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Amnoraunis. [Tonani pe3ynbTaTi TOCTIDKEHHS JMHAMIKH PO3MOBCIO/PKEHHS 3a0pYAHIOIOUNX PEYOBHH B aKBAaTOPIi JIH-
MaHHOTO KaHally Ha OCHOBI PO3pOOJICHUX IMITALITHUX MOJeNieil HeCTalllOHapHOTO TPOIecy KOHBEKTUBHOI TUQy3il
HEKOHCEPBAaTUBHHUX pPe4oBHMH. HaBeneH pe3ynbTaTh MOJEIIOBAHHS PO3MOBCIOMKCHHS 3a0pyIHEHHS Ha UITHKax
akBaropii cyaHoxigHoro J{Hinpo-By3pKoro TMMaHHOTO KaHaIy, sIKe 31iHCHIOBAIOCS 3 YPaXyBaHHSM T'JIPOJIOTTYHHX Ta
TIIPOXIMIYHHX XapaKTePUCTHK JaHUX JIISTHOK.

KuouoBi ciioBa: exosnoriuna 6e3rnexa, imitariiina Moziesb, 3a0py/AHIO0U1 ped4oBUHN, M1]y3ist, aKkBaTopis.

Abstract. The article presents the research results of spreading dynamics of the pollutants in the water areas of estuary
channel, based on developed simulation models of convective diffusion nonstationary process of nonconservative
substances. The current article contains the results of simulation of pollution spreading in the water areas of the shipping
Dnieper-Bug estuary channel, that was carried out considering the hydrological and hydro-chemical characteristics
of these areas.

Keywords: environmental safety, simulation model, pollutants, diffusion, water area.

AnHoTtauus. [Togansl pe3ynsTaThl HCCIEAOBAHMS THHAMUKH PAcTIPOCTPAHEHUS 3aTr PS3HAIOIINX BEIIECTB B aKBaTOPUHI
JIMMaHHOTO KaHalla Ha OCHOBE pa3pab0TaHHBIX UMHUTAIIMOHHBIX MOJIEJICH HECTAllMOHAPHOTO TPOLecca KOHBEKTHBHON
TG dy3un HEKOHCEPBAaTUBHBIX BelIeCTB. [IpeacTaBiaeHsl pe3yasTaTsl MOACTUPOBAHMS PACIIPOCTPAHEHHS 3arps3He-
HHS Ha Y4acTKaX aKBaTOPHHU CYJOXOAHOTo J{Henpo-byrckoro IMMaHHOTO KaHaia, KOTOPOE OCYIIECTBIISIOCH C yYeTOM
TUAPOJOTHYCCKUX U THAPOXUMHUYCCKUX XAPAKTEPUCTUK JAHHBIX YYaCTKOB.

KuroueBbie ciioBa: sxonoruyeckas 0€30MacHOCTb, UMUTALIMOHHAS MOZEIb, 3arpsi3HsoNIMe BemecTsa, nuddysus,

aKkBaToOpUS.

IHOCTAHOBKA IMPOBJIEMHA

Ha croromni JlHinpo-By3bkuii cymHOXiAHUIA THMaH-
wuit kaHain (JBJIK) xapakrepusyeTbesl iHTEHCHBHUM CYII-
HOTUTaBCTBOM, PO3TAIIyBAHHIM BEJINKUX CYJHOOYIIBHUX
3aBOJIIB, MOPCHKHX TEPMIHAIIB Ta IHIIMX MiIPHEMCTB,
SKi € JDKepeslaMH MOCTIMHUX W aBapiiHUX 3a0pyaHCHB
1oro akBaTopii HeOe3MeYHNMHU pedoBUHAMH. Pa3om 3 THM
JMMaH Mae cTaTyc pudOroCnoiapChKOro BOIoiMa BUIIOL
KaTeropii, a TakOXK OXIUTIOE PEKPEealliifHi Ta IPUPOI00X0-
POHHI 00’ €KTH.

AHami3 craHy ITOBepXHEBHX BOI MHUKOIAIBCHKOT
obmacti [7] moka3ye 3Ha4HI TEPEBUINCHHS TPAHHUYHO-
nonycrumux  konnentpauii  (IJIK) wadronpomykris
y 2012 poui mo 3nauens 16 [JIK Ta denonis no 4 TJIK
y TUMaHi, 00yMOBIIEHI MMOCTIHHUMH CKHIaMH HEOUHIIIe-
HHUX TOCIIOJapChKO-TIOOYTOBUX CTiYHMX Box. KpiM Toro
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PROBLEM STATEMENT

Currently the Dnieper-Bug estuary navigable channel
(DBENC) is characterized by intense shipping, the loca-
tion of large shipbuilding yards, marine terminals and
other enterprises which are the sources of permanent and
emergency pollution of its water area by hazardous sub-
stances. However, the estuary has the status of fishery wa-
ter body of the higher category and includes recreational
and environment-oriented facilities.

The analysis of the surface waters state in Mykolayiv
region [7] shows significant exceeding of the maximum
permissible concentrations (MPC) of oil in 2012 up to
the value of 16 MPC and phenols amount of up to 4 MPC
in the estuary due to permanent discharges of industrial
and domestic wastewater. Also significant oil concentra-
tion in the estuary and the high probability of emergency



3HaYHI KOHIICHTpaIlii Ha(TOMPOAYKTIB y TUMaHi Ta BH-
COKa WMOBIPHICTh BHHUKHEHHS aBapiiHUX pPO3JIHBIB
MIOB’s13aHi 3 MiABUINEHHSIM BaHTako000iry B 2012 porri
MukonaiBCbKOT0 MOPCHKOIO TOPrOBOIO MOPTY.

JlomaTkoBuil aHTPONIOTEHHMH BIUIMB HAa aKBaTOPiIO
JIMMaHy 3/1HCHIOE MUIIOBE 3a0pyHEHHS [IPU TIepeBaHTa-
JKCHHI KaJiiHUX Ta a30THUX 100puB, (HochOpHTiB, a Ta-
KOXK YHAaCJIIZIOK PO3CIFOBaHHS IIMHO3EMHOT'O0 YEpPBOHOTO
HIIaMy 31 IIaMOCXOBHINA.

VYce e 00yMOBIIOE BaKJIMBICTH Ta HEOOXIIHICTH
PO3pOOKH ¥ BIOCKOHAJICHHS ICHYFOUHX IMITAIlITHIX MO-
Jienel po3MOBCIODKEHHS 3a0pynHIorounX pedoBrH (3P)
3 ypaxyBaHHSAM TeOMOP(HOJOTIYHUX Ta TiIPOIOTIYHUX
0COOIMBOCTEH TMMAaHHOTO KaHATY 1 XapaKkTepy aHTPOIO-
TeHHOTO BIUIMBY NPOMUCIOBHX 00’ €KTiB MOOMU3y aKBa-
TOpii INMAHHOTO KaHAITY.

AHAJII3 OCTAHHIX
JOCJIJIKEHB I ITYBJIIKALIA

Po3pobieni cydacHi MaTeMaTH9HI MOJIEIi PO3IIOBCIO-
JDKEHHS 3a0pyAHEHBb Ha BOIHIN TOBEPXHI BPAaXOBYIOTH MPO-
1iecH po30aBJIeHHs BOJ i caMOOUHIIIeHHs 2, 4, 5, 9], a Takox
JOCTaTHbO aIEKBAaTHO ONHCYIOTh PO3MOBCIOKEHHS ITOJI
KOHLICHTpALiH JIOMIIIOK 32 PaXyHOK Tedil, TypOyJIeHTHOCTI
Ta OloXiMiYHHX repeTBopeHb. OJHAK IPY BUPILIEHHI TTPaK-
TUYHHUX 33/1a4 BUHUKAIOTh HACTYITHI CKJIaIHOCTI:

— ICHYI0Yl aHaAITHYHI PO3B’S3KN BKIIOYAIOTh Y cebe
eMITipHYHI KOeQillieHTH, SKI BHOCATH 3HAUHY IOXHOKY
B PE3YJIBTATH;

— OTPUMaHI YUCIIOBI PO3B’s3KH BUXIIHUX AH(EpEHIIi-
AIBHUX PIBHAHD MOTPeOYIOTh BU3HAYCHHS BX1THOI iH(OP-
Marlii po MMOYaTKOBY KOHIICHTPAILIO Ta TPAIIEHT KOHIICH-
Tpariil TOMIIIOK, IO HEe 3aBXKIN € MOKIIBHM 1 KpiM TOTO
moTpedyroTh 3a0e3neYeHHs CTIHKOCTI PO3B’SI3KIB 3a paxy-
HOK Mi00py BiNOBITHUX KPOKIB Y Yaci i mpocTopi;

— [IpH MOJIeITIOBaHHI nepeHeceHHs 3P BuHUKae HE0O-
XIIHICTh y MOOYIOBI IMITAI[ITHUX MOJIEINICH 3 ypaxyBaH-
HSM TIAPOJIOTIYHUX Ta TeoMOP(OIOTIYHAX OCOOIUBOC-
TEil OKpPEMHUX PO3IIISIYBAHUX MOPCHKHX €KOCHUCTEM.

METOIO POBOTM € po3pobka iMiTamiiHuX Mo-
JieNiel HecTalioHapHOTO MPOLECY KOHBEKTUBHOI TUdy3il
HEKOHCEPBAaTHBHUX PEYOBHMH JUIS OKPEMHX IIISTHOK JIH-
MaHHOI'0 KaHaJTy 3 ypaxyBaHHSIM 0COOIUBOCTEH Tiapoio-
TIYHOTO pEKUMY Ta T1APOMOPQPOTOTITHIX XapaKTEPUCTHK
aKBaTopil JMMaHy, a TAKOXK XapaKTepy aHTPOIIOIeHHOIO
BIUIMBY Ha JIJaHUX JIJITHKAX.

BUKJIAJL OCHOBHOI'O MATEPIAJTY

Po3po0iteHo imiTamiiiHi MoeIi TUHAMIKHA PO3IIOBCIO-
JOKEHHSI TI0JIS1 KOHIEHTpAL 3a0pyIHIOIOUHX PEUOBUH
Ut Bu3HaueHuX [6] ginsuaok [IBJIK 3 MeToro BupinieHHsS
3a7a4i OIIHKY PiBHIB €KOJIOTIYHOI HEOEe3MEeKH MPUOEePEK-
HUX paiioniB Ta akBatopii JIBJIK i moganpimoi ontumiza-
i1 3aX0/iB i3 3a0€31eYeHHs €KOJIOTTYHOI OE3IEKH.

XapaxkTepucTuKa po3IIsilyBaHUX JIUISTHOK HaBeleHa
B Tabm. 1.
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leakage are caused by increase of cargo turnover in 2012
in the Mykolayiv trade seaport.

Additional anthropogenic impact on the estuary wa-
ter area is made by dust pollution during transshipment of
potash and nitrogen fertilizers, phosphates, and also due
to scattering of alumina red mud from slime deposits.

All this stipulates the importance and necessity of de-
velopment and improvement of existing simulation mod-
els of the pollutants spread which are based on geomor-
phological and hydrological characteristics of the estuary
channel and the nature of human impacts of industrial
facilities near the estuary water area of the channel.

LATEST RESEARCH
AND PUBLICATIONS ANALYSIS

The developed up-to-date mathematical models of
pollutants spreading on the water surface consider the di-
lution water and purification processes [2, 4, 5, 9], as well
as adequately describe the concentrations field propaga-
tion of impurities due to flow, turbulence and biochemi-
cal transformations. However, when solving practical
problems the following difficulties arise:

— existing analytical decisions include empirical fac-
tors which contribute a significant error in the results;

— derived numerical decisions of the original differ-
ential equations require definition of input information
on the initial concentration and concentration gradient of
impurities, which is not always possible, and in addition
require the solutions stability due to choosing the proper
steps in time and space;

— when modeling the pollutants transfer there is need
in the development of simulation models considering
hydrologic and geomorphic characteristics of certain re-
garded marine ecosystems.

THE ARTICLE AIM is development of simulation
models of unsteady convective diffusion process of non-
conservative substances for the individual areas of the
estuary channel considering the special features of the
hydrological regime and hydromorphological character-
istics of the estuary water area and the nature of anthro-
pogenic impact on these areas.

BASIC MATERIAL

The simulation models of the distribution dynamics
of the concentrations field of pollutants for certain [6]
areas of the Dnieper-Bug estuary channel have been de-
veloped to address the problem of levels estimation of the
environmental hazard of coastal areas and DBENC water
area and for further optimization of activities on ensuring
environmental safety. The characteristics of considered
areas are shown in Table 1. The research of pollutants
distribution dynamics in the water area of the estuary
channel was carried out at several stages.
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Taomuus 1. XapakrepucTrka po3sAyBaHUX AUITHOK

Table 1. Characteristics of the areas under consideration

Ne . XapakTepHuit po3mip, M Jlxepena 3a0pyHEeHHS
3/ Ainska / Area Typical Size, m Sources of Pollution Pedosuna / Substance
Paiion yopHOMOpCHKOTO
1 CyAHOOYiBHOTO 3aBOY 2200 CkuJ; 3BOPOTHUX BOJL Hadronponyxru (HHIT)
Area of the Black Sea Discharge of reverse waters Oil Products (OP)
Shipbuilding Plant
KaboraxHa raBaHb CKHJ 3BOPOTHUX BOZ
2 Coastwise harbor 847 Discharge of reverse waters HHIT/ 0P
Haceneni mynkri: Mana
Kopenuxa, Pancan CKHJ CTIYHUX BOJ
3 Settlements: Mala Korenykha, 2000 Discharge of wastewater ®erom / Phenols
Radsad
ABapiiini, OyHKepHi Ta 3MillIaHi PO3IUBU
MI/IKOJ'lalBCLKI/INI/I MOPCBKHIA Ha(TH, CKUJ CTIYHUX BOJ, CKHJ TUTSTh- HHIT, denonn
4 TOProBUil MopT 2300 HUX Box / Emergency, hopper and mixed OP. phenols
Mykolayiv sea-port oil spills, wastewater discharge, bilge P
water discharge
5 Hg(bTOTgpMman MOPIIOPTY 672 ApapiiiHi, CKCILTYaTAIlifiHi PO3THBH ga(b- HHIT/ OP
Oil terminal of the sea-port tu / Emergency, operational oil spills
Peiin mopriopty ABapiiiHi, ekcruTyarauiitai po3iauBu Had-
6 Roads of the seaport 1200 11 /| Emergency, operational oil spills HHIT/ 0P
MHKOMIBC}’KHH CK#HJ| 3BOPOTHUX BOZX ®enonu, HHIT
7 TIMHO3EMHHH 3aBOJ 1300 .
; . Discharge of reverse waters Phenols, OP
Mykolayiv alumina plant
[TAT «MuxonaiBcbkui cyn- 3Mimrani po3nuBH HATH,
HOOyHiBHHUI 3aBo1 «OKean» CKUJ 3BOPOTHHX BOJ
8 PJSC «Mykolayiv 1300 Mixed oil spills, the discharge of reverse HHIT/ 0P
Shipbuilding Plant « Ocean» waters
ABapiiiHi, OyHKEpHI pO3ITUBH, CKH]] 3BO-
9 | «Hika-Tepa» / «Nika-Terax 795 potuux Box / Emergency, bunker spills, HHIT1/ OP
the discharge of reverse waters
ABapiiiHi, OyHKEpH1 pO3ITUBH, CKH]] 3BO-
10 Topr «Oxradprcios 773 potuux Box / Emergency, bunker spills, HHIT/ OP
«Oktyabrsky Port .
the discharge of reverse waters
. Cxuj1 CTIYHUX BOJT (MaKCHMaJIbHI KOH- .
11 Oustcni criopyan e 1900 uentpauii) / Discharge of wastewater HHIL, derom, HITPHTH
Sewerage treatment facilities . . OP, phenols, nitrites
(maximum concentration)
. . CKHJ1 3BOPOTHUX BOJ ®enomu, HHIT
12 M. Ouaiis | Ochakiv 3200 Discharge of reverse waters Phenols, OP
13 | Yopuomopka / Chornomorka 1500 Cci11 3BOPOTHUX BOX @enomt, HHII
P P Discharge of reverse waters Phenols, OP

JlocnipKeHHsT TUHAMIKH PO3IOBCIOMKCHHS 3a0py/I-
HIOIOUMX PEYOBHH B aKBATOPil JMMAHHOTO KaHAITy 3MiM-
CHIOBAJIOCS B JIEKIJIbKA €TalliB.

Eman 1. JlocmimkeHHS 9yTIUBOCTI 10 aHTPOIIOTEH-
HOTO HaBaHTAXXEHHs IUITHOK aKBaTOPii JIMMaHHOTO KaHa-
Iy [6] BKJIFOUArOUHU:

— aHaJIi3 peKpeaniiHoi Ta MPUPOJO0OXOPOHHOT 3HAYH-
MOCTI OKPEMHX paiioHiB JINMaHY;

— aHayi3z MOp(OJOTIYHMX BIACTUBOCTEH OeperoBoi
CMYTH IIOA0 YyTIMBOCTI 10 3a0pymaHEHb 1 rigpomMopdo-
JIOTIYHUX OCOOMMBOCTEH TNMaHYy;

— BU3HAUCHHS JKepell 3a0pyaHeHHs] HeOe3IeUHIMHA
peuoBuHamu (Tads. 1) Ta aHai3 iX CHHEPreTUYHOT il

Eman 2. ®opMyBaHHS MaTeMaTHYHOI MOZIEIi KOH-
BEKTHBHOI N(y3ii HEKOHCEPBATHBHUX PEYOBHH 3 ypaxy-
BaHHSAM HACTYNHUX NPUITYIIEHb Ta JIOTTIOBHEHb:
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Step 1. Investigation of sensitivity to anthropogenic
loading of the estuary channel areas [6] including:

— analysis of recreational and environmental signifi-
cance of individual areas of the estuary;

— analysis of the morphological characteristics of the
shoreline concerning sensitivity to pollution and hydro-
morphological features of the estuary;

— identification of hazardous substances sources (see
Table 1) and analysis of their synergistic effects.

Step 2. Formation of a mathematical model of con-
vective diffusion of non-conservative substances with the
following assumptions and additions:

1) consideration of the pollution transfer in the
surface layer of water along the flow (in x the coordi-
nate);



1) ypaxyBaHHs epeHeceHHsI 3a0pyAHEHb Y ITOBEpX-
HEBOMY IIIapi BOAW B3IOBXK Tedil (IT0 KOOPIMHATI X);

2) ypaxyBaHHs JIOMIHYIUOTO BIUIUBY BITPOBHX Te-
Yiif, MIBHIKOCTI TeUii, [0 0OYUCIIOETHCS 32 aHATITHYHUM
piBHSHHEM [5]

V=K,V,3+10h, (1)

ne K , — Koe(illieHT, 110 3a1eXKHTh BiJl ypaxyBaHHs CXHITY
IHa pycna (TabnugHi 1ani); ¥, — MBUAKICTb BITPY Ha BU-
COTi 2 M HaJl BOJIOIO, M/C; h — cepeltHs BUCOTa XBUI, M;

3) 3 ypaxyBaHHSM TOTO, 110 KoeiIlieHT Tudy3ii 1yxe
CKJIaJIHO BHM3HAYAa€ThCs B HATYPHUX YMOBax, JUlsl HOToO
PO3paxyHKy BUKOPHCTOBYETHCSI HACTYITHUN aHAITHIHUI
po3B’s130K [5]:

4, =81 )
JKy,
Jie g — TMPHUCKOPEHHs BUIBHOTO MajiHHA, M/c; H — ce-
penHs TMOMHA JTMMaHy, M; f — (QyHKIIS, 0 3aJIeXKNTh
BiJ cxmiTy AHA (TaOMU4HI AaHi);

4) MoJenb BKIIIOYAE B ce0e KOMIIOHEHTH, SKi OIHCY-
I0Th CAMOOUHIIIEHHS BOAOMMH IS CTIYHUX BOJ B yMOBax
HE3Ha4YHOT'0 BITPOBOTO 30ypPEeHHS Ta BUIIAPOBYBAHHS JIJIsI
aBapiiHUX PO3ITHUBIB HAPTOMPOMYKTIB 3 ypaxXyBaHHIM
JIOMIHYIO4YOT'0 BIUTUBY LIUX IPOIIECIB;

5) noxubka pospaxynkis (11...12%) B ymoBax npu-
HHATUX TIPUIYHIEHb € JOIyCTUMOIO, BPaXOBYIOUH IIO-
CTaBJICHI 3a/aui PO3PaxyHKYy HAWOLIbII HEOE3MEUYHUX
JOKEpeJl BUKUAY Ta BPA3lMBUX JUITHOK JMMaHy AJIs TIO-
JIAITIBIIIOTO MPUHHSTTS PILIeHb IO/O0 MiIBUIIEHHS eKOJIO-
rivyHOi 0Oe3MeKH, ONTUMAIBHOTO PO3MOALTY PecypciB Ha
BIIMOBIIHI 3aXO/IH.

Eman 3. KoperyBaHHsI OTpUMaHOI MOJIEIi 3 ypaxy-
BaHH;IM OCOOIMBOCTEH TiAPOIOTIUHUX 1 TigmpoMopdoro-
TYHHUX XapaKTePUCTHK AUISTHOK Ta 0COOIMBOCTEH aHTPO-
TIOT€HHOTO BIUTHBY.

[Tpu boMy 3 ypaxyBaHHSIM OCOOIMBOCTEN TIPOMHKCIIO-
BOI ISTBHOCTI Ha TPUOEPEKHNX AUITHKaX BU3HAYEHO Peyo-
BUHU — 3a0pynHioBadi (3P), 3a IKMMU CIIOCTepiraeThes me-
pesumienns /K [7]: nadronponykTn, GpeHoam Ta HiTPUTH.

JI1st MOZIETIFOBAHHSI PO3MOBCIOKEHHS HATOIIPOIYK-
TIB Y pe3yNibTaTi aBapiiiHUX PO3JIUBIB MOJEIb YPaXOBYE
¢ynkuito BunapoyBaHHs [8]. IIBUIKICTH 3MiHH KOH-
LEHTpaLil BHACIIIJOK BUIIAPOBYBaHHs OEpeThCsl KBasicTa-
IIIOHApHOIO Ha BIJIIOBIHOMY NPOMDKKY Hacy Ta 3ale-

. . . 0
JKUTb BiJl BTaCTHBOCTEH OKpeMux (pakiiii HapTH — =
=const = €: ot
4

< :ZKalPIMlml , 3)

= RIgm
nme C — KOHIeHTpamid Ha(TH B IOBEPXHEBOMY IMIapi
Boay; P, — napuianeHuil Tuck /-1 dpakuii nagru, Ila,

IIpU JaHid TeMIepaTrypi CepeloBHINA HaJ IOBEPXHEIO
IJISIMU chp, °C; M, — wmonspHa Maca Ha()TH, I/MOJb;
R — yuiBepcanbHa TaszoBa crana, JIx/(MonbK);
m, i m — maca BimoBinHo /- ppakii Ta HadhTH B HiTOMY, T;
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2) consideration of the dominant influence of wind
flows, flow velocity which is calculated through the ana-
lytical equation [5]

V=K,V3+10h, (1)

where K| is a coefficient which depends on the slope of
the bottom channel (tabular data); V' is the wind velocity
at the height of 2 m above the water, m/s; / is the average
wave height, m;

3) as it is very difficult to define the diffusion coef-
ficient under natural conditions, the following analytical
solution is used for its calculation [5]:

4, =8, @
sh
where g is the gravitational acceleration, m/s; H is the
average depth of the estuary, m; f'is the function which
depends on the slope of the bottom (tabular data);

4) the model includes components which describe
the self-purification of the water body for wastewaters in
small wind perturbations and evaporation for emergency
oil spills including the dominant influence of these pro-
cesses;

5) the precision of calculations (11...12%) in the
adopted assumptions is acceptable taking into account
calculation posed objects of the most hazardous sources
of emissions and vulnerable sections of the estuary for
future decision-making to improve environmental safety,
optimal allocation of resources for appropriate actions.

Step 3. Correction of the obtained model considering
the features of hydrological and hydromorphological char-
acteristics of the areas and features of the human impact.

Taking into account the features of industrial activity
in coastal areas, the pollutants were defined which are
characterized by MPC excess [7] of: oil, phenols and ni-
trites.

For oil distribution modeling as the result of emergen-
cy oil outflow the model considers the evaporation func-
tion [8]. The speed of concentration change is assigned
as quasi-stationary due to evaporation for the proper time
period and depends on the properties of separate oil frac-

tions — = const = &:
ot

4
e — Z K, BMm, 3)

= RT_m

env

where C is the concentration of oil in the surface water
layer; P, is the partial pressure of the /-th oil fraction, Pa,
at the temperature of environment above the spot 7', °C;
M, is the molar mass of oil, g/mol; R is a universal gas
constant, J/(mol'K); m, and m are the masses respectively
of the /-th fraction and oil in general, g; K = 1,25:10 7|V

is the mass ratio in the atmosphere, which is calculated
depending on the wind velocity and the type of oil, m/s.
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K ,=1,25'10|V] — xoedinieHT MacomnepeHocy B aTMOC-
(epi, 10 PO3PaXOBYETHCS B 3aJICKHOCTI BiJl IIBUIKOCTI
BITpY Ta THITy Ha(TH, M/C.

Jnist MoziesTFoBaHHsI PO3MOBCIO/KEHHSI (DEHOJTIB Ta Hi-
TPHUTIB MpU CIaOKOMY BITpi BPaXOBYIOThCS MPOIIECH Ca-
MOOUHIICHHS, ¢ KOS(DIlI€EHT CAMOOYHIIICHHS 33a€ThCs
sk K = e e K* — koedillieHT HEKOHCEPBATUBHOCTI
peYOBUH (TaONNYHI JaH1), f — 4Yac MPOXOKEHHS 3a0pyI-
HIOI0YOT PEYOBUHU MK BU3HAYEHUMH CTBOPAMHU.

Jlist nesikux TUTSTHOK 3 METO0 OTpUMaHHs iHdopmartii
IO 31aTHICTh BOJAOWMH /IO CAMOOYMIICHHSI, HAPUKIIA
sk «KaboTtakHa raBaHby, MIPOBEICHO MOJICITIOBAH-
HSl PO3IOBCIOKEHHS TMOJIsI KOHLEHTPALiH SIK HecTalio-
HapHOTO Hpolecy TypOyneHTHOI Audy3ii 3 ypaxyBaHHIM
NPOLIECY CAMOOUYHIICHHS Ta MOTY)KHOCTI Ji)Kepesia BUKH-
1y (32 yMOBHU HITHITIO):

2
a—C:AXa—f—KC(x)+F(x,t), 4)
ot Ox
ne A, — xoedinieHT TypOyaeHTHOT nudysii, M7/c; x —
KOOpJMHATa BOJOWMHM, Ha SKIH pPO3IIAHAETBCS PO3IIO-
BcromkeHHs 3P, M (y3moBx Tedii piukm), M; ¢ — dHac, C;
F(x, f) — yHKIIis MOTYXXHOCTI CKHY, KI/(M>-C).

Ha Tperpomy erami TakoX cpOpPMOBAHO ITOYATKOBI
W rpaHWYHI YyMOBH MOJCIIOBAHHS (IIOYATKOBAa KOHIICH-
Tpais, TPaIi€HT KOHIICHTPAIiN Ta MOCTIHHI BETHIINHH):
MOYaTKOBE 3HAYCHHs KOHILICHTpALii BiJIOBiTa€ MaKCH-
ManpHOMY B Toulli BUKUAY (x(0), ¥(0)) y MOMeHT gacy
t= 0 Ta cxnanae C[x(0), 0] = C; rpaieHT iHTEHCHBHOCTI
3MEHIIICHHSI KOHICHTpAaLil B TOYaTKOBUX KOOPAWHATAX

T

y Bursani ymosu Clx(7), 71 =C " (3nauenHs x(7) BimoBi-
JAI0Th TPAHUYHUM KOOPIHHATAM PO3MOBCIOKEHHS MOJIS
3P y MmomeHT 7 nocsrHeHHs KoHIeHTpailii 3P ¢poHoBOT).

Eman 4. TloOGynoBa pekypeHTHOI GopMH Moemi 3a
PI3HULICBOO CXeMOIO [3], alropuT™My Ta IpOrpamMu po3pa-
XyHKY KOHIIEHTpariif MoBoto Perl. Ha maHOMy eTarri Takox
MPOBEJICHO TOCIIDKEHHS CTIKOCTI YHCIIOBOTO PO3B’SI3KY
3a BH3HaueHMM umciaoM Kypanrta C [1] Ta BH3HaueHO
CIIBBIIHOIICHHS YaCOBOTO i MPOCTOPOBOTO KPOKIB:

'é _ 2Axdl
dx’
Iie dtf — 9acoBHI KPOK; dX — TPOCTOPOBHIA KPOK.

3 ypaxyBaHHSIM BHIIE3a3HAYEHOTO OTPHMAHO CKO-
peroBany pekypeHTHY (OopMy MOZEII JUHAMIKH PO3MO-
BcropkeHHs1 3P, sika B 3arajJbHOMY BHIVISIZI BPaxoBYE
3MiHy 00’eMy 3a0pyAHEHHs Mij Ai€l0 CHUJI Tedii 1 BiTpY,
TypOyieHTHOI mudy3ii, BumapoByBanHs (3) Ta Oioximiu-
HOT TpaHchopmarrii:

; 'paHUYHa KOHHeHTpaHiH 3a1a€ThCA

x=x(0) — _Clgmd’

<1

>

t

t+1 t 4 !
Ct] = C’/ +(_V(Ci+1,j _Cl])/AX+ Ax(Ci+2,j N

2
—2C},, ;+C))/ A —eCl—KC)AL — (3)

ne C — xonnentpanis 3P y moBepxHeBoMy miapi BOAH,
kr/m*; Ax, At — BIANOBIHI KPOKHU O KOOP/AMHATAX X Ta
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For modeling of phenols and nitrites emission in low
wind self-purification processes are taken into account,
where the rate of self-purification is given as K = ¢,
where K is the coefficient of non-conservative substanc-
es (tabular data); ¢ is time of pollutant passing between
defined alignments.

For some areas, for example, the area of «Cabotage
harbor» the modeling of field concentrations distribu-
tion was conducted as non-stationary turbulent diffusion
process regarding the self-purification process and power
source output (under no-wind conditions) to obtain in-
formation on the ability of the water body for self-puri-
fication:

2
%—(;zsz?f—KC(x)+F(x,t), 4
where 4 _is the coefficient of turbulent diffusion, m?/s; x is
a coordinate of water body on which spreading of pollut-
ants is considered, m (along the river flow), m; 7 is time, s;
F(x, t) is a function of discharge power, kg/(m?3-s).

At the third step the initial and boundary conditions
of modeling were also formed (initial concentration, con-
centration gradient and constant values); the initial value
corresponds to the maximum concentration at the point
of release (x(0), »(0)) in time ¢ = 0 and is C[x(0), 0] = C,;
intensity gradient of decreasing concentration in the ini-
tial coordinates is a%x

centration is given as a condition: C[x(7), 7] = C/, x(D)
values correspond to the boundary coordinates of pollut-
ants field propagation at the time 7 of the pollutants back-
ground concentration).

Step 4. Building a recurrent form of a model accord-
ing to the difference scheme [3] of the algorithm and con-
centrations calculating program for calculating in Perl.
At this stage the stability of the numerical solution con-
sidering the Courant specified number C [1] was studied
and correlation of time and spatial steps was defined:

2A4.dt
dx’®

larag> TAXIMuUM con-

x=x(0) — -C

C= <1,
where dt is a time step; dx is a spatial step.

Considering the above-mentioned, the recursive form
of the pollutants model of distribution dynamics was de-
veloped which in general takes into account the change
in the volume of pollution under the action of flow and
wind, turbulent diffusion, evaporation (3) and biochemi-

cal transformation:

1+1 t ¢ t t
Cii = Ci/' +(_V(Ci+1,j —Cl.].)/A)H- Ax(ci+2,j -

Yol

t 2 t ¢
i1, TG/ A —eCy —KC)AL, (5)

where C is pollutants concentration in the water surface
layer, kg/m?®, Ax, At are appropriate steps to coordinate



qacy; ¢, i — mapaMeTpH PeliTKH Pi3HUIIEBOT cxeMu; V' —
IBUJKICTH BiTpoBOi Teuii, M/c (1); A — xoediuieHT ro-
pHU30HTAIBHOT TypOyneHTHOI audy3ii (2).

Po3pobieni imitaniiiHi Mozeni Ha OCHOBI Mojie-

TEXHOMEHHA BE3INEKA 2012

x and time; ¢, i are lattice parameters of the difference
scheme; V' is wind flow velocity, m/s (1); A4_is the coef-
ficient of horizontal turbulent diffusion (2).

The developed simulation models based on the models

nieit (4) Ta (5) M03BOJHIN CTBOPHUTH JCSIKI CIEHAPIT PO3-
BUTKY CUTYalliil.

Cyenapiu la. Asapiiinai poznusu HHII B axBatopii
HIIK y pe3ynbrari NOMIKOMKEHHS TPyOOITPOBOJIB MPH
nepeanTaxxenni HHIT (puc. 1,a).

Cyenapivi 16. Po3nuB OU3eIbHOTO MallUBa IPH
OyHKepoBILIi CyleH B akBaropil paiioniB Ne 4, 6, 9, 10
(nuB. puc. 1,0).

Cyenapiii 2a. Cxuau 3BOPOTHHX BOJ y paioHax
Ne1-3,7, 8, 11-13 (puc. 2,a).

(4) and (5) allow to develop several scripts of situations.

Script 1a. Emergency spills of OP in the water area of
the OPC (oil products complex) due to damage of pipe-
lines during OP transshipment (see Fig. 1,a).

Script 1b. Spilling of diesel fuel at bunker age
and departure of pilots in areas number 4, 6, 9, 10
(see fig. 1,D).

Script 2a. Wastewater discharges in areas No. 1-3, 7,
8, 11-13 (Fig. 2,a).

350 ,
5
K
4
&
<200 109 ;
< 50 200
=150 3 0. <
J 300 150
100; 1 2 ] telts 29050 100/
%—% > > 150100 56 N 50 X, M/Xx,m
30100 200 300 400 500 600 700 800 0
t,cl/ts
a—a) 6—b)

Puc. 1. Pesynsratu mozentoBanss: a) — 3mina koHueHrpauii HHIT i3 wacom y Touni 250 M Bix mkepena 3rifHO 3i cueHapiem la:
I—mapum=31,V=5m/c;2—upum=31,V=15mc;3—npum=3T1, V=0,1 m/c;4—upum=10,6T, V= 1,5wm/c; 5 — npu
m=10,6 T, V=0,1 m/c; 6) — 3mina kornenrpauii HHII 3 yacom Ta KoopAWHATOO X 3TiTHO 31 clieHapieM 16

Fig. 1. Results of the modeling: @) — change in the concentration of OP with time at the point of 250 m from the source according
to the first script la: / —incasem=3t, V=5m/s; 2—incasem=3t, V=15m/s; 3—incasem=3t, '=0,1 m/s; 4 — in case
m=10,6t, V=1,5m/s; 5 —incase m=10,6 t, '=0,1 m/s; b) — change in the concentration of OP with time and the x coordinate
according to the 1b script.

250 ; ; 5
250
350
200 \
2001{300
%1150\
N
=100
o}
50 i ; |
0 50 100 150 200 250 300 350 400 0 100 200 300 400 500 600 700
0 50 100 150 200h 250 300 350 400 t,cl/ts
t,u/th
a—a) 6—0b)

Puc. 2. Pesynpratn MmoaemroBanHs 3Minu koHueHTpanii HHIL, ¢penomniB Ta HITPUTIB 13 4acoM: @) — 3TiAHO 31 CIieHapieM 2a 3a yac
MOJICTTFOBaHHS 7 110 10 TOCSITHEHHS KOHIeHTpaltiit 3Hauensb [JIK: 1 — denonu, V'=0,1 m/c; 2 — uitpuru, V= 0,1 m/c; 3 — HHII,
V=5 wm/c; 4— HHIIL, V= 0,5 m/c; 6) — 3rigHo 31 cuenapiem 26: | — denonu; 2 — Hitputn; 3 — HHIT

Fig. 2. Results of the modeling of OP, phenols and nitrites concentration change with time: @) — according to the 2a script during
the 7-day modeling to achieve concentrations of MPC values: / — phenols, V' = 0,1 m/s; 2 — nitrites, ' = 0,1 m/s; 3 — OP,
V=35m/s; 4— OP, V= 0,5 m/s; b) — according to the 2b script: / — phenols; 2 — nitrites; 3 — OP.
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Cyenapiu 26. Ckuny 3BOPOTHUX BOA y parioHi Ne §
(muB. puc. 2,0).

Cyenapiu 3. MonenroBaHHSI JUHAMIKA 3MIHA KOH-
nenrpanii HHIT y moni 3abpyanenns B paiionax Ne 2, 5,
9, 10 (mocnimxyBana 3adpyaaeHa fainsaka 300300 m) 3a
MoeuTio (4) 7Sl HACTYIHHUX YMOB:

3a: mouatkoBa koHreHrpaiis — 100TJIK, koediri-
ent qudysii — 1,14 m/c?, mmubuna — 11,2 M, MBUIKICTH
BiTpy — 1,5 ™M/c (puc. 3,a, 6);

36: mouarkoBa koHnenTpaist — 100 K, koedimient
madysii — 0,06 m/c?, mmbuna — 3 M (mo6m3y Gepera),
HIBHJKICTB BITpY — 1,5 M/c (nuB. puc. 3,6);

3B: mouarkoBa koHeHTpaitiss — 100IJIK, koedimient
audysii — 3 m/c?, mubuna — 11 M, MIBUAKICTH BITPY —
5 Mm/c, TPyHT — CYINIMHKH, CEpeHil JiaMeTp MyJOBUX
YaCTUHOK — | MM IuB. puc. 3,2).

BuxinHi maHi IS MOAETIOBAHHS 32 PI3HUMH CIICHA-
pisiMu HaBeeHi B Tabi. 2 1 3.

Time=1000 Color: ¢ Vector feld: -graclc)
T T T

a—a)

lor: & Vector field: gradc)
T T

6—c)

Script 2b. Wastewater discharges in area No. 8
(Fig. 2,b).

Script 3. The dynamics modeling of changes in the
OP concentration in the pollution field in areas No. 2, 5,
9, 10 (explored polluted area 300300 m) according to
the model (4) for the following conditions:

3a: the initial concentration is I00MPC, the diffusion
coefficient is 1,14 m/s?, the depth is 11,2 m, the wind ve-
locity is 1,5 m/s (Fig. 3,a, b);

3b: the initial concentration is 100MPC, the diffusion
coefficient is 0,06 m/s% the depth is 3 m (near the coast),
the wind velocity is 1,5 m /s (see Fig. 3,¢);

3c: the initial concentration is 100MPC, the diffusion
coefficient is 3 m/s?, the depth is 11 m, the wind velocity
is 5 m/s, soil-loam, the average diameter of silt particles
is 1 mm (see Fig. 3,d).

Initial data for the modeling are shown in Tables 2
and 3.

Time=7200Color ¢ Vector field:-grad(c)
T T T

Time=7200  Calor. ¢ Vector el -grad(s)
T T T

Puc. 3. Jlianorosi BikHa nporpamu MojesroBanHs 3MiHu konuentpauii HHIT 3rinHo ymoB ciienapito 3: a) — cuenapiit 3a (uac mo-
nemosanust 7200 c¢); 6) — cuenapiit 3a (uac monemosanus 1000 c); ) — cuenapiit 36 (vac monemosanus 7200 c¢); 2) — crenapiit

3B (gac moxemoBanHs 7200 c)

Fig. 3. Dialog boxes of the simulation program of OP concentration change according to the 3 script: @) — the 3a script (simulation
time is 7200 s); b) — the 3a script (simulation time is 1000 s); ¢) — the 3b script (simulation time is 7200 s); d) — the 3¢ script

(simulation time is 7200 s).
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Ta6muus 2. BuxinHi yMOBH iMITaliHHOTO MOJCTFOBAHHS

Table 2. Initial conditions of simulation modeling

TEXHOMEHHA BE3INEKA 2012

Cuienapii / Scripts Mgca, KI' l"ycm.Ha, kr/mM | C, /™’ h, M v, m/c A, m/c? V, m/c
Weight, kg | Density, kgim® | C,, g/m’ h,m V., mls A, m/s* V, mls
3000 900 233 0,30 2,11 1,140 1,5
Cuenapiii 1a (pedoBrHa — IU3EbHE TIAJTUBO) 3000 900 233 0,15 0,14 0,076 0,1
Script 1a (the substance is diesel) 10600 900 559 0,30 2,11 1,140 1,5
10600 900 559 0,15 0,14 0,076 0,1
Cuenapiii 16 / Script 1b 660 845 150 0,30 4,42 2,380 3,0
Cuenapiii 2a: / Script 2a
HHIT/ OP - - 5 0,30 2,11 1,140 1,5
Denomu / Phenols - - 0,1 0,30 2,11 1,140 1,5
Hitputu / Nitrites - — 8 0,30 2,11 1,140 1,5
Cuenapiii 26: / Script 2b
- 233 0,15 0,55 0,290 0,5
HHIT/ OP - 233 1,50 12,75 6,870 5,0
®Oenomu / Phenols - 23 0,15 0,14 0,076 0,1
Hitpuru / Nitrites - 233 0,15 0,14 0,076 0,1
Ta6auns 3. XapakTepHi MoroJHi yMOBH
Table 3. Typical weather conditions
Cuegapi'l’ ;:x;:f:;t}gzz og BH%?;ICTL’ JIbonoBuil NokpuB O}'[a';mv H?Hpﬂl\{[ Bipr
Scripts - - s . Ice Cover Precipitation Wind Direction
nositps / air | Bonu / water | Visibility, points
Hapii 1 Hem Hem . . .
Cgir;pt ] 25 18 2 u lfsearl; u lfsearl; [liBHiuHO-CXimHMIT / SE
Cuenapiii 2 Te x Te x . L
Lgcri[f; 5 20 16 1 as above as above IliBnenno-cxiguuii / NE
CHS(ZI:Z)p[lI;I 3 5 4 1 —|- —|- Te x / as above
BUCHOBKHA CONCLUSION

Pesynpraty iMiTanifHOTO MOJENIOBaHHS (AMB. PHC.
1-3) 3a 3apONOHOBaHUMH CIIEHAPISIMH PO3BUTKY CHTYa-
i JaF0Th 3MOTI'Y OLIIHUTH OYiKyBaHi ILTOII 3a0pyIHEHHS
JUTSL KOYKHOI JAUTSTHKH JIMMaHy, 4ac gocsraeHHs 3P ¢oHo-
BOi KoHIIeHTpalii, kKoHIeHTpauii 3P y Oyab-sKiii MOMEHT
gacy Ta Oyab-sIKiii KOOpAHHATI i, THM CaMUM, BU3HAYNUTH
OYiKyBaHI PiBHI €KOJIOT1YHOTO PH3MKY NPOMHUCIIOBOI Jii-
SUTBHOCTI Ha JaHild OUISHIN. Y pe3ysIbTaTi MOICITIOBaHHS
BU3HAYCHO:

HaOIIBII HEOE3MeUHUM JDKEPETIOM 3a0pyIHEHH:
BOJTHOTO CEPEIOBHIIA, BPAXOBYIOUH IMOBIPHOCTI BHHUK-
HEHHS pO3IVISIIyBaHUX CHUTYyalliif, € aBapiiiHi eKkcIutyara-
uiitai Ta OyukepHi pozmusu HHII y paifoni HagToTepmi-
HaJly 1 MOPCBKOTO TOPTY 4epe3 0COOIMBOCTI JUHAMIKH
posnoscromkernss HHIT y nopiBHsiHHI 3 Habararo iHTeH-
CHBHIIIAM TIEpPEeMIITyBaHHSIM (EHONIB Ta HITPUTIB MPH
OJTHAKOBHX INBUIKOCTSIX Teuii (auB. puc. 1);

piBHI eKomorigHoi Hebesnekn AinsHok «[lopty, «Ha-
¢drorepminan» Ta «Peiiq mopry» (3a pesynsraramu imira-
IITHOTO MOJICIFOBAHHSI) € HAHOLIBII BHCOKMMH BHACIIIOK
3HAXOIDKEHHS JIOATKOBOTO JDKepelia 3a0pyIHeHHS HeOUH-
IICHUMH ¥ HEJJOOUMICHUMH CTIYHUMH BOJIAMH, OCOOIH-
BOCTEH 00Me)KeHOT aKBaTOPii Ta IePEBAYKHUX IIBUIAKOCTEH

The results of the simulation modeling (see Fig. 1-3)
give the opportunity to estimate the expected pollution
areas for each estuary area, the time of pollutants back-
ground concentration achievement, the concentration of
pollutants at any time and to any location according to
the proposed scripts of situations development and, thus,
to determine the expected levels of environmental risk of
industrial activity in this area. As the result of modeling
the following issues have been defined:

including the occurrence of situations which are con-
sidered, the most hazardous source of water pollution is
emergency, maintenance and bunker spills of OP, in the
area of the oil terminal and the seaport because of the
special features of the OP distribution compared to more
intense mixing of phenols and nitrites at the same flow
velocity (see Fig. 1);

the levels of environmental hazard of areas «Porty,
«Oil Terminal» and «Roads of Port» (according to the
results of the simulation modeling) are the highest due
to the discovery of the additional pollution source by
untreated sewage and incompletely untreated sewage,
features of the limited water area and the preferred wind
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BiTpy 1...5 M/c (TMXMH, JNerkuii Ta cnaOkuii BiTep), 11O
3MEHIIY€ IHTCHCHBHICTb 3MiHU KOHIICHTpAIIil 3P;

PiBHI €KOJIOTTYHOT HeOe3neKH TPUOEPEIKHHUX TIITHOK
(oumcHi cropyau, npudepexxHi ainsHkn Ouakosa), He-
3Ba)Kalouu Ha MeHIl KoHueHTpauii 3P y criyHnx Bojax,
€ JIOCUTh BHCOKHMMH 33 PaxyHOK 3Ha4HOTO 3MEHIICHH:
IHTEHCHBHOCTI TeEpeMilllyBaHHS Ta pO30aBJICHHS BOJ
YHACJIZIOK MEHILIUX IIMOMH JIMMaHy (10 3 M) Ta 3HaUHUX
3MiH CXWJTy JTHA Ha IUISHI (IUB. puc. 3,6);

piBHI exoJyoriyHoi HeOe3neku paiioniB M. OyakiB Ta
YopHoMopKa 0e3 ypaxyBaHHs TUHAMIKH PO3MOBCIOIMKEH-
us 3P gopiBHIOOTE BignosiaHo 10 i 8 6aiiB, iHICKC UyT-
nuBocTi 6eperoBoi cmyru no HHIT cknanae 8 3a mecs-
THOaIBHOO MiKanor (10 — HalOibIT HeOe3neuHui) [6],
3HAYHI CXWJIM JIHA HA TAKHUX AUISTHKAaX 3MEHIIYIOTh IHTCH-
CUBHICTh po3moBcilojkeHHst 3P, ane, BpaxoByrouu Bil-
KPHUTY aKBaTOPilO, 110 XapaKTePH3YEThCSI MEPEBAKHUMH
MOMIPHUM XBUJTFOBAHHSM Ta INBUIKICTIO BITPY, & TAKOXK
CYDIMHHUCTO-TIIIAHUM I'PYHTOM, pO30aBJICHHS POXOAUTD
IHTeHCHBHO. BmB niamerpa MyNoBHX BiAKJIaJeHb Ha
TypOyJICHTHE MepeMilyBaHHs (a caMe KoeilieHT Typ-
OyJICHTHOTO TIEPEMIIIIyBaHHs ) ICMOHCTPYE pUC. 3, 2.

velocity of 1...5 m/s (quiet, light breeze), which reduces
the intensity changes of the pollutants concentration;

the levels of the environmental hazard of coastal ar-
eas (treatment facilities, coastal areas of Ochakiv) despite
the lower pollutants concentration in wastewaters are
very high due to the significant decrease of the mixing
intensity and dilution water due to lower depths of the
estuary (up to 3 m) and significant changes of the bottom
slope in the area (see Fig. 3,¢);

the levels of the environmental hazard of Ochakiv
and Chornomorka areas without taking into account the
dynamics distribution of pollutants are respectively equal
to 10 and 8 points, the index of the shoreline sensitivity
to OP is 8 according to the ten-point scale (10 is the most
hazardous) [6], significant bottom slopes decrease pollut-
ants intensity distribution on such areas. The dilution is
intensive considering the open water area, which is char-
acterized by moderate prevailing churning of water and
wind speed, and loamy-sandy soil. The Fig. 3,d shows
the silt diameter effect on turbulent mixing (particularly,
the coefficient of turbulent mixing).
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