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1.2 FORMATION  AND
ACCUMULATION OF OIL AND
GAS 1.2.1 Formation of Oil and Gas

Several theories have been
proposed to explain the formation and
origin of oil and gas (petroleum); these
can be classified as the organic theory
of petroleum origin and the inorganic

theory of origin.

The organic theory provides the
explanation most accepted by

scientists and geologists.

It i1s believed, and there is
evidence, that ancient seas covered
much of the present land area millions
of years ago.

The Arabian Gulf and the Gulf
of Mexico, for example, are parts of

such ancient seas.

Over the years, rivers flowing
down to these seas carried large
volumes of mud and sedimentary
materials into the sea.

The mud and sedimentary
materials were distributed and

deposited layer upon layer over the sea

floor.

1.2 O6pa3oBaHue 1 HAKOTUICHUE
Heptn w raza. 1.2.1 OOGpazoBaHue
He(TH U raza

Cy1iecTBy1oT HECKOJIbKO
Teopui, OOBACHAIOMUX 00pa3oBaHUE
U TPOUCXOXKICHHE HEPTH U raza
(YraeBoaopoioB); ux MO>KHO
pa3aenuTh Ha OPTaHUYECKYI0 TEOPHIO
MpOUCXOXKJIeHUs  HepTH W Ha
HEOPraHUYECKYIO TEOPHIO.

Oprannyeckas Teopus Jaer

00BICHEHHE, HauboJiee IUPOKO
MO/IJICP)KUBAEMOE YYCHBIMA u
re0JIOTaMU.

[IpuHSATO CcuuTaTh U UMEKOTCS
(haKThl, YTO IPEBHUE MOPS TOKPHIBATIN
OOJBIITYI0 YacTh COBPEMEHHOW CYIIU
MWJUTHOHBI JIET Ha3a/l.

ApaOckuit 3aJIUB u
MeKCUKaHCKUM  3aJIMB, HaIlpUMeED,
SBJISIIOTCSL  YacThlO TaKUX JPEBHUX
MOpEHN.

B TedueHue MHOruMx JeT peEKH,
BOAJAIONIME B OTH MOpPSA, HECIHU
OompIie 00bEMBI WJIA U OCATOYHOTO
Marepuasna B MOpE.

Nn u ocamouyHble MaTepualbl
pacrpenensiic W OTKJIAJbIBAIUCh

CJIOM 3a CJIOEM Ha MOPCKOM JTHE.



The buildup of thousands of feet
of mud and sediment layers caused the
sea floors to slowly sink and be
squeezed.

This eventually became the
sedimentary rocks (the sandstones and
shales, and the carbonates) where

petroleum is found today.

The very large amount of small
plant and animal life, which came into
the sea with river mud and sedimentary
materials, and the much larger amount
of small marine life remains already on
the sea floors constituted the source of

petroleum.

These small organisms died and
were buried by the depositing silt and,
thus, were protected from ordinary

decay.

Over many years, pressure,
temperature, bacteria, and other
reactions caused these dead organisms

to change into oil and gas.

Hakomnenue teicsd (yTOB mia
U OCQJ0YHBIX CJIOEB  BBI3BIBAIOT
MEJIJIEHHOE nporudoaHue 151
YIUIOTHEHHE MOPCKOTO JHA.

DTO B pe3yibTaTe MPUBOJIUT K
00pa3oBaHMIO

OCaJIOYHBIX  TOPOJ]

(H@C‘IaHI/IKOB 151 CJIaHIICB, 141

KapOOHAaTOB), B  KOTOpPBIX  Ha
CETOTHSIITHUN JICHb HaXOJATCS
YIJIEBOAOPOBI.

I'uranTckoe KOJIMYECTBO

MCJIIKMX PACTHUTCIBHBIX W KHMBOTHBIX
OpraHu3MOB, KOTOPLIC IIOCTYyIIAJIN B
MOpPEC C PCYHBIM HJIOM M OCaJI0OYHBIM
MaTCpuajIoM, a Takke OOJIbIIOE

KOJIMYECTBO OCTaTKOB MEJTKUX
MOPCKHUX OPTaHHU3MOB, HAXOIUBIIIUXCS
Ha  MOpPCKOM JHe, 00pa3oBaiu
UCTOYHUK YTJIEBOJOPOJIOB.

ot MEJIKUE OpraHU3MBbI
YyMUpPAIA ¥ 3aXOPAaHWBAIKNCH O]
OTJIATAIONIUMCSI  WJIOM U, TaKuM
obpa3oMm, ObIM  3alIUIIEHBI  OT
OOBIYHOTO PA3JIOKEHUS.

Ha mpotrsokeHnn MHOTHX JI€T
JaBJieHUE, TeMIepaTypa, OaKTepHH H
apyrue  (pakTopbl  3aCTaBWIM  OTH
MEPTBBIC OPTaHU3MbI TIPEBPATUTHCS B

He(dTh U ras.



The gas was formed under the
higher-temperature conditions,
whereas the oil was formed under the
lower-temperature conditions.

The rocks where oil and gas
were formed are known as the source
rock.

1.2.2 Accumulation of Oil and Gas

The oil, gas, and salt water
occupied the pore spaces between the
grains of the sandstones, or the pore

spaces, cracks, and vugs of the

limestones and dolomites.

Whenever these rocks were
sealed by a layer of impermeable rock,
the cap rock, the petroleum
accumulating within the pore spaces of
the source rock was trapped and

formed the petroleum reservoir.

However, when such conditions
of trapping the petroleum within the
source rocks did not exist, oil gas
moved (migrated ), under the effects of
pressure and gravity, from the source
rock until it was trapped in another

capped (sealed) rock.

'azs oOpazoBasici B  Oojee
BBICOKOTEMIIEPATYPHBIX  YCIIOBUSX,
Torma kak HedTH chopmMupoBarach
npu OoJiee HU3KOHM TeMIieparype.

[Topoasl, Tae ¢GopMHUPOBATUCH
HeDTh U ras, Ha3bIBAKOTCS
He(TEeMaTEePUHCKUMHU TTOPOTAMH.

1.2.2 Hakoruienne Heptr 1 raza

Hedts, ras U
MUHEpaIN30BaHHAs BOJIa 3aHUMAIOT
MOPOBOE  TMPOCTPAHCTBO  MEXKIY
YacTUI[AMHU T[I€CUYaHUKA WU TOPBI,

TPCHIMHBI U KAaBCPHbI U3BCCTHSKOB U

JIOJIOMHUTOB.

Korna 9TH MOPOBI
MEePEKPHIBAIOTCSA cJIOeM
HEITPOHUIIAEMOU OPOJIBI —
ITOKPBIIIKOH, He(DTb,
CKaIlJIMBAOMIasICs B OPOBOM
MPOCTPAHCTBE He(TemMaTepruHCKOM

MOPOJIbI, OKa3bIBACTCA B JIOBYIIKE W
obOpa3zyeT HeTEera30HOCHYIO 3aJIeXKb.

OpnHako, KOra TakWe YCIIOBHS
JUIsl 3axBaTa HeTH B MaTEPUHCKOU
MOpojie OTCYTCTBOBAIM, HEPTh U Ta3
nepeMemanuch (MUTPUPOBAIN) U3
MaTEPUHCKOM MOPOJIBI MOJT IEUCTBUEM
JABJICHUST W TPaBUTAIMH, TIOKa HE
OKa3aJluCb B JPYIrOM JIOBYLIKE C

MTOKPBILIKOH.



Because of the differences in
density, gas, oil, and water segregated
within the trap rock.

Gas, when existed, occupied the
upper part of the trap and water
occupied the bottom part of the trap,

with the oil between the gas and water.

Complete displacement of water

by gas, or oil, never occurred.

Some salt water stayed with the
gas and/or oil within the pore spaces
and as a film covering the surfaces of
the rock grains; this water is known as
the connate water, and it may occupy
from 10% up to 50% of the pore

volume.

The geologic structure in which
petroleum has been trapped and has
accumulated, whether it was the source
rock or the rock to which petroleum
has migrated, is called the petroleum

reservoir.

N3-3a pa3znuuus mI0THOCTH Tas,
HeTh W BOJla Pa3ACISIUCh BHYTPU
JIOBYIIKH.

I'a3, npu ero HaJIM4KK, 3aHUMAI
BEPXHIOI0O YacTh JIOBYIIKH, a BOJa
OKa3bIBAIACH B  HI)KHEW  YacTu
JOBYIIKH, HEPTh MEXIy Ta3oM H
BOJIOM.

[TonHOE  BBITECHEHHE  BOJBI
razoM wid HepTbI0O HHUKOTIAa He
MIPOUCXOIUT.

Hexoropoe KOJINYECTBO
MUHEPAIU30BAHHON BOJIbI OCTAJIOCh B
MOpax BMECTE C ra3oM W/WM HEPTHIO
B BHUAEC IUICHKH, [OKPBIBAKOLIEH
MOBEPXHOCTh YaCTUIl TOPOJBI; 3Ta
BOJia Ha3bIBACTCSl CBSI3AHHOM BOJOM U
MoxeT 3aHumath oT 10% mo 50%
MOPOBOT0 00BEMA.

['eonornueckue CTPyKTyphl, B
KOTOPBIX YTJIEBOIOPO/IbI
3aXBaThIBAJUCh M  HAKAIUIMBAJIUCH,
Oynp To HedTemaTepuHCKas MOpoja
WIM T0poAa, B KOTOPYI HePTh
MUTpUpPOBAA, Ha3bIBAETCS

He(TEera30HOCHOM! 3aJIEKbIO.



In summary then, the formation
of a petroleum reservoir involves first
the accumulation of the remains of
land and sea life and their burial in the
mud and sedimentary materials of
ancient seas.

This 1s followed by the
decomposition of these remains under
conditions that recombine the
hydrogen and carbon to form the
petroleum mixtures.

Finally, the formed petroleum is
either trapped within the porous source
rock when a cap rock exists or it

migrates from the source rock to

another capped (sealed) structure.

1.3 TYPES OF PETROLEUM
RESERVOIR. Petroleum reservoirs
are generally classified according to
their geologic structure and their
production (drive) mechanism.

1.3.1 Geologic Classification of

Petroleum Reservoirs.

Petroleum reservoirs exist 1n
many different sizes and shapes of

geologic structures.

Takum oOpazom, oOpa3zoBaHHE
He(TEra30HOCHOM 3aJie)KH BKJIIOYAET
CHayaJla  HAaKOIUICHHWE  OCTaTKOB
HA3€MHBbIX U MOPCKUX OpPraHU3MOB U
UX 3aXOPOHEHHE B WJIE U OCATOYHOM
MaTepuaie IpEBHUX MOPEMN.

Hanee cruenyer pasioxeHHUE
TUX OCTAaTKOB B YCJIOBHSX, MpHU
KOTOpBIX Mpeodpa3yercss BOJOPOI U
yIIIepO VIS oOpa3oBaHUs
YIJIEBOJOPOJHBIX CMECEM.

B wurore cdopmupoBaBuinecs
YIJIEBOJAOPOABI OO0 3aep KUBAIOTCS
B MOPHUCTOM  He(TEeMaTEpUHCKOU
1opoJie, KOTrJa ecTh MOKPBILIKA, JIUOO

MUTPHUPYIOT U3 He(TEeMaTepUHCKOU

nopoAsl B JIPYTYIO  3aKpPBITYIO
(3ameyaTaHHy10) CTPYKTYpY.
1.3 Turibr He(PTIHBIX

pe3epByapoB. Hed1sHbie pe3epByapsl
OOBIYHO  KJIacCUPUIUPYIOTCS B
3aBUCHUMOCTH OT HUX T'€OJIOTHYECKOU

CTPYKTYPBI M peKUMa PAOOTHI 3aJICHKHU.

1.3.1 I'eonornueckas
Kiaccuukanus HEe(DTIHBIX
pe3epByapoB.

Hedtsnbie pe3epByapsl

pa3IUYaroTCs 1Mo pa3MepaM u popMam

T€OJIOTHYECKUX CTPYKTYP.



It is wusually convenient to
classify the reservoirs according to the
conditions of their formation as
follows:

1. Dome-Shaped and Anticline
Reservoirs: These reservoirs are
formed by the folding of the rock

layers as shown in Figure 1.

The dome is circular in outline,

and the anticline is long and narrow.

Oil and/or gas moved or
migrated upward through the porous
strata where it was trapped by the
sealing cap rock and the shape of the
structure.

2. Faulted Reservoirs: These
reservoirs are formed by shearing and
offsetting of the strata (faulting), as

shown in Figure 2.

The movement of the nonporous
rock opposite the porous formation
containing the oil/gas creates the
sealing.

The tilt of the petroleum-bearing
rock and the faulting trap the oil/gas in

the reservorr.

OObIYHO  yJIO0OHO  pas3aesTh
3aJIC)KH 110 YCIOBUSAM X 00pa30BaHUs

CJIeIYIOITUM 00pazoM:

1. KynonoobpasHsie U
AHTUKIIMHAIBHBIC PE3epBYaphl: TaKUE
pe3epByapbl 00pa3yroTCsi BCICACTBHUE
CMSATHS CJIOCB TOPHBIX TIOPOJ, Kak
MOKa3aHo Ha PUCYHKeE 1.

Kytonm umeer Kpyriibsiii KOHTYD,
a aHTUKIWHAIL JJIMHHAS W Yy3Kas I10
dhopme.

Hedrs u/unm ras
NePEeMEIATNCh WM  MHUTPUPOBAIH
BBEPX U€pE3 MOPUCTYIO CPENY, TJ€ OHU
ObUTM  3axBau€Hbl  HM3OJUPYIONICH
MTOKPHIIITKON U (POPMOI CTPYKTYPBHI.

2. Paznomubie pesepByapsl:
Takue pe3epByaphl CPOPMHUPOBAIHCH
M3-3a CIIBUTa W CMEMICHUS TUIacTOB
(cOpocoB), Kak MOKa3aHO HA PUCYHKE
2.

Cwmenienue HEMOPUCTOMN
MIOPO/IbI HATIPOTHB MOPUCTOTO TIIIACTA,
coaepkamero HedTh/ras, cos3mgaer
U30JISIIIHIO.

Hakion HeTeHOCHOM MOPOIbI

U pasoMbl YIEpKUBAOT He(DTh/Ta3 B

JIOBYIIIKE.



3. Salt-Dome  Reservoirs:
This type of reservoir structure, which
takes the shape of a dome, was formed
due to the upward movement of large,
impermeable salt dome that deformed

and lifted the overlying layers of rock.

As shown in Figure 3, petroleum
1s trapped between the cap rock and an
underlying impermeable rock layer, or
between two impermeable layers of

rock and the salt dome.

4. Unconformities: This type of
reservoir structure, shown in Figure 4,
was formed as a result of an
unconformity where the impermeable
cap rock was laid down across the

cutoff surfaces of the lower beds.

5. Lense-Type Reservoirs: In
this type of reservoir, the
petroleumbearing porous formation is
sealed by the surrounding, nonporous

formation.

3.ConsaHO-KyTIOIbHbIE

pe3epByapbl: JTOT THUIl PE3EPBYapoOB,
KOTOpBI umeeT ¢opMy Kymoia,
chopmupoBacs B pe3yibTaTe
JIBHDKCHUS BBEPX KPYITHOTO
HEIPOHMUIIAEMOT0 COJITHOTO KYIIOJIA,
KOTOPbIN lehopMUpOBaT U TTOTHUMAIT
BBIIIIEJICKALTUE CIIOU TTOPOJIBI.

Kak nokazaHo Ha pucyHke 3,

He(ThH HaXOJUTCS MEXKITY
MEPEKPBIBAOLIECH OpPOAOMN 5
MOJACTUIIAOIIIEM HETPOHULIAEMBIM

CJIO€M TIOPOJBI WJIM MEXAY JBYMS
HETPOHUIIAEMBIMU CIIOSIMU TIOPOJIBI U
COJISIHBIM KYITOJIOM.

4. Hecormacnoe 3aneranwe:
ATOT THUI PE3epPBYapOB, IMOKa3aHHBIN
Ha pucyHke 4, cdopmupoBaics B
pe3ynbTare HECOrJacus, rjae
HEMpPOHUIIaeMas MOKPHIIIKA JICKUT Ha
MOBEPXHOCTU Cpe3a HIDKEJISKAIINX
CJIO€B.

3. PesepByapsl  JIMH30BOrO
TUIMA: TIPU TAKOM THUIIE pPe3epByapa
HeTEeMaTepUHCKUN MTOPUCTHIN IIJIaCT
M30JIMPOBaH

OKPYX aIOIUMHU

HCTIOPUCTBIMU IIJIACTAMM.



Irregular deposition of
sediments and shale at the time the
formation was laid down is the
probable cause for this abrupt change
in formation porosity.

An example of this type of
reservoirs is shown in Figure 5.

6. Combination Reservoirs: In
this case, combinations of folding,
faulting, abrupt changes in porosity, or

other conditions that create the trap,

from this common type of reservoir.

Figure 2 A cross section of a faulted reservoir.

Figure 5 An example of a sandstone lense-type reservoir.

HepaBHoMepHOE  OTIIOKEHHE

OCaJKOB W TJUMHBI BO  BpeMs
OCa/IKOHAKOIUICHMS IIJIACTa SBIAETCS
BO3MOXHOW  IPUYMHOHM  PE3KOr0
M3MEHEHUS TOPUCTOCTH IIACTA.
[Ipumep 3TOTO THIA pe3epByapa

MOKa3aH Ha PUCYHKE 5.

6. Komb6ununpoBanubie
pe3epByappl: B 3TOM  Ciyd4ae
KOMOMHALIUA  CKJIAJ0K, pPa3joOMOB,

PE3KOr0 M3MEHEHUW ITOPUCTOCTH WIIN
JIPYTUX YCJIOBUM, KOTOpbIE 00pa3yroT
JIOBYIIKY, COCTAaBJIAIOT 3TOT

pacnpoCTpaHEHHBIN TUII pe3epByapa.

Cap Rock

/ Gas

Water

Figure 3 Section in a salt-dome structure.

Impervious

/ Cap Rock

Figure 4 A reservoir formed by unconformity.



1.3.2 Reservoir Drive Mechanisms

At the time oil was forming and
accumulating in the reservoir, the
pressure energy of the associated gas
and water was also stored.

When a well is drilled through
the reservoir and the pressure in the
well is made to be lower than the
pressure in the oil formation, it is that
energy of the gas, or the water, or both
that would displace the oil from the
formation into the well and lift it up to
the surface.

Therefore, another way of
classifying  petroleum  reservoirs,
which is of interest to reservoir and
production engineers, is to characterize
the reservoir according to the
production (drive) mechanism
responsible for displacing the oil from
the formation into the wellbore and up
to the surface.

There are three main drive

mechanisms:
L. Solution-Gas-Drive
Reservoirs:  Depending on  the

reservoir pressure and temperature, the
oil in the reservoir would have varying
amounts of gas dissolved within the oil

(solution gas).

1.3.2 PexxuMbl pabOTHI 3aJ1€3KU

Bo Bpems oOpazoBanusi u
HAKOIUIEHUsI HE(TH B IUIACTE TAKXKE
3armacanach SHEPTUs JaBJICHUS
MOMYTHOTI'O T'a3a U BOJBI.

Korzaa B mtact OypsT CKBaXKuHy
U JIaBJICHUE B CKBAXKUHE JIENAI0T HIKE,
YeM JaBJICHHE B HEPTSIHOM IIACTE,
TOT/la HEpPrus rasa WiIM BOJBl WIH
TOTO M JPYroro, MOXET BBITECHUTH

H€CI)TB U3 IUJIaCTa B CKBAXKXHHY H

IMIOJHATH €€ Ha IIOBCPXHOCTD.

B »T0il cBsI3u npyroi cnoco0
KJaccuukanuu HeDTIHBIX
pe3epBYapOB, KOTOPBIA MPEACTABISAET
WHTEpPEC Uil  WHXKEHEPOB  TI0
pa3paboTke u J00bIYe, 3aKITI0UACTCS B
TOM,  YTOOBI  OXapaKTEepPU30BAThH
pe3epByap 1o MEXaHU3MY BBITECHEHUS
He(TH U3 TUTaCTa K CTBOJY CKBaYKHHBI
Y Ha TTIOBEPXHOCTh.

CyliecTBylOT TpU OCHOBHBIX
pexuMa:

[. 3anexu ¢  pexUMOM
PacTBOPEHHOTO Ta3a: B 3aBHCHUMOCTH
OT JIaBJIGHUS W  TEMIIepaTypbl
pe3epByapa B HedTH Oyner
PacTBOPSTHCS PA3TMIHOE KOJTUIECTBO

ra3a (pacTBOPEHHBIH ra3).



Solution gas would evolve out
of the oil only if the pressure is
lowered below a certain value, known
as the bubble point pressure, which is

a property of the oil.

When a well is drilled through
the reservoir and the pressure
conditions are controlled to create a
pressure that is lower than the bubble
point pressure, the liberated gas
expands and drives the oil out of the
formation and assists in lifting it to the

surface.

Reservoirs with the energy of
the escaping and expanding dissolved
gas as the only source of energy are

called solution-gas-drive reservoirs.

This drive mechanism is the
least effective of all drive mechanisms;
it generally yields recoveries between
15% and 25% of the oil in the

reservoir.

PactBopennsiii  raz  Oynuer
BBIJICIISITHCS U3 HEPTU TOJBKO, €CIIU
JIaBJICHUE OTIIyCKAETCS HIKE
KOHKPETHOTO 3HAYEHUS, HU3BECTHOTO
KaK JaBJICHUE HACBIIICHUS, KOTOPOE
SIBJISICTCSI CBOMCTBOM HE(PTH.

Korzga 6ypsiT ckBa)KuHy B IJ1aCT
u YCIIOBUS o JTABJICHUIO
KOHTPOJIUPYIOTCSL TakuM 00paszom,
YTOOBI

co3aaTrb  AaBJICHHC  HHKC

JABJICHUS HACBIIICHUS, U
OCBOOOJMBIIHIICS Ta3 paclIupsieTcss U

BBITAJIKUBAcCT He(l)TB u3 1jacra M

CrOCOOCTBYET  MmoabeMy €€  Ha
MTOBEPXHOCTb.
PesepByapsi, B KOTOPBIX

SHEpPrusl BBIJIEICHUS U PaCIIUPEHUs
PacTBOPEHHOTO raza SBIIACTCS
€IMHCTBEHHBIM HCTOYHUKOM DHEPTHH,
Ha3bIBAIOTCS pe3epByapamMu C
PEXKUMOM PAaCTBOPEHHOTO Tra3a.

10T pPEKUM HanMEHEe
ahdekTHBEH U3 BCEX  PEKUMOB
paboThl 3ajieku; Kak MpPaBUIIO, OH
MO3BOJIACT JIOCTUTHYTHh BBIPAOOTKH
mexay 15% u 25% ot 3anacoB HedTH

B pe3epByape.



II. Gas-Cap-Drive Reservoirs:
Many reservoirs have free gas existing

as a gas cap above the oil.

The formation of this gas cap
was due to the presence of a larger
amount of gas than could be dissolved
in the oil at the pressure and

temperature of the reservoir.

The excess gas is segregated by
gravity to occupy the top portion of the

reservoir.

In such a reservoirs, the oil is
produced by the expansion of the gas
in the gas cap, which pushes the oil
downward and fills the pore spaces
formerly occupied by the produced oil.

In most cases, however,
solution gas is also contributing to the

drive of the oil out of the formation.

Under favorable conditions,
some of the solution gas may move
upward into the gas cap and, thus,
enlarge the gas cap and conserves its

energy.

II. 3anexu ¢ ra30BOM IMIAMIKOM:

Muorune UMEIOT

pe3epByapbl
CBOOOJIHBIM T'a3 B BUE T'a30BOM IIATKH
HaJ He(PThIO.

OO6pa3zoBanue HTOM ra3oBOI
HIAIKH MIPOUCXOJIUT n3-3a
MIPUCYTCTBUSI OOJIBIIIETO KOJIMYECTBA
rasa, 4eM MOXET ObITh PAaCTBOPEHO B
HeTH TIpU JaBICHUM U TEMIIEpaType
pe3epByapa.

M30bITOUHBIN Ta3 OTHENsICTCS
moJ  JCWCTBHEM  TpaBUTAllUM U

3aHHUMAcCT BCPXHIOIO qacCTb

pe3epByapa.

B Takux pesepByapax He(PTh
n100bIBaeTCA 3a CUET pacIlIMpPEHUs rasa
B ra3oBOM LIaIKe, KOTOPBIN
BBITAJIKUBAET HE(DTH BHU3 U 3AIOJTHSIET
MOPOBBI  00bEM, paHee 3aHITHINA
W3BJICYCHHON HE(DTHIO.

B OonpmmmHCTBE — ciiydaes,
OJIHAKO, PACTBOPEHHBIA Ta3 TaKKe
CIIOCOOCTBYET BBITECHCHHUIO HEPTHU M3
nJacTa.

[Tpu GaronmpusITHBIX YCIOBHUSIX
4acTh PACTBOPEHHOrO0 Tra3a MOXET
MOCTyNaTh BBEPX B Ta30BYIO IIAMKY U,

TaKHUM O6p330M, YCUIIMBATh T'a30BOXO

LIAIKY ¥ COXPaHATH €€ SHEPIHUIO.



Reservoirs produced by the
expansion of the gas cap are known as

Gas-cap-drive reservoirs.

This drive is more efficient than
the solution-gas drive and could yield
recoveries between 25% and 50% of

the original oil in the reservoir.

[II. Water-Drive Reservoirs:
Many other reservoirs exist as huge,
continuous, porous formations with
the oil/gas occupying only a small

portion of the formation.

In such cases, the vast formation
below the oil/gas is saturated with salt

water at very high pressure.

When oil/gas is produced, by
lowering the pressure in the well
opposite the petroleum formation, the
salt water expands and moves upward,
pushing the oil/gas out of the
formation and occupying the pore
spaces vacated by the produced

oil/gas.

HJ'IB.CTBI, pa60TammHe 3a CUCT

pacIIipeHHsI ra3oBoi IIaIKH,
HA3bIBAIOTCS pe3epByapamMu C
PEKUMOM Ta30BOH IIATKH.

10T pEXUM oonee
s dexTuBeH, yeM pexuM

PaCTBOPEHHOrO0 ra3za, W I03BOJISET
n00bITE 0T 25% no 50% 3amacos
HeTH B pe3epByape.

III. Pe3epByap ¢ BOQOHAIIOPHBIM

PEKNUMOM: MHOTI'HUC

Ipyrue
pe3epByapbl  MPEACTaBIAIOT  COOOM
OTPOMHBIE MPOTSHKEHHBIE TOPHUCTHIE
IJ1acThl, B KOTOPBIX HE(PTh WU Ta3
3aHUMAIOT TOJIBKO MAaJICHbKHI
Y4aCTOK ILJIACTa.

B Takux ciuydasx KpynHas
4acTh IUIacTa TMoJ He(Thlo/razom
HACBHIIIEHAa MUHEPAJIN30BaHHON BOJIOM
II0J1 OYEHb BBICOKUM JIABJICHUEM.

Korna nedth/ra3z no0bIBatoTcs B
pe3yibTaTe CHMJKEHHsI [aBJICHUS B
CKB&)XMHE OTHOCHUTEJIBHO JABJICHUS B
He(TIHOM nacre,
MUHEpaIn30BaHHAs BOJA
pacumiMpseTrcss U JBUKETCS BBEpX,
BBITAJIKMBAsE He(Th/Ta3 M3 IUIacTa U
3aHMMas

OPOBOE  MPOCTPAHCTBO,

OCBOOOKIEHHOE OT He(TH U rasa.



The movement of the water to
displace the oil/gas retards the decline
in oil, or gas pressure, and conserves
the expansive energy of the
hydrocarbons.

Reservoirs produced by the
expansion and movement of the salt

water below the oil/gas are known as

water-drive reservoirs.

This is the most efficient drive
mechanism; it could yield recoveries

up to 50% of the original oil.

1.4 FINDING OIL AND GAS
EXPLORATION

As explained in the previous
sections, oil and gas exist in reservoirs
located thousands of feet below the

Earth’s surface and ocean floors.

These reservoirs would exist
only in certain locations depending on

the geologic history of the Earth.

JIBH>KEeHUE BOJIbI,
BBITECHsIIOIEE HEPTh/Ta3 3aMesieT
CHW)KCHHE JaBJIeHUS He()TH Wn ra3a u

COXpaHigACT OHCPrUur0  pPaCHInPCHUA

YTJIEBOIOPOAOB.

PesepByapsi, B KOTOPBIX
no0plya  MPOUCXOJUT  3a  CYET
pacIIMpeHus u JBUKEHUS
MUHEPaIN30BaHHOM BOJBI,

HaxoJsAIIeHCs TMMOoJ He(PThI0/Ta3oM,
Ha3BIBAFOTCS 3ajiexaMu C
BOJIOHATIOPHBIM PEKUMOM.

Oto HaubOonee 3PPEKTUBHBIMI
PEXKHM IITIACTa; OH TTO3BOJISET TOCTHYb
BbIpaboTku Oosiee 50% oOT 3amacoB

He(TH.

1.4 Pa3zBeaka HeTu U raza

Kaxk Obu10 CKa3aHO B MPOLLIBIX
pasnenax, He)Th U Ta3 HAXOMAATCS B
pe3epByapax, PpaclojOKEHHbIX Ha
ThICSiYaX (PyTax HIKE MOBEPXHOCTH
3eMJIM ¥ OKEaHHYECKOTO JTHA.

T pe3epByaphl oynyT
CYIlIECTBOBATH TOJILKO B

OIMpCACIICHHBIX MCCTaxX B 3aBUCHUMOCTH

OT Ire0JIOTUYECKOU UCTOPUH 3EMITH.



Therefore, determining the
location of petroleum reservoirs is a
very difficult task and is, probably, the
most challenging aspect of the

petroleum industry.

Finding, or discovering, a
petroleum reservoir involves three
major activities: geologic surveying,
geophysical surveying, and
exploratory drilling activities.

The following  subsections
provide a brief background on each of
these activities.

1.4.1 Geologic Survey

Geologic surveying is the oldest
and first used tool for determining
potential locations where there would

be a possibility of finding underground

petroleum reservoirs.

It involves examination of the
surface geology, formation outcrops,

and surface rock samples.

Takum 00pa3om, YCTaHOBJICHUE
MECTOHAXO0XKACHUSI He(PTIHBIX
3aJI€KEeN  SBJISICTCS OYEHb CIIOKHOMU
3a7a4eil ¥ BEPOSITHO SIBJISIETCSI CaMbIM
YBJIEKATCIbHBIM aCMEKTOM HE(TIHOM
MIPOMBIIILICHHOCTH.

[Touck W OTKPBITHE
HEe(DTSIHBIX PE3epPBYyapoOB BKIIIOYACT
TPU OCHOBHBIX BHJA JESATEIbHOCTH:
re€0JIOTUYECKUE W3BICKaHUA,
reopu3U4YeCKre  HCCIENOBaHUS U
pa3BeI0YHOE OypeHHE.

Crnenyromue mojapasienbl 1aioT
KpaTKylo HWH(OpMAIMIO MO KaXIOMY
13 3TUX BUJIOB ACATEIbHOCTH.

1.4.1 I'eosiornyeckue U3bICKaAHUS

['eomoropasBenka — 3TO
CTapeillui W B MEPBYIO OYEpedb
UCIIOJB3YEMbI ~ MHCTPYMEHT ISt
OmnpeAeaeHUs] TOTCHIIMAIbHBIX MECT,
rI¢ MOXET OBITh BO3MOXKHOCTH

HaXO0XACHUA IIOA3CMHBIX He(bTﬂHBIX

pe3epByapoB.
OHa  BKIIOYAET  HU3yUYCHHUE
reoJIOTUn Ha NIOBEPXHOCTH,

OOHa)XEHUU TIJIaCTOB W  00pa3LoB

TOPHBIX TIOPOJ] C TOBEPXHOCTH.



The collected information is
used in conjunction with geologic
theories to  determine  whether
petroleum reservoirs could be present

underground at the surveyed location.

The results of the geologic
survey are not conclusive and only
offer a possibility of finding petroleum

reservoirs.

The rate of success of finding
petroleum reservoirs using geologic
surveys alone has been historically
low.

Currently, geologic surveys are
used together with other geophysical
surveys to provide higher rates of
success  in

finding  petroleum

reservoirs.

1.4.2 Geophysical Surveys

There are mainly four types of
geophysical surveys used in the
industry: gravity survey, magnetic
survey, seismic survey, and remote

sensing.

CoOpanHas uHopMarus

HCIIOJIB3YCTCA COBMCCTHO C
ICOJIOTUUCCKUMU TCOPHUAMU, YTOOBI
YCTAaHOBUTL MOXKCT JIK HAXOIHUTCSA

He(l)TﬂHaﬂ 3aJICKb B HCAPAX B TOYKC

onpoOOBaHMUs.

Pe3ynpTaThl  reooru4ecKoro
UCCIICTOBAHMUS HE SIBJISTFOTCS
OKOHYATEITbHBIMU u TOJIBKO
npeaiaratoT BO3MO>KHOCTh

oOHapy»eHus 3anexei HeTu.

BeposiTHOCTE ycrexa OTKpBITHS
HEe(DTIHOW 3alle)KU C TPUBJICUCHUEM
TOJILKO T€OJIOTHYECKHUX MCCIICOBAaHUI
ObLJIa UICTOPUICCKH HU3KOM.

Ha CETOTHSIIHUN JICHB
I'e0JIOTNYECKHE HCCJICIOBAaHMS
UCITOJIB3YIOTCS BMECTE C JIPYTUMHU
reoPpU3NIEeCKUMH  HCCIICIOBAHUSIMU
IS oOecrieueHus BBEICOKOU
BEPOSTHOCTH OTKPBITHS HEPTIHBIX
3aJICKEH.

1.4.2 T'eopusnueckue uccae0BaHus

B OCHOBHOM B
MIPOMBIIIJIEHHOCTH HCTOJIB3YIOTCA
YeThIpe BHUIA reopU3NIECKUX
HCCIICIOBAHH: rpaBUpA3BEIKA,

MarHuTopasBejika, ceiicMopa3BeaKa 1

JIMCTAHIIMOHHOE 30HAUPOBAHUE.



The gravity survey is the least
expensive method of locating a

possible petroleum reservoir.

It involves the wuse of an
instrument, a gravimeter, which picks
up a reflection of the density of the

subsurface rock.

For example, because salt is less
dense than rocks, the gravimeter can
detect the presence of salt domes,
which would indicate the presence of

an anticline structure.

Such a structure is a candidate
for possible accumulation of oil and
gas.

The magnetic survey involves
measurement of the magnetic pull,
which is affected by the type and depth

of the subsurface rocks.

The magnetic survey can be
used to determine the existence and
depth  of  subsurface  volcanic
formations, or basement rocks, which
contain  high  concentrations of

magnetite.

['paBupasBenka SBJISETCS

HanMMCHCC 3aTpaTHBIM MCTOJOM

oOHapy>KEeHUSI BO3MOXKHBIX HE(PTIHBIX

pe3epByapoB.
Omna 10/Ipa3yMeBaeT
UCIOJIb30BaHUE UHCTPYMEHTA,

rpaBUMETpPA, KOTOPBIM YJIABIMBAET
OTPOXEHUE B  3aBUCUMOCTH  OT
IJIOTHOCTH TOJI3€MHBIX TTOPOJI.
Hanpumep, mNOCKOJIBKY COJb
MMEET MEHBIIYIO MJIOTHOCTh, HEXKEIU
OCa/I0uHbIE

MOPOJibl,  TPaBUMETP

MOXET YCTaHOBUTh MPUCYTCTBHUE
COJISIHBIX KYIOJIOB, KOTOPBhIE MOTYT
YKa3bIBaTh Ha MIPUCYTCTBHE
AHTUKJIMHAIBHBIX CTPYKTYP.

Takasg cTpykKTypa SBIISIETCA
KaHAUAaTOM Ha BO3MOYKHOE
CKOILUIeHHE HeTH U raza.

MaruuTtHas Chb€MKa BKIIFOYAET B
ce0si u3MEepeHue CUJIbl MarHUTHOTO
MPUTSKEHUS, KOTOPOE 3aBHCUT OT
THUIIA ¥ TIIyOWHBI 3aJIETaHUsI TOPOJT TTO]T
3eMIJICH.

Marnauropasseaka MOKET
HCIIOJB30BaThCd YTOOBI YCTAaHOBUTH
HaJluyue W

rIyOuHY — 3ajeraHusi

IIOA3CMHBIX BYJKaHHYCCKHX

oOpa3zoBaHuil WK TOpoJ] PyH1aMeHTa,



Such information is utilized to
identify the presence of sedimentary

formations above the basement rocks.

The seismic survey involves
sending strong pressure (sound) waves
through the earth and receiving the
reflected waves off the various

surfaces of the subsurface rock layers.

The sound waves are generated
either by using huge land vibrators or

using explosives.

The very large amount of data
collected, which include the waves’
travel times and characteristics, are
analyzed to provide definitions of the
subsurface geological structures and to
determine the locations of traps that
are suitable for

petroleum

accumulation.

KOTOpbIE cozepkar BBICOKHE
KOHIICHTPALMU MarHEeTUTA.
Takas uH(popManus

MPUMEHSIETCS, 4YTOOBI  YCTaHOBHUTH
MPUCYTCTBHE OCAOYHBIX TJIACTOB HAJT
nopojaaMu (yHIaMEeHTa.
CeiicMyuueckue HCCIeI0BaHUS
MPEANoararoT WHUTIUUPOBAHUE
CHUJIBHBIX IPOJIOJIBHBIX YIPYTHUX BOJIH
(3BYKOBBIX)  CKBO3b  3eMJII0 |
MOJIyYCHUE OTPAKEHHBIX BOJH OT
Pa3JIMYHBIX MOBEPXHOCTEMN
MOI3€MHBIX CJIOEB TOPHBIX TIOPO/I.
3BYKOBBIE BOJIHBI
reHepUpyroTcs 00 C TMOMOIIBIO
OTPOMHBIX HA3eMHBIX BHOPATOPOB HUITH
C TIOMOIIBIO B3PBIBUATHIX BEIIIECTB.
3HaYUTEIBHOE KOJINYECTBO

COOpaHHBIX JTAHHBIX, KOTOpBIE
BKJIFOUAIOT BPEMSI ITPOXOKICHUS BOJIH
u 150.4 XapaKTEPUCTUKH,
aQHAM3UPYIOTCS, YTOOBI TOJYYUTh
ONMCAHUE MMOJI3EMHBIX I'€0JOTMYECKUX
CTPYKTYp u

MCCTOITIOJIOKCHHUC JIOBYIIICK, KOTOPHBIC

ONPENECTUTD

MOJIXOAT IS HaKOIJIEHUS

YIJIEBOJIOPOJIOB.



This type of survey is the most
important and most accurate of all of
the geophysical surveys.

Significant technological
developments in the field of seismic
surveying have been achieved in recent
years.

Improvements in the data
collection, manipulation, analysis, and
interpretation have increased the
significance and accuracy of seismic
surveying.

Further, the development of
three-dimensional ~ (3D)  seismic
surveying technology has made it
possible to provide 3D descriptions of
the subsurface geologic structures.

Remote sensing is a modern
technique that involves using infrared,
heat-sensitive, color photography to
detect the presence of underground

mineral deposits, water, faults, and

other structural features.

OTOT  BUJA  HUCCIEIOBAHUM
HanOoJjiee BaXKEH M TOUYEH M3 BCEX
reoPU3NIECKUX U3BICKAHHM.
3HaYUTEIBHOE
TEXHOJOTUYECKOE Pa3BUTHE B 00JIACTH
CEHCMUYECKUX WCCIICIOBAaHUN OBLTH
JIOCTUTHYTHI B TIOCJIEAHHUE TOJIBI.
VYayumenue B mporecce cobopa
JAHHBIX, O00pa0OTKM, aHaaM3a u
WHTEPHPETALUNA YCUITWIN 3HAaYEHUE U
TOYHOCTh CEMCMOPA3BEIKH.
Kpome TOTO, pas3BuTHE
tpexmepHoit (3J1) ceiicMopa3Benku
C/eNiaJo BO3MOXHBIM MOTy4duTh 3]]
ONMCAHNE TEOJIOTHUYECKUX CTPYKTYp B
HeJpax.
JIMCTaHIMOHHOM 30HIMPOBAHNE

— OTO COBpPCMCHHAsd TCXHOJIOI'UA,

KOTOpasd BKJIHOYACT HCIIOJIb30BAHUC

nH(ppaKkpacHoOH,

TETJIOYYBCTBUTEIIBHOM, LIBETHOM
dbortorpaduu 1St BBISIBJICHUS
MIPUCYTCTBUS MOJI3EMHBIX
MECTOPOXKICHUN TMOJIE3HBIX

HCKOIIA€MbIX, BOJbLI, PAa3JIOMOB H

JIPYTUX CTPYKTYPHBIX 0COOCHHOCTEH.



The sensing device, normally on
a satellite, feeds the signals into special
computers that produces maps of the

subsurface structures.

1.4.3 Exploratory Drilling

The data collected from the
geologic and geophysical surveys are
used to formulate probable definitions
and realizations of the geologic
structure that may contain oil and/or

gas.

However, we still have to
determine whether petroleum exists in
these geologic traps, and if it does
exist, would it be available in such a
quantity that makes the development

of the oil/ gas field economical?

The only way to provide a
definite answers is to drill and test

exploratory well(s).

The exploratory well, known as
the wildcat well, 1s drilled in a location
determined by the geologists and
geophysicists.

YyBCTBUTEIIBHOE  YCTPOWCTBO,
OOBIYHO HaXOJSIIEECss Ha CIyTHHKE,
OTIIPABIISIET CUTHAJIBI HA CIIELIHAJIbHBIE
KOMIIBIOTEPBI, KOTOPBIE CTPOAT KapThl
CTPYKTYP IIOJ 3€MJIEH.

1.4.3 Pa3Benounoe Oypenue

JlaHHBIE, TIOJIyYEHHBIE B XOJ€
re0JOTHYEeCKUX U  Te0U3NIECKUX
UCCJIEJOBaHMM, UCTIOTIB3YIOTCS, YUTOOBI
chopMHPOBATH BO3MOKHBIE OTIHCAHUS
151 CLEHapUn re0JIOTUYECKOU
CTPYKTYPBI, MOXET

coJiepKaTh HEPThH U/WIIH ra3.

KOTopas

OnHako HaMm BCE enie
HEO0OXOJIMMO YCTaHOBUTD CYIIIECTBYET
i HedThb B ITHUX TCOJIOTHYECKUX
JIOBYIIIKAX, WJIM €€ TaM HeT, OyaeT Jin
OHa JOCTYITHA B TaKUX KOJWYECTBAX,
KOTOpBIE

cAenaroT pazpaboTKy

HedTerazoBoro MECTOPOXKICHUS
SKOHOMUYECKU PEHTAOCTBHBIM?

EnuHCTBEHHBIM cHOCOO HaTh
TOYHBIE OTBETHI — 3TO MPOOYPUTH U
WCOBITaTh Pa3BEIOYHYIO CKBAKUHY
(B1).

Pa3BemouHas CKBaKWHA, TaKXKe
M3BECTHAS KaK JIUKas KOIIKa, OypuTcs

B TOYKC, OHpGI[GJIGHHOﬁ reojaoraMm mu

reou3uKamu.



The well is drilled with
insufficient data available about the
nature of the various rock layers that
will be drilled or the fluids and
pressures that may exist in the various
formations.

Therefore, the well completion
and the drilling program are usually
overdesigned to assure safety of the

operation.

This first well, therefore, does
not represent the optimum design and
would probably cost much more than
the rest of the wells that will be drilled
in the field.

As this exploratory well is
drilled, samples of the rock cuttings are
collected and examined for their

composition and fluid content.

The data are used to identify the
type of formation versus depth and to
check on the presence of hydrocarbon

materials within the rock.

CkBaxnHa Oypurcs Ha
HEJOCTAaTOYHBIX JaHHBIX O MPHUPOJC
pa3IMyYHBIX CIIOEB TOPHBIX TMOPOJ,
KOTOpble OyayT TIpoOypeHbl W O
dronax, KOTOpBIE MOTYT
CYILIECTBOBATH B Pa3HBIX IJIACTaX.
N3-3a 3TOrO MpOrpaMMBbI TIO

OypeHHIO Y 3aKaHYMBAHUIO OOBIYHO

TIIATEILHO IpOpabOTaHbI TUTS
oOecrieueHus 0€30MaCHOCTH
OIIepaIvH.

IlepBasi ckBakMHa, OJIHAKO, HE
SABJISIETCA TPUMEPOM ONTUMAJIBLHOIO
JIA3aiiHa U C BBICOKOW BEPOSITHOCTHIO
OylleT CTOMTHb 3HAYUTEIHHO OOJbIIIE,
YeM OCTaJIbHbIE CKBA)XKUHBI, KOTOPbHIC
OoynyT poOypeHbI Ha
MECTOPOXKICHUH.

B nmpomecce Oypenus aToM
Pa3BEOYHOM CKBAXKHMHBI  OOpa3Ibl
BBIOYPEHHOU MOPOJIbI U3BIEKAIOTCS U
M3y4aroTcsl Ha MpeAMET X COCTaBa U
cojiepkaHus (JIIOHIOB.

OTU JaHHBIE UCTIOJIB3YIOTCS JIJIA
OTIpeJICICHHs] TUIyOMHBI 3ajeTaHus U
TAMA TlacTa W JJIs  TPOBEPKHU
MPUCYTCTBUSI  YTJIEBOJIOPOJIOB B

nopoje.



Cores of the formations are also
obtained, preserved, and sent to

specialized laboratories for analysis.

Whenever a petroleum-bearing
formation is drilled, the well is tested

while placed on controlled production.

After the well has been drilled,
and sometimes at various intervals

during drilling, various logs are taken.

There are several logging tools,
or techniques, (electric  logs,
radioactivity logs, and acoustic logs)
that are used to gather information

about the drilled formations.

These tools are lowered into the
well on a wireline (electric cable) and,
as they are lowered, the measured
signals are transmitted to the surface
and recorded on computers.

The signals collected are
interpreted and produced in the form of

rock and fluid properties versus depth.

W3 mnnactoB TakXke MOJIydaroT
KEpH, KOTOpBIM  COXpaHSIOT W
OTIPABIIAIOT Ha aHaJIN3 B
CHELMATM3UPOBAHHBIE JIAOOPATOPHH.

Beskuii  pa3, korma OypsT
HE()TEHOCHBIH

IUIaCT,  CKBa)KMHA

UCTIBITHIBACTCSI TPH  BBIBOJE  HA
KOHTPOJIUPYEMYIO 100bIYY.

[locne TOro Kak CKBaKUHY
npoOypwiIyd, HMHOIZa Ha  Pas3HbIX

MHTEpBAJIaX B Ipolecce OypeHwus,

3aIUChIBAIOTCS pa3JIyYHbIC
KapOTa)KHbIE KPUBBIE.

CymectByet HECKOJIBKO
MHCTPYMEHTOB WIn METOJ0B

KapoTaxka (DJIEKTPUYECKUM KapoTaxk,
PaIUOaKTUBHBIN KapoTax u
aKyCTHMUECKUU KapoTax), KOTOpBIC
UCTIONB3YIOTCA ANl TIOJMYYCHHUS
uHdpopmaiuu 0  pazOypuBaeMBbIX
TIacTax.

OTU MHCTPYMEHTHI OTITyCKAIOT
CKBOXHMHY Ha Tpoce (DIECKTPUYECKOM
kabene) M, NMOKa OHU OIMYCKaloTCA,
CUTHAJIBI C 3aMepaMH TIEpeIatoTCs Ha
MOBEPXHOCTh W 3aIUCHIBAIOTCS
KOMIIBIOTEPaMH.

Ot CcOOpaHHBIE  CHUTHAJIBI
HUHTEPIIPETUPYIOTCS ¥ IPEoOpa3yroTCs

B CBOMCTBA MOPOJ ¥ ()IIFOUIOB



The exploratory well will
provide important data on rock and
fluid properties, type and saturation of
fluids, initial reservoir pressure,
reservoir productivity, and so forth.

These are essential and
important data and information, which
are needed for the development of the
field.

In most situations, however, the
data provided by the exploratory well
will not be sufficient.

Additional wells may need to be
drilled to provide a better definition of
the size and characteristics of the new

reservoir.

Of course, not every exploratory
well will result in a discovery.

Exploratory wells may result in
hitting dry holes or they may prove the
reservoir to be an uneconomical

development.

o TIIyOuHe.
Pa3Benounas CKBa)XHMHA
MPEIOCTAaBUT BaXXHBIC JIAHHBIE O
MOpPOJIC U CBOMCTBaX (hJIroM1a, THIIC U
HACBIIEHHOCTH bmrongamu,
HaYaJdbHOM INIACTOBOM  JIaBJICHHHU,
MPOJYKTUBHOCTH IJIacTa M TaK Jiajee.

OTO HE3aMEHUMBIC M Ba)KHBIC

JaHHBIC U I/IH(bOpMaHHH, KOTOPLBIC

HY>KHBI VIS pa3paboTKu
MECTOPOKACHUS.

Onnako B OOJBIIIMHCTBE
Clly4yaeB  JAHHBIX  pa3BEJOYHOTO

OypeHust OyJIeT HeJJOCTATOUHO.

MoskeT IMOHAI0OUTHCS
pOOypPHTH JIOTIOJTHUTEIIbHBIE
CKBa)KHUHEI, YTOOBI 00€eCIIeYnTh

Jy4lllee ONpENENICHHE pa3Mmepa |
CBOICTB HOBOTO pe3epByapa.
Koneuno, He Bce pa3BenouyHbIC
CKBQKMHBI IPUBOJAT K OTKPBITHIO.
Pa3BenouyHbIe CKBaXKMHBI MOTYT
OKa3aTbCi CYXUMH WA OHU MOTYT
MTOKa3aTh

9KOHOMHYECCKYIO

HEepeHTaOEIbHOCTh pPe3epByapa.



1.5 DEVELOPMENT OF OIL
AND GAS FIELDS

The very large volume of
information and data collected from
the various geologic and geophysical
surveys and the exploratory wells are

used to construct various types of map.

Contour maps are lines drawn at
regular intervals of depth to show the
geologic structure relative to reference

points called the correlation markers.

Isopach maps illustrate the
variations in thickness between the
correlation markers.

Other important maps such as
porosity maps, permeability maps, and
maps showing variations in rock
structural

characteristics and

arrangements are also produced.

With all data and formation
maps available, conceptual models
describing the details of the structure
and the location of the oil and gas

within the structure are prepared.

1.5 PazpaboTka HedTerazoBbx
MECTOPOKICHUN

OrpomHsbIit 00beM HHDOpPMALIUU
W JaHHBIX,  TOJYyYEHHBIX W3
Pa3TUIHBIX TCOJIOTUYECKHUX u

reopu3nYecKuii HUCCIEIOBAaHUN U C

pa3BeIOYHBIX CKBa)KUH,
UCTIONB3YIOTCA  JJIi  MOCTPOCHUS
Pa3HbIX BUJIOB KapT.

CTpyKTypHBIE KapThl — 3TO

JIMHNHA, HAPHUCOBAHHBLIC C pPAaBHBIMHU

MHTEpBAIAMU TIIyOuH, YTOOBI
MOKa3aTh TEOJIOTHYECKYIO CTPYKTYPY
OTHOCHUTEIBHO  TOYEK  IPHUBS3KH,
KOTOpbIE HA3bIBAIOTCA PENEPHBIMU
TOYKAMH.

KapTbl n30maxut moOKa3bIBaIOT
BapHalliy TOJIIWH MEXTy PETICPHBIMU
TOYKAMH.

Taxxe CTPOSATCSA

apyrue
BAKHbIE KapThl, TaKUe KakK KapTbl
IIOPUCTOCTH, KapThl IPOHULIAEMOCTH U
KapThl, IIOKa3bIBAIOIIME W3MEHEHUA
CBOWCTB IIOpPOABI U CTPYKTYpPHOU
OpraHu3aluu.

Co BCEMHU  JaHHBIMH U

HUMCIOIINMUCA KapTaMu I1J1aCTOB
CO3JJA0TCA KOHICIITYAJIbHBIC MOACIIN,
OIMMMCBIBAIOIME ACTAJIM CTPOCHUA H

MCCTa IIPUCYTCTBUA He(l)TI/I nra3asB



The data available at this stage
will be sufficient to estimate the
petroleum reserves and decide and
plan for the development of the field

for commercial operation.

The development of petroleum
fields involves the collective and
integrated efforts and experience of
many disciplines.

Geologists and geophysicists are
needed, as described earlier, to define,
describe, and characterize the
resServoir.

Reservoir engineers set the
strategy for producing the petroleum
reserves and managing the reservoir
for the life of the field.

Production and completion
engineers design the well completions
and production facilities to handle the
varying production methods and
conditions, and drilling engineers
design the well-drilling programs

based on well-completion design.

npenenax CTpyKTyphbl.
JIaHHBIX, TOCTYMHBIX HA 3TOM
sTane, OyJeT 10CTaTOYHO JJIsl OLIEHKU
3armacoB YrjieBOJOPOJIOB, MPUHSATHUS
pelieHus npu TUTAHUPOBAHUU
pa3pabOTKH  MECTOPOXKICHUS IS
peHTa0eIbHOM HKCILTyaTaliH.
PaszpaboTtka HEPTIHBIX
MECTOPOKICHUM BKJIFOYAET
COBMECTHOE U OOBEIUHEHHbIE YCUIINS
Y OTIBIT PA3TUYHBIX JUCIUILTNH.
I'eonoru u reou3uKu HY>KHBI,
Kak OBUIO CKa3aHO paHee, 4YTOObI
YCTaHOBUT, onmcath u
OXapaKTepU30BaTh pe3epByap.
Numxenepsl 1o  pa3paboTke
YCTaHABIMBAIOT  CTPATETUI0 IO
J100bI4Ye 3amacoB HEPTU U YIIPABISIOT
pe3epByapoB B  TEUEHHUE  KHU3HH
MECTOPOXKACHHUS.
Nnxeneppl 1o  100bME U
3aKaHYMBAHUIO IPOEKTUPYIOT
3aKaHYMBAHWE CKBAKUH M JOOBIYHBIC
COOpYKEHHUs, YTOOBI JepKaTh IO
KOHTPOJIEM pa3jHyHble METOAbl H
J00BIYM,  a

yCIIOBUA OypoBbI€

WHXKEHEPhl  CO3JAal0T  MPOTrPaMMBbI
OypeHuss Ha OCHOBAaHWUU JH3aiiHA

3aKaH4YHNBaHMUA.



In the past, each group used to
work separately and deliver its product

to the next group.

That is, when geologists and
geophysicists finish their work, they
deliver the product to the reservoir

engineering group.

Then, reservoir engineering
would deliver the results of their work

to production engineering, and so on.

B npouwtom kaxpas rpynna
paborana NOJICTbHOCTH u
nepenaBajga  pe3ylbTaThl  CBOEH
paboThI clieyIoIel rpymre.

To ecTh, KOTga T€OJOTHM U
reoQu3uKd  3aKaHYUBAIM  CBOIO
paboTy, OHM TIepe/laBalid Pe3yJIbTaThI
cBOC paboOThl Tpymnme HHKEHEPOB
pa3pabOTUYHKOB.

Hanee UH)XEHEPBI
pa3pabOTYMKK MEPEAIOT PE3yJIbTaThl
CBOEH pabOThl HHXKEHEPaM IO 100bIYe

U TaK Jajiee.



