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TOO «KMI™ IHXUHUPUH» «KacnuinmyHamnrasy,
Pecny6bnuka KasaxctaH, 060011, r. ATeipay, yn. XXapbocbiHoBa, 89 A

2A0 «O3eHmyHanrasy,
Pecny6nuka KasaxctaH, 130200, r.>KaHaoseH, Yn.Catnaesa, gom 3

lNpedcmaeneH ripumep UCMOMb308aHUST MEXHON02UU huHaeprnpuHmuHaa 24 obpa3suos
cbipoli Hegpmu (16 u3 0OUHOYHbIX, 8 06pa3y08 U3 coeMecmHO-00bbIBaWUX CKBAXUH, MO
OaHHbIM 3akasduka) Ha rnpoepammHom obecrnieveHuu Malcom (Schlumberger) dnsi oueHku
Kornu4yecmeeHHO020 pacripederieHust coemecmHoli 00bbiHU Ha 8 CK8aXKuHax MecmopoXOeHUst
Y3eHb. 3Hayumocmb 3moz2o uccriedosaHusi 3aKk4aemcss 8 mom, Ymo OaHHbIU Memod se-
nissemcsi HogbiM 01151 omeYecmeeHHbIX Hedporornb3o8amenel, MOCKOMbKY OH UCMOb3yemcsi
eriepsble 8 KazaxcmaHe u makxe Oeweerie 8 cmo pas, 4eMm mpaduyUoHHble aHanu3sl PLT.

Hanuyue scex nukoe Ha xpomamoepammax HRGC ecex obpa3uyoe Hechbmu yka3sbigaso
Ha mo, 4mo obpa3ubi 200HbI 05151 3MOoe0 uccriedoeaHust. BHocumbie hpakuyuu Kaxobix 08yx
0bpas3s o8 uamepssIu 1o Heghmu u UCKYCCMBEeHHO cMewusarnu 8 nponopyusix 70-30%, 50-50%
u 90-10% 0dnsa co3daHusi onpedesneHHbIx cmecel. Nuku HRGC, ompaxarouue pasznudus 8
cocmasax Heghmu, pasuYHbIX UCKYCCMBEHHbIX cMecel, KOHEYHbIX COeOUHEHUU U Heghmu ¢
cosMecmHO-006bI8alOUUX CK8aXKUH, bbiriu UHMe2puposaHbl 8 rpoespamMmHoe obecrieyeHue
Malcom (Schlumberger) 0ns oueHku pacripedeneHusi 00bbi4u 8 cosMecmHO-006bI8arOWUX
CKeakKuHax. Pesynbmambl, nony4YeHHbIe U3 fpoepaMMHO20 obecrieyeHus, rnokasasnu, 4mo
8 bonbwuHcmee uccriedosaHull pacripedeneHusi 2opu3oHm XIV eHocun ocHo8HoU eknad
(63—89%) 8 nomok AobbIHU 80 8CEX COBMECMHO-00b6bIBAOWUX CK8aXUHaX, Kpome 1347.
O0Hako monbko mpu epynnbl pacnpederneHusi (1,3 u 6) nokasanu HU3KUe 3HadeHuUs1 ouubokK
Mamemamuuyeckux eblducneHul (3Ha4eHue IQR <56%), ymo coeanacyemcs ¢ pesynbmamamu
38e30H0U QuazpaMmbi. Vicxods1 u3 amo2o, Mbl cHumaem, 4mo pacrnpedeneHue 00bbi4u Mo
ripoepammHomy obecrieyeHuro Malcom moxem 6bimb HaleXHbIM, eCriu 3HadYeHuUe nozpeu-
Hocmu memoda cocmasrnisiem meHee 5%.

KITIOYEBBIE CJIOBA: pacripederneHue, coemecmHO-00bbigarouiast CK8aXKUHa, KOHEYHbIE
coeluHeHus, chuHeeprnpuHmuHe, N0 Malcom.
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AnNbIK 3epTTeY 3epTXaHaCbIHbIH, XXETEKLLi MHXeHepi
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byn makanada ©3eH KeH opHbIHOafbl 8 yHFbiMada Koc eHiMOI caHObIK yrecmipy MakcambiHOa
Malcom npoepammaceiHOa 24 wuki MyHal yrnziciHe gbuHaeprnpuUHMmMuUHe MexHOI02UsICbIH KordaHy-
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ObIH Kelicmi 3epmmeyi YCbiHbIFaH. AmarnMbil 3epmmey XYMbICbIHbIH MaHbI30bIrbifbI-0y1 80icmiH
KasakcmaHOa myHFbiw pem KondaHbIn xxamkaHbiHa balinaHbicmbl 0maHObIK Xep KoUHaybIH nat-
OanaHyuwbinapra xaHa 6onybi xeHe PLT aHanu3depiHeH xy30ezeH ece ap3aH bosybiHOa.

HRGC xpomamozpammanapbiHOarb! 6apribik nukmepdiH 6ap 6osybi- MyHalinapObiH 3epmmey
JKYMbICbIHa XapamOobinbifbiH kepcemedi. bip wekmik myHatinap 6ip-6ipimeH 70-30%, 50—50% xaHe
90-10% xacaHObl mypOe apanacmbipbindbl. XacaHObl myple apanackaH MyHalnapObiH, 0apa
WorbIp/ibl MyHalinapdbiH XoHe KOC 6HIMOi YHFbIManapaH arnbiHFaH MyHalnapobiH KypamoapbiHOarb!
alibipmawbinibikmapdbl kepcememid HRGC nukmepi Malcom (Schlumberger) npozpammacsiHOa
KoC eHiMOi caHObIK ynecmipy makcambiHOa uHmeepayusinaHobl. [TpoepammadaH anbiHFaH Hamu-
xenep, Ne 1347 yHrbicbiHaH 6acka caHObIK ynecmipy 6olibiHwa 3epmmeydiH 6ackimM KenwirieiHoe
XIV 2opuzoHm 6apribiK KOC eHiMOi yHFbIManapOarb! eHiM arbiMbiHa Heeisei yrnec(63—89%) kocwin
ombIpraHbIiH Kepcemmi. Anatida, Xynobi30blK duaspammanapObiH HOMUXenepiMeH colikec Ke-
nemin mek 3 mon (1, 3 u 6) kKaHa MamemamukarsbikK ecenmey kamenikmepiHiH(IQR moHi <5%) eH
memeHai MmoHOepiH 6epdi. OcbiraH calikec, Malcom npozpammacsi 6olbiHWa KOC 6HIMOI caHObIK
yriecmipy ceHimOi 60rybi MyMKiH, eeep Mamemamukarblk ecenmey Kamernikmepi 5%-meH memeH
borniraH xardatioa.

HETI3r' CO3QEP: caHObIK yriecmipy, KOc 6HiMOI yHFbiMa, 0apa Worblpribl MyHal, ghuHaep-
npuHmuHe, Malcom npozpammacsil.

QUANTITATIVE ALLOCATION OF COMMINGLED PRODUCTION
OF CRUDE OILS FROM WELLS IN UZEN FIELD USING
GEOCHEMICAL ANALYSIS

Y.SH.SEITKHAZIYEV"*, Head of laboratory of geochemical studies of oil, water and rock
samples»KMG Engineering» «Caspimunaigas»

G.G. YELTAY", Leading Engineer of laboratory of geochemical studies of oil, water and rock samples
«KMG Engineering» «Caspimunaigas»

SH.S.PANGEREEVA?, Depute General director of «Uzenmunaigas» for Geology
N.D.SARSENBEKOV', Managing director of laboratory block of»KMG Engineering»
«Caspimunaigas»

'KMG Engineering» «Caspimmunaygasy,
Republic of Kazakhstan, 060011, Atyrau, st. Zharbosynova, 89 A

2JSC «Ozenmunaygas»,
Republic of Kazakhstan, 130200, Zhanaozen city,Satpaev street, house—3

This paper presents a case study of using fingerprinting technology for 24 crude oil samples
(16 end members, 8 commingled well samplesaccording to the customer data) on Malcom
(Schlumberger) software after artificial lab mixtures to assess the quantitative allocation of
commingled production from 8 wells in Uzen field. The significance of this study lies in the fact that
this method is novel to the domestic subsoil holders as it’s being used first time in Kazakhstan and
it’'s hundreds of times cheaper than conventional PLT analysis.

Presence of all peaks on HRGC chromatograms of all oil samples indicated that samples are
suitable for this study. Contributing fractions of each two end member samples were measured
by weight and artificially mixed in proportions of 70-30%, 50—-50% and 90-10% to create
known mixtures. HRGC peaks reflecting compositional differences in the end member oils, in
various artificial mixtures of the end member oils and in the commingled oils were integrated on
Malcom(Schlumberger) software for assessment of production allocation of commingled wells.
The results obtained from the software indicated that in majority allocation studies the horizon/
pay zone XV is the dominant contributor (63-89%) to the production stream in all commingled
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wells except Ne 1347. The results obtained from the software indicated that in majority allocation
studies the horizon/pay zone X1V is the dominant contributor (63—89%) to the production stream
in all commingled wells except 1347. However, only 3 allocation groups(1,3 and 6) showed low
values of mathematical calculation errors(<5% IQR value) which is consistent with the star diagram
results. Based on this, we believe that Malcom software production allocation can be reliable if the
IQR value is less than 5%.

KEY WORDS: allocation, commingled well, end-members, fingerprinting, Malcom software.

BBEJEHUE

[IpeamonoxuM, 4TO pe3epByap UMeET ABa NPOAYKTHBHBIX Ijacta: A (HWKHUHN) U
B (Bepxuuit). O0pa3zen; He(TH, TOIYUYEHHBIH U3 CKBaYKUHBI, SKCIUTyaTHPYIOLICH OIMH
mwiact (A wiu B), Ha3pIBaeTCs «KOHEUHOE coenuHeHue» (pucynok 1). Ecnu oOpasery
HeTH 0TOOpaH M3 CKBAKWHEI, KOTOpas pa3padaThiBacT Ba MPOIYKTUBHOTO IuTacTa (A
1 B) omHOBpEeMEHHO, 3TO Ha3BIBAETCS «COBMECTHO JAOOBIBAEMBIM», a CKBKHHA — «CO-
BMECTHO-J00bIBaromei». CoBMecTHas 100bIYa- 3TO MOTOK XKHUIKOCTEH, TPOUCXOASLIHN
U3 JIBYX WU Oosiee MPOAYKTUBHBIX IJIACTOB Yepe3 OHY CKBaKMHY. Ecim 1Ba mpomyk-
TUBHBIX TIaCTa 00beANHEHB! (TacT A 1 B), To COOTBETCTBYIOIINE BKIIABI ITACTOB A 1
B B coBMecTHO 00bIBaeMOM 00pa3iie MOKHO BEIYUCIUTD 10 OTIPEIEIIEHHUIO XUMHYECKUX
pa3TuUrii (KOHEYHBIMU COCTUMHCHUSMH SIBIISTFOTCST oOpa3err 1 3 30HbI A i 00pazert 2 u3
30HHEI B) [1, 2, 6, 9].
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PucyHok 1 — UnnocTpaTMBHbLIN PUCYHOK OAUHOYHO-A00bLIBalOLLEN
M COBMECTHO-A,00bIBaloLLIEN CKBaXWH
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Pacnpenenenue 1o0b4r COBMECTHO TOOBIBAIOIINX CKBAKUH — 3TO KOJTMUECTBEHHAS
JOJsl «KpalHUX COEJUHEHHH» B COBMECTHO JoOBIBaeMoM oOpasie. [Ipu uueanbHOM
packiazie, OTCYTCTBUHU MEPETOKOB B pe3epByapax, YTEUKH B CKBRKUHAX U TIOJHOW H30-
JSIUHN ABYX Pa3UYHBIX PE3epPBYapoB JIPYT OT APYyra, KpailHHE COSAMHEHUS IOJKHBI
OBITh MAKCUMAIILHO OTIIMYMMBIME APYT OT npyra. Ecnu paznmuuii He Habmromaercs, To
KOJIMYECTBEHHOE pacrpeneseHne J00bYN CTAHOBUTCS 3aTPYIHUTEIbHBIM.

Bruto ony0iaukoBaHO MHOTO Hay4dHBIX padot [3, 4, 5, 6 u np.] O ompeneneHuIo
KOJIMYECTBEHHOTO PACIpPEICICHUSI COBMECTHON OOBIYM C MCIONB30BAHUEM TC€OXUMHU
HedTu. Hanpumep, cornacuo [4], ABa KpaltHUX COEIMHEHNS U3 POTYyKTUBHBIX IIACTOB
A u C HCcKycCTBeHHO cMemanuch B mpomnopiusax 80%, 60%, 40% u 20% (pucyrok 2 A)
Y Ha HUX ObL1 BhITIONHEH aHanmmn3 LTM-GC.

3HaueHUs COOTHOIICHHWH MOJTYYEHHBIX M3BECTHBIX CMECEH JiexarT B Mpezenax
KOHEYHBIX coelrHeHu. /s IByX paccMaTpHBaeMbIX MPOAYKTUBHBIX IIAcTOB (A u
C) 6buT0 HcmoNb30BaHO cooTHOIeHHe mukoB (10/10 + 12) u3 Habopa COOTHOIICHHH
(pucynox 24). Ha ocHOBe aHanm3a 1abopaTtopHbIX cMecer mpod Hedt A u C Oblia mo-
CTpOEHA aHATMUTHYECKAast KPHUBasi 110 3HAYEHUIO OTHOIIIEHUH B 3aBHCUMOCTH OT WX OTHOCH-
TEeNBbHOU KoHIIeHTparuu. OToOpakeHne 3HaueHus ko3 duinenTa ais CMeanHoi HeTu
JlaeT MpeACTaBIeHHEe O TOM, KaK CIeAyeT pacipeielisiTh B3HOCH U3 IPOLYKTUBHBIX IIACTOB
A u C. B atom npumepe 50% moObrun uzet 3a cuet miacta A, 50% 3a cuer miacra C
(pucynox 2B). Takoe pacupeeieHne Ha 0CHOBE TCOXHUMHH HAMHOTO JCTIEBIIE, YeM (CTO-
umocth PLT 1%) u oka3rsiBaercs 6osee HanexHbIM [7, 8].

1/1+2 |£|12__
11/11+12 - .
10/10 " o
10/ sl | k L
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PucyHOK 2 — MaTemaTnyecKkuin Nogxon K oLeHKe COBMECTHOM [00bLIUM

TEOJIOTUYECKHWM OB30P U1 OTEOP PO HE®TH

Y3eHb — 3TO CII0KHOE MECTOPOXKICHHE C MHO)KECTBOM paziioMoB. DOH/T MECTOPOXKIE-
HUs comepkut 6osee 4000 CKBaykKMH, HEKOTOPHIE U3 HUX SBJISIFOTCS] COBMECTHO-I00BIBATO-
M. Hanmpumep, ckBasknHa 1347 coBMecTHO-100BIBaIOIIAS, TAK KaK OHA OJJHOBPEMEHHO
skcrutyarupyet oba ropusonta XIII u X1V, a ckBaxunsl 6548 u 3363 paccMaTpuBaguch
B KaueCTBE KOHEUHBIX COCAMHEHHUI M3-3a TOTO, YTO KaXkAas M3 HUX IKCIUTyaTHpOBaia
OJIMH TUTACT (PUCYHOK 3).

B sToM ucciieoBarny BoceMb 00pa3IioB M3 COBMECTHO-T00BIBaOMKX 16 06pasmnos
W3 COCENHMX OAWHOYHO-TOOBIBAIONINX CKBOKHH (mabauya 1). 1lenbio ncciaenoBaHus

HE®Tb U TA3 “a 2019. 4 (112) 91



AOBbIHA

(BT e
Izt 7ip (5305, —
525 2%/(6793) ~=o.w;;5:-,}

o
691!-"\-.—»-,&‘ ‘PJ
g
; A
A0

@®coemecTHo-a06bIBaOWM
CKBaXKMHbI XV ropusoHTa

&
PucyHok 3 — CTpyKTypHasi KapTa MeCTOpOXAeHUs Y3e|-|b M CKBaXXWUHbl,
C KOTOPbIX 0OTOOpaHbl NPOOLI He(hTU ANs reOXMMUYECKOro UccreaoBaHuUs
Tabnuuya 1 — Ucnonb3oBaHHble ANsi uccnegoBaHWs COBMECTHO-A06bIBalowWme
M OAWHOYHbIE CKBaXWUHbI
CoBMecCTHble OAVHOYHBbIe CoBMecCTHbIe OAVHOYHbIe
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I 111347 L 6548 Xl I 5 | 1162  XIll, XIV 3728 | Xl
nna nna s
Py XV 3363 XV Py 4093 | XIV
I 2 | 1411 Al 3895 X I 6 | 457 | XV, XVI 4718 | XV
nna nna 0
Py XV 8876 XV Py 9055 | XVI
I 3 1612 g 3158 X I 7 | 1462  XIll, XIV 5366 | Xl
nna nna g
by XV 676 XV Py 6793 | XIV
I 4| 1144 Il 7584 X I 8 | 1482 | XllI, X1V 3052 | Xill
nna nna ,
Py XV 2078 XIV by 5412 | XIV

OBUIO KOJIMYECTBEHHOE paclpeiesieHue J00bIYM U3 JIBYX NPOAYKTHBHBIX TOPU30HTOB
HCCIIEAYEMBIX CKBa)XKHH B IIPOLIEHTHBIX COAEPIKAHUAX.
Kak BUIHO 13 cXeMBI PacMoNIOKEHHs CKBAXKHH, C KOTOPBIX OBUTH OTOOpaHbI MPOOBI
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HePTH (pucyHox 3), BCe IOABEP>KEHHBIEC BO3ACHCTBHIO CKBRKMHBI PACIIOIOKEHBI OJTU3KO
JIPYT K IPYTY, B OJJHOM CTPYKTYPHOM OJIOKE.

METOJO0JIOTI' U U PE3YJIBTATbBI

Metoponorus 1aHHOTO T€OXMMHYECKOTO HCCIEIOBAHMS COAEPIKUT 3 MOCIE0Ba-
TEJILHBIX dTala (PUCYHOK 4): TabOPaTOPHBINA IKCIIEPUMEHT, HHCTPYMEHTAILHBIN aHAIN3
Y MHTEPIIPETAITNS JAaHHBIX Ha IMporpaMMHOM obecrieueHnu Malcom. 24 obpa3siia crIpoii
He(TH ObUTH cOOpaHBI B CTEKIITHHBIE OYTHUIKH U3 YCThS CKBAXKUHBI IPU aTMOC(HEPHOM
nasneHnd. BHocumble dpakunu 16 00pa3oB KOHEYHBIX COCOUHEHUH OB M3MEPEHBI
M0 Macce W UCKYyCCTBEHHO CMeMIaHbl B mponopuusix 75-25%, 50-50% u 90-10% [9].
B kauecTBe BXOAHBIX MapaMeTpoOB JJIsi pacyeTa HEOOXOAWMBI XpoMarorpadpuuecKue
JIaHHBIE 00pa3IOB KOHEYHBIX COCIWHECHHM, COBMECTHO-TOOBIBAEMBIX OOpAa3IlOB U W3-
BECTHBIX cMecei (pucyHok 4). To ecTs, Macca Macna A ObLiIa B35iTa, CMEIIaHA C MAaCIIOM
B B Brimeykazansabix nponopuusix. Camu Hegtu A u B 6pumn nipunsTe! 3a 100% u 0%,
COOTBEeTCTBEHHO. KOHEuHBIe COeTUHEHNSI U COBMECTHO-J0OBIBaeMble 00pa3ipl ObUIN
ucnons3oBanbl Ha LTM-GC ans KJ1acTepHOTO aHallu3a, B TO BpeMs Kak Bce 00pasibl
OBUIM TIPOBEZICHBI Ha Ta30BOi xpoMarorpaduu Beicokoro paspemienus (HRGC) mist xo-
JTUICCTBEHHOTO PaCIpe/IeIICHIS COBMECTHON JOOBIUN (pucynru 4 u 5).

ITo pesymbraram razoxkuakoctHoit xpomarorpadpun (HRGC) moxHO ompenennuts
COCTaB M XapakTep pacIpe/ieiecH!s] aIKaHOB HOPMAaJbHOTO M M30MPEHOUIHOTO CTpOe-
HUSL (puUcyHoK 5), B TO BpeMs KakK MO pe3ylbTaTaM HU3KO TepMabHOW Xpomarorpadu-
u(LTM-GC) moxxHO onpeaennuTs 12 apoMaTHuecKuX KOMIIOHEHTOB (aJIKHIOCH3MHOB) Ha
MOJICKYIIIPHOM YPOBHE (PUCYHOK ).

. Koueunoe CoemectHo - WckyccTeeHHas
. NaBoparopHeIi COEAMHBHNE NoBeBaEMbI EMECH
IKCNEPHUMEHT 3 3
s HewaegecTHan WapecTHan
CMECH CMECE
I, hd \ <
WHCTpYMeHTanLHBIMA
daHanu3i
4 . 2
KnactepHelid aHanua OueHxa pacnpegeneHun
1. I. 3se3nHble guarpaMmMbl |. MHaekcauna
WHTepnpetaums II. Dengporpammsl Bapaa Il. OBpaboTka aHHBX
OAaHHBIX Ha 2 A
rID Malcom BuayaneHan Npopepka coCTapos KonqecTeeHHOE pacnpeaenaHue
KOHEHBE COGAMMCHAR, CODMBCTHD = AO6LMA COBMBCTHO -
Oolusaemolx 0GpaILOE O0G BN CRBANNH

PUCyHOK 4 — Cxema MeTOANKN npoBsegeHuA nccnefoBaHui
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PucyHok 5 — XpomaTtorpammbl HRGC u LTMGC npegctaBuTeNnbHON NPOOLI KOHEYHOTO
coeUHEeHUs U3 CKBaXuHbI 1612 U pesynksTaThl 3B€34HON AUarpamMmbi

Tak kak HETh MECTOPOKICHUS Y3CHb SBIISCTCS TSKEIOW U BI3KOM, JICTYYHUE YIIIe-
Bomopo/el B npeaenax C8-C10 mpencTarieHbl B MasbIX KOJu4ecTBax. BrnoOaBok 3tu
KOMITOHEHTHI MTOIBEPTar0TCs NCIIAPEHHIO TIPY MaJIeHIIIeM KOHTaKTe ¢ BO3ayXoM. [loaTomy
aHanm3 1 GUHTEPIPUTHHT B TaHHOM CTyJae 0O4eHb TOHKOe /ieno. [{eneBbie apomarnueckue
KOMITOHEHTHI HE BBISIBIIIM CYIIIECTBEHHBIX PA3IMYUil B UHTEPIIPUHTAX, [I03TOMY OBLIO
PEIICHO UCTIOJIb30BaTh BCE KOMIIOHEHTHI B COCTaBe He(hTel. AHAJIOTUYHO JJ1 TOPH30HTA
X1V ObuIH onipeieicHbl COOTHOIICHHUS 12 apoMaTHYeCKUX KOMIIOHEHTOR JJ1s BBISIBIICHUS
«oTreyarkay ropuzoHTa. OIHaKo, Kak BUAHO Ha rpaduke (pucyHok 6), B mpeaeiiax 3Toro
T1acTa HEMHOTO OOJbIIIe pa3IHYrii B KOMIIOHEHTaxX. Pasnuans MUHUMaIbHBI, TaK Kak
pasHuLa B koMnoHeHTax He Oonee 0.2 (ock Y). Pesynbrarsl 38e31H0# quarpammsl LTM
OBUTH MCIIOJB30BAHBI JIJIS TIPOBEPKH HAJAC)KHOCTH KOHEYHBIX COCIUHEHHA U 00pa3IoB
He()TH U3 COBMECTHO-I00BIBAIOIINX CKBAKHH.
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PucyHok 6 — CpaBHeHMe cocTaBoB 06pa3LoB HedTu n3 ropusonToB Xl n XIV

BbL1 poBeieH BU3yaIbHBIN MPOCMOTP BeeX 00Pa3loB B BHJE 3BE3IHBIX JHAIPAMM
(pucyHok 7), 1o COOTHOIIEHUSIM apoMarndeckux komrmoHeHToB Ha LTM-GC (pucyrox 5).
Kak BugHO Ha pucyuke 7, npoba 1347, sBnstomasics COBMECTHO-T0OBIBAEMOH, JCHCTBU-
TEJIBHO MPECTABICHA KaK CMECh IBYyX P00 — 3363 u 6548. Ee TpeH 1 IKHUT ocepeiuHe
IIByX KpaHUX coequHeHuH u mpuoamxeH Kk 6548 (XIII ropu3oHT).
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OnHaxko Hemb3s cKa3aTh ToXkKe camoe po rpymmy 2. 3aech 1411 He nonagaet B IMMUTHI
CBOMX KpalfHUX COeMHEHUH. DTO MOXKET 03HauaTh cienytoee: 1) kpaitHiue coeiMHEeHUs
HE SIBIISIIOTCS OJJMHOYHO-TOOBIBAIOIIMMHI H CAMH IPEJCTaBICHBI CMECHIO; 2) UMEIOTCS
neperoku u3 pesepryapa XIII B pezepByap XIV, pesepByapbl HE U30JUPOBAHBI APYT OT
Ipyra 1 MEeKAY HUMH €CTh TUIPOINHAMUYECKAs CBSI3b.

HenaporpaMma Takke mokasbiBaeT, yTo oopazen Ne 1411 npencrasisiet coboii oqHy
rpynmy. ['paduk rpynmsl 3 Takxke NOKa3bIBAET, YTO COBMECTHO-T00BIBAIOIIAS CKBAKUHA
1612 nonazmaet B IMMHUT CBOUX KpalHUX coeAnHeHHH. [10 3THM rpadukaM Takke MOKHO
BH3YaJIbHO OIIEHHUTD, K KAKOMY KpalHEMy COeIMHEHHIO MPUOIIKEeHa COBMECTHO-T00bI-
BAIOILAsl CKBAYKUHA.

B rpymnme 4 u3ygaemsrit oopazen 1144 Bu3yabHO IpUOMIKEH K KpalHEMY COEIH-
Heruto 2078 (XIV ropuszoHT). B rpynme 5 ycTaHOBUTH BU3yaIbHOE CXOACTBO CIOKHEMH,
HO OTYETIIUBO BUJIHO, YTO U3yUyaeMbIii o0paser 1162 sBiseTcs CMEChIO IBYX COSIUHEHHI
noutu 50% Ha 50%.

B rpymmie 6 (pucyrox 7) naxe 6e3 pacueTHBIX TapaMeTPOB HaOIIOmaeTCs, 9To M0ObIa
uaeT B ocHOBHOM ¢ X VI ropr3oHTa, Tak Kak U3y4eHHBIH 00pa3er COBMECTHO-T00BITOM
HedTH 457 HanboIIee MOX0XK Ha OMMHOYHBIH 00pazer 9055. AHanOruyHO rpyIna 7— BKIa
MPOAYKTUBHOTO Topu30HTa XIV B 100Ky COBMECTHO-IOOBIBAIONICH CKBaXHUHBI 1462
MaKCHMaJleH 1o cpaBHeHHIo ¢ ropu3oHToM XIII. D10 ycraHoBNIEHO myTeM cxokecT 1462
1 6793 — oHM NIpaKTHYECKH UACHTHYHBL. Y HaKOHeI, AJIs TPYMIIbl 8 TakKe XapakTepeH
OIMHAKOBEIN TpeH I I cMemanHoro oopasia 1482 u oguHOuHOTO 5412, [ToaTOMY MOYKHO
YTBEP)KAATh, YTO BK1IaJ] ropu3oHTa XIV B 1anHoM cityyae npesaiupyet. [logsons utor
BH3yaJIbHOMY NPOCMOTPY 3BE3AHBIX AUArPaMM, MOKHO CJIENATh BBIBOJI, YTO TOJIBKO TPH

Nel Ne 2 Ne 3
e —1411 || —1612
—1347 — 8876 Y| —676
—6548 — 3895 /) —3158
No 4 Ne 5 Ne &

\\ —758¢ |/

) ) —1144 |/ || —1162 —457

'/ —2078 | —4093 —9055
—3728 —4713

Ne 7 No 8
—6 — 5412
— 5366, — 3552
—14 — 1482

PucyHok 7 — 3Be3aHble AnarpamMmmbl 006pasLoB
No COOTHOLLEHUAM apoMaTUYECKNX KOMMOHEHTOB
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cMemanHbIx oopasna 1347, 1612 u 457 u3 Tpex rpynin (COOTBETCTBEHHO 1,3 1 6) MOTYT
OBITh IPE/ICTABIICHBI B BUJIE CMECEH COOTBETCTBYIOIINX KOHEUHBIX COCIMHEHNH, TOCKOIb-
Ky WX 3HAU€HHUs] OTHOUICHWH JIEKaT B CEpelMHE T€X U3 HHUX, KOTOPHIE COOTBETCTBYIOT
KOHEYHBIM COEIHHEHUSM.

Hennporpamma Yopzaa Obuia creHepupoBaHa NporpaMMHbBIM oOecrieueHrneM Malcom
Ha OCHOBe 12 apoMaTHYeCKHX COOTHOLIECHUH (pucyrok §). Takoe BU3yanbHOE IPEICTaB-
JICHVE JaHHBIX KOPPEJSLUH OKA3bIBAET, YTO COCTaB HEYTH U3MEHSETCSA B 3aBUCUMOCTH
KaK OT MECTOTIOJIOKEeHUS, TAK M OT ropru3oHTa. Hampumep, o6pasis (5366, 3895 u 3552),
nosrydeHHsle ¢ ropu3oHnTa XIII B ceBepo-3anagHON 4aCTH MECTOPOKICHUS, UMEIOT UJICH-
TUYHBIA COCTaB, HECMOTPS Ha TEKTOHWYECKHE HapyIIEHUs] MeX 1y HUMHU. [Ipo0sI ¢ Toro
K€ TOPU30HTA B FOT0-BOCTOYHOM YaCTH MECTOPOXKIECHUS JAIOT CBOIO OTAEIBHYIO IPYIIILY.

Ouenka cmewianHo20 nNPoOU3600CMEa HA OCHO6E MAMEMAMUYECKO20 paciema
1a00pamopHbIX OAGHHBIX CMEWIUEAHUA HA NPOPAMMHOM odecneuenuu Malcom

®DyHKIMS OLICHKH PaclpelleiCHUs COBMECTHOM 004 B Malcom comepkuT /Ba
IOCIIeI0BATENbHBIX MpoLecca: HHAEKcalusa U 00paboTka naHHBIX. MHAekcanus onpe-
JensieTcs KaKk MACHTU(HUKALUSA U MHTETPaLus TMKOB U CpaBHEHUs (pucynok 9). Jlns
MOZICYeTa MapaMeTPOB HCIIOIB30BaATIACk BCA XpOMaTorpaMMa He()TH OT JIETKHX J10 TSKETIBIX
¢pakuuii. [Tuku, ucnons3oBaHHbIE U pacueTa, 0003HaYeHBl HA XpOMarorpaMmax Ha
npumMepe rpynnsl 2. MenonszoBanuck Bece nmuku or Co6 no C30, BKiIIoYast U30MPEHOUIBI
Y apOMaTHIECKUe (PUCYHOK 9).

Uzen-5412-100V
' Uzen- 1462 1IRHIUEY
® Uzen-6T93-1700
* Uizen-3363- 100V
Uren-1411- 1001150
BaTe-100V
Uzen-4713-10V
Uzen- 1482 100I0E0
Uizen-J052- 10011
Uzen-5366-10001
Uzen 389510011
* Uzen-1162- 1700V
L8 Uzen-2078-100V
B uren-3158-1000
# uren=1144=1/XILXN
& % Uzen-2055- 1781
Uzen-4083- 150
8 Uzen-6T6- 100V
& 13710V
L8 Uzena57-1000000
Uzen-E548- 1001
Uzen-TES4- 1001
——" Uzen-1642-17001L050V
Uzen-3728-1001

PucyHok 8 — flengporpamma Yopaa Ansi BU3yanbHOro cpaBHeHUsl COCTaBoOB 06pasLoB
no apomaTMyeckum KOMMOHEHTaM
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i ® '4:' Sianal - uzen-1612dat Front Ssanal 1 Unknown mixture 1
o & ]’cammfngfedsnmpfej
"= RARRE ﬁ g E g

End-member 2
EE_ " o EEEEE_HE_ EEitiEEEEEEH#EHE

a3y8purdy |

PucyHok 9 — NpumepuHAeKcaLMm UHTErPMPOBaHHbIX MUKOB XpoMaTtorpammbl HRGC
B nporpaMMHoOM o6ecneyeHun Malcom

3areM AaHHbIC MHIACKCAIMH 3arpyKaroTcs Uisi 00pabOTKH, KOTOpas COCTOHUT W3
YeThIpex MOoceNoBaTeNbHbIX MaroB (pucyrok 10). TlepBbIM 3TanoM SIBISETCS BBIOOD
MAaTpPHIIbL, TJIe MaTPHIIA OTHOIICHHH OIyCKAETCSl B MACTEP M OTMPENENSIETCS KOIMUECTBO
KOHEYHBIX COCJIMHEHUH, cMecell KOHEUHBIX 3JIEMEHTOB (M3BECTHBIX Kak JabopaTropHbIe
CMECH) U HEM3BECTHBIX cMecel (M3BECTHBIX KaK CMEIIaHHbIe 00pa3kbl).

Ha Bropom sTane (arpulyuus aHanu3a) HEOOXOAUMO yKa3aTb, Kakue oOpasipbl sB-
JSIFOTCS. KOHEYHBIMH, HEM3BECTHBHIMU M M3BECTHBIMU cMecsiMHu. Ha crnemyromem srtarme
TpeOyeTcs cOCTaB KaKIOW J1a00paTOpHON CMECH, MCXOJS U3 TOTO, YTO HEU3BECTHBIN
COCTaB CMECH PaCCUMTHIBACTCSI Ha 4-M dTarie.

B mabnuye 2 npencraieHbl pe3yabTaThl KOMIUUECTBEHHOTO PACTIPECIICHHS COBMECT-
HO-z00bIBatolux ckBaxkud 110 MAlcom.
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'5=" Staﬂtufchnm:ala:tlnn

Step 2 of 4: Analyses attribution

Praks rralim Anabys
& ‘ Dereup J Allpcateon = 'rp!
B Uzen-1612 Unknown mixture 1
I e ol Uzen-3158 end-member 1
T iz:j|Uzen-676 end-member 2
T Er1[2158-676_50-50% known mixture 1
3158-676 70-30% known mixture 2

’ Step 3 of 4: Known mixture 4m Step 4 of 4: Unknown mixture
compasition q . composition H

H
Uzen-3158Uzen-676|

Uzen-3158 Uzen-676 QR

lknown mixture 1| 50.00 | 50.00
Lknnwn mixture 2|  7p.00 | 30.00

|Uzen-1612 37.00 63.00 3.04
EIEE-E?E_SHO% 50.00 50.00 2.02
158-676 70-30% 70.00 30.00 3,33

PucyHok 10 — O6paboTka [aHHbIX A OLieHKM COBMECTHO-A00bIBaloLLEel CKBaXUHbI

Ha nporpamMMHom o6ecneveHnn Malcom

Tabnuya 2 — Pesynksratbl 10 Malcom no konuyecTBeHHOMY pacnpeneneHuto
nccnenooBaHHbIX COBMeCTHO-AOGbIBaIOUJ,VIX CKBaXXWH

— CoBMecCTHbIe OAWHOYHBIe Pesynurathi 3HayeHUs
p¥|0 1 Paspa- KONUYECTBEHHOro oWmnBoK
pacnpese- Me°'a GaTbl- Ne Paspaba- = pacnpefeneHus — maTema-
NeHuto cm_ra- BaemMble | cocen | TbiBaeMbili | COBMECTHO-AO- TUYECKNX 3
AOGI:I‘-WI ropu3oH- CKB. FOPU3OHT 6bIBaIOI.L|MX BbIYUCJIEHUU
il Thi CKBaXWH (IQR)
6548 Xl 54%
Mpynna1 | 1347 | XIIl, XIV ° 3,3%
3363 XIV 46%
3895 Xl 21%
r 2 1411 | XL, XIV 11,1%
pynna 8876 XIV 79% °
fpymna3 | 1612 XIL XV o108 Xl S7% 3,0%
Py ’ 676 XIV 63% g
7584 Xl 21%
Mpynna4 1144 XILXV - - v = 5,2%
3728 Xl 19%
r 5 1162 | X, XIV 10,7%
pynna 4093 XIV 81% °
r 6  as7 | xvxv 13 XV 1% 3,1%
nna g )
Py 9055 XV 89% °
5366 Xl 37%
Mpynma7 | 1462 | XIll, XIV 6,7%
pynn 6793 XIV 63% °
M 8 1482 | XULXV 202 Xl 33% 5,9%
nna 9 ;
Py 5412 XIV 67% °
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3AKJIIOYEHUE

[IpeameToM BBIMOIIHEHHOTO MCCIEA0BaHMs ObUTH BOoceMb 00pa3ioB HE(TH U3 CO-
BMECTHO-IOOBIBAIOIINX CKBAYKHMH U 16 00pa31ioB MOTEHIIMATBHBIX KOHEYHBIX COCTMHEHHN
Ha MECTOPOXKICHNHU Y3eHb. Llenpio uccnenoBanms ABISAETCS OIEHKAa KOJIUYECTBEHHOTO
pacrpeneseHnss COBMECTHON JTOOBIYM B BOCBMH CKBa)KMHAX C MCIOJIH30BAHMEM ITaKeTa
porpaMMHoOro obecriedeHnss Malcom, B KOTOpOM B Ka4e€CTBE BXOJHBIX TAPaMETPOB IS
pacdera HCIONb3YIOTCS XpoMaTorpaduuecKie JaHHbIe KpailHUX COSAMHEHNH, COBMECTHO
JI0OBIBaeMbIX HE(TESH U U3BECTHBIX cMeceil. [Jig co3Manus M3BECTHBIX CMECEH KaXIbIe
JIBa KOHEYHBIX COEIMHEHUS M3MEpSIINCh MO0 Macce M MCKYCCTBEHHO CMEUIMBAINCH B
nponopisix 70-30%, 50-50% u 90—-10%. Koneunsie coennHeHMs 1 00pa3Ibl COBMECT-
HO-moOBIBacMoi HeTn mpoaHaauzupoBadbl LTM-GC s mpoBeaeHHS KIIaCTEPHOTO
aHaJM3a, B TO BpeMs Kak JUIsl BceX 00pa3IioB Oblia pOBeJIeHa Ta30Basi XpoMarorpadus
Beicokoro paspeuieans (HRGC) B mensx oneHKH KOJIMYECTBEHHOTO PacIpeesICHUs
COBMECTHOM JOOBIYH.

BusyanapHBIE OCMOTp 3BE3AHBIX AWArPaMM IMOKa3ajl, YTO TOJIBKO TPH COBMECTHO
nmobpiBaeMbIX obpasma 1347, 1612 u 457 u3 Tpex rpymm (1, 3 U 6, COOTBETCTBEHHO)
JIEHCTBUTEIHHO MOTYT OBITh MPECTABICHBI B BUIE CMECEH MX COOTBETCTBYIOIIUX KO-
HEUYHBIX COEMHEHUM, IOCKOIbKY UX 3HAYEHHSI COOTHOLIEHHS HAXOAATCS B IMMUTE CBOUX
KOHEYHBIX COETUHEHNH.

AHanm3 IeHApOrpaMMBbl IOKA3bIBAET, YTO COCTAB HEPTH MEHSIETCS B 3aBUCIMOCTH OT
MECTOMNOJIMKEHHS ¥ ropu3oHTa. Hanpumep, 06pasiibl (5366, 3895 u 3552), monydeHHbIE ¢
ropuzonTa XIII B ceBepo-3anaiHON YaCTH MECTOPOXKICHU S, UMEIOT UICHTUYHBINA COCTAaB,
HECMOTPS Ha TEKTOHWYECKUE HapymeHust Mexay HuUMH. [IpoOsI ¢ Toro sxe Topu3oHTa B
IOT0-BOCTOYHOM YaCTH MECTOPOXKIECHHS CO3JAI0T CBOIO OTAEIBbHYIO IpymiTy. Pe3ynsrarsl,
MOJTY4EHHBIE C IOMOIIBIO MPOTPAMMHOTO 00eCTIeUeHHsI, TOKa3aJIH, YTO B HCCIICAOBAHUSIX
pactpeneneHus ropu3oHT X1V sBiseTcs TOMUHUPYIOMINUM BKIa9ukoM (63—89%) B mOTOK
JIOOBIYM BO BCEX COBMECTHO JOOBIBAIOIIMX CKBa)KMHAX, 3a uckiroueHueM Ne 1347. On-
HAKO TOJIEKO TpH rpynisl pacupeaenenns (1, 3 u 6) mokasany HA3KUE 3HaYeHUS OIIHOOK
MareMaTHueckux BbruucineHnii (3Hauenue IQR <5%), uro coracyercs ¢ pe3yasraramMmu
3Be31HON AuarpamMMsbl. VIcXoas U3 3TOro, Mbl CYMTAEM, YTO pacrpeesieHre JOObIYU Mo
mporpaMMHOMY oOecrnieueHnio Malcom MOXeT OBbITh HaJICXKHBIM, €CJTU 3HAYCHHSI OIIIMOOK
MaTeMaTH4YeCKUX BBIYMCIICHUH COCTABISAIOT MeHee 5%.

Bovinonnennoe namu ucciedosanue moxcem npeocmasums HAyYHy0 0CHOGY 0
MOHUMOPUH2A RPOU3EO0CHIEA, NOOXOOUM 014 C/IYUAA cCMeuleHus Hedpmeil npu 0gyx-
CNOUHOU pazpabomie 00HOI CKEANCUHOII.

ABTOpHI BhIpaXaroT Oonbiyto OnaronapHocte M.H. Kypboanoaegy — mupexTopy
«KMI" Unxunupunar» «KacnuiiMyHaiirasy, 3a KOJI0CCAIBHYIO TIOJJICPKKY B HAYIHO-HUC-
CJIEZIOBaTENILCKUX pabdoTaX BHYTPH HHCTUTYTa. Takyke aBTOpPHI TIyOOKO OnaroiapHsI
JI. Bapnwvioaesoii, A. /locmyxamoemosy n A. Jlamunoeoii 3a COCTaBJICHAC NCKYCCTBEHHBIX
7a00paTOPHBIX cMecel 00pa3oB KOHEYHBIX coenuHeHu. €
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'«KMG Engineering» «Caspimmunaygasy,
Republic of Kazakhstan, 060011, Atyrau, st. Zharbosynova, 89 A

2JSC «Ozenmunaygas»
Republic of Kazakhstan, 130200, Zhanaozen city, Satpaevstr, 3

This paper presents a case study of using fingerprinting technology for 24 crude oil samples
(16 end members, 8 commingled well samplesaccording to the customer data) on Malcom
(Schlumberger) software after artificial lab mixtures to assess the quantitative allocation of
commingled production from 8 wells in Uzen field. The significance of this study lies in the
fact that this method is novel to the domestic subsoil holders as it’s being used first time in
Kazakhstan and it’s hundreds of times cheaper than conventional PLT analysis.

Presence of all peaks on HRGC chromatograms of all oil samples indicated that samples
are suitable for this study. Contributing fractions of each two end member samples were
measured by weight and artificially mixed in proportions of 70-30%, 50—50% and 90-10% to
create known mixtures. HRGC peaks reflecting compositional differences in the end member
oils, in various artificial mixtures of the end member oils and in the commingled oils were
integrated on Malcom(Schlumberger) software for assessment of production allocation of
commingled wells. The results obtained from the software indicated that in majority allocation
studies the horizon/pay zone XlV is the dominant contributor (63—89%) to the production stream
in all commingled wells except Ne 1347. The results obtained from the software indicated that
in majority allocation studies the horizon/pay zone XIV is the dominant contributor (63—-89%)
to the production stream in all commingled wells except 1347. However, only 3 allocation
groups(1,3 and 6) showed low values of mathematical calculation errors(<56% IQR value) which
is consistent with the star diagram results. Based on this, we believe that Malcom software
production allocation can be reliable if the IQR value is less than 5%.

KEY WORDS: allocation, commingled well, end-members, fingerprinting, Malcom
software.

©3EH KEH OPHbIHAAA TEOXUMUSJIbIK3EPTTEYAL
KOJIAAHbIN,KOC ©HIMAI ¥HFbIMAJIAPAAFbl M¥YHAUDI
CAHABIKYJIECTIPY

E.LU. CEUTXA3UEB"™, «KMI" UxuHnpuHr» «KacnuiimyHaiiras» Tay-XbiHbICbl, Cy XXoHe MyHanabl
reoXUMMAIbIK 3epTTey 3epTXaHacblHbIH MEHrepyLUIC

.[. ENTAN', «KMI" UxuHnpuHr» «KacnuitMyHairas» Tay-KbiHbIChI, Cy %8He MyHaiiabl reoxumm-
AnNbIK 3epTTEY 3epTXaHaCbIHbIH, XXETEKLLi MHXeHepi

LL.C. NAHIEPEEBA?, AO «©3eHMyHalras» 6ac QupekTopbIHbIH reonorusi 6ombiHWa opbiHOGacapbl
H.O. CAPCEHBEKOB', «KacnuiimyHairas» 3epTtxaHanblk 3epTreynep GovbiHwa GackapyLubl
anpektopbl — « KMI™ HoxuHMpuHry ATbipaygarsl oununanbl

"«KMI™ UHxunHupuHr» «KacnuimyHairasy,
KasakctaH Pecnybnukackl, 060011, ATbipay kanacel, XXap6ocbiHoBkeLueci, 89 A

2«©3eHmyHairas» AK,
KasakctaHPecny6nukackl, 130200, YKaHaeseHkanackl, CaTtnaeskeLueci, 3-wwi yn

byn makanada ©3eH keH opHbIHOarbl 8 yHFbiMada Koc eHiMOi caHObIK yrnecmipy makcambsiHOa
Malcom npozpammacsiHOa 24 wiuki myHal yneiciHe ¢ouHaeprpuUHMmMuUHe MexHOI02USICbIH KOndaHy-
ObIH Kelticmi 3epmmeyi YCbiHbIFaH. Amanmbiu 3epmmey XyMbICbIHbIH MaHbI30blIrbifbl-0y 80icmiH
KasakcmaHOa myHfbiw pem KondaHbIrn xamkaHbiHa balnaHbicmbl 0maHObIK Xep KoUHaybIH nat-
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OanaHywbinapra xaHa 6onybi xoHe PLT aHanu3depiHeH xy30ezeH ece ap3aH 6onybiHOa.HRGC
XpomamoepammarapbiHOarbl 6aprbik nukmepdiH 6ap 605ybi- MyHalinapdbiH 3epmmey XyMbIChbI-
Ha xapamObinbifblH kKepcemedi. bip wekmik myHalnap 6ip-6ipimeH 70%—30%, 50%—50% xoHe
90%—10% xacaHObl mypde apanacmbipblniobl. }KacaHOb! mypde apanackaH MyHaulnapobiH, 0apa
WorbIpribl MyHalinapdbiH XoHe KOC 6HIMOI YHFbIManap0aH arnbiHFaH MyHalnapobiH KypamoapbiHOarbl
alibipmawbinibikmapdbl kepcememid HRGC nukmepi Malcom (Schlumberger) npozpammacsiHOa
KoC eHiMOi caHObIK ynecmipy makcambiHOa uHmeepayusinaHobl. [TpoepammadaH anbiHFaH Hamu-
xenep, Ne 1347 yHrbicbiHaH 6acka caHObIK ynecmipy 6olibiHwa 3epmmeydiH 6ackimM KenwirieiHoe
XIV 2opuzoHm 6apribiK KOC eHiMOi yHFbIManapOarb! eHiM arbiMbiHa Heeisei yrnec(63—89%) kocwin
ombIpraHbIiH Kepcemmi. Anatida, Xynobi30blK duaspammanapObiH HOMUXenepiMeH Ccolikec Ke-
nemid mek 3 mon(1,3 u 6) kaHa Mamemamukaribik ecennmey KamesnikmepiHiH(IQR moHi <56%) eH
mewmeHai MmoHOepiH 6epdi. OcbiraH calikec, Malcom npozpammacsi 6olbiHWa KOC 6HIMOI caHObIK
yriecmipy ceHimOi 60mybl MyMKIH, e2ep MamemMamukarnbiK ecenimey Kamernikmepi 5%0aH memeH
borniraH xardatioa.

HETI3r CO3[QEP: caHObIK yriecmipy, KOoc 6HiMOI yHFbiMa, 0apa Wworblpribl MyHal, ghuHaep-
npuHmuHe, Malcom npozpammacsi.

KOJINMECTBEHHOE PACNPEAEJIEHUE HE®TU COBMECTHO
AOBbIBAIOLWNX CKBAXXWUH HA MECTOPOXXAEHUN Y3EHb
C UCNoJib30BAHUEM NIEEOXMMNYECKUX UCCJNIEAOBAHUN

E.lLl. CEUTXA3UEB™, 3aBeayroLLmMi nabopaTopuei reOXMMMYECKUX ccrnegoBaHnii HedbTn, Boabl
1 nopodbl «KMI™ HXMHUPUHT»

r.r. ENTAN", BeayLwumin nHxeHep nabopaTtopuii reoOXMMUYECKUX UCCNeaoBaHuin HedbTn, Bodbl 1
nopoabl «KMI™ HXUHUPUHT»

LL.C. MAHTEPEEBA?, 3amecTuTenb reHepanbHoro aupektopa no reonorun AO « O3EHMYHAN-
FA3»

H.O. CAPCEHBEKOB', ynpaenstowuii gupekTop no nabopatopHbiM uccregoBaHunsam «Kacnuii-
MyHawras» — Ateipayckoro ®unuana TOO «HUW TOB «KasMyHaiila3»

TOO «KMI UxuHunpuHry «KacnuinmyHairasy,
Pecnybnuka Kasaxctan, 060011, r. Atbipay, yn. XXap6ocbkiHoBa, 89 A

2AO «O3eHmyHalras»,
Pecnybnuka KasaxctaHn, 130200, r. >KaHaoseH, yn.Catnaesa, oom 3

B daHHoOU cmambe npedcmaeneH rnpumep UCnonb308aHUS MEXHOMo2uu huHeeprpuHmuHaa
24 o6pa3yo8 cbipoli Hecbmu (16 u3 0OUHOYHBIX, 8 06pa3L08 U3 COBMECMHO-000bIBAIOULUX CKBAXUH
o GaHHbIM 3aKa3quka) Ha rnpozpamMmHom obecriedeHuu Malcom (Schlumberger) dnsi oueHKu Ko-
JNiu4ecmeeHHo20 pacrpederneHus coeMecmHol 00bbi4uU Ha 8 CK8axkuHax MecmopoX0eHUs Y3eHsb.
3Hnadumocme 3mozo uccnedosaHus 3aKIYaemcs 8 mom, 4mo OaHHbIU Memoo s16/19emcsi HO8bIM
0151 omevecmeeHHbIX HeOporiosib3o8ameriel, MOCKO/bKY OH UCTOob3yemcs srepsbie 8 Kazaxcmate
u makxe Oeweerne 8 cmo pas, Yem mpaduyUuoHHbIe aHanu3bl PLT.

Hanuuue ecex nukoe Ha xpomamoepammax HRGC ecex obpa3yos Heghmu yka3biearo Ha mo,
4mo o0bpasubl 200HbI Orisi 3mMo2o uccnedosaHusi. BHocumbie ¢hpakyuu Kaxdbix dgyx obpa3yos
u3mMepsnIu Mo Heghmu U UCKycCcmeeHHO cmewusanu 8 nporopyusix 70—-30%, 50-50% u 90-10%
011 co30aHusi onpedernieHHbIx cmecell. Nuku HRGC, ompaxkarowjue pasnudusi 8 cocmasax Heghmu,
PasnuYHbIX UCKYCCMBEHHbIX cMecel, KOHEYHbIX COeOUHEeHUl u Heghmu co cosmecmHo-00bbiea-
oWUX CKeaxkuH, bblnu uHmMeepuposaHbl 8 npozpammHoe obecrnieyeHue Malcom (Schlumberger)
Ona oyeHKu pacripedernieHusi 006bI4U 8 CO8MECMHO-000bI8aIOUUX CKBaXKUHaX. Pesynbmamesil,
ro1y4eHHbIe U3 rpo2pamMMHO20 obecrieqeHus, nokasanu, 4mo 8 bonbwuHcmee uccriedosaHul
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pacnpedeneHus eopuzoHm XIV eHocun ocHosHol eknad (63—89%) e momok 0obbi4u 80 8cex co-
8MecmHO-0006bI8alouUX CKeaXKuHax, kKpome 1347. OOHaKO mornbKo mpu epyrnrbi pacrpedeneHust
(1,3 u 6) nokasasnu HuU3Kue 3Ha4eHus1 oWUBOK MamemMmamu4YeCcKux eblqucrieHul (3Ha4eHue IQR <5%),
4mo coeriacyemcs ¢ pesyibmamamu 38e30HoU OuagpamMmbl. MIcxo0s U3 3moe2o, Mbl cyumaem, 4mo
pacripedeneHue 0obbI4U 1o rpoepammHoMy obecrieyeHuto Malcom moxem 6bimb HadexXHbIM, ecriu
3Ha4yeHue rnoepewHocmu memoda cocmasrnsgem meHee 5%.

KITIOYEBBIE CJIOBA: pacnpedeneHue, coamecmHo-00bbigarowiasi CK8axuHa, KOHeYHbIe
coeduHeHus1, puHeeprnpuHmuHe, N0 Malcom.

INTRODUCTION

Suppose the reservoir has 2 pay zones called A (lower) and B (upper). The oil sample
derived from the well exploiting single pay zone (A or B) is called «end-member» (figure
). If the sample is obtained from the well, that is exploiting two pay zones (A and B)
simultaneously, it’s called «commingled». Commingled production is the flow of fluids,
originating from two or more pay zones through the single well. If two zones were being
commingled («Zone A» and «Zone By), then, the respective contributions of zones A and
B to a commingled sample can be determined by identifying chemical differences (with
the end members being sample 1 from zone A and sample 2 from zone B [1, 2, 6, 9].

Production allocation is defined as the quantitative proportion of end members
in commingled samples. In an ideal scenario,when there are no flows in the zones, no

KomedHoe
coBOrHEHHS 1

0
i

CoBMecTHO Koneunoe
aobuieagmos coaaMHEHWe 2

9
B

pAobbiBalowan AobsiBaowan |,
CEEa®HHA CHEAMMHHA

pobuisaowan

OpHHOMHOD- CoOBMECTHO- A ‘I' O fMHOMHO-
|
I CHEaXHHa

Figure 1 — lllustration for end-member and commingled samples
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leakages in the wells and complete isolation of two different zones from each other, the
samples should be certainly distinguishable from each other. If there is no compositional
difference between the end-member samples, then the quantitative assessment of allocation
of commingled production becomes difficult.

A number of scientific research [3, 4, 5, 6 and et al.,] have been published for the
quantitative assessment of allocation of commingled production using oil geochemistry.
For instance, according to [4], two end member samples from pay zones A and C were
mixed artificially in the proportion of 80%, 60%,40% and 20% (figure 24) and run on
LTM-GC. The ratios values of obtained known mixtures lie between those of end-mem-
ber samples. For the two productive layers (A and C) under consideration, a peak ratio
(10/10+12) was used from the set of ratios (Figure 24). Based on the analysis of labora-
tory-made mixtures of A and C oil samples, analytical curve was constructed for the ratios
values as a function of their relative concentration. Plotting the value of the ratio for the
commingled oil provides a clue as to how contributions from A and C pay zones should be
allocated. In this example, 50% from A, 50% from C (figure 2B).Such geochemistry-based
allocation is far cheaper than (1% cost of PLT) and is proving to be more reliable [7, 8].

1/1+2 Iﬂw
11/11412 -
10/ 10 : e
...... e,,
o
10/ I g °
: ' 1
8+9/849+1( L
il A o 20% A [ 7159 Bl 1009
DilC 100% Bk [ 40 0% 0%

Figure 2 — Mathematical approach for allocation of commingled production

GEOLOGICAL BACKGROUND AND SAMPLING

Uzen is a complicatedly structured field crossed with a number of faults. The field
consists of more than 4000 wells, some of which are commingled. For instance, the well
1347 is commingled as it’s exploiting both XIII and XIV horizons simultaneously, while
wells 6548 and 3363 were considered as single-pay zoned due to the fact that each of them
is exploiting single pay zone (XIII and XIV horizons respectively) (figure 3).

As can be seen from the well sampling scheme (figure 3), all subjected wells are
closely located to each other, in the same structural block.In this research 8§ commingled
wells were chosen by the customer adjacent 16 end-member samples were collected (fable
1). The aim of the research was to assess the relative production from two pay zones in
given wells as percentage.
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Figure 3 — The structural map of the field with sampling wells
Table 1 — The used comingled and end-members samples in this study
Commingled End-members Commingled End-members
® T | = M o ° - @
=] o o N N o= N N > ] N N o = N N
5 St sz 5= 5% § 5§ sz ©F &%
o 2 T8 % T3 o g2 Ts < Te
X 6548 Xl 3728 Xl
Group 1 1347 , Group 5| 1162 | XllI, XIV
XIV | 3363 XV 4093 XIvV
Xl 3895 Xl 4713 XV
Group 2 | 1411 , Group 6 | 457 | XV, XVI
XIV | 8876 = XIV 9055 XVI
Xl 3158 Xl 5366 Xl
Group 3 | 1612 ) Group 7 | 1462 | XllI, XIV
XV 676 XV 6793 XV
XIII 7584 Xl 3552 Xl
Group 4 | 1144 , Group 8 | 1482 | XIlI, XIV
XIV ' 2078 XV 5412 XIV

METHODOLOGY AND RESULTS

The methodology contains 3 consequent stages: laboratory experiment, instrumental
analysis and interpretation of results on Malcom software. 24 crude oil samples (16 end
members, 8 commingled well sampleseach from 2 pay zones) were collected in glass
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bottles at the wellhead at atmospheric pressure. Contributing fractions of 16 end mem-
ber samples were measured by weight and artificially mixed in proportions of 75-25%,
50-50% and 90—-10% [9]. As input parameters the chromatographic data of end-member,
commingled and known mixture samples are required for calculation. That is, the weight
of oil A was taken, mixed with oil B in the above proportions. The oils A and B themselves
were considered as 100% and 0%, respectively. End-member and commingled samples
were run on LTM-GC for clustering analysis while all samples were run on high resolution
gas chromatography (HRGC) for assessment of quantitative allocation of commingled
production (Figure 4 and 5).

The results of high resolution gas chromatography (HRGC) are used to determine
n-alkane and isoprenoid distributions, while those of low-thermal mass gas chromatog-
raphy (LTM-GC) are used to determine 12 aromatic (alkylbenzene) peaks (figure 5).

End-member Commingled Artificial
l. L’abPratDW samples samples mixtures
experiments 3 3
» Unknown Known
mixture mixture
L
— &2
IL. Instrumental . . 0
analysis LTM-GC HRGC
¥ 2
Clustering analysis Allocation assessment
IIl. Data I.Star diagrams |.Indexation
interpretation Il Ward dendrogram II.Data processing
on Malcom + A
SRR e Quantitstive allocation
samples composition of commingled production

Figure 4 — The flow chart of adopted methodology for the research procedure

Since Uzen oil is heavy and viscous, volatile hydrocarbons within C-C, are rep-
resented in low quantities. In addition, these components experience evaporation frac-
tionation. Therefore, the analysis and fingerprinting in this case is a very difficult. As
targeted aromatic components did not reveal significant differences in fingerprints, it was
decided to use all components in the composition of oils.Similarly, for the horizon XIV,
the ratios of 12 aromatic components were determined to reveal «fingerprinting»of the
horizon. However, as can be seen from the figure 6 within this reservoir, the compositions
of samples differ slightly. The differences are small, as Y valuesareless than 0.2 (figure
6). The star diagram results of LTM were used to check the reliability of end members
and commingled samples.
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Figure 5— HRGC and LTMGC chromatograms of the representative end-member sample
from the well 1612 and fingerprinting results of star diagram
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Figure 6 — Comparison of oil samples compositions from horizons Xlll and XIV

Visual inspection of all samples as star diagrams was performed (figure 7). Their peak
integrations were presented in figure 5. As can be seen from the figure7, the sample of
commingled well 1347 is indeed represented as a mixture of two end-members samples
of wells Ne 3363 and Ne 6548 as its trend in star diagram lies in the middle of two end
members values and is close to 6548 (horizon XIII).

However, the same scenario cannot be observed for samples of group 2. Here, the
commingled well 1411 does not fall within the limits of its end-member connections. This
may mean either that extreme compounds are not correct and are themselves a mixture or
there are overflows from reservoir XIII to XIV, the reservoirs are not isolated from each
other. The dendrogramalso shows that the sample Ne 1411 constitutes one group itself.
The graph of group 3 also shows that commingled well Ne 1612 falls within the limit of
its end-members.

According to star diagram, it is also possible to visually assess to which end-member
samples the commingled well is compositionally similar.

In group 4, the studied sample 1144 is visually close to the end member sample Ne
2078 (XIV horizon). In group 5, it is more difficult to establish visual similarity, but it
is clearly seen that the studied sample 1162 is a mixture of two compounds with almost
50% to 50% proportions. In group 6 (figure 7), even without the calculated parameters,
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Figure 7 — Star diagrams for visual comparisons of samples used for allocation studies

it is observed that dominant contributor to the production stream is XVI horizon, since
the samples from commingled well Ne 457 is very similar to the end member sample Ne
9055. Similarly, in group 7 (figure 7) it is easy to observe that commingled well 1462
is exploiting mainly XIV horizon due to its similar composition to the end member
sample 6793. Finally, group 8 also has the same trend for commingled sample 1482 and
end-member sample Ne 5412. Therefore, it can be argued that the contribution of horizon
X1V prevails in this case as well. Summarizing the visual inspection of star diagrams,
it can be concluded that only 3 commingled samples 1347,1612 and 457 from 3 groups
(1,3 and 6 respectively) can be indeed represented as the mixtures of their corresponding
end-members due to the fact that their ratio values are lying in the middle of those of
their corresponding end-members.

The Ward dendrogram was generated by Malcom software based on 12 aromatic
ratios (figure 8). Such visual representation of correlation data shows that oil composition
changes depending on both locations and horizons. For instance, samples (5366,3895
and 3552) obtained from horizon XIII in north-west part of the field possess identical
composition despite the faults between them. The samples from the same horizon in the
south-east part of the field yield their own separate group.

Assessment of commingled production based on mathematical calculation of lab-
oratory mixing data on Malcom software

Production allocation function in Malcom contains 2 consequent processes: index-
ation and data processing. The indexation is defined as identification and integration of
peaks for comparison (figure 9). To calculate the parameters, the entire chromatogram of
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Figure 8 — Ward dendrogram for visual comparisons of compositions samples based on
aromatic components

oil from light to heavy fractions was used. The peaks used for the calculation are marked
on the chromatograms on the example of group 3 (figure 9).

Then the indexation data is loaded for data processing which consists of 4 consequent
steps (figure 10). The first step is matrix selection, where ratios matrix is dropped into the
wizard and the number of end-members, synthetic mixtures of end-members (known as
laboratory mixtures) and unknown mixtures (known as commingled sample) is defined.
The second step (analysis attribution) requires to fill which samples are end-members,
unknown mixture (s) and known mixture (s). The following step requires composition
of each lab mixture based on that the unknown mixture composition is calculated in the
4t gtep.

The table 2 shows the estimated results for allocation of commingled production on
Malcom software.
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Figure 9 — Indexation of integrated peaks of HRGC chromatograms in Malcom software

| Type |
| Unknown mixture 1

_: i Umﬂvﬂlﬁﬂ end-member 1

r— DI end-membar 2
w113158-676_50-50% known mixture 1

- 1 Uzen-3158 Uzen-676  IQR
mMEEImmIHZ | 3700 6300 [3.04

known mixture 1 E HI_-W 158-676_50-50% S50.00 50.00 |2.02
nown mixture 2 158-676 70-30% 70.00 30.00 | 3.33|

70,00 | 30.00

Figure 10 — Data processing for assessment of allocation of commingled production
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Table 2 — Malcom results for allocation of commingled production

Commingled Single layered
Malcom results for Error%
Groups | Wells i _NQ . allocation of com- IOR g
Ne horizons adjatlzlent horizons | ningled production (IQR)
wells
6548 Xl 54% 0
Group 1 1347 X1, XIV 3363 XIV 46% 3,3%
3895 Xl 21% 0
Group2 | 1411 X1, XIV 8876 XIV 79% 11,1%
3158 XIll 37% 0
Group 3 | 1612 X1, XIV 676 XIV 63% 3,0%
7584 Xl 21% 0
Group 4 | 1144 X1, XIV 2078 XIV 79% 5,2%
3728 Xl 19% o
Group 5 | 1162 XM, XIV 4093 XIV 81% 10,7%
4713 XV 11% o
Group 6 457 XV, XVI 9055 XV 89% 3,1%
5366 X 37% o
Group7 | 1462 X1, XIV 6793 XIV 63% 6,7%
G 8 | 1482 X1, XIV 3552 X 33% 5,9%
roup ’ 5412 XIV 67% w7
CONCLUSION

The subjects of this research studies were 8 commingled samples and 16 potential end
member samples from Uzen field. The aim was to allocate commingled production of 8
samples using Malcom software package, where the chromatographic data of end-member,
commingled and known mixture samples are required as input parameters for calculation.
To create known mixtures each two end-members were measured by weight and artificially
mixed in proportions of 75%, 50% and 10%.End-member and commingled samples were
run on LTM-GC in duplicate for clustering analysis while all samples were run on high
resolution gas chromatography (HRGC) for quantitative allocation of commingled pro-
duction.The visual inspection of star diagrams showed that only 3 commingled samples
1347,1612 and 457 from 3 groups (1,3 and 6 respectively) can be indeed represented as
the mixtures of their corresponding end-members due to the fact that their ratio values
are lying in the middle of those of their corresponding end-members.Dendrogram anal-
ysisshows that oil composition changes depending on both locations and horizons. For
instance, samples (5366,3895 and 3552) obtained from horizon XIII in the north-west part
of the field possess identical composition despite the faults between them. The samples
from the same horizon in the south-east part of the field yield their own separate group.
The results obtained from the software indicated that in majority allocation studies the
horizon/pay zone XIV is the dominant contributor (63—-89%) to the production stream
in all commingled wells except Ne 1347 . However, only 3 allocation groups (1,3 and 6)
showed low values of mathematical calculation errors (<5% IQR value) which is consistent
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with the star diagram results. Based on this, we believe that Malcom software production
allocation can be reliable if the IQR value is less than 5%.

This research can provide scientific basis for monitoring production and is suitable
for the case of two layer commingled well.
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