MeCTOpPOXAEHUS TmmaHo-FIeLlopbl

LUKOIL Engineering:
New Approaches for the 3D
Modelling of the Varandey Field

CsetnaHa CyxopaHoBa, BenyLLni cneuyanict OTaena rasoBbix METOLOB
noBblLLEeHWs HedTeoTaaqw nnactos Q00 «JTYKOWIT-VIHKUHUPHH
M.B.YepTeHKOB, 3aMeCTUTES b FreHEPaIbHOO AVMPEKTOPA MO TEXHOMOMUAM
pazpaboTku MecTopoxaeH OO0 «/TYKOWT-VIHXUHUPUHM

O.A.MeTT, raBHbI CNeLManicT oTaena rasosbix Metoaos MHM 000 «JTYKOWST-
VIHxmHprHr.  U.K0.XpomoBa, HedasrcuMbin axkenepT K3

B apaHOenckoe MECTOPOXAEHNE — STO HEPTAHOE
MECTOPOXXOEHVE, KOTOPOE pacrnosiaraeTcd B
HeHeLkoM ABTOHOMHOM OKpYre, B APXaHreIlbCKoM
obnactn. [JaHHOe MECTOPOXAEHME NPUHAANEXUT
TumaHo-lNevopckon HedTEra3oHOCHOW MPOBUHLIMM.
[NepBas ckBaxknHa Ha BapaHngenckom HehTAHOM
MECTOPOXaeHW Bblna NnpobypeHa B 1974 roay.
MpoMbllwneHHasa 0obbl4a HehTV HA MECTOPOXAEHNN
Havanack B 1985 roay — Torga B ApXaHresibek

OblN1 HaNpPaBNeH NEPBbLIN TaHKeP, KOTOPbLIN BE3
NMPOMbILLNIEHHYIO HeDTL BapaHges.

B ycnoBusx BbICOKOro cnpoca Ha HedhTb, M1aBHON
3agadein 1odon gobbiBatoLLEN KOMMNaHUM 9BNSETCS
1CMNOJIb30BaHMe BCeX BO3MOXHbIX NOAX040B,
MO3BONAOLLMX AOOUTLCS MakCUMalbHO BO3MOXHOMO
M3BIeYEHUst HeO TN N3 KOJINEKTOPOB NoOOoro Trna u
CITOXHOCTU. 13yyeHne KONNeKTOPOoB, 3asieratoLLmx

Ha pa3Hom rnybrHe, BKIKOYAET Maccy BOMPOCOB
CBSI3aHHbIX C Me0/IOrMYECKM CTPOEHUEM, C WX re0s10ro-
PU3NYECKNMI CBONCTBAMW N XapaKTepOM COBMECTHOIO
OBVKEHUS M1acToBbIX hitionaoB. [MoVcK 1 BbiB/IEHNE
3aKOHOMEPHOCTEN, B3aMOCBSA3EN BCEX N3BECTHbIX
OaHHbIX O MECTOPOXKAEHNN, MOMOraeT reosioram u
paspaboTymkamM afeKBaTHO BOCNPOM3BECTM Hanbonee
BEPOSATHYIO KaPTVHY pacCMaTpUBaeMbIX 3a/1EXKel.

BapaHaoenckoe MeCTOPOXAEHNE - STO APKUIA
nPEUMEepP OAHOIO UX TEX MECTOPOXAEHUI, KOTOPbLIE
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he Varandey Field is an oil field located in the Nenets

Autonomous District in the Arkhangelsk Region. This
oil field belongs to Timan-Pechora Basin. The first well in
the Varandey Field was drilled in 1974 and commercial
oil production in this area started in 1985. At that time
the first tanker with Varandey commercial oil was sent to
Arkhangelsk

Amid high oil demand the main task of any operator
company is to use all possible approaches for the
maximum possible oil recovery from reservoirs of any
type and complexity. There are a multitude of issues
related to the studying of reservoirs which occur at
different depths includes their structure, geological-
and-physical properties and formation fluids joint
motion characteristics. Due to the identification of
regularities and relationship between all the known field
details, geologists and development engineers have an
opportunity to adequately model the likely deposits.

The Varandey Field is a prime example of one of those
deposits. It belongs to a complex of high geological
heterogeneity and uncertain reservoirs. In other words,
if we drill a well, the study of the surrounding area
provides us with insight into the reservoir area, however
the area between the wells remains unknown. The
drilling of new wells, as well as planning and managing
the spacing between the wells and around the field, is
an extremely difficult and risky challenge. Since such
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FIELD DEVELOPMENT

Ha CeroHALIHNA

[eHb OTHOCATCA K
CNOXHOMOCTPOEHHbIM
KOJ1IeKTOpaM ¢

BbICOKOW re0/10rM4eCKOn
HEOOHOPOOHOCTLIO U
HeonpeaneneHHOCTbIO.
Hpyrmn cnosamu, ecnm
OYypPUM CKBaXKWHY, TO
N3y4YeHne 30HbI B parioHe
[aHHOWM CKBaXKUHbI 0aeT
npencTaB/eHne TOSIbKO
0 paccmarprBaeMon
061acTu KOMEKTOPA,

a BOT NPOCTPAaHCTBO
MeXay CKBaXKMHaMW
ocTaeTcs 3aragkon.
BypeHne HOBbIX CKBaXKIH,
a Tak »Xe NaHnpoBaHue n
pasMeLLeHne Nx Ha Bcem
MECTOPOXXOEHNN HECET B
cebe Maccy TpyaHOCTeMn
N PUCKOB. Y4uuTbIBas
OrPOMHYIO CTOUMOCTb
Noao6bHbIX onepaLmn,
BOMPOC MUHMU3ALN
PUCKOB SIBMSIETCS CaMbIM
NPUOPUTEHBIM.

JvHamuka uHTerpanbHbIX Nokasarenen paspabotkm Dynamics of integral development parameters

PocT 06BOJHEHHOCTH CBA3aH
C yBenm4yeHvem genpeccum n
MPUTOKOM BOAbI U3 HUXKeNexallen
BO[OHOCHOM o6nactn Water cut
increase is connected with drawdown
increase and water inflow from the
below aquifer
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Puc.1. lNpencraBnenre o CTpyKType HeTEHACHILLIEHHBIX MOPOL, COrTIAacHO 06pasLly,
NoaHATOMY HEMOCPEACTBEHHO 13 3a1eXXV (CNeBa) 1 AENCTBUTENBHOE CTPOEHVE MacTa
COMaCHO KOMIMIEKCHOMY 13y4eHuto (Crpasa)

Fig.1. Image of oil-saturated rocks according to sample taken indirectly from deposit (on the
left) and actual reservoir structure according to comprehensive study (on the right)

B cTtatbe paccmoTpeH

OVH U3 METOAOB B3aUMOYBSA3KN UCXOOHBIX OaHHbIX
019 onvcaHus (PUAbTPALMOHHBIX NapamMeTPOB OAHOro
N3 CaMbIX CITOXHbIX MECTOPOXAEHU TVMaHo-
[Neyopckon npoBUHLUWMK. [Modvemy meHHO BapaHaenckoe
MECTOpPOXXAeHME? [1eN0 B TOM, YTO HECMOTPSA Ha
HEMPOAOIIKUTENBHBIM MEPUOL, SKCMyaTaumm 3anexu
P1a+s gobblva Hedh T CONMPOBOXAAETCHA aKTVBHbIM
POCTOM ee 06BOAHEHHOCTU (prcyHOK 1). 3 pucyHka
BMAOHO, 4TO B 2004 rogy no Bcemy hoHay 4006bIBaOLLX
CKBaXKMH OblN1 yBEVYEH Nepenan Mexxay OaBAeHNSIMU B
nnacTe 1 OaBfeHSMK B CTBOJIE CKBaXKMHBI HA YPOBHSIX,
COOTBETCTBYIOLLMX FyOMHE caMOoro naacTta, C Tem,
4TOBbI BbI3BATb aKTVBHbIA MPUTOK N1aCTOBOro gnonaa
K 0ODObIBaKOLLEN CKBaXKMHE. B pe3ynbTaTte, noctynatoLas
B CKBa&KWMHY HETb COMPOBOXAaIacb 6ObLLOW OOMEN
nnacToBow BoAbl. Bo3HNK BONpPOC: OTKyda Boda, ecnm
CUCTeMy nogaep»xaHnga nnactooro gasnenHns M/
(0BbI4HO 3TO 3aKkayka BOAp! B MACT A5 BbITECHEHUS
HethTH) chopMMpPOBaM TOJIbKO B KOHLIE 2012 roaa.
[ns oTBEeTa Ha 3TOT BOMPOC 1 NOTPebOoBaNOCh
HacTosLLee nccneaoBaHve.

HoBbIh MOAX04, K MOAEMPOBaHMIO NOAOOHOro TMna
KOJ1IEKTOPOB MO3BON MOHATb, YTO MPOHULAEMOCTb
KepHa (PUCYHOK 2) 3TO BOBCE HE TO, YTO Ha caMOM Jdene
NpeacTaBAseT U3 cedts 3anexXb.

www.rogtecmagazine.com

operations require a lot of investment, risk minimization
has to be an overriding priority.

The article covers the initial data correlation method
which allows for the description of the filtration
parameters of one of the most complicated fields in the
Timan-Pechora Basin. Why select the Varandey Field?
The truth is that the oil recovery comes amid an active
increase of water cut (Fig. 1), even though the period

of Pla+s deposit exploitation is pretty short. As Figure

1 shows, in 2004 for the entire producing well stock,

the reservoir pressure and wellbore pressure differential,
at the reservoir depth, had been increased in order
stimulate an active fluid inflow to the producing well. As a
result of this, the oil flowing to the well was accompanied
with a large amount of reservoir water. The question
was: where did the water come from, if the reservoir
pressure system (it is usually a water injection for oil
displacement) was formed in late 20127 This study has
been conducted to answer this question

A new approach to modeling these types of reservoirs
helps our understanding that core permeability (Figure 2)
is not at all that the deposit is.

In many cases, as practice shows, with only having core
samples from the Varandey Field, it is very difficult to
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B PA3SPABOTKA MECTOPOXOEHA

3avacTyto, Kak nokasbliBaeT
npakTVKa, NoHATb, 061anaroT
JI1 Mopofdp! BbICOKOWM
NMPOHNL2EMOCTbLIO, HalTM4YMemM
TRELUWH 1K NPOCTO
NPEeACTaBASOT OOBOJIBHO
MAOTHYIO CTRYKTYPY,
[OOBOJIbHO C/IOXHO, OnMpasichb
TOJIbKO Ha 0bpaaLibl Mopoa,
NOAHATBIX C Fy6UHbI

3anexxun Bapanpenckoro

Kaganoch Tak
It seemed to be so

BT

A Ha camoM fene Tak
Actudlly itisso

MecTopoXxaeHus. CBA3aHo
3TO C TEM, YTO Mpw
N3BNEYEHMM NOPOabI C
FNyOuH, Ha KOTOPbIX 06bIYHO
3aneratoT HeTeHaCbILLEHHbIE
nopoabl, CONMPOBOXOAETCH

VX «pagrpyskov». Jpyrumm
cnoBamu, Npu N3MEHEHUN
OaBMEHUS C YyCNOBUA ryOuH nopsiaka 2-3 KM

00 YCJTOBUI Ha MOBEPXHOCTU COMPOBOXOAETCH

€ro 4acTUYHbIM paspyLueHreM. T.€., pbIX/ible 1
NPOHNLAEMbIE MOPOLAbI OCLINAIOTCS YU OCTAETCH TOSIbKO
ee nnoTHag cocTaBngaroas. 3Ha4nT, HeOBX0aMMO
npwvBeyeHre ONONHUTENBHOM HOoPMaumn. Kakoin?

TakoBow MHopMaLMen MOryT BbITb PasfinyHbIE
CENCMUYECKME NAHHbIE, TaK Ha3blBaeMble aTpubyThl,
reouanyeckmne NCcnefoBaHns CKBaXKWH, B
NnpoLEecCe KOTOPbLIX BbIIBASETCH NU3MEHEHNE TOrrO

WM MHOIO reosIorMYecKoro napameTpa rno BCen
OJIMHE CKBaXXWHbI, a TaK >XXe rapoanHaMnyecKmne
ncenenosanuvs. llocnegHmne No3BONAIOT ONpeaennTb
NPOHNLAEMOCTb He TOJIbKO 30HbI BO3/1e UCCeLyeMOoN
CKBaXXWHbI, HO 1 B NpoLiecce rmaponpocnyLmnsaHunii
MOHATb, KAk XOPOLO WM MSIOXO MOXET

Puc.2. MNpenctasneHne o CTRYKTYpe HedTEHACHILLIEHHbBIX MOPO, COrNacHoO 0bpaslly,
MOOHATOMY HEMOCPEACTBEHHO 113 3aneXXM (CneBa) 1 AeNCTBUTENBHOE CTROEHVE NnacTa
COIMACHO KOMMIEKCHOMY U3Y4eHWIO (CrpaBa)

Fig.2. Image of oil-saturated rocks according to sample taken indirectly from deposit (on
the left) and actual reservoir structure according to comprehensive study (on the right)

understand whether the deposit has high permeability
and fractures, or if they just represent a compact texture.
This is related to the fact that the recovery of the samples
from depth, where the oil-saturated rocks usually occur,
is usually accompanied by their «stress refief». In other
words, the change in the pressure from 2-3 km deep

to surface conditions results in its partial destruction,

i.e. loose and permeable rocks slough and its dense
components are all that remains. This means that some
additional information is needed, but which information
exactly?

Such information may be represented by different
seismic data, attributes, geophysical surveys of the
wells, which show the changes in one or another
geological parameters throughout the well’s length, and
hydrodynamic studies. The latter makes it possible to
determine the permeability of more than just the well
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Puc.3. VicxooHoe mpenctasneHvie 0 pacrpeneneHiii npoHnLaemMocTV Mopoa, A1A 3anexx Pla+s BapaHaeckoro MECTOPOXKASHVS
Fig.3. Initial concept of rock permeability distribution for Pla+s Varandey Field
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PpuNeTPOBaTLECH HEPTb B MEXCKBAXKUHHOM
NPOCTPaHCTBE.

Takum 06pas3om, nccnegoBaHmUs nokasanu, YTo

npW YCITIOBUM BbISIBIEHWUS 3aBUCUMOCTU MEXIY
CeNCMNHECKON MHdOpMaLEn O 3anexun, pesybTaTtamm
rMAPOANHAMNYECKUX UCCEA0BaHNN CKBaXKMH,
MOoKasblBatOLLX cpegHne Bean4Hbl MPOHNL2EeMOCTN B
parioHe aKCMyaTauyOHHON CKBaXKMHbI, a Tak XKe Npw
COMOCTaBNEHNM 3TUX A@HHBIX C XapakTepPOM paboTbl TON
W MHOW CKBaYKMHbI HA BCEM MPOTSHXKEHMM pas3paboTKu
3a/1eXX1, BO3MOXXHO He TOMbKO ajekBaTHOe OnncaHue
drNbTPaUMOHHOIO CTPOEHNSA NOAOGHOIrO TUMa 3aseXXen,
HO 1 OOBOJIbHO TOYHOE MPOrHO3MPOBAaHNE BXOOHbIX
nokasaTesien paspaboTKM BHOBb OYPVIMbIX CKBaXKMH.
Hpyrmun cnosamu, 6epem CENCMUYECKNN aTprbyT,
BepemM OaHHble MPOHMLAEMOCTU BO3/1E CKBXKVIHDI,
MOJTy4eHHbIE MO MMOPOANHAMNYECKM UCCNEO0BaHMIAM,
HaxoOVM MEXY HMM DYHKLIMOHAUTBHYHO CBSA3b W
MPYMEHSIEM 3aKOH 3TOW CBSA3M B MacLLTabax BCEN 3aIEXM.

Torpa B3rns4 Ha pacnpeaeneHe npoHULaeMoCTU
3a/1eXKM NOC/IE B3aUMOYBSA3KM BCEX AaHHbLIX NOy4YMcA
Crnenytolwmin: ecnn paHee nosne NPOHMLAEMOCTH
BbIMA4e10 Tak, Kak NpeacTaB/ieHo Ha pPUCyHKe 3, TO
nocsie UCMONb30BaHMUS HOBbIX METO00B 06PaboTKN 1
VHTErPUPOBaHVS UCXOOHbIX OaHHbIX MOMY4YI0Ch Tak,
Kak NprBeaeHo Ha pUCyHKe 4.

area. The observation well testing makes possible to
understand how well the oil is filtered in the interwell
space.

In this manner, the studies show the interactions
between the seismic data, hydrodynamic well data
showing the average permeability in the area of the
exploitation well, and the comparison between these
data sets with the operational characteristics from one of
the operations wells. This allows not only to adequately
describe the filtration structure of such reservoirs but also
to correctly predict the input development parameters for
newly drilled wells. This allows you to find the model and
apply to the whole well.

After correlating all the data we obtained the following
image of reservoir permeability distribution: if the last
time the permeability area looked as on Figure 3, now,
after applying the new methods of initial data processing
and integration, we receive what we have on Figure 4.

While the 3D model on Figure 3 did not show all aspects
of the permeability changes between the wells, and just
showed an approximate image of its structure, Figure

4 shows a more adequate image of change in reservoir
filtration parameters. Certainly, in the latter case the ail
and water occurring in the reservoir will move in some
other directions.
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B PA3PABOTKA MECTOPOXOEHINA

Ecnn Ha pucyHke 3 3D Mofenn He NoKasbiBasiv BCEX
0COBEHHOCTEN N3MEHEHUS MPOHULIAEMOCTY MeXay
CKB2XXMHAaMW, a OTparkanm TO/IbKO NPUBIKEHHOE
npencTaBeHne 0 ero CTPOEHUN, TO Ha PUCYHKE 4 Mbl
nonyumnam 6onee aaeKkBaTHYO KapTUHY M3MEHEHNS
dunbTpaumMoHHbIX NapaMeTpoB nnacTa. besycnosHo,
B MOCNEAHEM Crlydae HeddTb 1 BOAA, MPUCYTCTBYIOLLME
B nyacTe, 6yayT NepemellatbCa HEMHOIO B ApYrX
HanpaBIeHWSIX.

[MpVMeHeHe OaHHOro MeTofa NOMOrI0 MOCTPOUTL
HOBYIO Fe0oro-rnapoauHaMmnyecKyto Moaens,
MO3BOJIAKOLLYHO C BbICOKOW CTEMEHBIO TOYHOCTU
BOCMPOU3BECTU, Kak UCTOPUIO PaboTbl CKBaXKUH U
3a1exxu, Tak 1 CIPOrHO3MPOBaTb AeOUTbI 4OOLIBAOLLMX
1 NMPUEMUCTOCTU HarHeTaTebHbIX CKBaXKWNH, BBEOEHHbIX
B pa3paboTky 13 BypeHns, C MUHUMaSbHbIMK OLLINOKaMM
(prcyHoK 5).

B 6nvkaniuee Bpems 3TOT yCrnellHbIi METOL,
COBMELLEHNSA CENCMUYECKNX, TMOPOANHAMNYECKUX 1
reon3nYeCcKNX NCCNedOBaHNN MOXKET OblTb NPUMEHEH
Ha PYrvX CROXHBIX MecTopoxaeHusx JTYKOW Ta.

[MonHble pesynbTathl 1 BbIBOALI A9 BapaHaenckoro
MECTOPOXOEHNSI, MOJyYeHHble B XOAe NporpamMmMHOro
MOLENMPOBaHns, ByoyT paccMaTpuBaTbLCS B CEOYIOLLIMX
Bbinyckax »ypHana ROGTEC, nocne 06paboTku n
onpegeneHns NOCAEACTBAN.

CpaBHUTESIbHas XapaKTepPUCTMKA pacyeTHbIX U OaKTUYEeCKUX nokasartesiel akcrslyatauum gJsist HoBon
ckBakuHbl 1027 Comparative characteristics of calculated and actual operation indicators for a new well 1027

Puc.4. MNpenctasneHre o pacnpeneneH NPoHULIAEMOCTH
nopon, AN 3anexu P1a+s BapaHaemckoro MeECTOPOXKAEHIS
nocne NPUMEHEHNS MOAXOAOB K B3aMOYBA3KE BCEX
MEIOLLIMXCS MCXOAHBIX AaHHbIX

Fig.4. Image of the formation permeability distribution for
Pla+s Varandey Field after correlating the data

Application of this method allowed building a new
geologic and hydrodynamic model. The model gives an
opportunity to reproduce the well and deposit operation
history and predict flow rates of exploitation wells and
injection capacity of
injection wells with
minimal errors.

ConocTaBrieHne pacyeTHOro 1 doaktuyeckoro gebutos HedpTn Comparison of estimated and actual oil flow rates
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This successful
method of integration
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Puc.5. CoBnageHme pacyeTHbIX 06BEMOB A00bIMM HEDTU C DAKTNHECKUMI A5 HOBOW

[0ObIBAIOLLIEV CKBXKVHBI

Sept-2015 Nov-2015 Jan-2016

the results and impact
become known.
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Fig.5. Conformity of estimated oil output to actual production volumes for a new exploitation well
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JIYKOWUn

BCETLA B IBUXEHWN

IX MEXOYHAPOIOHAA HAYHYHO-TEXHNHECKAA KOHMEPEHUMNA ‘

NAO «JIYKOWU»
MO NMPOBJIEMAM CTPOUTEJTIbCTBA CKBAXWMH

«[lepcnekTuBHbIE HOMPABNEHUS PA3BUTUSA TEXHUKM U
TEXHONOMMU CTPOMUTENBCTBA U PEKOHCTPYKLMMU CKBOXMHY

Opranmsatop KoHdbepeHumu:
OenaptameHT no ctpoutenscTay ckaaxuH [TAO «JTYKOMIy
TexHuueckuit onepatop: OOO «HEYC 2KCIO UMHTepHawHn»



