B TOBbIWEHVE HEGTEOTHAAYM MNACTA

OLeHKa TexHonornyecKou
3ththeKTUBHOCTV METO10B YBEJINYeHus
He(iTeoTJaun NNacToB, NPOBOAUMbBIX Ha
CKBA)XXMHaX AeMCcTBYIOLero hoHAa

OkcrninyaTayms HeghTerasoBbiX MECTOPOXAEHWN Ha MO34HEN CTaaum pa3paboTKu XapakTepm3yeTCs MOCTOSIHHBIM
rnaBHbIM fageHviem 4obbi4v. 3TO CBS3aHO, MPEXXAE BCEro, C UCTOLLEHWEM 3aracoB, CHYPKEHNEM M/1aCTOBOMO
JaBIeHS 1 yBeIHeHeM 0OBOAHEHHOCTY MPOAYKLMM [OOLIBAIOLLIMX CKBaXVH. 1151 nofaepxannsi 4oob4m

Ha MPEXXHEM YPOBHE Wi 1151 CHYDKEHVS TEMITOB €€ MaaeHVsT MOVMEHSIIOT Pa3/iMyHbIE METOb! YBENHEHNS
HegTeoTgaqm naactoB (MYH), 4To no3BoasieT BECTV pa3paboTky b6onee s(hheKTVBHO 1 B UTOME yBE/INYNTH

KOHEYHBIN KOa(huLimeHT HeghTeoTaaqm (KVIH).

New Methods to Evaluate the Performance
of Enhanced 0il Recovery Technigues in

Active Wells

One of the specific features of Brownfield development is a gradual yet steady production decline. First and foremost,
this is caused by reserves depletion, reservoir pressure decline, and increased watercut. Various enhanced oil
recovery (EOR) techniques are used to maintain production or slow down its declining production rates and therefore
develop the field more efficiently and increase ultimate oil recovery.

AHpapen JlonyxoB

Andrey Lopukhov

HeOHX0OMMO OMNPeaeNTb BENYNHY OOMONHUTENBHON
000bl4M HEDTW OT MPOBEAEHNS FE0SIOMO-TEXHNHECKINX
mMeponpusaTui (' TM), 4ns Yero CyLwecTBYeT LesbI pag,
METOAMK, OCHOBaHHbIX Ha COMOCTaBNeH! Ba30BOM
(MPOrHO3HOW) 1 haKTNHECKON O0ObIMM HEDTU CO
CKBaKMHbI Ha KOHEL| pac4eTHOro nepuoda. ViIMeHHo
3Ta pasHuLAa 1 onpeaensieT BeMHMHY OONONHUTENBHON
006bl4M HedbTw.

lDI TSl OLIEHKM TEXHOMOMMHecKol achdexkTBHOCTVY MYH

BasoBas 0obblHa PacCHTBIBAETCS MO XAPaAKTEPUCTAKAM
BbITECHEHWS, KOTOPble 60s1ee BCEro MOOXOAAT K AaHHBIM
YCOBVISIM PaspaboTKi OOBbEKTA, TO ECTb UMEKOT MaKC/MaUTbHYHO
CXOAMMOCTb C (DaKTUHECKMMIM AaHHbIMM 06bekTa. C apyron
CTOPOHbI, OLIEHKa TexHoNorn4eckon adhdextmeHocT MYH
[OOmKHa ObITb CBA3aHA C MPOrHO3MPOBaHEM A0ObM HA
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OR performance evaluation relies on the estimation

of post-well workover incremental oil production.
It can be determined through a number of techniques, all
of which compare base (forecasted) oil production to actual
oil production by the end of the calculation period. It is this
difference that shows the incremental oil production volume.

To determine base production, displacement characteristics
are used which most accurately correspond to the current
development conditions, i.e. are most similar to those of
the target. On the other hand, EOR performance evaluation
considers production forecasts for the coming period,

since well workover performance is also planned within

this process. In other words, oil production planning or
incremental production planning should use the same
processes or procedures with the same calculation
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EOR H

OyayLUMn MEPWO, TaK Kak Mpm 3TOM TaKKe MNaHpyeTCs
athdpexTrBHOCTL [ TM. dpyriMm crnoBamm, NnaHMpoBaHmne
006bI4 HETV N MNAHMPOBaHME AOMNONHUTENBHON A0ObIHM
He TV 1 oLUEHKA TEXHONOrMHECKO addpexTBHOCTU [ TM
[OOIDKHBI OCYLLIECTBATLCS MO OOHVM U TEM XKe METOAVKAM
WM METOAVIKaM, B KOTOPbIE 3AUIOXKEH OfVH U TOT XKe
MPVHLMN pacyeTa.

[MprmeHsaemasn B
HacTosLLEee Bpems
METOAMKA OLIEHKMN
TEXHONOMMHYECKOWN
3(PIEKTUBHOCTU
'TM (MYH) ocHoBaHa
Ha METOOVKE
MPOrHO3MPOBaHMA 40ObIHM HEDTY, paspadoTaHHOM
crneunannctamm THK-BP B8 2007 rogy. CyTb METOAVKM
COCTOUT B TOM, YTO MPOrHO3MpoBaHne AobblHm HedTw
OCYLLECTBSETCA C YHETOM MOTEPb, BOSHNKAOLLIMX

B pe3yfbTare UCTOLLEHWS 1 pocTa OOBOAHEHHOCTH
pa3pabaTbiBacMOoro 06bekTa, a TakKe BbIBOAA CKBAaXKMH
N3 aKCnyaTauun. PacyeT noTepb Hed T OCYLLIECTBNSETCA
MO 3KCMOHEHLANBHOM 3aBUCKMOCTU, YYUTLIBAIOLLIEN

TEeMMN MaaeHNst AeduTa CKBaXKMH Ha Oy ayLLWinA nepuos,
onpenensieMblin Ha OCHOBE aHANOMMHHbIX MoKa3aTenen
NpeaLwecTBytoLLEro neprioaa. MNpu atom ansa 6onee
TOYHOIO MPOMHO3VPOBAHMA MOTEPL TEMMN NaaeHNst 0eOUTOB
PacCHMTBLIBAETCS OTAENBHO A1 CKBaXKMH 6a3oBoro hoHaa
—6e3 ' TM (MYH) — 1 ckBaxkiH choHga ¢ I'TM (MYH), mpudem
B MOC/IEOHEM CIyHae PaCHETbI BbIMOMHAOTCA MO KaKAOMY
Buay 'TM (MYH) oToensHo, Tak Kak TpeHdp! NageHvs oebuta
MOTYT CYLLIECTBEHHO OT/INHaTBCA.

CywecTByoL4aA METOANKA OLEHKN TeXHONOrNYecKon
aththexTBHOCTH TTM

[MpuMeHsiemMasn B HACTosILLIEE BPEMS METOAMKA OLIEHKM
TexHonorndeckon adpdexktneHocT 'TM (MYH)
npeoycMaTpUBaEeT pacyeT AONONHUTENBHOM A00bIHM
Hed) T MO CreayoLLEMY anropuUTMy.

CHavana onpenenseTcst SKCNOHEHLMabHbIN

KO3 PULMEHT NafeHnsa febuTta ckea- »1H 6a30B0Oro
dhoHAa, BKITKOHAKOLLIErO BCE CKBAXKMHBI MECTOPOXOEHVIS,
He noasep>xeHHble BodaencTtamo MM (MYH) B
npeLeCcTBYOLWLMA NepUoL, 6e3 yHeTa Nx PacnoNOXeHVs
no MoLaaY MECTOPOXKAEHNS 1 SKCIyaTUPyEMbIX
06BEKTOB (N1acToB). Pac4eT npoBoamTCs no
CPEOHECYTO4HBbIM Aeb1TaM BCEX CKBAXKVH 3a MEPBbIi

1 OBeHaauUaTbI Mecsl, roga. SKCNOHEHLMAbHbIN
KOSMMULMEHT NadeHnst paccHmnTbiBaeTcs no dopmyne (I):

a= Ln(q%]k) n,
roe:

» gn — gobbl4a Ha Ha4ano pacyeTHOro nepuroda (Mecsu, 1);
» gk — 0obbl4a Ha KOHEL, pacHeTHOro neproda (mecau, 12).
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6 CyLLEeCTBYET Lesibiv PS4 MEeTOAVK /151
oueHkn aghcbexktvBHocTv MYH

EOR performance can be evaluated
through various techniques 99

principles as those used for well workover performance
evaluation.

The currently used method to evaluate well workover
(EOR) performance is based on the oil production forecast
procedure developed by TNK-BP specialists back in 2007 .
According to this procedure, oil production forecasting
should consider ail

losses caused by the
development target
depletion and watercut
increases as well as well
decommissioning. Oil
losses are calculated by
the exponential relationship
that relies on the production decline for the coming period,
which in its tum is determined based on the performance in
the previous period. Losses are forecasted more accurately
when production decline rates are calculated independently
for the base well-stock where no well workover (EOR) was
performed and the well-stock subjected to well workover
(EORY; in the latter case, calculations should be made for each
well workover (EOR) type individually since production decline
rates can differ significantly.

Current Method to Evaluate Well workover Performance
The following algorithm to calculate incremental oil
production is currently used to evaluate well workover
(EOR) performance.

First, the production decline exponential factor is
determined for the base well-stock. It includes all wells

in the field regardless of their location and the reservoirs
operated where no well workover (EOR) was performed in
the previous period. Daily production rates of all wells in the
first and the twelfth month of the year are used to calculate
the production decline exponential factor:

a= Ln(q%]k) n,
where:

» gn is production in the beginning of the calculation period
(month 1)

» gk is production in the end of the calculation period
(month 12)

The same formula is used to calculate production decline
exponential factor for wells after well workover (EOR). The
calculation considers data from all wells where well workover
was performed under similar conditions, regardiess of their
location in the field and reservoirs operated.

After that base daily production and post-EOR daily production
are forecasted for 12 months with due regard for the production
decline rate in the previous period. For wells after EOR, flow
rate with baseline increment serves as the initial flow rate.
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B TMOBbIWEHVE HEGTEOTAAYM MNACTA

Tabn. 1: PacyeTt Temna najexsusa no

[ebuT HedTW, T B CyTKU
(haKTUYecKM Ae6UTaM CKBaXKWH ¢ QOil Flow R

Pa36uBKoM No NnacTam Mnacr
Table 1: Production Decline Rates hy Well CRHS@’V‘D" : Cpem:ee;g;qewe
H KBaXkuHa rage
and by Reservi
AHaIOMMHHO OMpeaensaeTcs mﬁ?ﬂ 193 32,0
9KCMOHEHLMAaNBHbIA KOSMMULINEHT MecAL 2 128 107 a1
nageHvs gebuTa No CKBaXKMHAM C h“ﬂ/'omhi ’ ’ ’
ecA

[TM (MYH). B pacdeTe y4acTsyioT Boe i 39,5 179 287
CKBa>KWHbI C MPOBEAEHHBIMI Ha HUX mﬁ# : 341 o -
['TM npu aHanormyHbIX ycroBusix (6e3

MecAu 5
y4eTa pacronoXXeHVs no nioLLaamn Month 5 31,2 18,2 24,7
MECTOPOXKOEHVSA 1 SKCMITyaTUPYEMbIX m%?# g 07 = .
0OBEKTOB (MNacTos)).

Mecau 7 204 171 233
[locne 3Toro BbINOMHAETCA MPOrHO3HbIIA “&2%?# 88 205 174 23,5
pac4eT 6a30BOM CPEAHECYTOHON )J,O6b|:1l/l Meca 9 200 56 -
1 CpeaHecyTO4HOM A00bIHM, MOTyHYEHHOM Month 9
oT MYH, Ha 12 MecsiLieB ¢ y4eToM Temna Mecau 10 207 17 20,7
nafeHns No npedplayLiemy nepuody. [Npw Mecs 11 085 128 207
3TOM HaYaslbHbIM AeOUTOM NS CKBaKMH Month 11

ST 225 10,9 16,7
nocne npumMmeHeHns MYH aenaetcs nebut Month 12 : : :
C y4eTom MI/IHI/IMaJ'IbHO-HeO6XO,EI,I/IMOFO OKCMOHEHUMarnbHbIN KO3(PMULIMEHT NafeHna 68.4% 576% 65.0%
npupocTa. Production Decline Exponential Factor ’ ’ ’

Ta6n. 2: Pacyet Temna nagesuna no hakTMyecKkum Ae6uTam CKBaXKUH no anemMeHTam paspaéoTku
Table 2: Production Decline Rates by Well and hy Development Element

[ebut HedpTH, T B CYyTKMN
Qil Flow Rate, tpd

MnacT v anemeHT pa3paboTku OnemeHT 01_06 nnacta 6B10(1-2) OnemeHT 01_01 nnacta IOB1
oir & pment Element 01_06 Element of BV10(1-2) Reservoir 01_01 Element of JV1 Reservoir
CkBaxuvHa 12957 122590 / 6 12021 CpenHee 3HayeHue 9924 735b / CpenHee ?HéHeHMe
Well Average Average
Mecsauy 1
Month 1
Mecay 2
Month 2 SHfE 62 12,6 75 3,0 8,8 28 49
Mecauy 3
Month 3 37 6,3 12,5 75 5,4 96 2,7 5,9
Mecau 4
Month 4 08 63 12,1 74 5,1 75 2,7 51
Mecau 5
Month 5 o 58 164 8,8 56 6,4 25 438
MecsAu 6
Monih 6 3.1 44 18,7 8,7 47 58 2,7 44
Mecay 7
Month 7 31 4.4 173 8,2 4,0 9,3 2,6 5,3
MecAu 8
Month 8 3.2 45 124 6,7 3.4 77 3,0 4,7
Mecsau 9
Month 9 &4 44 10,9 6,7 56 11,5 42 71
Mecau 10
Month 10 B8 37 105 6,0 3,0 8,0 42 5,1
Mecay 11
Month 11 3.8 42 13 6,4 2,8 8,4 3,0 47
MecAu 12
Month 12 48 45 9.8 63 36 12,6 29 6,4
OKCMoHeHUManbHbIN
KO3thpnLMEHT NaaeHnA -50,0% 10,9% 18,0% 2.8% 1070% 16.3% 8.3% S

Production Decline
Exponential Factor
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B TMOBbIWEHVE HEGTEOTAAYM MNACTA

Puc 1: Kapra Texywux otéopos anementa M-1
o6bexta bB10(1-2) Ha 01.01.2007

Pic 1: Production Map of M-1 Element of BV10(1-2)
Reservoir as of 01.01.2007

CKBaXKVHbI, EOUT KOTOPbIX B3AT AN pacHeTa 6a30Boro Temna
naaeHnst 4obbl4m

Mepuopg pacyeta: 01.01.2007 — 01.01.2009

MYH He nposogwncs

Wells with Flow Rates Used to Define Base Production

Decline Rate

Calculation Period: 01.01.2007 — 01.01.2009

EOR not Performed

CKBaXXUHbI, E6UT KOTOPbIX B3AT /151 pacyeTa TeMna nafaeHns
no6b4m nocne MyH
Mepuopn pacyeta: 01.12.2006 — 01.05.2008

Bug MYH: ontummsaumsa

Wells with Flow Rates Used to Define Post-EOR Production
Decline Rate

Calculation Period: 01.12.2006 — 01.05.2008

EOR Type: Optimization

CKBaXKWHbI, AEOUT KOTOPbIX B3AT A1 pacHeTa TeMna naneHns
no6b4m nocne MyH

Mepuop pacyeta: 01.03.2007 — 01.04.2008

Bug MYH: OIN3 npu MNMPC

Wells with Flow Rates Used to Define Post-EOR Production
Decline Rate

Calculation Period: 01.03.2007 — 01.04.2008

EOR Type: BHT while Well Servicing

HakoHew, gononHuTenbHas rogosast oobblHa
PacCHATLIBAETCS Kak pa3HuLa Mexxdy NPOrHO3HOM
HaKOMNIEHHOW 6a30BOWN 406bIYEN 1 MPOrHO3HOWM
HakomMeHHoM JobbI4er nocne npumMerHeHnss MYH ¢ ydetom
BPEMEHM PabOoTbl CKBaXKMH 3a 3TOT NEPUOL.

TakM 06pa3oM, OCHOBHBIM KpUTEPWEM MPOrHO3UPOBAHISA
OOMOTHUTESNBHOM A00bIMN HETI 1 OLIEHK TEXHOMOMNYECKOM
athcpbexTvBHOCTU ' TM SABRSieTCs TemMn naneHus nebura,
PacCHMTaHHBIA MO SKCMOHEHLMATBHOM 3aBUCKMOCTU ().

PaccmarpuBas AMHaMUKY M3MEHEHMSA CyTOYHOMO AebuTta

1 BKCMOHEHLMabHblEe KO MULIMEHTLI NaaeHua aeduta
no obbekTam (Tabn. 1) n anemeHTam paspaboTkum (Taon.
2), MOXKHO 3aMETUTb, YTO OHW U3MEHSAKOTCS CYLLIECTBEHHO
— 3TO CBA3aHO C PasNHMSMM re010ro-PN3NHECKIX
XapaKTEPUCTUK MNacToB (06EKTOB) 1 PU3MKO-
XUMUHECKNX XapaKTePUCTVK JOOBIBAEMON »KNOKOCTH,

a TaKXKe C SHEPreTUHECKUM COCTOSIHMEM ODBEKTOB,
KOMMeHcaLven OTOOPOB 3aKaqKom 1 OpyrMm hakTopamu.

Taknm obpazoM, ecnv 6a3oBbIi HOHO, MECTOPOXKAEHNS
B OOMbLUVMHCTBE CBOEM 3KCMITyaTUpPyeT OANH OOBEKT,

a MM (MYH) npoBoauTcs Ha apyrom 06bekTe, TO
OononHuTensHasa godeida ot I'TM (MYH) MoxkeT GbITb
paccHTaHa HEKOPPEKTHO. [IHbIMI CnoBamu, Mpw OLEHKE
TexHonorndeckon addektneHocT ' TM Temn nageHns
0ebuTa Hy>KHO PaccHUTbIBaTb NHAMBMAYAITBHO MO
KaXXOOMY OOBEKTY U MO BO3MOXXHOCTU C MPUBA3KOM K
3NeMeHTy pa3padoTKM.
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Finally, base cumulative production forecast is compared to
post-EOR cumulative production forecast with due regard
for well operation time during the calculation period. The
difference between the two will be the annual incremental
production.

Thus, the production decline rate calculated by the exponential
relationship (1) is the key determinant to forecast incremental oil
production and evaluate well workover performance.

Take a look at the daily rate profiles and production decline
exponential factors by target (Table 1) and development
element (Table 2). The significant variations are caused by
different geological and physical characteristics of reservoirs
(targets), different physical and chemical properties of
produced fluid as well as by different reservoir energy
conditions, compensation ratios, etc.

This means that incremental production after well workover
(EOR) can be calculated incorrectly if the base well-stock
and post-EOR well-stock operate different targets. In other
words, well workover performance evaluation should rely
on production decline rates calculated individually for
each target or even each development element wherever
possible.

Each Development Element Treated Individually

The new method to evaluate well workover performance
also determines decline rates for base production and post-
EOR production, yet considers wells operating the same
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EOR W

Ta6n. 3: PesynbTart pacyera remna
nazeHnsa 6a308oil A06b1YN

Tahle 3: Base Production Decline Rate
Calculation

Mecau 1

NnavsnayanbHbiin NOAXOA K KaXKAOMY Month 1

[ebuT HedbTwn, T B CyTKU
Oil Flow Rate, tpd

efHee 3Ha4yeHne

L L 800e | 815e | 80le | 888 | 845e
Well
30 106 801 230

Average

282,8 79,9

3NeMEeHTY pa3paboTKu Vecau2 24 106 794 148 2619 738
Mpepniaraemas HoBasi METOOMKA
pacyeTa athdexTnsHocT MYH ¢ '\N"A‘Z‘,’qﬁ'ﬁg 2,4 104 667 144 2483 68,4
4ETOM TeMra nageHunsi, NMosty4eHHoro
y A y ST 2,3 99 412 97 2283 58,4
Mo OAHOMY OBBLEKTY 1 OOHOMY Month 4
3NIEMEHTY, TakXXe CTPOUTCHA Ha '\’C]ec?#g 22 9,2 31,4 9,5 214,1 53,3
o« on
pacyeTe Temna nageHns 6a3oson Voonie 6
ecAl
[00bI4N 1 A0ObI4K OT CKBaXKnMH ¢ MYH. Month 6 2,1 84 446 80 2082 54,3
N5 NpUMEPa PacCMOTPUM OLIEHK
Ans npumepa p 3 P y '\&ec?#; 2,1 83 428 79 2081 53,9
TEXHONOMUYECKON 3hHEKTVBHOCTY on
AByx B1aos [ TM — onTrMmsaums v S 23 80 395 72 1968 50,8
M ik : : ) , : :
06paboTka Npr3aboHol 30Hb! (OM3) MO” .
NPy NOLZEMHOM PEMOHTE CKBaXKMH NS 19 72 341 67 1493 398
(MPC), BBINOAHEHHBIX HA CKBaXKMHAX
HIEETI LD 1,9 71 312 65 1395 372
anemeHTa M-1 obbekta BB10(1-2) Month 10
CaMOT/IOPCKOrO MECTOPOXKAEHS! e . P I I - .
onth 11
(Pwvic. 1). Veon 12
ecAL
Vecn 12 16 68 294 62 1133 315
Ha4ana nogbupaeTcs rpynn
Cravana O'D'6 pagTe pynna OKCMoHeHUManbHbI

CKBaXXWH OOBbEKTA, HE MOABEP)KEHHAA
MM (MYH) B npeAaLLecTBYyIOLLEM
nepvoge (0avH rofd), — B HaLLEM
cnydae, pacyeT nNpoBoannIcs

no ckBakiHam 800e, 815¢, 801¢, 888e 1 845¢e. o
BblOpaHHbIM CKBaKMHAM OMPEAENSeTCs CPeaHNM
0ebuT Ha Ha4ano 1 KoHew, Nepvoga 1 no opmyne

(I) paccuuTbIBAETCA TEMMN NageHWs 6a3oBOM 0006bIHK
HepTn — No anemeHTy M-1 obbekta BB10(1-2)
9KCMOHEHLMAaNbHbIN KO3MMUUMEHT NageHnsa 6a30BOW
0obbl4n coctasun 93,2% (Tabn. 3).

[Mocne aToro NoabupatnTCa CKBaXKMHbI TOMO »Ke
9KCMNyaTaumMoOHHOro 06bEKTA, HA KOTOPbLIX B
NPeALecTBYOWMA Nepuof, (OANH rod) Obin BbINOMIHEH
oauvH 1 ToT »e Bng MYH. B Hallewm cnydae pacyeT
npoBOAMNCS Mo ckBaxkHam 806e n 814e (Bug MYH

— onTummnzaums) n 881e n 843e (Buag MYH — Ol3 npw
IMPC). Mo BbIBpaHHbLIM CKBaXKMHAM Takxxe OnpeaenseTcs
CpeaHuin 4ebuT Ha Ha4Yano 1 KoHeL, nepuoaa 1 no
dopmyrne (I) paccunTbiBaeTCS TEMN NAAEHNST CYTOHHOMN
000bl4M — NO PaKTUHECKMM OaHHbIM CKBaXKMH 806e,
814e, 881e 1 843e, 3KCNOHEHLMABHBI KO3IMMULINEHT
nageHust coctasun 79,6% no ontummnaaumm 1 67,1% no
O3 npu MNMPC (Tabn. 4).

[NpOrHo3HbIM pacyeT 6a30B0WM 4OObLIMM MPOBOANTCSA C
YYETOM TeMNa NageHnsl, MoNyYeHHOroO N0 CKBaXKMHaM
6a3oBoro hoHaa B MpeaLecTBYOLEM NepUoae
(Tabn. 3), Ha4anbHbIM AEOUTOM NPY STOM ABNSETCS
hakTnHeckni 0ednT CKBaXKMHbI Ha AaTy NPOBEASHNS
MYH. MporHo3Has gobblya, nonydaemasi mocne
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KO3pPULIMEHT NaaeHnA

Production Decline
Exponential Factor

93,2%

development target or the same development element. Let
us evaluate performance of two types of well workover, i.e.
optimization and bottomhole treatment (BHT) while well
servicing, performed in wells of M-1 element of Samotlor’s
BV10(1-2) reservair (Fig. 1).

First, wells are identified that operate the selected target
and experienced no well workover (EOR) in the previous
period (one year); in our case, these were wells 800g,
815e, 801e, 888e, and 845¢. The average flow rate of
the selected wells is determined for months 1 and 12,
and formula (l) is used to calculate base oil production
decline rate. For M-1 element of BV10(1-2) reservoir the
exponential factor of base production decline equaled to
93.2 percent (Table 3).

After that, wells are selected that operate the same
development target and experienced a specific EOR

type in the previous period (one year). In our case, wells
806e and 814e were subjected to optimization and wells
881e and 843e were subjected to BHT well servicing. For
these wells, the average flow rate for months 1 and 12 is
also determined, and the production decline rate is also
calculated by formula (I). Actual data from wells 806e, 814e,
881¢e, and 843e were used to derive production decline
exponential factors after optimization and BHT while well
servicing and these amounted to 79.6 percent and 67.1
percent, correspondingly (Table 4).
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B TOBbIWEHVE HEGTEOTAAYU MNACTA

Tabn. 4: Pe3ynbTat pacyera Temna nagexHua ao6oiun no suaam MYH
Table 4: Production Decline Rate Calculation by EOR Type

[ebut HedpTK, T B CYyTKM
Oil Flow Rate, tpd

OnTumnsauma On3 npu NPC

Op ion
Cksaxwu CpeanHee 3HaveHne
\ 6e 814e
Well A
Mecau 1
Month 1 4,8 15,2 10,0 44,0 26,8 35,4
Mecau 2
Month 2 73 18,7 13,0 41,9 25,5 33,7
Mecau 3
Month 3 58 13,0 9,4 42,2 19,5 30,8
Mecay 4
Month 4 5,6 15,1 10,4 34,0 16,7 253
Mecau 5
Month 5 41 14,3 9,2 28,0 16,0 22,0
gL o 42 13,7 8.9 23,0 14,0 18,5
Month 6 : ’ ’ ’ ? ’
Mecay 7
Month 7 4,2 1,8 3,0 21,2 14,1 177
M 8
s 54 15 34 19.7 14,1 16,9
Mecau 9
Month 9 9,6 1,1 53 22,4 13,7 18,1
Mecau 10
Month 10 9.9 1,0 5,5 252 16,3 20,7
Mecay 11
Month 11 10,1 1,2 57 19,3 172 18,2
Mecau 12
Month 12 83 0,7 4,5 19,9 16,3 18,1
OKcnoHeHUManbHbIN koadhuumeHT nageHna o o
Production Decline Exponential Factor e %
Puc. 2: Magenue ge6uta n HaKonNeHHoi A06b1yn HedhTy nocne MYH
Fig 2: Flow Rate Decline and Cumulative 0il Production after EOR
Flow Rate Decline after Optimization, tpd Cumulative Oil Production after Optimization, t
J[luHaMuKa cHuxeHus aebuta HedpTi nocne oNTUMU3aUnK, T B CYTKN JlMHaMnKa HaKONEeHHOW [06bI4M HedhTH nocne onTUMU3aLum, T
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B TMOBbIWEHVE HEGTEOTAAYM MNACTA

Taén. 5: Pe3ynbTart nporuo3upoBadua Ao6biun no suaam MYH
Table 5: Production Forecast by EOR Type

Buag MYH Ontummsauma
EOR Type Optimization

[lobbl4a co CKBaXXWHbI [lobblya co CKBaXkWHbI Mocne
6e3 MYH (nporHo3) MVYH (nporHo3)
Well Production without Well Production after
EOR (Forecast) EOR (Forecast)

On3 npu NPC
BHT while Well Servicing

[lobblva co CKBaXMHbI
6e3 MYH (nporHos)
Well Production without
EOR (Forecast)

[lobbl4a co CKBaXkWHbI nocne
MVYH (nporHo3)
Well Production after
EOR (Forecast)

Debut HetpT!, |  HakonneHHas 0ebut HedpTu, HakonnexHaa [ebut HedpTu, HakonnenHaa [ebut HedpTu, HakonnenHaa
T B CYyTKK pobbiva HedTn, T T B CYyTKK pobblya HedpT, T T B CYTKK pobbiva HedpT, T T B CYyTKN nobbiva HedpT, T
Oll Flow Cumulative Ol Oil Flow Cumulative Ol Ol Flow Cumulative Ol Ol Flow Cumulative Ol
Rate, tod Production, t Rate, tod Production, t Rate, tod Production, t Rate, tod Production, t
CTapToBblii
neoéut 9,6 0 14,6 0 5,3 0 8,3 0
Initial Flow Rate

V4 EEI T 9.2 286 14,1 437 5,1 158 8,1 250
Month 1

Mecay 2 8,5 525 13,2 807 47 289 76 463
Month 2 g ’ ’ ’

Mecsau 3

Month 3 we 770 12,4 1191 4,4 424 72 686
Wt & 73 989 11,6 1539 40 545 6,8 891
Month 4 g ? ’ ’

MecAu 5

Month 5 6,8 1199 10,8 1875 3,7 660 6,4 1090
e 6,3 1387 10,1 2179 34 764 6,1 1273
Month 6 g g ’ ’

Mecau 7 5,8 1567 9,5 2474 32 863 58 1452
Month 7

MecsL 8 5.4 1733 8,9 2749 29 954 54 1620
Month 8

MecaAu 9 5,0 1 882 83 2998 27 1036 5,1 1775
Month 9

Mecau 10

Month 10 4,6 2024 7.8 3238 2,5 1114 4,9 1925

Meceu 11 42 2151 73 3456 2e 1184 46 2063

Month 11 : > ¢ 2 ; '

Mecay 12

Month 12 3,9 2272 6,8 3667 2,2 1251 4,3 2198

npoeefeHna MYH, paccymnTbiBaeTCA Mo TOMY »Xe
MPWHLMIY, HO C YY4ETOM TeMMa NafeHust Mo Buaam
MYH (Tabn. 4); 3aecb Ha4asbHbIM EOUTOM ABNAETCS

To forecast base production, base well-stock production
decline rate in the pervious period (Table 3) is used; the
initial flow rate in this case is the actual well flow rate as

SOURCE: TNK-BP / UICTOYHWK: THK-BP

OXMOaeMbIn 0ebUT CKBaXKMHbI Nocne MYH (oxuaaembiii
NPUPOCT NOCNE NPOBELEHNA ONTUMU3aLMN COCTaBNAET
5 1, nocne npoeeaerHns OMN3 — 3 1). B pesynbTate
MPOrHO3HOro pacyeta adpdekT oT MYH coctasun 1 395
T no ontumMmuadauum 1 947 1 no ON3 npwu MPC (Tabn. 5).

OueHka hakTmnyieckom apektrBHOCTU ' TM
NPOBOAUTCS aHANOMMYHO NPOrHO3MPOBAHNIO,

TOJIbKO CTapTOBbIM AEOUTOM CKBaXKMHbI SIBSIETCSA
0ebut, nony4eHHbIn nocne MYH B nepBbIn Mecsil,
akcnnyatauun. [JononHuTensHas godsbl4a onpenenseTcs
Kak pasHuLa Mexxay NMporHO3HOM HaKoMIeHHoW 6a30BoM
0o0bl4en, NOMyHYEHHOM C Yy4ETOM TEMMA NaaeHns, n
hakTnHecKom HakoMneHHoM OobblHelt HedpTW Ha KOoHeL,
pacyeTHOro nepunoga. B pesynbTare dhakTn4eCcKom
OLIEHKW TEXHOMOMMYECKOro adpdekTa AononHNUTENbHAdA
nob6bi4a oT MYH coctaeumna 2 052 T no ontuMusaumn
179 1 no OMN3 npw MNMPC (Tabn. 6, Puc. 2).
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of the EOR application date. Similar principle is applied to
forecast post-EOR production. In this case, production
decline rates by EOR types are used (Table 4) while the
expected post-EOR flow rate (+5 t after optimization and
+3 t after BHT) is used as the initial flow rate. Thus, the
forecasted EOR effect was 1,395 t after optimization and
947 t after BHT while well servicing (Table 5).

The principle to define well workover actual performance is
similar to that to forecast performance; the only difference is
that it is the post-EOR flow rate in the first month of operation
that is taken as the initial flow rate. The margin between
cumulative base production forecast obtained with due
regard for the production decline rate and actual cumulative
oil production by the end of the calculation period is actually
the post-EOR incremental oil production. In our example,
incremental oil production reached 2,052 t after optimization
and 179 t after BHT while well servicing (Table 6, Fig. 2).

www.rogtecmagazine.com
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B TMOBbIWEHVE HEGTEOTAAYM MNACTA

Ta6n. 6: Pe3ynbTar thakTYecKoi oLeHKy1 fo6biyu HethTi no Buaam MYH
Table 6: Actual 0il Production by EOR Type

Bug MYH OnTummnsaumna
EOR Type Optimization
[o6blya co CKBa>KMHbI [obblya co CKBaXXUHbI Nocne

6e3 MYH (nporHo3) MYH (nporHo3s)
Well Production without Well Production after

Orl13 npu MPC
BHT while Well Servicing

[obblya co CKBaXXUHbI
6e3 MYH (nporHos)
Well Production without

[obblya co CKBaXKMHbI Mocne
MYH (nporHo3s)
Well Production after

EOR (Forecast) EOR (Forecast) EOR (Forecast) EOR (Forecast)
[lebut HedhTw, HakonneHHasA [lebut HedbTw, HakonnexHan Debut HedpTw, HakonnexHanA [ebut HedpTy, HakonnexHasA
T B CyTKMN nobblya Hedptu, T T B CyTKM [obblya HedpTu, T T B CyTKM [obblya HedpTu, T T B CYyTKU [obblya HedpTu, T
Oil Flow Cumulative Ol Oll Flow Cumulative Ol Ol Flow Cumulative Ol Oil Flow Cumulative Ol
Rate, tpd Production, t Rate, tpd Production, t Rate, tpd Production, t Rate, tpd Production, t
CrapToBbii
nebut 9,6 0 9,6 0 53 0 53 0
Initial Flow Rate

m%# 11 9,2 286 16,0 446 5,1 158 53 163
'\,\"A‘fot'#zz 8,5 525 14,0 881 47 289 45 290
m%’;‘#g 79 770 14,0 1319 4.4 424 45 430
"A"A%%’?# : 73 989 14,0 1729 4,0 545 43 559
Mecsau 5

Y 6,8 1199 13,0 2123 3,7 660 6,0 744
Mecauy 6

Y- 6,3 1387 11,0 2457 34 764 3,0 810
“’\"Ai‘r’]?#; 58 1567 11,0 2795 32 863 36 921
",\"A%%?#g 54 1733 13,0 3202 2,9 954 3,5 1028
Mecau 50 1882 13,0 3606 27 1036 34 1129
'\,\"Ai‘r’]?#ig 46 2024 13,0 4005 25 1114 2,8 1217
“('42%?#1122 39 2272 40 4325 2,2 1 251 43 1430

It is obvious that in the current example the difference
between the production forecast and the actual production
is significant; this is explained by insufficient number of
wells selected to establish production decline rates as well
as reservoir pressure maintenance impact. However, the

Kak Mbl BUOVM, B pe3ynbTaTte NosyYeHHOro pacyeTta
MPOrHO3Has 0o6bIHa 3HAYUTENIBHO PACXOaUTCH C
hakTnyeckom, NpuymnHa 3ToMy — Manas Belbopka
CKBa2XXMH A1 pacyeTa TeMMNOB NafeHns 1 BO3OENCTBME
CUCTEM MOAEeP>XaHKa NIacToBOro AasneHus. BmecTe ¢

SOURCE: TNK-BP / ICTOYHUK: THK-BP

TeM, NPeaIOXeHHOEe AOMOSHEHNE K METOOMKE OLIEHKM
adhdekTrBHOoCTM [TM (MYH) nossonsieT 6onee TO4HO
OMNpPEenenTb BENNYNHY OOMNOHUTENBHOM 004K HEDTH
CO CKBaXKMHbI, 8 B HEKOTOPbIX C/ly4asix NOBbICUTb ee

3a cYeT Bonee KOPPEKTHOM OLIEHKM BA30BOWN O0ObLIHM.
Kpome Toro, aTo A0MN0S- HeHMe NO3BONT Y4ECTb
VNHTEPMEPEHLIMIO CKBaXKMH: MPU OLIEHKE CKBaXKMH
O[HOro 31emMeHTa paspadboTKu ee BinsHue byaeT
BbIpaXxeHO bonee spKo.

L1}
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described restriction to the current method to evaluate well
workover (EOR) performance contributes to the accuracy of
incremental oil production determination and in some cases
can even increase incremental production due to a more
accurate base production estimation. Besides, with this
restriction in place well interference is taken into account,
since its influence will be more distinct while analyzing wells
of one and the same development element.

Cnacunbo komnaHm TNK-BP v xypHasy «HoeaTtop» 3a
rpeaocTaBeHe MaTepmasios.
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