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OueHKa BbIpabOTKM 3anacoB yrneBoA0poj0B
C NOMOLLbIO UMNYJIbCHO-KOAOBOTO
ruaponpocnywmnMBaHus

Bonkos 10.B. 2, Munrapaes P.A. ', ®atkynuu M.P. !, Xa3ues P.P. %, AugpeeBa E.E. ?, 3unypoB JI.A. *
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AHHOTauUuA

B HacToswwein paboTe paccMOTPeH MeToA UMNYNbCHO-KOAOBOTO ruaponpocnywmnsaius (UKI) Ha oaHoi U3 niowaseil MecTopokae-
HuUsa BOHFO-VpaIIbCKOﬁ NMPOBUHLMMU C Le/IbI0 OL,eHKU JIOKAJIN30BaHHbIX 3aNacoB yrnesoa0poaoB (VB) ] uenecooﬁpasuocm npose-
AeHUA reonoro-rexHuyeckmux meponpuatuin (M), Takux kak 3apeska 6okosoro ctsona (36C) ana ux BbIpabOTKU M yBenuyeHus
KOHEYHOoW Hecheomatm AO 3Ha4YeHUA, YCTAaHOBJIEHHOI0 NPOEKTHbIM JOKYMEHTOM. B Xoje npoBeaeHusa WUKT 6b1nn pelleHbl cnepy-
oujue 3aga4u: oLeHeHbl OCTaTO4YHbIe 3anachbl YBB uccnepyemom paﬁoue; paccy1TaHbl MPOrHo3Hble NOKa3aTeNnu XXUAKOCTH, Hed)Tl/l
nocse nposegenus 3bC; oyeHeHo BNMAHUE BO3MYLLatOLLeN CKBaXKUHbI Y1 HA CKBaXKMHbI OKPYXKeHUs.

Martepuanbl u meToabl npoueaypa pa3noXeHUs KOMNAEKCHOrO OTKNMKA JaBNEHUA HA KaXAoN
B npouecce nccnegoBanus MKI nponssoamnacs 3anuck 3a60MHbIX CKBa¥MHe Ha KOMMOHEHTbI, KaXJas 13 KOTOPbIX KOPPeNnnpyeT TONbKO C
[aB/IeHUNIA B CKBAXMHAX C NOMOLLbIO aBTOHOMHbIX FYOUHHBIX ncTopumen 1e6UTOB 0JHOM 13 BO3MYLLAIOLLMX CKBAKUH.

maHomeTpoB zPas-20M (uyBcTBUTENBHOCTBIO 20 [1a) HA OCHOBE

TepMoCcTabunM3NpoBaHHOIO KBApLLEBOro Kpuctanna. Takxe KntoueBble cnoBa

NPOV3BOAMINCH 3aMepPbI NPUEMUCTOCTY HarHeTaTeNbHOM BO3MyLLatolel  rMAPOANHAMMUYECKUE NCCNeA0BaHMA CKBAXUWH, TMAPONPOCIyLIMBaHUe,
CKBAXUHbI C NOMOLLbIO NepeHoCcHoro pacxogomepa. NKI-uccnegosaHne  HedTAHOM NnacT, rMAPONPOBOAHOCTb, NbE30MNPOBOAHOCTD,
OCHOBAHO Ha MeTo/ie UMNYNbCHO-KOZ0BOW Aekomno3uuun (MKI) — huNbTPaLMOHHO-eMKOCTHbIE CBOMCTBA, IOKaNU3aLus 3anacos
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Evaluation of reservoir saturation and unrecovered reserves localization by pulse-code
interference testing
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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

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

a procedure for decomposing complex pressure responses at each well
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BBeaeHune
B Hacrtosuee Bpems 60MbWNHCTBO MeCTO-

pOXAEHMI BCTYNUAN B MO3AHION CTaguio pas-

pa6oTku (3 M 4 cTagnm) CO CNOKHOI CTPYKTYpPOii
0CTaTOYHbIX 3anacoB. Hanuume HegpeHupye-

MbIX 3anacoB 06ycnaBAMBAETCA CAOKHOCTbIO

reosiorMyecKoro CTpOeHUs 3anexen, Kyaa Bxo-

AWUT BepTUKanbHas HEOAHOPOAHOCTb MNACTOB,

CUbHAA PacyNeHeHHOCTb, YXYALeHHble hub-

TPaUMOHHO-eMKOCTHble cBoicTBa (PEC), TekTo-

HUYECKNe HapyLWeHWs, NOBbIWEHHbIE BA3KOCTM

[1-7]. Ons BbIABNEHWA OCTATOYHbIX 3anacos

yrnesogopogos (YB) v ycnewHoro nposege-

HUA Fe0NOro-TEXHUYECKUX MepPOnpuUATUA Ans

X BbIPaBOTKM OCTPON HEOGXOAUMOCTbIO ABNA-

eTcs NpoBefeHne AOMONHUTENbHbIX WUCCaeao-

BaHW, OAHUM M3 KOTOPbIX ABAAETCA UMMNYNb-

CHO-KoAoBOE rugponpocnywmusanune (UKI) [8].
Llenn 1 3agaun paborbi:

1. OueHuTb 3heKTUBHOCTb paboThbl BO3MYLLA-
folei CKBaXMHbI Y1, ee BAUAHME Ha OKpYy-
HatoLmMe CKBaXMHbI;

2. OueHuUTb noTeHunanbHyto 3hhHeKTUBHOCTL
nposefeHns 3ape3ku OGOKOBOro CTBONA
(3BC) B ckBaxuHe X3.

OnucaHue o6beKTa nccnegoBaHus

B cratbe paccmaTpuBaetcs npumep
npoBesenna WKI-uccnegoBanus Ha opHon
13 nnowaaen mectopoxaeHus Bonro-Ypanbckoin
HehTerasoHOCHOM NPOBUHLMM ANA OLLEHKM NOKa-
NIM30BaHHbIX 3anacos YB u uenecoobpasHocTu
nposeaeHus pasnnunbix ITM (3apeska 60KoBbIX
CTBONIOB, yNNOTHsAKWeEe 6ypeHne, PeMOHTHO-
n30naUMOHHbIe paboTbl (PUP)) ans ux Bbipa-
60TKM 1 yBENMYeHUs KOHeYHoil HedTeoTaaun
[0 3HaY€EHWA, YCTAHOBAEHHOIO NPOEKTHLIM [JOKY-
meHTOM. (o cornacoBaHuio ¢ Hegponosnb3osare-
JIeM Ha3BaHWe MeCTOPOXAEHUA He pasraallaer-
Cs1; HYMepaLUWA CKBAXMH 3MeHeHa.)

O6beKToM nccnefoBaHus ABNAETCA NPo-
OAYKTUBHbIA FOPMU30HT, HAa KOTOPOM MPOBOAM-
ANCb  TUAPOAMHAMMUYECKUE UCCAefOoBaHUS
ckBauH (FANC), B yactHocTM — meTogom UKI
(tabn. 1).

B wuccnegoBaHve BOWAKM BO3MYyLLAlOLLAs
HarHetateNbHas CKBaxuHa Y1, pobbiBatouine
CKBaXMHbI X1, X5; Nbe30METPUYECKMNE CKBAMM-
Hbl X3, X4 (puc. 1).

— BO3MyLLaloLLas CKBaXMHA
generator wel

.

Puc. 1. ®pazmeHm kapmsl pazpabomku

c yyacmkom uccnedosaHus VIKT. 30ecw

u danee ygemamu 0603HayeHbl AUMopayuu
Konnekmopa

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

Taba. 1. leonozo-gusuyeckue napamempsl NPOOYKMUBHO20 20pU3OHMA
Tab. 1. Geological and physical parameters of the oil strata
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Puc. 2. Pexcumsl pabomel 8o3myusaroujell CKBAXCUHbI U 3anucb 0asneHus 8 pea2upyroujux
CKBAMCUHAX OKpydceHus (cuHum ysemom) — a, pesynsmamsi UK/. KpacHeim —
dempeHOUpoBAHHbIE KpUBbIe, 4epHbIM — OMKAUK 8 pea2upyroujux CKBAXCUHAX Ha U3MeHeHue

pacxoda 8 eeHepamope — 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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OnucaHne meToaa uccneaoBaHus

/iMnynbCcHO-KOAOBOE TUApPONpOCAyLWMBa-
HMe ABNAETCA PasHOBUAHOCTbIO TUAPOMPO-
CNywmnBaHna. YHUKaNbHOCTb 3TOW TEXHONOrWK
3aK/N04aeTCA B CO3AaHMU «KOAa» C NMOMOLLbIO
OCTaHOBKM U 3aKayKu pasfinyHbIX NepUoAoB
M0 3apaHee NOAroTOBJAEHHOMY nnaHy [4]. Mpo-
Lecc nposeaeHus VKT Bkntouaet B cebs rpynny
CKBaXMH: BO3MYyLLAIOLYI0 — Ha KOTOPOW CO3-
faTca GUNbTPALMOHHbIE BOJHbI AaBNeHUs,
U pearupymoume — KOTOpble PerncTpupyiot
C NMOMOLLbI BbICOKOYYBCTBUTENbHBIX NTPUGOPOB
nsmeHeHue 3aboiHoro gasneHus (puc. 2a).

TexHonorua WKI pnsa pacwudposku cur-
Haia Ha pearmpylolmnx CKBaXnHax ucnonb3yer
METOAVKY VMMYNbCHO-KOAOBOW AEKOMMO3MLNM
KD [31.

NK[ — npouecc pa3noxeHua pgasneHus,
3anMCaHHOro C NOMOLLbI BbICOKOYYBCTBUTESb-
HbIX MTPUOOPOB B KaXAOW CKBAXWHE Ha KOMMO-
HEeHTbI, Kax/jasa U3 KOTOPbIX KOpPenupyeT Tofb-
KO C MCTOpMe MpUemmncTocTy BO3MyLiatoLLen
CKBaXuHbI. [Tokasartenu pesynbtatos K/ npea-
CTaB/eHbl Ha PUCYHKe 2b, Ha KOTOPOM KpacHbIM
LLBETOM MOKa3aHO AeTpeHAMpOoBaHHOe [aBslie-
HMe, YepHbIM LBETOM MNOKa3aHbl pe3ynbTaTbl
EeKOMNO3NLUN.

AHanu3 nosiy4yeHHbIX pe3ynbTaToB

B xoge BbinonHenus VKM 6bino oueHeHo
NnnactoBoe AaBfieHWe B OCTAHOBNEHHbIX CKBa-
wuHax (puc. 3a). Bo Bcex paccmatpuBaembix
CKBaXMHaxX HabNOAAlOTCA BbICOKME 3HAYEHUA
nnactoBoro AaBneHusA. Bbicokoe paaBneHue
B Nbe30MEeTPUYECKNX CKBaXMHAx X3 un X4 cBu-
[eTenbCTBYeT O TOM, YTO Ha AaHHOM y4acTke
NPOUCXOANT MOAAEPIKKA NNACTOBOrO JaBNeHUA
HarHetaTeNbHbIMM CKBaxuHamu Y1 n X2, yto
B CBOI0 o4yepefb ABNAETCA CNeACTBUEM XOpPO-
Wwen NpoBOAMMOCTM Mnacta B HanpasieHuu
C ceBepa Ha ior.

Mpouecc pacnpepeneHns fasneHuns no nna-
CTy NPOMCXOAUT AOBOJbHO PaBHOMEPHO, 4TO
CBUAETENLCTBYET 0 GAN3KUX 3HAYEHUAX NbE30-
NPOBOAHOCTEN B WMHTEpBanax paccmatpusae-
MbIx ckBaxmH (puc. 3b). Take ¢ nomouibio KT
6biny onpeaeneHbl MHTEPBabHbie TMAPONPOBO-
[HOCTU B M3y4aeMOoM paiioHe. Pasnnuums rugpo-
nposoaHocTel, nonyyerHole no UKI n PUTUC,
ABNAIOTCA CNEACTBMEM pa3nununs 3 HeKTUBHbIX
(nepdopupoBaHHbIX) U CBA3AHHLIX TOMUMH
(tabn. 2), KoTopble MOTYT 6bITb BbI3BaHbI HEMO-
HOTOV OXBaTa mjacra no BepTMKanu nnbo nopg-
KNKYeHNemM K OCHOBHOMY NiacTy LOMNONHUTENb-
HbIX MPOMNACTKOB.

B npegenax cBA3aHHbIX TOAWMH Obinn oue-
HeHbl HaCbILLEHHOCTN B MHTepBanax CKBAMMWH.
Micxoas U3 nonyyeHHbIX 3HAYEHWIN HACbILLEHHO-
CTW, MOXHO CYZIUTb O BO3MOXHOM Hann4mm noKa-
N30BaHHbIX 3anacoB YB B uccnegyemom paiioHe
(B ocobeHHoCTU B uHTepBane Y1-X3 u Y1-X4, rae
3HaYeHus BOAOHACHILEHHOCTU (Sw) paBHbI COOT-
BeTcTBeHHo 0,51 0,51) (puc. 4a), B CBA3M C 3TUM
Gbina paccmoTpeHa BO3MOMHOCTb MPOBEAEHUA
ITM (3ape3ka 60KOBOro CTBOMA) B CKBAMMHAX
X3 1 X4. Bbln paccynTaHbl NPOrHo3Hbie Ae6uThbl
Muakoctv n Hedt ot nposeaeHuns 36C (puc. 4b).

VKT no3sonunno onpeaenntb KONUYeCcTBEHHOE
BNMAHME BO3MYLLAIOLLEN CKBAXUHbI Y1 Ha ee OKpy-
¥eHue. VIHbopmauus o KoNM4YecTBEHHOM Baus-
HMM BO3MYyLLAIOLLEN CKBaXMHbI Y1 Ha CKBaMMUHbI
OKpY)KeHUs no3Bonser nogobpatb ONTUManb-
HbI pexum paboTbl CKBaXUHbLI Y1 Ans «40Bbl-
paboTku» ocTaTouHbIX 3anacos YB. Tak, Hanpu-
Mep, ycnoBua paboTbl CKBaXMHbI Y1 Ha TeKyuem
pexume No3BONAIOT NOBbLICUTL JaBNeHNE B CKBa-
»uHe X1 Ha 9,8 atm B mecal (puc. 5a). Mpupoct
WMUAKOCTW B CKBawuHe X1 npu 3TOM cocTaBun
2,9 m3/cyr.

Tabn. 2. CpasHeHue 3¢phekmusHbix moauyur no UK u PUTNC
Tab. 2. Comparison of net thicknesses according to PCT and OH logs

NHtepsan  TonwmHa TonwmHa
nnacta no MKl  nnacta no
he M PUTNCh,, 0o M
1,9 5,6
0,96 2,3
2,7 2,6
1,7 1,8
4,4 2,2

Beptukans-  Kommentapuu

HbI 0XBaT

E, ea.

0,34 Huskuin koacbuymneHT oxsata
0,42 Huskuin kKoacbuymneHT oxsara
1,1 Bbicokuit KoadhuynMeHT oxBaTa
0,94 Bbicokuit KoadhuumeHT oxsaTa
2 Bbicokuit koacduumeHT oxBaTa

Pe — nnacrtoBoe fasneHune, atm
reservoir pressure, atm

+

— BO3MyLLaloLas CKBaXunHa
generator wel

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

e ]

PUTAC

. &

X — Nbe30npoBOANMOCTb, M2/CeK
diffusivity, m?/sec

— BO3MyLLalolLas CKBaXMHA
generator wel

Puc. 3. lMnacmossie 0asneHus — a. OyeHka 2udpo- U Nbe30nNposodHOCMU CBA3AHHOU yacmu

njaacma s MexcCKBaXCUHHOM npocmpaHcmse — b

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

of the connected part of the formation — b

Sw — BOZIOHACHILLEHHOCTb
water saturation

L]

PUMMC

.

h  —addektnuBHas pabotaiouias
TonuwmHa no VKM, m
PCT revealed net reservoir
thicknesses, m

— BO3MYyLLalOLas CKBaXMHa
generator well

b

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

QX — NPOrHO3HbIN AebUT MMaAKOCTH, M?/cyT
liquid rate forecast, cmd

QH — NPOrHO3HbIN 4e6UT HedTH, M?/cyT
oil rate forecast, cmd

Wc — nporHo3Has 06BogHeHHOCTb, %
watercut forecast, %

— HanpasneHus 3ape3ku bC
sidetrack direction

— BO3MyLLaloLasn CKBaXMHa
generator wel

3

Puc. 4. OyeHka cBA3GHHOLU MONUWUHBI KOJIEKMOPA U HAChIUEHHOCMU 8 30He uccnedosaHus — a,
Npo2HO3Hble NoOKalamenu ckBaxcuHsl 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 VKE
AaeT npejcTaBleHNe O HenpoW3BOAUTENbHOW
3aKauKe. TaK, nocne aHanusa CKBaxmHbl Y1 6bi10
BbIAB/IEHO PACXOX/eHMe CKVH-(haKTopa v ruapo-
NMPOBOJAHOCTU Ha LMKNax 3amnycKka W OCTaHOBOK
CKBaXMHbl (puc. 5b), YTO roBOPWT O HEmpowms-
BOAWTE/NIbHON 3aKayKe NPW TeKYLUX pexurmax
pa6oTbl ckBauHbl (pUC. 6). JaHHblin haKT 6bin
NOATBEPX/EH NPOBEAEHHbIM NO3JHee NPOMbIC-
noso-reodusnyeckum uccnegosanvem (MrK),
B pe3ynbTate KOTOporo 6bina obHapykeHa He-
repMeT1YHOCTb 3KCMNyaTaLMOHHON KOMOHHbI.

Utoru

B xoge nposeaenus VKI Gbinn peweHsl cieay-

lowme 3agayn:

® OLeHeHbl 0CTaToYHble 3anackl YB B nccneny-
eMOM paiioHe;

® paccyuTaHbl MPOrHO3HbIe NOKa3aTenn Xua-
KocTu, HedTn nocne nposeserus 36C;

a

MKP

g

CKBaXWHbl, aTM

— BO3MyLLaloLas CKBaXMHA
generator wel

(T — TeKyllee BAAHNE BO3MYLLAIOLLET

® OLEHEHO BAMAHME BO3MYLLAIOLIEN CKBAXM-
Hbl Y1 Ha CKBaXUHbI OKPYKEHNA.

BbiBOAbI
B pesynbrate paboTbl AOCTUTHYTbI MOCTaBEH-
Hble Lenu:
e onpeaeneHa 3deKTMBHOCTL paboTbl BO3-
MyLlatoLLei HarHeTaTenbHOWM CKBaXMHbI Y1;
® BbINO/MHEHA oLeHKa 3 eKTUBHOCTY NpoOBe-
AeHus 3ape3kn 6OKOBOro CTBO/A B CKBAMMU-
He X3.
B 3aknoueHun BaxKHO OTMeTUTb, yTo WKI AB-
NAETCA METOAOM, KOTOpbI No3BONAeT pelatb
Cpa3y HeCKOMbKO BaMHbIX 3agay (Takux Kak
OlleHKa NnacToBOro [aB/eHus, onpefeneHve
HacbllL,eHNA B MHTEpBanax CKBaXwuH, onpejene-
HUe BAUAHWA CKBAXWUH W T.4.) OAHOBPEMEHHO.
HeocnopvmbiM npenmyLLecTBOM 3TOT0  MeTO-
@ Haj CTaHAapTHbIM rMAPONpoCAylInBaHNEM
ABNAETCA TO, 4TO BO Bpemsa nposepenus UKD

1000

100

lg (aaBneHune, atm)

0.001 0.01 01

current generator pressure impact, atm

fmaponpoBOAHOCTb HA OCTAHOBKE

Heobs3aTeNbHO OCTaHaBnAMBaTb AobGbiBatoLMe
CKBaX(MHbI, y4acTBylolne B ucciegosaHmn. Bee
nepeyncneHHble nNpenmyLlectsa CBUAETENbCTBY-
10T 0 TOM, 4TO VIKI ABNAETCA YHUKANbHBIM UHCTPY-
MEHTOM, N03BONAOLNM BECTU KOHTPOJIb Haf pas-
paboTKOII HETAHBIX U ra30BbIX MECTOPOXKAEHWIA.
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ENGLISH
Results In conclusion, it is important to note that the PCT is a method that allows

During the PCT, following tasks were solved:

estimated residual hydrocarbon reserves in the study area;
liquid and oil rates for sidetracking are forecasted;

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.

you to solve several important tasks at once, such as (assessment
of reservoir pressure, evaluation of saturation between wells, pressure
interference evaluation, etc.) atthe same time. The undeniable advantage
ofthis method over standard interference testingis thatitis not necessary
to stop the production wells involved in the study during the PCT. Present
results indicate that the PCT is a valuable tool for oil and gas fields
development surveillance and production enhancement.
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