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K BONpoCYy OCBOEHUS PECYPCHOIro NoTeHUmana gorpCcKoro
Komnnekca otnoxXxeHun 3anagHon Cnbupu

(HacTb 2 — paspaboTka OOIOPCKOro KOMIIEKCa)

Exploring the Resource Potential of the Pre-Jurassic
Sedimentary Complex in the West Siberia

(Part 2 - Development of the Pre-Jurassic Complex)

lNepcnekTusbl pa3paboTku 3anexer YB B
nopogax ¢hyHgameHTa u hopmmpoBaHne
eMHON KoHUernymum

3HaunTenbHblE 06bEMbI YINEBOAOPOOOB,
COCPEnOTOHEHHbIE B MPOAYKTUBHBIX OTIOXEHNSAX
nopog, (oyHOaMeHTa OenatoT UX MPUBAEKTEIbHbIMU
ONs pa3pabTKu B YC/IOBUSIX COBPEMEHHOW TEHOEHUMM
yXyOLEHNS CTPYKTYPbl 3anacos.

OpHako, He CMOTPS Ha 3HaAYMTESbHbIM NoTeHUMan
NPOAYKTUBHbBIX FOPU3OHTOB Nopoad hyHOamMeHTa,
NPOMBILLINIEHHAsA 3KCryaTaums 6onbluen YacTu
NOAO0BHbIX OOBEKTOB OblNa HE YAAYHOW.

CnoXxHoe rec/I0rM4eCKoe CTPOEHNE OTIOXKEHUN,
HeonpeaeeHHOCTb PacNPOCTPaHEHNST (PUIbTPALMOHHO-
E€MKOCTHbIX CBOMCTB MO paspesy, H13kas
0XapaKTEPV30BAHHOCTb re0I0MMYEeCKON MHbopMaLen
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Perspectives of the Development of the
Basement Rock HC Deposits and Forming a
Unified Concept

Considerable amounts of hydrocarbons are accumulated
in productive basement sedimentary rocks which makes
them attractive development propects during the current
trend of reserves deterioration.

However, in spite of the considerable potential of

the productive horizons in the basement rocks, the
commercial operations of the most of these targets has
not been successful.

The deposits complex geological structure, the
uncertainty in the knowledge of how the filtration-
volumetric characteristics are distributed across cross-
sections, the low degree of the available geological
information are some of the major complicating factors
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EXPLORATION H

SABNAOTCHA OCHOBHOM MPUYUHON OCTTOXHEHWI

BCKPbITUS U HEYAAYHOW 3KCMTyaTaumm 3anexen
YrNeBOAOPOA0B, MPUYPOUHEHHBIX K MPOAYKTUBHBIM
ropW30oHTaM Nopoa PyHaameHTa, 60MbLLEN YaCTK
SABASIOLLMMUNCS KITACCUHYECKUM TPELLMHHO-MOPOBBIM
KOJIIEKTOPOM, MPencTaBIeHHbIM FOPHOW MOPOAOWN,
pa3buTon cybBepTUKanbHbIMK TPELMHaMK. [apameTpsl
KOJINETOPOB NOAOOHOMO TUNA, Kak 1 PuUsndeckmne
MPOLECCHI, MPOUCXOAALLME B HAX O CUX MOP He
N3y4eHbl B JOCTATOYHOW CTEMEHMN.

B ¢BA3n ¢ H13KOW 3(DEEKTUBHOCTBIO N3YHEHNS
Pa3NNYHbIMU FE0SIOr0-reoU3NYECKUMU METOAAMN,
CTaHOapTHble MoaxoApl K OYPEHMIO 1 SKCyaTaumm
3anexen, NPUYPOYEHHbIX K TPELLMHHO — MOPOBLIM
KonnekTopam ByayT He a(hHEKTUBHBDI.

dakTopbl, OCJIOXKHAKLLME pa3paboTKy
AHanM3 peaybTaToB BCKPLITUS MPOOYKTUBHBIX
NHTEPBAaIOB, NMPUYPOYEHHbIX K KOJIIEKTOPaM Takoro
TUMa, Ha MPUMEPEe OOHOMO U3 MECTOPOXAEHNA TOMCKOW
ob1acTv nokasan Hannyme onpeaeseHHbIX PUCKOB,
CBSA3aHHbIX C MPOXOXAEHNEM 30H MHTEHCWBHOWM
TPELLMHOBATOCTU. BCKpbITUE Taknx 30H COMPSKEHO C
TakMK NpobieMamMm Kak:
® MOroLLeHne BypoBOro pacTeopa, KOTOpoe MOXET
cTaTb MPUYMHON aBapun, a Takxe NPUBOASLLES K
yxyaweHno GEC npmnzaborHoM 30HbI MaacTa, BNIOTb
00 HEBO3MOXXHOCTU AASIbHENLLENO OCBOEHNS CKBaDKWIH;
e 50/1bLLIOE BPEMS HAXOXOEHUST OTKPbLITOrO CTBOMA
CKBaXXVHbI N0, AENCTBMEM CTONOA BYpOBOro
pacTBopa, NPOBOLIMPYHOLLErO OChINM, 06Basbl CTEHOK
CKBaXXMHbI, 3aTSPKKK, MpYXBaTbl 6ypOBOro
WMHCTPYMEHTa 1 OpYrie OCIOKHEHNS.

OOHUM 13 rnaBHbIX hakTOPOB, OCAOXKHSOLLIMX
pa3paboTKy 3anexen, NPUYPOHEHHbIX K MPOLYKTUBHbBIM
OT/IOXKEHUSIM [OIOPCKOro KOMMJEKCa, B CUTy
OCODEHHOCTEN re0I0MMYECKOro CTPOEHUS, ABSIETCA
CTPEMUTENBHOE CHMXKEHME M1aCTOBOIro AaBfieHNs

B MPOLECCE SKCryaTaumm CKBaXXKMH, YTO HarnsgHo
WAMKOCTPUPYET OMHaMMKa paboTel obbekTa [JHOK
O[IHOMO N3 NINLIEH3NOHHBIX Y4aCcTKOB KpaCHOIEHMHCKOMO
MECTOPOXXOEHUS, BKCMyaTaLms KOTOPOro,
NPUOCTaHOBEHA Ha AaHHbIN MOMeHT (Purc.1).

CnoXXHOCTb aHa/IM3a 3HepPreTN4eCKoro COCTOSHNS
NoaoBHbIX OOBEKTOB 3aK/IOHAETCHA B OTCYTCTBUM
ChHOPMNPOBaHHOW CUCTEMBI Pa3padoTKK, U
3HaUMTENBHOM YAaNEHHOCTM CKBaKMH Apyr oT gpyra. K
TOMY >Ke, MOC/IE OCTAHOBKWN CKBaXKMHbI BOCCTAHOBIIEHNE
0aBMIEHNS B TRELLIMHOBATbIX KOIIEKTOPaxX NpouCXoauT
B TeYeHMEe HECKObKINX OHEN, a TO 1 YacoB. B cBsAsu

C 3TVUM OCpedHEHHblE 3aMepbl 3aDOMHOMo aBAeHNs
cneayeT UCNoJb30BaTh NMLLb OPUEHTUPOBOYHO, a
naacToBOE ONPEASINTb NPaKTUYECKM HEBO3MOXXHO.
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emerging in the course of the unsuccessful operations

in the basement rock productive horizons, the most part
of which are of the classic fractured-porous type — the
reservoirs are featured with the rock divided by near-
vertical fractures. The characteristics of this type of
reservoirs, as well as the physical processes taking place
inside them, have not been studied in full so far.

Due to the low efficiency of exploration using various
available geophysical techniques, the conventional
approach to drilling and exploitation of the deposits
confined to fractured-porous type reservoirs is inefficient.

Factors that Complicate Development

The analyzed results from drilling in the productive

intervals within this type of reservoir, using the example

of one of the fields in Tomsk region, indicated that certain
risks are involved in drilling through the areas of intense
fissuring. Drilling in such zones is coupled with the
following problems:

e Loss of drill mud which may become a cause of
failure and may lead to a deterioration in the filtration-
volumetric characteristics of the bottom-hole formation
zone, resulting in a complete failure to further the well’s
development and completion;

e Extensive period of time while the open hole remains
under the effect of the drilling mud, which causes
slides, caving, tight pull and seizure of drilling
equipment, as well as other complications.

Drastic drop of formation pressure during well operation
has been one the major factors complicating the
development of the deposits confined to the pre-
Jurassic, due to certain geological aspects, which

are vividly demonstrated by the development history

of the pre-Jurassic at one of the license areas at the
Krasnoleninskoye field, whose exploration has been
stopped so far (Fig.1).
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Puc. 1: SHepreTudeckas xapaktepucTka obbekTa JHOK.
BocTouHo-VHrmHekmin J1Y KpaCHONEHNHCKOro MECTOPOXXAEHNS

Fig. 1: The energy characteristic of the pre-Jurassic complex target at
the Vostochno-Inginsky license area, the Krasnoleninskoye field
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HepocTtaTtouHbIN KOHTPOJIb 3a USMEHEHNSMU MJ1ACTOBbIX
OaBNeHU MPUBOOUT K CHUKEHWIO S(PEKTUBHOCTH
yNpaB/IeHVS1 CUCTEMOW BbIpaboTKM 3anacoB W,

Kak CNefcTBME, K YXYOLWEHNIO TEXHOIOMMHECKMX
rnokasaTesnen.

Ha npumepe ogHoro 13 06bexkToB TanMHCKOM nioLlaam
KpacHOIEHNHCKOrO MECTOPOXKOEHWNS, CIOXKEHHOrO
KOJIIEKTOPOM C BTOPUYHBbIMY (PUIbTPALMOHHO-
€MKOCTHbIMM CBOMCTBaMU, B XOA€ aHam3a paspadboTkm
OblIN BbISBNEHBI OTKIINKW B paboTe A0ObIBAOLLMX
CKBaXKMH Ha pacCcToaHnn 5 km (Puc.2).

Puc. 2: MNpocTpaHCTBEHHOE PACMONOXEHNE CKBKNH Ha KPOBIE
CTPYKTYPHOIO Kapkaca
Fig. 2: Well spacial arrangement at the structural framework top

,D,aHHaﬂ 3aBNCMMOCTb XOPOLLO MPOC/IEXMBAETCA MeXOy

ckBaxkmHamMm Ne 1 11 Ne 2. [ocne BBoOa B aKcnyaTaumo

ckBaKKMHbI N2 2 B 1997 T. y>Ke 4Hepes mecsl,
NpPOoV3BOONTENIbBHOCTb COCEOHEN CKBaXXMHbI Ne 1 ynana.

The complexity of the analysis lies in the absence of

an elaborated system of development, and also in the
significant distance between wells. Besides, after a
well is shutdown, the pressure build-up in a fissured
reservoirs can take place within a few days, and
sometimes within a few hours. Due to this, the average
measurements of the bottom-hole pressure should be
applied in an approximate manner only, because it is
practically impossible to determine the actual formation
pressure.

The insufficient control of the formation’s pressure
variations leads to a reduction in the effectiveness of
the reserve recovery management system and to a
degrading of the engineering parameters.

The example in the Talin area of the Krasnoleninskoye
field, formed by a reservoir with secondary filtration-
volumetric properties, showed that signals could be
detected from the performance of producing wells at a
distance of 5 km, while the development analysis was
conducted (Fig. 2).

The given dependency can be vividly traced on

the example of wells #1 and #2. After well #2 was
commissioned in 1997, the well #1 production rate
declined within one month. The flow rate of well#2
drastically increased. As well #1’s flow rate increased,
the flow rate at well #2 would decrease. Both wells were
shutdown in 2002 due to their low production rates
which was caused by a loss in formation pressure (Fig.
13, Table 1).

The fact that this is interference in well’s performance
highlights the natural macroinhomogeneity, of which a
conclusion may be drawn that highly productive wells
should be placed in areas with higher fracturing that
are located in structural downfolds and highs. This

[Mpv 3TOM AEBUT CKBaXKMNHBI N2 2 pe3ko
yBenunuuncs. Mpu yBenuyeHun nebuta
B cKBaKMHE Ne 1, 0ebuT B CKBaXK1HE

2 nagaeT. B 2002 r. o6e ckBaXKMHbI

no NPUYMHE HU3KOW NPOOYKTUBHOCTH,
CBSI3aHHOW CO CHIKEHMEeM MNnacToBOro
[aBneHust, Obliv OCTaHOBNEHbI (Prc.3,
Tabn.1).

[ebut HedbTwn, T/CyT
Qll flow rate, ton/day

Hanuune B3anmoBnnsHuUiA B paboTe
CKB&XXWH, CBUAETENBCTBYET O
€CTECTBEHHOW MaKpOHEOOHOPOOHOCTH, (1
13 Yero MOXHO CeNaTb BbIBOL O TOM,
YTO BbICOKOMPOAYKTUBHbBIE CKBaXKMHbI
PacnoNOXKeHbl B 30HaX MOBbILLIEHHOW
TPELLMHOBATOCTU, HAXOOALLMXCSH B
CTPYKTYPHbIX Mpormbax n NoOAHATASX.
OpHako, OaHHbIN HakTop, OaKe He
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Puc. 3: CpaBHuTenbHas avHammka 0edbutoB CKBaXKUH 1 11 2
Fig. 3: Wells #1 and #2 Production Rate Comparative Dynamics
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lop, - Year ‘ 1997 ‘
CeHT.- | SHB.- | Mait- | CeHT.- | AHB.- | Main- | CeHt.- | AHB.- | Main- | CeHT.- | SAHB.- | Main- | CeHT.-
Keapran Oex. anp. aBr. ek. anp. aBr. Oex. anp. aBr. nek. anp. aBr. [eK.
Quarter
Sep-Dec | Jan-Apr |May-Aug| Sep-Dec | Jan-Apr | May-Aug | Sep-Dec | Jan-Apr [May-Aug| Sep-Dec | Jan-Apr | May-Aug| Sep-Dec
CteneHb
Koppensuumn
(B3aumoBnuaHna) | ggq | 095 | 099 | 057 | 003 | 091 | 015 | 01 | 026 | 049 | 091 | 088 | 0.92
Correllation
(intercorrelation)
degree

Tabnuua 1: Koppensaumm geduntos ckeaxkiH NeNe 1 1 2

CMOTPS! Ha CTPEMUTENBHOE MageHVe N1acToBOro
OaBIeHVS MPW SKCMJlyaTaumn CKBaXKMH, AenaeT
HEBO3MOXXKHbIM peanm3aLmio CUCTEMbI MOAAEPXKAHUS
N1acToBOro AaBfIeHNs], O YeM CBUASTEeNbCTBYET haKT
HeyOa4YHOro onbiTa 3aKaudky, Ha NOAO0OHbIX OO beKTax
(CMOXXEHHbIX KONIEKTOpamMn TPELLMHHO-MOPOBOro TUMNa)
MecTopoxxaeHun KpacHoneHnHekoro ceopa [1]. Takum
0bpasomM, 415 NPeaoTBPALLEHNS NaaeHUst MIacTOBOrO
JaBfeHns B XO4e aKcnayataumm Heobxoayma otpaboTka
ONMTUMAaSIbHbIX PEXMMOB PabOoThl AOOLIBAOLLMX CKBaXKWH,
mMbo Nepuoamyeckas aKcnyaraums.

B cBs13M ¢ HepaBHOMEPHbLIM pacrnpeaesieHnem
MPOAYKTUBHbBIX 30H MO MO OOBEKTOB paspadboTku,
MPUYPOYEHHBIX K OTNIOXKEHUSM OOKPCKOro KOMMIEKCA,
BO3HUMKaeT HeO6XO,£I,I/IMOCTb MCcnoJsib30BaHNA MeTOo40B
yBeJIN4EeHNA HeCDTeOT,D,aL{I/I 014 yBenm4yeHns oxsarta
BblpabOTKM 3anacos.

Kak H1 napafokcanbHO, HO OAHUM U3 Hanbosiee

3P DEKTVBHBIX FE0IOrO-TEXHOOMNYECKX MEPOMPUATIIN,
NPOBOAMMBIX HA NPOLYKTVBHBLIX OT/TIOMXEHUSX
OOKPCKOro KOMIIEKea, SBNSETCS rmapaBinyecKum
paspbIB niacTta. Pesynstarbl NPOBEAEHHBLIX TPEX CKB/
onepauun Ha nnact M1 0gHOro N3 MECTOPOXKAEHUI
Tomckowm 0bnacTi CBUAETENBCTBYHOT O BbICOKOWM

MnaHoBble NokasaTtenu
Target parameters

Table 1: Wells #1 and #2 production rate correlation

factor, however, in spite of a drastic drop in formation
pressure when a well is operated, makes it impossible
to implement a formation pressure maintenance system,
which is confirmed by the previous unsuccessful
attempts of conduction injection operations into such
targets (formed by reservoirs of fracturing-porous type) at
the fields of the Krasnoleninsky Anticline [11]. Therefore,
to prevent formation pressure drop while a well is
operated, some optimum operation modes need to be
tried out for producing wells, or they need to be placed
into intermittent operation.

Since productive zones are unevenly distributed across
the area of development targets, confined to the pre-
Jurassic complex deposits, enhanced oil recovery
methods need to be applied to extend the reserves
recovery area. Whatever paradoxically it may seem but
it is the hydraulic formation fracturing that becames one
of the most effective geological and technical activities,
carried out at the pre-durassic complex productive
deposits.

The results of three frack jobs performed in the M1
formation, at one of the fields in the Tomsk region,
highlighted the significant efficiency of the stimulation
conducted in reservoirs with low permeability (2 to 5

dakTuyeckme nokasaresniv (CTapToBbIv OebuT)
Actual parameters (initial flow rate)

Harta 'PIM
HydroFrac date
Qx, m¥/cyT QH, T/cyT Qx, m*/cyT QH, T/cyT
Qfl, m%day Qoil, ton/day Qfl, m%day Qoil, ton/day
1 22/02/13 80 25 65 25/02/13 65.5 58.1 10.9
2 24/03/14 35 14 50 14/04/14 64.9 15.9 75.4
3 06/02/16 29 10 65 12/02/16 17 6.2 63.6
CpepniHee 3HaueHne Mean value 48 16.3 49.1 26.7
Bcero - Total 144 49 147.4 80.2
Tabnvua 2: CpasHeHne NaHMpyeMbIX Vi MoJlyHeHHbIX (CTapToBbIx) A4e6uTos nocrie NP Ha o6bekTe M,
Table 2: Comparison of the target and actual (initial) flow rates obtained after hydraulic fracturing jobs, performed for the M' target
www.rogtecmagazine.com ROGTEC | 35
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3P DEKTVBHOCTI MEPOMPUATUN HA KOJIIEKTOPAX C
HU3KOW NpoHMLaeMocTbio (2-5 M) (Tabn.2), uto
CBSI3aHO B MEPBYIO O4EPEb C TEM, YTO B pe3yfibTaTte
MMOpaBaIMYeCKOro paspblBa naacTa Co34aeTcs cucTema
NCKYCCTBEHHbIX TPELUMH, CBA3AHHbIX C ECTECTBEHHOM
TPELLMHOBATOCTLIO N1acTa, yBenm4mMBaroLas
NPOOYKTUBHOCTb CKBaXKWH.

B xope aHanm3a gaHHbIX paspaboTky 3anexxen
yrNeBoaopoa0B, MPUYPOYEHHbIX K 3aieXkam C
BTOPUYHBbIMK DEC ObIN BbISBNEH PSAA, FEONOMYECKIMX U
TEXHOJIOMMYECKINX PaKTOPOB, OKa3aBLLUVIX CYyLLIECTBEHHOE
B/IMSIHNE Ha pa3paboTKy MECTOPOXKAEHNS.

Mooxon K reonoro-rugpoanHamMmmyecKomy
MOOEJINPOBAHUIO OTJIOXKEHMNIN O,0H0PCKOro
KOMMJiekca

Onsa popMnpoBaHns yCrnewHon KoHLENUmMm
pa3paboTkK, MOMUMO aHanNn3a MMeKLLENCS
MHOpMaLMKX, CBA3AHHOW C aKCAyaTauuen 3anexen
Takoro Tmna, BO3HMKAeT HEOBXOOMMOCTb CO34aHNS
reo10ro-rmapoanHaMmMYeckon Modenm, Kotopas
Obl y4uTbIBasia BCe 0COBEHHOCTU FrE01I0MMYECKOro
CTPOEHNS 1 NO3BOMA aeKBaTHO CMOAEMPOBaTb
dmsnyeckme NPoLEeCChl, MPOUCXoadLLmME B Heapax,
a TakXKe KOPPEKTHO BOCMPOU3BECTN UCTOPUIO
pa3paboTKuU.

Knto4yeBbiM MOMEHTOM, MpY cO3aaHUN Moae M
OTJ/IOXKEHUIN OOKPCKOro KOMMIeKca ABNseTcs
BOCMPOU3BEAeHMEe reosIOrM4eckom OCHOBI,
OTparkatoLLIEN CIOXHOE MYyCTOTHOE MPOCTPaHCTBO.
Mopgenb ABOMHOW MOPUCTOCTU 1 MPOHULIAEMOCTU
fonee peanMcTUYHO OTPaKAET BMSIHME KapOOoHaTHbIX
MPOC/I0EB Ha Npouecc A00bIH4M dhOUaOB.

Jlutonoro-aumansHoe MogenmpoBaHme npu
onncaHuY NyCTOTHOMO NMPOCTPaHCTBa B MOLENN
[BOWVHOW MOPUCTOCTW W ABOVHOM NPOHNLIAEMOCTN
OCYLIECTBNSETCS C YH4ETOM TPEX TUMOB KOJIJIEKTOPOB
(MOpPOBbIN, TPELUWIHHBIN, MOPOBO-TRELWMHHBIN) (Prc.4).

Porous reservoir

—

Matrix porosity cube ]

Fracture porosity cube ]

Matrix permeability cube ]
Fracture permeability cube ]

Matrix oil saturation cube J ~

Fracture oil saturation cube

Fig. 4: The Lithofacial Modeling Block Diagram
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mD) (Table 2), which is, first of all, due to the fact that
hydraulic fracturing results in developing an induced
fracturing system associated with the natural formation
fracturing, which, in the end, increases well productivity.

A number of geologic and technological factors which
had a significant influence on field development were
discovered during the analysis for recovery of the
reserves, confined to deposits with secondary filtration-
volumetric characteristics.

Approach to Hydrodynamic Simulation of the
Pre-Jurassic Deposits

To formulate an effective reserve development
conception, aside from the interpretation of the data
related to the recovery of the deposits like these, it is
necessary to develop a geological and engineering
model which would take into account all the irregularities
of the geological structure and would make it possible
to properly model the physical processes going on
subsurface, as well as correctly simulating the production
history.

The key moment in creating the model of the pre-
Jurassic deposits is the simulation of the geological basis
which would reflect the complex voids. The dual porosity
and dual permeability model more realistically reflects

the effect that the carbonate interlayers have on the fluid
production process.

To describe the voids in the dual porosity and dual
permeability model, the lithofacial modeling is carried
out with reference to three types of reservoirs (porous,
fractured, porous-fissured) (Fig.4).

MopoBbI KonnekTop

—

Ky6 nopuvctoctu matpuisl ]

Ky6 nopuctocTy TpeLumH ]

Ky6 npoH1LaeMocT MaTpuLil ]

Ky6 npoHuLaeMocTt TpeLmH ]
Ky6 HedhTeHacbILLIEHHOCTV MaTpuLbl -

Ky6 HedbTeHaCbILLEHHOCTY TPELUMH

Puc. 4: Bnok-cxema METOAVKN NTOA0rO-haLmanbHOro
MOZENMPOBaHUA

Based on the results of the analysis of the tectonic stress
in the area, some analog fields, as well as seismic survey
data, a fracture system conceptual model is developed
which takes into account the principal direction and
spacing of fractures. Then, using the data obtained

from wells directly (such as, core samples, complex
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Ha ocHOBaHWM pe3ynbTaToB aHaM3a PerMoHaIbHON
XapakKTEePUCTVKM CTPECCa panoHa, MECTOPOXOEHUI
aHaJ/ToroB, a Tak Xe AaHHbIX CencMopas3BeaKm
pas3pabdaTbiBaeTCa KOHLENTyalbHast MOAeNb CUCTEMBI
TPELLVH, y4MTbIBaOLLAs OCHOBHOE HanpaB/ieHUE 1
pacnofioxkeHre no niowaan. danee, nCNonbays
OaHHble, NOJTyYeHHble HEMOCPEACTBEHHO N3 CKBaXKMH
(kepHOBbLIN MaTepuran, KOMMIEKC reOPU3NHECKNX
NccneqoBaHW, NacToOBbleE MUKPOMMELDKEPDI),
ONPeaensatoTCs UHAVBUAYaNbHbIE XapakTEPUCTUKM,
Takue Kak aJvHa, BbicOoTa, anepTypa (packpbITOCTb),
WHTEHCUBHOCTb U MMIOTHOCTb PacMONOXEHNS. YUnUTbIBast
NHOVBUOYabHbIE XaPaKTEPUCTUKN, MOUHUMAETCS
peLleHne o BbIbope noaxoaa K BOCMNPOM3BEAEHMIO CETU
TPELLVH B re0IorM4eckor Moaenu.

CyLuecTByeT ABa OCHOBHbIX NOAX04a NPeacTaBNeHNs
TPELLVH B MOAENN:

1. HenpepbiHasa ceTb TpeLmH (CFN)

2. QunckpeTHas ceTb TpelmH (DFN)

Moaxon ¢ MCMOJIb30BaHMEM HEMPEPBLIBHOM CETU

TpewwmH (CFN) xapakTepnayeTcsa NpUCYTCTBUEM
MaTPUYHOW 1 TPeLLVHHON cpea. [Noaxon B 60AbLLIMHCTBE
CINy4aeB NMPUMEHSETCS, NpU HegocTaTke nHopMaLmm
OJ151 ONcaHns TPELMHOBAaTON cpeapl (Hanpumep,

09 ctagun paseenkm). Cuctema TPEeLWH 30eCh
NpeacTaBNsSeTCs Kak HenpepbiBHas NPOAO/KUTENbHASA
cpefa, Korga nHavBuayasnbHble NapaMeTpbl TPELWMH He
yanTtbiBatoTcs. OOmH N3 HEAOCTATKOB AAHHOrO noaxona
— HOMBUAYabHblE FEOMETPUYECKME 1 PUBTPALMOHHO-
EMKOCTHbIE CBOWCTBA TPELUMH HE YUUTLIBAIOTCS, U B
MOLEeN APEHPYETCS YacTb pe3epByapa 60sbLuas,

4eM B peanibHOCTU. TakxKe AaHHble MUHYCbI MOAXoAa He
NO3BONSIOT YHECTb HEONPEAENEHHOCTN, CBA3AHHbIE C
rEOMETPUEN U OPUEHTALIMEN TPELLMH.

Moaxon ¢ MOCTPOEHMEM OUCKPETHOW CETU TPELLMH
(DFN) npeacraBnseT cobon 6onee CNoXHbIN

METOL, MOAEMPOBAHUS TPELLWH, MO3BONAOLLMM
BOCMPOU3BOANTb HECKOJIbKO CUCTEM. TPELLMHbI

B JaHHOM Crlydae NpeacTaBAstoTCst COrlacHoO

VX FEOMETPUM U NyTsaM hunbTpaumm daounaa
obecneymBaroLMMCS UM, C MOMOLLbIO Noaxo4a
MOXXHO MPeacTaBUTb TPELLWHbI KaK CBSA3aHHbIe, Tak U
N30/IMPOBaHHbIE.

TakM 006pasoM, NOOXOM C reHepaLUmen ONCKPETHOM
CeTU TPEeLUMH 0becneumBaeT bonee peamcTUYHOE
NPeACcTaBNeHNE TPELMHOBATON Cpedbl, Tak Kak
YUYUTbIBAET MHAOVBUAYASIbHbIE XapPaKTEPUCTUKN,
Takne Kak opneHTaunsa 1 reoMeTpnd, KOTopbiIMU
KOHTpO/IMpyeTCcs unbTpaums daonga.

Mocne NOCTPOSHUS OUCKPETHOM CeTU TPELLVH,
MPOU3BOANTLCH ANCKENNIVHI OaHHBLIX CETU Ha CETOUYHYIO
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geophysical surveys, Formation Microimagers), individual
properties can be determined, such as the length, the
height, the aperture (opening), the intensity and the
density of their spacing. Taking into account these
individual characteristics, a decision can be made with
regard to selecting an approach to simulation of the
fracture network in that geological model.

There are two flagship approaches to simulating fractures
in a model:

1. Continuous fracture network (CFN)

2. Discrete fracture network (DFN)

The approach using the continuous fracture network
(CEN) is featured with the presence of the matrix-like
and fissured structures. This approach, in most cases,
is applied when there is insufficient information available
to describe the fissured structure (for instance, the
exploration phase). The fracture system is displayed
here as a continuous medium and the individual
characteristics of fractures are not taken into account.
One of the drawbacks of such approach is that the
individual geometric properties and the filtration-
volumetric characteristics of fractures are not taken into
account and a greater part of a reservoir, compared to
the reality, is being drained according to such model.
Another minus of this approach is that the uncertainties,
related to the fractures geometry and their orientation,
are also not considered.

With discrete fracture networks (DFN) a more complex
fracture simulation technigue makes it possible to
simulate several systems. The fractures are simulated
according to their geometry and the fluid filtration
channels they provide. Using this approach, one can
simulate fractures as associated or isolated.

Thus, the approach using a discrete fracture system
provides a more realistic simulation of a fissured
structure, since it takes into account individual
characteristics such as orientation and geometry which,
in turn, control fluid filtration.

After a discrete fracture network is built up, the network
data is upscaled over the model grid area which results
in cubes of filtration-volumetric characteristics as the
output data, as well as a sigma-factor cube which is
responsible for the fluid interchange between the matrix
and a fracture. These cubes, including the reservoir rock
matrix, are used for the further build-up of a simulation
model.

Figure 5 presents a cross-section of the common cube
of the Paleozoic basement reservoir oil saturation where
oil saturation of each simulated medium (matrix and
fractures) is taken into account.
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B PASBELKA
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Puc. 5: MNpumep paspesa no kydy HedhTeHACHILLIEHHOCTM

061acTb MOAEMPOBAHWIS, MOCE KOTOPOro Ha
BbIXOAE MOIYT BbITb MOJTyYeHbl KyObl PUALTPALMOHHO-
EMKOCTHbIX MapamMeTPOB, a Tak »e Kyb curma

— (hakTopa, OTBEeYatoLLEero 3a 0bmMeH dnovaamm
MexXay MaTpuuen 1 TRewmHON. [JaHHble Kybbl, Tak

Ke Kak 1 KyBbl MaTpULIbl KOMTIEKTOPA NCMOJb3YHTCA
B fJanbHenLeM /19 NOCTPOEHUS PUNbTPaUMOHHOM
Moaenu.

Ha pucyHke 5 nprBedeH pa3pes no obLeMy Kydy
HedTEHACHILLIEHHOCTU KOJIIEKTOPOB Masie030MCKOro
dyHOameHTa, B KOTOPOM y4YTeHa HedhTEHACHILLIEHHOCTb
Ka>KA0oM MOOEeNMpyeMon cpepl (MaTprua 1 TRELWHDI).

Mogenb «CIOXXHOro» KosekTopa obecnevynsasTt
JeTaslbHoe MoHMMaHWe MexaHaMa hunbTpaLmmn
YrNeBoAoPOAOB B MacTax ¢ BTOPUYHLIMA
OUNLTPALMOHHO-EMKOCTHBLIMW CBOMCTBAMN.

B paccmatpuBaemon cucteme hnonabl CYLLECTBYIOT B

OBYX CBSA3aHHbIX Mexxay cobon 6nokax (Puc.6) [2]:

° MaTpuLIEe NOPOMdbl, 3aHNMAIOLLEN OCHOBHYIO YaCTb
nnacra,;

® TpellnHax B nopoae, 0b61aaatoLLyX BbICOKOM
NPOHMLAEMOCTbIO.

[obbi4a n3 610KO0B MaTpuLLbl MOXKET MPON3BOAUNTLCA C
MOMOLLBIO PA3ANYHBIX PUINYECKNX MexaH3MoB (Purc.7):
® paclwvpeHne HedTu;

® MPONUTKA,;

® rpaBUTaLMOHHAsA MPONUTKA/OpPEHNPOBaHME;

* ondabysus;

® BA3KOCTHOE BbITECHEHNE.

B cucTemMe ¢ ABOMHOM MNOPUCTOCTLIO BosbLLAaA YacTb
YrIeBOAOPOAOB COAEPXKUTCA B 6/10Ke MaTpuLe, a

38 | ROGTEC

VHTepBan nepcopauyin (KB + PZ)
Perforation interval (KB + PZ)

Fig. 5: Example of the cross-section of oil saturation cube

The model of “complex” reservoir provides detailed
understanding of the hydrocarbon filtration mechanism in
reservoirs with secondary filtration-volumetric properties.

The fluids of the system under consideration exist in the

two interrelated blocks (Fig.6) [2]:

¢ |n the rock matrix occupying the major part of a
formation;

¢ |n the highly permeable rock fractures.

Production from the matrix blocks can be carried out
using various physical mechanisms (Fig.7):

¢ Qil expansion;

e Saturation;

Gravity saturation/drainage;

Diffusion;

Viscosity displacement.

K
Martpuua nop i
Matrix of pores
P
K
TpeLHbI ¢'F

Fractures

Puc. 6: OCHOBHbIE MPUHLIMMBI rEOMETPU3aLMM (DUNbTPALIMOHHOM
MOOENN ABOVIHOM cpebl

Fig. 6: Fundamental principles of geometrization in a filtration model
with dual medium
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EXPLORATION H

"a30HeTAHON KOHTaKT B TPELLMHE

I 5 KoHBekuyst
pexvm nnacta BHY TPV TPELLMH
. PaclwmpeHne n gBukeHne rasa +
avddyaua ;
"azoHedTaHON BblOeNieHne rasa B TpelinHe
KOHTaKT S =8
J €] ge
[ByxthasHoe paclumpeHne
| Bogoredb ko (pacTBOpEHHBIN ras)
KOHTaKT P= Pb P
MOOMMTLIBaHME acnpoCTpaHeHne
OpHodhasHoe paclumpeHne rasa B TpelLMHe
HavaneHbin
BOLOHETAHOM
KOHTaKT
BopoHedhTAHOM KOHTaKT B TPeLLMHe
S, = rasoHachILLEeHHOCTb
Sge = KpUTN4eCcKas ra3oHachbILLEHHOCTb
P = paBnenve
P, = nasreHve rasa

Puc. 7: OnucaHve npolecca hunbTpaumn Mexxay MaTpULE Nnop 1 MaTpULEn TReLmH

burNbTPaUMs K CKBaXKMHAM OCYLLECTBNSETCS Yepesd
TPELLUMHbI C BbICOKOW MPOHULIAEMOCTLIO [3].

Mcnonb3oBaHue meTona BEUBIIET-PA3/I0KEHNN
[0J11 BOCCTaHOBJ1IEHUA NMPOHULAeMOCTU Npun
onNbTPaALMOHHOM MOLOENINPOBAHUN

Tak Kak BOCCTaHOBUTb MPOHULIAEMOCTb MaTpuLbl MOp
nnacrta cTaHgapTHbIMM CNOCOBaMKn He NPEACTaBNSETCS
BO3MO>XHbIM, TO Ha NMpUMEPE CekTopa PUbLTPALMOHHON
Moaenn obbekTa ¢ BTopuyHbiMK PEC, paccMoTpuM
BO3MO>XHOCTb BOCCTaHOBJ/IEHVSA MPOHULLAEMOCTH
METOOM BEVBET-PA3NoxXeHu. MeTon BenBneT-
Npeobpas3oBaHui — YYUTLIBAET CTPYKTYPHYHO
COCTaBJISIOLLYIO U SABNSIETCA MHAOPMAaTUBHBIM 1
JOCTaTO4YHO 3D PEKTNBHBIM UHCTPYMEHTOM aHanna3a
NMOBEPXHOCTEN, CMOCOOHbIM MPEACTaBASATb MOBEPXHOCTL
B pas/M4yHbIX MacluTabax, Takum 06pasom, HYTO

Reservoir gravity

diffusion
Gas/oil contact

Water/oil contact

Soaking

Initial water/oil
contact

Single-phase expansion

The most part of hydrocarbons in a dual porosity system
are contained in the matrix block, while the filtration to wells
takes place through the high-permeable fractures [3].

Application of the Wavelet Decomposition
Method for Permeability Build-up in Filtration
Simulation

Since it is impossible to build-up the permeability
of the matrix of pores in a formation using standard
methods, let us, using the example of the filtration
model sector with secondary filtration-volumetric
characteristics, consider the possibility of building
up the permeability using the wavelet decomposition
method. The wavelet decomposition method takes
into account the structural component and it is
sufficiently informative and efficient tool for surface
analysis, capable of simulating surfaces using

Gas/oil contact in a fracture

Oil phase
convection inside
fractures

Gas expansion and flow +
liberation in a fracture

Double-phase expansion (dissolved gas)

Water/oil contact in a fracturee

g~ Tge
P=P -
b Gas propagation in
a fracture
S, = gas saturation
Sge = critical gas saturation
P = pressure
P, = gas pressure

Fig. 7: Description of the filtration process between the matrix of pores and fractures
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B PA3BE[KA

MO3BOJIAET BbIABNATL KaK MeJiIKne, Tak N KpyrHble
JIOKaJ1bHbl€ CTPYKTYPHbIE NBMEHEHWA.

Kpome Toro, BOCCTaHOB/IEHWE MPOHULIAEeMOCTN C
NCMO/Ib30BaHNEM METOOA BENBIET-PA3IOXKeHU boee
3(hHEKTMBHO MO CPABHEHWIO METOAOM, MPEASIOXEHHbIM
MypeeM, Tak Kak OHO 3aBUCUT OT CTPYKTYPHOW
COCTaBNSAOLLEN, @ HE OT UHKIIMHOMETPUN CKBaXKMH, 1
BCNEACTBWE Yero UMeeT MEHbLLIYIO «3aLlyMAEHHOCTb
[4].

Non, BemBNeT-NpeobpasoBaHneM NOHUMAKOT
Pa3noXKeHMe curHana no CUCTEME BENBIETOB —
DYHKLUMI, KaxKOast U3 KOTOPbIX SBASETCA COBUHYTOWN W
MacLUTabrpOoBaHHOW (C>KaToW NN PaCTAHYTOM) KOMel
OOHOW OYHKLMN — MOPOXAAOLLEro BerBieTa. Ha
YPOBHE BEMBNET-KOIDDPULMEHTOB BENBIET-PA3/TOMKEHNE
MO>XHO NMPeaCcTaBUTb B BUAE

f(x) = cAy = {cAy, D1} = {cAz,¢D3, Dy} = - = {cAy, cDy_y, .. Dy},
(1)
roe cA, — Kot ULIMEHTbI annpoKcUMaLm riyounHbl

PAaBNOXEHVS i; cD, — AeTaIn3NpyoLLMe KOSPMOULMEHTbI
FyOUHBI Pa3NOXKEHNS i.

Bensnet-npeobpasosaHeM QyHKLNN — HAXOXAEHWE
KO3 PULNEHTOB {cAy, cDy—1,cD;}.

B Hawem cnyyae anropuTM BENBIET- Pa3/IOXKeHNs
MaTpuLbl MOXHO NPeacTaBuTb B Buae cxembl (Purc.8).

BxogHble aaHHble ‘

|

Marpuvua S

MpomexxyTouHas
mMarpuua A

MpomexxyTouHast
marpuua D

[MpomexxyTouHas
mMatpuua cA

[MpomexxyToyHas
marpuua cV

[MpomexxyTouHas
mMatpuua cH

[MpomexxyTouHas
marpuua cD

dainn ¢ TPeHOoBOM

MOBEPXHOCTHIO ®daiin ¢ nokasnbHom COCTaBdtoLLEN

Puc. 8: Cxema npoBeneHus npeobpasoBaHuin

MMycTb S={Sij}— MaTpuLa, 3HaYEHNS S/TIEMEHTOB KOTOPOM
COOTBETCTBYIOT 3HAYEHMSIM B y3/1ax CETOYHOW 0B6nacTu
rMOPOANHAMNYECKOM MOOENN, NPEeaCTaBASOLLEN

KapTy CTPYKTYPHOW NOBEPXHOCTW nnacTta. [yCTb
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different scales, thus, making it possible to reflect
both minor and major local structural variations.

Besides, the permeability build-up using the wavelet
decomposition method is more efficient in comparison
with the method suggested by Murray, since it mostly
depends on the structural component and not on
directional survey, which results in lower “noise pollution”
[4].

A wavelet transform is understood as decomposition of
a signal according to the principle of wavelet functions,
each of which is shifted and scaled (contracted or
stretched). In terms of wavelet coefficients, a wavelet
decomposition can be presented as

f(x) = cAg = {cAy,cD1} = {cAz, cDy, Dy} = -+ = {cAy, €Dy_yq, . €Dy},
(1)
where cA, — are the decomposition depth approximation

coefficients i; ¢D, — are the extending coefficients of
decomposition depth i.

Wavelet transform function — finding coefficients

'[CAN, CDN—lJ CDl}.

In our case, the algorithm of the matrix wavelet
decomposition can be displayed using the following
scheme (Fig.8).

‘ Input data

||

Matrix S

Intermediate matrix D

Intermediate matrix A

Intermediate
matrix cD

Intermediate
matrix cH

Intermediate
matrix cV

Intermediate
matrix CA

Local component file

Trend surface file ‘

Fig. 8: Wavelet transform scheme

Assume S={Si;} - is the matrix whose item values
conform with the values in the nodes of the grid area of
the hydrodynamic model simulating a formation structural
surface map. Assume we have the number of nodes

N X-directionally, and M is their number Y-directionally.
As a result, we obtain the following matrices: cA — are
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EXPLORATION H

no ocn OX ymcno yanoB — N, no ocn OY — M. B
pe3ynbTare Nosly4aeM MaTpuLbl: CA — yCpeOHEHHbIE
3Ha4YeHWs!, ICXOOHOW KapTbl CTPYKTYPHOM MOBEPXHOCTH,
YTOUHSIOLLME KOIDDULMEHTBI: CV — «MO BepTUKamn»; cH
— «M0 ropudoHTanu»; cD — «no anaroHanun» [15].

MO,EI,e)'II/IpOBaHI/Ie NPOHNUAEMOCTW OCYLLIECTBAJIOCH Ha

OCHOBE HOPMUPOBKM KapTbl BEMBNETOB TPETHENO YPOBHS
Mo SINHENHOW 3aBUCMOCTK OT aMrnTyapl (Puc.9):

k=016-Z +0.011, @

raoe k — abcotoTHas MPOHULIAEMOCTb

Avnantyga
(MKM?), Z — BENN4MHA 3HAYEHNS Amplitude B
aMnAnTydpl KapTbl BEMBNET M
Pa3noXeHUN (M). om
56
. 6 -
Icnonb3oBaHve BEMBAET- o '
OYHKLMA NO3BONNNO aeKBaATHO el |

BOCMPOW3BECTU AVHAMUKY padOoThl
CKBaXXWH, a Nocie agantaumn
MOOENV OaeT BO3MOXXHOCTb
NPOrHO3MpPoBaTh BXOAHbIE AeOUTbI
1 TeEMMbl NageHVs 0edUToB Mo BCEN
nnowaam o6bekTa, OCHOBbIBAsCH
TOJIbKO Ha pacyeTe TeCTOBOrO
anemeHTa, Ha cexkTope (Puc.10).

KoHuenuus paspaboTku

B Xo[e aHaJM3a reosioro-npomMbICsI0BbIX OaHHbIX

1N pe3ynbtartoB (bI/IJ'IpraLI,I/IOHHOFO MogenmpoBaHA
BbISIB/IEHO, YTO CKBaXKMHbI, 061a0atoLLme BbICOKOM
NPOAYKTUBHOCTbIO, PACMOIOXEHbI B 30HaX MPOrnboB 1

averaged values of the initial structure surface map,
refining the following coefficients: cV — “vertically”; cH —
“horizontally”; cD — “diagonally” [15].

The permeability simulation was carried out based on the

normalization of Level 3 wavelet map according to linear
dependence on the amplitude (Fig.9):

k=016-Z +0.011, @

where k — is absolute permeability (mkm?), Z— is an
amplitude value of the wavelet decomposition map (m).

Puc. 9: HopMrpoBKY kapTbl BEVMBIETOB MO JIMHENHOW 3aBUCMMOCTI OT aMnanTyabl: a)
NepBOro YpoBHSI; 6) BTOPOro YPOBHS; B) TPETLErO YPOBHS; I) YETBEPTOrO YPOBHS

Fig. 9: The normalization of the wavelet map according to the linear dependence on amplitude:
a) Level 1 b) Level 2 c) Level 3 d) Level 4.

The application of wavelet functions made it possible to
appropriately reproduce the dynamics of well operation,
and after the model is adapted it would enable the
prediction of initial flow rates and production decline
rates in the entire target area, based on the calculation of
a test item in the sector (Fig.10).

The Development Concept
Analyzing the exploration and

% 5 production data and the outcomes of
& _2 150 - e S
SEOS ¢ _ __(- - the filtration simulation, it was revealed
g8og 100 - - - that the wells with high production rate
852 g > -=== -—=--=" were located in the downfolded and
g 8= 0 = - elevated areas, mostly characterized
§ :‘3 0 203 5 u40 60 ( 80) 100 120 with natural fracturing.
ab0HOE [aBneHve (pacyeT), atm
Bottom hole pressure (calculation), atm

30 To successfully develop and operate
K= 25 ,ﬁ the hydrocarbon deposits of this kind
g % 20 s ‘}‘E.H it is necessary to carry out a set of
d—% 15 & 8, studies that would allow us to predict
é 2 10 /d a /01‘ ‘ﬁ"’a‘a‘xﬁ the development of naturally fractured
S £ g ‘\w e et Zones:

2004 2009 2014 2019

@ QakT (nobbiHa HedhTW)
Actual (oil production)

@ PaKT (0obbMa XMAKOCTH) S
Actual (fluid production)

Puc. 10: Pe3ynbtaThl agantaumm Ha UCTOPUHECKNE OaHHbIE
Fig. 10: Results of historical data
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== PacyeT (0obbHa HedhTw)
Estimated (oll production)

e Seismic prediction of zones of fissure
spread (highly
productive zones);

PacueT (nobblya »XaKOCTW)
Estimated (fluid production)

e Geomechanic surveys and oriented
coring, to determine the rock stress
state;
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B PA3BE[KA

KyMOJIOB, KOTOPbIE B HaMbO/bLLEN CTeNeHW 0b1agatoT
€CTECTBEHHOW TPELUMHOBATOCTbIO.

[ng ycrnewHon paspaboTku 1 aKcnnyaTaumm 3anexen
YFEBOAOPOAHOMO ChiPbs TAKOro TUMa HEOOX0OMMO
MPOBECTU KOMIMJIEKC UCCMea0BaHNN, KOTOPbIE
No3BOINM Bbl MPOrHO3MPOBATL PA3BUTUE 30H
€CTECTBEHHOW TPELUMHOBATOCTU:

CelncMMYecKn NPOrHoO3 30H pacnpOCTPaHEHNS
TPELUMHOBATOCTU (30H BbICOKOW MNPOAYKTUBHOCTN);

FeoMexaHn4ecKme 1ccneqoBaHns n oTéop
OPWEHTMPOBAHHOIO KepHa, 4191 OLIEHKM
HaMNPSYKEHHOrO COCTOSAHMS NMOPOAb!;

[NpoBegeHme reoPn3nNYecKnx 1 rmapoaNHaAMNYECKNX
ncenegoBaHun (KB, ruanponpocnylivBaHue) Ha
Hann4me 1 onpeaeneHne HanpaBaeHUst PasBUTS
€CTECTBEHHbIX TPELLIMH.

BbisBneHne 30H pa3BuTUS eCTECTBEHHOMN
TPELWMHOBATOCTM MO3BONT ONPeaeUTb Hanboee
NPOAYKTMBHbIE 30HbI — MPOHM3aHHbIE CETbIO TPELLMH
019 PacrnonoXXeHVs B HVX MPOEKTHBIX CKBaXKWH,
obnagaroLer MakCMabHbIMY 3HAYEHUAMK 40ObIYK 1
3KOHOMMYECKOW SPHEKTUBHOCTLIO.

Takum 06pas3om, Ha OCHOBAHUWN MOJTYYEHHbIX
PE3YbTATOB MOXXHO CHOPMYINPOBATb OOLLIMIA
noaxof K paspaboTke 1 aKCnyaTaumm 3anexen,
MPUYPOYEHHBIX K OT/TIOXEHNSM OOKOPCKOrO KOMIMJIEKCA,
3aKIOYarLLNICS B:

dopMMpoBaHUM NPOrpamMmMbl UCCNEO0BaHNN,
HanpaBNeHHbIX Ha BbIBNIEHME 30H Pa3BUTUNA
€CTECTBEHHOW TPELUMHOBATOCTM.

OTkasze OT MoLWAAHbIX Y PAAHBIX CUCTEM, NMEePexof,
K 136MpaTesibHbIM MPY MPOEKTUPOBAHUN, B CBA3M
C 0COBEHHOCTSAMM €0/I0MMYECKOr0 CTPOBHIS

I HEPaBHOMEPHbBIM pPacrnpenesieHem 3anacos u
NPOAYKTVBHbIX 30H MO MIOLLAAN.

Bbibope onTrMasibHOro PacCTOSHNSA MeXay
CKBaXKMHaMW C yH4ETOM MaKpPOTPELMHOBATOCTH.

[Mop6op TEXHONOMMN BCKPbLITUS NPOAYKTUBHBIX
NJacToB, 3aK/IKOHAOLNACS B BypeHun
FOPU3OHTASIBHBIX CKB2XKWH Ha OENPECCUN U
PaBHOBECUW C MCMOSIb30BaHNEM 0BErHEHHbIX
OypOoBbIX PaCTBOPOB, A1 MUHUMU3ALINN PUCKOB
aBapuii 1 MOrMOLLEHNA,

MNpoBefeHV MHOrOCTaAMMHOIO paspbiBa naacTa
(cospaHme CUCTEMbI NCKYCCTBEHHbIX TPELLMH,
CBSI3aHHbIX C eCTECTBEHHOWN TPELLVHOBATOCTLIO
niacTa o yBENMYEHUs NPOAYKTUBHOCTY CKBEXKMH),
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e Carrying out of geophysical and hydrodynamic
surveys (build-up curve,
observation well testing) to
detect the presence and direction of the natural
fracture development.

Locating natural fracturing zones would make it
possible to define the most productive zones — the ones
penetrated with a network of fractures, for placing in
them projected wells that would have the maximum
production rates and economic efficiency.

Thus, based on the obtained outcomes we can formulate
the following general concept for the development and
exploitation of deposits associated with the occurrences
of pre-durassic age, which consists in the following:

e Developing an exploration program aimed at locating
zones of naturally developed fracturing.

e Abandoning the rectangular and line-drive systems,
transition to selective systems in the design, due
to specifics of geological structure and nonuniform
distribution of reserves and productive zones all over
an area.

e Selecting optimal spacing between wells, taking
macrofracturing into account.

e Selecting a technology of tapping productive
formations consisting in underbalanced and balanced
drilling horizontal wells using light weight drilling muds,
to mitigate the hazards of failures and lost circulation.

e Carrying out multi-stage hydraulic fracturing of
formation (creating the system of induced fractures
of formation to increase well productivity), treating well
bottom-hole zone with chemical reagents.

¢ |ntermittent well operation in sparing mode, to provide
pressure build-up.

CONCLUSIONS (HC FIELD DEVELOPMENT):
1. Considerable volumes of hydrocarbon reserves in
the productive basement rocks make them attractive
for further development.

2.Complicated and nonhomogeneous geologic
structure and uncertainty in distribution of the filtration-
volumetric characteristics of cross-section determine
the low degree of geological and geophysical
knowledge of it and makes the conventional methods
of drilling and deposit exploitation ineffective.

3.Tapping zones of intense fracturing entails risks
associated with failures and lost circulation, due to
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EXPLORATION H

0bpaboTka NPr3abonHOM 30HbI CKBaXKMHbI
XVMUYECKUMU peareHTamu.

¢ [leproanyeckon aKcnyaTaum CKBaXKUH Ha LLaAALLIMX
pexuMax 01 BOCCTaHOB/EHWS! NM1aCTOBOMO
naBneHns.

BbiBOObl (BJTOK PASPABOTKWN):

1. 3Ha4nTeNbHble 06 bEMbI 3aMacoB Yr1eBOAOPOA0B
B NMPOAYKTUBHbIX OTIOXEHUAX Nopod dyHOaAMEeHTa
OenatoT UX npuBnekaTebHbIMW NS AanbHenLwen
pa3paboTKu.

2. CNOXXHOE HEOOHOPOAHOE Fe0IONMHYECKOE CTPOEHNE U
HeonpeaeneHHOCTb PacnpPOCTPaHEHVST (PUIbTPALIMOHHO-
€MKOCTHbIX CBOMCTB MO pa3pes3y 0bycnasnmBaeT
HU3KYIO N3Y4EHHOCTb re0sI0ro-reon3n4ecKMm
MEeTOAaMN 1 AefaeT CTaHAaPTHbIE MOAXOAbl K BYPEHIO
1 SKcnyaTaumm 3anexemn He SPHEKTUBHBIMMU.

3. BCckpbITWe 30H MHTEHCUBHOM TPELLIMHOBATOCTU
BJIEYET 3a COBOV PUCKN, CBSA3aHHbIE C aBapuUsiMn 1
NoroLWeHaM1 BypOBOro PacTBopa, Mo NpUYmHe
KOTOPbIX ,qaaneMLuee OCBOEHNE CKBAXXNH CTAaHOBNTbLCA
HEBO3MOXKHbBIM.

4. OgHUM 13 HeraTMBHbIX PaKTOPOB, OCNOMHSAOLLX
paspaboTKy NPOAYKTVBHBLIX OTNIOXEHNA OOPCKOro
KOMMJIEKCA, ABISIETCHA CTPEMUTETBHOE CHDKEHWE
N1acToBOro JaBfeHNs.

5. HeBO3MOXXHOCTb peannsaLmm CUCTEMBbI
noaaep>KaHus NNacToBOro AaBfeHNs, BCNEACTBME
MaKpPOTPELMHOBATOCTY TPebyeT OTpaboTKM
ONTUMasIbHbIX PEXMMOB PabOThl A0DLIBAIOLLMX
CKBaXXVH, INOO Neproamn4eckon aKkenayaraumm ons
npenoTBPAaLEHVS! UICTOLLEHWS S3HEPrETUHECKOIO
noTeHuUmana 3anexen.

6. MpuMeHeHne rnapaBIMYecKoro paspbiBa rnnacTa,

Kak OHOMO U3 KJTHOYEBbIX CMOCOB0B YBETNYEHNS
HedbTeoTAauM, ANg CO30aHNS CETU UCKYCCTBEHHbIX
TPELUMH, CBA3AHHbIX C CTECTBEHHOM TPELLMHOBATOCTbLIO
naacTa, 1 Kak CneacTsme yBeIMUUBaIOLLIX
MPOAYKTUBHOCTL CKBaYKMH.

7. Ans dhopMmpoBaHUs yCNELHON KOHLLEeNLMm
paspaboTKu BbIGOP MOAENM ABOMHOW MOPUCTOCTA 1
OBOVIHOWM MPOHNLAEMOCTU, 06ecnednBatoLLEN AeTallbHOe
NOHMMaHKe MexaHama uneTPaLn yrineBoaopoaos B
nnacTtax ¢ BTOPUYHbIMU (hUbTPALMOHHO-EMKOCTHbIMM
CBOMCTBaMM.

8.Bcnencteue TOro, YTo UCCNeaoBaHns KepHa

N reoUanYeckmne NCCeaoBaHNa CKBaKMH Ha
onpepeneHne PubTPaLMOHHO-EMKOCTHbIX CBOMCTB
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which further development of wells may become
impossible.

4.0ne of the negative factors, making the
development of productive deposits of pre-Jurassic
more complicated, is sudden drop in formation
pressure.

5.Impossibility to implement a formation pressure
maintenance system, due to macrofracturing,
demands either trying-out of optimum operation
modes for producing wells, or intermittent well
operation to prevent depletion of the energy potential
of an occurrence.

6. The use of formation hydraulic fracturing, as one of
the key methods to enhance oil recovery, to create a
network of induced fractures, associated with natural
fracturing of a formation, and as a result of this, to
achieve increasing well productivity.

7.To elaborate a successful concept for
development, the model of dual porosity and
dual permeability is selected, providing a detailed
understanding of the hydrocarbons filtration
mechanism in the formations having secondary
filtration-volumetric characteristics.

8.Due to the fact that core studies and well logging
used to determine the filtration-volumetric properties
do not bring satisfactory results, the permeability
build-up in the filtration model using the wavelet
decomposition method is applied, which takes into
account local components of the structural surface.

9.The wavelet analysis method enables appropriate
reproducing the dynamics of well operation, and after
its adaptation it provides the possibilities to predict
initial flow rates and production decline rates in the
entire target area.

10. To successfully develop and exploit the
hydrocarbon occurrences of productive basement
sedimentary rocks, a set of studies is required that
would make it possible to predict the development
of natural fracturing zones, characterized by the high
productivity, to place in them projected wells which
would have the maximum production rates and
economic efficiency.

11. The development of a general conception
of prospecting, exploration and development of
the basement rock productive deposits would
make it possible to not only involve prospective
and attractive resources into development, but
would possibly formulate the general principle
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B PA3BE[KA

He [atoT YOOBETBOPUTESTbHBIX PE3YIbTATOB,
BOCCTaHOBJIEHME MPOHULREMOCTU B (DUIbTPAUMOHHOW
MOV C UCMOoMb30BaHeM MeToda BeBeT-
Pa3OMKEHWIN, KOTOPbIN YYNTbIBAET JIOKANbHYHO
COCTaBNAOLLYIO CTPYKTYPHON NOBEPXHOCTH.

9. MeTop, BerBneT-aHanM3a no3BosIAeT aeKBaTHO
BOCMPOU3BECTU AMHAMUKY PabOTbl CKBaXKMH, & TaK e
rnocne agantaumn gaeT BO3MOXKHOCTb NMPOrHO3MpoBaTh
BXOAHble OeDUTbI 1 TEMMbI MaaeHNs NO BCEW nioLanmn
obbekTa.

10. ns ycnewHom pas3paboTkm 1 aKCryaTaumn
3anexxeln yrineBoaopOaHOMO Chipbs MPOAYKTUBHbBIX
OT/IOXKEHUI Nopoa, hyHaamMeHTa Heobxoanm
KOMMJIEKC UCC1eA0BaHWM, KOTOPble NO3BOAMAN

Obl NPOrHO3MPOBAaTbL Pa3BUTME 30H ECTECTBEHHOM
TPELLWMHOBATOCTU, XapaKTEPUIYHOLLYIOCH BbICOKOM
NPOAYKTUBHOCTbLIO, A5 PACNONOXKEHUS B HX
MPOEKTHbIX CKBaXKMH, 006/1a0at0LLEN MaKCUMabHbIMW
3HAYEHNAMN OOObIUM N SKOHOMUYECKOW

3P PEKTUBHOCTBIO.

11. ®opmmpoBaHme 0BLLIYIX MPUHLMMIOB NoUCKa,
N3y4eHVst 1 PaspaboTKM NPOAYKTUBHBLIX OTIOKEHUN
nopof, hyHaaMeHTa No3BONUT He TONbKO BOBJEYb

B 000bl4y NepPCneKTUBHbIE U NpUBeKaTesbHble
PEeCYPChbl, HO U MOXET CCHOPMYNPOBATL OOLLNIA
NPWHUMN paspadoTKm oNs Apyrix NPoOyKTUBHbBIX
OT/IOXKEHWI, MPUYPOYEHHBIX K KOIIEKTOPAaM CO
CNOXKHbIM FE0TIOMMYECKMM CTPOEHNEM 1 06NaAaoLLIM
BTOPUYHBbIMK DEC.
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for development of various productive sediments
associated with the reservoirs of complex geologic
media having secondary filtration-volumetric
characteristics.
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