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dusuyecKue CBOMCTBA
TOPHBIX ITOPOA
Nexmus 2



OcHOBa reogpusn4YeCKUX METOA0B

BbiOeneHue 2eonoacuyeckux mesn C,DEOU eMewarowux nopod OCHOB8dHO
HA mom, Ymo 0b6BeKmMbl omau4aomMca om cpedbl gewecmeeHHbIM
cocmaeseom unu dJU3U‘4€CKUM COCMOAHUEM.

Micnonb3yeTcsa oTiMume obbeKTa oT BMeLlatoLen cpeabl no
dun3nyeckmm ceBomcTeam (NJIOTHOCTHbIM. MarHUTHbIM,
INEKTPUYECKUM, YIIPYTUM U T.A4.).

Echn 06beKT co cBOMCTBaMU, OT/IMHMHBIMU OT CBOMCTB BMELLAIOLLLEN
cpeabl, HaxoanTca B PU3NYECKOM MoJie, TO BOKPYTr Hero byaer
HabnogaTbCcsa NepepacnpeaseneHme nons.

B ocHoBe reodpunsnyecKkUXx MeToa0B NOUCKU U Pa3BeaKU NIeXKUT
anddepeHuMauma ropHbix nopoa un pya no dpusnyeckmm

CBOMCTBaM.

Petroleum GeoScience 2008



Geophysies 5

OcHoBa reopu3naecKux METOAOB —

CyLIECTBOBAHME NOPHBIX MOPOA, 00A2AAIOIUX PASANIHBIMA (PU3NIECKAMM
CBOMCTBAMM BCACACTBME!

Pasamams MUHEPAAOTHYIECKOro COCTaBa

PasAmdnsa pasmepoB 3epeH MEHHEPAAOB, COPTHPOBKH,
XapaKTepa YIIAKOBKHU 3€PEH M T.A.

Hsmenenus (popMBl 3aA€raHus HAM CMEIICHHA 110 Pa3AOMaM
HUAM TPEITUHAM

HisvmeHeHHns IIOPOA TOA BOSACHCTBHEM BTOPHYHBIX IPOIIECCOB
(oKHCA€HHA, BOCCTAHOBACHHSA, O0KNATA, MEXAaHHIECKHAX
BO3ACHCTBHI: MCHACTCA COCTaB CKEAETA, IIEMEHTA H T.I1.)

BAnaana tTima (pArOMAOHACHIIIEHHA TTOPOBOTO MPOCTPAHCTBA

Petroleum GeoScience 2008



Geophysies 5

Haubonee sa)kHble n3 pusnyeckmnx
CBOMCTB FOPHbIX NOPOA,

>  IlaotHOCTS (density)
> DAEKTPHYECKOE CONPOTHBACHHE (resistivity)

>  MarauTHas BOCHPHMMYHBOCTD B €CTECTBEHHAA
HAMATHHYCHHOCTD (magnetic compliance/ natural magnetism)

>  CkopocCTh pacpoCTpaHEHHUA aKYCTHYECKUX BOAH (S0nic

velocity)

OcobennocTs reopusukn: AHCTAHIITHOHHOCTS

Eme oAra 0COOEHHOCTD: BO3MOKHOCTD IMAOITIAAHBIX HAOAFOACHUH
TpeOyeMOl IIAOTHOCTH IIPH IIOAEBOI re0PU3HKE

HabaroaeHnsa Tpebyemoii IIAOTHOCTH TIO BCEMY-CTBOAY CKBAKHUHBI



dusnyeckKme CBOMCTBA

Bulk density, grain density, pore fluid density, and
porosity are related in the following manner:

pma - pb
pma - pf

WHERE:

Pma = Grain density
Pb = Bulk density

pf = Fluid density
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dusnyeckKme CBOMCTBA

Grain density

— — Expected
40 245 250 255 2,60 265 270 2,75 280 285 290 Normal

Jurassic Sandstones

I'mcrorpamma pacnpeaseseHud

ITAOTHOCTH CKCACTA FOPCKUX
II€ECCYAHHNKOB

Bulk Density

IToae xoppeaaru 06 bEMHOM
IIAOTHOCTH U IIOPUCTOCTHU FOPCKHUX

IICCYAHMNKOB

DENS =2,6679 - ,0173 * POR
Correlation: r =-,8267

o Regression
95% confid.

Porosity
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du3snyeckKme CBOMCTBA

— CNOCOBHOCTb FOPHbIX NOPOA, K
CaMonNpoun3B0J/IbHOMY UCNYCKAaHUIO FTAMMA-KBAHTOB Pa3/IMUHOM SHEpPrum
3a CYeT NpeBpaLLeHua 04HOro N3oTona B APYroimM — paaMoaKkTUBHOTO
pacnaga

PaAnO0aKTUBHOCTb FOPHbIX Nopoa, obycnosneHa npemMmyLL,ecTBeHHO
coaepaHuem B HUX paanoakTusHbIX nsoronos K40, U238 Th232

EAVMHNUDbLI U3MepeHUna PaanoaKTUBHOCTU — TPAaMM-3KBUBAIEHT pagausa Ha
1 rpamm nopoAabl — KOHLEHTPaLUUA PaANO0aKTUBHbDIX 3/1EMEHTOB B rOpHOM
nopoae, Npu KOTOPOU BO3SHMKAET raMMa-u3nyuyeHmne Takom xe
WHTEHCUBHOCTU , KaK npu pacnage 1 r Ra (r-aks Ra/r, unm nr-aks Ra/r). 1
nr-ake Ra/r = 10-12r-aks Ra/r = 16.5 API

N3mepeHne MHTErpanbHO PaguoaKkTUBHOCTU — paguomeTpusa, ramma-
KapoTaX, U3amepeHne KOHLEeHTPaLUN OCHOBHbIX PaAMOAKTUBHbIX
3/1eMEeHTOB — raMMa-CNeKTpomeTpusa
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Caprock and anhydrite t
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Sandstone

Sandy limestone and
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Greenish-gray sandstone = -
Shaly sandstone »

Shaly limestone
Sandy shale -

Calcareous shale —
Shale g
Organic marine shale -

Lean potash beds
Rich potash beds L

Gamma Ray Responses of Sedimentary Rocks
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dusnyeckKme CBOMCTBA

Acoustic Properties Of Rocks

Vo (+ ) - 2p)

,%:JE (1-u)

KZJE.__L_
p 20+ p)

Where:
V}, = Velocity of bulk compressional waves
Vs = Velocity of shear wave
p = Density
E = Young’'s Modulus

u = Poisson’s Ratio



dusnyeckKme CBOMCTBA

Elastic Wave Velocities in Porous Media

CkopocTh pacrpoCTpaHEeHHA YIPYIHUX KOA€OAHUIT B IIOPHUCTO cpeae

The velocity of elastic waves in a porous medium is a complex

function of many of the characteristics of the medium, including:
CkopocTh pacnpoCTpaHeHHA YIIPYIUX KOA€OAHUI B IIOPUCTOM CPeAe KOA€OAHMI 3aBHCHT OT CACAYIOIIUX (PAKTOPOB

S

Rock composition(cocras r..)

POtOSity(HopHCTOCTH)

Grain size, type and distribution

(pasMmep 3epeH U UX PaCIpOCTPaHEHHUE)

Type and degree of cementation and lithification

(cocTraBa U CTPYKTYypPBI LIEMEHTA)

Pore sizes and distribution (pasmep 1op u ux paCHpOCTpaHCHI/IC)

Pore fluid densities, viscosity, and saturations
(pArOHAOHACHIITIEHHOCTH)

Rock skeleton pressure and pore pressure

CTPYKTYPHI CKEAETA I.II. 1 IOPOBOTO AABACHUSA
YKTY

Bulk compressibility and other elastic properties

(TPEIIMHOBATOCTHH AP. YIIPYTHX CBOMCTB I.11.)




dusnyecKue CBOUCTBA yIIpyrue CBOMCTBA
ypaBHeHWEe Buiiu
CBSI3b MEX/1y TOPHUCTOCTbIO0 U BCKOPOCTH PaCHpPOCTPaHEHUSs YIIPYTHUX
KOJIeOaHUU B Cpejie

Relationship of Porosity and Acoustic

Velocity

The Wyllie “time-average equation” for
compressional waves, has been popular in the

industry over many years.

At=Ate. ¢+ At o (1— )

or,
At — Atm
Atf — Atm




dusndyeckKme CBOMCTBa
yIpyrue CBOMCTBa

TRANSMITTER

RECEIVER RECEIVER

RECEIVER

[

PORE SPACE (FLUID-FILLED)

Theoretical Models Relating Porosity

And Transit Time
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dusnyeckKme CBOMCTBA

IToae koppeaaru
BpeMeHHU npoodera
VIIPYTUX BOAH C
IIOPUCTOCTBIO AAA
II€CYAaHUKOB



dusnyeckue CBOUCTBA

Electrical Properties
L

r oCc —

A

5

:R.

~

R =7r-

SENS

Where:
Resistance of element of any material of
dimension A and L, ohm
Resistivity of any element, ohm-length

- . |

Il

a




dusnuyeckue CBOUCTBA

In a capillary tube model the equations are:
= Resistivity of brine,
7 ohm-length ConporuBacHue (hArOHAL

HOpI/ICTOFO HpOBOA,HI/IKa (HaCbIL[ICHHOCTb,
KaHI/IAHpr> CAMHUIIBI AAMTHDBI HPOBOAHI/IKa

= Resistance of brine
saturated capillary or porous
media model, ohm COIIPOTUBAEHHE

IIPOBOAHHKA (TBEPAOH (Da3EI)

= Resistivity of brine

ro = Rw L 1
ot saturated capillary or porous
e Ly media model, ohm-length
Ro = ro % _ La CompoTuBACHHE ITOPHUCTOTO ITPOBOAHHKA



dusndyeckue CBOUCTBA

In a porous media model the equations become:

q)aKTOpr BAMAROINTMC HA U3MCHCHMA
COHpOTI/IBAeHI/IH

Salinity Of water (MuHepaAu3anma-

Le COACHOCTB BOAI)I)
ro = Rw - —
a Temperature(TeMnepaTypa)
. Potosity nopucrocn.
e
Rw.- — - 4
R o A a Pore ge.ometry bopma mop
L L Formation stress ausscmme
) Composition of rock cocras rn.
Le Le (Le)
Rw . — — Rw| —
Ro = L L _ L
a Le ¢
A L



dusnyeckKme CBOMCTBA

Formation Factor

2
RWKE\
L) (L
po R _ 6\
Rw Rw 0,
1
U 1 2
F~—+~ = =
s 5 7
F=ag¢™

where ‘a’ and ‘m’ are unique properties of the rock.
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1000
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= 100}
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oy
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2 101
Y Effectof “n” on
Water Saturation
At Rl = 30, S, Varies
From127% to 21% Pore Space
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Water Saturation (S,,) Fraction

Resistivity Index

R 1
R = =L = S, or —
R, Sw"

Resistivity Index vs.
Water Saturation
For Range of Measured
Saturation Exponents
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Rt=F-Rw-RI
—m 1
F=a¢ ™, or ¢—m
R 1
RI = —t =S, or
R, Sw”
F-R R
So, Sw= W, and ”—0,
Rt 4
1
SWZni Rw-—,
" Rt

The General Form of the Archie Equation.

is the intercept of the F

versus ¢ plot and is
related to tortuosity,

is the Cementation
exponent and is also
tortuosity dependent,
is the saturation
exponent and is
saturation history,
wettability and pore
geometry dependent,
is the measured
porosity



CBolicTBa IAACTOBBIX (PAFOMAOB

1. ITaacTOoBasg BOoAQ

- COACHOCTDB

- ITIAOTHOCTB

- BA3KOCTDb

- YACABHOC€ JACKTPHUCCKOE COIIPOTUBACHIC

2. YTA€BOAOPOABI

- COCTAB I MOAEKYAAPHAA CTPYKTypa
- IIAOTHOCTH (YA€ABHBII BEC)

- BA3KOCTD



KOHTpOJIbHBIE BOMPOCHI

| Kakne 3apgaum pewaet netpodumsnka? Yto cayKMT OCHOBOM ANA re0/1I0rM4ecKom
nutepnpetaumm NMC? Metoabl nonyyeHmna netpodumsmnyeckom nHdopmaumm

2. OcHoBHble pusnyeckme n GpUAbTPALMOHHO-EMKOCTHbIE CBOMCTBA M3yvaemble B [NC
N OT KaKux GaKTOpOB OHU 3aBUCAT

3. MMNOTHOCTb, OT KakMx GaKTOPOB OHA 3aBUCUT?
4. INEeKTPUYECKUE CBOMCTBA NOPHbIX MOPOA M pya, OT KaKMX GAKTOPOB OHM 3aBUCAT?
5.PaanM0aKTUBHOCTb, OT KaKuUX GaKTOPOB OHA 3aBUCUT?

6. YTo Bbl NOHMMaEeTe nNoa TEPMUHOM YNPYrMe CBOMCTBA I.M. U OT KaKUX reo/IornM4Yeckmnx
napameTpoB cpeabl OHU 3aBUCAT

7. JanTte XxapaKTePUCTUKY PUNBTPALNOHHO-eMKOCTHbIM cBoMcTBam (PIC) ocagouHoro
pa3pesa

8.KakoBa cBA3b MmeXay NAOTHOCTbIO I.M. 1 ®IC OKPYKAIOLLYIO CKBAXKMHY cpeabl

9. KakoBa CBA3b MeXAy PaANO0aKTUBHOCTLIO I. M. U PIC OKPYKAIOLLYHO CKBAXKUNHY
cpeapl

10. KaKkoBa cBA3b Mmexay INeKTpniyeckumm ceomctBamm m ®3C OKpyrKatoLLyto

CKBaXKUHy cpebl



