC(EKTIB;

nocabnaeHHs (UIaHIEeBUX 3 €IHAHb Ta CATbHUKOBUX
VIIJIbHEHB;

TTOIIKOKEHHSI TPYOOIIPOBO/IIB Ta 00JIaTHAHHS,

MIOMHJIOK POOOYOTO IIEPCOHAITY.

Bunu MoxiIuBHX aBapiii: BUOYX Ta MMOXKexKa, 3a0py-
HEHHS MOBITPSI.

2. BUHHKHEHHSI HECTIPaBHOCTEH eNeKTpooOaHaH-
HSl yepe3 TakKi MPUYUHU:

TepeBaHTAKEHHS (a3;

Ha/IHOpMaTHBHE HarpiBaHHs 00J1aIHAHHS;

ICKpIHHSI, KOPOTKE 3aMUKaHHSI.

Buan MoxmBHX aBapiif: moxexa, BUOyX.

3. [IpoHMKHEHHS TOBITPS B TEXHOJIOTIYHUI Ipoliec
YHACTIIOK HESIKICHOT MPOAYBKU.

Buan MoximBHX aBapiif: moxexa, BUOyX.

4. BUHUKHEHHS HECIIPaBHOCTEH y CHCTEMaX CHUTHa-
Ji3arii, BEHTHIIAL1, aBapiifHOTO OXOJIOKEHHS Ta iH.

Buan moximBuXx aBapiii: BUOyX Ta noxesxa, 3a0py-
HCHHSI [TOBITPSI.

5. HemocraTHs KUIBKICTh BOAHM B )KUBWIBHINA €MHOCTI
reHeparopa.

Buan MoknuBHX aBapiii: okexa, BUOYX.

BusnaadeHo TpUHAMIATE (PAKTOPIB EKOJOTIYHOI He-
Oe3reku, sIKi MOXKYTh IPU3BECTH 0 MOXKEXKO- 1 BUOYXO-
HeOe3MeyHnX CHuTyarliii, 3a0pynHersas nositps HP Ta gk
HACJIJIOK JIO OTPY€EHD JIIOAEH 1 HaBiTh CMepTi, pyHHYyBaH-
HSl CIIOpY/, 00JIaJIHAaHHS Ta CY/ICH.

Haii6inpim HeOe3neyHMMH BU3HAYEHO HACTYIIHI (ak-
TopH (F) 3 paHKyBaHHAM OLiHOK W > W, > W :

F| — BUHMKHEHHS 3arOpsAHHSA Oy/lb-KOTO XapaKTepy
Ha cKIIaaax 30epiraHHs OaJoOHIB alleTUIICHY Ta KUCHIO;

F, — BTpaTy aleTuIeHy BHACIIJOK PO3repMeTH3aii
0aJIoHIB;
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Stage 5. Calculation of assessment of technological
facilities hazards on the basis of technical condition of
primary units.

Stage 6. Definition of integrate calculation of hazard
and rating of the facilities according to the assessment
results.

Assessment of environmental risk of the shipbuilding
plant facilities operation has been performed through the
example OJSC «Vadan Yards Ocean» [1-3]. The follo-
wing facilities were chosen for the analysis:

1) acetylene generator station (production and supply
of acetylene for oxyacetylene welding) [3];

2) diesel fuel station for vessels and oil products over-
loading with the volume of up to 500 000 t per year [1];

3) dry dock [2];

4) fitting-out embankment [2].

The acetylene generator station is the most hazardous
facility of the plant.

Let us consider the potential types of environmental
hazards during the operation of acetylene station.

1. Creation of flaws and leakages due to:

corrosion, low-quality welding, factory defects;

reduction of flange joints and stuffing-box seal;

failure of pipelines and equipment;

personnel errors.

Types of possible emergencies: explosion and fire, air
pollution.

2. Failure of electrical equipment due to:

phases overload;

over standard equipment heating;

arcing, short circuit.

Types of possible emergencies: fire, explosion.

3. Penetration of air in the process as a result of low-
quality sweeping-out.

Types of possible emergencies: fire, explosion.

4. Initiation of failures in the alarm, ventilation, emer-
gency cooling systems etc.

Types of possible emergencies: explosion and fire, air
pollution.

5. Insufficient amount of water in nutritional capacity
of generator.

Types of possible emergencies: fire, explosion.

Thirteen factors of environmental hazards are de-
termined. These factors may result in fire and explosive
situations, air pollution with HS (hazardous substances)
and as a consequence to people poisoning and even death.
These factors may also lead to destruction of buildings,
equipment and vessels.

The following factors are the most dangerous (F)
with rating W, > W, > W

F, — beginning of fire on the territory of storehouse
with acetylene and oxygen containers;

F, — losing of acetylene due to containers depres-
surization;

F, — losing of acetylene due to process breach of
valve repair.
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F, — BTpaTy aleTusIeHy 4epe3 NOpyIIEeHHs PEMOHTY
BEHTHUIIIB.

[IpoananizoBaHo OCHOBHI JKepesia 3a0pyAHeHHS IPU
eKcIuTyaTarlii cTaHIii 3arpaBKy AU3EIbHOTO MaJINBa.

1. Trxepena mocTiitHOTO 3a0pyaHEHHS aTMochepH.

1.1. CymHoBa eHepreTuuHa YCTaHOBKA (BHACIIZIOK PO-
00TH TOMOMDKHOI CyTHOBOI YCTAQHOBKH TIiJ] Yac CTOSHKH
CynHa). 3a0py/IHIOIOUI PEYOBMHM: Caka, aHTIIPHI Cipdu-
CTHH, JIBOOKCH/I 30Ty, OKCHJI ByIJIELItO, BYIJIEBOJHI IPaHNY-
Hi. 3ax0/¥1 3MEHIIIEHHST HEOe3MEKH: 3aCTOCYBAHHS PEKIUMHO-
TEXHOJIOTIYHUX METOJIiB, ONTHMI3allisl HPOLeCy TOPIiHHSL.

1.2. Tpyba Ha emHOCTI 3 HaTopoayKTamu. Bumapo-
BYBaHHS HAPTOMPOIYKTIB YHACTIIOK BEIUKOTO Ta MaJlo-
TO JIMXaHHS NP HaJMBi, 30epiranHi il 3JIMB1 AN3EIHEHOTO
MaJIMBa B TAHKU CY/JHA Ta 3aJIi3HUYHI IIUCTEPHH, & TAKOK
poOOTi HACOCHUX CKJIAMIB. 3a0pyIHIOIOYI PEIOBHHHU: BYT-
JIEBOJIHI TPaHN4Hi, OeH30I1. 3aX0/I1 3MEHIIIEHHsI HeOe311e-
KH: 3aCTOCYBaHHS JIaTYMKIB KOHTPOJIFO TUCKY HA €EMHOCTI
3 Ha)TOIO.

2. Jlxepena MOCTIHHOTO 3a0pyIHCHHS BOIHOIO Ce-
peaoBHIIA.

2.1. IloBepxHeBui CTiK HAQTOBMICHUX BOJI.

2.2. OcinaHHs caxi, sika BHIUISIETBCSI TPH POOOTI
CYJHOBOI YCTaHOBKH.

2.3. Criuni Boau (TEpearoThCsi Ha MICLEBI OYMCHI
CIIOPY/IH).

3axoaM 3MEHIICHHS HeOe3NeKu: 3aCTOCYBaHHs Had-
TOYJIOBJIFOBaYiB Ta €()EKTUBHHUX OUHUCHHX 3aC00IB, BEPTH-
KaJIbHE IIaHYBaHHS TEPUTOPII.

3. YTBOpEHHS TBEPIUX NOOYTOBUX BIAXOIIB:

nagpmownam (uadronponykru 80...85%, 4 kiac
Hebe3mekn). XapakTepucTHKa: HepOSUNHHNN, HETICTKHA,
noxkexxoHeOe3neynnii. Miciie yTBOpIOBaHHS: pe3epByapH
Ha(TONPOMYKTIB. Y THIII3aIisl: CHPOBHHA Ha ac(aibrode-
TOHHOMY 3aBO/Ii;

npomacaenui nicox (HapToBinxonu 5%, 4 kiac He-
Oe3mexn). XapaKTepPUCTHKA: HEPO3UMHHHN, HEIETKUH,
noxexxoneoesneynuii. Micie ckiaagaHHs: Miag0oHu. 3He-
HIKO/DKEHHsI: 00poOka npenapatom «EkoHaiH» Ta BUBI3
Ha 3BaJIMIIE.

npomacnene opanms (Haprosinxoau 0,5%, 4 xiac
HeOe3nekn). XapakTepuCTHKa: HEPO3UMHHE, HEJIEeTKe,
moXke:koHeOe3meune. Miciie ckiiaiaHHs: KOHTeHHep. 3He-
LIKOPKEHHSI: CHIAJIIOBAHHS B KOTEJIbHIHN 3aBO/Y;

nodymosi 6ioxoo0u. XapaKTEpUCTHKA: HEPO3UHHHI,
HeneTki. MicIe CKIIalaHHsA: KOHTeHHEep. 3HEIIKOIKESHHS:
BUBI3 Ha 3BaJIMIIIE. 3aXO0M 3MEHILICHHSI HeOe3eKH: CKJla-
JQyBaHHS B CIEIiaIbHUX MicIAX, 0OpoOKa ImpermapaTtom
«ExoHaiH», CBOEYaCHA YTHITI3ALlIS.

4. JIxepena aBapifiHOro 3a0pymHEHHsS arMocQepu.
3HauHe 3a0pymHEHHS arMoc(epd MOXKIUBE TP BHU-
HUKHEHHI MOXEeXi. 3aX0[ 3MEHIICHHsS HeOe3NeKu: 3a-
CTOCYBaHHSl CHUCTEMH aBTOMATHYHOTO KOHTPOIIIO Ta
CUTHANi3amii Ha cKiagax, eeKTuBHE (PyHKITIOHYBaHHS
MIPOTUIIOKEIKHOT CHCTEMH, JOTPUMAHHS HOPM TEXHIKH
Oe3mexu.

It is carried out the analysis of pollution main sources
during operation of diesel filling stations.

1. Sources of continuous air pollution.

1.1. Ship power plant, as a result of an auxiliary hip
plant operation during the vessel mooring. Contaminants:
soot, sulfur dioxide, nitrogen dioxide, carbon monoxide,
boundary hydrocarbons. Risk reduction measures: appli-
cation of regime and technological methods, optimization
of combustion process.

1.2. Pipe located on the container with oil pro-
ducts. Evaporation of oil products due to large and small
breathing in terms of: filling, storage and discharge
of diesel fuel in vessel containers, tank cars as well as
pump storage operation. Contaminants: boundary hy-
drocarbons, benzene. Risk reduction measures: usage
of pressure monitoring sensors located on the containers
with oil.

2. Sources of permanent water pollution.

2.1. Surface runoff of oil-containing water.

2.2. Sedimentation of soot, which is released during
operation of the ship plant.

2.3. Wastewater (transferred to local cleaning facili-
ties).

Risk reduction measures: application of oil catchers
and effective cleaning equipment, vertical area planning.

3. Creation of solid household wastes:

oil-slime (80...85% of oil products, 4 class of dan-
ger). Description: insoluble, non-volatile, fire risk. Place
of creation: oil products containers. Recycling: raw mate-
rial for coating plant;

greasy sand (5% of oil wastes, 4 class of danger).
Description: insoluble, non-volatile, fire risk. Place of
accumulation: trays. Clearance: processing with «Ekona-
din» drug and export to landfill;

greasy rags (0,5% of oil wastes, 4 class of danger).
Description: insoluble, non-volatile, fire risk. Place of ac-
cumulation: container. Clearance: combustion in a boiler
of a plant;

household wastes. Description: insoluble, non-
volatile. Place of accumulation: container. Clearance:
export to a dump. Measures to reduce risk: storage in
special areas, processing with «Ekonadin» drug, timely
utilization.

4. Sources of emergency air pollution. Significant air
pollution may occur in case of fire. Risk reduction mea-
sures: usage of automatic control and alarm systems at
warehouses; effective functioning of the fire control sys-
tem; following the accident prevention measures.

5. Sources of emergency water pollution. Possible
causes.



5. Jlxepena aBapiiHOrO 3a0pYIHCHHS BOIHOIO Ce-
penoBuIa. MOXIINBI IPUYMHH.

5.1. ABapiiiti po3nuBH HAQTONPOAYKTIB P HAJIHBI,
3711MB1 HAQTONMPOYKTIB y TAHKH CyIHA.

5.2. ABapiiiHi 3iTKHEHHS Cy/eH, ITOcaaka CylIHa Ha
MUINHY.

5.3. HecankiioHoBaHu# Ky HAa)TOBMICHHX BOJ i3
CyIHa.

3axo/1 3MEHIICHHST HEOE3MEeKH: KOHTPOJIb TEXHOJIO-
TIYHUX OTepalii, 3yImuHKa BCiX poOiT MpH aBapii, cucre-
Ma aBTOMaTH30BaHOTO KOHTPOIIIO Ta HaBiramii Ha CyJHi
W mpuvat, )KOPCTKUI KOJIOTTYHUI KOHTPOIb BiJNOBIJI-
HUX CITyKO.

IMpn excruryaramnii cTaHIii 3ampaBKd JANU3EIBEHOTO
MaJvBa BU3HAYCHO YOTHUPHAALATH (PAKTOPIB HEOEC3IEKH.
Orinky HaltO1TRIT HeOe3MeuHNX (PaKTOPiB PAHKOBaHI K
w>Ww,>w >W,.

F, — noxexa Ta BUOYX;

F, — aBapiliHi po3aMBY HAQTONPOIYKTIB TIPH HaIIH-
Bi, 3JIUB1 HAQTONPOIYKTIB Y TAHKH CYJIHA;

F,— HECAHKI[IOHOBAHWH CKHJ HA(QTOBMICHUX BOJ i3
cynHa;

F, — nosepxHeBHil CTik HAPTOBMICHUX BOJ.

[Tpu ekcruryaraiii CyXoro jJoka MOXYTb BHHHKATH
NeBHI aBapiifHi cuTyalii, sKi HOPYLIYIOTh TEXHOJIOTIY-
HHUH TIpolec Ta MPU3BOIATH A0 3HAYHUX HACHIAKIB IJIA
JTOBKIJIIIS.

1. [TopyieHHsI TEXHOJIOTTYHOTO TPOLECY MOOYIOBH
CyZleH uepe3 Taki IpUIHHU:

TIOTPAIUISTHHS IO JIOKa 3aliBUX BOJI, IPYHTOBHX BOJ
TIPU BUXOJI 3 JIaZly CUCTEMH JAPEHAXKY;

BIIMOBa HACOCHOI CTaHINl Ta AK HACIIJOK IIiTOII-
JICHHS JIOKa;

BiJIMOBa pOOOTH 3aTBOPIB 1 SIK HACIIIOK TOTPAIUISH-
Hsl BOJIU 3 aKBaTOPIT;

HaBAJFOBAHHsI CY/{HA HA CTIHKH CYXOTO JIOKa.

[Tpu upoMy Taki MOPYIIEHHS MOXYTh NPU3BECTH 1O
JIOZICBKUX JKEPTB, 30UIBIICHHS TOXKEkKO- Ta BHOYXOHe-
Oe3meyHocTi 00°€KTa, MOTPAIUISIHHS O BOIHOTO Cepe-
JTOBHIIA IIKiTUBHUX PiguH (Macen, ¢pap0d Ta iH.), a TAaKOK
CMITTSI.

2. INoxkerka Ta BUOYX YHACIHIZOK HACTYITHUX IPHYHH!

TTOIITKO/KCHHS TPYOOITPOBOIIB 3 alleTHICHOM i KHC-
HEM;

MTOPYIICHHSI TEXHOJIOTIi TMOBOPKEHHS 3 JaKodapoo-
BUMH MarepiajaMu B TPIOMaXx Cy/ICH;

MOPYILEHHS! pOOOTH 003 JHAHHSL.

3. 3abpynuenss moBiTps HP ta cTBOpeHHS 30H, He-
MPUAATHUX JUTSL AMXAHHS 33 TAKAX TPUYUH:

po3repmeTu3aiiis 6anoHis i3 HP;

po3repMeTH3anis OallOHIB 3 IBOOKCHIOM BYTIICITIO
i1 aproHom;

BuainenHs HP npu ¢apOyBaHHI TpromiB.

JloOGynoBHA HabepekHa eKCILTYaTy€eThCS IS TOOYI0-
BU Ha IJ1aBy cyneH. HaiOurbin HeOe3newHi cutyarii Mo-
KYTh BHHHUKHYTH TIPH JHOIOBiii 0OCTaHOBII, aHOMAJIb-
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5.1. Emergency spilling of oil products during run-
ning or discharge in the vessel containers.

5.2. Emergency collision of vessels, vessels strand.

5.3. Unauthorized discharge of oil-containing water
from vessels.

Risk reduction measures: control of technological
operations, shutdown in case of an accident; system of
automated control and navigation of the vessel and the
moorage; strict environmental control of the proper ser-
vices.

Fourteen hazards were identified during diesel filing
station operation. Estimates of the most dangerous fac-
tors ranked as W, > W, > W > W :

F, — fire and explosion;

F, — emergency spilling of oil products during run-
ning or discharge in the vessel containers;

F, — unauthorized discharge of oil-containing water
from vessels;

F, — surface runoff of oil-containing water.

During dry dock operation the following emergency
situations that break technological process and lead to
significant consequences for the environment may arise.

1. Violation of the shipbuilding process due to:

getting of the extra water to the dock, i.e. underground
due to failure of drainage system;

failure of pumping station and as a result the flooding
of the dock;

failure of closures and as a result water getting from
the waters;

vessel pulling on the dry dock wall.

In addition, these breakings can lead to fatal acci-
dents, increase of fire and explosion danger, getting into
aquatic environment of hazardous liquids (oils, paints,
etc.), and also garbage.

2. Fire and explosion due to:

damage of the pipeline with acetylene and oxygen;

breaking of the handling paints and varnishes tech-
nology in the vessels holds;

equipment operation failure.

3. Air pollution with HS and creation of zones unsui-
table for breathing due to:

depressurization of containers with HS;

depressurization of containers with carbon dioxide
and argon;

HS release while painting of holds.

The fitting-out embankment is exploited for build-
ing of vessels afloat. The most dangerous situation can
occur at ice conditions, abnormal weather conditions,
additio-nal loads on the moorage (usage for loading / un-
loading of general cargo ships); equipment deterioration.
The most dangerous is the period of vessel mooring.
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HUX TOTOJIHUX YMOBaX, JI0JIaTKOBOMY HaBaHTA)XKEHHI Ha
npuyan (BUKOPHCTaHHS WOTO il 3aBaHTAXCHHs/PO3-
BAaHTAXXEHHS CYJICH TeHEPAIIbHUMH BaHTAXKaMH), & TAKOXK
3HOCI oOnamHaHHA. Haiibimpmn HeGe3meyHHM € mepiof
IIBApTYBaHHS CyJ/ICH.

Buau aBapiit: noxexa Ta BHOyX, norparuisiaas HP
JI0 BOJJHOTO CEPEIOBHIIA i IPYHTIB (HAQTONPOIYKTIB, Xi-
MIYHHX PEYOBHH 3 KOPO3iHHOIO aKTHBHICTIO, BOJIOMACIIe-
HUX eMyInbCill, hap0 Ta iH.), BiOpariifHi HaBaHTa)KEHHS.

Ilpu ekcrutyaraiiii cyxoro joka Ta HaOCpeXHOI BHU-
3HayeHo BixnosigHo 10 1 5 ¢axropiB HeOe3nekn. Haii-
OinbIr HeOe3MeuHi CUTyarlil MOoB’s3aHi 3 MOPYIICHHSIM
TEXHOJIOT11 TOBOMKEHHS 3 Tako(hapOOBUMHU MaTepiaraMu
B TPIOMaX CyJEH, OTPAILISTHHAM JI0 I0Ka TPYHTOBHX BOJ
IPU BUXOJII 3 JIaly CUCTEMH JpeHaKXY a00 HaBaJIFOBaHHI
Cy[Ha Ha CTIHKH JIOKa.

Jiist BU3HAYEHHS OLIHKU TEXHIYHOTO CTaHYy 00’ €KTIB
3 TOUKH 30py Hebesmekn K chopMOBaHO OCHOBHI KpH-
Tepii. Baroi koedinieHTH KPUTEPIiB OTPUMAHO METOIOM
Caari [6]. Pe3ynbraru HaBeaeHo B Ta0i. 1 Ta Ha puc. 1.

Jnst po3paxyHKy iHTerpoBaHoi olinku W, B ymoBax
He30iry K Tta W (ominku HeOe3medHuX (haKTOpiB) BUKO-

Types of accidents: fire and explosion, HS spills to
water environment and soil (petroleum products, chemi-
cal substances with corrosion activity, oil-water sludges,
paints, etc.), vibration loading.

While the drydock and seafront operation 10 factors
and 5 hazard factors have been determined. The most
hazardous events are caused by breach of treatment tech-
nology of varnish-and-paint materials in vessels holds,
ingress of ground waste into the docks while drainage
system failure and vessel bulk on dock walls.

For technical condition assessment of facilities from
the point of hazard K the main criteria are formulated.
Weight coefficients of criteria have been received by
means of the Saati method [6]. The results are listed in
the table 1 and fig. 1.

For the integrated assessment calculation W, in the
conditions of K and W (unsafe factors assessment) non-
coincidence the Bayes formula shall be used [7, 8], which
is specified for the formulated task. Assessments are cal-
culated by taking into consideration m of independent
experts who make a detached judgment. Statistics of ac-

Taoauusa 1. Kpurepii omiHKA TEXHIYHOTO CTaHy 00’ €KTiB HeOe3MmeKn

Table 1. Criteria of technical condition assessment of hazardous facilities

Kpurepii / Criteria PiBeHs HEOC3MICKH Baroswuii koedirieHT
Hazard level Weight coefficient
1. Ctpok excruryararii / Service life
o 3 poxkis / Up to 3 years 1
3-5 5 5
5-10 7
Binerie 10 / More than 10 10
2. Xapakrep HeOE3eUHHX PEYOBHH (Kareropist HeOe3nekn)
Hazardous substances nature (hazard category)
4 1 5
3 4
2 7
1 10
3. IBuakicte koposii / Corrosion rate
Bucoka / High 10 4
Cepenns / Medium 5
Husbka / Low 1
4. Texuiunnit koHTpOINE / Technical control
Bucoxwuii / High 1 >
Cepenniit / Medium 5
Huspkwii / Low 10
5. HasiBHicTh natuukis / Sensors availability
€ / Available 1 2
Hi / Not available 10
6. PiBens aBromaruzanii / Automation level
Bucoxwuii / High 1 3
Cepenniii / Medium 5
Hwuspkwii / Low 10
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Fig. 1. Dialogue window of the calculation program («Calculation program of the integrated assessment») of technical assessment

of the dry a dock state

puctoByeTbes hopmyna batieca [7, 8], ska yrouHeHa st
mocTapieHoi 3aaa4i. OMiHKYE PO3paxoBaHi i3 3aTyIeHHIM
m 30BHIITHIX €KCIEPTIB, AKI MPUAMAIOTh HE3aJICKHE Pi-
meHHsA. [Ipu oMy BpaxoBYeThCSI CTaTUCTHKA BHHUK-
HEHHS aBapiil Ha ToMy 4 iHImoMy 06 exTi. [Ipodeciiina
kBani¢ixamis excneprie P(W, ), ..., P(W, ) Bu3Hada-
€TBHCS 3a3/1JIET1 b Ta BUCTYTIAE alIPiOPHOIO HMOBIPHICTIO.
KonekTnsHe pilleHHst MPUEMAETbCS HAa KOPUCTh W, —
OIIIHKH k-TO ekcmepTa 3rigHo 3 baiiecoBoro dopmyrioro,

Ky MO’KHA 3aliucaru y BI/IFJ'IS[Hi

PW., ) P(AW,
POty = max - s A s)
k=1,..,M
2 P YP(AW )
k=1
ne A — xoMOiHamii MpUBAaTHUX pimieHb M EKCIepTiB;
P(AWipe,) = PF)PW(K) anocrepiopa iimo-
M
2 P(F)P(W(K))
k=1

BIpHICTH BiJHOIICHHS CHTYyaIlii DO OAHi€i 3 M-OMLIHOK;
F, = F/M — 4actoTa MOBTOPEHHs k-i OLliHKM y BHOOp-
i 3 M oniHok (F — KUIBKICTh MOBTOPHUX OI[IHOK);
P(W,_(K)) — BinHOIEHHs OLIHKK €KCMepTa JI0 po3pa-
XyHKOBOI olliHKH K a00 W¥, BU3Ha4Y€HOI paHilie.

[Tpn npomy OepeTbcsi MPUIYIIEHHS, 110 OTPHMaHi
HMOBIPHOCTI PO3MOAUISIOTECS 32 HOPMaJILHUM 3aKOHOM.

VY pesynbrari po3paxyHKIB 3a JaHOKW (HOPMYJIOH0
00’€KTH aleTHIICHOBOI CTAHII] PaHKYIOThCS HACTYITHUM
YHHOM:!

1) reneparopHe BiIIiICHHS (B IKOMY PO3KYIOPIOIOTh

cidents on one facility or the other is taken into account
as well. Professional qualification of experts P(W, ), ...,
P(W,_ ) is determined in advance and is a prior probabi-
lity. Group decision is made for W, — k-expert assess-
ment in accordance with the Bayes formula, which can be

written as follows

P(Wiyy|d) = max MP(W‘“"‘)P(A‘W*“”‘) :
k=1,.,M
2 P YP(AW )
k=1
where 4 — combinations of experts decisions M;
P(AWip,) = Af (F)PIV(K)) 4 prior probabil-
2 P(F ) P(W(K))
k=1

ity relation of situation to one of M-assessments; F, =
= F/M — repetition rate of k-assessment in sampling M
assessments (/' — quantity of reevaluations); P(W, (K))
— relation of expert’s assessment to calculating evalua-
tion K or W, specified above.

In this case it is assumed that the received probabili-
ties are distributed in accordance with the regular law.

As a result of the calculations according to the given
formula the acetylene station facilities are rated as follows:

1) generator section (in which calcium carbide is
uncorked and transferred to a gas generator) and ware-
houses for cylinders with acetylene, calcium carbide and
acetone — W, = 10;

2) workshop — W =09;

int



2012 BICHUK HYK imeHi agmipana MakapoBa

KapOijl KaJbIIifo Ta MEPEIar0Th Y Ta30yTBOPIOBAY I'eHepa-
Topa) 1 CKJIa K 30epiranHs OaJoHIB 3 Al[CTHIICHOM, KapOi-
JIOM KaJbI[if0, allETOHOM — w,. =10,

2) maiictepus — W, =9;

3) HaMMOBHIOBAIILHE BiIUICHHS, B TKOMY 30€piratoThCs
0aJIOHH 3 AllETWIEHOM Ta JOJAECTHCS all€TOH — W = 6;

4) xoMTIpecopHe BiTiICHHST — w. .= 4;

5) 30ipHUK TIPOMYBOK i MyJIOBIACTIHHUK — W, = 2.

O1iHKa y3TO/KEHOCTI PIllIeHb EKCIEPTIB JOPIiBHIOE
19% (1 yMOBH y3TOIPKEHOCTI HE MOBHHHA MTEPEBUIILY-
Batu 20%).

OO0’ekty craHMii 3anpaBKy JU3EIbHUM NaMBOM 3a
piBHEM HEOE3NEKH PaHXYIOThCS TAKUM YHHOM:

1) mpuyan nepeBanTaxenns — W, = 10;

2) CymHO-KIIIEHT — w.=9;

3) HacoCHa CTaHIIis Ta CKIaH 30epiranHs — /5

4) ecrakasa 3alli3HUYHUX EMHOCTEH — W=

Ominka y3romkerocti 20 %.

OO0’eKTH CyXOro JI0Ka 3a piBHEM HEOe3IeKH paHxKy-
I0ThCSl HACTYITHUM YHHOM:

1) cynHO 1 TpyOOnpoOBOAM 3 aLETHIEHOM Ta KHC-
Hem — W, =10;

2) KaHaau npoBofok — W, =7,

3) macocna cranuis — W, =6,5;
4) satBopu — W, = 6.

OmiHKa y3roKeHo T pitmeHsb excriepTis 10 %.

O06’extn 100ynOBHOI HabepekHOI 3a piBHEM HeOe3-
IIEeKH PaHXKYIOThCS TaK:

1) cymao — W, = 10;

2) TpyOOIPOBO/IH 3 ALETHIIEHOM Ta KMcHeM — W, =7,

3) mpuyan — W, = 4.

OmiHKa y3ro/PKeHOCTI pilleHb excriepTis 2 %o.

Ha puc. 2 HaBeneHo aianorose BiKHO IPOTpaMy BH-
3HAYEHHS IHTETPOBAHOI OIIHKK HeOe3rekn 00’ €KTiB (a)
Ta MmapaMeTpiB i piBHA Hebe3mewHoi curyamii (6) amst
(hopMyBaHHS peKOMEHAALIHN 100 11 YCYHEHHS.

BUCHOBKH

YnoCKOHaIEHO METOJMKY Ta aJITOPUTM OIIIHKH PiBHS
eKoJIoriuHoT Hebe3rnekn (YHKI[IOHYBaHHS CYJHOOYIiB-
HUX 3aBOJIIB 3 BUKOPUCTAHHSAM SKCIIEPTHUX METOIiB.

Po3paxyHOK o1iHOK HEOE3MEeKH 3a po3pOOICHO0 Me-

>

TOJIMKOIO JIO3BOJISIE BM3HAUUTH, SIKUM YMHOM Haiedex-
TUBHIIIIC PO3MOIUIMTH MaTepiajibHI PeCypCH Ha 3aX0Iu
IIO/I0 TiIBUIIEHHS PIBHS EKOJIOTIYHOI Oe3MeKn eKCITy-
ararii CyTHOOYIIBHOTO 3aBOIY.

3acTocyBaHHS SIK METOJIIB OOPOOKH EKCIIEPTHHX OLli-
HOK MeTofy aHamizy iepapxiit Caari ta Gpopmynu baiieca
3a0e3meyye OUTbITy TOYHICTE pe3yisTariB. IlepeBipka Bi-
POTiTHOCTI aNTOPUTMY B TOPIBHSAHHI 3 IHIIUMHU H JOKY-
MEHTAJIbHUMU JIAHUMH IIPOBEEHA HACTYITHUM YHHOM:

BU3HAYEHO PE3yNIBTYIOUY OI[IHKY Yepe3 CepelHE 3Ha-
YEHHSI, IPH LIbOMY CEPEe/IHIi KBaIpaTUYHUI BIIXMUI MOXKE
nmocsrara 41 %;

BH3HAUEHO PE3yJIBTYIOUY OIIHKY Yepe3 BaroBi koedi-

3) filling station, where cylinders with acetylene are
stored and acetone is added therein — W, = 6;

4) compressor section — W, = 4;

5) lancing set and sludge collector — W, = 2.

Assessment of consistency of experts’ decisions
equals 19% (for the consistency condition must not ex-
ceed 20 %).

Diesel fuel filling station facilities in accordance with
the hazard level are rated as follows:

1) overload berth — W, = 10;

2) customer vessel — W, =9;

3) pumping unit and warehouses — W, =5;

4) railway volume main — W, = 3.

Consistency assessment 20 %.

Drydock facilities in accordance with the hazard level
are rated as follows:

1) vessel and pipelines with acetylene and oxygen —
w,,= 10;

2) wire channels — W, =7,

3) pumping unit — W, = 6,5;

4) locks — W, = 6.

Assessment of experts’ decision consistency 10 %.

Fitting-out facilities in accordance with the hazard
level are rated as follows:

1) vessel — W, =10;

2) pipelines with acetylene and oxygen — W,

3) berth — W =4.

Assessment of experts’ decision consistency 2 %.

The Dialogue window of calculation program of
the integrated assessment of danger of objects (a), para-
meters and level emergency (b) is resulted on the fig. 2
for forming of recommendation about elimination of its
consequences.

CONCLUSIONS

The methodology and algorithm of assessment of the
environmental hazard level of shipbuilding plants opera-
tion has been improved by the expert methods applica-
tion.

Assessment calculation of hazard in accordance with
the developed methodology allows determining the most
effective way of costs distribution on measures for en-
vironmental safety level increasing of shipbuilding plant
operation.

Application of the Analytic Hierarchy Process and the
Bayes formula provides more accurate results. The algo-
rithm of probability tests in comparison with other docu-
mentation data is being carried out as follows:

overall assessment is determined by means of the ave-
rage value, thus an average quadratic deviation can reach
41%;
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mieHTH (kBamiikallisi eKCHepTiB), MPHU LLOMY CepeHii

KBaJpaTHYHUHA BiXWI MoXke fnocsrata 37 %.
3anporoHOBaHMN  aJITOPUTM  3a0e3Mmedye  BiIXHI

y Mexax 1 % (mo 10 %) 3a paxyHOK BiJKHJIQaHHSI HEKO-

PEKTHHX OIiHOK.

overall assessment is determined by means of weight
coefficients (experts qualification), thus an average qua-
dratic deviation can reach 37 %.

Proposed algorithm provides deviation in the range
1 % (through 10 %) at the expense of inaccurate assess-
ments rejection
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