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Abstract. The possibility and expediency of application of the compressed natural gas trans-
portation technology for its transportation to the shore terminals has been considered in the
connection to the Black Sea shelf. The aim of research is to analyze the prerequisites and
detail the concept of construction of the offshore natural gas output and transportation sys-
tem and prove the economic expediency of the CNG-technology to transport the gas from
the Black Sea offshore deposit to the shore terminals. It is established that the approximate
distance of the gas transportation through the offshore zones does not exceed 100...120 km
for the majority of the identified deposits. The research results can be applied to design
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the self-propelled and non-self-propelled CNG-ships. The obtained results of the analysis of technical and economic
conditions of the CNG-technology application for the natural gas transportation from the Black Sea offshore deposits,
as well as the obtained results during the preliminary technical and economic justification demonstrate the technical
and economic expediency of the practical application of the CNG-technology.

Keywords: compressed natural gas, movable pipeline, gas pipeline, barge, well.

AHHOTanusi. PaccMOTpeHbI BOZMOKHOCTh M IIEIE€CO00pa3sHOCTh IPUMEHEHNS AT menb(a UepHOro Mops TEXHOIIO-
THH TPAHCIIOPTUPOBKH CXKATOTO MPUPOIHOTO Ta3a AJIs JOCTABKHU €T0 K OeperoBbIM TepMHUHANaM. [loka3zaHa akTyaib-
HOCTb TaKOH TPaHCIIOPTUPOBKH IPH HEOOXOAMMOCTH OBICTPOTO OCBOEHMS JOOBITOTO MPHPOAHOTO T'a3a M3 HENaBHO
MIPOOYPEHHBIX Ta30BBIX CKBAKUH.

KiroueBble ci10Ba: cokaThlil IPUPOIHBIH I'a3, TOIBIKHBIN TPyOOIIPOBO, Ta30IPOBOA, OapXka, CKBaXKHHA.

AHoTanis. PO3nITHyTO MOXIIMBICTG 1 TOUIIBHICTE 3aCTOCYBaHHS LIS mIeNb(hy YOpHOTO MOPS TEXHOJIOT1] TpaHCIop-
TyBaHHS CTHCHEHOTO MIPUPOITHOTO Ta3y IS JOCTaBKH HOTO 10 OeperoBux TepMiHaiiB. JloBeeHO aKTyalbHICTh TaKO-
TO TPaHCHOPTYBAHHS MPHU HEOOXiTHOCTI IMIBUIKOTO OCBOEHHS BHIOOYTOTO IMPHUPOTHOTO Ta3y 3 HEAABHO MPOOYpPEHUX
ra30BUX CBEPJIOBHH.

Kuro4oBi c10Ba: CTHCHEHUN TIPUPOIHUIA T'a3, pyXOMUi TpyOOIPOBi, Ta30IpoBi, Oapka, CBEpATIOBHHA.
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Problem statement. Development of gas production ocTranoBka nmpodiembl. OcBOCHHE U BBOJ B IKC-
fields of the deepwater shelf of the Black Sea requires | IUIYaTallMiO rasoBBIX MECTOPOKICHUH IyOOKOBOXHOIO
menbgha YepHOro MOpst TpeOyeT perieHus psaa TeXHU-
YEeCKUX M TEXHOJOTMYECKUX NPOOIeM, OTHON M3 KOTO-
PBIX sBIIsieTCS TpobiieMa TPaHCTIOPTHPOBKH IIPUPOITHOTO
ra3a kK OeperoBrIM TepMuHANIaM. Ha cerogHAITHUN JeHb
dynamics of natural gas cost growth which reaches the | ppu yuere mumammku pocTa LeH Ha HPHPOIHBIHA Ta3,
level that allows providing commercial development of | mocTurmmx ypoBHS, KOTOpBIH IO3BOJSET OOECHEUHUTH
shelf fields, it becomes especially urgent. Apart from ex- | PEHTabeNbHYI0 pa3pabOTKy IIETb(OBBIX MECTOPOXKIL-
HUH, OHa CTAHOBUTCS OCOOEHHO akTyanpHOU. Kpome
. L. . CYIIECTBYIOIIUX TPAJUIMOHHBIX TEXHOJIOTHH MOPCKOM
via underwater pipelines and liquefied natural gas car- 4 Y P p

) ) TPaHCHIOPTHPOBKH Ta3a IMOABOIHBIMH TPYOOIIPOBOIAMH
riers (Liquefied Natural Gas — LNG), the technology | iy rasoposamu B cxwkenmom cocrosmmn (Liquefied
of compressed natural gas sea transportation is poten- Natural Gas — LNG), NOTE€HIHAILHO IIEPCIEKTHB-
tially prospective (Compressed Natural Gas — CNG). | HOH sBIsieTcs TEXHOJIOTHS MOPCKOW TPaHCIIOPTHPOBKH

solving a number of technical and technological issues,
one of which is the problem of natural gas transporta-
tion to the shore terminals. Currently considering the

isting traditional technologies of sea gas transportation
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The growing interest of scientists to the issues of devel-
oping the CNG technology and technical means of its
implementation is explained by potential advantages:
possibility to load natural gas into the tanks on the board
of a CNG ship directly from the shelf field and unload
into the gas pipeline or gas network onshore. It signifi-
cantly decreases capital investment and transportation
cost in comparison to developing the system of under-
water gas pipelines, especially in the deep water or LNG
plants and ships. Thus, the attention should be paid to
the development of the CNG technology for commercial
production of shelf natural gas fields.

Apart from that, the economical aspect of this issue
is important because the development of the CNG tech-
nology and forming the park of gas carriers on its basis
allows optimizing the logistic processes of shelf natural
gas transportation, increasing the diversification level of
gas supply to specific regional markets.

Analysis of latest research and publications. The
main system of a CNG ship is a cargo-piping system
with the tanks for pressurized gas transportation. The
first attempts of practical implementation of this technol-
ogy were made in the USA in the 1960s. However, high
specific metal quantity and the weight of high-pressure
gas cylinders (~2 t/m? of available storage) as well as
correlation of natural gas, metal and other resources pric-
es existing at that time did not provide an opportunity
to reach the economic efficiency of transportation and,
thus, there was no interest in developing and using the
CNG technology.

Currently we can observe actions in developing the
key components of the CNG technology in different
states of the world. Within the last 10—15 years several
famous foreign companies developed concept projects of
CNG ships which differ in the structural scheme of the
cargo system. In particular, the specialists of the Trans-
Canada Pipeline company offered a variant of a gas car-
rier with horizontal cylinders made of a gas pipe rein-
forced with the fiber glass composite material. There are
technical solutions of some companies, for example En-
erSea Transport and TransOcean which offer to locate
the cargo cylinders in special airproof cooled modules in
order to decrease the mass of these cylinders.

There is another interesting solution offered by Sea
NG: production of the cargo tank in a form of a long
pipe winded in a special coil. It decreases the safety co-
efficient for the cylinders from 2,5 to 1,7. Such projects
are being actively developed in the Russian Federation
especially for Arctic transportation.

However, these developments do not have practical
implementation, though in due time there were expecta-
tions about the possibility to build CNG ships in Norway,
North Korea and the Russian Federation in 2011-2012.
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ckaroro npupoaHoro rasa (Compressed Natural Gas —
CNG) na cneumanbHBIX cynax. Bospocmmii mHTEpec
YUYEHBIX K Bompocam pazpabotku TtexHosormn CNG
U TEXHHYECKUX CPEJICTB €€ peain3aluu O00yCJIOBICH
MOTEHIUAIbHBIMY NIPEUMYIIECTBAMHU, KOTOPBIE 3aKIIIO-
YarTcd B BO3MOXKHOCTH 3arpy3Kd NPHPOJHOIO rasa
B eMKocTH Ha 0Ooprty cyagHa CNG HernocpencTBEHHO
C menb(oBOr0 MECTOPOXKAEHHS M Pasrpy3KH B raso-
IIPOBOJ, MJIU Ta30BYI0 CETh HA CylIe. DTO 3HAYUTEIBHO
YMEHbBIIAET KaluTaJbHbIE BIOKEHUS U CeOECTOMMOCTD
TPaHCIOPTUPOBKH 10 CPABHEHUIO C CO3aHUEM CHCTEMBI
MIOABOJIHBIX T'a30IPOBOAOB, OCOOEHHO Ha IIIyOOKOBO.-
HBIX y4acCTKaX, UM 3aBOJOB 110 CXIKEHHIO I'a3a U CYI0B
LNG. ITosToMy HanGombive yCHIHS HEOOXOOMMO CO-
cpenoTouuTh Ha pa3paborke TexHonorur CNG, B 0CHOB-
HOM JUIs BBOJI2 B KOMMEpUYECKHH 000pOT IIenb(OBBIX
MOPCKUX MECTOPOXKIEHUN NPUPOJHOIO rasa.

Kpome Toro, BaxeH U SIKOHOMUUYECKUI aCHeKT 3TOH
poOsieMbl, MOCKONBKY pa3Buthe TexHomorun CNG
U CO3JaHHE Ha €e OCHOBE IapKa Cy[IO0B-Ia30BO30B pa3-
JIMYHOW €MKOCTH MO3BOJIUT ONTHMH3HPOBATH JIOTUCTH-
YECKUE MPOLECCH! MEePEBO30K MPUPOJHOTO ra3a ILIelb-
(OBBIX MECTOPOXKAECHHUH, OyneT crocoOCTBOBATh POCTY
YPOBHS AMBepCH(UKAIINY OCTABOK I'a3a Ha OT/IENIbHbIC
pEeruoHaIbHbIE PHIHKH.

AHaIU3 HccleoBaHUN M MyO0JMKanuii mo npo-
oseme. OcHoBHOU cucteMoit cynHa CNG sBnsgercs rpy-
30Basi CUCTEMA C €MKOCTSIMM I TIEPEBO3KH ras3a IOJ
JasieHueM. IlepBble MONBITKM MPAaKTUYECKOW peanu-
3allM TOW TEXHOJOTruM Obutn ocymecTinensl B CHIA
eme B 1960-e rogsl. OnHAKO BBICOKAsS METAIIOEMKOCTD
U BEC ra3oBbIX OAJIOHOB BBICOKOTO JaBieHus (~2 1/m°
TIOJIE3HOTO 00BEMa), a TAKXKE CYIIECTBYIOIIEE B TO BPEMs
COOTHOILICHHE IIeH Ha MPUPOHBIIL ra3, MeTalI U ApyrHe
pecypcsl He CHOCOOCTBOBAIM JIOCTHIKEHUIO SKOHOMH-
4yeckoll 3(QEKTUBHOCTH MEPEBO30K M, COOTBETCTBEHHO,
BBI3BAJIM TaJIeHUE MHTEpeca K pa3paboTKe M MCIIOIb30-
BaHUI0 TexHonoruu CNG.

B Hacrosimiee Bpemsi HaOMIoaeTcst aKTUBH3aLUs
JEITEIbHOCTH TI0 pa3paboTKe KIFOYEBBIX KOMIIOHEH-
toB TexHonorun CNG B pa3HbeIX cTpaHax mupa. Tak,
Ha MPOTsDKeHUH nocneaHux 10—15 net paa u3BeCTHBIX
3apy0OeKHBIX KOMIIAaHUH pa3padoTaii KOHIENTyallbHbIC
npoekTsl cynoB CNG, KoTOpble OTIMYAIOTCS MPEexJe
BCEr0 KOHCTPYKTHBHBIM pEIIEHHEM TIpYy30BOH CHCTe-
Mbl. B wactHocTH, cnenmanuctsl pupmsl « TransCanada
Pipeline» npemnoxunu BapHaHT Tra3oBo3a C TOPU30H-
TaJbHBIMH OaJIIOHAMH, W3TOTOBJIEHHBIMH W3 T'a30BOH
TpYOBI, YIIPOYHEHHOH CTEKJIOBOJIOKOHHBIM KOMIIO3HUIIN-
OHHBIM MaTepuasIoM. [I3BEeCTHBI TEXHHUUECKUE PELICHUS
OTAENbHBIX KoMIaHui, Hanpumep «EnerSea Transporty
n «TransOcean», KOTOpble MpeAIaraioT il CHUXKEHUS
Macchl TPY30BBIX OaJUIOHOB pacroiararb MHOCIEIHUE
B CHELHANbHBIX TePMETUYHBIX OXJIAXKJAEMbIX MOAYISIX.
HHTepecHBIM MPeACTaBIsIeTCs U KOHLIENTyalIbHOE pellle-
HUe, npeiokenHoe pupmoii «Sea NG», cyTh KOTOpPOro
3aKJIF0YAETCs B U3TOTOBICHUU TPY30BO €MKOCTHU B BUJIE
JUTMHHOMEPHOI TpyObl, HAMOTAaHHOW B CIIEIHAJBHYIO
OyxTy B QopMe KaTymKu. DTO IMO3BOJSET YMEHBIIUTh
KO3 QHIMEHT 3amaca MPOYHOCTH sl 0ajuloHOB ¢ 2,5
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In comparison to the stipulated developments, to
meet the demands on gas transportation via the sea the
Ivano-Frankivsk National Technical University of Oil
and Gas (IFNTUOG) together with the Admiral Ma-
karov National University of Shipbuilding (NUS) and
the Paton Electric Welding Institute (EWI) offered the
technology of compressed natural gas transportation on
typical container ships due to the development of the
cargo system in a form of separate cargo sections so that
each of them corresponds to the standard 20- or 40-foot
sea container in geometry [1-3].

Such constructive solution allows avoiding the ne-
cessity to build or buy special CNG ships. The main ob-
ject for investment in this technology is a CNG module
on the basis of a sea container.

The offered CNG-module with a high-pressured long
pipe for compressed natural gas transportation (Fig. 1)
consists of a standard 40-foot open-type sea container
where there is a high-pressured tank in a form of a spe-
cial coil on the footing. The coil consists of sequentially
connected straight or curved pipe sections. The coil is
fixed to the body of the CNG-module securely using spe-
cial locks.

CNG-modules connected with linear fittings into the
blocks are placed in the holds or on the deck.

A container ship equipped with CNG-modules
with the deadweight up to 70 thous. tones can transport
12 mln m? gas within a voyage. This allows using such
container ships for transportation of significant gas vol-
umes (5 bln m?® per year and more).

For smaller transportation volumes and during trans-
portation in inner water areas to short distances special

barges and barges fleet are recommended to be used. In
this case the structure of the CNG-modules is not re-
stricted by the dimensions of a standard container. In par-
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1o 1,7. [TogoOHbIe POEKTHI B HACTOSIIIIEE BPEMS aKTHB-
HO paspabarbiBatorcs U B Poccuiickoii denepanuu, oco-
OEHHO JUIsl aPKTUYECKUX TIEPEBO3OK.

OiHAaKO TOKa 3TU Pa3pabOTKU HE UMCIOT IpPaKTHYe-
CKOT'O BOIUIOIIECHHS, XOTSI B CBOE BPEMsI ITyOIMKOBAJIUCH
MIPOTHO3bI OTHOCUTEIBHO BO3MOXKHOCTH ITOCTPOMKH
CNG-ra3oBo3oB B Hopseruu, FOxuoit Kopee u Poccuii-
ckoit @eaepanun yxe B 2011-2012 ropax.

B omimumne ot npuBeAeHHBIX pa3pabdOTOK, VI HYX[
NEepeBO3KM Ta3a 4epe3 MOpCKHE TeppuTopuu lBaHo-
@®paHKOBCKUM HAIIMOHAIBHBIM TEXHHUYECKHM YHUBEp-
cureroM Hedtu u raza (MOHTYHI') coBmectho ¢ Ha-
LMOHAJIbHBIM YHHBEPCUTETOM KOpaOJIeCTpOSHUsI MIMEHH
anmupana Makapoa (HYK) u UHctutyTrom snexrpo-
cBapku umenu E. O. Ilatona (U3) npemnoxeHna TexHo-
JIOTHSl TPAHCIIOPTUPOBKH CXKATOTO IPHPOIHOTO rasa Ha
TUIMYHBIX CyJaX-KOHTEWHEpOBO3ax 3a CYET CO3JaHus
IPY30BOii CHCTEMBI B BUJE OTIEIBbHBIX I'PY30BBIX OT-
CEKOB, KaX/Iblli W3 KOTOPHIX II0 CBOMUM TI'€OMETpuye-
CKUM rabapuTaM COOTBETCTBYET CTaHAapTHOMY 20- uiu
40-dyroBoMy MOpckomy KoHTelHepy [1—3].

Takoe KOHCTPYKTHBHOE pEIIEHHE I03BOJISIET W3-
0exarh HEOOXOJAMMOCTH CTPOUTEIILCTBA WU MPHOOpe-
TEHUsl CIEeLUATU3UPOBAaHHBIX CyH0B-ra30Bo30B CNG.
OCHOBHBIM OOBEKTOM KAITUTAJIOBJIOXKEHUIH B JaHHOM
texHosnoruu siBisgercs CNG-Moayibs Ha 0CHOBE MOPCKO-
ro KOHTeHHepa.

IIpennoxkennsrii CNG-Monyns ¢ JIMHHOMEPHOU
TpyOO¥i BEICOKOTO JaBJIeHUs JJIsl TPAHCIOPTUPOBKHU CXKa-
TOrO NPUPOIHOTO rasza (puc. 1) cocTouT U3 CTaHAApT-
Horo 40-(yTOBOro MOpPCKOTO KOHTEWHEpa OTKPBITOIO
TUIIA, B KOTOPOM Ha (yHIaMEHTaX HaXOIUTCs €MKOCTh
BBICOKOTO JaBJICHHS B BHJE NPOCTPAHCTBEHHOTO 3Mee-
BHKa, COCTOSIIErO M3 IMOCIEA0BATEILHO COEAMHEHHBIX
MPSMOJIMHEWHBIX W KPUBOJIMHEHWHBIX YYacTKOB TpYO.
OuxcupytoT 3MeeBUK K koprnycy CNG-Momyns xKecTko
C TIOMOIIBIO CHENUANBHBIX (rKcaropoB. CoeMHEHHbIE
npssMonrHerHbIME puTHHramMu B 0ok CNG-Moxynu
pa3MeraroTcs B TPIOME M Ha naiyoe.

O6opynoBannbslii CNG-MonynsiMu  KOHTEHHEPOBO3
Bojiou3MenieHrneM a0 70 ThIC. T MOXET IEepeBe3TH 3a

82

Fig. 1. CNG-modules for gas transportation with container
ships:

Puc.1. CNG-Momynu [uid @epeBO3KM Tra3a Ha Cydax-
KOHTEHHEpOBO3ax:

a) — connected CNG-modules | coenunennsie CNG-Monynu;
b)—6) — spatial coil of a CNG-module / npocTpaHCTBEHHBIN
3MeeBHK onqHoro CNG-monyis
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ticular, a layout scheme for a long pipeline of standard
(720 mm) pipes is developed which is reinforced with
proper fiber glass armouring [4, 5].

The results of previous research including the ones
made by the IFNTUOG and the NUS prove the prospects
of transportation of compressed natural gas through sea
water areas using container ships and barges. The report
on scientific research work “Transportation of natural
gas in the compressed form by the Caspian Sea” made
by the IFNTUOG in 2012 shows reasonability of using
the CNG-technology when forming a logistic gas trans-
portation chain for natural gas transportation from Turk-
menistan to Azerbaidjan over the Caspian Sea with its
further piping into the TransCaucasus gas pipeline and
transportation to Turkey.

Along with this the issues of technological integra-
tion of specific elements of the CNG technology require
deeper studying in terms of the complex system for
production and transportation of natural gas from shelf
fields as well as the ones devoted to feasibility of these
systems.

The article aim is the analysis of existing prereq-
uisites and development of the details for the construc-
tion concept of the system for production and trans-
portation of natural gas from shelf fields, providing
preliminary grounds for economic feasibility and ef-
ficiency of the CNG-technology use for gas transpor-
tation from shelf fields of the Black Sea to the shore
terminals.

Primary material statement. A special feature of
the oil and gas power engineering at the beginning of the
21st century is gradual depletion of major and giant fields
of natural hydrocarbons and complicacy of the condi-
tions of oil and gas production, shifting to the large-scale
development of the fields with small resources, increase
of the depth of oil and gas production, gradual shift of
gas and oil production processes to the zones and shelves
difficult to access. This leads to the growth of the first
cost of oil and gas production. At the same time these hy-
drocarbons still play the leading role in the world power
engineering, and predictions of the world experts show
that within further 30-50 years the part of oil and gas in
the energy balance will comprise about 50 %.

At the end of the 1990s — beginning of the 2000s
a number of new hydrocarbon fields were opened on
the shelf of the Black Sea [6]. At the same time several
structures with high prospects were found especially in
the zone near Kerch (Prikerchenkiy area). Among them:
Glubokaya, Yuzhno-Kerchenskaya, Abikha, Pallasa,
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onuH peiic 12 miar M® raza. 3TO MO3BOJSET HCIIOJB30-
BaTh TAKHME KOHTEHHEPOBO3HI IJIs TPAHCTIOPTUPOBKH 3HA-
YUTENHLHBIX 00BEMOB Ta3a (5 mipa M* B roj u Gosiee).

Jlnist MEHBIIUX OOBEMOB TPAHCIIOPTUPOBKH, a TAKKE
IIPY TIEPEBO3KE BO BHYTPEHHUX AKBAaTOPHSIX HAa CPaBHH-
TENbHO HEOOJBIINE PACCTOSHUS TPEIIaracTcs HCIOib-
30BaHUE CIIELUAIBHBIX OapX M KapaBaHOB Oapxk. B atom
ciydae koHCTpykimsa CNG-Momyneli He orpaHuduBaeTCs
pa3MepaMu CTaHJIapTHOTO KOoHTelHepa. B wactHocTu, paz-
paboTaHa cxemMa KOMIOHOBKH [UIMHHOMEPHOTO TPYOOIIpo-
BOZa U3 cTaHHapTHHIX (720 MM) TpyO, YCHIIEHHBIX COOT-
BETCTBYIOIINM CTEKIIOBOJIOKOHHBIM apMHpPOBaHUEM [4, 5].

Pe3ynbTaThl IpebIIyINX UCCIICIOBAHMI, B TOM YHCIIC
u BeimonHeHHbIX B UOHTYHI u HYK, cBunerensctByior
0 TIEPCHEKTUBHOCTH TPAHCIIOPTUPOBKH IIPUPOIHOTO Tas3a
B KOMIIPHMHPOBAaHHOM BHJIE 4Y€pe3 MOPCKUE aKBaTOPUH
C TIOMOIIBIO CYIOB-KOHTEHHEPOBO30B 1 Oapxk. Tak, B OT-
yeTe O Hay4YHO-HCCIeoBareNibckoil padote «TpaHcmop-
THPOBKa IPHUPOAHOIO ra3za B KOMIPHMMHPOBAaHHOM BHIIE
yepe3 Kacmnmiickoe mope», BoimonHenHor B MOHTYHI
B 2012 romy, moka3aHa II€I€CO00Pa3HOCTh NPUMEHEHUS
texHonmornn CNG mpu QopMHUPOBaHHH JIOTHCTUYECKON
Ta30TPAaHCHOPTHON TEMH U TPAHCHOPTHPOBKH TIPUPOJ-
Horo Taza ot TypkMenucrana B Azepbaiimkan uepe3 Ka-
CIMICKOE MOpE € MOCIEAYIOIIEH 3aKaukoii ero B TpaHckaB-
Ka3CKUH ra3oIpoBOJl U TPAHCIIOPTUPOBKOH K TEPPUTOPUH
Typuum.

BwMmecre ¢ TeM panbHEHIINX YIIyOJIEHHBIX HCCIENO-
BaHUi1 TpeOyIOT BONPOCH! TEXHOJIOTUUECKOTO UHTETPHPO-
BaHMsI OT/AEIbHBIX AeMeHTOB TexHonoruu CNG B pam-
KaX KOMIUIEKCHOM CHCTEMbI IOOBIYHM U TPAHCIIOPTHPOBKH
MIPUPOIHOTO Ta3a Ieab(pOBBIX MECTOPOXK/ICHHUI U HccIie-
JIOBaHUS SKOHOMUYIECKOHN AP PEKTHBHOCTH TAKUX CUCTEM.

HEJIb CTATBH — ananu3 CymiecTBYIOIINX MIPe-
MMOCBUIOK M JETANH3alusl KOHIETIINU TOCTPOSHHS CH-
CTeMBI TOOBIYM W TPAHCIIOPTHPOBKH MPHPOTHOTO Ta3a
menb(OBEIX MECTOPOXKACHUH, MpeaBapUTeIbHOE 000-
CHOBaHHE DSKOHOMHYECKOW IeIecOO00pasHOCTH U 3-
(eKTUBHOCTH UCHONB30BaHus TexHomorun CNG s
TPaHCIIOPTUPOBKH T'a3a U3 MIEIb(OBBIX MECTOPOXKICHUH
YepHOro Mopst K O€peroBbIM TEpPMUHAJIAM.

H3noxenne ocHoBHOT0 MaTepuasia. OcoOEHHOCTBIO
pasBuTHs HedTera3oBol sHepreTuky B Hayane XXI Beka
ABJIACTCA MOCTCIICHHOEC MCTOMICHHUC KPYIHBIX U CBEPX-
KPYITHBIX MECTOPOKACHUH NPHPOAHBIX YIJIEBOIOPOIOB
1 yCIOKHEHHE yCIIOBUil 10OBYM He(hTH M ra3a, mepexos
K MacCOBOMY OCBOCHHIO HEOONBIINX MO 00beMaM 3ara-
COB MECTOPOXICHHH, YBEIMIeHUE IITyOUH HedTerazono-
OBIYH, IIOCTETICHHOE TIepeMeIIeHIe IPOIieccoB Hedrera-
307100614 B TPYIHONOCTYIHBIE PalOHBI M IIEIb(OBHIC
30HBL. Bce 310 mpuBOAMT K poCTy cebecTonMoCTH 100bI-
4yu HedTH U raza. BMecre ¢ TeM 3TH yriieBoxoposIs! Ipo-
JIOJDKAIOT 3aHMMaTh OINpPEAEISIONIee MECTO B MHUPOBOM
DHEPIeTUKE, a MIPOrHO3bl ABTOPUTETHBIX MUPOBBIX JHEP-
TETUYCCKUX ar€HTCTB CBUACTCILCTBYIOT, YTO U B TCUCHUE
cnenyromux 30—50 ner gons HeQTH U Ta3a B SHEPTETH-
4yecKoM OaaHnce coctaBuT okoio 50 %.

B xonme 1990-x — magane 2000-x TomoB Ha menbde
UepHOTO MOPST OBUT OTKPHIT PSIT HOBBIX YIIIEBOIOPOIHBIX
MECTOPOXKACHHH [ 6] 1 00HaPyKEHO HECKOIIBKO BRICOKOTIEP-
CIIEKTHBHBIX CTPYKTYP, 0COOCHHO B rpezenax [IpukepdeH-
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Yakornaya, Moryana, Lychagina, Soyuznaya [7]. The | ckoro y4actka. Cpenu Hux [iry6okas, FOxno-KepueHckast,

sea depth in the zone near Kerch is 30—500 m and more Abuxa, [Tannaca, Sxopuasi, Mopsina, JIbrdaruna, CorosHas
(Fig. 2) [7]. TiryGraa Mops B patione [IpukepueHCKOro ygacTka Ha-

xoautcst B peaenax 30—500 M u 6onee (puc. 2).
One of the deterrents for the rapid growth of gas pro- OfHUM M3 CHEPKMBAIOMIMX (DAKTOPOB, MPEIAT-

duction in terms of the indicated structures is a partially | crByromux cerogns 6sICTpOMy HapallMBaHUIO 0OBHEMOB
unsolved problem of natural gas transportation onshore. rasoflo0bMM B PaMKax yKa3aHHBIX CTPYKTYp, SBIAETCS

Thus, a very important task of nearer future is the de- | “aCTHYHO HEPCLICHHBIN BONMPOC JOCTABKH HPUPOAHOTO

. . rasa Ha CyIy.
velopment of a rational system of sea transportation for yuy. N N .
Takum 00pa3oM, BaXHOW 3agaueil Omvkaiiiero

maintenance of shelf fields of the Black Sea. This task GyIyIero CTAHOBHTCS CO3NAHWE PAIMOHATHHOW CH-

gets special urgency in terms of the necessity of rapid | cremer MOpckoii TPaHCIIOPTHPOBKH JUIsi OGCITY)KHBAHHS
development and start of produced natural gas transpor- | mensdoBbix mMecropoxnenuii Uepnoro mops. Ocolyro
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Fig. 2. General map of the Ukrainian sector of the Prikerchenskiy area of the Black Sea:

Puc. 2. O030pHas kaprta yKpauHckoro cekropa [IpukepueHckoro yuactka UepHoro Mopsi:

1—oil and gas fields /| mectopoxxaenust Heptu urasa; 2— oil and gas prospective structures / He()Tera3onepcrneKTHBHBIC CTPYKTYPbIL:
a — prepared for drilling / monrotoBieHsl kK OypeHuro; 6 — detected by seismic exploration / OOHapYKEHBI CEHCMOPA3BEIKOI;
6 — possible and prospective / IPOrHO3HO-TIEPCIICKTUBHBIE; 3 — exploration well 1 / mouckoBas ckBaxuHa 1; 4 — parametric
well 403 / mapamerpudeckas ckpaxuna 403; 5 — isobaths / u306ate1; 6 — fectonic deformations /| TEKTOHHYECKHE HAPYIICHHS
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tation from recently drilled wells. Using sea transport
on the CNG-technology basis is reasonable in terms of
absence of industrial pipelines which is explained by sig-
nificant remoteness or water area depth.

Special features of the systems which provide imple-
mentation of the CNG technology are considerably de-
fined by the specific character of some projects of gas
transportation by sea. The composition and parameters
of the system elements will depend, first of all, on the pa-
rameters of the gas supply source and the gas transporta-
tion system where it will be unloaded further. For a CNG
ship aimed at gas reception from shelf fields it is neces-
sary to provide a system for complex gas treatment in the
composition similar to the systems of gas treatment for
uploading into the gas pipeline on the shore fields. There
should be a gas compression system on a ship for provid-
ing piping into the tanks onboard.

The analysis of feasibility of using different carri-
ers for gas transportation from shelf fields of inner water
areas proves that in the Black Sea it is desirable to use
the variant of special barges of production-transportation
types which are moored to a submerged entrance buoy of
the STL-type (Submerged Turret Loading) or to a pro-
duction platform on the shelf. It is reasonable to use two
types of barges. The technological industrial equipment
for produced gas purification, dehydration, compression
and intermediate storage is assembled on a barge of the
first type. Barges of the second type are used directly
for compressed gas transportation. The combination of
separate objects of the technological chain “drill — tech-
nological industrial equipment (technological barge) —
transport barge” is provided by means of using special
flexible pipelines. The loaded transport barge is trans-
ported by a tug along the proper route, and the place for
uploading is taken by the next one (Fig. 3).

When designing the main systems of CNG ships for
maintaining sea fields it is necessary to provide execu-
tion of the following tasks:

— acceptance of compressed gas in the sea directly
from the well onto a CNG ship using the underwater
loading complex of the STL-type;

— complex natural gas treatment;

— aftercompressing of gas which is supplied from the
wells up to the pressure of 20,0...25,0 MPa;

— gas storage in special tanks under the pressure of
up to 25,0 MPa during ship motion to the destination;

— gas supply for unloading in the destination using
the underwater unloading complex of the STL-type and
complete unloading of ship tanks.

When implementing the CNG transport technology
special attention should be paid to the processes of gas
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aKTyaJbHOCTh 3Ta 3a/1a4a NPHOOPETAECT B yCIOBHUSIX He-
00XOTMMOCTH OBICTPOTO OCBOCHHSI M Hadaya TPaHCIOp-
TUPOBKH JIOOBITOTO MPUPOHOTO I'a3a U3 TOJIBKO YTO IPO-
OypeHHBIX CKBaXXMH. [Ipn OTCYTCTBHHM MPOMBILIIEHHBIX
TpyOOIIPOBOIOB, YTO OOYCIIOBIEHO 3HAYUTENBHON yna-
JICHHOCTBIO WM TIIyOMHOW aKBaTOpHH, IeJIecO00pa3Ho
UCIIONIb30BaHUE MOPCKOTO TPAHCIIOPTAa HA OCHOBE TeX-
nonoruu CNG.

OCOOCHHOCTH CHCTEM, 00ECIICUMBAIOIINX Peask3a-
uuto texnonoruu CNG, B 3HaUUTETILHONW Mepe omnpeje-
JISIOTCSl CHEIU(HUKONH KOHKPETHBIX IPOEKTOB MOPCKOH
TPAHCIIOPTHPOBKH ra3a. CocTaB M mapamMeTphl JIeMEH-
TOB CHUCTEM OyIlyT 3aBHCETh, B IIEPBYIO OUEPEb, OT IMapa-
METPOB MCTOYHHUKA IMOCTABOK I'a3a U FaSOTpaHCHOpTHOﬁ
CHCTEMBI, Kyjia OH Oy/IeT pa3rpyKarhCs BIIOCICICTBUU.

s cyana CNG, npenHa3Hau€HHOTO AT IpUeMa rasa
¢ mIeNb(POBBIX MECTOPOXKICHHUH, HEOOXOMUMO TIPEITyCMO-
TPETh CHCTEMY KOMIUIEKCHOW MOJTOTOBKH Ta3a B COCTa-
B€, aHAJIOTHYHOM CHCTEMaM IOATOTOBKH Ta3a K 3arpy3ke
B Ta30MPOBOJI Ha OeperoBbIX MecTOpoXIeHusx. Ha cynHe
TaKKe OJDKHA OBITh HaJla)keHa CUCTEMa KOMIIPUMHPOBA-
HUS Ta3a 11 00eCIIeueHust 3aKa4Ky B EMKOCTH Ha O0pTYy.

AnHanu3 1enecooOpa3HOCTH HCIIONB30BAaHMS pas-
JIMYHBIX CyHOB-HOCHTEJICH IUIS TPaHCHOPTHUPOBKH Taza
13 menb(GOBEIX MECTOPOXKICHUH BHYTPEHHUX MOPCKHX
AKBATOpPUI CBUIETENIBCTBYET, YTO B aKBaTOpUHU YepHOro
MOps OpEANOYTUTECIICH BapyUaHT UCIIOJIB30BaHUA CIICIU-
IBHBIX OapX NPOW3BOICTBEHHO-TPAHCIOPTHOIO THIIA,
TIPUIIBAPTOBBIBAIONINXCS K TIOTPY>KEHHOMY NTPUEMHOMY
oyro tuma STL (Submerged Turret Loading) nnmm x mo-
OpIBaromell miardopme Ha menbde. Ilpu s3ToMm memeco-
o0pa3Ho npuMeHsTh ABa THna 6apx. Ha Oaprxke nepsoro
TUIIA MOHTUPYETCS TEXHOJIOTHYECKOE IPOMBIIIIEHHOE
000opyaI0oBaHuE JUIsl OYUCTKH, OCYILIKH, COKATUsSI U IIPOMe-
KYTOYHOTO HAKOIUICHHS T0OBITOTO Ta3a. bapxwu Broporo
THUIIA MCIIONB3YIOTCSl HETMOCPEICTBEHHO VISl TPAHCIIOP-
THPOBKH cKaroro ra3za. CodeTaHne OTAENBHBIX 00BEK-
TOB TEXHOJIOTMYECKOHN e «CKBaXMHA — TECXHOJIOTHYC-
CKO€ TIPOMBIIIUIEHHOE 000py/IoBaHHE (TEXHOIOTHYECKast
0aprka) — TPaHCIOPTHAs Oaprka» 00eCIeunBacTCs MyTeM
WCIIONIb30BAHMS CTICIHATIBHBIX THOKHUX TPYOOTPOBOIOB.
3aIoIHEHHYO0 TPAaHCIIOPTHYIO 0apXKy TPaHCHOPTHPYIOT
OyKCHpPOM II0 COOTBETCTBYIOLIEMY MapILIPyTy, @ MECTO
JUTSI 3aTPYy3KH 3aHUMAeET cleayromias (puc. 3).

IIpu npoEKTUPOBaHUMU OCHOBHBIX CUCTEM CYIOB
CNG 1151 06CiTy>)KUBaHUSI MOPCKHX MECTOPOXK/ICHUI He-
00X0IMMO 00€CTIeunTh BHITIOJHEHNE CIEAYIOMNX 3a/1a4:

— IIPHEM C)KaToTO Tra3a B MOPE HEMOCPEACTBEHHO U3
ckBaxuHbI Ha cynHo CNG ¢ MCIONB30BaHHEM TOABOJ-
HOTO 3arpy304HOT0 KomIuiekca tuna STL;

— KOMIUIEKCHYIO TIOATOTOBKY MPUPOHOTO ra3a;

— JIOXKMMaHME Ta3a, MOCTYIAIOIIEro U3 CKBaXXUH, 110
nasnenus 20,0...25,0 MI1a;

— XpaHEHHeE Ta3a B CIEIHAIbHBIX EMKOCTSX II0]] J1aB-
nerneM 1o 25,0 MIla B TeueHne mepexona cygHa K Me-
CTy Ha3HAYCHWUSI;

— mozjady rasa Juisi pasrpy3Kd B MeCTe Ha3Ha4eHHs
C HCIIOIb30BaHHUEM TIOJJBOJHOTO PAa3rPy304HOIO KOMILIEK-
ca tuna STL u noaHoe onopoKHEHNE EMKOCTEH CylHa.
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Fig. 3. Technological chain of sea gas transportation on the CNG-technology basis:
Puc. 3. TexHonoruueckas Lenb MOPCKOH TPaHCIIOPTUPOBKY ra3a Ha ocHOBe TexHosoruu CNG:

technological ship or barge up to 25 MPa — texHonorn4eckoe cynHo win 6apxka 1o 25 Mlla; uploading — 3arpy3ka; unload-
ing — pasrpyska; transport ship or barge up to 25 MPa — TpaHCTIOpTHOE CyaHO win Oapka no 25 Mlla; shipment terminal —

Pa3rpy304HBI TepMUHAT

treatment, compression, intermediate storage and load-
ing into the cargo systems of the transport. In order to
increase the mobility of some elements as well as of the
transport system in general the authors offer to use the
ships (barges) of two types as it was stated before. A tech-
nological ship (barge) is constantly in the zone of a shelf
field (a well or a well group) and provides gas purification
and drying, gas condensate, LPG and other hydrocarbon
products emission, gas compression, intermediate stor-
age of hydrocarbon products. Such vessels allow solving
a number of problematic issues of the CNG technology.
First of all they provide continuous performance of the
wells and qualitative treatment of their products.

Intermediate cargo systems of technological ships
(barges) allow reaching agreed operation of board com-
pressor units with possible discharges of connected
wells. This task is partially solved due to equipping of
compressor stations as a part of a ship with compressors
of various production with the drive from gas and elec-
tric engines.

More high-power compressors with the drive from a
gas internal combustion engine shall operate to decrease
the expenditures on gas compression. Possible mis-
matches in production shall be adjusted due to activation
of the compressor of lower power with the drive form an
electric engine which meets the conditions of frequent

repetitive activation in a better way. The precondition is

86

Oco0oro BHUMaHWs TPU peaU3aAlNH TPAHCIIOPT-
Ho#l TexHonoruu CNG aJi1 OTAENBHBIX MNPOEKTOB Tpe-
OYIOT MPOIECCHI TIOATOTOBKH, KOMIIPUMHUPOBAHUS, MPO-
ME)KyTOYHOTO HAKOIUIEHHUS W 3arpy3KHd ra3a B Tpy30BbIE
CHUCTEMBI TPAHCIOPTHBIX cpenacTB. C IENMBIO MOBHIIIIE-
HUSL YPOBHS MOOWJIBHOCTH OTACIBHBIX JJIEMEHTOB, Kak
U TPAHCIIOPTHOH CHCTEMBI B IEJIIOM, aBTOPHI IpeIyia-
rarT, KaK yk€ OTMeYajoCh paHee, UCIOJIb30BaTh Cyaa
(bapxn) aByx TunoB. TexHomorudeckoe cyaHo (Oapxa)
MTOCTOSTHHO HaXONUTCS B paioHe IIenb()oBOro MecTo-
pOXIeHUs (CKBaXKMHBI HJIH TPYIIIIBI CKBaXKHH) U o0ectie-
YHBAeT OYHCTKY U OCYIIIEHHE ra3a, BEIICICHHE Ta30BOTO
xoHgeHcara, IIIDJIY u apyrux yrieBOAOPOIHBIX IPO-
JNYKTOB, KOMIPHMHPOBAHHUS Ta3a, MPOMEXYTOYHOE Ha-
KOITJICHHE YTIIEBOJIOPOIHON MpoayKuuu. Hammane Takux
CYIIOB CHIOCOOCTBYET PELICHHUIO 1IEJI0ro psijia mpoodieM-
HbeIX BompocoB TexHomoruu CNG, mpexae Bcero ode-
CIIEYMBACT BO3MOKHOCTHh HENMPEPHIBHON AKCILTyaTalluu
CKBaXKMH U KQ4YECTBEHHYIO MOATOTOBKY MX MPOMYKIHH.

[IpomexxyTOoYHBIE TPY30BBIE CHCTEMBI TEXHOIOTHYE-
CKHX Ccyf0B (0apiK) MO3BOJISIOT JOCTUYh COTIACOBAHHOM
paboThl OOPTOBBIX KOMIIPECCOPHBIX YCTAHOBOK C BO3-
MOYXHBIMH JI€OMTaMHU TOAKITIOYCHHBIX CKBKUH. JTa JKe
3a/laya 4acTUYHO PEIIAeTCs 3a CYET KOMILJIEKTOBAHUS
KOMITPECCOPHBIX CTaHIWH, BXOAAILINX B COCTAaB CY/OB,
KOMITpeCcCOopaMu pa3HON MPOU3BOAUTEIEHOCTH C IIPHBO-
JIOM OT Ta30BbIX U NEKTPHUUCCKUX JBUTATEIICH.

Jis yMeHBIIIeHHS 3aTpar Ha c)KaTue Trasa MpH ONTH-
MaJIBHOW Harpy3Ke JOJDKHBI paboTarhk Ooiee MOIIHBIC
KOMITPECCOPHI C MPUBOJIOM OT Ta30BOTO JABUTATEINS BHY-
TPEHHETO CropaHus. Bo3MoHBIE HECTBIKOBKHU B IIPOU3-
BOJUTEIBHOCTH CJIEAYCT KOPPEKTHPOBATh 332 CUCT BBE-
JICHUS B JIECTBHE KOMIIPECCOPOB MEHbILIEH MOUTHOCTH
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using compressors which include the node for their pro-
duction regulation in a certain range.

In general the loading process is performed accord-
ing to three schemes when using the ships and barges of
the technological and transport type.

The most complicated variant is loading of a trans-
port ship from the supplying source (a well or a well
group) and the cargo system of a technological ship si-
multaneously (Fig. 4).

At the same time the process has the following
stages:

— uploading of a transport ship due to the pressure of
the gas from the supplying source;

— uploading of a transport ship due to the pressure of
the gas from the cargo system of a technological ship;

— uploading of a transport ship with the gas of the
cargo system of a technological ship using compressors;

— uploading of a transport ship with the gas from the
supplying source using compressors.

In any circumstances the compressors are used when
loading the ship with the gas from the supplying source or
gas of the cargo system of a technological ship. In some
cases there is need of simultaneous execution of these
processes. The parameters and the amount of compressor
units which are supplied to the technological ships shall
meet the conditions of field development, consider spe-
cial features of wells products treatment and the opportu-
nity to change the volumes of gas to be transported.

High pressure in the wellhead provides decrease of
expenditures for gas compression and allows using not
as powerful compressors. It is obvious that the types and
production of the compressors shall be defined by the
parameters of the loading process in general and separate

elements in particular.
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C TPUBOZIOM OT BJIEKTPUUECKOTO JIBUrarelis, 4To Ooinee
OTBEYAET YCJIOBHSIM YacTOTO MEPUOANIECKOTO BBEACHHS
B AeiicTBue. HeoTheMiIeMbIM yCIOBHUEM SIBIISICTCS TAKXKE
UCIIONB30BAaHUE KOMIIPECCOPOB, COJIEPIKALINX Y3€l pery-
JIMPOBAHMS MX NPOU3BOAUTEIBHOCTH B ONpPENEICHHOM
JMarna3oHe.

B nenoM npu HUCIIONb30BaHMY CyHOB HIIH OapXk Tex-
HOJIOTMYECKOTO ¥ TPAHCIIOPTHOTO TUIIA TIPOLIECC 3arpy3-
KH peayIn3yeTcs 10 TPEM CXEMaM.

CaMBIM CJIOXKHBIM M3 BAapUAHTOB ABJISICTCA 3arpy3Ka
TPAHCIIOPTHOTO CYy[IHA W3 UCTOYHHKA CHAOKCHHA (CKBa-
JKMHBI WU TPYTIIBI CKBAXKHH) U TPY30BOM CUCTEMBI TeX-
HOJIOTHYECKOTO CyIHA OTHOBPEMEHHO (puc. 4).

Ilpu sTOoM cienyer BBIIEIUTH CIEAYIOLIUE STaIlbl
mpouecca:

— 3arpy3Ky TPaHCIOPTHOTO Cy[HA 3a CYET JaBJICHU
rasa MCTOYHHKA CHAOKEHNS,;

— 3arpy3Ky TPaHCIOPTHOTO Cy[HA 3a CYET JAaBJICHUS
ras3a Ipy30BOH CHCTEMBI TEXHOJIOTHYECKOTO CYJHA;

— 3arpy3Ky TPaHCIIOPTHOTO Cy/IHA I'a30M I'py30BOU
CHCTEMBI TEXHOJOTMYECKOTO CYJHA C HCIIOJIb30BaHUEM
KOMIIPECCOPOB;

— 3arpy3Ky TPaHCIIOPTHOTO CYJHA Ta30M U3 HCTOYHH-
Ka CHaO)KEHHMsI C UCIIOJIb30BAaHUEM KOMIIPECCOPOB.

[Ipu 71r00BIX OOCTOSATENBCTBAX KOMIIPECCOPHI HC-
MIOJIB3YFOTCS P 3arpy3Ke TPAHCIIOPTHOTO CYIHA ra30M
HCTOYHUKA CHaO)KEHHUS WM/ Ta30M TPy30BOH CHCTe-
Mbl TEXHOJIOT'MYECKOT'O CyJaHa. B OTACJIbHBIX Cllydasax
BO3HHMKAeT HEOOXOAMMOCTh OIHOBPEMEHHOW pean3a-
UM 3THUX ITPOLUECCOB. HapaMeTpLI U KOJIMYCCTBO KOM-
MIPECCOPHBIX YCTAHOBOK, KOTOPBIMH KOMIIIEKTYIOTCS
TEXHOJIOTHUECKHE CyJa, MOJDKHBI COOTBETCTBOBATH
YCIOBUSIM  pa3pabOTKH MECTOPOXKAEHHS, YUHUTHIBATh
0COOEHHOCTH HOJATOTOBKH MPONYKLUUH CKB2)XUH M BO3-
MOXXHOCTh HW3MEHCHHS OOBEMOB Ta3a, IIOIUIEKAIIEro
TPaHCIIOPTHPOBKE.

Hanuuue BBICOKMX JaBIEHHUH Ha YCTbE 3KCILTyaTa-
[MOHHBIX CKBAKHH CIIOCOOCTBYST CHIDKCHHIO 3aTpar
Ha KOMIPHUMHPOBAHUS ra3a U MO3BOJSIET HCHONB30BATH
MeHee MOIIHbIE KOMIIPECCOPHbIE YCTaHOBKH. [10HATHO,
YTO THUIIBI ¥ IPOU3BOAUTEIHLHOCTD HCIIOIb3YEMBIX KOM-
peccopoB OymyT oIpesesieHbl apaMeTpaMy Iporecca
3arpy3KH B LIEJIOM H OT/ENBHBIX 3TANOB B YACTHOCTH.

Process vessel or barge

Transport vessel or barge

Compressor | .

A source of gas — . Cargo vessel 1
& 1 G?S . + station & Cargo system
(one or several =1—1 conditioning system
transport vessel
wells) system technology

N—F

Fig. 4. Scheme of implementation of the transport ship loading process:
Puc. 4. Cxema peanusanui rnpouecca 3arpy3Ki TPaHCIIOPTHOTO CyaHa:

a source of gas (one or several wells) — vcTouHrk ra3a (oJHa WM HECKOJBKO CKBAXHH); gas conditioning system — cuctema

IIOATOTOBKU Tasa; compressor station

— KOMIIPECCOpHas CTaHLMA; cargo vessel system technology — rpy3oBas cucrema

TEXHOJIOTUUECKOTO CY[HA; cargo system transport vessel — rpy30Basi CHCTeMa TPaHCIIOPTHOTO Cy/Ha; process vessel or barge —
TEXHOJIOTUUECKOE Cy/IHO WK Oapika; transport vessel or barge — TpaHCIOPTHOE CyTHO Win Gapika
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Therefore, for each project of natural gas transpor-
tation over the sea using CNG ships it is necessary to
perform the optimization search in order to equip techno-
logical ships with the equipment which meets the require-
ments of the specific project to the maximum extent and
provides high economic feasibility. On the other hand,
it is necessary to provide the required level of unifica-
tion of technological and transport ships (barges) which
could allow using them at various fields.

Considering current technical opportunities of
Ukrainian enterprises and organizations for the CNG
shipbuilding and their further use in the Black Sea the
authors see a nonself-propelled barge (Fig. 5) with the
cargo system as the most prospective sea transport.

Motion of barges from a well to the shore shall be
performed using tugs. The approximate maximum veloc-
ity of tugging is 10 knots (18,5 km per hr).

In order to bring forward the practical implementa-
tion of the CNG technology and to efficiently use the
available ships two variants were considered in the pro-
cess of the analysis:

— reequipping of existing barges for the needs of
compressed natural gas transportation;

— design and building of new barges for compressed
natural gas transportation.

Capacity of wells and well pads were also taken into
account as well as the opportunities of further develop-
ment of the CNG ships fleet.

The preliminary selection and calculation of the pa-
rameters of transport barges is performed considering the
day well (well group) production 300 and 600 thous. m*.
At the same time relative parameters (per length unit) of
the cargo system in a form of a long pipeline shall take
the following values:

— inner volume — 0,431 m?;

— steel mass in the long pipeline — 157,1 kg/m;
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Takum 00pa3om, AJIsl KaXJIOrO NMPOEKTa MOPCKOM
TPaHCIOPTHPOBKU NPUPOIHOTO r'a3a C UCIOJIb30BaHHEM
cynoB CNG HeoOXoauMo TpOBEICHNWE ONTHMHU3AIIMOH-
HOTO TTOMCKA C [ETBI0 KOMIUICKTAIIMH TEXHOJIOTHIECKIX
CyZ10B 000py/I0BaHHEM, KOTOPOE B HAUOOJIbIIIEH CTETIEHH
OTBeYaeT TPeOOBaHMSAM KOHKPETHOTO INPOEKTa M 00e-
CIICYUBACT B IIEJIOM BBICOKYHO 3KOHOMHYCCKYIO 3 deK-
TUBHOCTb. C Ipyroi cTopoHsl, TpedyeTcst obecrneyuBarsb
U HEOOXOAMMBIN ypOBEHb YHH(HUKALUH TEXHOJIOTHYE-
CKHX M TPAHCTIOPTHBIX CyI0B (0ap:k), KOTOPHIi TO3BOIISIT
OBl NCTIONB30BATh MX HA Pa3IMUHBIX MECTOPOXKACHHSX.

C yd4eroM CeromHsIIHUX TEXHUYECKHX BO3MOXK-
HOCTEH YKPaMHCKHUX TPEANPHATHA W OpraHu3anuil 1o
n3rotoBneHuio cynoB CNG u ux JanbHEHIIero UCroib-
30BaHuUs B OacceitHe UepHOro Mopst Hanbomee mepcrek-
TUBHBIM MOPCKHM TPaHCIOPTHBIM CPEACTBOM, MO MHE-
HUIO aBTOPOB, ABISCTCA HEecaMOXomHas Oapxka (puc. 5)
C YCTaHOBJIEHHOW Ha Hell Ipy30BOil CUCTEMOIA.

[epemerenne G6apk OT CKBaKHHBI 10 MOOEPEKBS
JIOJKHO OCYIIECTBISIThCS C HOMOIIBI0 Oykcupos. [Ipu
9TOM OPHUEHTHUPOBOYHAS MAKCHMAaJIbHas CKOPOCTh OyK-
cupoBku coctaBut 10 y3 (18,5 xm/q).

C menbio YCKOPEHHS IIPaKTHYECKOH pean3alun
texHonoruu CNG u Hanbosnee 3 EeKTUBHOTO UCTIONB30-
BaHMsI UMEIOIIETrocs Mapka TPaHCIIOPTHBIX CYAOB B MPO-
Liecce aHaIn3a pacCMaTpUBAIIUCh JIBa BApHAHTA!

— Tepeo0OopyIoBaHUE CYIIECTBYIOIIUX Oapik IOx
HYXJIbI TPAHCIIOPTHPOBKH CKAaTOTO MPUPOIHOTO Ta3a;

— MPOEKTUPOBAHUE U CTPOUTEIHCTBO HOBBIX OapiK
CHELMATBHO JUISl TPAHCIIOPTUPOBKH CXKaTOTro MPUPOTHO-
TO rasa.

VYUUTHIBAIKCH CYIIECTBYIOLIME IPOU3BOIUTEIBHO-
CTH CKBa)XUH M OOBEAMHEHHBIX KyCTOB CKBa)XKUH, a TaK-
€ BO3MOXKHOCTH JTAIIHEHIIIETO0 Pa3BUTHS MapKa CyIOB
CNG.

[IpenBapuTenbHbIii BHIOOP W pacyeT IapamMeTpoB
TPAHCIIOPTHBIX Oap’K BBHIMOJIHEH HCXOIS U3 CYTOYHOH
MIPOU3BOJUTEIBHOCTH CKBAXHHBI (TPYIIBl CKBA)KHH)
300 u 600 ThIC. M. [IpH 5TOM OTHOCHTENILHBIE TTApaMe-
TpHl (Ha €AWHMILYy IJIMHBEI) TPy30BOH CHCTEMBI B BHJIE
JUIMHHOMEPHOT'O TPYOOIIpOBOAA NMPHHUMAIOT CIIEIYIO-
LM 3HAYCHMS:

— BHyTpeHHHH 00beM — 0,431 M3,

— Macca CTalu B JUIMHHOMEPHOM TpyOompoBoje —
157,1 xr/m;

Fig. 5. Sea transport vehicle for CNG technology implementation
Puc. 5. Mopckoe TpaHCIIOPTHOE CPENCTBO JuIst peann3anui Texaoinorun CNG
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— fiberglass mass in the long pipeline — 36,5 kg/m;

— gas mass in the long pipeline (under working pres-
sure 20 MPa) — 72,2 kg/m;

— long pipeline mass with gas (under working pres-
sure 20 MPa) — 265,87 kg/m;

— gas volume under standard conditions (s.c.) in 1 m
of the long pipeline with gas (under working pressure
20 MPa) — 107,8 m®.

On the basis of relative parameters of the long pipe-
line a table is offered for barge selection (Table 1).

According to the results obtained the basic param-
eters of the barges which shall be equipped with cargo

systems for compressed gas transportation can be the fol-

lowing:

Variant 1 Variant 2
length — 70 m; length — 75 m;
width — 9 m; width — 15 m;

board height — 3,5 m;
freight-carrying
capacity — 900 t

board height — 4,0 m;
freight-carrying
capacity — 2000 t

Efficiency of transportation on the basis of the CNG
technology significantly depends on the gas delivery points
on the shore, the levels of infrastructure, distribution and
delivery networks development. The opportunities of the
Crimean gas network were studied via these points. Cur-
rently there is quite a developed system of the main gas
pipelines in the territory of the peninsula. The system
scheme is shown in Fig. 6, and the main parameters of
some gas pipelines and zones are represented in Table 2.

The analysis of the existing gas transport system of
the Crimea, the flow capacity and the loading level of
some gas pipelines and zones allows making the conclu-
sion on potential possibility of transportation of additional
gas volume via this system. Moreover, the Glebovskoye
underground gas storage facility allows controlling the
transportation volume and making strategic gas reserves.

During the study it was found out that the areas near
Feodosiya and Tarkhankut (Ocheretay bay) are poten-
tial places for constructing receiving terminals for CNG

ships unloading.
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— Macca CTeKJIOIJIACTHKA B JNIMHHOMEPHOM TPy0O-
mpoBojie — 36,5 Kr/wm;

— Macca rasa B JNIMHHOMEpPHOM TpyOompoBozae (pu
pabouem nasnenun 20 MIla) — 72,2 kr/m;

— Macca JUIMHHOMEPHOTo Tpy0ompoBoma ¢ Ta3oM
(pu pabouem nasnenun 20 MIla) — 265,87 kr/wm;

— 00BeM Taza MpH CTaHIAPTHBIX YCIOBHSX (C.y.)
B 1 M JyIMHHOMEpHOTO TPyOOIpOBOa C Ta3oM (IpH pa-
6ouem nasnennu 20 MIla) — 107,8 M>.

Ha ocHOBe OTHOCHTENBHBIX MapaMeTPOB IJIHHHO-
MepHOTo TpyOOIpoBo/Ia MpesIaracTcs TabanLa Jyis BbI-
6opa 6apxu (Tabdm. 1).

Hcxons n3 nony4eHHbIX pe3yabTaToB 0a30BbIe mapa-
MeTpbI 0apik, KOTOpbIe He0OX0IMMO 000pyI0BaTh IPy30-
BbIMU CUCTEMaMM JJId IEPEBO3KU I'a3a B C)KaTOM COCTOs-
HHH, MOTYT OBITH CICAYOLINMH:

BapuanTt 1
mmHa — 70 M;
mMpuHa — 9 M;
BEICOTa OopTa — 3,5 M;

rpy30-
noabeMHOCT — 900 T

Bapuant 2
mHa — 75 M;
mupuHa — 15 M;
BBICOTa OopTa — 4,0 M;
rpys30-
noaseMHOCTh — 2000 T

O heKTHBHOCTh TMEPEBO30K Ha 0a3e TEXHOJIOTHH
CNG B 3HaUUTETHHON CTENCHU OyIeT 3aBUCETh U OT Ha-
JIMYHS TyHKTOB NIpHeMa ra3a Ha mooepexbe, ypoBHs MOJI-
TOTOBJIEHHOCTH MX HH(PACTPYKTYPBI U Pa3BUTOCTH CETEH
pacnpeneneHust 1 mocTaBky ra3a. C 3TuX MO3WIMH Hc-
CJIEIOBAJIICH BO3MOXKHOCTH I'a30IpoBOIHOM ceTi Kphim-
CKOTO TITOJTyOCTpOBa. B HacTosimiee BpeMst Ha TEPPUTOPUH
MIOJYyOCTPOBA CYIIECTBYET JOCTATOYHO pa3BUTAas CUCTEMA
MAarucTpalIbHBIX ra30MPOBOAOB, CXeMa KOTOPOU ITpHUBE/Ie-
Ha Ha pHUC. 6, a OCHOBHBIE XapaKTEPUCTHKU OTJEIBHBIX
ra3oIlpoBOIOB M yYaCTKOB OTPa)KEHbI B Ta0I. 2.

AHanu3 CyleCTBYIOIIEH ra30TpaHCIOPTHOW CHCTe-
™Mbl AP Kpbim, nporyckHO# criocoOHOCTH U YPOBHS 3a-
I'PY3KH OTAEIBHBIX TA301IPOBOIOB M YIACTKOB ITO3BOJISIET
c/IeaTh BBIBOJ O MOTEHIIMAIHHON BO3MOXXHOCTH TpaHC-
MOPTUPOBKHM ITOH CUCTEMOI JOMOIHUTENBHOIO KOJHU-
YecTBa MPHPOAHOTO Ta3a, KOTOPHIH MOXET IHOCTYMaTh
oT 1menb(poBEIX MecTopokaeHuid. Kpome Toro, Hamuue
I'meGoBCKOro MOA3EMHOTO XpaHWIMINA Ta3a MO3BOJISIET
OCYIIECTBIISATh PETYINPOBaHHE OOBEMOB TpPAaHCIIOPTH-
POBKH U CO3JaBaTh CTpaTern4eCcKUe Pe3epBhI rasa.

B mpouecce nccnenoBaHusi ObIIIO BBIICHEHO, YTO
MOTEHIMAJIbHBIMI MECTaMH CO3JaHUS MPUEMHBIX Tep-
MUHAIIOB [Tt pa3rpy3ku cynoB CNG MoryT OBITH IIJIO-
AaaKku B paiioHe ropona Peomocus U B pailoHe MbIca
TapxankyT (Oyxra Oueperaii).

Table 1. Characteristics of long pipelines (under working pressure 20 MPa)

Taéanua 1. XapakTepuCTHKU JUIMHHOMEPHBIX TpyOonpoBonos (npu pabouem aasinenun 20 MIla)

Freight-carrying Length of long ; Gas volume
capacity, t pipeline L,m Gas mass, t Innngw;lug{;Z; m under s. c. V, m?
I'py3onogbeMHOCTh | JIJIMHA JUTMHHOMEPHOTO Macca raza, T 061216 I\I/)[ W O6bem raza
Cy/lHa, T TpybomnpoBoaa L.,, M i npu c.y. V, M
750 2820 203,7 1216 304180
1000 3760 271,6 1620 405600
1500 5640 407,4 2430 608360
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Table 2. Characteristics of gas pipelines and gas pipeline branches of PJSC “Chernomorneftegas”
Tabauua 2. XapakTepucTHKa ra3olpoBOI0OB U ra3onpoBoaoB-0TBoA0B [TAO «UepHoMopHedTeras»

Gas pipeline diameter

Main gas pipeline name Length, km and wall thickness, mm
HanmeHoOBaHHE MarucTpaabHOTO ra30MpoBoIa Jnuna, KM Junamerp rasonpooza
1 TOJNIIMHA CTEHKH, MM

Gas pipeline Glebovka — Simferopol / Tazonpoon ['me6oska — Cumpepomnonn 101,8 529x8
including /B TOM 4ncIneE:

— transition over Donuzlav island (2nd thread — 0,65 km) / nepexox uepe3 0,65 5298

0. Jlonysnas (2-s Hutka — 0,65 kM)

— looping in the area 17,4 km — 59,0 km / mynmHr Ha y4yactke 17,4 kM — 59,0 km 41,6 529x8
Gas pipeline Simferopol — Sevastopol / T'azonpoBox Cnmpeponons — CeBacTonomns 56,6 530%7,5
Gas pipeline Dzhankoy — Simferopol / Tazonpoon [Ixankoit — Cumdeporoib 92,1 529x7
Gas pipeline Crimea border — Dzhankoy / T'azonpoBon rpanwiia Kpeiva — Jxankoi 72,6 720%x10

Gas pipeline Krasnoperekopsk — Glebovskoye UGSF

T'azonpoBox Kpacrnomnepexonck — I'me6osckoe ITXT 97.0 102010
Interindustrial collector Strelkovoye — Dzhankoy

. . 58,2 325x8
MesxxnpoMsInuieHHBIN KoJutekTop CtpenkoBoe — JlkaHKkon
Gas pipeline Golitsyno — shore / T'azonpoBox ['onumbiaO — Geper 155,379
Gas pipeline Golitsyno — Ocheretay bay (2nd thread)

. 62,7 426x16

T"azompoBox [onunpiao — 6. Oueperaii (Bropast HUTKA)
Gas pipeline Ocheretay bay — Glebovka /T'azonpoBon 6. Oueperaiif — [meboBka 43,2 530%8
Gas pipeline Arkhangelskoye — shore / T'azonpoBon ApxaHrenbckoe — Oeper 53,95 42616
Gas pipeline Glebovka — Simferopol / T'azonpoBon ['me6oBka — Cumdepomnons 121,9 530%8
Sevastopol (2nd thread) / CeBacTomnons (BTOpas HUTKA) 53,5 42616

Razdolnoye

Glebovskoye UGSF

Dzhankoi

Chernomorkoye
Lenino

Tarkhankut fpreland Kerg:h

Yevpatoriya

Saki Feodosiya

Simferopol Sudak

Sevastopol Alushta

Yalta

Fig. 6. Process flow scheme of the main gas pipelines of the Crimea
Puc. 6. TexHonmornueckasi cxeMa MarucTpalibHbIX ra3onpoBonoB AP Kpeim
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Table 3. Results of feasibility study on the project of using the CNG technology for natural gas transportation from shelf fields of

the Black Sea to the terminals near Feodosiya and Tarkhankut

Ta6smna 3. Pe3ynsrarbl TEXHUKO-3KOHOMHUYECKOT0 000CHOBAHUS MPOeKTa MpuMeHeHust TexHonoru CNG /1st HepeBo3KH MPHPOAHOTO
raza U3 nIeab(OBBIX MECTOPOXKIeHNH UepHOro Mopst K TepMUHAJIaM, pa3MeIleHHbIM B paiionax ®eonocun n Mpica TapxaHKyT

Duaily cargo turnover, thous. m’/day
CyTouHSIH Tpy30000pOT,
Ne Parameters / Ilokazarenn TBIC. MY/CYT.
300 600
3

| Annual cargo turnover, min m3 /year 109,5 219,0
T'onoBoit rpy30000pOT, MITH M?/TOZ
Barges parameters, m: / TlapameTpsl Gapix, M:

2 length / mmHa 70 75
width / mmpuHa 9 15
board height / BricoTa Gopra 3 4
Required number of ships for cargo turnover handling:

3 Heo0xoquMoe KOJIM4eCcTBO CyI0B ISl 00CITY)KUBaHHs TPY30II0TOKA: 3
barges / 6Gapx

1 1
tugs / GyKCHpOB
Investment, min USD / Kanuranosnoxxenus, miH goi. CIIIA
Total / Becero 17,8 29,6

4 | Including: / B Tom uucne:
barges with cargo systems and tugs / 6ap>u ¢ TPy30BBIMH CUCTEMaMHU 1 OyKCHPBI 14,3 253
freight-handling terminals / TOTpy304HO-pa3rpy304HbIC TEPMUHAIBI 3,5 4,3

5 | Maintenance expenses, min USD/year / DxcIutyaTalliOHHBIE PACXOJIbI, MIJTH JIOJ./TOJT 2,875 5,15

6 Transportation first cost, USD/1000 m? x 100 km 26.25 2352
CebecTouMOCTb TPaHCIIOPTUPOBKH, 1071./1000 M* x 100 kM > >
Transportation rate, USD/1000 m?® x 100 km for the first six years

7 T N 5 60,4 54,1

parcnoptHbIi Tapud, 101./1000 M* x 100 kM Ha IEpBBIC MIECTh JICT
Transportation rate, USD/1000 m? x 100 km for further years

8 N 5 31,5 28,2

Tpancnoptablit Tapud, 101./1000 M* x 100 KM Ha ClIeTYFOIIE TOBI

When holding the preliminary feasibility study (FS)
of the reasonability of sea gas transportation on the ba-
sis of the CNG technology the variants of small cargo
flows were considered, that is 110 and 220 mln m* per
year which corresponds to the day volumes of 300 and
600 thous. m* . The average transportation distance is
100 km. The FS results are shown in Table 3.

According to the analysis of existing and prospective
places for shelf gas production and potential points of
connecting to the gas transport system of the Crimea the
approximate distance of gas transportation over water ar-
eas for the majority of the detected fields is not more than
100...120 km.

CONCLUSION. 1. The results of the technical and
economic conditions analysis of using the CNG technol-
ogy for natural gas transportation from shelf fields of
the Black Sea as well as the results obtained due to the
preliminary FS prove technical and economic feasibil-
ity of using this technology in practice. 2. For technical
implementation of the projects on natural gas transporta-
tion using the CNG technology it is necessary to hold a
number of studies of technological processes executed
at different stages. It is also required to perform the op-
timization search in order to provide the equipment for
the ships so that this equipment shall provide their high
economic efficiency.
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[Ipy npoBemeHWH TPEIBAPUTEIFHOTO TEXHUKO-
sKoHOMIYecKoro obocHoBanus (TDO) nenecoodpasHOCTH
MOPCKOH TPaHCIIOPTUPOBKH Ta3a HA OCHOBE TEXHOJIOTUH
CNG paccmarpuBajiich BapUaHThl pealu3alii MallbIX
rpy30n0TokoB, a umeHuo 110 u 220 muH M* B rof, 4to
COOTBETCTBYET CyTouHBIM 0ObeMaMm 300 u 600 Teic. M>.
CpenHee pacCTOSIHHE TPAHCHOPTHPOBKUA TPHHATO DPaB-
HbIM 100 kM. Pesynbraret TOO npuBeneHs! B Ta0u. 3.

Hcxons m3 aHanm3a CyIIECTBYIONIMX U MEPCIICKTHB-
HBIX MECT J00BIUH I'a3a Meab(OBOIl 30HBI M MOTEHIHAb-
HBIX TOYEK TTOIKITIOYCHHUS K Ta30TPAaHCIIOPTHOM CHCTEME
KpbiMa, OpreHTHPOBOYHOE PACCTOSIHUE TPAHCIIOPTUPOBKH
raza gepe3 MOPCKHE aKBATOPWH JJIsI OOJBIIMHCTBA BBISB-
JICHHBIX MecTopoxeHui He npesbimaeT 100...120 kM.

BBIBO/IbI. 1. PesynsraTel aHamm3a TEXHHYECKUX
U OKOHOMHUYECKHX YCJIOBHH ITPUMEHEHHsS TEXHOJIOTHH
CNG s mepeBO3KH TPHUPOTHOTO Tra3a IMelb(OBBIX
MECTOpOXKJCHUI UepHOro Mops, a TakKe MOJIy4YeHHbIE
B mporecce mpensaputenbHoro TOO pe3yasrarsl CBU-
JICTEJILCTBYIOT O TEXHUYECKOW M SKOHOMHYECKOH Iiee-
c000pa3HOCTH MPAKTUIECKOTO MPUMEHEHHS 3TOU TeX-
Honoruu. 2. JIns TeXHUUYECKOM peanu3aluu MPOEKTOB
TPAHCIIOPTHPOBKH MPUPOTHOTO ra3a ¢ UCIIOIb30BaHHEM
texnosmoru CNG HEoOXOOUMO MPOBEICHHUE psila HC-
CJIEJOBAaHMI TEXHOJOTHYECKHAX IIPOIIECCOB, pealm3ye-
MBIX Ha OTJENBHBIX JTalax, a TaKKe OCYIIECTBICHUE
ONTHMHU3AIIOHHOTO MOWCKA C METhI0 KOMIUIEKTOBAHUS
CyZoB 000pyIOBaHUEM, 00CCIICUUBAIOIIUM UX BBICOKYIO
SKOHOMHUYECKYIO 3()(HhEeKTHBHOCTE.
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HaunoHanbHbIA YyHUBEepPCUTET KopabnecrpoeHus nMmeHu agMmupana MakapoBa

HAYYHO-UCCNEQOBATENIbCKUA UHCTUTYT

ASPOrnaPOANHAMMUKUN N NMPOYHOCTH

NMPOEKT PEHHOIo TPAMBAHA

MpeumyLiecTBa NpoeKTa:

@ CyIHO UMEET BBICOKYIO OCTOHUHBOCTb;

@ >HepreTHYecKas yCTaHOBKA Cy[JHa SKOHOMUYHA U JIOIy-
CKAaeT HCIIOJIb30BAaHUE SHEProcOeperarolux TEeXHOIOTui
JUISL OKCILTyaTalliy B 30HAX OT/bIXa U MPUOPEKHBIX paio-
Hax CIUIOIIHOM rOpOACKON 3aCTPOMKH;

@ CyIHO MMEET OTPaHWYECHHYIO OCaAKy C BO3MOKHOCTHIO
BBICAJIKH IACCAXHPOB HAa HEOOOPYIOBAHHBIN OEpeT;

4 MUHHMaJbHOC HETaTHBHOE BIMSIHHE Ha OKPY)KAIOIIYIO
cpely OT 9KCILTyaTaluu CyAHa.
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