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cTaTbe Ha NpuMepe KapadaraHakckoro u his article will look at the examples of the

ByKTbITbCKOrO HE(PTEra30KOHAEHCATHbIX Karachaganak and Vuktyl oil and gas-condensate
mMecTopoxxaeHnn (HI'KM) paccMoTpeHbl 0COOEHHOCTb fields, reviewing the specific findings of how to determine
1 pesynbTaThl ONPeaeneHns ra30KOHOEHCATHBIX the gas and condensate characteristics in hydrocarbon
xapakTepncTK (TKX) Ha MECTOPOXKAEHMSAX fields with high net reservoir thickness, and namely, the
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yrnesogoponos (YB) ¢ 6060 3hheKTUBHOM TOMLIEN,
a MMEHHO: KOMMOHEHTHOIO COCTaBa NaacToBOro

rasa, noTeHuuanbHoro cogepxxarna YB C, , puanko-
XNMUYECKNX CBOWNCTB KOHAeHcaTa (M10THOCTY,
MOJIEKYJISIPHOM Maccebl), PV T-xapakTeprcTiK NaacToBOro
rasa, MPOrHO3HbIX 3aBUCMMOCTEN MOTEHLMASIBHOIO
cofepxxaHus YB G, npu CHXXeHNUM Ni1acToBOro
nasnenHus. lNokasaHo, YTo 3aexb KapayaraHakckoro
HI'KM gBrsieTcs KNnacCuYeCcKMm npUMepoM TOoro, Kak
BIMSIHVE CWJT FPaBUTaLIMN MPUBOOUT K CYLLIECTBEHHOMY
N3MeHeHUIo cocTara 1 apyrix KX no TonuimHe
3anexu. Hambonee BbipaxkeHa anddepeHumaums no
YB C,,. KoHueHTpauus rpynnbl YB C,, yBesmymBaeTtcs

¢ raybuHom (83700...5200 M) B 3 1 bonee pas. Takxke
YyBEIMYMBAKOTCS MIOTHOCTb 1 MOMEKYISipHas Macca
KOoHAOeHcaTa.

B cTatbe 13noxeHbl ABa METOAA PacHeTa N3MEHEHNS
KOMMOHEHTHOIO COCcTaBa Mo riyoburHe 3a/1exu,
npenioxkeHHble: oavH - B.M. MNepenennyeHko;

apyron - A.V. Bpycunosckum 1 O.KO. BaTannHbim,
KOTOPbIE OCHOBBIBA/IMCH Ha CTPOIX COOTHOLLEHUSAX
TEPMOOMHAMUKM N KOHKPETHOM Y4eTE peasibHbIX
CBOVCTB (h/tovaoB. [Moka3aHo, YTO pacyeTHbIE 3HAYEHNS
iaMeHeHns copepxanng YB G, no rnybrHe sanexu
HECKOJTbKO OTIMYar0TCA OT (DaKTUHECKIX, YTO, OHEBUAHO,
CBSA32HO C MCMOMB30BAHVIEM YNPOLLEHHOW MOOEN
Mi1acToBOM cMeck, B koTopon YB C, | Moaenposasincs
TOJIbKO H-yHomekaHoM (NC,.H, ).

MpvBeOEHbI Ha4abHble TEPMODaPNHECKIME YCIIOBUS
3a/ieraHns, a TakKe KOMMOHEHTHBI COCTaB

nnactoBon cmecu BykTbiibekoro HFKM. B otandve

oT KapadaraHakckoro HF'KM conepxxaqie YB C,,

no paspesy 3anexu BykTbinbckoro HI'KM meHseTcs

HE TaK CyLLIECTBEHHO, a MeHHO oT 308 1o 382,5 /v

C YBEIHEHNEM TTYOUHbI 3a1EXXN YBENTMHMBAKOTCH
MIOTHOCTb 1 MosekyngpHas Macca C, . AHanms
pe3ybTaToB UCCNenoBaHNA ha30BbIX MPEBPALLEHUN
NNaCcTOBOW ra30KOHOEHCATHOM CMeCK ByKTbINbCKOrO
HI'KM Ha yctaHoBkax PVT nossosmn onpenevrs
da3oBble XapPakTEPUCTUKN MNACTOBOM CMECK AaHHOMO
MeCTopOXAeHNS. 119 OLEHKN TeKyLLIEero CoAepXXaHme
YB C,, 1 KOoHOEHCaToM3B/IeHeHNS B MPOLIECCE CHIDKEHS
NJacCTOBOrO AaBJIEHNS paccH TaH 6anaHc pacnpeneneHns
YB C,,, 0X1aaemMoro B npoLiecce pas3padoTki OGBEKTOB
KapaudaraHakckoro 1 BykTeinsckoro HI'KM.

Beumay TOro 4to nameHeHre gaHHbIx KX no rnybuHe
3a51exxm Ha pasnndHbix HI'KM B 3aBUCKMOCTUM OT YCIOBUMA
HOPMMPOBAHUA MOXKET MNPOABNSATLCH MO-PA3HOMY, 15
CpaBHeHWS cTeneHn nameHeHns 'KX no rnybrHe asTopamm
BBEOEHO MOHATUE NHTEHCUBHOCTU M3MEHEHNS (rpanveHTa)
KX ¢ rnybuHon 3anexu. ['paaneHT cogeprkaHusa YB

C,, Ha Kapayararakckom HI'KM B 5 pag BblLLie, Yem Ha
BykTbinbckom HI'KM, a nameHeHmne naoTHOCTU
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component composition of the formation’s gas, potential
content of C, hydrocarbons (HC), physicochemical
properties of the condensate (density, molecular mass),
PVT-characteristics of the formation gas and, predicted
behavior of the C,, HC content under formation drawdown
conditions. It has been illustrated that the Karachaganak oil
and gas-condensate field is a classic example of how the
impact of gravitational forces brings significant changes in
the composition and other gas-condensate characteristics
across the depth of the stratum. The differentiation is vividly
expressed on the example of C,, HC. Concentration of

the C,, HC group grows 3+ times as the depth increases
(83700m to 5200m). The density and molecular mass of
condensate increases as well.

The two methods for calculating the compositional change
across the formation’s depth are presented in this article:
one was elaborated by V.F. Perepelichenko, the other by
A.l. Brusilovsky and O.Y. Batalin, who built their approach
on a strict correlation of thermodynamics and specifically
accounted for the real properties of the fluids. It has been
demonstrated that the estimated values of change in the
content of G, HC taking place across formation depth, are
somewhat different from the actual ones, which is obviously
related to the fact that a simplified model of formation fluid
mix was applied, where the C_, HC group was simulated
with the use of n-undecane (nC,,H,,) only.

The initial PVT-characteristics of the mode of occurrence
have been displayed, including the component composition
of the formation fluid mix at the Vuktyl oil and gas-
condensate field. Differently to the Karachaganak oil and
gas-condensate field, the content of C,, HC at the Vuktyl oil
and gas-condensate field varies across the profile of the
deposit not so significantly, namely, from 308 to 382 g/m?®,
and the C,, density and molecular mass increase as the
depth grows. The analysis of findings of the researched
phase transformations of gas-condensate fluid mix at the
Vuktyl oil and gas-condensate field, carried out on PVT-
units, made it possible to determine the phase curves of
the formation fluid mix of this field. To evaluate the current
content of C,, HC and condensate recovery in the process
of formation pressure drawdown, the C,, distribution
balance was calculated, which has been predicted in the
process of development of the targets at the Karachaganak
and Vuktyl oil and gas-condensate fields.

Due to the fact that gas condensate properties may

vary differently across different depths at various oil and
gas-condensate fields, depending on their formation
environment, the concept of the variation rate (gradient)

for gas condensate characteristics was introduced by the
authors, to compare the degree with which gas-condensate
characteristics vary as the occurrence depth grows. The G,
HC gradient at the Karachaganak oil and gas-condensate
field is 5 times higher than it is at the Vuktyl
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N MOJIEKYNSIPHOM MaccChl nHTeHcrBHee B 1,2...1,5

pasa. HesHaunTensHoe, nopsaka 20 %, ysenmyeHve
coaepxxaHusa G, Npun 3Ha4MTesIbHOM MOLLIHOCTK (Gos1ee
800 M) MPOAYKTUBHOIO ropraoHTa Ha BykTbinbeckom HITKM
CBUOETESIbCTBYET O TOM, YTO MPaBUTAUMOHHBIA (hakTop

HE SBMISICSA MPEBAMPYHOLLIM MY POPMUPOBAHN 3TOM
3aNeXM.

B nocnepHvie rogbl OTKpbIThI 1 BBEAEHBI B Pa3paboTKy
YHUKaJTbHbIE MO 3anacam riy-6okKo3aneraroLLme
MECTOPOXOEHNS - ragokoHaeHcaTHbIe (TKM) r
HedTerazokoHaeHcaT-Hble (HTKM), KoTopble MeroT

NGO 60SIbLLIYIO MOLLHOCTb, TakMe kak KapadyaraHakckoe

1 BykTbinbckoe HI'KM, ninbo orpoMHyto nioLlaip,
Hanpumep, AcTpaxaHckoe "KM, adn-MOoBCKme 3a1exiu
Ypenronckoro HI'KM, OpeHbyprckoe HTKM v gp. [1].
Onpenenenvie ra3oKoHAeHCaTHbIX XapakTepncTrK (ITKX)
OaHHbIX MECTOPOXXAEHU CBA3AHO C HANIMYMEM aHOMasTbHO
BbICOKOIO MiacTtoBoro aasneHns (ABIM), BbicokMN
TeMnepaTypamm, HU3KN-MU KOSITEKTOPCKUMM CBOMCTBaMI
BCKPbITbIX MIacTOB. [1py 3HAYUTENBHON MOLLIHOCTU
3a-1eXX1 Nof, AeVCTBNEM CUJT rpaBUTaLMN MPOUCXOOUT
n3meHeHme N'KX no rnybuHe. Ecnn »xe nnowanp

3a1EXM CyLLIECTBEHHO BOSbLLE €€ TOMLMHbBI, BOSMOXHO
nameHeHne 'KX no nnowaan. B psae ciyyaes cylecTeyet
BEPOSATHOCTb M3MeHeHus KX Kak no riybuHe, Tak 1 no

nsoLwaau.

K ocHoBHbIM KX yreBoAopOAHbIX ditomnaoB v
MPOOYKLIMM Fra30KOHAEHCATHBIX Y HE(DTEra30KOHAEHCATHBIX
3a51eXXel OTHOCATCA': KOMMOHEHTHbBIV COCTaB M1aCTOBOMO
raga; noteHumansHoe cogepxxaHue (MC) yrnesogoponos
(YB) C,,; drBnKo-XMMHECKIE CBOMCTBA KOHAEHCaTa

- MIOTHOCTb () 1 MonekynapHas macca (M, r/Mosb);

oil and gas-condensate field, and the change in density
and molecular mass is 1.2 to 1.5 times more intensive. The
inconsiderable increase in the content of C, , circa 20%,
with significant thickness (over 800 m) of the productive
horizon at the Vukty! oil and gas-condensate field, testifies
that the gravity factor was not prevailing during formation of
this occurrence.

Several gas-condensate and oil and gas-condensate fields,
which are unique by their deep-seated reserves, were
discovered and brought into development in recent years.
They are featured either with high thickness, such as the
Karachaganak and Vuktyl oil and gas-condensate fields,

or with vast area, such as , for instance, the Astrakhan
gas-condensate field, the Achimov deposits of the Urengoy
oil and gas-condensate field, the Orenburg oil and gas-
condensate field and some others [1]. Determining the
gas-condensate characteristics of these fields is related

to the presence of abnormally high formation pressure,

high temperatures, low reservoir characteristics of the
penetrated formations. In the conditions when a deposit
has considerable thickness, gas-condensate characteristics
vary as the depth grows, due to gravity force. And if the
deposit area is much greater than its thickness, gas-
condensate characteristics may vary across the area as
well. In several cases, there is probability that the gas-
condensate characteristics change both with the depth and
across their area.

The basic gas-condensate characteristics of the fluids and
products of gas-condensate and oil and gas-condensate
deposits include: the component composition of formation
gas; potential content of C,, (HC); physicochemical
properties of condensate — density (p) and molecular mass

N30TEPMbI
KoRAeHCaUnm MapameTp KapayvaraHakckoe HI'KM BykTbinbckoe HFKM
naacToBOro Parameter Karachaganak field Vuktyl field
rasa; 6anaHc ny6uvHa 3aneraHvisi, M 3730...5000 2400...3500
pacrpeneneHvis YB Occurrence depth, m (rasokoHpeHcaT-gas-condensate)
C_ Npu CHWKE—HA Mnactosoe nasnexve Pnn (cpeaHee), MMa

5. 1P Formation pressure RP (average), MPa 52..64 34,4..37,3
Mna1acToBOro ABTA
AGB/IEHMA 1 AP. Abnormally high formation pressure 1,214 B

Mnactosas Temnepatypa T K 334 367 390338

B cratbe Ha npumepe
KapadaraHakckoro
1 ByKTbIIbCKOrO
HI'KM (tabn. 1)
PacCMOTPEHb
OCOBEHHOCTb

1 pesybTathl
ornpeaeneHs
HadabHbIX KX Ha
MECTOPOXXAEHMSX C
O0NbLLOM TONLLUMHOM
NPOOYKTUBHOIO
nnacra.
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Formation temperature RT, K’

Konnektop
Reservoir

Kap6oHaTtHbIl - Carbonaceous

MopuctocTb, %

Porosity, % 5,5...24 7,3..15,4
MNpoHMLaeMOCTb, MKM?

Pgrme:bility, mkm? 0,12-10-3...3,0 0,1-0-3...4,5
HauanbHoe conepxarune C,H,, B cyxom rase, r/m?

(Bns ra3oKoHAeHcaTHOIN YacTu 3anexw) 350..1000 308..362.5

Initial content of C.H,,

in dry gas, g/m®

(for the gas condensate part of the occurrence)

Tabnuua 1: OCHOBHbIE rE0SIOMMYECKME XapPaKTEPUCTUKM ra30KOHOEHCaTHbIX 3anexeln KapayaraHakckoro 1

BykTblnbeckoro HFKM

Table 1: Basic geologic summary on the Karachaganak and Vuktyl oil and gas condensate fields

www.rogtecmagazine.com
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KapauvaraHakckoe HI'KM

KapadaraHakckoe HI'KM pacrnosioxxeHo B Mog-cosieBbIX
OTNOXeHWSAX [prKacnnNCKoW BnagmHbl B MHTEPBae
ray6uH 3600.. .5600 M. 3anexxb NpuypodeHa K KpynHOMY
KapboHaTHOMY MaccuBy pasmepamim 15730 Kw;

BbICOTa NPOAYKTVBHOW ToNLWLKM cocTasngeT 1600 M. B
MPOAYKTUBHOWM YacTy 060CHOBAHO BblAENIEHNE JEBOHCKOWN,
KaMEHHOYrOMTbHOW 1 MEPMCKON ccTeM. MecTopoXXageHue
BBEOEHO B paspaboTtky B 1984 r.

3HadeHve P B 3a/1exu nameHseTca ot 52 Mlla y Kpos/in
(Ha rnydunHe 3700 m) oo 60 MIla y nogoLwBbl (Ha riybuHe
5200 M), B 9TOM XXe MHTepBasie OTMETOK 3HadeHne T
BO3-pacTaeT oT 343 go 358 K (puc. 1). HauanbHbIM
KOMIOHEHTHbI COCTaB MIaCTOBOW CMECU, U3BIEHEHHOW 3
ckBavkH KapadaraHaxkckoro HFKM, npriseneH B Tabin. 2.

3anexb CNY>XUT KITACCUHYECKMM MPUMEPOM TOrO, Kak
B/VSIHWE CUN FPaBUTaLM MPUBOOUT K CYLLIECTBEHHOMY
WM3MEHEHNIO cocTasa U apyrnx KX no rnybuHe 3anexu.
Hanbonee BbipaxxeHa anddepeHLmaums No COAEP>KaAHMIO
YB C,,, KOHUEHTpaLMs KOTOPbIX YBEIMYVBAETCS C
rnyouHoON B TpW 1 Bonee pas; aHanorM4Ho BeayT ceds p u
M koHpeHcaTa (puric. 2). CofeprkaHe KOMMOHEHTOB
C,...C, n CO, MpaKTn4eckn He MeHsAeTCs, a cepo-
BOOOPOMA - YBEMYMBAETCS HE3HAUUTESIBHO.

(M, g/mole); formation gas condensation isotherms; the C,,
HC group distribution balance under formation pressure
drawdown, etc.

This article, with the Karachaganak and Vuktyl oil and gas-
condensate field examples (Table 1) reviews the specifics
and findings of determining the initial characteristics at the
fields with a high thickness of the productive strata.

Karachaganak Oil and Gas-Condensate Field
The Karachaganak oil and gas-condensate field is located
in the subsalt layers of the Caspian Depression, in the
interval of 3600 to 5600m. The deposit is confined to

solid carbonate massif, 15x30 km in size, the height of
productive thickness amounts to 1600m. The Devonian,
Carboniferous, and Permian systems have been sufficiently
delineated in the effective pay. The field was brought into
development in 1984.

The formation pressure (P) value of the deposit ranges from
52 MPa, at the top (the depth of 3700m) to 60 MPa, at the
bottom (the depth of 5200m), the formation temperature (T)
value increases from 343K to 358K within this interval range
(Fig.1). The initial component composition of the formation
fluid mix recovered from the Karachaganak oil and gas-
condensate field is presented in Table 2.

Bc nydae 3anexen WnTepsan CepenuHa Conepxaﬁme n{1ac1"030|7| cmec;A, % Mon. Kongetcar C,,
C NPOAYKTVBHLIM Creaxwa | nepopauuy, M neSHJfS:ﬂf y Formation fluid mix content, % mole Condensate C,,
n1a-CTOM Well Perforation Perforation interval c.C c Hs co N M, r/monb | MC, r/m3
¥ interval, m medium, m 20y 5+ 2 2 2 M, g/mole | PC, g/m?
GonkiLIoM TO“LHV'H"' 2 3777...3791 3784,0 10,24 | 536 | 3,39 | 582 | 0,59 140 312
TPEANLMOHHBIN NIOA- 4975 4997 941 | 933 | 365 | 522 | 055 164 77
XOR K ONIPEASTIEHNIO 6 3737...3850 37935 9.9 - [ 311 | 533 | 092 142 330
KOMMOHEHTHOTO 100 3880...3930 3905,0 974 | 719 | 346 | 535 | 054 148 442
cocTasa MoXeT 107 3842..4323 4082,5 955 | 6,71 | 332 | 518 | 1,18 140 390
MPBECTN K 118 3758...4470 4114,0 96 | 7,69 | 353 | 517 | 085 148 473
HETO4HOM OLISHKE 101 3992...4312 4152,0 12,56 | 7,25 | 333 | 6,62 | 0,35 156 470
3anacos YB v, 4154...4343 42485 937 | 669 | 311 | 533 | 092 146 406
Kak CnepcTsene, 2 3803...4830 4316,5 10,50 | 7,90 | 3,80 | 5,90 | 0,63 160 532
nokasaresien 6 4360...4528 44440 12,09 | 7,49 | 4,79 | 327 | 0,57 149 464
paspaboT-Ku. 11 4427...4543 4485,0 10,22 | 7,23 | 3,88 | 6,23 | 0,64 149 448
lNepBble OLEeHKN 115 4559...4798 4678,5 11,18 | 7,83 | 3,63 | 501 | 0,77 154 501
[2] nameHeHns 35 4700...4722 4711,0 8,04 8,9 3,85 | 2,89 0,6 155 573
KOMTMOHEHTHOro 11 4698...4728 4713,0 10,93 | 8,73 | 3,48 | 6,28 | 0,92 154 559
cocTaBa o paspesy 14 4850...4982 4916,0 9,13 | 958 | 6,17 | 3,03 | 0,69 165 657
NPOOYKTUBHOM 19 4870...4965 4917,5 10,20 | 9,94 | 3,41 | 6,16 | 0,56 165 682
TONWM 121 4793...5053 49230 11,8 | 12,06 | 4,10 | 5,20 - 188 943
KapayaraHakckoro 9 4950...4995 49725 10,58 | 10,72 | 534 | 3,54 | 1,52 170 758
HIMKM npoBoavamnce 7 4968...4981 49745 11,62 | 10,04 | 3,29 | 6,35 | 0,95 172 718
no chopmyne 5 5054...5063 5058 9,03 | 13,36 | 3,36 | 5,73 | 0,59 190 1055
BorbLMaHa ¢ 20 5060...5080 5070 11,4 | 104 | 3,42 | 6,08 | 0,82 206 933
VICHONb30BAHNEM 207 5044...5177 5110 11,63 | 1826 | 4,69 | 3,94 | 0,89 227 1724
Bblpa>KeHs Tabmvua 2: HadabHbI KOMMOHEHTHbIM COCTAB MIACTOBOW CMECH, U3B/IEYEHHOM 13 CKBAXKUH
rAe m,- - MossipHas KapayaraHakckoro HF'KM Ha pasnmnyHbIx rinyouHax
[0NS! i-10 Table 2: Initial component gomposition of formation fluid mix recovered from wells of the Karachaganak oil and
gas-condensate field at various
KOMIMNOHEHTa

www.rogtecmagazine.com
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Puc. 1: 3asncumocts P (@) n T (6) Ha KapadaraHakckom HI'KM ot riy6uHbl 3aneramng (h) YB: BHK, MHK - Bogo- v ragoHedtaHoM

KOHTaKTbl COOTBETCTBEHHO

Fig 1: Correlation between RP (a) and RT (b) and the occurrence depth (h) at Karachaganak oil and gas-condensate field: BHK, THK — stand

for OWC and GOC, correspondingly

cmecw Ha rnyéuHe h; hy - rnybrHa saneraHns Kposm,

M- MOnekynspHas Macca ,i-ro KOMMoHeHTa cMecw; g -
YCKOPEHe CBOBOAHOIO NafeHnst; R - yH1BepcasibHas

razoBag NoCTOsSHHas.

n.(h )e M. o
]J( ?0 )(.'Xp ;é, RY—;”
n,(h) = * )

N h—h,
2. ni(hexp| Mg =

nn

0

O.1O. batanuHbivm, A.V. Bpycunosckum 1 gp. [2-5]
npenioxeH Bonee TOYHbIM METOL, pacHeTa N3MEHEHS
KOMIMOHEHTHOIo COCTaBa 1 gaBrieHn4 no rny6|/|He 3aJ1EXKW.
|\/|eTO,lZI| OCHOBbIBaETCA Ha CTPOIMMX COOTHOLLUEeHUAX
TEPMOOMHaMUKM, 60-Nee KOPPEKTHO YUUTLIBAET PeasTbHbIE
cBocTBa hIFONO0B 1 B OKOHYATENBHOM BapuaHTe npem-
CTaBneH cnenytoLen popmynon [5]:

£ = fihexp| £ =) |,

nn

rae f(h,) - NeTy4eCTb i-ro KOMNOHeHTa Ha rny-6uHe h.; f(h,)
- ICKOMOE 3Ha4eHVIe NIETYHeCTV Ha rnyouHe h,,.

B tabn. 3, 4 nprBeaeHbl pedybTaThbl pacye—Ta cocTasa

MOZEbHOM CMecK, NOAOOHOM MO COCTaBy MIaCTOBOW
cmecn KapadaraHakckoro HFKM, npu nameHeHnm rinyouHbl
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The deposit is a classic example of how the effect of gravity
results in a significant change of the composition and other
gas-condensate characteristics across the thickness of a
reservoir. The differentiation on the content of the C5+ HC
group is most signified; whose concentration grows three
and more times as the depth grows; the P and M values

of the condensate behave in a similar way (Fig.2). The
content of the C,...C, and CO, components practically
does not change, while the hydrogen sulfide content grows
inconsiderably.

If we have deposits with productive strata of high thickness,
any traditional approach to determine the component
composition may bring us to an inaccurate estimation of
HC reserves and to false field development indicators, as

a result of that. The initial estimations [2] of changes in the
component composition across the profile of the productive
strata at the Karachaganak oil and gas-condensate field
were carried out according to the Boltzmann formula with
the use of the expression:

n (hJexp| Mg =

n;(h) = — =,

N h=h, | 1)
2. ChoJexp| Mg =

nn

where n is a molar fraction of i-component of the formation
fluid mix at depth h; h, is the depth of the occurrence top;
M_ is molecular mass of the i-component of the fluid mix; g
is gravity acceleration, R is universal gas constant.
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Puc. 2: BaBncumocTs MC (a) u monekynspHown maccesl (6) koraeHcaTa KapadaraHakckoro HM'KM oT riy6uHbl
Fig 2: Correlation of PS (a) and the molecular mass (b) of condensate at Karachaganak field with the depth

oT h,= 4000 M 1o h = 5000 m. Pac4eTbl, pesynbTarsi
KOTOPbIX MPUBEAEHbI B Tab/. 3, MPoBeaeHb! aBTopamm
cTatby no opmyse (1). VIameHeHWe cocTaBa MoOeTbHOM
CMecw, NpVBEAEHHOE B Tab/. 4, paccymMTaHo no dopmysie
(2) [B]. TnybuHa oLgHMBanach MCXoOs U3 NPEACTaBEHHbIX
B Tabn. 3, 4 Temnepatyp, war nameHeHunst h = 200 m.

PeaynbTaThl pacyeToB (cM. Tabn. 3, 4) umetoT
He3HauMTEIbHOE PaCXOXAeHWe, YTO CBUOETEIbCTBYET O
BO3MOXXHOCTM UCMO/Ib30BaHNSA OJ19 OLIEHOYHbIX PacyeToB

Q.Y. Batalin, A.l. Brusilovsky, and some others [2-5],
suggested a more accurate method for calculation of
variation in the component composition and pressure
across the depth of an occurrence. The method is based
on strict correlations of thermodynamics and it takes more
accurate account of the real properties of fluids, and in its
final form, it can be presented with the following formula [5]:

f(h) = £k Yexp| &

(hz_hl) > @)

6onee npocTton Mmetoankn BonroYpanH M raza. RT
1
AbcontoTHast otMeTKa, M - Actual elevation, m : :
Mapauerp - Parameter 4000 4200 4400 4600 4800 5000 where fi#) is fugacity
of the i-component
iEo’ H,S 3,69 3,703 3,713 3,722 3,728 3,732 at depth h,; f(h,) is
= |CO, 4,79 4,839 4,886 4,930 4,971 5,008 the target value of
é N, 0,70 0,700 0,699 0,697 0,696 0,694 fugacity at depth h,.
(3 CH, 75,40 74,735 74,041 73,321 72,565 71,770
§ |CH, 5,45 5,454 5,455 5,453 5,447 5438 lables3and4
= illustrate the findings
X |CH, 2,62 2,647 2,673 2,697 2,720 2,740
g oH of the calculated
§ iC,H,, 0,43 0,439 0,447 0,455 0,464 0,471 composition of the
8 [nC,H,, 5,98 6,522 7,105 7,731 8,401 9,116 by its composition,
T ,K-RT K 343,0 345,8 348,6 351,4 354,2 357 is similar to the
Prln’ MMa - RPH, MPa 58,1 59,0 59,9 60,8 61,7 62,7 formation fluid mix at
Copepxare nC_H... /e the Karachaganak oil
e 388,8 4241 462,0 502,7 546,2 592,7 -
Content of nC, H,,, ¢/m? and gas-condensate

Tabnuua 3: PesynbTaThl pacyeTa cocTaBa Mofen nnactoBon cmecu KapadaraHakckoro HFKM no riny6uHe

(MeToavka BonroYpanHUINKirasa)

Table 3: Findings of the calculation of the model fluid mix at Karachaganak oil and gas-condensate field across

its depth

www.rogtecmagazine.com

field, with the depth
values ranging
from h,=4000 mto
h=5000m. The
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Pacuet 6onee
MapameTp - Parameter

Ab6contoTHasi oTMeTKa, M - Actual elevation, m

TOYHbIM METOOOM [5] h,=4000 | h, +200 h, + 400 h, + 600 h,+800 | h,+1000
CBUOE-TeNbCTBYET, g |HS 3,69 3,76 3,83 39 3,96 4,02
HTO COAePXaHMe = | Co, 4,79 4,86 4,93 5 5,07 5,14
nC,,H,,, Moasm- 5 [N, 0.7 07 0,69 0,69 0,69 0,69
o

PYIOLISTO B pacteTax g ey, 75,4 74,58 73,73 72,88 72,05 71,21
rpynny YB C,, ‘

+ § [CH 5,45 5,48 5,52 5,54 5,56 5,58
N3MEHAETC—4A C = 26
rny6uHoi oT 5,98 (h) X | CoHy 2,62 2,67 2,72 2,76 2,8 2,84
10 8,95 (b, + 1000  |iCH, 0,43 0,44 0,45 0,47 0,48 0,49
M), T. €. MPAKTUYECKA & |nC,H,, 0,94 0,97 1,00 1,03 1,05 1,08
BogpacTaet B 1,5 S [nc,h, 5,98 6,54 7,13 7,73 8,34 8,95
paga'AHgﬂorquo T, K-RTK 343 345,8 348,6 351,4 354,2 357
BOAYT CEBA P, MMa-RP, MPa 58,1 59 59,9 60,8 61,7 62,7
MJIOTHOCTb U = -

3 - 3

MOMEKYISIOHES nc,,, /M - PC,, g/m 388 425 463 502 542 581

Macca cTabubHOro

Mpumedarwe: IC C,, B pacyeTax MPUBOAATCS B rpaMMax Ha METP KyOGUHeCKui C y4eTOM TOro, 4To MosiekynspHasi macca C, H,, pasHa 153,3 r/morb.

Note: PC of C,, is presented in the calculations in grams per cubic meter, with account of the molecular mass of C,,H,, being equal to 153.3 g/mole.

KoHOeHcaTa. BmecTte
C TeM MOJiApHad

Tabnuua 4: IameHeHre cocTaBa Mofesn nnactoson cmecn KapadaraHakckoro HFKM no rny6uHe [5]

Table 4: Change in the composition of the reservoir model of the Karachaganak oil and gas condensate field in

[ONsg MeTaHa B
CMECW yMeHbLLIaeTCH
Ha 4,19 %.
CopeprkaHre roMo/I0roB MeTaHa B MN/1acTOBOM

rase nameHsieTcd B cpeagHem ot 9,44 0o 10 % mon.
HabntogaeTcs OTHOCUTENBHOE MO-CTOSHCTBO KO/IMHeCTBa
HEYreBOAOPOAHbIX KOMMOHEHTOB (H,S 1 CO,).

depth [5]

s 3500 ‘
<
O ®akT - Actual
@ @ pacuert - Estimated
o'. o
4000 S
.. 8
0
e ©
4500 X 2=
‘e, O
0 &t
[ J °.,
06 o
s000 AR e 0O = |
Bk ]
5500
200 400 600 800 1000

nc c,, r/vé - C,, PC, g/m?

Puc. 3: CpaBHeHvie pacHeTHbIX 1 (hakTieckmx copepxxannii G, no
rnybuHe KapayaraHakckoro HM'KM

Fig 3: Correlation of the estimated and actual content of C,, across
the depth of the Karachaganak oil and gas-condensate field

Ha puc. 3 nprBeOeHO CpaBHEHVE PE3Yb-TATOB
PaCHETHbIX [2-5] 1 haKTUHECKNX 3HAYE-HUIN NSMEHEHS

copepxarusa YB G, no riybuHe

KapadaraHakckoro HF'KM. CnenyeT OTMETUTb, YTO

74 | ROGTEC

calculations, whose findings are presented in Table 3,
were carried out by the authors according to the formula
(1). Changes in the composition of the model mixture,
presented in Table 4, were calculated according to the
formula (2) [5]. Depth was estimated based on the values
of temperature, presented in Tables 3 and 4, height size
increment, h = 200 m.

The calculation findings (see Tables 3 and 4) have
inconsiderable divergence which speaks for possibility
to use a simpler estimation technique applied by
VolgoUralNIPIgas.

Calculating with the use of a more accurate technique
[9] testifies that the content of nC,,H,,, which is used
to simulate the C_, HC group in the calculations,
changes as the depth grows from 5.98 (h ) to 8.95
(h,+1000m), i.e. it actually increases 1.5 times. Density
and molecular mass of stable condensate behaves in a
similar way. Alongside with that, the molar fraction of the
mixture’s methane decreases by 4.19 %. The content
of homologous compounds of methane in the formation
gas range in average from 9.44 to 10% of mole. One can
see relative stability in the quantity of non-hydrocarbon
components (H,S and CO,).

Fig.3 presents comparative findings of the estimated [2-5]
and actual values of the C,, HC content changing along
with the depth of Karachaganak oil and gas-condensate
field. It should be noted that the estimated values of the
condensate potential content (PC) are a little different from
the actual ones which is apparently related to the use of a
simpler model of the formation fluid mixture, where the C_,

HC group was simulated with n-undecane (nC,,H,,) only.
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pac4eTHble 3Ha4eHnd O6bekT - Target
MapameTp - Parameter

noTeHunasibHoro co- I 11 111
AepaHna KoHOeHcaTa OTax rasoHocHocTn, M - Gas column, m 750...850 700...800 200
HECKOJIbKO OTJZINYAKOTCH )

O deKTMBHAA MOLLHOCTb (MakcumarbHas), M - Net pay, (maximal), m 490 300 170
OT hakTN4eCKmX, YTO,
NO-BUAVIMOMY, CBSI3aHO HavaneHoe sHaqervie P (cpeaHee), MMa - Initial value, RP (average), MPa 53,9 56,9 60
C 1CNOJSIb30BaHEM T, (cpennss), °C - Mp (average), °C 75 83 87
YMPOLLEHHOW MOAE/ MNC C,, B rase cenapaunu, r/m® - PC C, in dry separator gas, g/m? 470 640 -
MIACTOBON CMECH, [asocopep>kaHne HedTn, M%/T - Gas ail ratio, m3/ton - - 600

B kKoTopon YB C,
MOOEIMPOBASIUCE TONBKO
H-yHOeKaHoM (nC, H, ).

C y4eTOM M3MEHEHMNIN TEPMOBAPUHECKIX YCITOBUM

'KX B npoLiecce 0cBoeHWs Ha Kapa-yaraHakCKOM

HI'KM BblaeneHb! Tpy 3KCh-nyaTaunoHHbIX obbekTa: | -
ra30KOHAEHCATHbBIN HPKHENEPMCKUN C HUDKHEN MPaHULIEN
Ha rnyouHe 4550 M; Il - ra3okoHaeHcaTHbIM B KapboHe C
HDKHEN rpaHnLen Ha riyduHe 5000 m; Il - HedbTsaHOM B
KapboHe Ha rybuHe 6onee 5000 m (Tabn. 5).

NS OLEHKN TEKYLLIEro CoAepXKaHns 1 Ko-adhduLmeHTa
naBneqeHnsa koHgeHcara (KVK) G, B npolecce
CHKEHVA P paccynTaH? 6anaHc pacnpeneneHva YB
C,,, OXXrgaemoro B npoLecce paspaboTku | obbekTa
paccMaTpVBaEMOro MecTopoXxaeHus (tabn. 6 v puc. 4).

Tabn. 6 n puc. 4 nokasbieatoT, UTo KIIK MOXET COCTaBUTb
no | 06bekTy paspabotkn 41,5 %, a ¢ yHeToM OaBneHNs

Tabnuua 5: Meonoro-usmyeckan xapaktepuctuka |, Il v Il ob6bekToB KapadaraHakckoro HF'KM
Table 5: Geological setting of the targets |, Il and Ill at the Karachaganak oil and gas-condensate

Taking into account variations in PVT-properties of the gas
condensate characteristics in the process of developing
the Karachaganak oil and gas-condensate field, three
development targets have been delineated: | - gas-
condensate Low Permian target with the bottom boundary
at the depth of 4550 m; Il — gas-condensate target in the
Carboniferous system with the bottom boundary at the
depth of 5000m; lIl - oil target in the Carboniferous system
at the depth of more than 5000m (Table 5).

To evaluate the current content and condensate recovery
factor (CRF) of C,, in the process of formation pressure
(P) drawdown, the balance of C,, HC distribution was
calculated which has been predicted in the process of
developing target | of the field under consideration (Table
6 and Fig.4). Table 6 and Fig.4 illustrate that CRF of the
development target | may amount to 41.5%, and with

2 500 50%
S
g i ——
3
© 400 \\ 40
—
300 / \\ 30
200 ¢ S AN 20
\\
100 A \ 10
0 : . 0
0 10 20 40 50 60
P_, Mrla - RP (rock pressure)
MnacToBble noTepw, r/m? HakonneHHbin otéop, r/m? —_— TekyLlee copepxaHue, r/me
Formation losses, g/m? Accumulated recovery, g/m?® Current content, g/m?
MC B razosoi case, r/m? KUK, %
PC in gas phase, g/m? CRF, %
Pvc. 4: Banarc pacrnpepeners C,, B dyHKUvW aaBneHys (KapadaraHakckoe HKIM, | 06bexT)
Fig 4: C,, distribution balance in the pressure function (Karachaganak field, Target )
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3abpacbIBaHNS
(P.5, ~ 15 MITa),
No-BUOVIMOMY,

He npeBbicuT 33

%. AHanornyHble
pacyeTbl nokasanu,
yto KVK ong |l
obbekTa pa3paboTku
(HavarbHoe
copepxarne G,
paBHo 640 r/md)
COOTBETCTBEHHO
COCTaBUT MPUMEPHO
35 % npu P =0,1
Mlla, a npu P36p =15
MIla, He mpeBbICUT
29 %.

BykTbInbckoe
HIKM

lMnactoBble TekyLuee copepxaHue | HakonnexHbiii Copep>xatve C, B
Stan | P, MMa | notepu C,,, r/m® C,,, r/m? ot6op C,,, r/m® | rasoson dasennacta, /M | KUK, %
Stage | RP, MPa Formation Current content of Accumulated recovery Content of C,, in gas CRF, %
losses of Csw g/m? CEH, g/meé of G, g/m® phase of formation, g/m?
0 54,5 0,00 471,00 0,00 471,00 0,00
1 41,0 0,00 471,00 47,10 423,90 10,00
2 35,0 90,90 417,53 88,85 291,25 18,86
3 30,0 173,60 308,90 119,74 177,62 25,42
4 25,0 240,70 202,13 139,96 90,31 29,71
5 20,0 282,50 112,54 151,21 37,28 32,10
6 15,0 299,70 55,44 156,75 14,52 33,28
7 10,0 299,20 37,11 160,46 11,38 34,07
8 5,0 288,20 59,92 166,46 16,38 35,34
9 2,5 280,50 107,35 177,19 13,28 37,62
10 0,1 275,60 182,40 195,43 0,00 41,49

Tabnvua 6: PesynbTarsl pacyeTa 6anaqca pacrnpenenenvs C, B MpOLECcce CHKEHNS MNIacToBOro AaB/IeHUs
(KapauaraHakckoe HKI'M, | o6bekT)
Table 6: Findings of the calculated balance of the C,, group distribution in the process of formation pressure drawdown

BykTblnbckoe HI'KM BBEAEHO B OMbITHO-MPOMBILLIEHHYHO
akenyataunto B 1968 r. 11acToBO-MacCyBHYHO
ra30KOHOEHCATHYIO 32-NEXb BMELLIAKOT NPEUMYLLIECTBEHHO
KapbOHaT-HbIE KAMEHHOYOJTbHBIE U HXKHENEPMCKIME
OT/IOXXEHVIS, 3aneraroLme Ha rnybuHax 2100...3300

M. BekpbIThIn paspes (0o rnybuHbl 6,4 KMm) cnaraeTtcs
CUTYPUNCKAMM, OEBOHCKMMU, KAMEHHOYTOMbHBIMN,
NEPMCKUMU, TPUACOBLIMU 1 YETBEPTUYHBIMM
oTnoXxeHVIMN. OCHOBHas 3a1exkb ByKTbITbCKOro

HIKM npuypodeHa K opraHOoreHHbIM M3BECTHSIKaM,
NPOLOYKTVBHASA TOSLLA KOTOPbIX MO BEPTUKAIM COCTaB/ISET
oko1o 800 M. V13BecTHsKM nepekpbIThl 50.. .100-MeTpoBON
MOKPBILLKOW. 3a1eXXb MaCCUBHAsA CBOL0Bas, TEKTOHUYECKN

s 2400
< b.
2600
o
o.. OO
2800 -
3000
o
3200 .
o.o. (o]
o
3400
34 35 36 37 38
a P, Ma

account of backing up pressure (P, ~ 15MPa) it would
hardly exceed 33%. Similar calculations testify that the
CRF value for the development target Il (initial C,, content
equals 640 g/m?3) would correspondingly amount to circa
35%, with the formation pressure R,=0.1 MPa, while, with
account of the backing up pressure P, = 15 MPa, it would
not even exceed 29%.

Vuktyl Oil and Gas-Condensate Field

The Vuktyl oil and gas-condensate field was brought into
pilot development in 1968. The massive blanket deposit
of gas and condensate comprises the carbonate coal
and Low Permian deposits occurring at depths of 2100m

©
o
~.° o
... o
o|0™.,
.. .O
320 325 330 335 340
6 T.K

Puc. 5: HauanbHble TepMobapuyeckie yCnoBms 3aneraHns nnactoBon cmecu Byktbinbckoro HFKM: a - naBneHue; 6 - Temneparypa
Fig 5: Initial PVT properties of the formation fluid mix at Vuktyl oil and gas-condensate field: a - pressure; 6 - temperature
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VHTepBan nepdopauun Copep>xaHue, % mon.
CkBaxuHa O_E_I?)E:ﬁ;m (cpepHss rny6uHa), M ncc,,, v Content, % mon. Cs.
Well DrEpos AGE Perforation interval PCC,, o/m’
P 9 (average depth), m CH, | CH, | CH, | CH, | C,, | M,r/monb p, r/cm®
HwxHsas nepmb 2413...2874 (2643) 338,2 74,8 8,7 3,9 1,8 6,4 127 0,7382
8 Low Permian 2746,8...2562,7 (2654) 3198 | 743 | 94 3,9 18 | 62 123 0,7419
Cpennuit kap6oH 2322...2348;
11 ’ 349,9 74,2 9,0 3,9 1,5 7,0 120 0,7360
W HIDKHAS NepMb 2442...2607 (2464)
Middle
12 Carboniferous 2847...2515 (2682) 299,3 75,6 9,1 3,5 1,5 5,9 122 0,7409
21 and Low Permian 3248...2982 (3115) 3455 | 756 | 7,7 | 35 19 | 66 126 0,7478
26 Cpenrui kapGoH 3230...3324 (3277) 365,1 73,8 9,2 3,9 1,9 6,5 135 0,7581
Middle
28 Carbonieferous 3366...3332 (3349) 357,4 74,8 9,1 3,8 1,8 6,4 134 0,7573
14 HuxHui kapGon 3194..3309; 3750 | 746 | 89 | 38 18 | 65 130 0,7487
Low 3378...3390 (3292) ’ ’ ’ ’ ’ ’ ’
Tabnuua 7: HayanbHbI KOMMOHEHTHbBIM COCTaB MiiacTOBOW CMECH, U3BMEYEHHON N3 CKBaXKNH BykTblibckoro HIKM [1]
Table 7: Initial component composition of the formation fluid mix recovered from wells of the Vuktyl field [1]
OrpaHHeHHasA. MokasaTens - Parameter Cks. 8 |Cks. 11 | CkB. 21 | CkB. 26 | CkB. 14 | CkB. 3
Pesepsyap saneraet
CepenviHa paboTaroLLero (BCKPbITOro) MHTepBana, M 0536 9392 0941 3107 3003 2965
B AvianasoHe rﬂy6V'H Class mark of producing (penetrated) interval, m
2400...3300 m. P_,MnMa-RP, MPa 34,8 33,7 35,3 36,5 36,3 34,5
MmeeTtca HedhTaHas
T ,K-RT,K 3256 | 320,6 | 334,4 | 3356 | 334,3 | 321,15
OTOPOYKA. n
PHaq.KoHA’ Mrla, HecTabuneHoro G, - Pdp, MPa, unstable C,, | 32,6 30,2 33,9 34,6 34,2 34,2
HayanbHble PMaKc.KOHn’ MnNa: - Pmc, MPa:
TepMobapuyeckme * HecTabunbHoro C,, - * unstable C,, 17,5 17,5 15,0 17,6 17,4 15,2
YyCNoBWA 3asieraHns * cTabunbHoro G, - « stable C,, 10,0 15,1 11,0 15,0 10,0 10,0
MiacToBOM CMecK HenoHachILLEHHOCTb cucTeMsl, % / System undersaturation, % | 6,32 10,38 3,96 5,20 5,78 0,86
BykTbinbekoro HTKM: g enwarme G, . /v - Content of G, g/m® 319 | 349 | 345 | 365 | 375 | 338

P =348..37,3
MIla, T = 320...338
K. C rnybuHom
YBEJIMHYMBAKOTCA KaK
NaacToBOe AaB/IEHNE, TaK 1 TeMneparypa (puc. 5).

HauanbHbIM KOMMNOHEHTHbBIM COCTaB MaCTOBOM CMECU
npencTaBneH B Tabs. 7, COrNacHO KOTOPOW coaepKaHue
KOHOeHcaTa NoYTh NnHenHo (0T 308 ao 382,5 r/md)
N3MEHSIETCS MO paspesy 3aexxn. [Jons OCHOBHbIX
KoMroHeHToB C,...C, Mo mepe yriyGrieHns 0cTaeTcs
MPaKTUYECKN HEM3MEHHOWM, a NJIOTHOCTb U MOJIeKyISpHas
macca YB C, yBenumsaroTcs.

B npouecce passenku 1 B Ha4ase 0CBOE-HUS

BykTbinbckoro HI'KM nccnenoBaHbl ha3o-Bble

MpeBpaLLEHVS NIacTOBOW ra30KOHOEHCATHOM CMECK Ha

ycTaHoBkax PVT? (YIK-3). Pe3ynbTaTthl 3T1X McCneaoBaHun

(Tabn. 8) CBNOETENBCTBYIOT O CNEAYHOLLIEM:

® NaBfeHVe Havana KoHaeHcauum (P
32,6 0o 34,6 MIla;

* [aBrieHvie MakCyMasIbHOM KoHpeHcaum (P )

HecTabunbHOro KoHgeHcaTta - ot 15 go 17,6 Mlla;

N KOJIMYECTBO BbINABLLUENO HECTAbUNIBHOrO KOHAEH CaTa

MOV P o - B AVENA30HE 490...550 cM®*/M°;

CTabunbLHOro - B aManasoHe 295...395 cm®/m3,

N3MEHAETCA OT

Ha‘{KOHA)

www.rogtecmagazine.com

Tabnuua 8: Pesynbtatel PVI-1ccnenoBaHnii NacToBOro rasa CkBaxkmH BykTbiibeckoro HI'KM
Table 8: Findings of the PVT-research of formation gas at the Vuktyl oil and gas-condensate field

to 3300m. The penetrated section (down to depth of

6.4 km) is composed of Silurian, Devonian, Carboniferous,
Permian, Triassic and Quarternary deposits. The major pool
of the Vuktyl oil and gas-condensate deposit is confined

to organic limestones, the productive thickness of which
amounts to about 800m vertically. The limestones are covered
with cap rock of 50 to 100m in length. This is a massive roof
deposit, limited by faults. The reservoir occurs in the depth
range of 2400 to 3300m. Qil fringe is present there.

The initial PVT properties for the occurrence of the
formation fluid mix at the Vuktyl oil and gas-condensate
field are as follows: P = 34.9....37.3 MPa, T = 320...338 K.
Both the formation pressure and the temperature increase
as the depth grows (Fig.5)

The initial component composition of the formation fluid mix
is presented in Table 7, according to which the condensate
content change is almost linear across the section of the
occurrence (308 to 382.5 g/m?3). The fraction of major
components of C,...C, remains, as the depth grows,
practically unchanged, while density and molecular mass of
C,, HC increase.
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® He[oHaCbILEHHOCTb cucTemsl - oT 0,86 0o 10,38 %;
® M0 Mepe yBENNYeHNs FyOuHbI YMEHb-LLIAETCS
HEeOOHAChILLIEHHOCTb, W pasHiiLia Mexay P 1P .KOHA,

Ha 6a3e Ha4abHbIX MaKCUMaUTbHBIX U MUHMaSTbHBIX
3HaueHun MC C, paccumTaHbl KoVBble AVHAMUKY
copepxaHuns G, , KOTOPbIE, B MPUHLMNE, OTRaKaOT
hakTnHeCKoe N3MEHEHNE COAEPXXaHNS KOHAEH CaTa B
[006bIBAEMOM MNIaCTOBOM ra3e B MPOLIECCE PaspaboTKu
MecTopoXaeHNst (prc. B6). NMogobHbIM noaxon, K
MPOrHO3MPOBaHWIO coaepxaHns G, NPy CHYDKEHNN
NMo3BOJIAET HaMbOoNee KOPPEKTHO OMMCHIBATL AManas3oH
BOBMOXXHOTO (DaKTU4ECKOrO aMeHeHVs conepxxaring C,, B
npoLecce pas3paboTKn 3anexm.

P.M. Tep-CapkncosbiM 1 ap. [6] MprBeOeHb! pesybTaTsl
Pac4YETHOrO MOAENIMPOBaHUS 3MEHEHWST COCTaBa rasa

no ckBakmHam BykTbinibckoro HF'KM npm CHYKEHMM

P (Tabn. 9), KOTOPbIE B LIE/IOM OTPaXKAOT BOBMOXHOE
M3MEHEHNE COAEP->KaHNs OTAENbHbIX KOMMOHEHTOB CMECH
B MpoLEecce pa3padboTKu.

ABTOpamM HACTOSILLIEN CTaTbW PacCyMTaH YCPeaHEHHbIN
GanaHc pacnpeneneHns yrnesogopoaos G, B npouecce
pa3paboTkn BykTbinbekoro HI'KM Ha nctollenne (tabsn.
10w puc. 7).

PaHee Ha npumepe KapadaraHakckoro HI'KM nokasaHo,

Phase transformations of the formation gas-condensate
fluid mix were explored with the use of PVT? (YI'K-3) units
at the stages of exploration and initial development of the
Vuktyl oil and gas-condensate field. The findings of that
research (Table 8) are indicative of the following:

e dewpoint pressure (P dp) changes from 32.6 to 34.6 MPg;

* maximum condensation pressure (P_ ) of unstable
condensate ranges from 15 to 17.6 MPa;

e fallout of unstable condensate, under P_ , ranges
between 490...550 cm3/m?; while that of stable
condensate lies in the range of 295...395 cm3¥/m?;

e undersaturation of the system ranges between 0.86
and 10.38%;

* undersaturation, or difference between P_and P .
decreases as the depth grows

The curves, displaying the dynamics of potential content
of the C,,, were calculated on the basis of the initial
maximal and minimal values, which theoretically reflect
the actual change in the content of condensate in the
produced formation gas, taking place in the process

of the field development (Fig.6). A similar approach

to predicting the C,, content, with depths increasing,
makes it possible to more accurately describe the range
of probably actual change in the content of C_ in the
process of the occurrence development.

R. M.Ter-Sarkisov and others [6] presented their
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Pvic. 6: CpasHeHme pacqeTHOro 1 chakTndeckoro copepkarn YB G, B nobbiBaeMom rase npu paspaboTke BykTbiibckoro HM'KM Ha cTolleHve
Fig 6: Correlation of the estimated and actual content of C,, HC in produced gas in the process of development of the Vuktyl oil and gas-

condensate field to its depletion state
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YTO B 3aU1eXKax C P_,MMa CopepxxaHue, % mon. - Content, % mole. ncc.,, v
BOMbLLMM STaKOM RP, MPa CH, C,H, C,H, C,H,, C., N, PCGC,., g/m®
NPOLAYKTUBHOIO 32,4 74,80 8,80 3,90 1,80 6,40 4,30 359
roOpU3oHTa 24,1 77,30 8,77 3,75 1,65 3,90 4,63 219
npouncxoguTt 20,8 78,06 8,72 3,70 1,60 3,25 4,67 182
CYLLIECTBEHHOE 17,7 78,72 8,70 3,65 1,55 2,70 4,68 151
N3MEHEHNEe 14,7 79,27 8,70 3,60 1,55 2,20 4,68 123
copepxxaHug, 12,3 79,70 8,75 3,55 1,50 1,85 4,65 104
NJIOTHOCTW 49,8 79,90 8,80 3,55 1,50 1,60 4,65 90

1 MOSIAPHOWM Tabnnua 9: IameHeHne cocTaBa 4obbIBaeMOro rasa no ckBaxknHam BykTbinbckoro HFKM B npouecce

macchl YB G, no
rybuHe 3aM1exu.
[Nop BAVSIHVEM

pa3paboTKN MNP CHKEHUM N1ACTOBOro AaBneHvs [6]

Table 9: Changes in the content of the gas produced from wells of the Vuktyl oil and gas condensate field in the
process of its development, under condition of formation pressure drawdown [6]

rpaBUTaLVIOHHBIX CUI1 MnacToBble notepu | CopepxkaHne CymmapHoe 13BrieyeHmne CopepxaHue C,_ B rasoBon tase

P_, MMNa C.,r/m® C.,r/m C. w3 nnacTta, r/m® nnacTta, r/m? KUK, %
nnacroBasd CMeCb RFE)‘ MPa Formatisén losses of Cosﬁtent of Total 51’+ormation recovery of Content of C,, in the formation gas CRF, %
Y KPOBJI MOXET G, g/m® G, g/m® C,,, g/m° phase, g/m¢
npencTaBnATb 37 0 365,0 0 365 0
ra30KOHOEHCAaTHYO 34,6 0,00 365,0 36,5 328,5 10
CUCTEMY, a B H/PKHEN 30 75,00 320,9 68,6 221,4 18,7
4acTn -JIerkyto 25 152,00 2254 91,1 121,9 24,9
HerTb c 60bLLUNM 20 220,00 121,8 103,3 41,7 28,3
KOJINYECTBOM 15 235,00 55,8 108,9 21,1 29,8
PaCTBOPEHHbIX B HEM 10 233,00 44,4 113,3 18,7 31,0
yrnesooopoaos. |‘|p|/| 5,5 232,00 48,1 118,1 14,9 32,3
3TOM nepexop, oT 5 230,00 53,5 123,4 11,5 33,8
ra3oKOHOEHCATHOM 3 225,00 74,2 130,9 9,1 35,8
K Fa3OHed)TF|HOI7I 0 220,00 140,8 145 0 39,7
cucTteme Tabmvua 10: PacyeTHbin 6anaHc pacnpeaeneduns G, Ha npumepe k. 26 BykTbinbckoro HIKM
OCYLLIECTB/IAETCA Table 10: Estimated balance of C, distribution on the example of well 26 of the Vukty! field

6e3 obpazoBaHUs
NOBEPXHO-CTEN
pasgena.

OpHako nameHeHne MKX no riybuHe 3a-nexxu Ha Tex Un
MHbIX HTKM B 3aBUCMMOCTI OT YCI0BUIA (DOPMUPOBaHIS
MOXET MPOSABAATLCH MO-Pa3HOMy. ABTOpaMM CTaTby

no metoavke BonroYpanHWIMraza BeINnosHEH pacyeT
“aMeHeHns coaepxaHng YB G, no rnybrHe sanexm
BykTbinbckoro HI'KM (tabn. 11, puc. 8). CornacHo puc. 8
(hakTryeckoe pacnpegeneHvie YB C. o rnybviHe sanexn
BykTblnbckoro HI'KM cyLLecTBEHHO OT/IM4aeTCs OT
pacHeTHOrO.

[ns cpaBHeHws cTeneHn na3meHeHus KX no mepe
MOrPY>KEHNS 3a/IEXXEN aBTOpaMK BBEOEHO MOHATME
rpaaneHTa KX, T.e. MHTEHCMBHOCTU U3MeHeHns ['KX
3anexu. B 4acTHOCTW, paccMaTpmBatoTCA rpaamneHTb!
cnenyrouwx N'KX: nasnerHns (AP /Ah), TeMnepaTypsb!
(AT, /Ah), MAOTHOCTU (Ap/Ah), MONEKYISIPHON MaccChbl
(AM/AR) v copepxarns (AC, /Ah) koHaeHcata C, .
dakT4eCKME U MOAESbHbIE (DaCHETHbIE) 3HAYEHNS
NePEeYnNCNEHHbIX BENYMH NpeacTaBneHbl B Tabn. 12, 13
KOTOPOW CrenyeT:

1) cpenHve rpaaneHTbl AaBfeHNs 1 TeMnepartypbl Ong
KapauaraHakckoro HM'KM cooTteeTcTBEHHO paBHbl 0,0054

www.rogtecmagazine.com

predicted findings in the changes of the content of gas
from some wells at the Vuktyl oil and gas-condensate
field under formation pressure (P ) drawdown (Table 9),
which generally reflects the probable changes in the
content of the separate components of the fluid mixture
in the process of field development.

The authors of this article calculated the average balance
of the C,, hydrocarbon distribution in the process of
developing the Vuktyl oil and gas-condensate field to its
depletion state. (Table 10 and Fig.7).

At the Karachaganak field it was demonstrated that the
occurrences with great mining level of productive horizon
have significant change in their content of density and
molecular mass of C,, HC across the occurrence depth.
Due to the gravity field effect, the formation fluid mixture
may be a gas condensate system at the top, while at the
bottom part it can be high-gravity oil with great amount
of dissolved hydrocarbons. The transition from the gas
condensate to the fluid system takes place without the
formation of interfacial areas.

However, changes in the gas condensate characteristics
taking place across the depth of an occurrence may
behave differently at various oil and gas-condensate
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Pvic. 7: Banarc pacripeaeneHmns KomnoHeHTos C,, Ha nprmMepe ckB. 26 Byktbiibekoro HTKM
Fig 7: C,, component distribution balance on the example of well 26 of the Vuktyl! field

MIla/m 1 0,0154 K/m, a ansa BykTbiibekoro HFKM -
0,0027 MIla/m 1 0,0174 K/M, T.e. rpagmeHT gaBneHns
Ha NepBOM MECTOPOXAEHWN BbILLIE YEM HA BTOPOM, a
rpagveHTbl TemnepaTypbl MPUMEPHO OAVHAKOBbI;

2) IHTEHCUBHOCTb U3MEHEHWS MNIOTHOCTU I MOJIEKYNSIPHOM
Maccbl koHaeHcaTa KapadaraHakckoro HI'KM

fields, depending on their formation environment.
The authors of the article, using the technique
developed by VolgoUralNIPlgas, carried out the
calculation of changes in the content of C,, HC
across the depth of the Vuktyl oil and gas-
condensate field (Table 11, Fig. 8). According to
Fig. 8, the actual distribution of the C,, HC values,

MapameTp h,m-h, m
Parameter 2464 | 25004 | 27168 | 28432 | 2969,6 | 3096 | 32224 | 33488 | 3349
CH, 7420 | 73,844 | 73481 | 73000 | 72712 | 72,308 | 71,893 | 71,462 | 74,80
CH, 9,00 | 9015 | 9020 | 9039 | 9048 | 9055 | 9,059 | 9,061 | 9,10
=3 CH, 390 | 3932 | 3,963 | 3993 | 4023 | 4,051 | 4078 | 4104 | 380
2| CH, 150 | 1522 | 1544 | 1566 | 1,587 | 1,609 | 1620 | 1650 | 1,80
55| CH,, 620 | 6481 | 6777 | 7089 | 7419 | 7767 | 8133 | 8519 | 640
38 H,S 0,000 | 0,000 | 0000 | 0000 | 0,000 | 0000 | 0000 | 0000 | 0,00
co, 01 | o101 | o102 | 0102 | 0103 | 04104 | 0105 | 0105 | 0,10
N, 51 | 5104 | 5107 | 5108 | 5108 | 5107 | 5105 | 5101 | 4,00
Ma ity oe | 12029 | 122,36 | 12443 | 12650 | 128557 | 13064 | 132,71 | 13479 | 134,00
MCC,. v -PCC, , g/m| 310,24 | 329,87 | 350,803 | 373,062 | 396,809 | 422,070 | 448,989 | 477,637 | 356,74
p Cs+’ r/cm® - p C5er g/cm? 0,7360 0,7382 0,7419 0,7409 0,7478 0,7581 0,7572 0,7573 0,7573

Tabnuua 11: MameHeHne cocTaBa NacToBon cMeck BykTbinbeckoro HFKM Ha abCcomoTHbIX OTMETKaX

h = 2464...3292 m cornacHo dopmyse (1)

Table 11: Changes in the composition of formation fluid mix at the Vuktyl field at absolute elevations

h =2464...3292 m
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cooTBeTcTBeHHO B 1,2 11 1,5 pasa Bbllle, YeM KOHAeHcaTa
ByKTbIIbCKOrO MECTOPOXXAEHIS;

3) rpaoueHT (AC, /Ah) Ha KapadaraHakCkom
MECTOPOXAEHNM B 5 pa3 BbilLie, YEM Ha ByK-TbINTIbCKOM.

HesHauntensHoe, npumepHo Ha 20 %, yBe—nyeHme
copepxaHng YB C,, npu Hab/mo-1aemoin TOSLLyHE
MPOAYKTVBHOIO ropuaoH-Ta B 800 M Ha ByKTbl/ibCkoM
HI'KM cBraeTeNnb-CTBYET O TOM, YTO MPaBUTaLVIOHHbI
dhakTop, MO-BAOMMOMY, HE SB/ISIETCS MPEBATMPYIOLLIMIM MPN
hopMmpoBaHUn 3aiexi. CreaosBarenisHo, MeTo-Apl1,2
pacdeTa copepxxarig YB G, Mo ryburHe 3a/1exiu C y4eTom
rpaBUTALIMIOHHOM COCTaBNSOLLIEN [2-6], pe3y/ibTaTbl KOTOPOro
[OOCTaTO4HO aeK-BaTHO OMNCHIBAKOT pacrnpeneneHne
copepxaHng YB C,, no riybuHe saniexiu KapadaraHakckoro
HI'KM, o4eB1aHO, He BCeraa MoryT NPUMEHSTTECS B
OTHOLLIEHM APYMX MECTOPROMOEHN.

Cnncok nutepartypsbl

1. JlanwwH B.N. ®opmmnpoBaHne, cocTas

N KOMMOHEHTOOTAA4a NACTOBbIX htoUaaIbHbIX CUCTEM
ryboko3anerarLLyX KapboHaTHbIX 3anexen’ 003. NHD. /
B.W. NanwwH, B.A. Hukonaes, [1.B. M3tomueHko 1 gp. -M.’
lasnpom BHUNIMAB, 2010. - 118 c.

across the occurrence depth at the Vuktyl oil and
gas-condensate field, significantly differs from the
estimated one.

To compare the degree of change in gas condensate
characteristics, across the depth of occurrences, the
authors introduced the concept of the gradient of gas
condensate characteristics, i.e. the intensity in change
of gas condensate characteristics of an occurrence. In
particular, the gradients of the following gas condensate
characteristics have been reviewed: pressure (AP /Ah)),
temperature (AT/Ah), density (Ap/Ah), molecular mass
(AM/Ah) and content (AC,,/Ah) of condensate C, . The
actual and simulated (estimated) values of the above
mentioned parameters are presented in Table 12, which
brings us to the following conclusions:

1) the average gradients of pressure and temperature
are equal to 0.0054 MPa/m and 0.0154 k/m for the
Karachaganak oil and gas-condensate field, and to
0.0027 MPa and 0.0174 k/m for the Vuktyl oil and gas-
condensate field, correspondingly, i.e. the gradient of
pressure is higher at the first field than it is at the second
one, while the gradients of temperature remain much the
same;

Mokaszatenb

KapayvaraHak - Karachaganak

BykTbin - Vuktyl

Parameter cakT - Actual

mopenb - Modeled akT - Actual mopenb - Modeled

ny6uHa kposnn MHK, m

GOC top depth, m 3700...5000

3700...5001 2600...3349 2392...3223

CopepxaHue C, , r/m®
Content of C,,, g/m®

400...1100

390...715 299,3...388 308...380

p, I/m®

p, g/m? 0,76010,810

- 0,73270,757 -

M, r/monb

M. g/mole 130...155

156,3 127..137 116...126

Ap/Ah, (r/m3)-m-1

Ap/Ah, (g/m)- m-! 0,538

9,25 0,18 0,086

AC, /0/r, (r/vP)-m-1

AC, /A, (g/m®)- m-1 0,000041

- 0,000034 -

AM/Ah, m-1

AM/Ah, m-! 0,02

- 0,013351 -

BckpbiTas TonwmHa h, m
Penetrated thickness h, m

1300

1300

749 831

T ,K

¥k 340...

360

321...334 321...334

P_, MMa
RP MPa

53...59

34,7...36,9

APnn/A/r, MMa/m
ARP/Ah, MPa/m

0,0054

0,0027

ATjAh, K/m
ART/Ah, K/im

0,0154

0,0174

Tabnuua 12: ConocTasneHne HakTUHECKNX N PaCHETHbIX MPaAVEHTOB CofepkaHna 1 nnotHocT YB G, no
rnybuHe 3anexm KapadaraHakckoro n Byktbinbckoro HFKM

Table 12: Correlation of the actual and estimated gradients of the C,, HC content and density across the depth of the

occurrences at the Karachaganak and the Vuktyl fields
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Puc. 8: PacueTHoe 1 thaktnyeckoe cogepxxaqune YB G, no
rnybuHe sanexu Byktbinbckoro HIKM: K - rasokoHgeHcaTHble
1nccnenoBaHns

Fig 8: Estimated and actual content of C,, HC across the depth of
the Vuktyl field: “I'KIN” stands for gas condensate analysis

2. BatanuH O.10. MporHo3npoBaHne cocTasa

MacTOBOW CMECU W AaBAEHVS MO FyOnHE

3aneraHuna 3anexu / O. HO. BatanvH,

A. V. Bpycunosckun, H. I'. BadwuHa v gp. //
HedTenpombICI0BOE AEN0 1 TPAHCMOPT HedTw. -1984. -
Ne 10. - C. 9-11.

3. batanumH O. 0. ®azoBoe paBHOBECKE
MHOIFOKOMIMOHEHTHbBIX CMECEN B rPaBUTaLMOHHOM
none / O. t0. batanuH, C. J1. Kputckas,

H.I". BachuHa // Tp. MNHXWITI

M. V.M. TybkumHa. - 1985. - N2 192, - C. 96-101.

4. BatanmH O.KO. das3oBble PaBHOBECUSI B CUCTEMAX
npvipoaHbIX yrnesogopoaos / O.FO. batanvH, AN,
Bpycunosckmin, M.FO. 3axapos. - M.: Hegpa, 1992. - 224 c.

5. bataavH O. FO. OrbIT n3y4eHUs TEPMOAVNHAMNYECKIMX
CBOWICTB MHOIOKOMIMOHEHTHbIX CMecel: 063. nHd. / O.HO.
BartanvH, C. J1. Kputckas // PaspaboTka 1 akcnyataums
ra30BbIX Y rA30KOHAEHCATHbIX MECTOPOXXAEHUN. - M.
BHUI3Srasnpom, 1987. -Ne 12. - 50 c.

6. Tep-Capkumcos P.M. HayuHble OCHOBbI MOBbILLIEHMS

3P DEKTUBHOCTY Pas3paboTKN ra30KOHOEHCATHBIX
mecTopoxaeHun / P.M. Tep-Capkuncos, B.I". Mogrok, B.A.
Hukonaes. - M.: Hegpa, 1998. - 344 c.
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2) the intensity of change in density and molecular
mass of condensate at the Karachaganak oil and gas-
condensate field are correspondingly 1.2 and 1.5 times
higher than they are at the Vuktyl field;

3) the gradient (AC, /Ah) is 5 times higher at the
Karachaganak field than it is at the Vuktyl field.

Insignificant, an approximately 20% increase of the C,,
content with the actually examined thickness of the
productive horizon of the Vuktyl oil and gas-condensate
field being 800m, indicates that the gravity factor does
not actually prevail in the process of the occurrence
formation. Hence, the techniques for calculating the C,,
HC content across the depth of an occurrence, taking
into account the gravity constituent [2-6], (and the
findings of the calculation are sufficient to adequately
describe the C,, HC distribution across the depth of the
occurrence at Karachaganak oil and gas-condensate
field), may not always be applied with regard to other
fields.
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