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Ha panekom octpoBe CaxasiuH NosiHbIM XOA0M uaeT
CTPOUTENIbCTBO ABYX NepBbix B Poccumu pesepByapoB xpaHeHUA
CINrr o6bemom 100000 m® kakabii. MpoekT CaxanuH I,
U3BECTHbIN TeMm, 4TO B HeM MHOroe BbINOJIHAETCA BnepBble,
npoknaabiBaeT 4OPOry ANA cTpouTenbcTBa 6yaylmnx o6beKToB
xpaHeHuna CIIr B Poccuun.

YpaneHHocTb CaxanuHa, CypoBbii KNiMMaT, BbiICOKanA
CEeNCMUYHOCTb U OTCYTCTBUE roCyAapCTBEeHHbIX CTaHAApTOB AJA
coopy>xeHui CINIr 3Ha4UTEeNIbHO OCJIOXHAT CTPOUTENILCTBO.
[aHHaA cTaTbA — 3TO KpaTKUh 0630p NpoekTa, Nnpobrem, ¢
KOTOPbIMU NPUXOAUTCA CTaJIKUBaTbCA U NyTEeN UX pelueHuA.

Pe3epByapbl, cTpoAwueca Ha Caxanute

B TeyeHve nocnegHero AecATUNETUA HAMETUNACh TeHAEHUMA
cTpouTenbcTBa ceepxbonbwmx pesepsyapoB CII 3To o6bAcHAETCA
HEeo6X0AMMOCTbIO JOCTUXEHNA MaKCUMaSIbHOr0 9KOHOMUYECKOro
adhhekTa. CerogHa, Kak Npasuno, CTPOATCA pe3epByapbl 06bEMOM
100000m3 nnu 6onblue. OcHOBaHHAA Ha 3aKoHaxX PU3MKM KOHCTPYKLMA
MCKIIOYaEeT NOoBbILLEHNEe TeMMepaTypbl BHYTpY pe3epsyapa. bnaronapa
aBTOMaTM4eCcKoMy oxnaxaeHuio Temnepatypa CII octaeTca
NOCTOAHHON BO BPEMA Bblibpoca napos.

YuutbiBad T0, 4TO paHee pesepsyapbl CII B Poccun He cTpounuce,
3[€eCb He 6bIT0 HOPM NMPOEKTUPOBAHNA 1 CTPOUTENBCTBA TaKWX
COOPY>EHWIA. Ycnex NnpoeKkTa BO MHOTOM 3aBUCeN OT YMEesoro
COYeTaHNA onbiTa NPOEKTUPOBAHWA 1 CTPOUTENLCTBA pe3epByapoB
CII ¢ onbIToM paboTbl B Poccun B yCrnoBUAX CypOBOro POCCUNCKOro
knumara. Non pykoBOACTBOM 3akas4nka npoekta CaxanuH |l -
komnaHun CaxanvH SHepaxu VinBecTmeHT Ko. — anA cTpouTenscTea
pe3epyapos CII , 6b11m paspaboTaHbl CneunanbHble TexHuyeckne
Ycnoswua no Mpoekty (CTYIM). CTYI onpenenvnnu ocobblie
TexHn4eckune TpeboBaHVA K TUNaM pesepByapoB, KOHCTPYKLIMOHHbLIM
matepuanam, n T.n. 3atem CaxanuH SHepaxmn MineectmeHT Ko
Hanpasuna AaHHbIN JOKYMEHT Ha yTBepaeHue B Poccuiickue
deneparnbHble KOMNETEHTHbIE opraHbl. [ocne yTBepxaenna CTYI,
NOAPAAYMK, BbIUrPaBLLNI TEHAEP A0IMKEH bbin paspaboTarb pabouui
NPOEKT N TEXHNYeCKne TpeboBaHnA, ¢ NOAPO6HBIM ONMCaHNeM
TEXHONOTN U MEeTOAO0B CTPOUTENLCTBA pe3epByapos. [py paspaboTke
Takon paboyen JOKyMeHTaumum BaXKHO 6b1no obecneyunTb cobniogeHne
TpeboBaHwii 3akasumka, CTYT, yTBepXAeHHbIX Ha denepasnibHOM
YPOBHe, 1 BCEX TPeOOBaHWA COOTBETCTBYIOLLMX POCCUNCKMX
rocyaapCTBEHHbIX HOPM.

Komnanna CB&l, cneunanvanpytolianaca Ha MPOEKTUPOBaHWN,
MTO n cTpouTeNnbCTBE, U paHee BbINOMHAMA Takme paboTtbl B Poccum.
Mommmo aToro CB&l umeeT 6oratbiii onbIT B 06nacTy CTpouTenscTea
coopy>xeHuin CINI. CoBMeCTHO € reHepasibHbIM NOAPAAYNKOM
Mo MPOEKTY - KOHCOPLMYMOM B cocTase komnaHui Chiyoda,
Toyo Engineering n HAMWrasnepepaboTtka - CB&l oTBeyvaeT 3a
NPOEKTUPOBaHWE 1 CTPOUTENLCTBO pesepayapos CII

B nepByto o4epeab Hy>HO 6bINo paspaboTaTb TEXHNHECKYIO
[OKYMEHTaUMIO Ha pe3epByapbl B COOTBETCTBUM C TpeboBaHNAMN
3aKas4mnka 1 poccuncKnx HopM. 3atem 6binv NpYBNEYEHbI POCCUNCKME
NPOEKTHbIE NHCTUTYThI ANA NPOBEPKN COOTBETCTBUA TEXHUHECKOTO
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On the remote island of Sakhalin, construction of the first Liquefied
Natural Gas (LNG) facility to be built in Russia is underway. Sakhalin
Il, which has become known as the project of many firsts, is paving
the way for additional Russian LNG projects that will follow.
Because of the remote location, the harsh climate, the level
of seismic activity and the absence of national codes for LNG
structures, the construction of LNG facilities on Sakhalin presents
a number of challenges. A look at one of these projects — the
construction of two LNG storage tanks with a capacity of 100,000m?3
each — provides an opportunity to examine how some of these
challenges were met.

The Sakhalin Tanks

Over the past decade, LNG storage tanks have been increasing in size
to capture economies of scale. Today’s LNG storage tank typically has
100,000m® or more of capacity and is designed to facilitate a process
that works with the laws of physics to keep the temperature inside the
tank from warming. The process, called autorefrigeration, keeps the
temperature of LNG constant through LNG vapor release.

Because LNG storage tanks have never before been built in
Russia, codes that regulate the design and construction of these
facilities did not exist. For this project to proceed smoothly, it was
important to combine experience in the design and construction of
LNG projects with experience in Russian construction, climate and,
especially, business practices. Sakhalin Energy Investment Company
Ltd., the owner of the Sakhalin Il project, took the lead in developing
the overall Project Specific Technical Specification for the LNG tanks,
a document that provided the specifics for what kind of tanks would
be built, what materials would be used, etc. They then took this
document to the Russian federal government to obtain the necessary
approvals. Once the federal government approved the document, it
was the responsibility of the contractor awarded the job to develop the
detailed design and technical specifications that provided the in-depth
processes and procedures for how the tanks would be constructed.
It was important in developing this detailed documentation to ensure
that it conformed to the owner’s requirements, the Project Specific
Technical Specification approved by the Federal Authorities, and all
applicable Russian National Standards.

CB&l, an engineering, procurement and construction (EPC) company
that had previously conducted EPC work in Russia, also has extensive
experience working with LNG facilities. The company, along with
the project’s general contractor—the consortium of Chiyoda, Toyo
Engineering, and NIPIgaspererabotka—was responsible for the
design and construction of the LNG tanks.

The first step was to develop technical documentation for LNG tanks
that met all the criteria requested by the owner as well as Russian
requirements. Next, Russian Design Institutes were asked to review
it for specific design criteria to ensure that it complied with Russian
regulations and standards. It incorporated worldwide knowledge
and best practices for LNG tanks while also complying with all the
standards for steel and concrete structures that have evolved within
the Russian construction industry.



NpoeKTMpoBaHnA TpeboBaHNAM POCCUMIACKMX HOPM U CTaHAapToB. JTa
paboTa TpeboBana 3HaHVA MPUHATON MPOBOW NPAKTMKN B 0bnacTu
CII; a Takke BCex CTaHAAPTOB HA METAIITIOKOHCTPYKLMU N 6ETOHHbIE
COOPY>XeHWA, AENCTBYIOLME B CTPOUTENBHOW MHAYCTpUM Poccuu.

MockonbKy cornacoBaHvA ABMAIOTCA BaXXHOW COCTaBMAOLLEN
nnaHnpoBaHMA NpoekTa, 3Ta paboTa 6bina yyTeHa B pamMmkax obLiero
rpadmka. MpoeKT npoLen cornacoBaHve Ha deaepasibHOM YPOBHE
B YCT@HOBJIEHHbIE ANIA 3TOro 3Tana Cpokw, 1 B hespane 2004 roga
6bI1510 NOMYy4EHO pa3peLleHne NPUCTYNUTL K CTpouTenscTBy. Mocne
YTBEPXKAEHUA NPOEKTa TpeboBanocb NOArOTOBUTLCA K CTPOUTENLCTBY,
T.€. NMONy4nTb paspeLLeHna, Heobxoammble ANA Havana paboT no
NMpOEKTY, a TakXe BU3bl U pa3peLleHna Ha paboTy AnA nepcoHana,
KOTOpbIV MOr NoTpeboBaTbCA Ha NNOWAAKE B ClyYae OTCyTCTBMA
MECTHbIX CMEeLManncToB HY>XXHOW KBanudrKaumu.

MoAroToBKa K CTPOUTENLCTBY

Y4nTbiBaA yoaneHHoCTb PervoHa, CypoBble KNMMMaTu4eckune yCroBumA 1
OTCYTCTBME NHPPACTPYKTYpPbl, yCNEexX NpoeKTa BO MHOrOM 3aBucen ot
npaBunbHOro nnavuposaHuna. OcTpos CaxanuH HaxoauTca Ha [anbHem
BocTtoke Poccuu, Tam, rae matepukoBan YacTb Poccum ombiBaeTcA
Bogamm Tuxoro OkeaHa (cM. puc. 1). PacnonaraAck B IOXKHOW 4acTu
OxoTckoro Mops, NpuMepHo B 40 KM K ceBepy OT ANOHMM, OCTPOB
CaxanvH nmeeT NpoTAXKEHHOCTb 950 KM, a ero MakcvmarbHasa
LnpuHa coctasnAeT 160 KM. OTOT pervoH xapakTepusyeTcA CypOBbIM
KNIMMaTOM U BbICOKOW CeNcMMYeckon akTMBHOCTLIO. MnoLaakon

AnA oTrpy304Horo TepmmnHana CaxanuH Il 6bin BbibpaH 3anve AHKBa,
NOCKOSbKY 6narogapa rnyboKOBOAHOCTM 3anuB 1 6eperosan NMMHWA He
3amep3atoT B 3UMHWIA Nepuoa, obecneyrBana KpyrioroanyHbIA NpuemM
cynos CII

B nnaHe npoekTa 6b1nM NpeaycMOTPeHbI MeToabl, obecneunsatoLme
ero 6ecnepeboHOCTb B HensbexxHble neprnoabl HebnaronpuATHLIX
noroaHbIX yCJ'IOBI/Il7I M cBoeBpeMeHHOe BbIMNofiHeHne pa60T B Te4yeHune
Bcero roga. bnvxanwwii ropoa, nopt Kopcakos, Haxoautca B 17
KM OT CTPOVTENbHOW NIOWAAKN U COEANHEH C HEWl €ANHCTBEHHON
rpasuinHon goporon. Heganeko ot nopta KopcakoBa pacrnonoxeH
nocenok MNpuropoaHoe. M13-3a NonHOro 0TCyTCTBUA Kakoi-nmbo
WHPaCcTPyKTYypbl B paioHe CTPOMTENBbCTBA, BCe 060pyAOBaHMe
NpUXoAnnoCh 3aKynartb B ApYrmx permoHax n 4oCTaBATb Ha Nnowanky
MOpeM. YunTblBasa ANUTENbHbIE CPOKWU NMOCTaBKWU MaTepyarnos u
060pyAOBaHMA U MX pPacTaMOXXMBaHWUA, MPULLIOCH NPEAYCMOTPETb
Mepbl Ha cryyain c60eB B MOCTaBKax U CPOYHOW NOTPeBHOCTH B
3anyacTax. Hy>kHO 6b1510 NOCTPOUTDL XXMION ropodokK Ana paboumx, a
Tak>Xke CO34aTh YCNoBUA AnA obecneyenna ux nutaHem. W, HakoHedu,
npexxge, 4em NpUCTyNnTb K CTPOUTENLCTBY, HEOH6XOANMO BbINO HAHATL
nepcoHaJl, NpMBe3TH Ero Ha NowWwaaKy 1 aatb emMy obyCcTpouTbCA.

Mepen Havanom CTpoUTENbCTBA HYXKHO ObINO CO3a4aTb
BCrioMoraTenbHyo MHGPacTpyKTypy. [na obecneveHna cTpouTenbcTea
pe3sepByapoB 6€TOHOM 6biny NOCTPOEHbI ABa 6ETOHHbIX 3aBoAa
NPOM3BOANTENBHOCTBIO 65 M3/4ac. He cMOTpA Ha TO 4TO Ha
npoTAXeHun 6onblUei YacTu NpoeKTa AOCTaTO4HO 6bIfo H6bl 0AHOIO
TaKoro 3aBoja, BpemeHaMmu noTpebHocTb B 6eToHe bbina Bbille,
4eM MOLLUHOCTb OAHOro 3aBoaa. BeToH 6bin HYy>XeH He TOJIbKO anA
CTPOUTENBCTBA OCHOBaHWI, CTEHOK U KpbILL pe3epByapoB, HO 1 AnA
NPOV3BOACTBA HaMONMHUTENA ANA YKPENNeHna rpyHToB. Kpome aToro,
CTPOVTENLECTBO BTOPOrO 3aBOAA AaBasno AOMOMHUTENbHBIE rapaHTum
- Beab npuobpecTy 6eTOH NO6NN30CTU M AOCTaBUTb €r0 Ha NOWaaKy
no NpYEeMNIEMON ANA NPOeKTa LieHe BbIno NPakTU4EeCKU HEBO3MOXHO.
370 6bINa NULLb 0fHA U3 MHOTUX Mep, 3apaHee NpeayCMOTPEHHbIX B
NMPOEeKTe Ha Cnyyan BO3MOXHbIX CH0€B.

PaboTbl HYNeBOro UMkna, Bkfiro4anA noaroToBKy niowanku, BbleMKy
rpyHTa, 3acbInKy TpaHLwen 6ETOHHbIM HaMOMHUTENIEM U CTPOUTENLCTBO
nepeKpbITUI 6biNy NOPY4YEHbI MECTHOW POCCUNCKON KOMMaHW,
umeBLLen 6oraTtblil OMbIT CTPOUTENBCTBA B KIIMMATUYECKMX YCIOBUAX
CaxanuHa. CoTpyaHuyecTBo crneunanucto CB&l, nmetowwmx onbit
paboTbl B 06nactu CII, ¢ pocCMCKUMK cneumanictTaMmm, MMeroLLmMmn
HaBbIKV PaboTbl B MECTHbIX YCIOBUAX, Cbirpasio 60sbLUYO pOsib B
obecneyeHun ycrnexa npoekTa. pp

Realizing that the approval process was on the critical path for scheduling
this project, the activity required to complete this process was planned
and coordinated as part of the overall project schedule. The project
received approval from the federal governmental to proceed with the tank
construction in February 2004, well within the timeframe that had been
planned for this phase of the project. Once this federal approval was given,
it was then necessary to prepare for the construction phase that would
follow, including the need to obtain the permits required to proceed with
the project, as well as visas and work permits for personnel needed on site
when specific skills sets were not available locally.

Building Preparation

Because of the remote location, its lack of infrastructure, and the cold
winters, the planning of this project was critical to its success. Sakhalin
Island is located in the far eastern part of Russia, where the land mass
ends at the Pacific Ocean (see Figure 1). In the southern portion of the
Sea of Okhotsk, approximately 40 km north of Japan, Sakhalin Island

is roughly 950 km long and peaks at 160 km wide. The climate on the
island is harsh and the area is seismically active. Aniva Bay was selected b p

Puc.1: KapTta o-Ba CaxanvH

Figure 1: Map of Sakhalin
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KoHcTpyKUMA pesepByapos

Crposwuecna Ha CaxanuHe pesepsyapbl CII — pesepsyapsbl
aByxo6ono4eyHoro Tuna. OHU COCTOAT U3 BHYTPEHHETO U BHELLHETO
pes3epByapoB, KaXXAbI U3 KOTOPbIX CNOCO6EH CaMOCTOATENBHO
yaepxvBatb HaxoaAwwmica B Hux CIIT KonbLeBoe npocTpaHCTBO
MeX Ay BHYTPEHHUM W BHELLUHWMM pe3epByapom cocTaBnaeT 1- 2 M
(cm. puc. 2). BHelwHnin pesepByap Cry>XWUT He TOMNbKO ANA yaAep>KaHuA
>XXUOKOCTU, HO 1 ANA perynupyemoro BbiIbpoca napos, ABNAACH
NepBUYHOW CUCTEMOM yaep>XXaHuA NapoB. ATO UrpaeT 6obLUYHO Porb
B 0o6ecneyeHnn ahHEKTUBHOIO aBTOMATUHECKOrO OXJ12XKAEHMWA.

Ha cnyyai HapacTaHuA AaBneHus BHYTpU pe3epByapa npe
OYCMOTPEHbI NpefoXpaHnTeNbHbIEe KnanaHbl. BHyTpeHHWe pesepByapbl
M3roTaBNMBalOTCA U3 CTanu € 9%-HbIM COAEPXXaHNEM HUKENA,
OTNNYaKLLENCA BbICOKON YNpYrocTbio, HE06X0AMMON AnA XpaHeHUs
KPMOTreHHbIX XXUAKOCTeN. BHeWwHWI pe3epByap npeacTaBnAeT

cobor 6eTOHHOE COOpY>KEHUE, COCTOALLEE U3 >ene306eTOHHON
hyHOAMEHTHOW NAUTbI (CM. pUC. 3), CTEHKM 13 NpeaHanpAXeHHOro
6eToHa 1 >xene306eTOHHOM Kpbiwu. PacyeTHaA Temnepatypa
xpaHenuA CII coctaBnAeT —165°C.

— = o .__\'_' || Xenesoseronan [ -
- L PR S =
y
- : -

1 Wsonauna

TMonBecHoe nepexpiThe

s

e e |

TapOM3ONALWA HAPYXHOrO pesepayapa

BHYTPeHHWI pesepByap ANA XNAKOCTH
13 9%-HOW HNKeNeBoW cTanu
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9%-HOi HUKeneBoi cTann

Hapy>Hoe cTankHoe aHuue

Puc. 2: Cxema repmeTuyHoro asyxobonoyeyHoro pesepsyapa CIMl

Figure 2: Schematic of a Full Containment LNG Tank

BeToHHble paboThbl UMEIOT OrPOMHOE 3HAYEHWE NpY CTPOUTENLCTBE
coopy>xenuin CII. YunTbiBaAa cypoBbivi knumat CaxanuHa, bbina
pa3paboTaHa HoBaTopckas MeTOAMKa, NO3BOMAOLWAA CHU3UTD
3aBUCUMOCTb NMPOEKTa CTPOUTENLCTBA pe3epByapoB OT Xoa
6EeTOHHbIX paboT 1 pewmnTb Npobnemy oTBepaeHnA 6eToHa B yCNoOBUAX
BNaXKHOCTU NN SKCTPEManbHO HU3KKX Temnepatyp. B pesynstate
6narogapA TOMy, Y4TO 3a4eP>KKMN B BbIMOIHEHUM 60SIbLIOTO 06bema
6ETOHHbBIX PaboT MO METEOYCNOBUAM 6bIn CBEAEHBI K MUHUMYMY,
HOBaA MeToauka obecrneynna cobniogeHne Hame4eHHbIX CPOKOB.
Kpome Toro, npaBusibHOE NnaHMpoBaHue NO3BONWIIO BIMOMHATL
cTpouTenbHble paboThbl B TEYEHUE BCErO roaa, a 6eToHHbIE — B 6onee
Tennble MmecALbl.

KoHCTpyKumnA pe3epByapoB AomKHa obecneymBaTtb noaaepxaHue
CIlIr B xonogHOM cocToAHUN. Ho Npu 3TOM HEOHXOANMO NPUHATL MEpPbI
Nno NpeaoTBPAaLLEHNIO 3aMep3aHMA 3eMNV MO pe3epByapaMu. XoTa
pesepByapbl yCTaHaBMUBAKOTCA HVKE NTIMHUM MPOMEP3aHuA, ANA Yero
BbIMOSIHAIOTCA cneumanbHble 3eMnAHble paboTbl, nog aenctevem CIl
3eMnA NoA pesepByapamy MOXET 3aMep3HyTb. ATO B CBOKO OYepenb
MOXET BbI3BaTb BCMy4/BaHMeE NOYBbl U CO3AaTb Yrpo3y MOBPEXAEHVA
yHaameHToB. [1o3ToOMy AnA corpeBaHvA 3emMny noa pesepayapamu
6bIn0 ycTaHoBNEHO obopyaoBaHve And nogorpesa hyHAaMeHTOB.
CTpouTenscTBo

B HacToAwee Bpema pesepsyapbl CINI" npoekTa CaxanwuH Il
HaxoA4ATCA B CcTaaum cTpomTenbcTea. CornacHo NpuHATOW B b )
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for the Sakhalin Il export facility because the water gets deep quickly,
keeping the bay and shoreline relatively ice-free during the winter and
therefore ensuring year-round access for LNG carriers.

Planning the project included a determination of how to successfully
work around inevitable weather delays so that the project would be able
to proceed on schedule throughout the year. The nearest town, the Port
of Korsakoy, is 17 km from the site, with only a gravel road connecting
the site to the port. The settlement of Prigorodnoye is located a short
distance beyond Korsakov. With no infrastructure nearby, all of the
equipment had to be obtained from other places and shipped to the site.
And, because of the long lead time to get materials and equipment flown
in and cleared through customs, contingencies had to be developed for
potential malfunctions and urgently needed replacement parts. A camp
had to be built to provide accommodation for the crew and arrangements
had to be made for obtaining and preparing daily meals. Finally, the
crew had to be hired, transported to the site and settled before the
construction could commence.

The first order of business for the construction activity was to address
various infrastructure needs. Two 65 m*hour concrete batching plants
were erected to provide all of the concrete needed for the tanks. While
one plant would have been sufficient during most of the project, at times
the volume needed would exceed the capacity of a single plant. Not only
was it necessary to provide enough concrete for the base slabs,
the tank walls and the roofs, but concrete was also needed to create filler
material to reinforce the soil.

Additionally, building a second batch plant provided a back-up facility,
since concrete could not be purchased in neighboring areas and
transported to the site in any way that was cost-effective for the project.
This was just one of the many contingencies that was developed to plan
in advance for outages that might occur.

The civil work, including site preparation, excavation, replacement
of soil by lean concrete filler material, and slab construction, was
subcontracted to a local Russian company. This crew had extensive
experience not only working within the Russian construction industry,
but also working in the weather conditions experienced on Sakhalin.
The partnership between CB&l employees with LNG experience and the
Russian crew with local experience was deemed to be a vital component
in developing the synergies necessary to make this project successful.

Tank Design

The Sakhalin tanks are full containment LNG tanks. Full containment
tanks are built with an inner and an outer tank that are both capable of
independently containing the stored LNG, separated by a meter or two
of space (see Figure 2). In addition to providing a secondary liquid
containment, the outer tank also provides controlled release of the vapor,
making it the primary vapor containment system. This is important for the
autorefrigeration process to work effectively. Relief valves are provided to
release gas in the event that pressure builds up inside the tank.

The inner tanks are constructed from 9% nickel steel, which is a highly
resilient material for storing cryogenic fluids. The outer tank is a concrete
structure, consisting of a reinforced concrete floor slab (see Figure 3),

a pre-stressed concrete wall, and a reinforced concrete roof. The LNG
storage design temperature is —165°C.

On most LNG tank projects, the concrete work is on the critical path.
However, since Sakhalin’s climate is so harsh, an innovative technique
was developed to actually take the concrete work off the critical path
for the Sakhalin tanks and avoid the difficulties associated with curing
concrete in wet or extremely cold conditions. This enabled the project
to stay on schedule because the number of weather delays associated
with large amounts of concrete work was reduced. Also as a result of
this plan, the construction work was able to move forward throughout the
year, while the concrete work was performed in the warmer months, as
conditions permitted.

In addition to designing the tank to keep the LNG cold, it was also
necessary to include in the design a means to prevent the LNG in the
tanks from freezing the earth beneath it. Even though the tanks were
being built below the frost line due to the excavation, the LNG in the pp
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Puc. 3: BeToHupoBaHue dyHaameHTHON nnuTbl pe3epByapa CII Ha o-Be CaxanuvH
Figure 3: Pouring the slab for an LNG tank on Sakhalin

Poccun npakTuke ctpontesnbHble paboTbl BeAyTCA NO4 HAA30POM
3aKasuuka, a TakxKe rocyfapCTBEHHbIX U MECTHbIX HaA30PHbIX
opraHoB. [Ana obecnedeHna cobnoaeHna TpeboBaHMn BCEX MECTHbIX
1 rocyAapCTBEHHbIX HOPM M MpaBui B NPoLiecce CTPOUTENLCTBA
3aeNCTBOBaHbl POCCUICKME NPOEKTHbIE MHCTUTYTLI. B 2006 rogy
cTpouTenbHble paboThbl ByayT BbIMOMHATLCA B TEYEHME BCEro roga u
LOMXKHbI 6bITb 3aKOHYEHbl B KOHLE BecHbl 2007 roga.

PaboTbl BeayTCA nonepeMeHHoO TO Ha OAHOM, TO Ha APYroM
pesepByape 1 TakuMm 06pa3om AOCTUraeTCA MaKCUMasbHO
athpcheKTUBHOE MCNONB30BaHWE crneumanbHbIX HABLIKOB CTPOUTENbHbIX
paboumx. TakaA MeTOAMKa NO3BOSIAET UCMOMb30BaTh PECYPChl TaM, [Ae
OHU HonbLLe BCero HeobxoanMbl, 06ecneynTb ONTUMasbHbIE CPOKW,

a TakXXe COKpaTUTb NOTPeBHOCTL B 06opyaoBaHum U 3heKTUBHO
UCMNONb30BaTh TPYA, MHXXEHEPHO-TEXHNYECKNX paboTHWKOB. [nA
KadKaoro pesepsyapa npegycMaTpmBaeTcA no 2 CTaumoHapHbIX
6alleHHbIX KpaHa, a Take NATb JOMOMHUTESbHBIX KpaHoB AnA
BbINOMHEHUA CTPOUTESbHBIX PaboT.

TexHuke H6e30nacHOCTU B CTPOMTENLCTBE BCeraa yaenaeTca
nepBOCTENeHHOe 3HayYeHne. B Hawem crnyyae NOMUMO TPaaMLIMOHHBIX
Mep no obecneyeHmo 6e30MacHOCTN B CTPOUTENBCTBE U MPOBEAEHUA
COOTBETCTBYHOLLErO 06y4eHnA, nepcoHan obyyaeTcA MeToaam
6e30nacHol paboTbl B YCIIOBUMAX 9KCTPEMAsTbHO XOMOAHOMO KnMmara.
OcHOBHaA YacTb creumanvcToB yxke paboTana B Poccum nnm B MHbIX
pervoHax mupa ¢ NoAo6HbIM KNMMAToM, YTO 3HAYUTENBHO obneryaeT
3apady. Mo BO3MOXHOCTW, 0becneymBaeTCA MakCMMarbHOe YKpbITue
paboymnx NnowaaokK, AnA 3almTbl OT NOPLIBOB BETPA NpYMeHAeTCA
6pe3eHT 1 OLUMHKOBaHHaA NICToBaA cTasb. Kpome Toro, npuHumatoTcea
Mepbl Mo NpefoTBpaLLeHNio obnefeHeHnA pe3epByapoB, 060pyaoBaHNA
1 nnowanok obcnyxmsaHua. lNMocne 3aseplueHnA MOHTaXa CTanbHOro
pesepByapa OH caM CTaHOBUTCA CPEACTBOM 3alUMThbl NepcoHana oT
BO3JEMCTBUA NOroAHbIX YCNoBuii. Hamn 3akynneHa cneumansHas
3UMHAA 0AeXJa, pacCynTaHHaA MMEHHO Ha Takue ycnoBuA paboThbl.
BnaroaapA npaBunbHON 3KUMUPOBKE, COOTBETCTBYHOLEMY 0By4HeHUto
1 HaAnexauleMmy pykoBOACTBY, @ Tak>Ke creumansHor MeToavke pp
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tanks could potentially cool the earth enough to freeze it, expanding
the soil mixture and compromising the tank foundations. To prevent
this, foundation heaters were placed below the tanks to provide a
constant source of heat to the earth beneath.

Construction Activity

The Sakhalin Il LNG tanks are currently under construction (see
Figure 5). In Russia, the owner and the state and local governments
provide oversight for construction activities. Russian Design Institutes
have been engaged to ensure compliance with all local and state
regulations throughout the construction of the tanks. Construction

will take place year round and is scheduled to continue through the
spring of 2007.

Work on the tanks alternates from one tank to the other, so that
specific skills sets on the part of various crewmembers can be used
most effectively. This technique allows the resources to be used
where they are most needed, optimizing production time, and it also
reduces equipment needs and allows for efficient use of supervisory
personnel. Each tank has two stationary tower cranes in place,
and five additional cranes are available to support the construction
activities.

Safety will be at the forefront of the construction effort, as always.
In this case, in addition to the usual construction safety safeguards
and training, the crew will be trained to work safely in extremely cold
weather. Most of the crew has experience working in Russia or in
other regions in the world with a similar climate, which will greatly
aid this effort. Work areas will be enclosed as much as possible, and
tarpaulins/galvanized sheeting will be used to serve as a barrier,
providing protection from the wind. Procedures to prevent ice build
up on tanks and equipment along with keeping walking surfaces
free of ice will also be implemented. As the steel liner was erected, it
provided a weather barricade to protect the crew from the elements.
Winter weather gear specifically designed for this type of activity was
purchased. With the appropriate clothing, training, and supervision pp
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Puc. 4: [eomeTpuA BHYyTPEHHErTO pe3epByapa 1 U3onAauum
Figure 4: Inner Tank and Insulation Geometry

CTPOUTENLCTBA, MO3BONAIOLLEN PEeLUNTb NPobremMy BbIMOMHEHNA
6eTOHHbIX paboT, yaanock A0BUTLCA TOro, YTO KNMMaTU4eCKune ycrosmua
CaxanunHa He nomeLuanu xogy paboT v No3Bonuan 6naronony4Ho BECTH
CTpOUTENIbCTBO B TeYeHMe BCero sMMHero nepuoaa.

MpeanocbinKu yenexa

Knto4om K ycrneLHOMy BbINOTHEHWIO NMPOEKTA, BKIIHOHAIOLLETO B

cebA NpoeKTUpoBaHWe, NOCTaBKy 060pyLOBaHUA U MaTepuanos n
CTpouTENLCTBO B Poccun, ABNAETCA Hannyme y Hac rnobasbHbIX 1
MECTHBbIX pecypcoB. [py CTPOMTENbCTBE 3TUX YHUKanNbHbIX AnA Poccum
coopy>eHuii xpaHeHnA CIMI" komnaHum CB&I ncnonb3yeT cBoit 60nbLUoii
OMbIT CTPOMTENLCTBA NOAO6HBLIX 06LEKTOB B APYrMX PErvioHax mvpa

1 pennteA ¢ Poccuelt 3HaHUAMK, KOTOPbIX A0 HACTOALLETO BPEMEHN

He 6bIn10 B cTpaHe. C Apyro CTOPOHbl MECTHbIE CTPOUTESbHbIE
noapAAYYKM U POCCUNCKUE MPOEKTHbIE MHCTUTYThI 06naaaoT
3HaYNTENbHBIM OMbITOM W HaBblkaMu, HEOH6XoAUMbBIMM AnA paboTbl B
Poccvn. MonobHaA koonepaumA co3aaeT yCrnoBWA ANA CTPOUTENLCTBA
COOPY>XEHMUIA, OTBEYAIOLLMX KPUTEPUAM MUPOBOW MPaKTUKK B 0brnactu
CII n nepenoBoi NPakTUKN POCCUIACKON CTPOUTENBHOW MHAYCTPUN.

dyHpameHTbl pesepsyapoB CII™ 6binu 3anoxkeHbl B Mae 2004 roaa.
B HacToALlee BpemA paboTbl MAYT B COOTBETCTBUN C rpachukom,
COrnacHo KOTOPOMY pe3epByapbl AOMKeHbI ObITb FOTOBbI K BECHE
2007 roga. Havano otrpy3ku CII" HameyeHo Ha HoAabpb 2007 roaa.
C aTtoro momeHTa PoccuA Brnepsble NPUCTYNUT K NPOU3BOACTBY
CII 1 HayHeT aKcnopTMpPOBaTh YacTb CBOMX HoraTenwmnx 3anacos
NPUPOAHOro rasa B CTpaHbl A3MaTCKO- TMXOOKEaHCKOro pernoHa,
CeBepHyto AMepuky n Mekcuky. B
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— as well as a construction technique that takes the concrete work
off the critical path — the climate conditions on Sakhalin have not
unduly hindered the construction progress, allowing construction
activities to continue safely throughout the winter.

Paving the Way

The key to a successful engineering, procurement and construction
project in Russia is the ability for a contractor to be global and local
at the same time. Global experience with projects such as LNG
facilities that have not been previously built in Russia provides
valuable knowledge and expertise not available in the country. Local
resources, such as construction subcontractors and Russian Design
Institutes, provide essential expertise and skill sets needed for doing
business in Russia. Together, these elements create the framework
for developing designs that combine the best practices of the LNG
industry worldwide with the best practices of the Russian construction
industry.

The slab construction for the LNG tanks started in May 2004, and
the project is on schedule to complete the tank construction by the
spring of 2007. LNG cargo is scheduled to be loaded in November
2007, as Russia for the first time produces LNG and begins to export
some of its vast natural gas resources to Asia Pacific, North America,
and Mexico. B



