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MOJIEJIOBAHHSA ABAPIN TA JTOCJIJI)KEHHSI PU3UKIB
ITPU 3BEPII'AHHI 3PI/IZKEHUX BYI'VIEBOJHEBUX I'A3IB
3A JOIIOMOTI'OIO ITPOI'PAMHOI'O KOMILJIEKCY «PI3EKC-2»

Kopoas JI.P., I'panoBcbkuii E.O., lnikina .M., I'nikin MLA.

MODELING OF ACCIDENTS AND RISK RESEARCH DURING STORAGE
OF LIQUEFIED PETROLEUM GASES USING A SOFTWARE PACKAGE «RIZEX-2»

Korol D.R., Granovskiy E.O., Glikina I.M., Glikin M.A.

Y cmammi posenanymo numanna wjo00o oyinku Hebesnexu,
AKA MOdHCe BUHUKHYMU NpU 30epieanii 3pi0dHCeHUX 8y2nee00-
Hesux 2asig. OYIHKY GUHUKHEHH: aapiunux cumyayii, po-
36UMKY AGAPIUHUX CUMYAYill Ma po3mipu 8padicaioyux Qax-
mopie, AKI NOMEHYIUHO MOJCYMb 3a80amu WKOOY JHOOUHI,
3p06.1eHO 3a O0NOMO2010 NPOSPAMHO20 KoMnaeKcy «Pizexc-2».
Buxonano pospaxynox pusuxy, epasdicaiouux ¢paxmopie piznux
cyeHapiis po3eumKy asapiunoi cumyayii.

Knrouoei cnoea: pusux, CBI, Pizexc-2, noaym’s, asapis,
epadicarouull (haxmop, UMOGIPHICIb

Beryn. [{i1st npoayKTiB BUPOOHUIITBA MOJIIMEPIB Ta
IHIIAX OpraHIYHUX PEYOBHH, CHPOBHHOKI € 3piIKeHi
BYIJIEBOJIHI Ta3M, Taki SIK €TaH, eTHJeH, H-OyTeH Ta
inmi. Ix 36epiramEs moTpebye OCOONMBUX yMOB —
crieliaIbHUH MaTepiall Ta 0cOOJIMBI YMOBHU 30epiraHHsl.
Po3noBcropkena mpakTika 30epiraHHs 3piKeHHX BY-
TJIEBOJHUX Ta3iB y LIapOBUX pe3epByapax, Jie, Harpu-
KJIaJ, eTaH Ta €TWICH 30epiraroThCs Mi THCKOM BIac-
HUX IapiB, a H-OyTEH — 1] a30THOIO MOAYIIKOO.

IMocTanoBka npodaemu. [lpu BBeneHi B eKCIITya-
Tallilo IIApOBHX PE3epByapiB BUHUKAE 33j1a4a KOHTPO-
JF0 poOOYMX TTapaMeTpiB B pe3epByapi Ta BCTAHOBJICHHS
3aco0iB 3axucty (3acobiB ITA3) mnst 3amoOiraHHs Bu-
HUKHEHHsI aBapiiHOI cutyarii, 00, Sk BiJloMO, aBapii C
CBI" MaroTh TSDKKI HACHIAKM K JUIS JIFOAWHH, TaK 1 U1
ekosiorii. MoXJMBa cuTyalisi, KOJIM Marepial, 3 SKOTo
BUTOTOBIICHUI ~pe3epByap, MOXKe He BIINOBiAaTH
MEBHUM BHMOTaM 3 ypaxyBaHHS OCOOJHBOCTI cepeno-
uma. Sk Bimomo, CBI" MaroTh BIACTHBICTH CKUITATH JI0
MIHYyCOBUX TeMIlepaTyp, a e O3Hayae, 0 Marepiai
IIAPOBOI0 pe3epByapy IO CBOIM BIACTHBOCTSM IIOBH-
HEH BUTPUMATH Taki TeMmImepaTrypd. 3aajs BUSIBICHHS
HAJUTMIIKOBUX 3aC00iB 3aXUCTy a00 THUX, SIKI MOTPIOHO
JOAaTH IIE Ha CTaAii IPOEKTyBaHHs, Ta OOIPYHTYBaHHS
Oe3meuHoi ekcrulyaTanii HIapoBUX pe3epByapiB, BHKO-
HYETBCS OLIHKA PU3MKY AJIsI JIIOAUHH Ta PO3PAXyHOK

Bpa)katounx (akTOpiB MPH BUHUKHEHHI aBapiiiHOI CUTY-
arfii Ha MIApOBUX pe3epByapax, 3 ypaxyBaHHAM OCOOIH-
BOCTEH KOHCTPYKIIT pe3epByapiB Ta 3acC00iB KOHTPOJIS i
3aXHUCTY, IO Ha HUX Iepea0ayaroThCs MPOSKTOM.

Mera crarri. [y npuiiHATTS pimieHHs npo 6e3-
MeKy JIIOAWHU TIPU eKCIUTyaTallii MmapoBHX pe3epByapinB
CBI mnotpiOHa KilbKiCHA OI[IHKAa PU3UKY 3a JOIOMOTOI0
ICHYIOUMX TIPOTPaMHHUX KOMIUIEKCIB, OJHUM 3 SIKAX €
KoMmIuiekce «Pizekc-2».

PesyabTaTn pocaimkens. KinpkicHa oriHka pu-
3Ky NIPU eKCIuTyaralii 1apoBux pesepByapiB (y AaHO-
My BHIIAQJIKy PO3paXxyHKH NPOBOAWIIMCH IJIS IIAPOBHX
pe3epByapiB 30epiraHHsl PiIKOTO €TaHy) 3TITHO PEKO-
Menpaniii Hakasy MinicrepcTtBa mpari Ta comiaiabHOT
nosituku Ykpainu Ne 637 [1,5,6].

HocBin excruryaramii maposux pesepByapis CBI'
HOKa3ye, 10 NPUYMHAMU BUHUKHEHHS aBapiii MOXYTb
OyTH po3repMmeTH3allis pi3HUX YACTHH anapaty (KopIy-
Cy pe3epByapy, IITYLEpiB, (IaHIEeBUX 3’ €HAHb, TOMH-
JIKH TIEPCOHATY MPH SKCILTyaTalil, 3HWKEHHS TeMIepa-
TYpH CTIHKHM pe3epByapy MEHII HiXK MiHIMalbHO JOMY-
ctuMa Ta iH.) Po3paxyHOK HMOBIPHOCTI BHHHKHEHHS
aBapiiiHOT cUTyallil Ha MIapOBOMY pe3epByapi 30epiraH-
HS €TaHy BHKOHYBaBCS 3a JOIIOMOTOI0 MOJENI IIpo-
rpamMHOro KomIuiekcy Pizekc-2 «aepeBo BimmMoB» [2.4],
Ji¢ HaBeJeHI NPUYMHHO-HACIIIKOBI 3B S3KM BHHHKHCH-
Hsl aBapiiiHOi cutyanii. Po3paxyHok WMOBIpHOCTI po-
3BUTKY aBapiifHOI CUTyalil MPOBOIUBCS 33 AOMOMOTOKO
«nepeBa nofii» [3]. 3Harouu 0coOIMBOCTI KOHCTPYKIIIT
pe3epByapy Ta anroputMm pobdoTtm 3acobiB KeIliA Ha
IIAPOBUX pe3epByapax, TAKO)XK BUKOPUCTOBYIOYH CTaTH-
CTHYHI J]aHi TI0 BiZIMOBI MPOCTHX MEXaHI3MiB, HMOBIp-
HOCTI IOMIJIKH POOOYOTO IIEPCOHAITY ITPH eKCILTyaTallii,
Oyna BH3HAUeHa MMOBIPHICTH IOBHOTO PYHHYBaHHS pe-
3epByapy, mo cknana <10 Ha pik.

JepeBo mopiit 1uist aBapiiiHOI cuTyalii 300paxeHo
Ha puc. 2.
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Puc. 1. Pe3epByapu 3 pigkum eTaHoM, BUJ 3BepXy Ha ruiani ckiaagy CBIY

| HC | nc ‘ nca | ncs |

) @, KC1

T— KC2
O o, , KC5
T KC6

KC7

HC - Py#inyBanma pesepByapy 2110-T001/1, BHKHT, eTany

(0.0000007395 )
MNC1 - murrese 3afivaras [ITIC 02)
MNC2 - nogsa BHIAAKOEOTO KEPeNa 3aNaTOBaHHS (0 8)

MNC3 - cucrema BoassOrO 3pomernd smodera  (0.9)

KC1 - BorHeHHa Ky, noskewka npotok (1.331e-7)

KC2 - porserHa Kyis, IOKeKa IPOTOKH, TIUIOBHI BILIHB HA CYCiHi

ob'exTH (1.479e-8)

KC5 - ubYX, movkeska mpoTokd (3.195e-7 )

KC6 - uOyx, mo:xeska IPOTOKH, TEIIOBHH BIUIHE Ha CyCimHi

ob'ext (3.55e-8)

KC7 - dbopmyBaHHS i NOMHPEHAS 30HH BHOYXOHeOe3neyHol

3arasoBaHoCTi (2 366e-7 )

Puc. 2. JlepeBo mogiii A aBapiifHOT CHTYyaIil 3 IIAPOBUM PE3EPBYAPOM PiIKOTO €TaHY

Tabmur 1
YpaxxeHnns Jofeii npu Bubyxy
Paniyc 30HM ypaskeHHS Troei
HaiimenyBaHHs, . Haiimeny- S, BUOYXy, M
. HaiimenyBanns Tporuno- HWKHS MEXa BEPXHA MeXka
Ne TO3ULIS L B BaHHS N .
iHiLiror040i noxii BUIf eKBi- MexKa CMEPTEJILHOIO  |CMEPTENILHOTO
/I | PO3TIISIHYTOTO pe3yibTa-
P aBapii Ty asapii BAJICHT, T | TPABMYBAHHSI, |yPaKCHHSI YpasKeHHS
M 1% > 99%
HWMOBIpHICTb)  |HIMOBIpHICTB)
1 2 3 4 5 6 7 8
Pesepayap PyiinyBanHs pe3epByapy
SGePIraAHHS DLIKO- 30epiraHHs piJKOro eTaHy
D W07 12110-T-001/1,2, Bukna ~ [suGyx  |2079203,54| 1097 310 220
11 O-T-OO}II N2 piakoro erany B o0Bay-
’” |BaHHsA
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Tabmums 2
YpaikeHHs J110/1eli IPU YTBOPEHHI BOTHEHHOI KyJIi
No HaHrg;g’B;HHﬂ’ HaiimenyBaHHs Hilzl;/{lf;iy- Yac Paniyc oTprMaHHS OITIKiB, M
a B IHII{ 00401 oIl . =
I/ | PO3TIITHYTOTO apii pe3yJbTaTy | TOpiHHA, C I I I 60IbOBHIH
o0agHaHHS asap aBapii CTyMiHb CTyTiHb CTYIiHb mnopir
1 2 3 4 5 6 7 8 9
Pesepayap PyiinyBanns pesepByapy
SGePiraHHs 30epiraHHsl piJKOro eTaHy -
; K(f)ro U 2110-T-001/1,2, Bukup, - 41,80 631 721 876 1001
g llll 0-T-001 /1y2 piakoro erany B o0Bay- Y
” |BaHHA
Tabmuus 3
YpakeHHs J110/1eli IPU NOKexkKi NPOTOKY
N¢ HaHr::ZB;HHﬂ’ HaiimenyBanns HaiimenyBanns | Bucora 3ona otpumanis OmiKis, M
H iHiniforouoi momii pe3ynpTaTy | HOIyM’s, 1 II 1 60Ib0BHH
PO3IIISIHYTOTO . . . .
/i o6 AHAHHST aBapii aBapii M CTYNiHb | CTYHiHb | CTYIIHb nopir
1 2 3 4 6 7 8 9 10
Peaepayap PyiinyBanHs pesepByapy
30epiraHHs 30epirass pijkoro etairy HOJKekKa IPOTO-
S [2110-T-001/1,2, uxcin |1 P 42,68 167 177 182 187
g ﬁ 0-T-001 /1y2 pinkoro etany B o0Baiy- Y
" |BaHHA

BN 3oma TepitopianbHoro pusuKy 3 fivosipHicrio 107
B 30ma TepitopiaTnHoro pmnKy 3 ivosipricro 10,
[N 3ona TepiTopianbHore pIINKY 3 fiMosipricTio 10
3oma TepiTopianror pusuky 3 fivosipricTio 10
W 3oma TepitopiaTnHoro pumKy 3 EvosipricTio 10

Puc. 3. [one noTeHIiHHOTO (TEPUTOPIaIbHOTO) PU3HKY
I eKCIUIyaTalii apoBUX pe3epByapiB eTaHy

BHOYXy HaBeeHi B Tabmmli 1.

Pesynbratu po3paxyHKy 30H Ypa)K€HHs JIIOAEH MTPU

Pesynbraty po3paxyHKy 30H Ypa)K€HHs JIIOAEH ITPU

YTBOpPEHHI BOTHEHHOT KyJli HaBeieH1 B Tabuuii 2.
Pesynbraty po3paxyHKy 30H ¥paKE€HHs JIIOAEH ITPU

MOYKEXI TIPOTOKY HaBe/IeH1 B Ta0uui 3.
30Ha TEpUTOPIAILHOTO PHU3MKY IPU EKCILTyaTamii

IIAPOBUX pe3epByapiB €TaHy HaBeICHA Ha pHC. 3

3 puc. 3 BHIHO, IO 001acTh OOCITYTOBYBaHHS IIIa-
POBHX pe3epByapiB OOMEXYEThCS 30HOI0 TEPUTOPiaib-
HOro pmsuky 10°. 3 ypaxyBaHHSIM piBHOMMOBIPHOTO
3HaXOKSHHSI JIFOMUHU B 30HI il Bpaxkarounx (hakTopis,
IHIWBIAYaIbHUI PU3UK VIS IEPCOHAITY, 10 00CIyrOBY€E
1mapoBi pesepsyapu, 6yae cknagaru <10 Ha pik.

BucHoBok. Byna mpoBezieHa OIliHKA PH3UKY €KC-
IuTyaranii [MapoBUX pe3epByapiB 3 €TaHOM 3a JOIMOMO-
TOI0 TIPOTPaMHOTO KOMITIeKey Pizekc-2. [ KiabKiCHOT
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OIIIHKM WMOBIpHOCTEH BMHHKHEHHS Ta PO3BHUTKY aBapil
3aCTOCOBYBAJINUCH TaKi MOJENI SK «JIEpeBO BIIMOB» Ta
«IepeBo mnoAiiy. byB mpoBeneHH po3paxyHOK Bpaka-
10unX (PaKTOpiB Ta OTPUMAHO II0JI€ TEPUTOPIATLHOTO
PH3HKY. 3 HBOTO MOYKHA 3pOOHTH BHCHOBOK TIPO iHAMBI-
JyaJIbHUH PU3UK Ta JOCTAaTHICTh Mip 3aXUCTy Ta KOHT-
POJIO POOOYMX MapaMeTpiB, IO MepeadaveHi MPOSKTOM
Ha I1apoBi pe3epByapH.
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Korol D.R., Granovskiy E. O., Glikina .M., Glikin
M.A. Modeling of accidents and risk research during stor-
age of liquefied petroleum gases using a software package
«rizex-2»

The article considered the issue of assessing the risk of
exploitation of spherical reservoirs with liquefied petroleum
gases. The main hazards that can arise when storing liquefied
petroleum gases such as ethane, ethylene, butene in ball tanks
are briefly described. Analyzed the existing international
standards for risk management, as well as Nakaz No. 637. A
brief analysis of the causes of accidents on spherical reser-
voirs is carried out using literature sources. A plan for the lo-
cation of spherical reservoirs on the ground is presented The
principle of analysis of chemical-technological systems has
been studied, and with the help of a fault tree, cause-and-
effect relationships have been built in case of equipment fail-
ures and the probability of complete destruction of a spherical
reservoir has been found. The article also contains an event
tree showing scenarios and probabilities of accidents. In the
event trees, the probabilities of various intermediate events
are given: the probability of instant ignition of the fuel-air
mixture, the probability of an accidental ignition source on the
territory of the enterprise, the probability of triggering the wa-
ter irrigation system installed on the ball tanks to prevent the
effect of a fire on other equipment of the liquefied gases park.
The calculation of the damaging factors arising in an emer-
gency was carried out, an assessment was made of the areas
of injury to personnel during explosions, the radii of burns
during a strait fire and when a fireball occurs. The article
presents the field of territorial risk during the operation of
ethane ball tanks. In the figure, the zones of territorial risk are
highlighted in different colors, reflecting the boundaries of the
likelihood of the implementation of damaging factors at a cer-
tain point in the terrain. According to the zones of territorial
risk, conclusions were drawn about the individual risk of hu-
man death in the zone of action of damaging factors. Based on
the numerical values of the individual risk, a decision was
made on the safety of the tank operation and on the sufficiency
of the protection measures and control of operating parame-
ters provided for by the project.

Keywords: risk, LPG, Rizex-2, flame, accident, striking
factor, probability
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