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[Tnanupyemsbie pesynabratsl 00yueHus mo OOIT
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pe3ynbTaT
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Pesynbrar oOy4yenus

[IpodheccrnonanpHble KOMIETEHITUI

P1

(D!HQaMeHTa.]'IbeIe SHAHUA
HpPIMeHHTb 0a3oBbIC U CIICUAJIBHBIE MATEMATUYECKNE, CCTECTBEHHOHAYYHBIC, TYMAaHUTAPHBIC,

COUAIIBHO-OKOHOMHNYCCKUC U TEXHUYCCKNUEC 3HAHU B MCKIUCHUIITIMHAPHOM KOHTCKCTEC JJIsd
PEeUICHNS KOMINUICKCHBIX U MHXCHCPHBIX HpO6J’IGM B o0acTu HpHKHaHHOﬁ I'COJIOTHUM.

P2

HNnxeHepHbIH aHAIU3
CTaBUTh U pelIaTh 3a/[aull KOMIUIEKCHOIO HHXCHEPHOTO aHalIu3a B 00J1aCTH MOMCKOB, T'€0JIOr0-

SKOHOMHUYECKOH OIEHKHU U ITOATOTOBKH K SKCILTyaTalu MeCTOpO)K,HCHI/Iﬁ ITOJIC3HBIX MCKOIMA€MBIX C
HCIIOJIb30BAHUEM COBPEMEHHBIX aHAJINTUYECKUX METONOB 1 MOJICTICH.

P3

HNH:keHepHOe IPOEKTHPOBAHUE
BBINONHATE KOMITIEKCHBIC WH)KEHEPHBIE MPOEKTHI TEXHHYECKUX 00BEKTOB, CHCTEM H IPOIIECCOB B

00JIACTH TIPUKJIIAHOW T'COJIOTHH C YY€TOM 3KOHOMUYCCKHX, SKOJIOTMYCCKUX, COIIMATBHBIX U IPYTUX
OTpaHHyuEHUH.

P4

HccaenoBanus

HpOBO}II/ITB HUCCIICOAOBAHUA HpI/I pemeHI/m KOMIIJICKCHBIX I/IH)KeHepHBIX HpO6HCM B O6J'IaCTI/I
TIPHUKIIATHON T'€OIOTHH, BKITFOUas IIPOTHO3UPOBAHHE M MOJICIIMPOBAHNE TIPUPOTHBIX MTPOIICCCOB H
SBJICHUH, IOCTAHOBKY IKCIIEPHMEHTA, aHAJIN3 M HHTSPIPETAINIO JaHHBIX.

P5

HNH:keHepHAasl NPaKTHKA
Co31aBaTh, BEIOMPATh U MPUMEHSATH HEOOXOIUMBIC PECYPCHI M METO/IBI, COBPEMECHHBIC TEXHHYCCKUE

u IT cpesacTBa npu peanu3alyy reoJorHuecKix, reoQu3nieckux, reOXMMUIECKUX, IKOJIOT0-
TeoJIOTHYECKHUX paboT ¢ yueTOM BO3MOKHBIX OTPaHHYEHHUH.

P6

Crenuaju3anysi ¥ OpHEeHTANNS HA PHIHOK TPYAa
JleMOHCTpHpPOBATh KOMITETCHIINH, CBI3aHHBIE C 0COOEHHOCTHIO P00IeM, 0OBEKTOB M BUIOB

KOMILICKCHOM PIH)KGHCpHOfI JACATCIBbHOCTH ITO CIICIMAJIM3allii «["eomorus He(l)TI/I H rasany.

y}H/IBepcaHBHLIC KOMIICTCHII U

P7

IIpoekTHBII U GPUHAHCOBBIH MEHEKMEHT

Hcrnonb3oBarh 6a30BbIe U ClICHHATbHBIC 3HAHHS IPOEKTHOTO ¥ (PMHAHCOBOTO MEHEKMEHTA, B TOM
YHCIIe MEHEDKMEHTA PICKOB ¥ N3MEHEHHH JUIS YIPaBJICHNSI KOMIUIEKCHOW MHKEHEPHOM
JEATEIBHOCTBIO.

P8

KommyHukanuu
OcymecTBiaTh 3P PeKTHBHBIE KOMMYHHKAIIUHU B TPO(ECCHOHALHON Cpeie ¥ 00IIecTBe,

paBpa6aTLIBaTI> JOKYMCHTAIUIO, IPE3CHTOBATH U 3allIMIIATh PE3YJIbTAThI KOMILJIEKCHOM
PIH)KeHepHOfI JACATCIbHOCTHU B obJactu HpHKﬂaI[HOﬁ I'COJIOTUU.

P9

HNuauBunyaibHas ¥ KOMAHIHASA PadoTa
D¢ dexTnBHO paboTaTh MHAWBUIYAIBHO U B KQUECTBE WICHA WJIH JIMAEepa KOMaH Ibl, B TOM YHCIIE

MEXITUCHHUIUTMHAPHOM, C JICICHUEM OTBETCTBEHHOCTH M IOJIHOMOYHMH IIPH PEIICHHH KOMIUICKCHBIX
HWH)XCHEPHBIX MPOOIIEM.

P10

IIpodeccuonaibHas 3THKA

JeMOoHCTpUpOBaTh JTUYHYIO OTBETCTBEHHOCTbD, IPUBEPKEHHOCTh U TOTOBHOCTD CJIEI0BAaTh HOpMaM
npoQeCCHOHATBHON 3TUKHU ¥ [IPABUJIAM BEJICHHUS KOMIUIEKCHOW HH)KCHEPHOH eI TeIbHOCTH B
00JIACTH MTPUKJIAJTHON T'€OJIOTHH.

P11

CouuanbHas OTBETCTBEHHOCTh

BecTr KOMITIIEKCHYIO HH)XXEHEPHYIO AEATEIHOCTD C yIETOM COLUAIbHBIX, IPABOBBIX,
9KOJIOTHYECKHX U KYJIBTYPHBIX ACIIEKTOB, BOIIPOCOB OXPaHBI 3/10POBbS K 0€30M1aCHOCTH
KHU3HECSTEIbHOCTH, HECTH COLMAIIbHYIO OTBETCTBEHHOCTh 32 IPHHUMAEMBIE PELICHMUS,
0CO3HaBaTh HEOOXOIMMOCTh 00ECTIeYeH sl YCTOHYMBOTO Pa3BUTHSI.

P12

QOopa3oBaHne B TeueHHe BCeil ;KU3HU
Oco3HaBaTh HEOOXOIMMOCTh B AEMOHCTPHPOBATH CIOCOOHOCTD K CAMOCTOSTEIFHOMY O0Y4IEHHUIO

HEIPEPHIBHOMY NIPO(ECCHOHATILHOMY COBEPIICHCTBOBAHHUIO.
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Hcxoanbie naHHbIe K padore

HcxomHbIMU TaHHBIMH K paboTe MOCITYKHIIM MaTephalibl paHee
IIPOBEACHHBIX I/ICCHC}IOBaHI/Iﬁ Ha MECTOPOXIACHHNU,
OIyOJIMKOBaHHBIE B MEPUOANYECCKUX M3IAaHUAX. A Tak ke, [laker
MOJIEBOM TEOJIOTMYECKOH W TreoU3NUecKod HH(pOpMAIWH,
MOJTYYEHHBII aBTOPOM BO BpeMs pabOTbl HA MECTOPOXICHUU
YHaiiso.

Ilepeuenn NoAJIeKAMX
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NPOEKTHPOBAHNI0O M Ppa3padoTke
BOIIPOCOB

1. N3ydyeHne TreoOJOTUYECKOTO CTPOCHHS, U  YCIOBHUH
(hopMUpOBaHYSI MECTOPOXKICHUS

2. Omenka (QpUIBTAITMOHHO-EMKOCTHEIX CcBOMCTB, X VII 1umacra
T10 TUTOTIIATH.

3. OueHka kauectBa nokpbiku X VII mnacrta
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6. Oxpana Heap U OKPYXKAIOIICH Cpebl.

Ilepeyennb rpaguueckoro
MaTepuaJa
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PEDEPAT

BoinyckHas kBanudukanuonsas pabora 107 c., 46 puc., 9 Tabn., 47
HUCTOYHUKOB.

KiroueBpie cioBa: YaliBo, HYTOBCKHM Tropu30HT, (CaxajiuH, T€OJOTHYECKOE
CTpoeHue, (UIbTPAMOHHO €MKOCTHBIE CBOMCTBA.

OOBeKTOM HCCIeI0BaHUS SBISIETCS MeCTOpokaeHHe YailiBo, HeTsIHas 3alexXb
XVII nnacra

[enb paboThl — M3y4YE€HHE T€OJIOTUYECKOrO CTPOEHUS, PHUIbPALIMOHHO €MKOCTHBIX
CBOMCTB HE()TETa30KOHICHCATHOTO MECTOPOXKIeHUST YaliBO

B mpouecce uccienoBaHus MPOBOAWINCH pacueThl (YUIBTPAIIMOHHO-EMKOCTHBIX
CBOICTB UX CBSI3b C YCIOBUSAMH (POPMUPOBAHUS MECTOPOXKICHUS.

B pesynbrare wucciaenoBaHus ObLJIO YTOYHEHO TIE€OJIOTUYECKOE CTPOEHUE
MECTOPOXKICHHUS.



OcHoBHbIE Onpe/ae/IeHUus

- B naHHOM paboTe WCIOIB30BaHBI CICAYIONMIUE TEPMHHBI C

COOTBETCTBYIOILMMH OIPEIAECICHUAMMU:
BoponeTsiHOi KOHTAKT — YCIOBHO BBIJEHSAEMas IOBEPXHOCTb,

oTAeNsomas B HEQTAHOM 3aJIeKU 30HY MOJHOTO HE(TEHACHIIEHUS OT
MEPEXOTHOM 30HBI, B KOTOPOW HEPTEHACHIILIEHHOCTh ¢ NTyOWHON CHUXAeTcs,

a BOJOHACHIIIEHHOCTh Bo3pacTaeT BILUIOTH 10 100%-HOi.
3anexb — €IUHUYHOE CKOIJIEHWE He(TH, ra3a, KOHJEHCaTa WU JPYTUx

COIIYTCTBYIOIIHUX KOMIIOHCHTOB, COCPCAOTOUYCHHBIX B JIOBYHIKC,
OI'paHUYCHHBIX IMOBEPXHOCTAMHU PA3HOIO THUIIA, B KOJIUYCCTBEC, JOCTATOYHOM

JUTS TIPOMBILIUIEHHOW pa3pabOoTKH.
Kepn — uunuHapuyeckuii CTONOMK TOPHOM TOPOABI WM TOJIE3HOTO

MCKOIAeMOro, TOJydyaeMbld TpH OypeHHWU CKBOKHUHBI M TOJHUMAEMBIi

HaBEpX JIJISl U3YYEHHUsI C IOMOIIbIO OypOBOTO CHapsa.
Koanexkrop — rophHas mnopoja, IUlacT WIM MAacCHB IOPOJ, KOTOpPbIE

Omaromapsi CBOMM KOJJIEKTOPCKHUM CBOMCTBaM O0JIAJIAlOT CIIOCOOHOCTHIO K

aKKyMYJISIIMU 1 QUIBTPALMK BOJBI, He()TH U rasa.
Koppeasiuusi — 0OTOXKIECTBICHUE B CPABHUBAEMBIX T'€OJIOTHUECKUX pa3pe3ax

OJIHOBO3PAaCTHBIX cTpaTurpauieckux MOAPA3AETICHUIN o 150.

MaJCOHTOJIOTMYECKUM U (PU3UUECKUM XapAKTEPUCTHKAM.
JloBymika — HEKOTOpbIi O0BEM TOpPHBIX IMOPOJ, B KOTOPOM H3MEHEHUE

IMPOHHULIACMOCTH B HaAIIPaBJICHUKW BO3MOXHOI'O II0J )IGI‘/’ICTBI/IGM CHJIbI
I'paBUTAallid OBHUKCHUU HC(bTI/I U rasa oOecIeuMBacT HMX HAKOIUICHHE U

COXpaHEHHE.
Ilnact — reojormyeckoe TeNO, XapakTepusylolieecs Ooriee Wi MeHee

OJIHOPOJHBIM BEILIECTBEHHBIM COCTaBOM M HMMEIOIIEE PE3KO YIUIOUICHHYIO
dbopMy; MOIIHOCTh IUIACTAa HA HECKOIBKO IIOPSIAKOB MEHBIIE €ro

MPOTSKEHHOCTH
IHokpellmka — JUTOJOTUYECKOE TeJO (MJIACT, Mayka, CBUTa M MPOYME),

pPaCIIONIOKEHHOE HAaJl KOJUIEKTOpOM He(pTu (raza) M NPemnsiTCTBYIOIIEE

(buabTpalKU YIIEBOJOPOIOB U3 KOJIJIEKTOPA B BEPXHUE TOPU3OHTHI.
ITopucrocTs — CBOWCTBO NOPOABI, 3AKIIOYAIOUIECECSs B HAJIWYUM B HEU
BCAKOI'O pojia MycToT (1op, KaBepH, TPEILKH).

IIpupoansblii pe3epByap — €CTECTBEHHOE BMECTWIIMILE AJisi HEPTH, ra3za U

BOJIbI, BHYTPY KOTOPOT'O OHH MOTYT LIUPKYJIMPOBATb.
IIpoHuaeMocTh — CBOMCTBO TOPHBIX MOPO/I, OMPEIEISIIONIEE BOZMOKHOCTD

(UITBTpaIUy KUIKOCTH.
Penep — xapakTepHbI IUTACT WJIM XapaKTEpHOE H3MEHEHHE (PU3UUYECKUX

CBOMCTB TOpOJ, (PUKCHpyEeMOe Ha KapOTa)XHBIX JMarpamMMmax, JJIeKTpO- H



cericmonpomiied W T.OI., TO3BOJISIONIME COIOCTABIATh TE€OJOTHYSCKHE

pa3pe3bl WK MPOCISIKUBATh KaKue-TH00 Teopu3ndecKkrue rpaHullbl.
CBurta — OCHOBHas TaKCOHOMUYECKAas eIUHUIIA MECTHBIX

cTpaTurpauyeckux MnoApas3AesieHuil, OCHOBHAs KapTUpyemasi euHuLa Mpu
CpelHe- U KpyImHOMAacIITaOHOM reojoruueckoil chemke. OHa MpeacTaBiseT
coOOM COBOKYIMHOCTh PAa3BUTBIX B KAaKOM-TO T€OJOTMUYECKOM paiioHe
OTJIO’)KEHUM, KOTOPhIE OTJIMYAIOTCS OT BBINIE- U HIDKEJIEKAIIUX OTIOKEHUN
crienupuIecKuMu XapaKTEePUCTUKAMU: JUTOJIOTUYECKUMU u
NaJEOHTONIOTMUYEeCKUMU. CBUTHI MOTYT OOBEIUHATHCSA B CEPUU U KOMILJIEKCHI

Y TIOJIPA3/ICIATHCS HA MOJACBUTHI U TTAUKH.
CkBaskmHa — 3TO TOpHAasl BBIPAOOTKA B MAacCHUBE TOPHBIX IOPOJ, OCEBas

MPOTSHKEHHOCTh  KOTOPOW  3HAYMTEIBHO IIPEBBINIACT €€ IONEPEYHbIC
pa3Mmepsl (IuaMeTp), B KOTOPOH OTCYTCTBYIOT U HE MPEIyCMOTPEHBI YCIOBHS

JKU3HEOOECIIEUECHUS.
danuaJbHbIii  aHAJAW3 —  CHOCOOBI  PEKOHCTPYKIHMH  (PU3UKO-

reorpaguueckux 00CTaHOBOK ISl MPOILIBIX IEPUOJIOB B UCTOPUHU 3EMIIH.
@anust — 00CTAaHOBKAa OCAJIKOHAKOIUIEHHUS, COBPEMEHHAs WM JPEBHsIS,

OBEILIECTBJIICHHAS B OCAJIKE WJIU TTOPOJIE.
dIoua0ynop — TOJIIA MOPOA, KOTOpas NEPEKPHIBAET, MOJCTUIAECT WIH

NHBIM O6p330M OrpaHMYMUBACT KOJIJICKTOP, obecrieunBast CymcCTBOBAHUC B
HCM FPII[pOI[HHEIMPI‘IGCKOﬁ CUCTCMBI 1 COXPAHHOCTDH 3aJICIKH.
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BBeaeHue

Pa3Butne HepTAHONW NPOMBINUIEHHOCTH Poccum B moclienHue Tofabl
NPOUCXOAUT Ha (OHE 3aMETHOTO YXY/ILIEHUs CTPYKTYphl 3amacoB He(TH, UTO B
OCHOBHOM CBSI3aHO CO 3HAUUTENbHOW BBIPAOOTKOM MHOTHMX  YHUKAJIBHBIX H
KPYIIHBIX BBICOKOIPOIYKTUBHBIX MECTOPOKIACHHUI U UX BHICOKUM OOBOJHEHHEM, a
TaKXKE€ OTKPBITUEM U BBOJAOM B pa3pabOTKy MECTOPOXKICHUN C
TPYIHOU3BIIEKAEMBIMU 3allaCaMM, NPUYPOUYCHHBIMM K KOJUIEKTOPAM C BBICOKOU
re0JIOTUYECKOW HEOTHOPOJHOCThIO, KApOOHATHBIM MOPOJAaM  CO  CJIOXHBIM
CTPOCHHEM IYCTOTHOTO MPOCTPAHCTBA, ra30HEQTAHBIM 3aJieKaM, 3aJeKaM C
BBICOKOBSI3KMMH HE(PTSIMU U aHOMAJIbHBIMU YCIIOBUSIMH 3aJIETaHUS.

KpynHelmum nepcrnekTuBHbIM — OOBEKTOM Il OyQyLIEro OCBOCHHS
He(Tera3oBoi MPOMBIIUIEHHOCTBIO SIBJISIETCA akBaTopus cTpanbl. Ha momro
menb(HoB MPUXOAUTCS CYIIECTBEHHAs 4YacTh HAuyalbHBIX CYMMAapHBIX PECypCOB
yrieBozioposioB B Poccun. I'eonoro-reodusnueckas n3y4eHHOCTh menbda Poccun
B 1enoM Hu3ka. Ha nambonee m3yueHHbIX yuyacTkax menbda (IIpucaxanunckuii
menbd u menbd bapeHiieBa MOps) TUIOTHOCTh CEMCMUYECKUX HAOMIONEHUN PEIKO
npesbimaeT | kM Ha 1 kM2 mronmaay.

OneIT OCBOEHUSI MOPCKHX MecTopoxaeHnid CaxanuHckoro menbga
NoKa3ajl, 4TO NEPBOOYEPEAHBIE MECTOPOXKICHHS [JIi OpraHU3allid MOPCKUX
HeTera3oBbIX TMPOMBICIOB B YCJIOBHUSIX CJOXKHOW JIEMOBOM OOCTAaHOBKHU
palMoHAIbHO  BBIOMpaTh  BOMM3UW  TOOEpekbs C  IIMPOKO  Pa3BUTOU
uHppacTpykrypoid. OcoObIii HHTEpEC NPEACTABISIOT 3aJekKH, KOTOPbIE MOXKHO
pa3palaTbiBaTh TOPU3OHTAIBHBIMH CKBaXHMHAMH, MPOOYPEHHBIMH C Oepera WiIu
HCKYCCTBEHHBIX OCTPOBOB, JIaHHAs TEXHOJIOTHs OblIa YCIEIIHO NpHUMEHEHa Ha
MecTopoxaeHusax Yaiigo u Oponry.

Llenpr0 BBINYCKHOM KBaIM(PUKALMOHHON pabOThl OBLIO H3y4YEHHE
reoJOrM4eckoro  CTpoeHusi  menboBoro  MectopoxaeHus  YaiBo, ero

(UIBTPAIlMOHHO E€MKOCTHBIX CBOMCTB, H  (JIIOUIOB. JIns  BBISBICHUS



3aKOHOMEPHOCTEM  MOPUCYIIMX U1  MECTOPOXKICHWM  JAaHHOIO THUIA, U
HCIIOJIb30BAHUEM TIOJIyYEHHOTO ONBbITa TpPU pa3pabOTKe HOBBIX MIETh(OBBIX
MECTOPOXKICHUM.

B nuccepranuu npousBoauTcsi 0000IIEHUE T€0JOTHYECKON HHPOPMALIK O
MECTOPOXKJICHUHM, W TPOU3ZBOAUTCS KOMIUIEKCHBIM aHajiu3 TEKTOHUYECKOTO,
JUTOJIOTUYECKOTO | (anuaibHOoro (akToOpoB, WX BIUSHUE Ha (HOpMHUpPOBaHUE
MecTtopokieHus. CrernuanbHasi 4acTh MOCBSIIEHA U3YUYEHUIO (UIBTPALIMOHHO —
€MKOCTHBIX CBOWMCTB 3aJie’Kd, ONHCaHa HOBas METOJIMKA  OIpEAEIICHUS
K03 PUIMEHTAa MOPUCTOCTH C MCIIOJIB30BAaHUEM MAaTEPHAIIOB MHUHEPATIOTHUYECKOTO
cocTaBa MOpo/, MOJYYEHHBIX MO pe3ysbTaTaM U3ydeHus nuiama. /laHHas Metoauka
MPUMEHWIACh B KaueCTBE OJKCIEPUMEHTA, M TO3BOJWIA YIYUYIIUTh KadyeCTBO
onpenenenus nopuctoctd o JaHHbM [TK. Tak ke, pe3yabTarsl HCCIIEIOBaHUS
[ulaMa TIO3BOJIMJIIM  BBISIBUTH  BBICOKOIIOPUCTHIE 30HBI  KPYMHO3EPHUCTOTO
MecyaHuKa, ¥ JUIsl 3THX 30H OblIa MPEIIOKeHa CHCTEMa 3aKauMBaHUS CKBA)KUHBI,
KOTOpasi MPEJOTBPATUT BBIHOC MECKA, U3 CKBAXXUHBI M MO3BOJUT OJHOBPEMEHHO

IMOJIy4aTb IIPUTOK C BBICOKOIIPOHHUIIACMBIX 1 HU3KOIIPOHHUIACMBIX TOJIIII.



0630p JIMTEepaTyPhI

Jlns HanucaHusT MAarucTepCKOW JHCCEpPTAallMM aBTOP, HCIOJIb30Bal
pesynbTate padOThl MHOTHMX TIOKOJICHHH TEO0JIOroB M TeO(H3UKOB KOTOPHIC
chOpMHpOBAIM CYLIECTBYIOUIME TNPEJICTAaBIEHUS O HePTErazoBoil TreoIornu
pernoHa. Ctpaturpaduyeckas OCHOBa HE(PTEra3oreoIorHuecKux MCCIeJOBaHUI B
PETHOHE CO3/1aBAJIACh YCUIMSIMHA MHOTHX CHELHUAIMCTOB B 3TOM OTpaciv 3HAHUM.
[Ipy »TOM KIIOYEBYHO pOJdb B JTHUX HCCICIOBAHUSIX WIpau Oouo- wu
mutoctpaturpadpuueckue paborsr JI.C. XKuakoso#t, , H.A. Bonommunosoii, JI.C.
Maprynuca, FO.b. I'manenkoBa, I.C. MumakoBa b.A. CanbHuKOBa, KOTOpBIE CO
CBOMMH KOJUIETaMU pa3paloTalidi HEpPapXUUYECKyI0 CHUCTEMY He(Tera3oct-
paturpaduyecKuX MOAPaA3IEICHUN OCAJOYHBIX TOJII KaWHO30MCKUX OacceiHOB
peruona. CelicMocTparturpaduueckue U CEKBEHC-CTpaTurpaduueckue MeToibl B
MPAKTUKY CTpaturpauuecKux HUCCIAEJOBAaHUNA B PETHOHE BHEIPEHBI, TJIaBHBIM
obpazom, ycunusamu JI.C. Maprynuca, 10.B. Jlomaraesa u. B.O. CaBuiikoro. Otu
pabotsl, naneodarmansubie (b.A. Canbaukos, JI.C. Maprynuc, }0.b. I'manenkoB u
np.), nturonorundeckue (H.A. lepeckoBa JI.W. MBanbilinHA), 1€TadbHbIE CEKBEHC-
crpaturpadudeckue (B.®d. Kpyrmsak, H.A. Tkauesa,) uccienoBanus, BIpadOTaIH
OCHOBHBIE TMPEJCTABICHUS O PE3EPBYapHBIX YCIOBUSAX HE(PTEra3zoHAKOIUICHUS B
pErHoHE.

B Hacrosmeld paboTe He NPUBOJATCA CBEIEHUS O T'€HEPALMOHHBIX
BO3MOXKHOCTSX  He(Tera3zoMaTepyMHCKUX  MOApPA3ACICHUM U YCIOBUSX
(GbopMHUpOBaHUSL CKOIJICHUH  YTJIEBOJAOPOJOB C TO3UIUNA OHOOPraHUYEeCKOM
TUIOTE3bl MX MpoucxoxkaeHus. OHu moapoOHO ocBemieHbl B paborax H.b.
BaccoeBuua , M.C. fpomeBud u Hanbonee 00CTOATENLHO B uccaeaoBaHUAX .1
KoGmnoBa. B ycioBusix AMCKYCCHOHHOE OCHOBHBIX KOHIICTIIMM MPOUCXOXKICHUS
HepTH W Ta3a - OCAJOYHO-MHUTPAIMOHHOHM, MAaHTUHHO-aOMOTEHHOHW U
T€OCHHEPTeTHYECKON - B JAHHOM pab0Te aKIEHTUPYETCsS BHHMAaHHE Ha BBISBICHHUE
IJIaBHBIX OCOOEHHOCTEN yCcIOBUM HedTerasoHakorsieHuss B peruoHe. He
OCBEIIEHBl B HACTOsIIEH pabdoTe U BOMPOCHl THUIPOTEOJIOTUU KalHO30MCKHUX
0acceilHOB permoHa, Tak Kak OHU BechbMa IITyOOKO U 1oJipoOHO paccMoTpensl O.B.
Pasnonukac u FO.H. AnaproiieHko.
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Ocoboe BHUMaHWE TPU PACCMOTPEHUH  HEPTEra3oBOW T'€OJOTUHU
CaxaJlMHCKOrO  peruoHa yaeneno  CeBepo-CaxaluHCKoMy — Oacceliny,
COJIEpKAILEMy OCHOBHBIE 3allachl YIIIEBOJAOPOJOB M HauOoyiee H3YyYEHHOMY.
JleTanbHasi XapaKTepUCTUKA

reOJIOTUM, TEOJMHAMUKHM U  TEPCIEKTUB  HEPTEra3oHOCHOCTH
cy0bacceitnoB Tarapckoro mponuBa mpuBeneHa B pabore A.D. XKapoma, I'JI.
KupumnoBoit ¢ coaBropamu, uzganHod B 2004 romy. Pemenuto mpobiem,
3aTPOHYTHIX B KHUTE, CTIOCOOCTBOBAJIO MHOTOJIETHEE U TECHOE COTPYAHHYECTBO C
O.I. KobnoseiM, B.M. Huxudoposem, B.®. Kpyrmsikom, b.A. CanbHUKOBBIM,
O.H. Tonono6ossiM, F0.B. Jlonatuesbim, FO.K. bypaunesim, JI.C. Maprymnucom,
B.3. KononosbeiM, N.K. Tye3oBbim, E.I'. ApemieBeim, I0.A. TpoHOBEIM. bonbiioe
BIMSHUE Ha (QOpPMUPOBAHME TMPEACTABICHUM 00 OCHOBHBIX  BOIIpOCax
HedTerazoBoil reojorun CaxaqMHCKOrO pervoHa Ha aBTOpa HAacCTOALIEH pabOThI
okazamu uaeu O.A. JlernukoBa, b.A. CokonoBa, B.C. PoxnectBenckoro, C.JI.

I'ansieBa-besroka.
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1. U IPUMCHCHHC ITPHUHITUIIOB AKOJIOTUYECKOM OTBETCTBEHHOCTH B

TEX ClIy4dasaX, KOrjia TaKue 3aKOHLBI U ITpaBujia OTCYTCTBYIOT,

2. Tloompenne 6epeKHOTO U 3a00TIIMBOTO OTHOIIICHUS K

OKpYy>Karotiel cpene octpoBa CaxajinH, HaTOMUHAHUE 00 OTBETCTBEHHOCTH

KaXKJIOTO COTPYAHMKA 3a 3aLIUTY OKPYXKAIOIIEH CpeJibl B XOJI€ BHIMIOJIHECHUS

1M CBOEH pa6OTI>I, IMPUMCHCHHUC COOTBCTCTBYIOIIIHUX MCTOJJ0B BCICHHUA pa60T

1 o0yuyeHue nepcoHarna;

3. B3saumopeiicTBuE ¢ rocyIapcTBEHHbIMU opraHamu PD u
OTpaci€BbIMHU BEIOMCTBAMH C IIEJIbI0 CBOCBPEMEHHOM MOATOTOBKHU
3¢ (HEKTUBHBIX 3aKOHOB ¥ HOPMATHBHO-TIPABOBBIX aKTOB, PETYJIMPYIOIINX
BOIIPOCHI OXPAHBI OKPYKAIOLIEH CPEbl, HA OCHOBE HAJEKHBIX HAyUYHBIX
JAHHBIX U C YUYETOM PUCKOB, 3aTPAT, BBIT'OJ] U BIUSHUS HA IIOCTABKH

SHEPropecypcoB M MPOIYKIINH;

4. TmareasHOTO BBHIOJIHEHHS paOOTHI IO MIPEAOTBPAIICHUIO
ABAPUMHBIX CUTYALlUH 3a CUET UCTIOJIb30BAHUS HAJIC)KAIUX IIPABUIT U

IMPAKTUKKU ITPOCKTUPOBAHUA U SKCILITyaTal[lu,

5. beictpoe u 3 pexTuBHOE pearnpoBaHue B aBAPUITHBIX
CUTYaIUsX, BO3HUKAIOIINX B MPOIECCE TPOU3BOJICTBEHHOM JCSITEIIBHOCTH,
MIPY B3aUMOJICHCTBUY C OTPACIICBBIMH OPTAHU3AIUSIMHA U

YIOJIHOMOYCHHBIMHA I'OCYAAaPCTBCHHBIMHU BEAOMCTBAMMU.
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6 Integrated Formation Evaluation of Chayvo field

1. Geological information

1.1. Geographic-economic features of investigated area
Sakhalin Island is located on the western side of the Sea of Okhotsk, Far

East Russia (Figure 1). The Chayvo multi-zone oil and gas field is located on the
northeastern part of the Sakhalin shelf, east of Chayvo Bay. Between 52° and 53°
north latitude. 5-15 km east of the shoreline. The water depth in the area of the

field ranges from 1 m to 25 m.

Figure 1 Location of Chayvo Field in the Sakhalin 1 PSA.

1.2. Background information on geological-exploration activities

In 1971, the Chayvo anticline was originally identified and mapped from
regional seismic data acquired by VMNPO Soyuzmorgeo. In 1976-1977, an
additional 702.4 km of 24- fold 2D CDP seismic lines were acquired prior to
drilling the wildcat exploratory well. Based on the seismic interpretation, the
Chayvo field was discovered in 1979 by the Russian oil company
Sakhalinmorneftegas-Shelf (SMNG) and the Japanese consortium Sakhalin Oil and
Gas Development Company (SODECO) with the drilling of the Chayvo 1
(Figure 1).
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The discovery well was drilled on the crest of the structure and penetrated a
series of deltaic reservoirs containing one thin oil column (zone XIV) and several
stacked gas pay zones. Subsequently, four additional delineation wells were drilled
(1979-1981), all within 200 meters of the structural crest. These delineation wells
also penetrated mostly gas, finding only two thin oil rims (zones XVI and XVII)
(Figure 2). In 1982, the field was assessed as primarily a gas resource and
development was deferred due to minimal oil resources and the absence of a

suitable gas market.'?
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Figure 1 — Chayvo cross section illustrating the geological interpretation that
existed prior to the consortium collection of 3D seismic data

In 1995 a Production Sharing Agreement covering Chayvo and two other
fields (Odoptu, Arkutun-Dagi) was awarded to the multinational Sakhalin I
consortium, which currently includes Exxon Neftegas Limited, SODECO, the
Indian state owned oil company ONGC Videsh Ltd., Rosneft- Astra and SMNG.
Exxon Neftegas Limited, a subsidiary of ExxonMobil Corporation, is operator for
the Consortium.""

In 1997, the Consortium acquired a 54-fold 3D seismic survey (298 km?)
over Chayvo field to better refine the structural configuration and reservoir

geology. The new survey was used to identify and define structural elements, paleo

14



depositional environments and potential reservoir fluid contacts. Interpretation of
3D seismic in 1998 revealed seismic amplitude anomalies that conformed to
structural spill, were down dip of gas accumulations seen in crestal wells, and
indicated the potential for very large, previously unrecognized oil rims. As a result,
the Chayvo 6a delineation well was drilled (2000) and successfully tested an

approximate 100m oil column in the main reservoir."

OH Rim identification

Following the discovery and appraisal drilling phase (1979-1981), there
were only three reservoirs identified to contain oil: a minor oil accumulation in
zone XIV (40m) and two thin oil rims in zones XVI (20m) and XVII (35m) below
large gas caps (Figures 2 and 3).

Chayvo 3
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Figure 1 — Top of zone XVI depth structure map (2D seismic based) exhibiting a
thin oil rim (Line A-A' refers to the cross section in Figure 4). Chayvo 3 well log
illustrating a number of stacked coarsening upward deltaic reservoir packages with
discovered oil reservoirs and their estimated thicknesses highlighted.
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The two thin oil rims (zones XVI and XVII) are shown on the cross section
in Figure 2. Well log and test information indicated a limited thickness of oil in
zone XVI in the Chayvo 3 well with a confirmed water contact. The Chayvo 5 and
Chayvo 2 wells both indicated a thin oil column in Zone XVII, based largely upon
a water test in the Chayvo 5 well.

On the west flank, while the Zone XVI oil column was confirmed to be
limited by a valid water test, there was no test in Zone XVII - which had gas on
rock. The zone XVII thin oil rim shown in Chayvo 3 was inferred from the Chayvo
5 water test.

In addition, there were no down dip penetrations of the deeper zones on the
west flank. The potential existed to have additional oil legs in deeper zones.

Following the acquisition of a new 3D seismic survey over Chayvo in
1997, interpretation revealed seismic amplitude anomalies conforming to reservoir
structural contours (Figure 4). These Class III anomalies occur in low impedance
sands, where acoustic impedance is lowered further by the presence of
hydrocarbons, resulting in an increased amplitude response. Anomaly conformance
to structural contours strongly suggested hydrocarbon.-water contacts at Chayvo.
Additionally, the anomalies terminated near the structural spill point (down dip of
gas accumulations seen in crestal wells), indicating potentially larger hydrocarbon

accumulations than previously assessed.'
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Figure 1 — Depth structure (TVDSS, with 50m contour interval) with draped
amplitude on top of the zone inferred gas-oil (red) and oil- water (green) contacts
based on paired structurally conforming anomalies down dip of shallower gas tests.
Chayvo 4 (not posted on map) is a shallow well that does not reach this interval.

Of particular interest in the Chayvo 3D survey were pairs of structurally
conforming amplitude anomalies interpreted as gas-oil and oil-water contacts in
two reservoirs (Figure 4). These paired anomalies were down dip of gas tests and
indicated the potential presence of significant oil rims. Interpretation of the paired
gas-oil and oil-water contact anomalies as oil rim indicators was supported by log
and test data from one of the shallower gas reservoirs with a thin oil rim (zone
XVI) that displayed similar paired anomalies (Figure 5)."

In the Zone XVI reservoir, paired anomalies were consistent with the
known well tests (Chayvo 3) indicating gas-oil and oil-water contacts, potentially
validating the zone XVII and XIX/XX direct hydrocarbon indicators (DHI) seen in
seismic (Figure 5). This provided the ground truth needed to validate seismic

observations of large potential oil rims where no well data existed.
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Numerous 3D interpretation and visualization techniques were employed to
increase confidence in fluid contact identification and improve the prediction of
contact depths in the oil rims prior to drilling an appraisal well. These included
preparation of various amplitude maps (Figure 6a), shaded amplitude relief (dip
and azimuth) maps (Figure 6b), and numerical (Figure 7a) and optical stacking

techniques (Figure 7b) to enhance the direct hydrocarbon indicators (DHIs).'
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Figure 1 — Zone XVI amplitudes validated with log and test data (Chayvo 3). For
zone XVI in the Chayvo 3 well there is no uncertainty regarding the fluid contacts.
In these low impedance sands, the presence of hydrocarbons results in an increased

amplitude response.
The shaded amplitude relief (dip) map for zone XVII, as seen on the right

of Figure 6b compliments the amplitude extraction shown on the left (Figure 6a).
Note the clarity of the oil-water and the gas-oil contacts, both of which conform to
structure. The apparent contacts on the map on the right (dip anomalies) reflect
wavelet interference between the top reservoir and the respective fluid contacts.
Along seismic profiles, especially when using numerically or optically
"'smashed" sections, the presence of multiple flat events occurring within the same
reservoir were observed" (Figures 7a and 7b). This could be best explained by the

presence of a gas-oil contact (consistent with the prior interpretation of a zone XVI
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gas-oil contact in Chayvo 3 well) and a thicker oil water contact which was lull to

structural spill and had not been seen by any of the pre-existing wells.

Figure 1 — a) Seismic amplitude profile with numerically summed (smashed)
amplitude values illustrating peaks (blue) and troughs (red), interpreted fluid
contacts (oil-water contact, green; gas-oil contact, red), prograding clinoforms
(blue dashed lines), and a typical Extended Reach Drilling (ERD) well trajectory
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(black dashed fine); b) Seismic amplitude profile with optically smashed amplitude
values with variable opacity to sharpen flat events.

o

Figure 1 — Paired Anomalies Observed on 3-D Seismic, a) Zone XVII:
Significantly Thicker Oil Rim (-100m); b) Zone XIX: Previously Unidentified OH
Rim (~60m).

Based on 3D seismic observations (e.g., paired amplitude anomalies and

structural conformance), zone XVII and XIX/XX were both interpreted to fill to
their respective structural spills (Figures 8a and 8b). For both reservoirs, their
paired anomalies were down dip of gas cap tests and were interpreted as gas-oil
and oil-water contacts. An approximate 100m oil column was predicted in zone
XVII, and 60m oil leg in zones XIX/XX (Figures 8a and 8b).

The predicted much larger oil leg in zone XVII, as well as an impenetrated
oil rim in zones XIX/XX was largely restricted to the western flank due to
complicated clinoform stratigraphy. Note the two water tests in Chayvo 5 (zones

XVII and XX) were not representative for both flanks (Figure 9).
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Figure 1 —Chayvo cross section (prior to drilling the Chayvo 6a appraisal well)
illustrating postulated thicker oil columns (light green) in zones XVII and XIX/XX
based on 3D seismic observations/interpretation.
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Figure 1 — Chayvo cross section, post-Chayvo 6a appraisal, illustrating thicker
zones XVII oil columns, as well as newly discovered zones XIX/XX oil columns
encountered on the western limb of the structure. The oil columns encountered in
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the Chayvo 6a (west flank) are considerably thicker than those observed in Chayvo
5 on the east flank, suggesting compartmentalization due to complicated
stratigraphy.

Upon completion of the" first plumes of 3D seismic interpretation, the
Chayvo 6a appraisal well was planned to test the two newly discovered oil rims.
The well was drilled on the western flank of the Chayvo anticline (Figure 8 and 9),
and successfully encountered the predicted oil rims in both reservoirs (Figure 10).
MDT pressure data from the Chayvo 6a well found fluid contacts in all
hydrocarbon columns to be within five meters of depths predicted from the seismic

data.'”

1.3. Stratigraphy

Productive reservoirs are situated between 1,100-3.100 m in the Miocene-
Pliocene Nutovskaya Suite. The Nutov section at Chayvo was deposited in an
overall marine deltaic setting. The interpreted sediment source was the Paleo-Amur
River to the west. Consequently, general fades trends exhibit a proximal to distal
transition from shelf, to slope, from west to east (Figure 11). Seismic and wellbore
data indicate that within the shelf and slope environments, net-to-gross typically is
highest to the west and decreases to the east. Chayvo field reservoirs can be
generally characterized as high net-to-gross deltaic, highstand sands that transition
to more silty and shaly lowstand clastic sequences in a west to east direction over

the structure.
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Figure 1 — Chayvo Deltaic Depositional Model
The Nutovskaya Suite is penetrated in all Chayvo wells. The sequence

overlies the Okobykaiskaya Suite, without a visible unconformity and includes the
section down to the top of Zone XXIII. Within the Nutov sequence, over 200
individual gross sand and sand-silt zones, up to 10-110 m thick each, are present
and include the main oil, gas and condensate reservoirs of the field. Lithology is
represented by the alternating, poorly lithified sand-silt, ductile shales, and rare,
thin carbonate-shale rocks evaluated from core,' sidewall samples and cuttings.
Regionally, the Nutov Formation in Chayvo field occupies an intermediate position
between a very sandy section to the west and northwest (East Nutovo, East Ossoi
and Goromai) and a relatively shaly section to the east (Arkutun-Dagi). The shale
content increases eastwards forming the reservoir seals. Shale content within
Chayvo Field ranges from 40-50% and thickness of the shale seals varies from 5 to
20m.

The Nutovskaya Suite is divided into two subsuites: The Lower, including
sand Zones XI-XXII, and the Upper, from the top of Zone XI to the Pomyrskaya
Suite. The Upper Nutov subsuite contains sparse and thin sand beds with interbeds
of sand and silt and includes one gas reservoir (Zone II). The gas-bearing Zone II
is overlain by a 500 m thick diatomaceous shale section, which could be classified

as a zonal fluid barrier. The shale-prone section above Zone II is soft and ductile. It
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typically has <15% sand, based on mudlog data. The thin sand beds occur above
and below diatomaceous shales that occasionally contain loose siltstones 1-2 m
thick.

The Lower Nutov subsuite combines the primary reservoirs of the Chayvo
development. It has the highest content of sand to coarse silt material (up to 55%)
and includes the major part of the productive section. Penetrated thickness is
-1,500 m. The thickest and most porous reservoirs occupy the middle part of the
group (productive Zones XIV-XVII). Deeper in the section the fine-grained silt-
shale content increases, with smaller grain sizes and thinner beds, and interbeds
become more common. Rock types include sands, sandstones, silts, siltstones,
carbonate shales, and shales. The sands and sandstones are gray to light gray and
very fine-grained to coarse-grained with rare gravel. The silts and siltstones are
sandy and sandy-shaly, sometimes calcareous. The shales are soft, ductile, with a
silt-carbonate and carbonate material component.

Morphology of the Lower Nutov subsuite depends on the specifics of
sedimentation in the region. The rocks are mostly deltaic deposits. Their bedding
was caused by cyclic sedimentation, which was produced by cyclicity of a few
factors: supply of clastic material, distance from the source area, speed of current,
waves, fluctuations of the sea level (eustatic and tectonic reasons) and sea
transgression and regression. Beds deformed by landslides and deposits, including
portions of former beds, often complicate the parallel bedding. Naturally, areas of
more intensive sedimentation are located closer to the shore and the source area,
including zones of wave stirring. The above conditions hampered deposition of
clay and made lithological boundaries in sand-silt deposits less distinct. As a result,
clear bed boundaries and sand-shale interbedding are much rarer in such areas.
Correlation while drilling the Z-6 will be difficult as this cyclic sand, shale and silt
interbedding gives few distinct lithological breaks and biostratigraphical markers
are limited.

Facies interpretation at Chayvo is primarily controlled by log stacking
patterns tied to seismic reflection geometries and 3-D seismic amplitude maps.

Chayvo and Arkutun-Dagi well logs (GR, Resistivity) display three types of
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stacking patterns defining depositional settings. Shelf environments display well-
developed progradational (or coarsening-upward) stacking patterns. The majority
of Chayvo reservoir zones display this type of log pattern.

Seismic reflections through the reservoir section were tied to well logs and
interpreted throughout the 3-D cube. Seismic amplitude map patterns illustrate
areal distribution from shelf, to slope, to base-of-slope within each of the
depositional sequences (Figure 12). In plan view, areas of continuous high seismic
amplitude generally represent high net-to-gross shelf sands.

The first ERD well is designed to penetrate the upper and lower parts of
Zone XVII. Zone XVII is represented on seismic by a multi-cycle event indicative
of a delta succession comprised of multiple, progradational clinoforms. These
progressively downlap from west to east with 3-D seismic-defined depositional
dips of 0.5 to 2 degrees. All Zone XVII clinoforms display similar amplitude
patterns defined by high amplitudes within topsets abruptly grading to lower
amplitudes within foreset slopes. However, these slopes often display high
amplitudes in narrow, dip-oriented channel-like features. At the distal toes of the
clinoforms, the channel bodies are observed to connect to the fan-shaped amplitude

bodies of the equivalent Zone XVII at Arkutun-Dagi field.

1.4. Tectonics

Sakhalin has a complex tectonic history which can be summarized by the
following general sequence of events:

o Late Mesozoic to Early Tertiary accretion was associated

with the subduction at the Kuriie trench. Outboard arc migration during

accretion formed the Sea of Okhotsk, and associated back arc extension

formed the sedimentary basins in the region.™®
. A transition from subduction tectonics associated to a dextral

strike-slip regime occurred around the mid to late Eocene.' This led to
inversion of Mesozoic forearc-basin strata into a major topographic ridge

and north-south strike-slip fault system within the West Sakhalin Mountains.

The presence of intra-Miocene angular unconformities suggests that uplift

of the southern end of the West Sakhalin Mountains began in the Late Miocene and
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continued with northward progression into the Pliocene.” During this time,
transpressional inversion of extensional structures likely produced the anticlinal
structures that form many of the offshore hydrocarbon traps in northern Sakhalin.'

At Chayvo, the transpressional regime is manifested as an east-verging
contractional fold with 4-way closure, with most shortening occurring during the
Late Pliocene to Pleistocene. Normal faults striking sub-perpendicular to the fold
axis are common in the shallow section (200-1400m), and less frequent, but
present, within the deeper reservoir intervals (1400-3000m), zones XIV to XXII.
East-dipping reverse faults (back thrusts) in the core of the fold lie deeper (>3000
m) and extend up into the zone XXII Nutov reservoir section.

The area of structural closure increases with depth from 5 by 15 km at
Zone II to 8 by 27 km at Zone XXII. The fold axis plunges to the NW with dip
angles 3-5 degrees and to the SE with dip angles 2-6 degrees. Structural spill-point
is controlled by the last closing contour of the plunging nose on the northwest side
of the field for Lower Nutov reservoir intervals.

Structurally, Chayvo is a simple compressional anticline, trending NNW.
The main reservoir intervals were deposited during a structurally quiescent period
and subsequently folded into their present geometry in the last 3 to 5 My. This
relatively recent episode of compressional deformation involved the reactivation of
basement thrust faults forming large forced folds in the Nutov sediments. It was
this event that formed the large anticlines responsible for trapping the
hydrocarbons in Chayvo and other northeast Sakhalin shelf fields. Crestal,
extensional faults, as observed at the Arkutun-Dagi field, are not observed in the
Lower Nutov reservoir interval at Chayvo. Unfortunately, an area exists between
the western edge of the 3-D seismic survey and coastline with little to no seismic
coverage. Hence, it is impossible to demonstrate whether any faults exist in this
area that might put the wellbores at risk.

Neither drilling nor seismic data reveal any faults within the Chayvo
structure at the reservoir levels between 1,400 to 3,000 m. Small SW-NE trending
extensional faults are observed on 3-D seismic from 1,400 m up to 200 m total

depth. Large NW-SE trending reverse faults are observed on 3-D seismic below
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3,000 m depth at Chayvo. The fold is mapable at every structural level with minor
structural variations. The flanks are close to symmetrical. Dip angles slightly
increase downwards from 4-5 degrees at the horizon II level to 8-9 degrees at the
horizon XXII level. The same trend is observed for the vertical closure at the last
closing contour, from 100m closure on Horizon II to 322 m closure on Horizon
XXII. At Upper Nutov horizons, the field displays a dome-like shape with an axis
length to width ratio 1:2. Downwards, the axis length to width ratio becomes more
than 3:1 with geometry approaching a more elongate anticline. Area of structural
closure increases with depth from 5 X 15 km at Zone II to 8 X 27 km at Zone
XXII. The fold axis plunges to the NW with dip angles 3-5 degrees and to the SE
with dip angles 2-6 degrees. Structural spill-point is controlled by the last closing
contour of the plunging nose on the northwest side of the field for Lower Nutov

reservoir intervals.

2. Results and discussion

The Objective of my project is to determine and analyze petrophysical
properties within the reservoir in zone 17.

In the graph you can see main petrophysical parameters (porosity,
permeability) calibrated to core data at C-6a and OD-1 of intervals observed in
both wells. We can conclude that C-6a has higher thickness, but OD-1 is better in
permeability and porosity due to proximal EOD. Those tables represent us
intervals of most interest, which are 17U and lower.

Horizontal production wells were penetrated with modern LWD tools. We
can see in Figure 21 that reservoir quality degrades: From centre to N&S field

limits and From West to East.
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Figure 1 — Porosity and permeability in strata.

There average permeability varies from 60-1150 mD and porosity from
0.03 to 0.08 fraction units. Also we can observe that permeability is correlated with

porosity except of highly Vsh intervals.
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Figure 1 — Bulk volume of shale and water saturation in zone 17

Data represented in figure 22 is consistent with the permeability. Lower
permeability rocks have higher Swt. In the high permeability cl 30, Z-12RD
shows water breakthrough from aquifer. Also we can see that Vsh is lowest in the

middle of structure.
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Figure 1 — Plot of horizons 17 U and 17 cl40

The plot in the figure 23 illustrates an example of three phase presence
after production (originally oil-saturated) detected by logs. Well 0-9s in high
permeability (-1 Darcy) cl 40 shows gas from neutron-density x-over, but very low
resistivity (-10 ohm*m). This confirms both gas and water breakthrough. Capillary
pressure-based water saturation SWPC calculates water saturation at original
conditions (irreducible at this height above free water level); resistivity-based
water saturation calculates saturations at the time of logging.

Knowledge of problem with density sensor of LWD in 0-7 logged by Baker
Hughes raised a question whether data is conditional or not. Now when the twin
well 0-9s is drilled such an analysis can be made, because of close position of these
wells, the logs and geology should be essentially identical in both wells. Results of
comparison are presented in figure 24. According to those graphs porosity and
permeability is consistently lower in 0-7 than 0-9S. So the question is whether it is
a systematic vendor bias or something else?

While doing comparison 0-7 and 0-9S we see that 0-9s reservoir properties
consistently better than 0-7 in twin wells. Baker tool bias more extreme in a shale

intervals. Investigation revealed density tool damage in 0-7 to get it fixed non-
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standard density correction was applied in 0-7 and the petrophysical parameters

got underestimated
Porosity, v/v Permeability, mD Vsh, v/v
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Figure 1 — Comparison of 0-9S vs 0-7
Estimated petrophysical parameters of pay reservoir in zone 17 are

presented in table 1.

Table 9 — Zone 17 reservoir quality

Well Z-12RD | Z-4RD 0-95 0-13 0-125T | O-12E
PHI 0.203 0.206 0.206 0.166
K 95.87 33.671 423.862 139.289 74.857

The quality is the best in the center of the reservoir (Figure 25) where
porosity is about 0,24 and permeability alters from 30 mD in the periphery to 9S0

m west centreal part..
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