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Beenenue

["a3oBass MPOMBINIIICHHOCTh, BEAyIIash OTPACIb TOIUIMBHO-YHEPTETUUECKOTO
KOMILJIEKCA CTpPaHbl, OCYIIECTBIISIET Ba)kHeHIMe (yHKUUU B 3KOHOMUKE Poccum u
MOJIZICPKUBACT €€ SHEPreTUUECKYI0 0€30MacHOCTb.

Benymiee mecto B MOATrOTOBJIEHHBIX 3amacax Poccum 3anumaer SImaro-
Heneukuit aBronoMubiit okpyr (IHAO) ¢ pa3BenannbsiMu 3anacamu 6omee 30 TpiH.
M® IPUPOIHOTO ra3a.

Ha cerogusiuinuii 1eHb, Ha 3aBepIlaONIEeH CTaANM, HAXOASITCS OOJBIIMHCTBO
IKCILTYaTHPYEMBIX B OKPYTe€ MECTOPOKICHHUH.

[TogroToBka Ta3a K TPAHCIOPTY OCYIIECTBISETCS TI0 TEXHOJOTHU
abcopOumonnoit  ocymku. Ilepmon  magaromedt  10OBIMM  XapaKTepU3yeTcs
CJICTYIONTUMH OCOOEHHOCTSIMU: TajeHue OTOOpOB Ta3za IO MPUYHUHE HCTOIICHUS
MECTOPOXKIACHUS; OCIOXXKHEHHS DKCIUTyaTallid HU3KOACOUTHBIX CKBAaXUH TpU
CYIIIECTBYIOIIEH cucTeMe cOopa ra3a; MOBBIIICHHUE BIAr0COICPKaHMs Ta3a, CHIKEHUE
MaccooOMEHHOM 3 (HEKTUBHOCTH abCcOpOEpOB MPH MOHMKEHUU padOYEro NaBJICHUS U
MOBBIIICHHBIX TEMIEpaTypax KOHTAaKTa B KOMIIPECCOPHBIN MEPHOJ IKCILTyaTaIuu
MECTOPOXKICHUN; 3arps3HCHUE TUATUIICHTIINKOISA M3-3a OOBOJAHEHHOCTH CKBAKUH H
YBEIMYCHHSI BPEMEHHM UUPKYJSIIIUU TIUKOJS; HedpdekTuBHas paboTa ammapaToB
BO3AYIIHOTO OXJAXICHUS JOKUMHBIX KOMIIPECCOPHBIX CTAaHUMMU | cTyrnieHeu u T.4.

JlaHHBIE 0COOCHHOCTH IKCILUTYaTaIllud MECTOPOKICHUH, HAXOSAITUXCS CTaINH
najaronei A00bUr, ONMPEAeNsIIOT HEOOXOAUMOCTh MPHUBEIACHUS Ta30100bIBAIONITNX
00BEKTOB B COOTBETCTBHE C TPEOOBAHUSIMU 0OECIICUEHHUS TITAHOBBIX 00BEMOB 100BIUH,
KauyecTBa IPOMBICIIOBOM TIOATOTOBKM Ta3a, HAJAS)KHOCTH, TPOMBIIIICHHON U
HKOJIOTUYECKOM 0€30MacCHOCTH, TIOBBIIIEHUS SKOHOMUYECKOM 2PHEKTHBHOCTH.

C 2ToM 11eNbI0 B HACTOAIIEH TUCCEPTALMU PaCCMOTPEHBI SHEPTocOeperaroime
TEXHUYECKHUE PEIICHMs, HAMpaBJIICHHbIE HA ONTHUMHU3AIUI0 TEPMOOAPUUECKUX
pPEKUMOB PabOThl YCTAHOBOK OCYIIKM Tra3za. Takum oO0pa3om, i pear3aiiuu
TEXHUYECCKUX PEIICHUH Ha TMPaKTHUKE, HE0OXO0IUMO:

— HM3YYUTh T'€OJIOTO-TIPOMBICIIOBYIO XapaKTEPUCTUKY MECTOPOXKICHHUS,

— IPOBCCTHU aHAJIM3 SKCINTyaTallu CUCTCMbI c6opa ra3sa,



— omucaTh HauOOJIee ONTUMAIIBHBIC TEXHUUSCKHUE PEIICHUS;

— paccuuTaTh a0COPOIMOHHBIN MPOIECC OCYIIIKHU Ta3a;

— paccyYMTaTh SIKOHOMUYECKYIO Y3P(PEKTUBHOCTH OT BHEPECHUS TPOCKTA;

— MPOBEPUTH OCHOBHBIE (DAKTOPHI, BIMSAIONINE HA YEJIOBEKa IPH IIPOBEICHUH

HEO0OXOIUMBIX paboT.



AHHOTALHUA

AHanu3 BBIMOJHEHUS TMPOCKTHBIX pEIICHUH 10 YPOBHSAM JOOBIYM Ta3za
CEHOMAHCKOM 3aJeXHu M0 TIUIOMIAAsIM MU MECTOPOXKICHHUSM, IOKa3bIBaeT, 4YTO B
dakTrdeckas 100b4a ra3a Mo MECTOPOXKICHUS HIKE TTPOCKTHOM.

Ha ocHoBanuu mpoBeeHHOT0 aHaln3a (GaKTUYECKOTO COCTOSIHUS pa3pabOTKu
ceHoMaHCcKoM 3anexxu N MecTopokiaeHuM  cieayeT  BBIBOA:  pa3paboTka
OCYILIECTBIISIETCA C OTCTYIUICHUSIMH OT TIPOEKTHBIX PEHIEHUM, YTO MPHUBEIO K
OTKJIOHEHUIO (paKTUUYECKOU JOOBIUM raza OT MPOEKTHON BEJIMYMHBI IO CEHOMAHCKOM
3anexxu N MecToposxaenuii, a 3a nepuoj 2005-2012 roas! mprCyTCTBOBA OTPOMHBIHA
He000p rasa.

K mHacrosimiemMy MOMEHTY TIUIOHIQJAM MECTOPOXKACHUS |  3HAYUTEIIbHO
UCTOLIEHBI — ra3oBas otaada mo HuM coctaBuia 50-80% OT yTBep KIIEHHBIX.

ObecnieyeHre ycIOBUN dKCIUTyaTalldyd B MEPUOJ MaJaronie JoObIYM SBISETCS
aKTyaJIbHOW HAy4yHOM 3ajauel, Kak B HACTOSIIMA MOMEHT, TaK M Ha OJumxkaiiiiee
Oyayiiee, MOCKOJbKY B 3TOT MEPUOJ] Pa3pabOTKU B CBSI3U C MOABEMOM IJIACTOBOM
BOJIbI K MHTEpBAJIaM TepdOpalivy dKCIUTYaTAllMOHHBIX CKBAXXHH, a TaKXKe MaJICHUEM
MJIACTOBOTO JIABJICHUS], 3HAUUTENIHO YXY/IIIAIOTCS YCJIOBUS JOOBIYM Ta3a.

[ToaTOMY 117151 BBITIOTHEHUS 3aTUTAHUPOBAHHOM TOOBIYH TOTPeOyeTC sl BHEIPEHUE
KaK HOBBIX TEXHOJIOTMW BO3JECHUCTBUSA HA MPOAYKTHMBHBIMA IUIACT, TAK U BHEAPEHHUE
HOBBIX TEXHOJIOTHI HAIlEJIEHHBIX Ha ONITUMU3AIIUIO MPOIecca MOJATOTOBKHY rasa.

[TpoOnemsbl SKCIUTYaTaIIuU Ta30COOPHBIX CUCTEM | MECTOPOXKIACHUS Ha MO3THEN
CTauu WX pa3pabOTKU OOYCJIOBJICHBI MaJCHUEM YCTHbEBBIX NaBJICHUN U J1€OUTOB
CKBAXXWH, YyYalllalOIIUMUCS IO Mepe APCHHpPOBaHUS CKBaxxuH mpopbiBamu ['BK k
3a005M CKBaXMH, OOJieeé WHTECHCUBHBIM HAKAIUIMBAHWEM KOHACHCAIMOHHOW U
MJIACTOBOM JKUJIKOCTH B TOJIOCTH Tuiei(oB. OCOOEHHOCTHIO Ta30COOPHBIX CHUCTEM
ABISETCST OONbIIasi MPOTSHKEHHOCTh MNUICHGOB W Ta30COOPHBIX KOJUIEKTOPOB,
MPOKJIAJIBIBAEMBIX HAa TEPPUTOPHUSAX C JOCTATOYHO BBIPAKCHHBIM peabeoM U UX
OOJIbIION auamMeTp. DTU OOCTOSATENbCTBA MPUBOAAT K JOCTAaTOYHO HHTECHCUBHOMY
BBITIQZICHUIO KUAKON (ha3bl B MPOMBICIOBBIX Ta30MpPOBOAaX, OCOOCHHO B TEIUIBIN

NEPHUO/JI TOJa IPU YMEHBIIEHHBIX 0TOOpaX CKBAXXUHHOM MPOTYKIIUH.



VYBenuyeHne 00beMOB KUIKON (ha3bl B TPOMBICIIOBBIX Ta30IIPOBO/IaX MPUBOIUT
K PpOCTy THIPABIMYECKUX TIOTEpPh B CHUCTEMax cOopa ©  YBEIWYEHUIO
HECTaIlMOHAPHOCTU PEXHUMOB PaOOThl Ta30COOPHBIX CHCTEM M, KakK CIEJICTBHE, K
OCIIO)KHCHHSIM B pabOTe€ KaK TEPBUYHBIX CEMApaTOPOB YCTAHOBOK KOMILICKCHOM
MOATOTOBKM T'a3a. ITO JAaeT BO3MOKHOCTh HA OCHOBE MOJTYYEHHBIX B XOJI€ MOHUTOPHUHTA
pE3yabTaTOB NMPUHUMATh OOOCHOBAHHBIE PEIICHUS MO KOHKPETHBIM MEPOIPUSITHSIM,
CBSI3aHHBIM C BOMPOCAMU OINTUMH3AIMK PAOOTHl Ta30COOPHONW CHCTEMBL. A TaKxKe
PEKOMEHI0BATh HAU0OJIee ONTUMANIbHBIE TEXHUYECKH PEILICHUS.

Bcerymiienne MecTOpoXIeHHsT B KOMIIPECCOPHBIA TEPUOJ  AKCIUTyaTaluu
MPUBOJUT K CYIIECTBEHHBIM OCJIOKHEHHUSIM B MPOMBICIOBOM MOATOTOBKE Tra3a. B
MEPBYI0 Ouepeab 3TO MpoOJieMa CBOCBPEMEHHOI'O BBOJA JOKUMHBIX MOIIHOCTEH,
OTPAXKAIOIIASICS HA BCEX MCIOJIb3YEMbIX TEXHOJOTHSIX. BO-BTOPBIX, BBOJ JOKUMHOM
KOMITPECCOPHOM CTAHIIMH, MPU MOTCHIIMAIBHO HU3KOM d(PPEKTUBHOCTH BO3IYIIHOTO
OXJIQXJEHUS U HECOBEPUIEHCTBE KOHCTPYKIIMH aIapaToB BO3IYIIIHOTO OXJIAXKICHHUS,
HapylaeT TeMIIEpaTypHbIM pexuM OoOpabOTKU rasza, Kak B JICTHHM, TaKk U 3UMHUUN
nepuoibl. Hapyrienue TemmnepaTypHOro pekuMa CKasblBaeTcs Hanbosee CHIIBHO Ha
a0COpOIIMOHHOMN OCYIIIKE.

[ToBblllIeHHE TEMMEPATYpbl KOHTAKTa ra3—TJIUKOJIb MPU H3HAYAJIbHO HU3KOM
MaccooOMeHHON 3((PEeKTUBHOCTH aOCOPOEPOB MPUBOIUT K PE3KOMY IOBBIIICHUIO
TeMrepaTypbl TOYKH POCHI OCYIIEHHOTO Ta3a BIUIOTh A0 HapylIeHUsT TpeOoBaHUM
ctanaapToB. Mmeonorus pemieHus mpoOJieMbl KayecTBa ra3a B KOMIIPECCOPHBIN
MepUO/ B 3HAYUTEILHON CTENIEHU ONPEIEIIICTCS MPOSKTHBIM MOJI0KEHUEM JI0KUMHON
KOMIIPECCOPHOM  CTAHIMM  OTHOCUTEJIBHO OCYIIKH M  BO3MOXKHOCTAMH €€
nepenofkioueHus.  OOecrieueHne  HOPMATUBHOTO  KadyecTBa  MPOMBICIOBOM
MOJITOTOBKM T'a3a B KOMITPECCOPHBIN MEPUOJ BO3MOKHO 3a CUET:

— YBEIMYEHUS MacCOOOMEHHOM A((hEeKTUBHOCTH aOCOpOEPOB;

— CHWKEHUS TeMIIepaTypbl KOHTAKTa,

— TIOBBIILICHUS TaBJICHUSI KOHTAKTA,

— TIOBBIIICHUA KOHIOCHTPALMU U ITOAAYH PETCHCPHUPOBAHHOI'O I'TIMKOJIA.



VYBenuuenne MaccooOMeHHON 3(G(EeKTUBHOCTH aOCOPOIMOHHBIX YCTaHOBOK
MOXET OBITh JOCTUTHYTO 3a CUET MOJEpHU3aIueld abcopOEpoOB C HCIOJIb30BAHUEM
HOBBIX BBICOKOA()(EKTUBHBIX KOHTAKTHBIX YCTPONCTB (peryisipHas IJIacTHHYATAS
Hacajaka).

TexHonornyeckuii pacuer abCOPOILMOHHOTO MPOIECCa OCYIIKU ra3a BKIIOYaeT
ONpEJeIeHNEe YHCla TEOPETUYECKUX TapesioK, KOJHWYECTBA IMOTJIOTUTEIBHOTO
pacTBopa, €ro HCXOJHOW M KOHEYHOM KOHIIEHTpamuu, (akTopa CKOPOCTH Tasa,
koa(dduieHTa Macconepeauu, ruAPaBInYECKOro COMPOTUBICHUS MacCOOOMEHHOM
U QUIBTPYIOLIEH CEKIIUH.

Pacyer mpoBeneH ¢ IWENbIO ONpPEAETICHHS U aHalu3a MacCOOOMEHHOM
s dexTuBHOCTH a6COPOEPOB, 000PYIOBAHHBIX PETYISIPHON MIIACTHHYATON HACAIKOM,
Ha TEKYIIWA MOMEHT M Ha TIEPCTIICKTUBY. PacdeT BBITIOIHEH Ha TPEX TEXHOJIOTHIECKUX
pexumax pabotsl abcopoepa.

C SKOHOMHMYECKOM TOYKHM 3pEHMsI ONHCaHa 1eJeCO00pa3HOCTh BHEIPEHUS
POEKTa COBMECTHON AKCIUTyaTallii YCTAHOBOK KOMITJIEKCHOM TOJATOTOBKY Ta3a, Ipu
YCJIOBUHM BBIBOJIA U3 IKCILTyaTaIlluu 00OPYI0BAHUS 11€Xa OYMCTKHU T'a3a, IBYX CTyleHEH
KOMITPUMHUPOBAHUS TOKUMHON KOMIIPECCOPHOM CTAHIINN, CTAHITUN OXJIAKICHUS Ta3a.
Paccuntana »skoHomuyeckas dG(EKTUBHOCT, OT BHEJIPEHUS TMPOEKTa HAa
MectopoxaeHuu T. [1o uroram pacu€ToB, BHYTPEHHSI HOpMa IOXOJHOCTH COCTaBUIIA
31%, 4TO mpeBbIIAET HOPMY JUCKOHTA, YUCTHIN 10x0]1 6oaee 200 miuH. pyo.

Jlist mpoBeieHnst paboT MO aHAIM3Yy MEXaHUYECKUX MPUMECEH y OorepaTopoB
MMEETCsl OIpeJieSIeHHOe pabouee MecTo, Ha KOTOPOM JOJDKHA OBbITh COOJIIOAeHa
TEeXHHMKa 0€30MacHOCTH /ISl BEACHHSI Pa3IMYHOTO poja paboT.

Pabouee mecto omepatopa mo m00bMe HEPTH U Taza pacrojaraercs
HEMIOCPEACTBEHHO  HAa  KYCTOBOM  IJIOMAAKE, HAa  KOTOPOH  HaxXomaTcs
He(TeT0OBIBAIOIINE CKBAXKUHBI, & TAK)KE B IOMEIICHUY 11eXa TOObIYM HEPTH U rasa.

B paiione paboueil 30HBI, KOTOpas HAXOJUTCS HAa KYyCTOBOW IUIOIMIAIKE,
pacrnoararTcs CKBXHHBI U BCE DJIEMEHTHI YIIPaBJICHHsI, KOTOPhIE 00ECTIEYNBAIOT €€
paboTy, a IMEHHO: OJIOK MaJIOil aBTOMATUKU U aBTOMAaTHUYECKas TPYNIIOBasi 3aMepHast

YCTAHOBKA, HaXoaAasCA Ha KYCTY CKBAKHH. I[O6BI"I& rasa nNponu3BOJUTCA prrJIBIﬁ



roJ1 0e3 mepephIBOB, UCKITIOYAsi BpeMs Ha IpoBeieHne peMoHTa. KamepanbHbie paboTh
NPOM3BOMATCS B 3MaHUM Iiexa J00bau HedhTH | Tasa, O0O0OpPYIOBAHHOTO

IICPCOHAJIBHBIMHU KOMIIBIOTCPAMH.



1. Geologic production characteristics of the Urengoi oil and gas condensate

deposit
1.1 Orohydrographic characteristics of the area

The Urengoy oil and gas condensate field (Urengoy, Yen-Yakhinsky and
Pestsovaya areas) is located in the Purovsky and Nadymsky areas of the Yamal-
Nenetsky national district of the Tyumen region. The North Urengoy field is located 5
km to the north of the Yen-Yakhinskoye area border, Pestsovaya area borders in the
Yen-Yakhinskaya area in the west. Yen-Yakhinskaya, Pestsovaya and a part of
Urengoyskaya areas are located beyond the Arctic Circle. An overview map of the
Tyumen region is given in Appendix A.

The region is in the permafrost zone (PFZ), the temperature of which decreases
from south to north by 1°C per 100 km. The structure of permafrost layers is from a
monolithic deposit in the North Urengoy field to a layered one in the river valleys in
the south of the Urengoy area. Occurrence depth of PFZ is from 0 to 360-500 m. The
temperature of PFZ is from minus 1-2°C to minus 5°C. Temperature gradient in the
thickness of PFZ is (average) 3.8°C per 100 meters of the section. In the PFZ section
there are also inter-permafrost regional thawed rocks, to which aquiferous horizons are
confined. All water supply to Novy Urengoy and local water intakes of gas fields are
carried out thanks to the development of these taliks.

The climate is sharply continental, with cold winters and short cool summers.
The average winter temperature is minus 17°C. The coldest months of the year are
December, January, February. In these months, frosts reach minus 50-55°C and are
often accompanied by strong winds. The frost-free period is from mid-June to mid-
September. The warmest month is July. Its average temperature varies from 6 to 15°C,
and the maximum temperature can reach 40°C. The amplitude of temperature
fluctuations between the coldest and warmest months is 80°C. The thickness of the
snow cover in all areas under consideration reaches 1 to 2 m in relief depressions. The
average annual precipitation reaches 350 mm. Most of them (70%) fall in the summer

months.



The hydrographic network is formed by the Pur River (in the east of the district)
and its left tributaries: Evo-Yakha, Ngarka-Yeseta Yakha, Malhoy-Yakha, Tab-Yakha,
Hadutta. Only the river Pur is navigable. The rivers are opened in late May - early June,
they freeze in mid-October.

The Great Urengoy deposit includes:

— actually Urengoy uplift
— Yen-Yakhinsky uplift
— Pestsovy uplift

— North-Urengoy field

1.2 The gaseous state
Three layers of oil and gas are distinguished in the Great Urengoy deposit
section:
— the upper layer - Cenomanian deposits, at a depth of 1030-1260 m;
— middle layer - Lower Cretaceous gas-condensate-oil deposits, lying to a
depth of 3500 m;
— the lower layer - Berrias-Valanginian and Jurassic gas condensate-oil
deposits, lying at a depth of more than 3500 m.
Cenomanian deposits of the Urengoy and North-Urengoy fields belong to the
upper layer of the gas content.
The Cenomanian deposit of the Urengoy field belongs to the sub massive type.
The absence of continuous shale baffles separating the deposit by the area and the layer
of the gas content does not allow it to be attributed to a massive reservoir type. The
considered deposits are water-driven. The gas-water contact has a gentle north-
northwest incline.
In essence, the structure system of the Urengoy anticline and the uplifts (Yen-
Yakhinskoye and Pestsovoye), in fact, unite one of the largest deposits with a single

water-oil contact plane.



Yen-Yakhinskaya
area

Figure 1.1 — Map of Urengoy oil and gas condensate field area
These structures are separated from the actual Urengoy deposit by saddles of various
widths and heights.
The sizes of the deposit according to the initial contour of gas content, specified
in the reserve calculation in 1989 are: the length of the deposit is 170 km; the width -
from 23 to 30 km; the height — 230 km; the area — 6337 km?.



The deposit is a dome, water-driven, of the massive type with a heterogeneous
terrigenous collector, intermittent spread of clay and clay rock interlayers over the area
of the field.

The filtration-capacitive parameters of the collectors are within the limits of:

— open porosity — 28-35%;

— permeability — 30-3500 mD;

— gas saturation — 70-74%;

— original reservoir pressure — 12.2 MPa;
— average reservoir temperature is 31°C.

Within the Yen-Yakhinskaya area, the gas content of the VValanginian-Barremian
and Cenomanian complexes was established. The main gas reserves are confined to the
Cenomanian deposits. The Cenomanian productive stratum lies at a depth of 1150—
1260 m. The thickness of interlayers varies from 0.4 m to 39 m, separating clay from
0.4 to 5-8 m. The total effective thickness varies from 2.6 m to 87 m. The total gas-
saturated thickness reaches 96.6 m, gas-water contact was made at the absolute mark
of 1186 m (well # 12081) to 1204.5 m (wells 67, 75). The contact in the north-east
direction is noted, which is consistent with the regional change in water head.

Sandstones and siltstones predominate in the upper and lower parts of the section
in the zone drained by the wells GPP -11, the middle part is represented by clay rocks.
In the zones drained by wells CGTP -12, 13 the section is more homogeneous, but is
represented by low permeable sandy-siltstone rocks (Kp<300 mD). Thus, the
productive stratum has an inhomogeneous structure over the area (zonal

inhomogeneity) and a cut (layered heterogeneity).

1.3 Physico-chemical characteristics of the gas

The gas of the Cenomanian deposit of the Great Urengoy fields is very similar
in chemistry to the gas of other Cenomanian deposits in the north of the Tyumen region,
it has mainly methane composition (from 95.4 to 99.3%). The maximum content of

hydrocarbons C; + nigher does not exceed 1.0%.



The relative specific gravity of the Urengoy field gas varies from 0.557 to 0.563

by air. Critical parameters:

- average critical pressure - 4.73 MPa;

- average critical temperature - minus 82.5°C;
- the net calorific value — 7648-7972 kcal / m?.

The average content of the components of the gas are: CH, - 98.28%; C,Hs —
0.15%; C3 Hg - 0.002%; C,4 Hi 0.0014%; Cs + higher - 0.0006%; CO, — 0.35%; H, -
0.02%; N - 1.16%; He + Ne - 0.013%; Ar + Kr + Xe 0.023%; H, S traces.

Table 1.1 shows the average composition of the stratal gas CGTP -11, 12, 13.

Table 1.1 - Composition of stratal gas, % vol.

Parameter name Value,%
CH,4 99.038
C.Hs 0.065
CsHg 0.002
N> 0.767
CO> 0.035
O2 0.009
Relative humidity,% 100
Density at 20°C, kg / m? 0.674
Net heating value, MJ 33.13

The reservoir water is of the chloralcium type, the density is 1.013 g / cm?, the

viscosity varies from 0.7 to 0.8 cps. Water contains dissolved hydrocarbon gases.

1.4 The main design solutions for the development of the field

The Cenomanian deposit of the Great Urengoy fields includes the Urengoy
(Urengoy, Yen-Yakhin and Pestsovaya areas) and the North-Urengoy field.
The Urengoy field has been in operation since 1978. Pestsovaya area was the

last of the three areas of the field to be put into development in December 2004.



Reservoir and production engineering of the Urengoy field was carried out in
several stages, in connection with the revision of gas reserves, the change in design
tasks, the backlog of well- drilling and field construction.

In the field, unique in gas reserves and located in hard-to-reach conditions, in the
first projects, a fundamentally new system of development and arrangement has been
considered:

- cluster placement of vertical production wells of increased diameter in the most
productive zones;

- debits, several times higher than previously received in the gas fields of the country;
- a differentiated system of opening a productive horizon;

- complex gas treatment plants (GPP) for increased productivity, etc.

Particular attention was paid (in conditions of limited information) to
determining the productive characteristics of the wells, the feasibility study of the
optimal production rate and well design, the number of wells in the cluster and the total
productivity of the well cluster.

The results of the analysis of the actual state of the field development conducted
in the course of the author’s supervision during the whole period of operation
confirmed the validity of the decisions taken. At the same time, the delay in the
commissioning of the GPP, the operational and observation wells, the BCS, and the
significant excess of annual withdrawals from the Cenomanian deposit of the Urengoy
area led to the need for adjustments to the design parameters.

Since 1998, the Cenomanian deposit of the Urengoy field has been developed
on the basis of the “Project for the development of the Cenomanian deposit of the Great
Urengoy for full development”, approved by the Gas Industry Commission of
Gazprom.

At present, the Cenomanian deposit of the Great Urengoy field is in the stage of
declining production, the reservoir is operated under conditions of elastic water drive
with active introduction of formation waters. The beginning of the introduction of

formation water actually coincides with bringing GPP zones into development.



The compressor operation period at the Urengoy field began in 1987. BCS
commissioning period was repeatedly corrected for various reasons, which led to a
significant deviation in the real operating conditions of UNOGM from the originally
designed “Project for the Cenomanian deposit of the Urengoi field to produce 250
billion m®”, 1981.

The delay in BCS introduction led to the fact that a significant stock of wells
worked for that period at the P,=const mode, because the pressure at the mouth was
limited by the pressure in the reservoir. This caused a decrease in the annual productive
rate.

At present, there are 14 BCSs in | and Il stages at the Urengoy field. The
compressor operation period of the North Urengoy field began in 1995. There is one
BCS (I and Il stage) in work.

With a delay of 3 years in relation to the Project - 1998, the Tab-Yakhinsk site
of the Urengoy field (2003) was put into development. The project designation period
is 2000.

Pestsovaya area of the Urengoy field was the last to be introduced in the
development (the year of commissioning - 2004). According to the project, Pestsovaya
area (CGTP -16) was planned to be commissioned in 2001 with the withdrawal in 2004
for a constant gas productive rate 27.5 billion m?® and an operating well stock of 145
units.

The main gas reserves of the Urengoy field account for 68.2% of the Urengoi
area, for 22.2% of the Yen-Yakhinskaya and for 9.6% of Pestsovaya area.

As the deposit has been studied, the gas reserves of the Cenomanian deposit of
the Urengoy field have been estimated more than once by the volumetric method
“GlavTyumengeologiya” and approved by the SCC of the USSR in areas:

- Urengoyskaya area - 5226.8 billion m3;

- Yen-Yakhinskaya area - 1706.0 billion m?;
- Pestsovaya area - 739.2 billion m?;

Total - 7672.0 billion m2,



1.5 Actual indicators of the development of the Cenomanian deposit at the

Urengoy oil and gas condensate field

From the beginning of the development, 4995.65 billion m® (60.6% of the
approved reserves or 69.8% of the reserves taken for design) have been produced from
the Cenomanian deposit of the Great Urengoy fields. The Urengoy field accounts for
94.45% of the produced gas from the Great Urengoy Cenomanian deposit, the North
Urengoy field - 5.55%.

The actual indices of the development of the Cenomanian deposit of the Great Urengoy
field are presented in Table 1.2.

The total gas production from the Cenomanian deposit of the Urengoy field was
4718.32 billion m® (61.5% of the approved reserves or 71.1% of the accepted for
design). The main share of gas production of the Urengoy field is the share of Urengoy
area —

3923.45 billion m® (83.2% of total production of the field), Yen-Yakhinskaya
area — 778.40 billion m? (or 16.5%), Pestsovay area — 16.47 billion m3.

Figure 2.1 shows the percentage ratio of annual gas offtake in the Urengoy and

Yen-Yakhinsky areas.



Table 1.2 - Actual indicators of the develo

pment of the Cenomanian deposit of deposits and areas of the Great Urengoy

Great Urengoy

Average
The stocks | Cumulative Annual | petroleu Average Gas recovery
Year of gas m . . reservoir
o accepted for gas . . | Operating |Active wells|Suspended from stocks,
Exploitation target commencem . . . |productiofproductio pressure,
project design, |production, - well stock stock wells accepted for
ent A 3 - 3" |n, billion| n rate, MPa ) .
billion m billion m 3 project design %
m thousand
m/d
. Lljrzr'gofl;a? | 1078 sgs00 | 392345 | 6701 | 272 | 798 782 4 3.0 200
(including S?te') aKnInsky 9.17 344 | 466 24 24 . 6.13 '
Yen-Yakhinskay area 1985 1024.0 778.40 22.52 232 314 292 - 3.6 76.0
Pestsovay area 2004 758.4 16.47 14.05 | 489 138 116 - 11.7 2.2
Urengoy field - 6632.4 4718.32 | 10359 | 331 1247 1190 4 6.1 71.1
North Urengoy field 1987 520.1 277.33 6.67 245 110 85 5 3.9 53.3
- 71525 4995.65 |110.26 - 1357 1275 9 - 69.8




The analysis of design solutions implementation according to levels of gas
production at Cenomanian deposit in areas and fields of Great Urengoy shows that
the actual gas production across Great Urengoy in 2008 is lower than that of the
planned level, due to delayed commissioning period of the Tab-Yakhinsky section
of Urengoy area and the Pestsovaya area:

—in Urengoy area (without Tab-Yakhinsky site) the actual production exceeds
the planned level by 0.97 billion m?;

— in the Tab-Yakhinsky section of Urengoy area the actual production is 1.6
billion m® lower which is related to delayed commissioning period of its
development (Tab-Yakhinsky section of Urengoy area planned for operation in 2000
with continuous production of 5 billion m®/year is brought into development only in
2003 with annual production of 1.82 billion m? against planned 2.80 billion m* and
24 operating stock wells);

— in general the actual annual production is lower than the planned level by
0.6 billion m® in Urengoy area.

On the basis of the carried-out analysis of the actual development state of the
Cenomanian deposit at Great Urengoy fields, the following conclusion can be made:
the development is carried out with derogations from design solutions that has led
to a deviation of the actual gas production from the planned value on the Great
Urengoy Cenomanian deposit in 2012 by 14.6 billion m?, and during 2005-2012 the
shortage of gas was 81.63 billion m?,

By the present moment the Urengoy field area (Urengoy and Yen-Yakhinsky)

are considerably exhausted - gas recovery has reached 46—75% of the approved ones.



GPP-10 GPP-1

GPP-1AC
9%

GPP-2

GPP-8

10%
GPP-3

8%

GPP-6 GPP-5 8%
8% 8%

a) Urengoy area

Gas production since the beginning of development as of 12/31/2012

GrP-11
45%

26%

b) Yen-Yakhinskay area
Gas production since the beginning of development as of 12/31/2012

Figure 1.2 — A percentage ratio of annual gas offtake in the Urengoy and

Yen-Yakhinsky areas

According to the project the operating stock of the Urengoy field has to make
1214 wells, including:



— Urengoy area — 777 wells;

— Yen-Yakhinskaya area — 292 wells;

— Pestsovay area — 145 wells.

Actually as of 01.01.2014 the operating stock includes 1190 wells that makes
98% from the design value (see table 1.2).

The idling well stock makes 53 wells, 4 wells are suspended.

The area distribution of the current reservoir pressures is characterized by
considerable nonuniformity that is caused by stage-by-stage GPP input and various
specific productions as well as variability of reservoir properties. The zone of
minimum reservoir pressures of 2.2-2.5 MPas was created near the GPP -3-7
operating wells. In the southern part, around GPP -1AS the reservoir pressure is 2.8—
3.3 MPas. Around GP-10, in the north of Urengoy area, the reservoir pressure is 2.9—
4.0 MPas which increases to the north and reaches 4.9-6.1 MPas near Tab-
Yakhinsky site. In Yen-Yakhinskaya area where operating wells are located the
reservoir pressure is 2.2—4.2 MPas. The mean reservoir pressure in Pestsovaya area
is11.7 MPas.

The surface of the current GWC is characterized by the strong irregularity as
introduction of reservoir waters in the Cenomanian deposit happens nonuniformly
that is bound to geological and technical factors. The maximum increase in GWC
generally refers to uplifting upper zone of the formation where zones of the greatest
drainage are located.

Field development takes place in the conditions of water drive. The key factor
of the increase in GWC is the difference between gas-and water-saturated parts of
layer. The current GWC has a convex surface with the rise maxima reaching:

—to 59 m around GPP-1A; — to 77 m around GPP-6;

—to 81 m around GPP-1; — to 74 m around GPP-7;

—to 75 m around GPP-2; — to 77 m around GPP-8;

—to 56 m around GPP-3; — to 55 m around GPP-9;

—to 71 m around GPP-4; — to 56 m around GPP-10.

—to 69 m around GPP-5;



In Pestsovaya area the maximum GWC raising reaches 17 m.

In Yen-Yakhinskaya area the maximum GWC raising makes:

—to 59 m around GPP-11;

—to 56 m around GPP-12;

— to 45 m around GPP-13.

44 wells from the operating stock work with impurity of reservoir water of
various mineralization.

One of the progressing complications on the field is sanding-up due to
collector destruction. Perforation intervals in more than in 570 wells have been
recorded to have sand plugs partially or completely.

Providing operating conditions during declining production is an urgent
scientific task both at the moment, and in the near future as gas production conditions
considerably worsen during this development period which is bound to reservoir
pressure decline, raising of reservoir water to operating well perforation intervals,
the collector layer destruction.

Therefore, realization of the planned production will require introducing both
new technologies of impact on productive layer to provide the maximum coefficients

of gas recovery, and well servicing technology.



3ak/IroueHue

Ha ocHoBanmm ¢akTuueckoro marepuajga M pacueToB B IUCCEPTAIHH
BBITIOJIHEH aHAJU3 U JaHbl PEKOMEHIAIMU IO ONTUMHU3AIMU TEXHOJIOTUU coopa U
MOATOTOBKY r'a3a Ha YCTAHOBKAX KOMILUIEKCHON MOATOTOBKU MECTOPOXKACHUS .

[IpoBeneHHbIE pacyeThl HA TpPeX peXUMaxX IMOKa3ald, 4YTO IO Mepe
naJIeHUs MIACTOBOTO JAaBJICHUsI paboune XapaKTepUCTUKHU abcopOepa yXyAIatoTCs:
YBEIIMUMBACTCS JIMHEHHAss CKOPOCTb B allapare, pacxoll JUATUIICHTJIMKOJIS,
TUIPABIMYECKOE COMPOTHUBICHHE MAacCOOOMEHHOM U (UIBTpYIOIIEH CeKIui;
cHmkaetcs ¢akTop abcopbumu. Jlaxke ¢ yueTtoM MojepHU3aluu, adcopoep umeer
MaccoOOMEHHYI0 3P (HEKTUBHOCTh MEHEE 2 TEOPETUUECKUX TAPEIIOK.

CrpaTernueckuM  HampaBlIiEHHEM  ONTUMM3AIMM  TEXHOJOTMH U
o0opynoBaHusi aOCOPOLIMOHHOM OCYIIKA Ta3a Ha YCTaHOBKAX KOMIUIEKCHOM
MOATOTOBKU Tra3za SBJSIETCS MEPEXOJ HAa TEXHOJIOTHMI0 OCYIIKM ra3a Ha JBYX
TepMOOAPUYECKUX YPOBHSIX.

PaccmoTpens! 1Ba BapuaHTa JBYXCTYIEHYATOM OCYIIKH Ia3a:

a) C MpeJBapUTEIIbHON OCYIIIKOM Tra3a B 11€Xe OYMCTKH rasa;

0) 3a CueT WCMOJB30BaHUS BBICBOOOXKIAIOIIETOCS OOOPYJIOBaHUS IeXa
ocymiku: 1ex Nel paboraer B kauectBe 1 crynenu, nex Ne2 — 2 crynenu. [lpu stom
HE0OXoaMMa MOJIEPHM3AIMS  allapaToB BO3AYIIHOTO OXJIAXICHUS Ta3a C
YCTAHOBKOW CHCTEMbl aBTOMATHYECKOTO YIIPABJICHUS AJICKTPOABUTATEISMU
BEHTUJISITOPOB aIllapaToB BO3AYITHOTO OXJIaKICHHUS.

Ucnonb3oBanue mporecca ABYXCTYNEHYATOM OCYIIKM ra3a OOECleuuT B
XOJIOJIHBIN MEPHOJT TOJIa MPAKTUUYECKU OE3TUIpaTHBIN PEeXKUM pabOThl anmapaToB
BO3AYILIHOIO OXJIAXKJEHUS, 3TO IMO3BOJUT MOIAEPKUBATH ONTUMAJIBHO HU3KYIO
TEeMIepaTypy Ha BBIXOJIE allllapaToB BO3AYIITHOTO OXJIaXKACHUS B XOJIOHBIA IEPHO/
rojia ¥ CTabMIbHO 00ecreunT TpeOyemMble TTOKa3aTeNId KauyecTBa ra3a, Kak B JICTHUH,
TaK U B 3UMHHM MIEPUOJ TO1a.

IIpoBeneH aHanu3 MUCIHBITAHUM 10 COBMECTHOM JKCIUIyaTallUM YCTAaHOBOK
KOMILIEKCHOM MOATOTOBKU Ta3a.

ITonoxxurenbHbIe PE3YyJbTaTbl IMO3BOJIAIOT TOBOPHUTH O HpaKTquCKOﬁ



peain3yeMOCTH TEXHHYECKHX pEIIeHUH IO COBMECTHOW paboTe YyCTaHOBKE
KOMIUIEKCHOM TMOATOTOBKH Ta3a M pacleHUBaTh 3TOT BapuaHT pa3Butus N-ro
KOMILJIEKCa KaK HanOoJiee MepCreKTHBHBIIA:

— TMPUMEHEHHE CXEM COBMECTHOH MOJTOTOBKHM M KOMIPUMHUPOBAHHUS Tas3a
MO3BOJIMUT ONTUMHU3UPOBATH 3arpy3Ky OOOpYIOBaHHUS TPOMBICIOB M TOBBICHTH
HAJICKHOCTH PabOThI T0’KUMHON KOMIIPECCOPHOU CTaHIINU;

— IepepacrnpeeieHre J0)KUMHBIX MOITHOCTEN U IIOTOKOB Ia3a I03BOJIUT, C
OJTHON CTOPOHBI, 00ECTIEYNTh TPeOyeMyIO CTENeHb CXKaTHsl, a C APYTOi CTOPOHHI,
ONTUMAaJIbHBIM 00pa3oM 3arpy3uTh KOMIPECCOPHOE 00OpYAOBaHHE, CHU3UB TEM
CaMbIM yJIeJIbHBIA PACcX0]l TOIIMBHOTO ra3a;

— pa3paboTaHHBIA BapUaHT Pa3BUTHUS OOECHEUYUT BBICOKYIO HAaJI€KHOCTb
TPAaHCIOPTA rasa, Tak Kak JaeT BO3MOKHOCTh IKCIUTyaTalluy IPOMBICIIOB B CIydae
BO3HUKHOBEHUS HEIITATHBIX CUTYallUH;

~ peanu3aluu MPEeJIOKEHHOTO TEXHUYECKOTO PpEIICHHUs HMEET HHU3KYIO
KAl TaI0eMKOCTb.

Pacyer »KxoHOMHYeCcKOW H(PPEKTUBHOCTH MPOEKTa IO COBMECTHOU
HKCIUTyaTallil yCTAaHOBOK KOMIIJIEKCHOM MOJTOTOBKM Ta3a MoKa3ajl, 4YTO €ro
BHEJJPEHUE SIBIISIETCS 9KOHOMUYECKH 11€71€CO00Pa3HbIM U BHITOJJHBIM PEILICHUEM IS
npennpusitus. Ilo utoram pacuéroB, BHYTpPEHHSs HOpMa JTOXOJHOCTH COCTaBHJIA
31%, 4TO MpeBbIIAET HOPMY JUCKOHTA, YUCTHIN 10x0.1 60oaee 200 miH. pyo.

B pa3zpnene counanbHas OTBETCTBEHHOCTD BBINOJIHEH aHAIN3 MOTEHIMAIbHBIX
OMAaCHOCTEeW W TPOU3BOJCTBEHHBIX BPEIHBIX (DAaKTOPOB, a TaKKe PACCMOTPEHBI
MEPOMPHUITHS, TPOBOANMBIE Ha TMPEANPHUSATUU TO OOECHEUYCHUIO Oe30MacHBIX U
Oe3BpeIHBIX YCJIOBHM, OXpaHE OKpYXalollell cpeabl B YacTH MPEeAyHpesKICHHUs
3arpsi3HEHUS] aTMOC(EPHOTO BO3/AyXa W MOYB. BHeIpeHHe HOBBIX TEXHHYECKHUX
pellIeHuH 10 COBEPILIEHCTBOBAHHUIO CXEMbI MOJTOTOBKY CKBAXXMHHON MPOAYKLIMU HA
YCTaHOBKAaX KOMIUJIEKCHOM MOATOTOBKH I'a3a HE CHUKAET YCTAHOBJICHHBIM YPOBEHb

0€30MacHOCTH U HE YXY/AIIAET HKOJIOTHYECKY0 00CTaHOBKY B pallOHE MPOMBICIIA.



