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OcobeHHocTU BeperoBbix Komnsiekcos CINI
M aBapUMUHbIX CUTyaUUn Ha HUX

Bl Pesepsyapbl xpaHeHua CINIr

B MnpoBOM NpakTKe NPUMEHAIOTCA pasinyHble

BUAbl pesepByapos xpaHeHua CII 31u pasnuymA
06yCNoBMEHbI X 06BEMOM, a TAKXE reoNIorm4yecKuMmn
N NpUpPOAOOXpaHHbIMK hakTopamn. bnarogapA HOBbIM
KOHCTPYKTOPCKNM paspaboTkam, B NocnegHue rogsl
CTano BO3MOXHbIM CTPOUTENLCTBO 605ee KPynHbIX
HaA3eMHbIX pesepByapos o6bemom o 200 000

m3. CyllecTByeT ABa OCHOBHbIX BUAa pesepByapoB
xpaHeHua CIMI: noasemHble (PUCYHOK 1) n Haa3emHble
(PucyHok 2). O6a Bnga pe3epByapoB NMEIOT BbICOKUIA
ypOBeHb (hakTudeckon 6esonacHocTu. MNoasemHble
pesepByapbl xpaHeHuna CI1I, 6e3ycnoBHO, nMetoT
HEKOTOpble NPenMMyLLECTBa C TOYKM 3PEHMA OXpaHbl
OKpy>KatoLlemn cpefpl: n3-3a npegenos TeppuTopum
TepMuHana OHW 3aMETHbI JIMLWb YaCTWUYHO, YTO

AenaeT ux MeHee yA3BUMbIMU B Ka4ecTBe Lenu AnA
TEPPOPUCTUYECKUX aKTOB. Kpome TOro, MOCKOMNbKY
CII xpaHUTCA HUXKE YPOBHA 3eMK, B criyvae
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B LNG Storage Tanks

LNG storage tanks are employed in a variety of types
throughout the world according to capacity geological
and environmental considerations. New designs have

in recent years made it possible to build larger above
ground tanks with capacities of up to 200,000 m3. There
are two key types of LNG storage tanks: in-ground
storage tanks (Figure 1) and above ground storage
tanks (Figure 2). Both types of tanks have a high level
of demonstrated safety. In-ground LNG storage tanks do
have some environmental benefits: they are only partially
visible from the outside of the terminal site making them
difficult to be targeted by terrorists. Furthermore, since
the LNG is stored below the ground surface, in the
unlikely event of a terrorist attack or the concrete roof
being destroyed by a projectile, the LNG would not leak
onto the ground. Accordingly, the tanks are accredited
with the European standard EN1473, making them the

i safest way to store LNG. In an earthquake the seismic




TEPPOPMCTUYECKOTO aKTa Unn paspyLieHna 6€TOHHON
Kpbiwwn cHapAagom CIT He BbITeYeT Ha 3emto. Takue
pesepByapbl XpaHEeHWA NPU3HaHbl COOTBETCTBYIOLWMMM
eBponenckomy ctaHgapty EN 1473, n noatomy
cumTaroTcA Hanbonee 6e3onacHbIM CNOCOH6OM XpaHeHUsA
CII- MNpwn 3emneTpAceHNAX NOA3EMHbIE pe3epByapbl
XPaHEeHWA MeHbLUE CTPaAaloT OT CMELLEHUA MNOYBbI, YEM
Haa3eMHble COOPY>KEHNA, U3-3a YEro B CENCMOOMACHbIX
30Hax noasemHble pesepsyapbl 6onee 6e30MnacHbl.

[nA NoBbIWEHNA YPOBHA 3aLUMLLEHHOCTU pe3epByapoB
OT TEPPOPUCTUHECKNX aKTOB KpbILLN pe3epByapoB
MOryT 06/IMLOBbIBATLCA Xene306eToHOM, NMnbo
NONMHOCTbIO 3arnybnAaTecA. C NnoOBEPXHOCTM BUAHA
TONMbKO Kpblwa pe3epByapa xpaHeHua CII, yTto genaet
Takomn pesepByap MEHee NoABEPXKEHHbIM HanageHuio
TeppopucToB. bonee Toro, pesepByapbl HE YXyALWaT
NPUpPOAHBIN NaHawadT U CHUXKAKT NCUXONIorMyeckoe
BO34ENCTBUNE, KOTOPOE 06bIYHO CO34aI0T KPYMHbIe
pesepByapbl.

PucyHok 1 Cxematnyeckoe nsobpakeHne KOHCTPYKLMK
TUMOBOro NOA3EMHOrO pe3epByapa xpaHeHua CIr

motion is not amplified for in-ground storage tanks when
compared to above-ground structures making them
safer in earthquake-prone regions. In order to make the
tanks much safer from terrorist attacks, tank roofs can
be lined with reinforced concrete or the roof of the tanks
can be completely underground. The roofs of in-ground
LNG storage tanks are the only part visible from the
surface making the tanks a difficult target for terrorists.
Moreover the tanks are not obtrusive to the surrounding
environment, reducing the psychological impact that
large tanks usually arouse.

Figure 1 Schematic design of a typical in-ground
LNG storage tank

N3o06pa)keHne KOHCTPYKLMM TUMOBOIro NoA3emMHoro pesepsyapa xpaHeHua CIIN B pa3pese

Cross-section of Typical In-ground LNG Storage Tank Design
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Tem He MeHee, 3aTpaTbl HA CTPOUTENBCTBO NOA3EMHbIX
pes3epByapoB Npu ONpeaeieHHbIX reoNormMyecKmx
yCNnoBmAX MOryT 6bITb BbICOKW. [10 3TOM NpuynHe, a
TakK>Xe Ha OCHOBaHuM OLeHKN puUckKa npuMeHnTesIbHO

K MeCTy pacrnosioXXeHUA TEX NN UHbIX pe3epByapHbIX
napkos CII; 60nbWIMHCTBO pe3epByapoB BbIMOHAIOTCA
Haa3eMHbIMU. pu ycnoBmmK, YTO NpU CTPOUTENBCTBE
TakMX pe3epByapoB MCNONb3YIOTCA Haanexaime
mMarepuvanbl U NpeaycMaTpuBaloTCA COOPY>XXEeHNA

ANA nokKanusaumm pasnueoBs, Hanpuvep, 4ambbl
obBanoBaHvA, OHM BNoMHe MOryT 3EKTUBHO U
6e30nacHo aKcnyaTMpoBaTbCcA 6€3 Cepbe3HbIX
nocneacTeui anA 6e30MacHOCTY M 3KONOrn, Aaxke

B CNydae nomnbITOK COBEPLLUEHNA TEPPOPUCTUHECKNX
akToB. C HegaBHero BpeMeHu nHorga npumMeHaAtoTcA
pesepsyapbl CI1I y>xe He unmHgpu4eckon, a
MOZYNbHOW U NPAMOYIONbHOW KOHCTPYKLIMK, TaK Kak
3TO YCKOPAET UX CTPOUTENLCTBO 1 pa3MeLLeHme npu
COOPY>XEHUN HaA3EMHbIX U, BO3SMOXHO, MOPCKUX
rPaBUTALMOHHBIX NPUEMHbIX TepMuHanos CIT

PucyHok 2: CxemaTnyeckoe nsobpa)keHme KOHCTPYKLUn
TUMOBOro HaA3eMHOro pesepsyapa xpaHenua CII

However, construction costs of in-ground tanks can

be high and difficult to build in certain geological
environments. For this reason, and based upon risk
assessments in the location of specific LNG storage
sites, most tanks are of the above-ground type. Providing
such tanks are built with appropriate materials and spill
containment provisions, e.g. containment dikes, there
is no reason that they cannot be operated safely and
effectively, preventing serious safety and environmental
consequences even if targeted by terrorists. Some
recent LNG tank designs are no longer cylindrical, but
modular and rectilinear in design for more rapid build
and deployment, both above ground and potentially
offshore in gravity-based LNG receiving terminals.

Figure 2: Schematic design of a typical above-ground
LNG storage tank

N306pa)keHne KOHCTPYKLMM TUMOBOro HaA3eMHOro pesepsyapa xpaHeHua CII B pa3spese

Cross Section of Typical Above-ground LNG Storage Tank Design
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TexHuka 6e3onacHOCTU Ha o6beKTax

6eperoBbix pe3epByapHbIx napkos CINI
B oTpacnu HakonneH 3Ha4nTeNbHbIN ONbIT 6€30MacHoM
akcnnyartaumm 6eperoBbix komnnekcos CIIL B CLUA
3TOT OMbIT UMeET boree YeM NATUAECATUIETHIO
NCTOPU1IO paboTbl NPON3BOACTBEHHBIX MOLLHOCTEN
MO CXKUXKEHWIO NPUPOAHOIO rasa, NoAaBaemoro
B Nepuog NMKOBOro NoTpebneHna — HebonbLmnx
3aBOJ0OB M EMKOCTEN-XpaHUNWLL, rae NpovM3BoaMTCA U
xpanutca CI1I; BbipabaTbiBaeMblil U3 NOCTYNaoLWero
no TpybonpoBoay rasa B nepvogbl cnaboro pasbopa
1 Hakannmeaembln B Buae CII gna nocnepytollen
perasudmkaummm u nogady B TpybonpoBos B nepuoabl
noBbIlWEeHHOro cnpoca. bonee yem B 50 MeCTHbIX
KOMMYHaIbHbIX Cy>6ax ¢ OT/IMYHBIMU NOKa3aTenaMm
TeXHNKU 6e30nacHOCTU aKenyaTupyetcA okono 130
Takux MoLHocTer no npomasoacTay CII, koTopbie
paboTatoT NoZ CTPOrIM KOHTPONEM Ha YPOBHE cheaepaumm 1
OTAENBHbIX LUTATOB U C YHETOM BbICOKUX METASITYPrMHECKNX
CTaHAAPTOB, YCTaHOBSIEHHbIX NMOC/e aBapum B KnueneHae
(wTat Oravo) B 1944 roay (CM. HWXe).

Pesepyapbl ana CI1 BbINONHAOTCA C ABONHBLIMA
CTEHKaMW: BHELLHAA CTEHKa npegHasHaveHa

AnA 3agepxku napos CI1I, a BOKpyr BHYTPeHHeN
CTEHKU NMeeTCA cMcTeMa n3onauum, cogepxatyan
KPWOreHHY10 XXUAKOCTb. PesepByapbl BbINOMHAIOTCA
13 MeTannoB UM CNNaBoB C HU3KNM KO3hULMEHTOM
TENI0BOro PacLIMPEHNsA, KOTOPbIE HE OXPYN4MBaOTCA
MPN COMPUKOCHOBEHUW C KPUOTEHHbLIMU TEKYHYUMM
cpegamu (To eCTb, U3 antoOMUHUA UK CTanu ¢
AEeBATUNPOLEHTHBLIM coaepXkaHuem Hukensa). Bokpyr
COBPEMEHHbIX pe3epByapoB yCTpanBatoTCA HAChINW,
6epmbl, gambbl N 06BanNOBaHUA, pacCYNTaHHbIE HA
npuem yteyek ntoboro obvbema, a umeHHo go 110 %

oT o6bema CoOTBETCTBYIOLEro pesepsyapa. NHoraa B
KOHCTpyKUmmn pesepsyapoB CIIN npumeHAeTCA BHELIHAA
€MKOCTb U3 rnpegHanpAXeHHOro Xxene3obeToHa,
cnocobHaA BMECTUTb COAEPXXMMOE BHYTPEHHENO
pes3epByapa B Cly4ae yTeuku U3 Hero.

Puck B3pbiBa CBOAMTCA K MUHUMYMY 32 CHET
xpaHeHuna CII noa AaBneHMemM HECKOMNbKO Bbille
aTMOCEPHOro, YTO UCKMOYaeT CaMONPON3BOJIbLHOE
nonagaHve B pe3epByap Bo3ayxa. BHyTpeHHue
YacTn obopynoBaHWA pe3epByapoB IKCMIyaTMpyOTCA
B 6€3B034YyLIHON cpeae, 4ToObl NoAAEPKUBATb

CII' B cocToAHMM, NP KOTOPOM HEBO3MOXHO
BOCM/amMmeHeHne unu B3pbiB. Ecnm e, Tem He meHee,
CII BoiTekaeT N3 pesepByapa unu pasnmeaeTca

BO BPeMA TPaHCMOPTUPOBKU, OH NepemelumBaeTcA

C BO34yxoMm u nubo BosropaeTcA ¢ 06pa3oBaHNEM
noxxapa nponuea, nnb6o 6eicTpo 1 6e3 ocTaTka
ncnapaetca. Mapbl CMNI (TO ecTb, NPUPOAHbBIN

ras, 6onee 4yem Ha 90% COCTOALUMMN U3 MEeTaHa)

npv nepemMeLlInBaHnm ¢ BO34yXOM CTaHOBATCA
OrHeonacHbIMW, HO BO3roparoTCA TONbKO B COCTaBe
BO3yLUHOW CMECU, B KOTOPOW JONA ra3a B BO34yxe
cocTtaBnAeT no o6vemy oT 5% [0 15%. B3pbi
NPOUCXOAMT B TOM Criy4ae, ecnu TakaAa orHeonacHan
CMeCb HaxoanTCA B 3aMKHYTOM MPOCTPaHCTBE B
NPUCYTCTBUN UCTOYHMKA BOCMNIAMEHEHMA.

B Safety of Onshore LNG Storage Facilities
The LNG industry has substantial experience in safely
operating onshore LNG facilities. The US experience

in operating LNG facilities goes back more than five
decades with peak shaving facilities - small liquefaction
plants and storage tanks that make and store LNG from
pipeline gas during periods of low gas demand, store

it as LNG, and then regasify it to supplement pipeline
supplies during periods of high demand. More than 50
local utilities operate some 130 such plants LNG with
an excellent safety record following lessons learned,
strict federal and state regulation, and high metallurgical
standards following the accident in Cleveland Ohio in
1944 (see below).

LNG tanks have double walls: the outside wall is
designed to hold LNG vapors and the insulation
system around the inner wall which contains the
cryogenic liquid. The tanks are constructed of metals
or alloys with low coefficients of thermal expansion
that do not embrittle when in contact with cryogenic
fluids (i.e. aluminium or nine-percent nickel steel).
Embankments, berms, bunds or dikes surround the
tanks and are scaled, as a precaution, to contain any
leakage up to 110% in modern facilities. Some LNG
tank designs have a reinforced prestressed concrete
outer tank which is capable of holding the tank
contents should the inner tank leak.

Explosion risk is minimized by storing LNG slightly
above atmospheric pressure so that no air can
inadvertently leak into a tank. The inside of the tanks
are operated as air free environments to maintain the
LNG in an inflammable state that precludes ignition or
explosion. If LNG does however escape from a tank or
is spilled during transfer it will mix with air and either
ignite forming a pool fire or will rapidly vaporize leaving
no residue. LNG vapor (i.e. natural gas consisting

of >90% methane) becomes flammable when mixed
with air but will ignite only when mixed in the range
5% t015% by volume of gas in air. An explosion can
result if such a flammable mixture is confined in the
presence of an ignition source. The LNG industry

has well established safety systems including codes,
regulations and standards.

These systems incorporate the following requirements:

¢ well-designed and engineered facilities

¢ trained, qualified and experienced operating personnel

¢ fail-safe control systems, alarms and automated
emergency isolations

* management committed to safety as number one
priority

e frequently reviewed and updated standard operating
procedures

e specified contingencies and documented emergency
scenario plans

e top quality fire protection and security systems

° emergency response teams adequately resourced for
rapid and effective deployment
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B oTpacnu no nponseoactey CII cywecTByOT XOpOLIO

YCTaHOBMBLUMECA CUCTEMbI TEXHUKN 6e30MacHOCTY, B

TOM Yucne cBoAbl NpaBui, HOPMaTUBHbLIX TPeboBaHUA U

cTaHaapToB. K TakuM cuctemam OTHOCATCA creaytowme

TpeboBaHuA:

® HaAeXXHOCTb B KOHCTPYKLUM N MPOEKTUPOBAHUN
COOPY>XEHWM

e 06yYeHHbIN, KBanMULMPOBAHHBIN 1 OMbITHbIN
NPON3BOACTBEHHbIN NepcoHan

® 0TKasobe3onacHble CUCTEMbl yNpaBneHus,
CMrHanM3aumu 1 aBToMaTUyYeCcKoro aBapunHoro
OTKJIO4EHMA

® NepBOCTENEHHOE BHUMaHWEe BONPOCaM TEXHUKU
6€e30nacHOCTN CO CTOPOHbI PyKOBOAUTENEN

® yacTaA nposepka u gopaboTka cTaHAapTHbIX
NPON3BOACTBEHHbLIX Npoueayp

® Hanm4yme NMCbMEHHOTO NepeYHA Ype3BblHanlHbIX
CUTYyauMI N NNCbMEHHbBIX MNSTaHOB NNKBUAALUN
aBapuii Npy pasnuyHbIX BapuaHTax ux pasBuTusa

® BbICOKOKaYeCTBEHHbIE CUCTEMbI
noxxapobes3onacHOCTH U OXpaHsbl

® Hanu4ve aBapuiHbIX Gpurag, MMEeKLWmMX OCTaToOYHOE
CHapAXeHue anA 6bICTporo n ahpeKTMBHOro
pasBepTblBaHNA

KpynHble aBapumn Ha o6bekTax CININ B CLUA
(c 1939 no 2006 roa)

PaccMoTpeHWA 3acny>XvBatoT TpU creaytolume KpyrHble
aBapuu:

B KnusneHa (wTtaTt Orano), 1944 ron

MepBbI NpombIwneHHbIn 3aBog, CMIM ana nogayv rasa
B NepUoabl NMMKOBOro NoTpebneHna Bbin NOCTPOEH B
3anagHon Bupruium B 1939 rogy. [1Ba roga cnycta
komnanua “Uct Orano 3¢ Komnanmn” (East Ohio Gas
Company) noctpouna B KnueneHae BTOPON 3aBog,
6e3aBapuinHo paboTasLlumnin 4o 1944 roga, BNNOTb A0
TOro BPEMEHW, Koraa Ha ero Tepputopum 6bin BO3BEeAEH
6ornee KpynHbIn pe3epayap. Tak Kak Bo Bpema Bropon
MwupoBoi BolHbl oulyLlanack HexBaTka crnnasoB
Hep>XXaBeroLLen cTanu, Npu NPoeKTUPoOBaHUN HOBOMO
pe3epByapa 6blN NPUHATHI KOMMPOMUCCHbIE PELLEHUA.
Bckope nocne nycka B aKcnnyaTaumio n3-3a Xpynkoro
nsnoma pesepyap gan teyb, CMI BbITEK, M NpoM3oLuLen
nepenve o6BanoBaHnA, KOTopoe bbIo paccynTaHo

Ha npyvemM nub He6oMbLINX pa3nueoB. XMAKOCTb
YCTPEMMUIIACh B 30HY 3aBOACKMX MHXXEHEPHbIX
COOPY>XEHUI 1 nonana B CUCTEMY JIMBHEBOW
KaHanusauum, obpasoBas 06/1ako napa, KoTopoe
3anosiHWIOo Npuerarwme ynuupbl 1 BOCNaMeHUI0Ch.
B pesynbTare BocnnameHeHna obnaka napa v noxxapa
nponuea nornénn 128 4enoBek, HaXoAMBLUMXCA B 3TO
BpemMA B a,lJ,MI/IHI/ICTpaTI/IBHO-X03F|I7ICTBeHHOM Kopnyce
KOMMaHWM U B NPUMbIKAOLLMX XXUNbIX KBapTanax.
[opHoe Bropo CLLA npoBeno paccnenoBaHne aBapuu

M MPULLIO K BbIBOAY, YTO KOHLENUMA COKMKEHNA

n xpaHeHna CII moxeT 6bITb peannsoBaHa

TONbKO B criyyae “cobnogeHnA Haanexatumx mep
npepocTopoxxHocTu”” Ecnu 6bl pesepsyap B KnueneHae
6bl1 MOCTPOEH MO COBPEMEHHbBIM CTaHAapTaM, TO 3TON
aBapun 6bl He NPON30LWLNo. [JeNCTBUTENBHO, 3a BCHO
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Major LNG Safety Incidents in USA
(1939 to 2006)

Three major incidents are worthy of review:

Bl Cleveland, Ohio 1944

The first commercial LNG peak-shaving plant was built
in West Virginia in 1939. Two years later, the East Ohio
Gas Company built a second facility in Cleveland, which
operated without incident until 1944 when the facility
was expanded to include a larger tank. A shortage

of stainless steel alloys during World War Il led to
compromises in the design of the new tank. It failed

by brittle fracture shortly after it was placed in service,
allowing LNG to overflow a dike designed to hold small
spills only. The liquid flowed into the surrounding utility
plant area and into the storm sewer system, forming

a vapor cloud that filled the surrounding streets and
ignited. The resulting vapor and pool fire caused the
deaths of 128 people in an adjacent utility company
building and in the adjoining residential area. The U.S.
Bureau of Mines investigating the accident concluded
that the concept of liquefying and storing LNG was valid
if “proper precautions were observed”” Had the Cleveland
tank been built to modern standarda, this accident
would not have happened. In fact, LNG tanks properly
constructed of 9 percent nickel steel have never had a
brittle crack failure in their 35-year history.

Bl Staten Island, New York February 1973

An industrial accident occurred at the Texas Eastern
Transmission Company peak-shaving plant on Staten
Island. An LNG tank was emptied to investigate a leak
which was found to be caused by tears in its mylar lining.
During the repairs, the mylar liner and the polyurethane
tank insulation were ignited, thus raising the temperature
in the tank. Enough pressure was generated to dislodge
a 6-inch thick concrete roof, which then fell on the
workers in the tank and killed 40 people. The New York
City Fire Department report of July 1973 determined
that the accident was clearly a construction accident
and not a “LNG accident” However, it highlights the fact
that tanks for any form of hydrocarbon are potentially
dangerous places when entered for maintenance
purposes and strict codes of practice have to be
followed to avoid risks of ignition and/or asphyxiation.

Bl Cove Point, Maryland October 1979

An explosion occurred within an electrical substation

at the Cove Point receiving terminal. LNG had leaked
through an inadequately tightened LNG pump electrical
conduit seal, and had passed through 200 feet of
underground electrical conduit to enter the substation.
Since natural gas had not been anticipated in this
building, there had been no gas detectors installed.
The natural gas-air mixture was ignited by the normal
arcing during the opening of normally energized contacts
of a motor control circuit. The resulting explosion killed
one operator in the building, seriously injured a second,
and caused about $3 million in damage. The National
Transportation Safety Board found that the Cove Point
Terminal was designed and constructed conforming to
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35-neTHI0 ncTopuio akcnyaTaumm pesepsyapos CII,
NOCTPOEHHbIX U3 cTanu ¢ 9-NPOLEHTHBIM CoaepP>XaHNEM
HUKENA Npu cobnioaeHUN HaaexXallen TEXHONOrnn, He
6bI10 HX O4HOTO CMyYaA NX XPYMKOro paspyLUeHns.

Bl CrarteH AineHpa, Horo-Uopk, heBpanb 1973 r
B CtarteH AineHge, Ha 3asoae CIIN anA nogayu rasa
B Nepvoabl MMKOBOro NoTpe6brneHnsa, NnpuHaanexaiiem
komnaHum “Tekcac VictepH TpaH3MuwH KomnaHum”
(Texas Eastern Transmission Company) npousowna
NpoMbIWeHHaA aBapuA. [InA npoBegeHnAa ocmoTpa
MecTa yTeuku B pesepyape CII, BbiaBaHHOM
paspbiBaMu B €ro MannapoBoKn obLLIMBKE, pe3epByap
6b111 ONOpPOXKHEH. Bo BpemA peMOHTHbIX paboT
NPON30LLIO BO3ropaHue MannapoBoin 06LLNBKN 1
nonnypeTaHoBOW M30NAUMK pe3epByapa, U3-3a 4Yero
Temneparypa B pesepByape nosbicunacb. Poct
[AaBfieHnAa okasascA AOCTaTOYHbIM ANA TOro, YTobbl
6eTOHHaA Kpbllwa eMKOCTW TOMLUMHON 6 AMOB
CMecTunacb u ynana Ha pabo4mx, HaxoamBLUMXCA
BHYTpW pe3epsyapa. [lornbno 40 4yenosek. B oTyeTe,
fatmposaHHoM utonem 1973 roga, YnpasneHue
MoxxapHoi OxpaHbl I. Heio-Mlopka keanucuumposano
3Ty aBapuio Kak O4€BUAHbBIA HECHACTHBIN Cnydan

Ha CTPOIKe, a He Kak “aBapwuto, cBA3aHHyto ¢ CII™
Tem He MeHee, 3TOT HeCcYaCTHbIN cry4yan HanoOMHUN

0 TOM, YTO pe3epByapbl A41A NtobbIX YrNeBoaopoaoB
npeacTasnAlT cobon NOTEeHUManbHy0 ONacHOCTb U
BO usbexxaHme pucka Bo3ropaHva n/mnm yayLiba npu
HaxoXXAeHNM B HUX criegyeT CTporo cobnoaatb HOPMbI
1 npaBuna TeXHUKM 6e30NacHOCTM.

B Kos NouHT, MapuneHa, oktabpb 1979 roaga
lMpownsoLwen B3pbIB HAa 3NEKTPONOACTaHLMN NPUEMHOrO
TepmuHana B Kos-lMonHT. CII" yepes3 HerepMeTuyHyto
nsonAaumo kabenenposoga Hacoca CII npoTek B
kabenenposopg, No kabenenposogy NPocoYnsca

Ha paccToAaHue 200 ¢pyToB 1 nonan B NoACTaHUMIO.
lMockonbky nonagaHvua NPUPOLHOro rasa B 3TO 34aHue
npeaycMoTPEHO He 6blno, ra30CMrHannM3aTopbl B HEM
yCTaHOBJIEHbI He 6bIIM. CMecb NPUPOZHOrO rasa ¢
BO34yXOM BOCM/iaMmeHunacb BCneacTeme obpasoBaHuA
HOPMaIbHOW Ayrn BO BPEMA pa3MblKaHUA HOPMasibHO
NOAKITHOYEHHbIX KOHTAaKTOB LiEenu ynpasneHnsa
anekTpoasurarenemM. B pesynbTtare B3pbiBa B 34aHUn
norm6 oavH onepaTop, BTOPOW NOMyYns TAXEeNbIe
TpaBMbl, a Tak>Xe 6bIN NpUYMHEH yuwepb Ha cymMmmy
OKOJ10 3-X MUJIJIMOHOB [,0NNapoB. HaunoHanbHbIN
KomunteT BesonacHocTu MNepeo3ok CLUA yctaHoBun,
yTo TepmmHan B KoB-lMoNHT 6611 3anpoeKTupoBaH

M NOCTPOEH MO BCEM COOTBETCTBYIOLUM HOpMaM U
npaeunam. B pesynbtate naHHON aBapun B HOPMbI
NPOEKTUPOBaHNA MO BCEW OTpacnu 6binn BHECEHbI
TPV CEPbESHbIX N3MEHEHNA.

B pesynbTate ypoKOB, U3BMEYEHHbIX N3 3TUX TPEX
aBapui B COBOKYMHOCTM ¢ 6onee yem 60-neTHUM
NPOM3BOACTBEHHbLIM OMbiToM paboTel ¢ CII B

CLUA, B cTpoUTENBCTBE U 3KCMTyaTauum HOBbIX
COOPY>XEHUI YyCTaHOBMEHbI HaAEeXHble N 3PEKTUBHbIE
CBOAbI NpakTudecknx npasun. B otpacnu CIT
npocnexnBaeTcA TeHOeHUMNA K CTPOUTEesIbCTBY
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all appropriate regulations and codes. As a result of
this accident three major design code changes were
implemented industry wide.

Lessons learned from these three incidents together with
more than 60 years of operating experience handling
LNG in USA have established robust and effective
codes of practice in building and operating new facilities.
The LNG industry is committed to build state-of-the-art
LNG import terminals that are safe and environmentally
sustainable. With the later point in mind modern designs
for LNG regasification and storage facilities minimize
discharge of process chemicals or other pollutants.
Modern plants also strive to minimize air emissions and
restrict noise and light pollution. Turbines to power the
pumps and regasification process equipment are, where
possible, of sizes that minimize environmental impacts.

Accidents Upstream in the LNG Supply

Chain: Skikda, Algeria 19 January 2004
At 6:40 pm on January 19, 2004 a steam boiler exploded
at a LNG liquefaction plant in the Sonatrach-operated
Skikda, Algeria after it probably drew flammable vapors
from a hydrocarbon refrigerant leak into its air intake.
This triggered a secondary, more massive vapor cloud
explosion destroying a large portion of the plant,
including three LNG process trains. The incident killed
27 people, injured 74, and created an $800 million loss.
The fire and explosion caused material damage outside
the plant’s boundaries. None of the LNG storage tanks
were damaged. Prior to this tragedy the plant had a good
safety record and had operated for over 30 years without
a significant incident. A lesson to be learnt here is about
the need to constantly review and upgrade equipment
and operating procedures in facilities as they age.

The incident began when a control room operator
noticed rapidly rising pressure within a steam boiler. The
operator attempted to correct the problem by reducing
the flow of fuel to the boiler. Before this was possible,
however, the boiler’s pressure relief valve activated.
Another operator near an adjacent LNG unit observed a
vapor cloud forming near the boiler. And the leaking gas
being drawn into the boiler by its air inlet fan. The gas
then mixed with the right amount of air within the boiler’s
fire box and exploded. The boiler was located close
enough to the gas leak area to ignite the vapor cloud
and produce an explosion and fireball. It is believed that
a pipe failed, releasing hydrocarbon gas that formed the
vapor cloud. Contributing factors included the absence of
wind to disperse the gas and ignition in a confined area.

The hydrocarbon refrigerant used in many liquefaction
plants includes a mixture of propane and ethane (heavier
than air and more easily ignited than LNG vapors) as
well as methane and nitrogen. Propane as a constituent
of liquefied petroleum gas (LPG) presents greater safety
and handling risks than LNG and plants containing

LPG storage tanks and handling facilities are subject

to a specific set of regulations. It is important not to
confuse the risks posed by LNG with those higher risks
associated with LPG. Also the very high standards of



TepmuHanos npuema CIT yny4leHHON KOHCTPYKUMN,
6e30MnacHbIX U YCTONYMBbBIX B 9KONTOMMYECKOM
oTHowWweHMK. C y4yeToM 3TOro NocnefHero coobparkeHunn,
BbIBPOCHI TEXHOMOMMYECKMX XMMPEeareHToB 1 Apyrmx
3arpAsHAILLMX BELWECTB B OKPY>KatoLLyto cpeay

Ha o6bekTax perasucukauum n xpaHeHuna CIMr
cBefeHbl K MUHUMyMy. COBpeEMEHHbIE 3aBOAbl TaKXXe
CTPEMATCA MUHMMMU3MPOBATb BO3AYLUHbIE BbIOPOCHI 1
OrpaHNyYnNTb LYMHOCTb U CBETOBOE BO3aencTeue. OnA
CHWXXEHMA BO3JENCTBMA Ha OKPY>XXatoLwyto cpeay, no
Mepe BO3MOXHOCTU, Typbu1HbI 4nA NpuBoAa HacocoB
N TeXHoNormyeckoro o6opynoBaHnA perasvcmkaumm
yCTaHaBNMBaOTCA MEHbLUEN MOLLUHOCTW.

noctasok CII': r Ckukpa, Amxup, 19 aHBapa

2004 ropa
19 AaHBapAa 2004 roga, B 18:40 npomnsowlen B3pbIB
napoBoro kotna Ha 3asoge CII B r Ckukaa, Amxup,
onepaTopoM KOTOPOro AsnAeTcA komnaHua “CoHaTtpak”
(Sonatrach). BepoAaTHaAa npuyvHa B3pbiBa — nonagaHve
B BO3yXx03ab0pHUNK KOTNa OrHeonacHbIX Napos
B pe3yJsibTaTe YTEYKN XXMUOKOrO YrneBoaopOAHOro
XOSI0AMIBHOTO areHTa. JTO NOBEKIO0 3a cobon
BTOPWUYHbIN, 6oMee CUbHbIA B3pbiB NapoBOro obnaka,
paspyLUMBLLWA 3HAYUTENBHYIO YacTb 3aBoAa, BKJIO4YaA
TpW TEXHOMOrmyeckue HUTKU npomnssoactea CIl
Mpun aBapun normbno 27 4enosek, 74 yenoseka
nonyyYnnn Tpaemel, a youITKM coctasunm 800
MWSIIMOHOB JoNnapoB. B pesynbtate noxapa v B3pbiBa
6bIn NPUYMHEH MaTepuranbHbIi yepb obbexkTam,
pacrnofnoXeHHbIM 3a npejenamMmn TeppuTopun 3asoga.
Hu oaunH 13 pesepsyapos xpaHeHua CII nospexxaeH
He 6bin. [lo aToM Tparegun 3aBsog NMEN penyTauuio
6e3onacHoro npoussoacTea u 30 net paboTan 6e3
KpYMHbIX aBapuin. 113 aToro cneayeT caenartb BbiBOA,
YTO MO Mepe CTapeHna NPeanpuATUN HeobxoamMmo
NOCTOAHHO MPOBOANTL MPOBEPKMN N MOAEPHU3MPOBATD
obopyaoBaHve 1 NPOU3BOACTBEHHbIE MPoLEaypbI.

I ABapuu, Nnpoucluegline B HaYyane Leno4yku

ABapuA Havanacb, Korga ornepaTop B OnepaTopHon
3ameTun 6bICTPO BO3pacTaloLlee AaBeHe B NapoBOM
koTne. Onepartop nonbiTanca ycTpaHuTb npobnemy
nyTeM yMEeHbLUEHNA pacxoda Tonmea, NocTynatoLero
B KoTen. OgHako npexkae 4em 3To yaanocb caenarb,
cpaboTan npeaoxpaHUTENbHbIN KnanaH copoca
AaBrneHna Kotna. [lpyron onepaTtop, HaxoaALwmmncaA
pALOM ¢ coceagHum 6nokom 3aeoga CII, 3ameTumn
obpasytoweeca B6nn3n kotna obnako napa, a
Tak>e TOo, YTO yTeKalowun ra3 3acacbiBaeTcq
BO34yx03ab60pHLIM BEHTUIATOPOM BHYTPb KOTNA.
3artem ra3 obpasoBan B KOT/1e B COOTBETCTBYIOLLEN
nponopuun cMecb ¢ BO3AyXoM n B3opearncA. Koten
6bl1 PacnoNoOXeH A0CTaTOYHO BNIM3KO K MECTY yTeuKHU
rasa, 4Tobbl NPON30LLNIO BOCMNIaMEHEHME NapOBOro
obnaka v nocneayoWwnin B3pbiB C OTHEHHbIM LLAPOM.
MonaratoT, 4TO yrNeBoAOpPOAHbIN ra3, obpa3oBaBLUNA
obnako napa, BbileN HApYyXy Yepes HencrnpaBHyo
Tpy6y. CnocobcTByOWMMY haKTopamu ABUINCH
OTCYyTCTBME BETPA, U3-3a YEro CNy4YmioCb CKOMMEeHNe
rasa, a Takxxe ero BOCnjaMeHeHNe B 3aMKHYTOM
NPOCTPaHCTBE.

safety recorded by commercial liquefaction plants since
their inception in the 1960s testifies that events at Skikda
are unprecedented and unlikely to occur in modern
liquefaction plants with improved layouts with respect to
control room locations and LPG handling facilities. The
tragic accident has rightly heightened awareness of the
hazards posed handling and storage of even relatively
small quantities of LPG within LNG facilities. They have
a higher potential to be the catalyst of ignition in spill
incidents and associated fires may then go on to impact
LNG containment and pipework.

B References (for all three parts of this series)
Information for this three-part series of articles has been
drawn from a number of sources. Factual information
concerning the assessment of hazards and safety
characteristics of LNG and description of LNG accidents
and security threats are drawn from:

‘An Overview of the LNG Industry for Fire Marshals and
Emergency Responders’] Hildebrand and Noll Associates,
2005

“FERC: All about LNG’, http://lwww.ferc.gov/industries/gas/
indus-act/ing-what.asp

“The Incident at the Skikda Plant: Description and Preliminary
Conclusions’] LNG14, Session 1,21 March 2004, Doha, Qatar.

“Guidance on Risk Analysis and Safety Implications of

a Large Liquefied Natural Gas (LNG) Spill Over Water’,
Sandia National Laboratories Report No. SAND2004-6258,
December 2004. Includes conclusions associated with
terrorism scenarios without, for security reasons, disclosing
the details of the scenarios leading to the most serious
impacts.

“Fears grow for fleet of new LNG tankers after leaks are
found’} 21 December 2005, The Guardian (www.business.
guardian.co.uk) account of membrane tank leaks possible
affecting up to 20 LNG carriers recently built”
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MpMMeHAEMbIA HA MHOTMX NPEAnpPUATUAX XONOAWITBHBIN
areHT BKOYaAET B CBOW COCTaB CMECh npornaHa u
3TaHa (KoTopada TAXenee Bo3gyxa v BocniamMmeHAeTcA
nerye, 4em napsbl CI1l), a Takke MeTaH 1 a3oT.

MponaH ABNAETCA COCTABHOWM YaCTb CXWUXKEHHOMO
yrnesopopoaHoro rasa (CYIl) n 6onee onaceH B
obpalueHun, yem CII. MoaTomy Ha 3aBogax, rae
umetoTcA pesepsyapbl XxpaHenna CYI n MowHocTwy,

B KOTOpbIX OH obpatyaeTtcA, Heobxoanmo cobnogatb
0Co6blIVi Nnepe4eHb HOPMaTUBHbBIX NONOXEHUA. BaxkHo He
nyTatb pucku, ncxogAawme ot CII; ¢ 6onee BbICOKUMHA
puckamu, ceAsaHHbIMKM ¢ CYI. Kpome Toro, bnarogapsa
O4Y€Hb BbICOKUM HOpMaM TEXHMKM 6e30nacHoCTy,
NPVHATBLIM Ha NPOMbILWIEHHBIX NPEANPUATMAX NO
CXXMDKEHMIO ra3da ¢ Ha4ana ux noAasneHunA B 60-e

rofbl NPOLUMOro Beka, cobbiTnA, NOA06HbIE aBapun

B I Ckukpaa, ABnAtoTcA 6ecnpeLeneHTHbIMA 1
MasioBepoATHLIMU Ha COBPEMEHHbIX 3aBoAax rno
COKVMDKEHWIO rasa, rae NpuMeHAeTCA yyyleHHan
KOMMOHOBKA B YacTU pa3MeLLeHNa onepaTopHbIX U
coopy>xeHuin, cogepxkawmx CVI. Tparndeckaa asapusa
LOIMKHBbIM 06pa30M NoBbIcUIa CTeNEHb OCTOPOXKHOCTMN,
KOTOpYIo criegyeT cobnogath npy obpalleHuu B
060pyAOBaHNM U XPaHEHNN HA TEPPUTOPUN KOMIMIIEKCOB
CIr pa>ke oTHOCUTENBHO HEGOMbLUNX KonmyecTB CVYI.
OHun npepcTaBnAoT cobon ropa3no bonee cepbesHyo
ONacHOCTb B Ka4eCcTBe KaTanusaTopa npu aBapusax

C NPOMMBOM M NOCNEeayoLWUMN NoXXapamMm, KOTopble
3aTeM BedyT K ackanauum aBapum, a UMeHHO K
HapyLLEHUIO repMeTUYHOCTM 060noYek obopyaoBaHua 1
TpybHon 06BA3KMN, cogepkawmx CMT

Ucnonb3oBaHHaA nuTepaTypa (a9 Bcex

Tpex YacTen AaHHOW cepun)
MHdopMauma ana HacToALEen cepumn n3 Tpex ctaTen
B3ATa U3 pAda UCTOYHMKOB. PaKTnyeckaa nHcopmMmauma
OTHOCUTENBbHO OLIEHKM OMACHOCTEN N XapaKTEPUCTUKM
6esonacHocTu CI1I, a Takxxe onucaHne aBapuini Ha
npeanpuAaTnax uenodkn CII n yrpo3 nx 6esonacHocTun
nony4yeHbl N3 cnenyrwmx NCTOHYHNKOB:

“O630p otpacnmn ClI” gna HavyannbHUKOB MOXKapHOMN
OXpaHbl ¥ COTPYAHNKOB aBapUitHO-CracaresibHbIX CIyX6’,
komnarua “Hildebrand and Noll Associates’; 2005 rop.

“@epepanbHaa Komuceund no PerynuposaHuio B
O6nactn GHepretuku (FERC): Bce 06 CII™) http://www.
ferc.govl/industries/gas/indus-act/ing-what.asp

“ABapus Ha 3aBoge B Ckukga: OnucaHue n
npeaBapuTesnbHbie BbiBoabl’, CIM 14, CemnHap 1,21
mapTta 2004 roaa, r [Joxa, Karap.

“PyKoBOACTBO 10 aHam3y pycka v nocnencTBui
aBapui rnpu KPYrHbIX pasinBax CXKNXKXeHHOro
npupogHoro rasa (Cl1l) Ha BOZHOM noBepxXHOCTH,
Ortyet Ne SAND2004-6258 HaunoHaibHOM
Jlabopatopun CaHans, aekabppb 2004 r. Coaepxut
3aK/II0YEHNA, CBA3AHHbIE CO CLeHapyaMu
TEPPOPUCTNHECKUX aKTOB, 6€3 pacKpbIThA (C Lesbio
6e3onacHOCTH) noagpobHOCTEN CLUeHapUeB, BEAYLUMX K
Hanboree TAXKUM MOCAeACTBUAM.
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B crarbe nog Ha3sBaHuemM “PacTyLme onaceHus 3a
6yayuiee Hosbix TaHkepos ClI nocne obHapyxeHns
yTevek’, 21 gekabpsa 2005 roga,“lapavar” (www.
business.guardian.co.uk) onuceiBaeT yTeyKy

13 MemMbpaHHOro pesepByapa, KoTopad MOXeT
rnoBToputhbCA 60see Yyem y 20 HegaBHO MOCTPOEHHbIX
cyanos ansa nepeso3ku Clil”

06 aBTOpax

Oasunpg Bya (David Wood) - mex ayHapoaHbiit
KOHCYNbTaHT MO SHEPreTuKe, CreumnanuanpyroLmninca Ha
aHanmae TEXHUYECKMX BOMPOCOB B COMETAHUN C acnekTamm
3KOHOMWKM 1 pUCKa, a Tak>Xe CTpaTernyeckon uHgopmMaumm
ONA coaencTBMA NpY KOMIMIIEKCHOM oLeHKe nopTdena
aKTUBOB M NPUHATUM yNpaBfeHYecKnx peweHni. Mimeet
cTeneHb KaHauaaTa HayK JloHgoHckoro Vimnepckoro
Konnepxa. MNpepnaraeT ycnyrm B o6nactu rnobanbHbIX
6a3nCcHbIX NccrieaoBaHniA, MOATOTOBKM 9KCNEPTHBIX
3aK/IoYeHN 1 06yYeHNA Mo LWMPOKOMY CNEKTPY Npobnem,
TemMaTUYeCKN CBA3aHHbIX C 3HEPIeTMKON, B TOM Yncne
3aK/iloyeHne AOroBOpOB Ha peanusaumio NPoeKToB,
3KOHOMWYECKMIN aHaNn3, aHanu3 pUckoB 06BHEKTOB
razoBou npomsbiwneHHocTu, CIMNI n GTL (>kuakoro Tonnmea,
nony4aemoro u3 rasa). loctoAaHHo paboTaeT B r JIMHKOSMLH,
CoennHeHHoe KoponeBcTBo. VimeeT caiT B IHTepHeTe

no agpecy www.dwasolutions.com n KOHTaKTHbIV aapec
3NEKTPOHHOW No4Thbl woodda@compuserve.com.

Caspn MoxaTtab (Saeid Mokhatab) asnaetca uneHom
penakuUMOHHOIO KOHCYNbTaUMOHHOIO COBETa XypHana
“ROGTEC” B r Mapbenna, Vicnanua. B cchepy ero nitepecos
BXOAAT MPOEKTHO-KOHCTPYKTOPCKUE paspaboTKm 06beKTOB
ra3oBOW NMPOMBbILLSIEHHOCTU, U B YaCTHOCTW, TPAHCMOPTMPOBKA
1 nepepaboTka CXXMXKEHHOIO M CXXaToro NPMPOAHOro rasa.

B kayecTBe cTapLUero KOHCybTaHTa NpUHMMan yyacTue B
peanvaaunm HECKONMbKNX MEXAYHAPOAHBIX ra30TEXHUYECKUNX
NMPOEKTOB, aBTOP MHOMMX OMNy6nMKOBaHHbIX HAY4HbIX

1 cneunannaMpoBaHHbIX OTPacrieBbIX CTAaTEN U KHUT.
KOHTaKTHbIM aapec aNeKTPOHHOM noyThl:saeid.mokhatab@
rogtecmagazine.com
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