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AHHOTauuA

B HacTosALei paboTe pacCMOTPEH MeToA UMNYNbCHO-KOZ0BOrO rugponpocnywmnsaius (MKI) Ha ogHo U3 nnowazeit MecToposKkae-
HUsa Bonro-Vpanbcxoﬁ NMPOBUHLNMK C Le/1IbI0 OLeHKU JIOKaJIN30BaHHbIX 3aNacoB yriesoaopoaoB (VB) n uenecoo6pa3uocm npose-
LeHus reonoro-rexHuyeckux meponpuatuim (F,TM), Takux Kak 3apeska 6okoBoro ctBona (36C) Ana ux BbIPaGoOTKM U yBeNMYeHus
KOHeYyHoM Hed)Teomaqu AO 3HAY€HUA, YCTAHOBJIEHHOI0 NPOEKTHbIM AOKYMEHTOM. B Xoae npoBefeHua UKT 6b1am pelieHbl cnepy-
ouiue 3a4a4u: oueHeHbl 0CTaTO4YHble 3anachbl VBB unccnepyemom paﬁoue; paccyuTaHbl NPOrHo3Hble NOKa3aTeNln XXUAKOCTH, He(bTM
nocse nposefenuns 3bC; oueHeHO BNMAHUE BO3MYLLalOLLE CKBaXKUHbI Y1 HA CKBAXKUHbI OKPYXKEHUA.

Matepuanbi n metozbl npoueaypa pasfnoxeHns KOMMIEKCHOTO OTKNMKa AaBNEHNA Ha Kax/oM
B npouecce uccnegosanus NKI nponssoannach 3anunch 3a60iHbIx CKBaX{MHe Ha KOMMOHEHTbI, KaXjasa 13 KOTOPbIX KOPPeanpyeT TONbKO C
AaBNEeHUI B CKBAXMHAX C NOMOLLbIO @BTOHOMHbIX FNYOUHHbIX “cTopumen ebUToB OAHOM 13 BO3MYLLAKOLLMX CKBAXMH.

MaHomeTpoB zPas-20M (4yBcTBUTENBHOCTbIO 20 [1a) Ha ocHOBe

TepmMocTabunnM3npoBaHHOro KBapLEBOro Kpuctanna. Takxe KntoyeBble cnosa

npou3BoOANNNCE 3amepbl NPUEMNUCTOCTH HarHeTtaTesbHOW BO3MyLL|,aIOLL|,el7| rmappoavHamu4yeckne nccnefoBaHna CKBaXuH, rugponpocnywimesaHue,
CKBaXWMHbl C MOMOLLbIO NE€PEHOCHOro pacxogomepa. WKl-nccneposaHune Hed)TﬂHOI;I nnacrt, rmaponpoBoaHOCTb, Nbe30NpPoOBOAHOCTD,
OCHOBAHO Ha meToje I/IMI'IYI'IbCHO-HOAOBOI?I Aekomnosununn (MKﬂ) — Cbl/II'IpraLlMOHHO-eMHOCTHbIE CBOWCTBA, I0KaNM3aLms 3anacos
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Abstract

In this paper, the method of pulse-code testing (PCT) on one of the squares of the fields of the Volga-Ural province to assess localized reserves
of hydrocarbons (HC) and the feasibility of workovers and sidetracking to increase ultimate recovery up to value at field development plan. During
the PCT, the following tasks were solved: the residual hydrocarbon reserves in the study area were estimated; the forecast indicators of liquid and
oil after the sidetracking were calculated; the influence of the generator well Y1 on the surrounding wells was estimated.

Materials and methods into different components, where each component correlates with the
During PCT surveillance, downhole pressures were recorded at wells flow rate changes history of only one particular generating well.

using zPas-20M quartz pressure gauges (with a resolution of 20 Pa)

which is based on a temperature-stabilized quartz crystal. Furthermore, ~ Keywords

water injection rate of the injection well was measured using a portable  well testing, interference test, oil reservoir, transmissibility, diffusivity,
flow meter. reservoir evaluation, reserves localization

PCT is based on the Pulse-Code Decomposition (PCD) algorithms —

a procedure for decomposing complex pressure responses at each well
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BBegeHue
B HacToswee Bpems 60NbWMHCTBO MeCTO-

POMAEHWIA BCTYNUAU B MO3AHIOK CTAAMIO pas-

paboTku (3 1 4 cTafnmM) CO CNOKHOI CTPYKTYPOIA

0CTaToOYHbIX 3anacoB. Hanuuue HeppeHupye-

MbIX 3anacoB 06ycnaBnMBaeTcs CNOXKHOCTbIO

reoNornyecKkoro CTPOEHNA 3anexei, Kyaa BXo-

AWT BEepPTUKaNbHaA HEOAHOPOAHOCTb MNACTOB,

CUNbHAA PacYNeHeHHOCTb, yXyalWeHHble (uib-

TpauMOHHO-eMKOCTHble cBoicTBa (PEC), TekTo-

HUYECKUE HAPYLIEHWs, NOBbIWEHHbIE BA3KOCTM

[1-7]. [na BbiABNEHUS OCTATOYHbIX 3anacos

yrnesogoposos (YB) v ycnewHoro nposese-

HUS FEO0NOrO-TEXHUYECKUX MEepONnpuATUiA Ans

UX BbIpabOTKM OCTPOI HEOGXOAMMOCTbIO ABNSA-

eTcs NPOBeAeHUe AOMONHUTENbHbIX UCCAeao-

BaHWii, OAHNM W3 KOTOPbIX ABAAETCA UMNY/b-

CHo-KofoBoe ruaponpocnylmsarue (MK) [8].
Lienu v 3apaun pabotbl:

1. OueHuTb 3hHeKTUBHOCTL PaboTbl BO3MYLLA-
foLLen CKBaMUHbI Y1, ee BNUAHME HA OKPY-
atowie CKBaXMUHbI;

2. OueHuTb NOTeHUManbHyo 3PHEKTUBHOCTL
nposegeHns 3apesku 6GOKOBOro CcTBONA
(36C) B ckBaXMHe X3.

OnucaHune o6beKTa nccnegoBaHuA

B cratbe paccmatpuBaerca npumep
nposepeHna WKI-uccnegoBanms Ha ofHomM
13 nnouagen mectopoxaeHuns Bonro-Ypanbckoi
HedTerasoHOCHOM NPOBUHLWN ANS OLLEHKM NoKa-
NN30BaHHbIX 3anacos YB 1 uenecoobpasHocTu
nposeaeHus pasnunuHbix ITM (3ape3ka 60KOBbIX
CTBO/IOB, ynNoTHAOWee GypeHue, PEMOHTHO-
n3onAUnoHHbIe paboTel (PUP)) ans ux Bbipa-
6OTKM U yBENUYEHUs KOHEYHOW HedTeoTAaum
10 3HaY€EHWSA, YCTAHOB/IEHHOrO NPOEKTHLIM JOKY-
meHTOM. (Mo cornacoBaHmio ¢ HeAponosb3oBare-
fleM Ha3BaHuMe MeCcTOpPOXAEHWS He pasrialiaer-
Cs; HYMepaLms CKBAXMUH U3MeHeHa.)

O6bEKTOM McCnefoBaHuUs ABNAETCA Npo-
AYKTUBHbLIA TOPU3OHT, HA KOTOPOM MPOBOAM-
ANCb TUAPOAMHAMMUYECKME UCCAeAoBaHUA
ckBaxuH (FTANC), B yactHocTn — meTtogom NKI
(tabn. 1).

B uccnegoBaHue BOWAKM BO3MYyLLAKOWLASA
HarHertatefibHas CKBaxuHa Y1, gobbiBawouime
CKBaMMHbl X1, X5; Nbe30MeTpuYecKkme CKBamm-
Hbl X3, X4 (puc. 1).

4-’-} — BO3MylLaloLLas CKBaXNHa
generator wel

Puc. 1. ®paemeHm kapmsi paspabomku

¢ ydyacmkom uccnedosaHus K. 3decw

u danee ygemamu 0603HayeHbl AUMopayuu
Kon/iekmopa

Fig. 1. Fragment of reservoir development map.
Henceforth reservoir litho-phases are marked
by different colors

Tabn. 1. leonozo-gusuyeckue napamempsl npoOyKMUBHO20 20pU30OHMA
Tab. 1. Geological and physical parameters of the oil strata
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Puc. 2. Pexcumbl pabomsi 803myujatouseli CKBAXCUHbI U 3anUCb 0aBieHUsA 8 peazupyoujux
CKBAaXCUHAx okpyxceHus (cuHum ysemom) — a, pesynabmamsl MK/, KpacHbim —
dempeHOUpoBaHHbIE KpUuBble, YePHbIM — OMKAUK 8 pea2upyoujux CKBAXCUHAX HA U3MEHeHue

pacxoda 8 ceHepamope — b

Fig. 2. Injection rates of the generator and pressure recording in the surrounding receivers
(in blue) — a, Pulse code decomposition results. Red — detrended pressure, black — revealed

pressure response in receiver on rate changes in generator — b
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OnucaHue meToAa UccneaoBaHua
imnynbcHo-KoAOBOE TMApONpOCAylWMBa-
HWe ABNAETCA PasHOBMAHOCTbIO TUAPOMNPO-
CNyWNBaHUA. YHUKANbHOCTb 3TOW TEXHONOMMM
3aK/04aeTCA B CO3AaHNM «KOAa» C NMOMOLLbIO
OCTaHOBKM 1 3aKa4yKy PpasAnyHbIX Nepuopos
Mo 3apaHee NoAroTOBAEHHOMY nnaHy [4]. Mpo-
uecc nposeseHus VKT Bkntouaet B cebs rpynny
CKBaX{WH: BO3MYyLLAlOLYl0 — Ha KOTOPOW CO3-
AaoTca (UNbTPaLMOHHbIE BOJIHbI AaBleHUs,
1 pearupyloume — KOTOpble PerucTpupyiot
C NOMOLLbI0 BbICOKOYYBCTBUTENBHBIX NTPUGOPOB
n3meHeHue 3aboiHoro gasnenus (puc. 2a).

TexHonorua VIKF pns pacwudposku cur-
Hana Ha pearupyloLmnx CKBaxnHax Ncnonb3yer
METOAMKY MMMNYNbCHO-KOAOBOW A€KOMNO3ULUN
KD [3].

WK[ — npouecc pa3noxeHua faBneHus,
3annCaHHOro C MOMOLLbIO BbICOKOYYBCTBUTEb-
HbIX NPUOOPOB B KaX/ON CKBAXWHE HA KOMMO-
HEeHTbI, KaXAas 13 KOTOpbIX KOpPenunpyer ToNb-
KO C MCTOpMer NpUemMnUCTOCTU BO3MYyLLatoLLent
cKBawMuHbl. [Tokasarenu pesynstatos VK] npeg-
CTaBfeHbl Ha pUCYHKe 2b, Ha KOTOPOM KpacHbIM
LLBETOM OKa3aHo AeTpeHAMpoBaHHOe JaBsle-
HWe, YepHbIM LIBETOM MOKa3aHbl pe3ynbraThbl
AEKOMMNO3nLUK.

AHanu3 nony4yeHHbIX pe3ynbTaTos

B xope BbinonHenus WKI 6bino oueHeHo
nnactoBoe AaBfieHVWe B OCTAHOB/EHHbIX CKBa-
wuHax (puc. 3a). Bo Bcex paccmatpuBaemblx
CKBaXWHax HabNoAaloTCA BbICOKME 3HAYeHus
NNacToBOro faBfieHUs. BbicoKoe paBneHue
B NMbe30METPUYECKMX CKBaXMHax X3 un X4 cBu-
[eTenbCTByeT 0 TOM, 4TO Ha [JaHHOM yyacTKe
NPOUCXOANT NOJAEPKKA NNACTOBOro AaBneHus
HarHetateNbHbIMU CKBaXUHamu Y1 n X2, yto
B CBOI0 o4yepeab ABNAETCA CNeACTBMEM XOPO-
Wwen NpoBOAMMOCTM nnacta B HanpaBieHWUn
C ceBepa Ha tor.

[pouecc pacnpepenerHus gaBneHns no nna-
CTYy NPOWCXOAMT AOBONbHO PaBHOMEPHO, YTO
CBUAETENbCTBYET 0 6NM3KMX 3HAYEHUAX Nbe3o-
NPOBOAHOCTEN B WMHTEpBanax paccmartpuBae-
MbIx CKBauH (puc. 3b). Take ¢ nomoubto VK
6bi1 ONpefeneHbl MHTEPBabHbIE TMAPONPOBO-
[OHOCTU B M3y4aeMoMm parioHe. Pasnuuus rugpo-
npoBozHoOCTel, nonyyeHHble no UKI n PUTNC,
ABNAOTCA CNeACcTBUEM pa3nuuns 3hdeKTUBHbIX
(nepdopupoBaHHbIX) M CBA3AHHBIX TOMUMH
(tabn. 2), KoTopble MOryT 6biTb BbI3BaHbI HEMON-
HOTOI OXBaTa nmnacra no BepTuKanu nnbo noa-
KNIOYEHNEM K OCHOBHOMY NNacTy LOMONHUTENb-
HbIX MPOMNNACTKOB.

B npegenax cBA3aHHbIX TOAWMH ObinK oLe-
HeHbl HAaCbILWEHHOCTN B MHTepBanax CKBAMWH.
Mcxops 13 nonyyeHHbIX 3HaYeHWIN HACbIL,EHHO-
CTW, MOXHO CYAUTb O BO3MOXHOM Hannumm noka-
N30BaHHbIX 3anacoB YB B uccnegyeMom pavioHe
(B ocobeHHOCTM B MHTepBane Y1-X3 u Y1-X4, rae
3HaYeHUs BOAOHACHIUEHHOCTM (Sw) paBHbl COOT-
BeTCTBEHHO 0,5 1 0,51) (puc. 4a), B CBA3U C 3TUM
6blna paccMoTpeHa BO3MOMKHOCTb NPOBEAEHNSA
[TM (3ape3ka 60KOBOro CTBOMA) B CKBAMMHAX
X3 1 X4. Bblnn paccunTaHbl NPOrHo3Hbie Ae6UThI
}uakoctn n Hethtn ot nposeaenuns 36C (puc. 4b).

KT no3sonuno onpeaenunts KonnyectseHHoe
BIMAHME BO3MYLLAIOLLEN CKBAXMUHbI Y1 Ha ee OKpy-
¥eHue. VIHhopmauus o KONMYeCcTBEHHOM Bus-
HWN BO3MYyLLAIOLLEN CKBaXMHbI Y1 Ha CKBaWHbI
OKpYXeHUs no3sonser nogobpatb onTUMalb-
HbIi peXum paboTbl CKBAXUHbLI Y1 AN «40Bbl-
paboTku» ocTaTouHbIX 3anacos YB. Tak, Hanpu-
Mep, ycioBus paboTbl CKBaXUHbI Y1 Ha TeKylem
pexume No3BoNAI0T NOBbLICUTL JaBNIEHNE B CKBA-
XUHe X1 Ha 9,8 atm B mecsL (puc. 5a). Mpupoct
XWUAKOCTW B CKBaxuHe X1 npu 3Tom cocTaBun
2,9 m3/cyr.

Ta6s. 2. CpasHeHue 3¢ppekmusHbix moawuH no UK u PUTUC
Tab. 2. Comparison of net thicknesses according to PCT and OH logs

WHtepsan  TonwmHa TonuwmHa
nnacta no MKl  nnacta no
hyer M PUTNCh,, 0o M
1,9 5,6
0,96 2,3
2,7 2,6
1,7 1,8
4,4 2,2

Beptukanb-  KommeHTtapum

Hblil 0XxBaT

E,ea.

0,34 Huskuin koacduumeHT oxsata
0,42 Huskuin koacduumeHT oxsata
1,1 Bbicokuii KoathdurumeHT oxBaTa
0,94 Bbicokuii KoathdurumeHT oxBaTa
2 Bbicokuii KoadbuumeHT oxeaTta

Pe — nnactoBoe faBneHue, atm
reservoir pressure, atm

+

— BO3MYyLLAOLLaNA CKBAKMHA
generator wel

O — rugponpoBoaHocTb, MA-m/cl?
transmissibility, md-m/cp?

]

PUTAC

X — Mbe3onpoBoANMOCTb, M2/ ceK
diffusivity, m?/sec

— BO3MylLalolLas CKBaXMHa
generator wel

Puc. 3. lnacmossie dasneHus (a). OyeHka 2udpo- U Nbe3onpoBodHOCMU CBA3AHHOU Yacmu

naacma s mexcckgaxcutHom npocmparicmse (b)

Fig. 3. Formation pressures (a). Estimation of cross-well reservoir transmissibility and diffusivity

of the connected part of the formation (b)

SwW — BOAOHACHILEHHOCTb
water saturation

e ]

PUMAC

. 2

h —addektnHas pabotaiowas
TonwuHa no UKI, m
PCT revealed net reservoir
thicknesses, m

— BO3MYyLLAOLLan CKBAKMHA
generator well

b

E h —TonwwuHa no PUTUC, m
open hole log thicknesses, m

QX — NPOrHO3HbIN A6UT KMAKOCTU, M/ CyT
liquid rate forecast, cmd

QH — NPOTrHO3HbIA AebUT HedTH, M3/ cyT
oil rate forecast, cmd

Wc — nporHo3Has 06BOAHEHHOCTb, %
watercut forecast, %

— HanpaBnenus 3apesku bC
sidetrack direction

— BO3MyLLalolas CKBaXmnHa
generator wel

P

Puc. 4. OyeHka c8A3aHHOU MONU4UHBI KOJIIEKMOPA U HACLIWEHHOCMU 8 30He UCc1edosaHua — a,
npo2Ho3Hble nokazamenu cksaxcuHbl X3 nocne nposedeHus 36C — b

Fig. 4. Estimation of the associated reservoir thickness and saturation in the study area — a,
Forecast indicators of the X3 well after sidetracking — b
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Momumo nHTepBanbHbix nccnegosanuin VKM
faeT npeAcTaBneHe O HenpoW3BOAUTENbHON
3aKauke. TaK, Nocne aHanunsa CKBaxmHbl Y1 6bi10
BbIAB/IEHO PACXOX/AEHUe CKUH-(DaKTopa v r’Mapo-
NPOBOAHOCTM Ha LMKNax 3anycKka v OCTaHOBOK
CKBaMHbl (puc. 5b), YTO roBOPUT O HEMpPOMU3-
BOAMTENbHON 3aKayKe NpW TEKYLUX Pexumax
paboTbl cKBawmHbI (pUc. 6). [laHHblid dhakT Gbii
NnoATBEPX/AeH NPOBeAeHHbIM MO3/jHee NPOMbIC-
noso-reopusnyeckum uccnegosarvem (Mru),
B pe3ynbTaTe KOToporo Gbina obHapyxeHa He-
repMeTUYHOCTb IKCNAYaTaLMOHHON KOMOHHbI.

Utoru

B xone nposeaerus NKI 6binn peweHsl cneay-

ol e 3afaun:

® OleHeHbl ocTaToYHble 3anackl YB B uccnepy-
eMOM parioHe;

® paccyuTaHbl NPOrHO3Hble NoKasatenu Xua-
KocTu, HedT nocne nposepeHus 3bC;

a

WK

g

CKBaXWHbI, aTM

— BO3MyLLaloLLas CKBAXMHA
generator wel

T — Tekyuiee BANsAHME BO3MYLIAIOLLLET

® OLEHEHO BNUSHWE BO3MYLLAIOWEN CKBAXM-
Hbl Y1 Ha CKBaXUHbI OKPYKEHNS.

BbiBOAbI
B pesynbrate paboTbl AOCTUIHYTbI NOCTAB/IEH-
Hble Lenu:
e onpeaeneHa 3GdeKTMBHOCTL paboTbl BO3-
MyLLaloLLei HarHeTaTeNbHOM CKBaXMUHbI Y1;
® BbiNONHEHA OueHKa 3 MEKTUBHOCTM NpoBe-
AeHus 3ape3Kn 6OKOBOro CTBOMA B CKBAMMU-
He X3.
B 3akntiouyeHun BaxHO oTmeTuTb, yto WKL sB-
NAETCA MEeTOJOM, KOTOpbIA NO3BONAET pellatb
Cpa3y HeCcKoNbKO BaMHbIX 3afady (Takux Kak
OlleHKa nnacTtoBOro [aBfieHus, onpejeneHue
HacbllLEeHNA B MHTEpBaNax CKBaXuH, onpeaene-
HUe BAUSHWA CKBAMH W T.0.) OAHOBPEMEHHO.
HeocnopvmbiM npeumyLLecTBOM 3TOM0  MeTO-
fla Hapj CTaHAapTHbIM ruaponpocaylinBaHmem
ABNAETCA TO, YTO BO Bpemsa nposepenns UKI

1000

100

lg (naBnenne, atm)

1
0.001 0.01 01

current generator pressure impact, atm

TmaponpoBOAHOCTb HA OCTAaHOBKE

I'impon' POBOAHOCTL Ha 3anycKe

HeobsA3aTenbHO OCTaHaBAMBaTh Ao6GbiBatoLME
CKBaXWHbI, y4acTBytoLme B uccnefobanunmn. Bee
nepeyncieHHble NpeumMyLLecTBa CBUAETENbCTBY-
t0T 0 TOM, 4T VKT ABNAeTca yHUKanbHbIM UHCTPY-
MEHTOM, NO3BOAOLMM BECTV KOHTPOb Haf, pPas-
paboTKoi HedTAHbIX 1 ra30BbIX MECTOPOXAEHNIA.
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Results

During the PCT, following tasks were solved:

e estimated residual hydrocarbon reserves in the study area;

e liquid and oil rates for sidetracking are forecasted;

e the pressure impact of the generator Y1 on the surrounding wells
is estimated.

Conclusions
As a result of the work, the set goals were achieved: the efficiency of Y1
injector was quantified; the efficiency of well X3 sidetracking evaluated.
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