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["[eonornyeckmne ycnosus GOpMNPOBaHNSA HAKJTOHHbIX
KOHTaKTOB HE(PTAHBIX OTOPOYEK HA MECTOPOXKOEHUSIX

YPEHronckoro panoHa

The Geological Systems of the Oil Rim Fields

in the Urengoy Region

I_l edTsaHblE OTOPOYKM HEDTEra30BbIX 3ANIEXEN

Ha MECTOPOXAEHUSX YPEHIOMCKOro panoHa
coaepxar 3HauuTeNbHble 3anackl HedTK, 1 BOMPOCHI
X OCBOEHWS B HACTOSILLEE BPEMS MPUOBPENN 0COBYHO
aKTyanbHOCTb. OOHVM M3 OCHOBHbIX (haKTOPOB,
onpenensaroLyx yCrneLHoe passutme paboT Ha

CTOJb CITOXHbIX FE0SIOMMYECKNX ODBbEKTAX, ABNSETCS
npaBWIbHOE NMOHUMaHWE X BHYTPEHHEro CTPOEeHWS,
3aKOHOMEPHOCTEN pacnpeneneHns B IOBYLLIKE
HeMTAHOWM 1 ra30BOW COCTaBASIOLLMX Yr/1EBOA0OPOAHOWM
cuctembl. [JoCTUYb Takoro NOHMMaHNSA MOXXHO JILLb
npocneamB NCTOPUID (DOPMUPOBAHNS U MOCNEOYOLLIMX
TpaHchopMaLmn HedyTera3oBblX 3a/EXXeN.

HeropnsoHTasibHOE NOJI0XKEHNEM KOHTAKTOB
ras-HedpTb N HedPTb-BOOA

Ha MHOrMX MECTOPOXXOEHUSAX YPEHITONCKOro paroHa
CJIO>KHOE reosIorMyeckoe CTPOEHME 3a1exei MiacTos
HEOKOMCKOrO BO3pacTa 00yC/I0BIeHO, Npexae
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he Qil rims at the fields in the Urengoy region contain

significant oil reserves, and the issues of their
development have now acquired particular relevance.
One of the main factors determining the successful
development in such a complex geological region is to
have the correct understanding of the internal structure
and distribution pattern of the traps in the hydrocarbon
system. This understanding can be achieved only by
tracing the history of the formation and the subsequent
transformations of the oil and gas deposits.

Non-Horizontal Position of Gas-Oil

and Oil-Water Contacts

In many fields of the Urengoy region, the complex
geological structure of the Neocomian strata is primarily
due to the non-horizontal position of the gas-oil and
oil-water contacts. So, at the En-Yakhinskoye field the
BU,,, BU, 2 BU,," and BU,,' formations and at the
Pestsovoye field, in the BU,** formation, according to

www.rogtecmagazine.com



EXPLORATION

BCEro, HErOPU3OHTASIbHBIM MOJIOXKEHMEM KOHTAKTOB
ras-HedTb 1 HePTb-BoAa. Tak, Ha EH-AXnHCKoM
MECTOPOXOEHUM B 3aiexax nnactos bY, ., BY, 2,
BY,,"nBY,,', Ha [1ecLloBOM MECTOPOXOEHNN, B 3a/IEXKM
nnacta bY**, no aaHHbIM MCMbITaHWSA 1 KapoTaxa
CKB&XXWNH KOHTaKTbl (D/IHONO0B HAKIOHEHBI B OHOM
HanpaeneHu1, a UMeHHO — C 3anaga Ha BOCTOK. [pu
3TOM pasHuLA B TMNCOMETPUYECKOM nonoxxeHun MHK
1 BHK Becbma 3HauuTenbHa 1 pocturaet 20 M 1 6onee.
CT0/b CYLIECTBEHHbIE OTK/IOHEHNS pacnpeaesieH s B
COBPEMEHHbIX CTRYKTYPHbIX JTOBYLLKAxX BoApl, HEDTU

1 ra3a OT U3BECTHbIX MPUHLMMNOB aHTUKIMHaIbHO-
rpaBUTALIMOHHOW KOHLENLIMM (hOPMUPOBAHUIS 3aEXXEN
YB TpebyeT ybeamTensHoro o6bsacHeHus. Bonpocom
HEropU30HTa/IbHOIO MOJIOXKEHNUS KOHTAKTOB (hIoMa0B
Ha MecTopoxxaeHusx Cesepa 3anagHon Cubupn v
YPEHroNCKOro panoHa B YaCTHOCTW 3aHUMaINCb MHOrMe
ncenepoatenn (M., Hectepos [3] , B.C. boukapes,
B.H. BopogkuH, A.P. Kypurkos [2], KO.4. BonbluakoB
[1], B.A. Ckopob6oratos, J1.B. CtporaHos [4] v op.).

BonbLUMHCTBOM aBTOPOB paccMaTpyBaiCb
criefytoLLmMe OCHOBHbIE (haKTOopbl, BANSAIOLLME HA
pacnpeneneHne XxXnoknx 1 raaoobpasHeix YB B
JIOBYLLIKAX: TEKTOHUYECKUI, NINTOOMYECKNIA,
OBV>KEHME apTe3naHCKX Bo, 3arnedyaTtbiBaHue
3aNexen Ha rpaHunuax HedpTm ¢ BOOOW 1 ra3om
achanbTeHaM1 1 CMOSIaMU, KanuaisipHble CUsbl
T.0. PaccMoTpuM, Kakmne 13 HadBaHHbIX (DakTOpOoB
SBNAIOTCA onpeaensatoLy My 1 OLEHUM CTeNeHb KX
BISIHVSA HAa (DOPMUPOBaHNE HETSHBIX OTOPOYEK B

X COBPEMEHHOM BUAE Ha MpUMepe HedhTerasoBbIx
3anexen EH-AxnHcKoro v MNecuoBoro MeCTOROXKAEHNN.
Ha EH-AXMHCKOM MECTOPOXOEHNN PACCMOTPUM
3anexb nnacta bY !, nmetoulyto HanbobLUNIA HAKOH

12 ?
KOHTakTOB (htoVA0B, COCTABNAOLLMIA NopaaKa 25 M.

ManeoTekTOHUKA

OueHvBas CTeneHb BAVSIHNA TEKTOHNYECKOIO
hakTopa, OTMETUM, YTO, MO MHEHUIO DObLINHCTBA
nccnengoBartenem, COBpeMeEHHbIE 3auiexxn YB Havanm
hopMMPOBATLCS YXKE B HUXKHEMESIOBOE BPEMS 1 B
6onee paHHVe Nepuoabl NpeTepneBan pasnyHble
TpaHcopmMaLmmy, BCNe 3a MEHSAOLLVMUCS
TEKTOHWNYECKVMW YCIIOBUSMI parioHa. 019 naydeHns
NcTopuM 06pasoBaHns 1 NepedopPMUPOBaHUS 3aeXeN
B nnacte BY ' EH-AXMHCKOro MecTopoxxaeHns Hamm
NOCTPOEHbI MaNeonpouIv B HaNpaBeHNE HaK/I0Ha
KOHTaKTOB — C 3anafa Ha BOCTOK MO JIMHUN CKBaXKWH
610I1, 4631, 483I1, 46711 1 60311 (Purc. 1).

Kak B1aHO Ha npodune 6, Ha BpemMs (hopM1pOBaHNS
CTPYKTypbI Mo mnacty BY. ! - koHew, rotepvisa,
EH-AX1HCKas NoByLLKa MMEET TPEXKYMNOJIbHOE
CTPOEHVE, NPUYEM LIEHTPaSIbHbIN 11 BOCTOYHbIN
KynoJa NpakTU4eCKN OOVHAKOBbI MO BbICOTE U,

www.rogtecmagazine.com

the test and well logging data, the fluid contacts are
inclined in one direction, namely from the west to East.
At the same time, the difference in the hypsometric
position of the Gas Oil Contact (GOC) and the Oil Water
Contact (OWC) is very significant and reaches 20 m

and more. Such significant deviations in the distribution
of water, oil and gas in the modern structural traps

from the known principles of the anticlinal-gravitational
concept hydrocarbon deposits formation requires a
convincing explanation. Multiple researchers (Il Nesterov
[3], VS Bochkarev, VN Borodkin, AR Kurchikov [2], Yu. Y.
Bol'shakov [1], VA Skorobogatov, LV Stroganov [4] and
others).

Most of the authors considered the following main
factors that affect the distribution of liquid and gaseous
hydrocarbons in traps: tectonic, lithological, movement
of artesian waters, sealing of deposits at the boundaries
of oil with water and gas with asphaltenes and resins,
capillary forces, etc. Let us consider which of the named
factors are decisive and assess their influence on the
formation of oil rims using the example of an oil and gas
deposit at the En-Yakhinsky and Pestsovoye fields. At
the En-Yakhinskoye field, we will consider the reservoir
formation BU_,', which has the greatest slope of fluid

12 7
contacts, which is about 25 m.

Paleotectonics

Assessing tectonic factor influence, we note that in

the opinion of most researchers, modern hydrocarbon
deposits began to form already in the Lower Cretaceous
and, in earlier periods, underwent various transformations
following the shifting tectonic conditions of the region.
To study the history of formation and re-formation of
deposits in the BU,,' formation of the En-Yakhinskoye
field, we constructed paleoprofiles in the direction of the
contact slope - from west to east along the line of wells
610P, 463P, 483P, 467P and 603P (Fig. 1).

As can be seen in profile b, at the time of the BU.
structure formation - the end of the Hauterivian, the En-
Yakhinskaya trap had a three-domed structure, and the
central and eastern domes are practically the same in
height and, presumably, control deposits with gas caps
underlain by the oil section.

In the Upper Cretaceous, the structural plan changes
significantly (profile c). The western dome increases

in size and amplitude. The eastern part of the trap is
submerged, and the amplitude of the eastern dome is
significantly reduced. Obviously, during this period, there
is a tilt of the interphase sections and a redistribution

of hydrocarbons in the trap, part of the gas from the
eastern submerging dome moves to the central dome,
displacing oil into the peripheral parts of the structure. In
the Late Cretaceous and Paleogene-Quaternary (profiles

ROGTEC | 25



W PASBELKA
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Puc. 1: [NaneoTekToHWYecKre Npouan B HaNpaBAeHne HakIoHa KOHTAKTOB — C 3anafa Ha BOCTOK MO HUNM ckBaxxuH 61001, 463[1, 4831,
46711 1 603l

Fig. 1: Paleotectonic cross-sections along the sloped line of contacts — west-to-east along the line of wells 61001, 46311, 4831, 46711 and 6031
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B PA3BE[KA

NPeanoaoXKNTENBHO, KOHTPONNPYIOT 3aEXN, MEKOLLIME
rasoBble Lanku, NoACTUNaeEMbIE HEPTSAHOM YaCTbtO.

B BepxHeMenoBoe BpeMs CTPYKTYPHbIV MiaH
CYLLIECTBEHHO MeHseTca (NMpodusib B). 3anafaHbIi Kyrnon
pacTeT B pasmepax n amnantyge. BoctouHas 4actb
JIOBYLLKM MPETEPNEBAET MOrpy>XeHne, amnamMtyga
BOCTOYHOIO Kynosa 3Ha4UTeIbHO YMEHbLLAETCS.
O4eBuNOHO, YTO B 3TOT Nepuog, MPONCXOaMUT HaKJIOH
MeXX(as0BbIX PasaesoB 1 nepepacnpeneeHne
yrneBogopoOaoB B JIOBYLLKE, a UMEHHO — 4acTb rasa 13
BOCTOYHOIO MOFPY»KaroLEerocs Kynoaa nepemMeLLasTcs
B LiEHTpasIbHbIV KyMOJSl, BbITECHASA U3 HEr0 HEPTb Ha
nepudepuniiHble y4aCTKM CTPYKTYpPbI. B nogaHemenosoe
1 NaneoreH-4eTBepTNYHOE Bpems (Mpouam B n )
TeHOEeHUMM TpaHcopMaLmy JTOBYLLIKN, B OCHOBHOM,
COXPaHSAOTCH, BOCTOUHOE KPbISIO CKAAKM NPOOoKaeT
onyckatbcst ¢ 60NbLLON UHTEHCUBHOCTHLI), BOCTOUHbII
KymnoJ1 B STOT NepUOL, BbIMOSIAXKMBAETCHA 1 MOJIHOCTHIO
pPacopPMMPOBBLIBAETCS, Ha ero MecTe B COBPEMEHHOM
CTPYKTYPHOM M1aHe 06pasyeTcsd MOHOKIMHASIbHbIN
CKJ10H. HaxoguBLumnecs B BOCTOUHOM Kyrosie ra3

N HEPTb, OYEBUAOHO, MUFPUPOBAN B CTOPOHY
LEeHTPaIbHOro 1 3anafgHoro KyrnoJos.

BonblMHCTBO nccnenoBaTenen CXoaaTcs BO

MHEHWW, YTO COBPEMEHHbIN CTPYKTYPHbIN NiaH Obla
cchopmmpoBaH B HOBEWLLEE MMOLIEH-YETBEPTUYHOE
BpeMs. OTO O3HAYaET, YTO POPMUPOBAHME 3aNexen

YB B pesynbtate murpaummn nponcxoamno B eule 6onee
paHHee BPeEMS 1, BO3MOXXHO, MPOAO/KAETCA 40 CUX MOp
[4,5].

B cBeTe ckazaHHOro NpeacTaBistoT NHTEPEC CKBAXKMHDI
B603P 1 600P, pacnono)eHHble B BOCTOYHOW YacTw
MECTOPOXXAEHNS. B TedeHne TEKTOHNYECKOro

PasBUTVS TEPPUTOPUN OHW HAXOOMUNNCE B Pa3HbIX
CTPYKTYPHbIX YCNOBUAX. Tak B NasieonniaHe, Ha KOHeL|
rOTEPUBCKOrO BPeEMeEHN CkBaxknHa 603P Haxoamnach
BHYTPW KOHTYpa ra30HOCHOCTU B CBOAE BOCTOYHOIO
Kyrnona, OCNOXHAOLLErO EH-AXMHCKYO CTPYKTYPY.
PacnonoxeHHas B 3,0 KM to)xHee ckBaxkiHa 600P, B
OTNn4YMe OT CKBaxKMHbI 603P, B 3TOT nepuon BpemMeHu
Obl1a pacnosioykeHa CyLLEeCTBEHHO MMMCOMETPUYECKN
HKe, 3a Npeaenamm BOCTOMHOIO Kynoa B BOOOHOCHOW
YacTw nnacTa. [NpegnonaraeTcs, 4To B NpoLEecce
nepedopM1POBaHUS 3a/1eXXn YIrIEBOAOPOOb! 13
BOCTOYHOIO KyrnoJsia, Npu ero pacopmMmpoBaHnm,
MUIPUPOBaIV B MPOOO/KABLUMIA PacTU LEHTPAIbHbIN
KyrnoJ.

[ns NOATBEPXXOEHNS STOrO MOSIOXKEHNS, MEIOLLLErO
NPUHLMNVaNbHOE 3HaYeHVe A9 OObACHEHNS
COBPEMEHHOIO CTPOEHUS 3aN1eXXU, HamK Bbl1o
NOBEAEHO CPaBHEHME MokasaTtenien OCTaTo4HON
HepTerasoHacblILLEeHHOCTW nacTa bY121 no
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¢ and d), the trap transformation tendencies are generally
preserved, the eastern wing of the fold continues to
descend with great intensity, the eastern dome flattens
out and completely disbands during this period, and a
monoclinal slope. The oil and gas in the eastern dome
apparently migrated towards the central and western
domes.

Most researchers agree that the modern structural plan
was formed in the recent Pliocene-Quaternary. This
means that the hydrocarbon deposits formed because of
the migration that occurred at an even earlier time and,
possibly, continues to this day [4, 5].

Considering the above, wells 603P and 600P located

in the eastern part of the field are of interest. During

the tectonic development of the territory, they were in
different structural conditions. Thus, in the paleoplane, at
the end of the Hauterivian time, well 603P was located
within the gas-bearing contour in the vault of the eastern
dome, which complicates the En-Yakhin structure.

Well 600P, located 3.0 km to the south, unlike well
603P, during this time period was located significantly
hypsometrically lower, outside the eastern dome in

the aquifer. It is assumed that in the process of the
reformation of the reservoir that hydrocarbons from the
eastern dome, during its disbandment, migrated to the
central dome, which continued to grow.

To confirm this position, which is of fundamental
importance to explain the modern structure of the
reservoir, we compared the indicators of the residual oil
and gas saturation of the BU,," formation for the wells
under consideration. In well 603R, according to logging
data, the value of the residual oil and gas saturation

of the reservoir reservoirs is 56%, which is a fairly high
indicator; during testing, an insignificant gas inflow was
obtained from the reservoir. In well 600R, the oil and gas
saturation factor is significantly lower and amounts to
about 28%; no inflow was obtained during testing. In our
opinion, the high residual oil and gas saturation of the
BU,,' formation in well 603R, as compared to well 600R,
is explained by an episode of the presence of a gas (gas-
oil) deposit during the geological history in the area of
well 603P.

Intra-Reservoir Oil and Gas Migration

Next, we will consider the process of intra-reservoir
migration of oil and gas from the eastern dome as it sinks
and opens intensively. As noted earlier, this process most
likely took place in recent geological times. Obviously,
gaseous and liquid hydrocarbons, according to the
anticlinal-gravitational concept of reservoir formation,
tend to fill the most elevated sections of the trap, and the
gas-oil and oil-water contacts take a horizontal position.
The very process of intra-reservoir hydrocarbon migration

www.rogtecmagazine.com
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W PASBELKA

paccMaTprBaEMbIM CKBaXKMHaM. B
ckBaxkmHe B603P, no gaHHbIM TIC, 3HaueHue
OCTaTOYHOW HepTerasoHacChILLEHHOCTN
KOINEKTOPOB MnjiacTa cocTaBngeT 56%,

YTO SBNSETCS JOCTATOYHO BbICOKNM
nokasaTtesieM, NMpu UCMbITaHN 13 niacTa
NosTydeH He3HAUUTE bHBIA NPUTOK

ragza. B ckBaxmHe 600P koahdrumeHT
HebTerazoHachbILLEHHOCTU CYLLIECTBEHHO
MeHblLle 1 cocTaBNsaeT nopsaka 28%,

NPV UCNbITAHUN NPUTOKA HE MOMy4YeHO.

Ha Halu B3rnam, BbiCOKas ocTaTtodHas
HedbTerazoHachILLeHHOCTb macta bY !

B CKBaKMHe 603P, no cpaBHEHWO CO
ckBaknHoM B00P, 06bsACHSAETCA an3040M
HaNM4Ns B TeYeHUe reosIormyeckom NCTopnn
B panoHe CkBaxKMHbl 603P rasoBow
(ra3oHedTAHOWM) 3anexu.

BHyTpupesepByapHas mirpauums
HedoTh 1 rasa

[Hanee paccMmoTpum npoLecc
BHYTPUPE3EPBYAPHON MUrpaLn HehTn n
rasa 13 BOCTOYHOIrO Kyrnosa no Mepe ero
VHTEHCUBHOIO MOrPY>XEHNS 1 PACKPBITUS.
Kak y>xe oTMevasnoch paHee, 3TOT npoLecc,
CKOpee BCero, NPOVCXOAWA B HOBENLLIEE
reonornyeckoe spemd. O4eBnaHO, YTO
razoobpasHble 1 XKnaK1e yrnesogopoabl,
COrflaCHO aHTUKJIVHAIBbHO-TPaBUTaLVIOHHON
KOHLLENLMM (DOPMUPOBAHNS 3a/1EXEN,
CTPemMATCd 3anoHNTb Hanbonee
NPUNOAHATBIE YHaCTKM NIOBYLLKM, a
KOHTaKTbl ra3-HedTb 1 HEDTb-BOAA 3aHATH
rOpU30oHTasIbHOE NnosioxxeHve. Cam nNpoLece
BHYTpUpE3epByapHoO Mmurpauun YB noa
OENCTBUEM CWUJT FPaBUTaLMM HAMPAMYHO
3aBUCUT OT CTPOEHVSA MPOOYKTUBHOIO
njacTta v rmapoaMHaMNYecKon CBA3aHHOCTHU
MNPOHNLAEMbIX MPOMNNACTKOB. [N OLEHKM
BJISIHUS HA3BaHHbIX (DaKTOPOB HaMM
nocTpoeHa NNTONOro-gaLmanibHas

mofenb nnacta BY,,'. Kak BuaHo Ha
nutonoro-gauvansHon kapte (Puc. 2),
NNacT XapakTepuayeTCs 3HA4YNTENTBHON
haumanbHOM N3MEHUNBOCTBIO, MPUYEM,
HabntogaeTcs YeTkas 30HaIbHOCTb
pacnpoCTPaHeHNs pasnnyHbIX haumabHbIX
KOMIMJIEKCOB MOPOA. B uenom nnact

BY,,' npeacrasieH OTNI0KeHSMM
BOOJIbOEPErOBbIX TPAHMPECCUBHbIX

1 PEFPECCUBHBIX 6APOB, BbITAHYTHIX
LenoYkamMn B CybmepuaaHaibHOM
Hanpa.neHnn. bapoBblie 06pa3oBaHns
npopesaHbl PaLnaMmn PaspbiBHbIX TEHEHUN,
npeacTaBneHHbIMU OTIOXKEHUSIMY KOHYCOB
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Jlntonoro-dhaumanbHas kapta nnacta BY9_2 MNecuoBoro mectopoXxaoeHus
Lithologic and facies map of formation BY9_2, Pestsovoe field

ayyst 336apOBLIX MATyH (KPYMHBIX MPOMOMH)
Facies of behind-bank lagoons

ayys BRONL6EPErOBLIX PerpeccHBHsIx 6apos
Facies of regressive coastal bars

dauusi NPOMOUH Pa3pbIBHbLIX TEYEHUI
Rip flow washout facies

Dauyns BAONLGEPEroBbIX TPAHCrPECCUBHBIX 6apoB
Facies of transgressive coastal bars

dauus 6apbepHbIX OCTPOBOB
Facies of offshore bars

Jlntonoro-doaumansHas kapta nnacta BY11_1 EH-AXuHcKoro mectopoXxneHuns
Lithologic and facies map of formation BY11_1, Yen-Yakhinskoe field

KoHycbl BbIHOCA Pa3pbIBHbIX TEYEHNI

Dauusi BAonb6eperosbix perpeccusHbix 6apos.
Rip flow alluvial cones i

Facies of coastal regressive bars

®auusi Baonbbeperosbix
TPaHCTPeceUBHbIX 6apoB
Facies of transgressive
coastal bars

®auns Npen6apoBbIX OTNOKEHNIA
Facies of fore-bar deposits

Dauns 6aposbIx naryH Dauusi BaonbGeperosbix TpaHCrPecCcUBHbIX 6apos
Facies of barrier-lagoons Facies of coastal transgressive bars

Jlutonoro-doaumansHas kapta nnacta bY12_1 EH-AXuHcKoro mectopoxxneHusi
Lithologic and facies map of formation BY12_1, Yen-Yakhinskoe field
gor

Dauusi 6apbepHbIX OCTPOBOB
Facies of offshore bars

R SEE

dauus npeaGapoBbIX OTNOKEHNA
Facies of fore-bar deposits

®Dauus 6aposbix naryH
Facies of bar lagoonss

KOoHyCbI BbIHOCA Pa3pPbIBHbIX TEHEHWI
Rip flow alluvial cones

®Dauys 6apbepHbIX OCTPOBOB
Facies of offshore bars

Dauusi BRonL6eperosbiX perpeccuBHbIx 6apos
Facies of coastal regressive bars

Dauws BRONLGEPErOBLIX TPAHCTPECCHBHbIX 6apOB
Facies of coastal transgressive bars

Puc. 2: Jlntonoro-thaumansHele kapTel  Fig. 2: Lithologic and facies map
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EXPLORATION

BbIHOCOB, 06PA3YHOLLIX 30HbI MPEUMYLLIECTBEHHO
cybmepuanaHanbHo HanpaBIeHHOCTL.

QOueBMaHO, YTO rpaHULIbl MeXOY daumanbHbIMN
06pasoBaHVSIMIN PA3INYHOIO reHeaunca
npencTaBnatoT cobolt onpeaeneHHble 6apbepsbl, roe
rMapoaAVHaMMYeckas CoobLLIaeMOCTb MPOHNLIAEMbIX
nponnacTkoB NMPOAYKTUBHOIO rnyjiaCta MOXXeT

ObITb CYLLIECTBEHHO 3aTPyAHEHA. DTO MOJIOXKEHME
NNNIOCTPUPYETCS reoIorMYeCKM Npouiem,
NpuBeOEHHbIM Ha PcyHKe 3 11 MoKasbliBarOLLM
COOTHOLLEeHMeE MPOoHMLIaeMbIX NnecHaHbIX NporJiaCTkoB
B pasfMyHbIX Nepecekaemblix haLmanbHbIX 30Hax, Ha
rpaH1Lax KOTopbIX rapoavHaMnyeckas CBA3aHHOCTb
necyaHbIX MPOCI0EB MOXKET YXyALLIATbCS.

N3meHeHna eMKOCTHO-OUSIbTPaLMOHHbIX
CBOMCTB nnacTta

BaxkHbIM hakTopoM, BAVSIOLLEM Ha pacnpeneneHmne
YrEBOAOPOOHBIX (OIIONA0B B IOBYLLKAX Mpn
nepedopMMPOBaHA 3a/1EXN, ABASKOTCS EMKOCTHO-
hurnNbTPaLMOHHbIE CBOMCTBA MiacTa 1 xapakTep

MX M3MEHeHMs no nfoLwaan. PaccMoTpum BAnSHWE
3TOro hakTopa Ha hopMNPOBaHME 3aexxin niacTa
BY,,". Ha PvcyHke 4 npviBeaeHa kapTta nopuctocTy
nnacta BY ', nofly4eHHas B pesysibTate TDEXMepPHOro
reoslorm4yeckoro MoaenMpoBaHus. Ha kapTe B1aHo,
YTO 30HaJIbHOCTb N3MEHEHNA MOPUCTOCTW MaacTa,
Kak 1 n1Tonaoro-gaupaneHas 30Ha/IbHOCTb, MEeT

CHCTEMA
OTREN
APYC
CBHTA
MMACT
ABC. OTM., m

under the action of gravitational forces directly depends
on the structure of the reservoir and the hydrodynamic
connectivity of the permeable interlayers. To assess

the influence of these factors, we built a lithological-
facies model of the BU, ' formation. As can be seen

on the lithological-facies map (Fig. 2), the reservoir is
characterized by significant facies variability, and there is
a clear zoning of the distribution of various facies in the
rocks. In general, the BU., ' formation is represented by
sediments of shoreline transgressive and regressive bars,
elongated in chains in the submeridian direction. Bar
formations are cut by facies of discontinuous currents,
represented by alluvial deposits, which form zones of
predominantly submeridian direction.

Obviously, the boundaries between facies formations of
different genesis represents certain barriers, where the
hydrodynamic connectivity of the permeable layers of a
productive formation can be significantly hampered. This
position is illustrated by the geologic profile shown in
Figure 3, showing the relationship of permeable sands in
the various intersecting facies zones, at the boundaries
of which the hydrodynamic connectivity of the sands may
deteriorate.

Changes in Reservoir Properties

An important factor affecting the distribution of
hydrocarbon fluids in traps during reservoir reformation
is the reservoir properties and the nature of their change

ABC.OTM.. @
NNACT

&

MENOBAR
HHOKHMA
BEPPHAC-BANAHKHH

1 ®auun BoonbL6eperoBbiX TPAHCIPECCUBHBIX U
nporpeccuBHbIx 6apos
3208 Facies of coastal transgressive and progressive bars

2 KoHycbl BbIHOCA pa3pbIBHbIX TEYEHUN

&

Rip flow alluvial cones oo e
Puc. 3: 'eonormyeckuni npouib no naacty bY12_1 EH-AXMHCKOro MeCTOpOXXaeHms
Fig. 3: Geological cross-section of formation 5Y12_1, Yen-Yakhinskoe field
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W PASBELKA

quKny Cy6Mepl/|,D,I/IOHaJ'IbHy+O Hal'lpaBJ'leHHOCTb. KapTa nopuctoctn nnacta BY9_2 MecuoBoro MectopoXxxaeHus
Porosity map of formation BY9_2, Pestsovoe field

B BOCTOYHOW YacTu 3anexu, rae BCKPbIThI
CKBaXXMHaMW Camble MMNCOMETPUYECKM HU3KIE
otMeTkn MHK 1 BHK, Ha kapTe HabmtogaeTca

noJsie HaMBOIbLLVX 3HAYEHNA KO3hdULMEHTA
NMOPUCTOCTW NnacTa (panoH ckBaxkuH 455P, 500P,
450P, 457P), nameHsiowmxcs ot 14,5% 0o 16,5%.
3anagHee BbloenseTca YeTkas cybMepuanoHanbHas
30Ha MOHVPKEHHbBIX 3HAYEHNM MOPUCTOCTU (ParoH
ckBakuH 451P, 473I1, 352, 498I1), roe 3HaveHus
3TOro NapameTpa CyLLIECTBEHHO HIKE I COCTaBASOT
12,5%-14,5%.

Lanee, B 3anagHOM HanpasfeHuu BUOHO
YyepenooBaHVe 30H MOBbILLEHHbIX 1 MOHMXKEHHbIX
3Ha4YeHnn nopucTocTn nnacta. Crnegyoulas
cybmMepuanoHaibHas 30Ha MOBbILLEHHbIX 3HAYEHW
nopuctocTn (o1 15,0% o 16,5%) (paroH

ckBakmH 14101, 134, 1050), orpaHuyeHa ¢ 3anaga
30HOM MOHVKEHHbIX 3HaYeHun 12,0%-14,5% un
XapakTepusyeTcst 60/1ee BbICOKMM MOJSIOXKEHNEM
KOHTaKTOB, MO CPABHEHWIO C BOCTOYHbIM Y4aCTKOM
3aNeXMU.

KapTa nopuctoctu nnacta BY11_1 MNecuoBoro mectopoxxneHns
Porosity map of formation BY11_1, Pestsovoe field

PaccmoTpum kKak nntonoro-gauyansHas
HEOAHOPOOHOCTb 1 U3MEHYMBOCTb EMKOCTHO-
DUNbTPALMOHHBIX CBOMCTB BAMSIA Ha
nepepacnpeneneHne HeTn 1 rada npu
TEKTOHWNYECKOW NEPECTPOVIKE STIOBYLLIKM B MiacTe
BY,,'. Kak BMaHO Ha NaneoTeKTOHNYECKIX
npocunsx (Puc. 1), K KOHLY rOTEPUBCKOrO BPEMEHM,
Korga chopmMmpoBanach, kKak 6b110 cKka3aHo paHee,
EH-AXxrHCKas noByLUKa, B MiacTe, BEPOSTHO,
obpasoBanock ABa ckonaeHnsa YB - B LeHTpanbHOM
11 BOCTOYHOM KynoJsiax.

B nocnepnytoulee reonornmyeckoe Bpems
Ha6ﬂ}0,ﬂ,aeTCF| POCT LIGHTPa/ILHOMO Kynona 1 Kapta nopuctoctu nnacta BY12_1 MNecLoBoro mectopoXxaeHuns
VHTEHCMBHOE OnyCcKaHwe 1 BbiNnosaXXnBaHe Porosity map of formation BY12_1, Pestsovoe field
BOCTOYHOIO Kyrnosa, BrjioTb 4O €ro NOSIHOro
PacKpbITVS, YTO BbI3Bas1IO NepeTok YB dnonaos
BBEPX MO BOCCTAHUIO CJIOEB B LIEHTPaSTbHbIN
KyMnoJ1, EMKOCTb KOTOPOro yBEIMYMBaANach 3a CHET
BO3[bIMaHNs 3anafgHoro kpbiia. CopepxasLuascs
B Manie03asiexky BOCTOHYHOIO Kyrnosa HedTb
MUrpUpoBasa BBepX Mo BOCCTaHWIO CIIOEB U

3TOT MNPOLECC TaK XKE MOJSIHOCTLIO 3aBUCEN OT
BHYTPEHHEro CTPOEHNS 1 HEOAHOPOOHOCTM
EMKOCTHO-(PUIbTPaLMOHHbIX CBOWNCTB MnacTa.
Lns naydeHns atnx akTopos, ONpeaenatoLLmX
OnHaMuKy murpaudun YB, noctpoeHa nMtoaoro-
haumansHaa kapta nnacta BY " (Pvc. 2), a Takxe
KapTa Nop1CTOCTU KOMIEKTOPOB (Puc. 4).

Nutonoro-chaumanbHas U3MEHUNBOCTb P 3 LI o P ETOEAL
Kak B1AHO Ha MpeacTaBNeHHbIX KapTax, Fig. 4: Forosity maps

32| ROGTEC www.rogtecmagazine.com



EXPLORATION

nnact BY. " xapakTepuayeTca peskomn INTOI0ro-
dhaumanbHOM UBMEHYMBOCTBIO, UMEIOLLIEN HYETKYIO
cybMepuanoHaIbHYO HanpaBneHHOCTb. Ha nytu
Murpaummn YB n3 BocTouHoro kynona dauum
BOOIbOEpPeEroBbix 6apoB, BblAENSEMbIE B paioHe
ckBaxkMH 603P, 494P, cmeHsaoTca daumsamm
PaspbIBHbIX TEYEHNI, haumsamMmmn rny6boKOBOOHbBIX
NPOMOVIH U, HakKoHel,, haumamn npendbapoBbixX
oTN0KeHWN. COOTBETCTBEHHO N3MEHEHNIO
daumanbHonm 06CTaHOBKW, B HanpaBieHVE C
BOCTOKa Ha 3anaf, Pe3Ko yxyAllatTCd eMKOCTHO-
bunbTpaLnoHHble ceoncTBa nnacTta (Puc. 2), BNnoTb
[0 MOSHOW TMNHU3AaLNN.

AHaNoryHble NPOLLECChI NepeopPMUPOBaHNS
3anexen NPOUCXOAUAU U Ha OPYIMX MECTOPOXKAEHNSAX
YPEHronckoro paroHa. Hanbonee cyLeCTBEHHOM
NepecTpovike noasepriace 3anexb nnacra bY 2

Ha [NecLoBOM MecTOpOXaeHUM. Kak B1OHO Ha
naneoTeKToHnYecKmx npodunsx (Puc. 1), BOCTOYHOE
KPbIJIO B MO30HEMEIOBOE U KaMHO30MCKOE BPEMS
OMyCKasioCb C BO3pacTaloLLEN NHTEHCUBHOCTHIO.
OueBnaHo, HebTerazoas 3anexsb Npu 3TOM
npoaos/»Kasia NONOHATLCS ra30M, KOTOPbIV, Kak
HaMHOro 6onee NOABVIKHbIN POV, BbITECHS
HedTb 13 CBOOOBOW HYacTu CTPYKTYpPbl. HedTb,
3KpaHMpyemasi rasom 1 cybmMepuaroHanbHbIMu
daupansHbiMu 6apbepamu (Puc. 2, 4), obpasosana
«KO3bIPBKOBYIO» OTOPOYKY HA BOCTOYHOM

NOrPY>XEHNN CTPYKTYPbI C HaknoHoM BHK nopsioka
30°. MNoka3aHHas Ha NpeacTaB/IeHHbIX KapTax

no NPOAYKTVBHbIM niiactam EH-AXMHCKOro 1
[MecLOBOro MECTOPOXAEHUI CyOMepuaMoHaibHas
30HaNIbHOCTb INTOS0rO-(haumasibHbIX 1 EMKOCTHO-
PUNBTPALMOHHBIX XapakTePUCTVK MNI1ACTOB 3aTPyOAHAET
nepepacnpeaeneHne yrneBoaopoaoB U yCTaHOBIEHME
FOPU3OHTASIBHOIO MOJIOXKEHMS KOHTAKTOB Mpw
TEKTOHUYECKNX TpaHCcdopmMaLmsax oByLLek, Kak
NoKagbIBaET aHa/IM3 ONHAMVKM TEKTOHNYECKIX
NPOLECCOB, NTOBYLLKM, KOHTROIMPYIOLLME 3aN1EXN, 00
HaCTOSALLEr0 BPEMEHM NPETEPNEBAIOT CTPYKTYPHYHO
NepecTponKy.

YCTaHOBEHO, YTO TEKTOHNYECKME CUITbl HAKJTOHAOT
MexdaomnaanbHble pasaesbl ¢ 60bLIEN
WHTEHCUBHOCTbIO, YeM rpaBUTaLMOHHbIE CUSbI
CNOCO6HbI NPUAAaBaTh FOPU3OHTANIbHOE MOSIOXKEHME
KOHTaKTaMm, npeogosieBas ConpoTUBeHNE MUrpaLn
YB, 0bycnoBneHHoe NTonoro-gaumansHom
HeoOHOPOAHOCTLIO NnacTa. CkasaHHOe cnpaBenIMBO
ans Bcex 3anexen Ex-AxuHekoro m NecuoBoro
MECTOPOXXAEHWIN, UMEIOLLIMX HAKITOHHOE MOSIOXEHMEe
M'HK n BHK.

[1aneoTEKTOHUYECKME 1 J'II/ITOJ'IOFO-d)aLI,I/IaJ'IbeIe
NMOCTPOEHNA, BbIMOJIHEHHbIE MO Mjactam EH-AxnHckoro

www.rogtecmagazine.com

over the area. Let us consider the influence of this factor
on the formation of the formation BU,,". Figure 4 shows
the porosity map of the BU,," formation obtained as a
result of 3D geological modeling. The map shows that
the zoning of the reservoir porosity change, as well as
the lithological-facies zoning, has a clear submeridional
direction. In the eastern part of the reservoir, where the
most hypsometrically low GOC and OWC marks were
penetrated by the wells, the map shows the field of

the highest values of the reservoir porosity coefficient
(the area of wells 455P, 500P, 450P, 457P), varying
from 14.5% to 16.5%. To the west, there is a clear
submeridional zone of low porosity values (the area of
wells 451P, 473P, 352, 498P), where the values of this
parameter are significantly lower and amount to 12.5%
-14.5%.

Further, in the western direction, one can see the
alternation between zones of increased and decreased
porosity. The next submeridional zone of increased
porosity values (from 15.0% to 16.5%) (area of wells
141P, 134, 1050), is limited from the west by a zone of
decreased values of 12.0% -14.5% and is characterized
by a higher position of contacts, compared to the
eastern section of the deposit.

Let us consider how the lithological-facies heterogeneity
and variability of the reservoir-filtration properties
influenced the redistribution of oil and gas during the
tectonic restructuring of the trap in the BU, ' formation.
As can be seen on the paleotectonic profiles (Fig. 1),

by the end of the Hauterivian time, when, as mentioned
earlier, the En-Yakhinskaya trap was formed, two HC
accumulations probably formed in the stratum - in the
central and eastern domes.

In the subsequent geological time, the growth of

the central dome and the intensive subsidence and
flattening of the eastern dome, up to its full opening,
are observed, which caused the flow of hydrocarbon
fluids upward along the rise of the layers into the
central dome, the capacity of which increased due to
the uplift of the western wing. The oil contained in the
paleo-deposit of the eastern dome migrated up the
uprising of the layers and this process also completely
depended on the internal structure and heterogeneity
of the reservoir-filtration properties of the reservoir. To
study these factors that determine the dynamics of
hydrocarbon migration, a lithological-facies map of the
BU,," formation (Fig. 2) and a reservoir porosity map
(Fig. 4) were built.

Lithologic-Facies Variability

As can be seen on the presented maps, the BU111 layer
is characterized by sharp lithological-facies variability,
which has a clear submeridional direction. On the way

ROGTEC | 33



B PA3BE[KA

1 [MecLlOBOro MeECTOPOXAEHWI NO3BOMAIOT CAeMaThb
cneayroLme BbIBOAb!:

1. JloByluku 3anexent YB nocne ux hopMmpoBaHng,
B pesy/ibTaTe pasHoHaNpPaB/IEHHbIX TEKTOHUHYECKMX
OBVKEHUIN B MO30HEMENOBOE — KANHO30MCKOoe
reosIornmyeckoe Bpemst MpeTepneny 3HavynTesbHble
CTPYKTYPHbIE USMEHEHUS.

2. CTpyKTypHas nepecTpoiika NToByLLEK 0BycnoBmaa
nepedopMMPOBaHNE 3anexel B pesybTtarte
BHYTPUPE3EPBYAPHON BTOPUYHOM MUrpaumm HedTH 1
rasa, Kotopasi, BO3MOXXHO, NMPOLOJPKAETCS OO CUX MOp.

3. JlnTonoro-gaupansHas HeoaHOPOOHOCTb N1aCTOB
VIMEET YETKYIO CyOMepnaroHanbHyO 30HaNIbHOCTb

1 ONpedenseT Hannyme 30H 3aTpyaHEHHON
rMAPOONHAMUYECKOM COOBLLIAEMOCTM MPOHULIAEMbIX
NPOCNOEB NPOAYKTUBHbBIX MACTOB, MPUYPOYEHHbBIX K
MexxdaunanbHbIM - FpaHuLEaM.

4. MNpoaosmKatoLLaacs TEKTOHMYECKad NepecTporka
JIOBYLLEK W BbICOKasi IMTOI0ro-dalmanbHas
HEeOOHOPOOHOCTbL NNIACTOB NPENATCTBYET NPUBEOEHUIO
cuiaMn rpaBuUTaLmn NONOXKEHNA MEXXDIHONOANbHbBIX
pa30esioB B rOPU3OHTANIBHOE MOSTOXKEHNE 1 ONpeaenseT
X HAKJIOHHOE MOJIOXKEHWE, B MEHBLLIEN CTEMEHW
rag3oHeTAHbIX (BOASHbIX) 1 B 6ONbLIEN CTENEHU —
BOOOHEDTAHbIX.

[Mony4eHHble pe3ybTaTbl MO3BONAM JTy4LLE MOHATH
reosIorMyeckme MexaHuambl U AVHaMnKy hopMUPOBaHUS
HedTera3oBbIX 3a/IEXKEN C HAKITOHHBIMW KOHTaKTaMm
dnovaos. MNonyveHHble 3HAHUS NMPUMEHEHBI MPU X
reosIOrM4ecKoM MOLEIMPOBaHNN, YTO MO3BOJINIO
NOBbICUTb 3PEKTMBHOCTb PaboT Mo VX Aa/IbHENLIEMY
N3YYEHWIO 1 MIIaHMPOBAHMIO pa3paboTKu.
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of HC migration from the eastern dome, the facies

of alongshore bars, distinguished in the area of wells
B603P, 494R, are replaced by facies with ruptured
currents, facies with deep-water gullies, and, finally,
facies of pre-bar deposits. Corresponding to the
change in the facies environment, in the direction from
east to west, the reservoir-filtration properties of the
reservoir sharply deteriorate (Fig. 2), up to a complete
clay formation.

Similar processes of reformation of deposits took
place at other fields in the Urengoy region. The

most significant restructuring was the BU,? reservoir
at the Pestsovoye field. As can be seen on the
paleotectonic profiles (Fig. 1), the eastern wing in

the Late Cretaceous and Cenozoic times subsided
with increasing intensity. Obviously, the oil and gas
reservoir continued to be replenished with gas, which,
as a much more mobile phase, displaced oil from

the crest of the structure. Qil, screened by gas and
submeridional facies barriers (Fig. 2, 4), formed a
“canopy” rim on the eastern plunge of the structure
with an OWC inclination of about 30°. Submeridional
zoning of lithological and facies The reservoir-filtration
characteristics of the reservoirs complicate the
redistribution of hydrocarbons and the establishment
of a horizontal position of contacts during the tectonic
transformations of the traps. The analysis of the
dynamics of the tectonic processes showed that the
traps that control the deposits are still undergoing
restructuring.

It was found that the tectonic forces tilt the interfluidal
sections with a greater intensity than gravitational
forces are able to give a horizontal position to the
contacts, overcoming the resistance to hydrocarbon
migration caused by the lithological-facies
heterogeneity of the formation. The foregoing is true
for all deposits of the En-Yakhinskoye and Pestsovoye
fields with an inclined position of the GOC and OWC.

Paleotectonic and lithological-facies constructions,
performed on the layers of the En-Yakhinsky and
Pestsovoye fields, allow us to draw the following
conclusions:

1. Traps of hydrocarbon deposits after their formation,
as a result of multidirectional tectonic movements

in the Late Cretaceous - Cenozoic geological time,
underwent significant structural changes.

2. The restructuring of traps led to the reformation

of deposits as a result of intra-reservoir secondary
migration of oil and gas, which possibly, continues to
this day.

3. Lithological-facies heterogeneity of formations
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has a clear submeridional zoning and determines
the presence of zones of difficult hydrodynamic
connectivity of permeable layers of productive
formations confined to interfacial boundaries.

4. Ongoing tectonic restructuring of the traps and
high lithological-facies heterogeneity of the formations
prevents gravitational forces from bringing the position
of the interfluidal sections to a horizontal position and
determines their inclined position, to a lesser extent
gas-oil (water) and to a greater extent - water-ail.

The results obtained made it possible to better
understand the geological mechanisms and dynamics
of the formation of oil and gas deposits with inclined
fluid contacts. The knowledge gained was applied in
their geological modeling, which made it possible to
increase the efficiency of work on their further study
and development planning.
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KOHTPOIJ1b LLUATA PE3bbEbl

BHYTPEHHEN

HAPY>XHOM

HAPY>XHOWM
(L1}

HaTar no pess6oBomy
Kanubpy-npobke B OMYCKe,
HO KOHYCHOCTb pe3b6bl BbILLIIa
3a oTpuLaTeNbHbI AOMYCK.

HaTtar no pess6oBoMy
Kanmopy-KonbLly B AOMNYyCKe,

HO KOHYCHOCTb pe3b06bl BbiLLla
3a NONIOXKUTENbHBIN AOMYCK.
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KOHTPOJIb KOHYCHOCTU PE3bbbl

NMOYEMY KOHTPOJ1b HATAIA PE3bBOBbIMU KAJTUBPAMU HE ABNAETCA NOJIHbIM U AOCTOBEPHbIM

PE3bBA NOA KOHTPOJIEM

NPEANATFAEM KOMNNEKCHbIE PELLLIEHUA U MPUBOPDI
ONs NO3JIEMEHTHOIO KOHTPOJI PE3bEOBbIX COEAUHEHUN

KOHTPOIJ1b BbICOTbI MPO®UNA PE3bEbl

BHYTPEHHEW

HAPY>XHOM BHYTPEHHEMN

<
.

Kak cnepcteue, HUMNenb
BKPYYEH B MydTy rnyoxe,

UYTO MPUBOONT K KOJIOKOSIbHOM
nedopMaLmn, NCTUPAHUIO
Pe3bb6bl N MOABNEHUIO TPELLNH.

“
-

TunoBble gecdopMaLMn 3aMKOBbIX
coeanHeHUn BCNeaCcTBME CBUHUYMBAHWUSA
npw akcnayatauum pessbbl,
M3roTOBNEHHOW C HapyLLUEHNEM
reoMeTpuyYecKmx napaMeTpoB.
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