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[IpoBeneH aHaINM3 BO3MOXHBIX MPUYUH B (PaKTOPOB
BO3HUKHOBEHHUS aBapuil mpu OypeHHH U J100bIue
raza. BeIAICHEHO, YTO OJJTHUM U3 OCHOBHBIX YCJIOBUM
BO3HUKHOBEHHS

ra3oIposiBICHUI SIBIISIETCSI

MOCTYTUICHUE dronma B

CKBAXHMHBI BCJICACTBHUC IPCBLIMICHUA I1JIACTOBBIM

IUIACTOBOTO CTBOJI
naBneHueM 3aboitHoro. [IpencraBieHo omucanue
CIIEHapHeB BEpOSTHBIX W Hauboyiee OMACHBIX IO
HOCJEACTBUSIM aBapHil, K KOTOPBIM OTHOCSTCS
(akesnbHOE rOpeHHEe BHIOpOCA MIIACTOBOTO r'a3a Mpu
pasrepMeTn3anuu  000pyIOBaHUS CKBAXHHBI U
pacmpocTpaHeHHe CepoBOZOpOia IpH BBIOpOCE
IJIACTOBOIO ra3a 6e3 BociiaMeHeHus. OnpeeneHbl
pa3Mepbl BEPOSATHBIX 30H JEHCTBUS MOPAKAKOIIUX
(GakTOpOB aBapuil MO KaXJAOMY W3 CIEHAPUEB H
BO3MOXHOE€  KOJHMYECTBO
peanu3alyy TUX CLIEHApUEB.

nocTpagaBIInX Ipu

KaioueBble ciioBa: TexHOC(epHas 0e30macHOCTb,
aHaJM3 PUCKOB, aHAIU3 0E30IaCHOCTH, CUEHAPUU

aBapuii, OypoBas  yCTaHOBKa, HedTerazopas
0Tpaciib, OXpaHa Tpyaa.

BBenenue. [IpoGnema obecrieueHus
NPOMBINIIEHHON ~ 0e30macHOCTH  MpuoOpeTaer

OCO6YIO AKTYaJIbHOCTb Ha COBPCMCHHOM 3JTallc
HpCO6p330BaHI/II7I U pasBUTUA NPOU3SBOJUTCIIBHBIX
CHII, Koraga TPYAHOIIPEACKA3YCMbBIX
TCXHOI'CHHBIX H

H3-3a
COLIMaJIbHBIX, 9KOJOTHUYCCKUX
MOCJIEACTBUI YPE3BbIYAMHBIX CUTyallMid BOZHUKAET
yIrpo3a CyIIeCTBOBAHHIO YEJTIOBEYECKOTO OOIIECTRA.
OmHuM W3 TPUHIMAIIOB CHUCTEMBI 0OOecIeueHus
MPOMBIIIICHHO-9KOJIOTUYECKON 0e30macHOCTH

SIBJISIETCS €€ JIEKJIapUpOBaHUE.
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The paper provides the analysis of possible
reasons and factors of accidents initiation. It has
been established that one of the main reasons for
the initiation of gas showings is the flow of
formation fluid into the wellbore due to the fact
that formation preesure exceeds bottom hole
pressure. It presents the description of the
scenarios of possible and the most dangerous
accidents, which include jet fire of formation
gas outbursts during the loss of pressure of well
equipment and the spread of hydrogen sulphide
at the release of formation gas without ignition.
The probable zones sizes of damaging factors
effects for each of the scenarios and the possible
number of victims in these scenarios
implementation have been determined.
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Introduction. The problem of industrial
safety is of particular relevance at the present
stage of reformation and development of
forces,

productive when, due to the

unpredictable  social, technological and

environmental consequences of emergency
situations there is a threat to the existence of
human society. One of the principles of the

system of industrial and environmental safety
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B denepanbHom 3akoHe «O MPOMBIIIICHHOM

0€e301macHOCTH OITaCHBIX IIPOU3BOJCTBCHHBIX
COACPKUTCA JCKJIapanus
HpOMBIH.UIGHHOﬁ 6630HaCHOCTH, npearojararomas

BCECTOPOHHIOIO OILICHKY pHCKa aBapHﬁ, COIIMaJIbHO-

00BEKTOB»

HSKOHOMUYECKHUX U SKOJIOIMUECKUX YIpo3 Ha OCHOBE
MOHUTOPHHTA U ayauTa 6e3onacHoctu oObekTa [1].
MOHUTOPHHT U aHAJIU3 pUCKA aBapHil Ha OIACHBIX
IPOM3BOJICTBEHHBIX OOBEKTaX SBISETCS COCTAaBHOU
4acTbIO yIpaBICHUS

JKOJIOTHYECKOI 0€30I1aCHOCTEIO.

IIPOMBIIIJICHHO-

O0bexkT mcciaenoBanusi. bypoBas ycTaHOBKa
UNOC 500 DE (UNOC — coBmecTHOE
npousBozactBo Uralmash (Rus), NationalOilWell
(USA), Caterpillar (USA)) — »5T10 ausenbHas
OypoBasi yYCTaHOBKa C IpelesibHOW OypoBoi
rnyounoit 6500 M W mpenenabHONM HArpy3Koi Ha
cTBOJIbHBIN Kprok 500 T, mpousBenenHas B 1994 r.

OKcruTyatupyercsi  OypoBas — yCTaHOBKa  Ha
TEPPUTOPUN ACTPAaXaHCKOTO Ta30KOHIIEHCATHOTO
MECTOPOKACHUS (ATKM). MecropoxaeHue

HaxOoJUTCA B IOro-3anaaHon yactu IIpukacnuiickoit
BraauHbl. Pasmepsr 3amexu 100x40 kM, oOrmias
mwromans 2450 km. Pasmepsl  pa3OypuBaemoit
YaCTH MECTOPOXKJIECHHSI COCTaBISAIOT 60Xx28 kM.
[Tnomans TOPHOTO 0TBOJA (momanp
JUIEH3UOHHOT 0 y4yacTka) coctasiser 144 927 ra.
[lItaTHas 4YKMCIEHHOCTh PAOOTHUKOB YydacTKa
BeZIeHHs] OypOBBIX pabOT cocTaBisieT 35 yeaoBek.
Bbypenue OCYIIIECTBIIIETCS HEIPEPHIBHO
(kpyrnocyrouHo). PaGoTsl BexyTcss MOCMEHHO.
[IponomkuTensHOCTh paboyeil CMEHbI COCTaBIISET
12 9acoB. ITponece pa3paboTku
JKCIIJTyaTallMOHHOM CKBaKUHBI COCTaBIIAET OT 7
7o 12 MecsiieB B 3aBUCHMOCTH OT BHJAa OypeHUs
CTBOJIa CKBaXXMHBI (BEPTHKAIbHBINA, YCIOBHO
HaKJIOHHBIN). Hanbosee omacHbIMH BEIIeCTBaMU,
INPUCYTCTBYIOUIUMH  Ha

SABIIAKOTCA

OypoBOIl  yCTaHOBKE,
IUTaCTOBBIA  Tra3, CEpOBOJOPOA W
AU3CIbHOC TOIIIINBO.

protection is its declaration.

The Federal law "On industrial safety of
hazardous production facilities” contains the
declaration of industrial safety, involving a
comprehensive assessment of accidents risk,
socio-economic and environmental threats on
the basis of monitoring and safety audit of an
object [1]. Monitoring and analysis of accidents
risk at hazardous industrial facilities is an
integral part of industrial and environmental
safety management.

The object of research. The drilling rig
UNOC 500 DE (UNOC is a joint production of
Uralmash (Rus), NationalOilwell (USA),
Caterpillar (USA)) — a diesel drilling rig
produced in 1994 with a maximum drilling
depth of 6.500 m and a maximum load on the
receiver hook of 500 tons. The drilling rig is
used on the territory of the Astrakhan gas
condensate field. The field is located in the
southwestern part of Peri-Caspian Depression.
The deposit size is 100x40 km; the total area is
2450 km?. The drillable dimensions of the field
are 60x28 km. The area of mining allotment (the
licensed area) is 144 927 ha.

Drilling staff is 35 people. Drilling is carried
out continuously (round the clock). Work is
conducted in shifts. The duration of a work shift
is 12 hours. The process of operating well
development ranges from 7 to 12 months,
depending on the kind of wellbore drilling
(vertical, relatively inclined). The most
hazardous substances on the rig are formation
gas, hydrogen sulphide and diesel fuel.
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Bo3moskHbIE NPUYAHBI BO3HUKHOBEHHS Possible causes of accidents. Emergency at

aBpapuii. ABapuiiHas CUTyaluusl IPU HCTCUCHUH
razoporo  Quoonaa U3
OTOXJIECTBJISIETCSI C HEYNPaBIsieMbIM BHIOPOCOM B
atMocdepy, Ipu KOTOPOM MOKHO BBIICIUTH TpU

CKBa’KHMHBbI OOBLIYHO

DJIEMEHTA: HUCTOYHHK (mpupoaHoe WU
TEXHOTEHHOE CKOIUIeHHE (aouaa B TIIyOMHHOM
iacre), KaHayl (y4acTOK CTBOJA, OOCAJHBIC WIIU
TpyOBI),
y4acTOK (BBIXOJJHOE CEYEHHE KOJIOHHBI I OTBOJA,
ycTheBoe o0OopynoBanue). M3 aHamu3a CBOMCTB
oOpalaeMbIX Ha 0OBEKTE BEIIECTB MOXKHO C/IE1aTh

pasrecpmMeTru3anuAa O60py,I[OBaHI/ISI

HACOCHO-KOMIIPECCOPHBIE BBIXOHOM

BBIBOJI, 4TO
MOJKET IPUBECTU K BbIOpOCY razosoro ¢urouaa [2].

OI[HI/IM U3 OCHOBHBIX YCJIOBI/If/'I BO3HUKHOBCHUA
SIBJISICTCS

F&?;OHpO?[BJIGHHﬁ MOCTYIIJICHUC

1acToBoro  (uouga B CTBOJM  CKBAKUHBI
BCJIE/ICTBUE IPEBBILICHUS IUIACTOBBIM JaBICHHUEM
3a00MHOTO. Bo3morxkHO BO3HUKHOBEHHE
ra3onposiBICHUH W IpU HATMYUU JOCTATOYHOIO
OPOTHBOABIEHHUS] Ha NPOJYKTHBHBIM IUIacCT HpHU
HOCTYIUIGHUH IUIacTOBOro  (urouga B CTBOI
CKBOXUHBI B pe3yibTare AUPQPY3HOHHBIX WIN
OCMOTHYECKHX  IMPOIIECCOB,

3aMelleHus, KOHTPAKIIMOHHBIX 3PPEKTOB, BBICOKOM

TpaBUTAOIMOHHOI'O

CKOPOCTH pa3OypHBaHUsl Ta30HACHIIIEHHBIX TOPOJ
uT. 1. [3].

Bo3HuKHOBEHME U pa3BUTHE Ta30NpPOSIBICHUN U3-
3a HEYPaBHOBEUIEHHOCTH IUJIACTOBOTO JAaBJICHUS
TUAPOCTaTUYECKUM JaBIIEHHEM CTOJI0a pacTBOpa B
CTBOJIE CKBKUHBI MOXKET SIBUTHCS CIICICTBUEM:

e omubOOK B IMPOTrHO3UPOBAHUK  IJIACTOBBIX

JABICHUH  WIM  ONPENEJIEHHH  IPOEKTHOU
IUIOTHOCTH OYpOBOTO PacTBOPA;
® TEKTOHMYECKUX HAPYLIEHUN B paiione

OypoBBIX pabOT MU BCKPBITUS 30H C AHOMAJIBHO
BBICOKHMM IIJIACTOBBIM JIaBJIEHUEM;

e pa30ypUBaHHS HECOBMECTHMBIX HHTEPBAJIOB
OypeHus (runpopaspsbis, HOTJIOUICHHE
THJIPOCTAaTUYECKOTO JaBJeHUs CToji0a OypoBOro
pacTBOpa Ha MPOJYKTUBHBIM TOPU30HT);

e 0omMOOK B ONpENENCHUH TIYOMHBI 3ajeraHus
IPOAYKTUBHBIX OTJIOKEHUI;

® HEJOCTaTOYHOI'O ONEPATUBHOIO KOHTPOJS 3a
TEKYIIMMH U3MEHEHUSIMU IJIaCTOBBIX JAaBJICHUN
BCJIE/ICTBUE 3aKOHTYPHOI'O 3aBOJHEHUS U APYTUX

gas fluid escape from the well is usually
connected with the uncontrolled release into the
atmosphere in which we can distinguish three
elements: a source (natural or anthropogenic
accumulation of fluid in the deep layer), a
channel (a part of a hole, well casing, or tubing),
an output site (output section of a column or an
outlet, wellhead equipment). From the analysis
of the properties of the used on the object
substances it can be concluded that the loss of
pressure of the equipment may result in the
release of gaseous fluid [2].

One of the main reasons for the initiation of
gas showings is the flow of formation fluid into
the wellbore due to the fact that formation
pressure exceeds bottom hole pressure. The
initiation of gas showings is also possible at the
presence of sufficient back pressure on the
productive formation during the flow of
formation fluid into the wellbore in the result of
diffusion or osmotic processes, gravitational
substitution, contraction effects, high drilling
speed of gas-saturated rocks, etc. [3].

The initiation and development of gas
showings due to the unbalance of formation
pressure by hydrostatic pressure of the solution
column in the wellbore can result from:

e errors in the prediction of formation
pressure or the determination of project density
of drilling mud,

e tectonic disturbances in the drilling area
and the opening of zones with abnormally high
formation pressure;

e drilling with incompatible intervals of
drilling (hydraulic fracturing, absorption of
hydrostatic pressure of the mud column on the
productive horizon);

e errors in determining the occurrence depth

http://bps-journal.ru/ 27
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(axTopos; of productive sediments;

OypoBoOTO
JKUAKOCTU TJIYHICHHA CKBaXHHBI C 3aHIKECHHOU

® JCIIOJIb30BAHMS pacTBopa  WIH
IUIOTHOCTHIO;

® CHHXKCHHUA TUAPOCTATHUYICCKOI'O JaBJICHHUA

cTonba  pacTBopa mM3-3a

CKBAJKMHC B PC3YyJIbTATC IOTJIOMICHMA,

IIaJICHUS yPOBHI B

® CHIDKCHHS  THIPOCTaTUYECKOTO  JABJICHUS
cTonba pacTBOpa M3-3a HENOJMBA CKBAKUHBI TpPU
MOIbEME KOJIOHHBI TPYO;

® CHIKCHHS IUIOTHOCTH OypOBOTO PacTBOpa MPH
€ro XMMHYECKON 00paboTKe;

® CHIDKCHHS

TnapoCTaTU4CCKOro JaBJICHUA

cToj10a pacTBOpa Hn3-3a IICPETOKOB,

00yCJIOBJICHHBIX Pa3HOCTHIO IUIOTHOCTEH pacTBOpa
B TpyOHOM M 3aTpyOHOM MPOCTPAHCTBAX;

e YyMEHbLICHHs 3a00HHOrO  JaBJIEHUS  IpU
YCTAaHOBKE  JKUJKOCTHBIX BaHH C  HU3KOU
IUIOTHOCTBIO ~ pacTBopa  MpU  JIMKBUAALUU
puxBaToB [4].

[MprunaamMu BO3HUKHOBEHUS OTKPBITBIX
(OHTAHOB SABJISAIOTCA:

® HECOOTBETCTBHE  KOHCTPYKIIMM  CKBAaYKUHBI

q)aKTI/I‘IGCKI/IM TFOPHO-TCOJIOTUICCKUM YCIIOBUSAM,

® HCCOOTBCTCTBUC IMMPOYHOCTHLIX XAPAKTCPHUCTHUK

YCTaHOBJIEHHOTO IIPOTUBOBBIOPOCOBOTO
o0opynoBaHus (bakTHYECKUM JTABJICHUSIM,
BO3HUKAIOIIUM B IpoLecce JIMKBUAALNN
ra3onposiBICHU;

® HU3KOE KauecTBO MOHTa)Ka
IIPOTUBOBBIOPOCOBOTO o0opynoBaHus,

HECOOJI0ICHHUE YCIIOBUI €T0 SKCILTyaTalluu;

® OTCTYIUIEHHE OT TMPOEKTHOM KOHCTPYKIIUH
CKBO)XMHBI, HAPYIICHUE TEXHUYECKUX YCIOBHI
CBUHUYMBAHUS O0CagHBIX TPyO (HEAOMYCK KOJOHH
110 MPOEKTHBIX OTMETOK,
pPe3b0OBBIX COSAMHEHUN U T. 11.);

HCTCpMCTUIHOCTD

® HCKAYCCTBCHHOE IIEMECHTHPOBAHHME O00CATHBIX
KOJIOHH;

® OTCYTCTBHE B OypHIIbHOM
KOJIOHHBI IIAPOBOT0 KpaHa WM 00paTHOTO KIlaraHa
[5].

Hemaunblii Bkax B ONACHOCTh PasrepMeTH3aLUU

KOMIIOHOBKEC

CKBa>XMHHOT'O 00opy0BaHuUs BHOCSAT

MMPOTCKAOIIUC B YCIOBUAX I[O6I>I‘II/I 1J1aCTOBOIO

e lack of operational control over the
ongoing changes in formation pressure due to
edge flooding, and other factors;

o use of drilling mud or well killing fluid of
low density;

e reduction of hydrostatic pressure of the
solution column due to the fall in level in the
well as a result of absorption;

e reduction of hydrostatic pressure of the
solution column due to incomplete filling of the
borehole when lifting the pipe string;

e reduction of drilling mud during its
chemical processing;

e reduction of hydrostatic pressure of the
solution column due to the flow caused by the
difference in density of the solution in tube and
annular spaces;

¢ reduction of bottom hole pressure with the
installation of a fluid bath with low solution
density at the elimination of stickings [4].

The reasons for open flow initiation are:

o discrepancy between the well design and
the actual mining and geological conditions;

e discrepancy  between  the
characteristics of the installed
prevention equipment and the actual pressures
arising in the process of gas showings
liquidation;

strength
blowout

e low quality of installation of blowout
prevention equipment, failure to comply with
conditions of its operation;

e deviation from the well design, the
violation of technical conditions of casing
spinning (underreaching of columns the design
level, leakage of threaded connections, etc.);

e poor cementing of casing strings;

e absence of stabbing valve or ball valve in
the drill stem assembly [5].

Hydrodynamic processes occurring in the
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rasza ruJJpoJUHaMUYECKHE NTPOLECChl. XapaKTepHON
0COOEHHOCTBIO JAaHHBIX IPOLIECCOB SBISIETCA HUX
HECTAllMOHAPHOCTB! IyJIbCaLUs
o0pa3oBaHHe YAApHBIX BOJH, 30H pa3psKCHHUS.
3HAYUTEIIbHBIE nepenazsl JaBJICHUS,

MTOTOKA,

JTMHAMUYECKHE W CTaTHYECKHUE HArpy3KH CO3/af0T
nedopMaIIIOHHOTO
Metaiuia. HecTanmoHapHOCTh TPOIECCOB MOXKET

yCJ10BUsA JUIS CTapCHUsA

OpUBECTH K  BUOpallMM  KOMMYHHUKAIUd U
o0opy/nOBaHusl,  HApYLIEHUIO  T'€PMETHYHOCTHU
o0opynoBaHus U TPyOONPOBOJIOB BILUIOTh 10
MOJIHOTO UX pa3pylieHus [6].
[IpuBeneM  psiqz NOpUYMH ~ BO3HUKHOBEHUS
ABapUUHBIX CUTYaIlMd, CBA3AHHBIX C OIIHOKaMH,
3amas/bIBaHuEM, Oe3/IeCTBHEM IIepCoHalla B
IITATHBIX U HEIITATHBIX CUTYAIUsX:

® HapylIeHHWE JIOJDKHOCTHBIX MHCTPYKUHH H
MHCTPYKIIUH TI0 BBIMOJHEHUIO TEXHOJIOTHYECKUX
onepanuii;

e oOomuUOOYHBbIE JEUCTBUS TPU  PEMOHTHBIX
paboTtax Ha 0OBEKTE;

¢ 3alla3ZIbIBAHUC IIpU MNPUHATUHU PCUICHUA 110

3aJICiCTBOBAHHUIO HYXHOTO YPOBHA CUCTCMBIL
3alllUThI;
L4 663HCﬁCTBHC u omuoKa B JIEHCTBUAX B

HEIITAaTHOM CUTYaINH,

® JIPOBCACHUC IIOCTOAHHBIX WJIW BPECMCHHBIX
OTHEBBIX pabOT O€3 CIeUALHOTO Pa3peIIeHusI.
OcoOeHHOCTH ~ TEXHOJIOTHYECKOTO  Ipoliecca
TpeOyroT oT 00CITyKMBAIOIIETO MepCOHama
BBICOKOW  KBaJIU(UKAIMKM U  TOBBIINICHHOTO
BuuMaHus. Oco0yl0 OMacHOCTb MPEACTABIIAIOT
OIIINOKH Inpu I1IYCKE H©W OCTAaHOBKE CKBaXXHH,
BCIICHNU

PEMOHTHBIX, npOoUTAKTUIECKUX U

Ipyrux paloT, CBSI3aHHBIX C HEYCTOWYMBBIMU

MNEpCXOAHBIMU pPCKUMaMHU. B cjIydace
HCIIPABUJIBHBIX JIencTBuit InepcoHaja CymeCTBycT
BO3MOXXHOCTb pa3repmMeTru3aluu CUCTEM )51

BO3HUKHOBEHUS aBapUIHBIX cUTyauui [7].

Takxke cymecTByeT psI NPHUYUH, CBA3AHHBIX C
BO3JEHCTBUSAMU  IPUPOJHOTO U
TEXHOICHHOI'O XapaKTepa:

«BHCIUIHHUMUN))

® yparaHHbIE BETPBHI;
® CHEXHBIC 3aHOCBl U AHOMAJIbHOE ITOHUKEHUE
(TIOBBIIIIEHUE) TEMIIEPATYPhI BO3IyXa;

production of reservoir gas make a considerable
contribution to the risk of loss of pressure of the
downhole equipment. A characteristic feature of
these processes is their nonstationarity: flow
pulsation, shock waves formation, and vacuum
areas formation. Significant pressure
differences, dynamic and static loads create
conditions for strain aging of metal. The
unsteady flow processes can lead to vibration of
communication and equipment, leakage of
equipment and pipelines up to their full
destruction [6].

Here are some of the reasons for emergencies
connected with errors, delay, inaction of
personnel in standard and emergency situations:

¢ violation of the official instructions and the
instruction on  conducting  technological
operations;

e erroneous actions during repair works at
the facility;

e delay in the decision to use the desired
level of security;

e omission and error in actions in emergency
situations;

e carrying out permanent or temporary hot
work without special permission.

The technological process features require
staff of high qualification and attention. Of
particular danger are the mistakes at starting and
stopping wells, repair, maintenance and other
works connected with the unstable transitional
regimes. In case of personnel wrong actions
there is the possibility of systems loss of
pressure and emergency situations [7].

There is also a number of reasons related to
external impacts of natural and technogenic
character:

¢ hurricane-force winds;

e snow drifts and anomalous decrease
(increase) in air temperature;

http://bps-journal.ru/ 29
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e [oMagaHue 0OOpPYJOBaHMUS B 30HY JEHCTBUS
nopakarommx (HakTopoB aBapuid, MPOUCIICAITHX
Ha COCEIHMX 00bEKTaX;

® TIpeaHaMEpeHHbIC neicTBUs (quBepcus) [8].
¢bakTopoB,
CIOCOOCTBYIONTNX BO3HUKHOBEHHUIO U PA3BHTHIO

K YuCLy BO3MOXHBIX
aBapuil Ha CKBaXXUHAX, OTHOCATCS CIEAYIOIIHE
daxTopsI:

® B3PBIBOONACHOCTH IJIACTOBOTO (IIIOUA;

® BBICOKHME IIapaMeTpbl ILIACTOBOIO JIaBJICHUS,
OINpEACIAIOINE BO3MOKHOCTD ydacTtus
3HAQUUTENBHBIX ~ Macc  IUIacTOBOrO  (piromna B
aBapusX, YTO, B CBOIO OYEpElNb, OINPEACIACT
BBICOKME 3HAYECHUS SHEPreTUYECKUX IMOTEHUIHAJIOB,
3HAQ4YEHMS IUIOTHOCTH u CKOPOCTH
9HEProBbIJICJICHUS, U30BITOYHOTO JaBJICHHs B3pbIBa

U IPyTUX [apaMeTpoB YAAPHOU BOJHBL;

® HEOOXOIMMOCTh TPOBEACHUS TIa300MACHBIX
pabor;
e HEo0X0aUMOCTh 00CITy’)KHUBaHUS

o0opynoBaHus OypoBOW YCTAaHOBKH U CKBaYKUH TIPU
H€6J'IaFOHpI/I$[THI)IX MCTCOPOJIOTHYCCKUX YCIIOBUAX
B CBSI3U C
nporecca [9].
Bce BrimenepedrcieHHble MPUYHHBI U (PAKTOPHI
MOTYT MIPUBECTH K aBapUITHBIM CUTYAIHsIM

HCIMPEPBIBHOCTHIO TEXHOJIOTUYCCKOT'O

pa3IMYHBIX MACIITA0OB.

KpaTkoe onucanmue cueHapueB BepPOSITHBIX M
HauOoJiee OMACHBIX MO TMOCJeICTBUIM aBapHii.
Ha ocHoBe aHanmM3a mNpPUYNH BO3HUKHOBEHHS
aBapuii 1 (aKTOpPOB, OMPEIESISIFOIINX UX HCXOJIBI,
ydeTra 0COOCHHOCTEH MPOBOJAUMBIX pabOT, CBOMCTB
OIIACHBIX BEIIECTB, 0OpAIIAIOIINUXCS Ha IJIOMaAKaxX
CTPOUTENLCTBA CKBOXHH Ha OOBEKTE, aBTOPAMHU
onpesieNieHbl  CIEAYIOLIUME THUIIOBbIE CLEHApUu
aBapuu:

e crenapuii 1 (Cl1) — BBIOpOC MIaCTOBOTO Ta3a
0e3 BOCIUIAMEHEHUS, pacIpOCTpaHEHNUE TOKCHUHOM
npuMmecu. YactoTa JaHHONW aBapUU COCTAaBISIET
BeNMYMHY, paBHyIo 9,30 E-03, 1/rox.

e cuenapuii 2 (C2) — ropenme uuicida
MJ1aCTOBOTO (ITFOM/IA.

B kauectBe Hambosee ONAcHOTO OIpeNesIeH
CIICHapHii, CBS3aHHBIA C (DaKeIbHBIM TOpPEHHUEM
BbIOpOCa, COIIPOBOXKAAIOIINNCS 3HAYNTEIIBHBIM
COLMAIIHBIM U MaTepUalIbHBIM yiiepooM. Yacrora

e getting equipment in the area of the
affecting factors of accidents, which happened
on nearby premises;

o deliberate actions (sabotage) [8].

To the possible factors contributing to the
initiation and development of accidents at wells
we can add the following factors:

o the explosiveness of reservoir fluid;

e high parameters of reservoir pressure,
determining the possibility of participation of
large masses of formation fluid in accidents,
which in turn determines the high value of
energy potentials, the values of density and
speed of energy release, the excess explosion
pressure and other parameters of shock wave;

¢ need for gas hazardous work;

¢ need for equipment maintenance of drilling
rig and wells in adverse weather conditions
because of the continuity of the technological
process [9].

All of the above mentioned reasons and
factors can lead to emergency situations of
various scales.

Brief description of scenarios of likely and
the most dangerous consequences of
accidents. Based on the analysis of the causes
of accidents and factors that determine their
outcomes, considering the peculiarities of work,
properties of hazardous substances on well
construction sites, the authors have identified
the following typical scenarios of an accident:

e scenario 1 (C1) — blowout of reservoir
gas without ignition, spread of toxic impurities.
The frequency of this accident is 9.30 E-
03.1/year.

e scenario 2 (C2) —combustion of plume of
reservoir fluid.

The scenario connected with blowout jet fire,
accompanied by significant social and material
damage has been identified as the most
dangerous one. The frequency of this accident is
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JAHHOW aBapHM COCTaBISIET BEJIMYHHY MOpsIKa

9,06E-04, 1/rox [1].

Omnucanus HauboJiee OIACHOTO M Haubolee
BCPOATHOI'O CLICHAPUCB aBapHﬁ Ha y4aCTKC BCACHUA

OypoBBIX pabOT MpUBEICHBI B Ta0mIIe 1.

9.06 E-04. 1/year [1].

The descriptions of the most dangerous and

the most

probable scenarios of accidents at the

site of drilling activities are given in table 1.

Tabmuma 1
Table 1

KpaTkoe onucanue cueHapueB aBapuit

Brief description of accident scenarios

Haunbos1ee onacHblii cueHapui
The most dangerous scenario

Haubos1ee BeposiTHBIN clieHapuii

The most likely scenario

Ne cuenapus

Onucanue cueHapus

Ne cuenapust

Onucanue cueHapus

Scenario Description of scenario Scenario Description of scenario
no. no.
[Tonuas pasrepmeTH3aiusi 00CaaHBIX
ITosnHas wiu yacTU4Has
KOJIOHH, MOJ3E€MHOr0 00O0py/10BaHUS
CKBa)KMHbI, — HCTEYEHHUE IJIACTOBOIO pasrepMeTH3aIys 00CaTHbIX KONOHH
bronna us otsepctus Cuenapuii C1 MOJI36MHOT'0 000pyI0BaHUs
Cuenapuii C2pazrepmeTu3auuu — Pacnpoct CKBa)KUHBI — UCTECUEHUE
®akenpHOe [BOCIVIAMCHCHHUC MCTCKAIOWICTO  T'A3d  paHEHHE IJJACTOBOTO ()IFOMIA U3 OTBEPCTHS
ropenue [ BOSHHUKHOBCHHE HOXKAPA benopomopoaal  pasrepMeTU3alul — OTCYTCTBHE
KOJIOHHOTO THIIAa — TEPMHUYECKOE
BbIOpOCa N TIpH BBIOpOCE | BOCIUIAMEHEHUS UCTEKAIOIIEeTo raza
BO3JIEUCTBHE HA  TEXHOJIOTHYECKOE
IIACTOBOTO |6 onarme, mepcona —| [WACTOBOTO | — pacCeHBaHHe rasa B atMocepe
Ta3aTpH  oppexIeHne KOHCTPYKLH rasza 0e3 — 00pa3oBaHME U PacIIPOCTPaHEHHE
000pYyI0BaHH GypOBOIl YCTAHOBKH, HoIydeHue |BOCIIAMEHEH obraka cepoBojopoia —
CKBXUHBI [TFOJIbMU 0’KOTOB PAa3IMYHOMN CTETIeHH usl. MOpaXkKeHHe JIF0/IeH B 30HE
TSKECTH, a  TaKke  TpaBM OT pacnpoCTpaHeHUs1 CEpOBOAOPOIA.
najgaroluX MPEeIMETOB UK JIEUCTBUS]
BBC — morteps KOHTpons 3a
CKB)XMHOM — TJIyIIEHNWE CKBAXKUHBI.
Full loss of pressure of the casing,
underground equipment wells, — .
8 quipment Full or partial loss of pressure of
leak of formation fluid from a : .
5 i loak hol it - h Scenario C1 casing of the underground wells
cenario eakage hole — ignition of the . . .
& & Spread of | equipment — leak of formation fluid
C2 exhaust gas — column type fire —
i i hydrogen from a leakage hole — absence of
Jet fire of | thermal effects on the technological . L .
) ) sulfide at ignition of the escaping gas — gas
reservoir | equipment, personnel — damage to . Lo
i the blowout dispersion in the atmosphere —
gas blowout | the structures of the rig, people get . . .
‘ b £ vari i ! of reservoir formation and distribution of
a urns ot various severity, as well as .
L . y | gas without | hydrogen sulfide clouds — effect on
downhole | injuries from falling objects or air | ~. .. .
o vt ; i control ignition. the people in the area of hydrogen
equippin orce activity — loss o . o
quipping | /¢ by . sulfide distribution.
over the well — killing the well.
http://bps-journal.ru/ 31
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Tabmuma 2

Table 2
Pa3mepsl BeposSTHBIX 30H JEHCTBHSI Opaxaronux GakTopoB aBapuit

The size of the probable zones of accidents damaging factors

Hawun6osee onacHbIii .
. Haubos1ee BeposiTHBIN
clienapuu cueHapui
The most dangerous Hap .
. The most likely scenario
scenario
Cuenapuii C2 Cuenapuii C1
®dakebHOE TOPEHHE Pacnpoctpanenue
BLI6pOCEl I1IJIaCTOBOI'O CCpoBOJOpOaAA ITPHU
ITapameTpsl mopakeHus
rasa 1ipu BBI6p006 J1aCToBOIO
. a3repMeTH3aIHI rasa 0e3
Destruction parameters pastep
00opyI0BaHUsA BOCIIJITAMEHEHHS.
CKBaXKUHBI.
Scenario C2 Scenario C1
Jet fire of reservoir | Distribution of hydrogen
gas blowout at the sulfide with the blowout
loss of pressure of of reservoir gas without
well equipment. ignition.

Cuenapuii C2 / Scenario C2
®daxkebHOE ropenne BpIOpoca miacrosoro raza. CTO I'azmpom 2—-2.3-400-2009

Jet fire of reservoir gas blowout. STO Gazprom 2-2.3-400-2009

BricoTa (pakena B MOMEHT BbIOpOCa, M no 64
The plume height at the time of emission, m up to 64 -
Huametp dakena, M no 32
The plume diameter, m up to 32 -
['myOGuHa 30HBI TEPMUYECKOTO BO3ACHCTBUS C
TEIUIOBBIM TIOTOKOM 15 kKBT/M?, M 1o 39
The depth of the zone of thermal influence with a up to 39
heat flux of 15 kW/m?, m

Cuenapmuii C1 / Scenario C1
Bbi0poc niiactoBoro rasa 6e3 sociiamenenus. CTO I'aznpom 2—-2,3—-400-2009

Reservoir gas blowout without ignition. STO Gazprom 2-2.3-400-2009

BricoTa BeIOpOCa B MOMEHT BbIOpOCa, M no 64
The height of blowout at the time of blowout, m - up to 64
Huametp dakena, m o 32
The plume diameter, m - up to 32

PacnpocTpanenne cepoBomopoaa / Hydrogen sulfide distribution

WuBepcus, 1 m/c
Inversion, 1 m/s
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['myOuHa 30HBI CMEPTENHHOTO TIOPAKEHUS
(Bpems akcriozunmu 120 cexk.)
The depth of the lethal area (exposure time 120 sec.)

41/-1

[MonyrmpuHa 30HbI/Ha PACCTOSTHUH, M
The half-width of the zone/distance, m

129/42

['myOuHa 30HBI CMEPTEIBHOTO MOPAKEHUS
(Bpems sxcniozutu 1800 cek.)
The depth of the lethal area (exposure time of 1800 sec.)

799/-12

[MonyimpuHa 30HbI/Ha PACCTOSTHUH, M
The half-width of the zone/distance, m

711/684

['myOvHa 30HBI TOPOTOBOTO MOPAKCHUS
(Bpems akcniozuniu 120 cexk.)
The depth of the threshold destruction zone
(exposure time 120 sec.)

61/-1

HOJ’IYI_HI/IpI/IHa 30HI>I/H8. paCCTO}IHI/II/I, M
The half-width of the zone/distance, m

170/-61

FJ'Iy6I/IHa 30HBI IIOPOT'OBOI'O MMOPAKCHUS
(Bpems skcniozunuu 1800 cek.)
The depth of the threshold destruction zone
(exposure time of 1800 sec.)

1243/-12

N3ortepmust, 3 m/c
Isothermy, 3 m/s

1043/1032

['my6GuHa 30HBI CMEPTENBHOTO MOPAXKEHUS
(Bpemst skcnio3unmu 120 cek.)
The depth of the lethal area (exposure time 120 sec.)

101/-2

[MonymipuHa 30HbI/Ha PACCTOSTHUH, M
The half-width of the zone/distance, m

74/95

['my6uHa 30HBI CMEPTENBHOTO MOPAKEHUS
(Bpems skcniozuiu 1800 cek.)
The depth of the lethal area (exposure time of 1800 sec.)

722/-42

[MTonymmpuHa 30HbI/Ha PACCTOSTHUH, M
The half-width of the zone/distance, m

97/426

['myOuHa 30HBI MTOPOTOBOTO MOPAKEHUS
(Bpems skcro3unuu 120 cex.)
The depth of the threshold destruction zone
(exposure time 120 sec.)

190/-2

HOJ‘IyI_HI/IpI/IHa 3OHLI/Ha paCCTO}IHI/II/I, M
The half-width of the zone/distance, m

104/65

['myOuHa 30HBI TOPOTOBOTO TTOPAKEHUS
(Bpems sxcrosurmu 1800 cek.)
The depth of the threshold destruction zone
(exposure time of 1800 sec.)

3752/-43

[MonympuHa 30HbI/HAa PACCTOSTHUH, M
The half-width of the zone/distance, m

192/1749
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CaeneHust ) BO3MOKHOM YHCJIE The information about the potential number

NOCTPAAaBIINX, BKJIYasi MNOTHOIIUX Cpeau
pPadOTHMKOB M1 MHBIX (pu3nveckux Juil. [Ipu
OLICHKE KOJIMYECTBA MOCTPAJABIINX OBLIH
caenansl cieayromnme gonymenus [10]:

e 80 % mepconana Ha IUIOMIAJAKE OypeHHUs
HAXOJHUTCS BHE MOMEIICHUI;

® HEMOCPEeACTBEHHO Yy OypoBoro cTBOJa
HaXOJUTCS 3 YeI0OBEKa;

e BeCh NEPCOHAI Ha IUIOMIAAKE OypeHUs UMEeT
U30JIMPYIOIINE TPOTUBOTA3bI;

® BECh IIEPCOHAN CTOPOHHUX  OpraHW3aIui,
(VIIIIr

I'TIY OOO «lasmpom noObiua AcTpaxaHby),

3aHATBIX Ha 6J'II/I3JI€)KaHII/IX 00BeKTax
HMECT U30JIUPYIOIHEC IPOTUBOT'a3bI.

Bpemss oskcno3unmu Ui epcoHala
o0wvekta u nepcoHana OOO «l'a3mpom n00bIUa
AcTpaxaHp» NpUHATO paBHBIM 120 cek., Tak Kak
TUTOIIAJKH CTPOUTEIBCTBA CKBAKUH W BEICHUS
PEMOHTHBIX paboT PacIoNoKEHbl HA PACCTOSIHUN
oosee 100 M oT ckBaxkMHHBIX IIomagok OO0
«["a3mpom  no0ObIya AcTpaxaHb», a TIiIyOuHa
pacnpocTpaHeHusi obnaka He mpesblmaer 50 M.
B3peiBa  pacmpocrtpansitonierocs  objaka  Ha
JTAHHOM TePPUTOPHH HE MTPOTHO3UPYETCS, TaK Kak
IUTOINAAKH CTPOMUTENbCTBA CKBAKUH M BEICHUS
PEMOHTHBIX pabOT PacIOIOKEHBI Ha PACCTOSTHUH
6onee 100 M OT BaxTOBBIX TOPOJKOB IEepcOHAIA
¢unmnana, B TO

BpeMsl Kak  TIiyOuHa

pactipocTpaHeHus oOinaka He mpeBblmaer 50 M
[11].
Bo3MOXHOE KOIMYECTBO MMOCTPAAABIINX

NP peau3aiii aBapyuil MPUBEACHO B TaOIHIlE 3.

of victims, including victims among the

employees and other individuals. When
assessing the number of injured people the
following assumptions have been made [10]:

e 80% of personnel on the drilling site is
located outside the premises;

e 3 persons are near the drilling hole;

o all personnel on the drilling site have red
packs;

o all the staff of other organizations working
on the nearby objects ("Gazprom dobycha
Astrakhan™) have red packs

The exposure time for the staff and personnel
"Gazprom dobycha Astrakhan" is assumed to be
120 seconds, as the site of well construction and
repair works is located at a distance of more than
100 m. from borehole sites of "Gazprom dobycha
Astrakhan”, and the depth of clouds distribution
does not exceed 50 m. The explosion of a
spreading cloud on this site is not predicted,
because the sites of well construction and repair
works are located at a distance of more than 100
m from the branch rotational camps, while the
depth of clouds distribution does not exceed 50 m
[11].

The possible number of victims in case of an

accident is shown in table 3.
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Tab6numa 3
Table 3
Bo3MmorkHOE KOITHIECTBO IIoCTpagaBIINX IIPU pC€alu3allkin aBapI/Iﬁ
Possible number of victims in case of an accident
Ne ABapuiiHoe KosmnyecTBo mocrpajgaBimmx
THIIOBOTI'0 o0opynoBaHue, co0bITHE, . YeJI0BeK, Yell.
ABapuiiHas .
cueHapust WHUIHHPYIOIIee cuTyamus Number of injured persons,
No. of a aBapUITHYIO CHTYaLHIO y persons
typical Emergency equipment, the H
yp . gency eq . P Emergency CMmepTebHO ¢
scenario event that triggers an CMepTeITbHO
Lethal
emergency Not lethal
OTtkpbITOE
4 — mepcoHan
(doHTaHUpOBaHUE .
BypoBas ycraHoBka, OypoBoit
0e3 BocrulaMeHeHus1, | 1 — mepcoHan
ra3oIrposBJICHUC ITPU o YCTAaHOBKH 1
pacnpocTpaHeHuE OypoBoii
BEJICHUU padboT . BaXTOBOT'O
TOKCHUYHOU ITPUMCCU YCTaHOBKH
Cl roceska
Drilling rig, gas showings
grng g _g Uncontrollable 1 — the staff of
when conducting operations . e 4 — the staff of
blowout without the drilling rig e
- . the drilling rig
ignition, spreading
. : and the camp
of toxic impurity
bypoBas ycranoBka,
ra3ornposABJICHUC ITPU
BeJICHUH paboT
(paspymenue nogzemMHoro | dakenbHOE ropeHue
2 o0opymoBaHus) BbIOpOCa 3 3
Drilling rig, gas showings Outburst jet fire
when conducting operations
(the destruction of
underground equipment)

3akiouenue. PazpaboTka MecTOpOXJIEHUI Ha
AI'KM COIIPOBOXKAETCSA MIOBBIIICHHOU
OIaCHOCTBHIO0 — BO3MOKHBI BBIOPOCHI TJIACTOBOTO
rasa ¢ CojAep)KaHHEM CEPHUCTOrO BOJOpoJa OT 6
% no 26 % ot ero oobema. Ha ocHoBaHMM 3TOT0O
00bekT oTHOCUTRC Ko |l kimaccy omacHocTH.
ABTOpamu oTmpenesieH HanOojee OMACHBIN THIT
aBapuii Ha paccMaTpuBaeMoM OOBEKTe. ITO
(akenbHOE TOpeHHME IIIACTOBOTO (uIIoHIa HpU
OTKPBITOM  (DOHTAHMPOBAHMHM CKBaXWHBL. B
pe3yabTaTe JAaHHOM aBapHH MOTYT MOCTPaIaTh J10
6 YeloBeK IMepcoHana, U3 KOTOPBIX 70 3 YeoBeK
MOTYT

HOJIYUUTH CMCPTCJIIbHYIO CTCIICHD

nopaxenus. Yactora JaHHON aBapUM COCTABJISIET

Conclusion. The field production on AGKM is
accompanied by a high risk — potential outbursts
of reservoir gas containing hydrogen sulfide from
6 % to 26 % of its volume. Based on this the
object may be referred to the Il class of danger.
The authors defined the most dangerous type of
accidents at the facilities. This is jet fire of
formation fluid with uncontrollable blowout. As a
result this accident can affect up to 6 employees,
of which up to 3 people can get a fatal degree of
damage. The frequency of this accident is about
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BennuuHy nopsaka 9,00E-04, 1/ron [12]. B
KauecTBe HamboJiee BEPOSITHOH paccMaTpHBACTCS

aBapus, CBSI3aHHAA C pacnpocTpaHeHueM
CEepoBOJIOpOAA MpH  MOJIy4acOBOM  BbIOpoce
m1acToBoro Quronsa u CBOEBPEMEHHOM

JOKanu3anuu aBapuu. B pesynbrare 3Tol aBapuun
MOTYT MIOCTPaJiaTh /10 S5 4YeNOBEK, U3 KOTOPBIX
OJIMH MOKET MOJYyYUTh CMEPTEIbHOE MOpaKEHUE.
YacroTa JanHOH

aBapuun COCTaBUT BCJIIMYHHY

nopsaka 9,30E-03, 1/rox.
bub6anorpadguyeckuii cnucok.

1.0 npombIlUIeHHON 0€30MacHOCTH OMAaCHBIX
MPOU3BOJCTBEHHBIX OOBEKTOB [DIIEKTPOHHBII
pecypc] : denepanpubiii 3akon Ne 116-®3 ot
21.07.97 // DnektpoH.

HOpPMATHUB.-TeXH. JOoKyMeHTaruu / KoHcopumym

¢boHI TPaBOBOH W

«Kogeke»., — Pexum  mocrtyna

http://docs.cntd.ru/document/9046058
obpamenus : 01.10.17).

(nata

2. AutuneeB, B. H. Ananu3 pucka aBapuii u
YPE3BBIYANHBIX CUTyaLui Ha
He(Tera3zo100bIBAIOLINX MPEIIPUATUIX — OJUH
U3 pbIYAroB CHWKEHUs asapuiiHocTn/ B. H.

AHTHIIBEB // be3omnacHocTs

Tpyna B
npombinuieHHocTH. — 2004, — Ne 4. — C. 20—
22.

3. bana0a, B. n.
npoMmblIeHHo# 6e3omacHocty / B. M. banaba.
— Mocksa : PI'Y weptn um raza mm. M. M.
['ybxuna, 2003. — 64 c.

4. Kneb6anos, @. C. O coBpeMeHHOH KOHIIETIINN

O6mue TpeGoBaHMs

0€e3011acHOCTH / . C. Kiebanos //

be3omacHOCTh Tpyia B TPOMBINIUICHHOCTH. —
2003. — Ne 6. — C. 33-35.

5.Kmoprant, B. B. CucremHoe ynpaBieHue
puckamu / B. B. Kmrosraar // TexHonoruu
He(drerazoBoro komrmiekca. — 2004, — Ne 1., —
C. 96-98.

6. Ko3baKoB, A. D.

MIPOMBIIIUICHHOW 0€301aCHOCTHIO [ DJIEKTPOHHBIN

VYnpasnenue

9.06 E-04. 1/year [12]. An accident involving the
spread of hydrogen sulphide at a half-hour
outburst of formation fluid and timely localization
of the accident is considered as the most likely.
As a result this accident can affect up to 5 people,
one of whom can get a fatal degree of damage.
The frequency of this accident is about 9.30 E—
03. 1/year.
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