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LIBHTP NPOChecCHOHabHOM NepenoaroTosku | Maructepckue nporpammbl
CneLuanicToB HedhTerasoBoro Aena

[eonornyeckasi xapakTepucTumka

JlnTonoro-mmHepanorn4yecknum cocrtaB
CTpyKTypa U TeKcTypa

YcnoBua ocagKkoHakonneHus
BTopuiHble uaMeHeHUs
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CBOMCTBA
NMopucroctb
NpoHnuaemocTb
PrnronaoHacbIWEeHHOCTb
KannnnapHoe gaBneHue
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EcTtecTBeHHas pagnoakTUBHOCTb
AKycTnyeckne cBoMcTBa AnNeKTpnuyeckme
CBOMUCTBA
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[eonornyeckasa xapakrepucTtuka

Clastic Rocks
@ Consist Primarily of Silicate Minerals SiO,

® Are Classified on the Basis of:

- Grain Size
- Mineral Composition

Carbonate Rocks
@ Consist Primarily of Carbonate Q/Iinerals
(i.e. Minerals With a CO3' Anion Group)

Limestone - Predominately Calcite (Calcium Carbonate, CaCO,)

Dolomite - Predominately Dolostone (Calcium Magnesium
Carbonate, CaMg(CO,), )
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LIBHTP NPOChecCHOHabHOM NepenoaroTosku | Maructepckue nporpammbl
CneLuanicToB HedhTerasoBoro Aena

[[eonornyeckas XadPaAKTepUCTUKa
naBHble KOMMOHEHTbI Nec4YaHuKa
e Framework
Sand (and Silt) Size Detrital Grains
e Matrix
Silt and Clay Size Detrital Material
e Cement

Material Precipitated Post-Depositionally,
During Burial. Cements Fill Pores and
Replace Framework Grains

e Pores
Voids Among the Above Components
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LIeHTP NPOChECCHOHANBHON NepenoaroToskA | MarucTepckie nporpaMmbl -
neLyranncToB HedhTera3oBoro fena
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LIGHTP NpOodheccroHaIbHOM nepenoarotosku | Maructepckue nporpamMmbl
CNELMATIMCTOB HedpTera3oBoro Jena

XUMNYECKUN, MUHEPAaNOrm4ecKmnn CocTtaB U
NNOTHOCTb MaTpuLbl TOPHbLIX MOPOa

NMnoTHoOCTL, MuHepan CocTtaB
r/cm3
2.65 Ksapu SiO,
2.55-2.63 [loneBown wnat (K, Na)(AISi,O,)
2.71-3.96 KapboHaTtbl (Fe)/(Ca, Mg)CO3
2.30-2.96 Cynbchatsl (runc, | (Ca)So,(2H,0)
aHrnmgpuT)
2.40-2.77-3.30 Cnioga KAl [Si,ALO, 1(OH,F),
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LEHTP MPOCHECCHOHATIbHON NMEpernoaroToku | MarucTepekue nporpammsl

_ CMeunanncToB HedpTerasosoro Aena

[eonormnyeckas xapakrepucTumka

Tunbl nop B

eKTO
Intergranular (Prlmar 5‘ Intg’stltlal Void Space Between

Framework Grains

Micropores Small Pores Mainly Between Detrital
Framework Grains or Cement

Dissolution Partial or Complete Dissolution of
Authigenic Grains (Can Also Occur
Within Grains)

Fractures Breakage Due to Earth Stresses
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LIEHTP NPOCheCCMOHaIbHON NepenoaroToBky | Maructepckue nporpamMmbl i
neLnanucToB HedhTera3osoro fena | |
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LIGHTP NpOodheccroHaIbHOM nepenoarotosku | Maructepckue nporpamMmbl
CNELMATIMCTOB HedpTera3oBoro Jena

XUMNYECKUN, MUHEPAaNOrm4ecKmnn cocTtaB U
NNOTHOCTb dortonaoB NOPOBOro MNPOCTPAaHCTBA

MnoTtHoOCTDL, dnrounpg, CocTtaB
r/cm3
1.0 Boaa npecHad H,O
1.0-1.2 Bopna coneHas H,0
0.7-0.9 HedpTb CH
0.001 -0.004 [a3 CH,
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LIGHTP NpOodheccroHaIbHOM nepenoarotosku | Maructepckue nporpamMmbl

CreunanncToB He(pTerasosoro Aena

[[eonormnyeckas xapakrepucTuka

CTpyKTypa MeX3epHOBOro NnopoBoro
npocTpaHcTBa 3aBUCUT OT:

COopTMPOBKN YacTul, criaratoLmx ropHyto
nopoay

YNakoBKU 3epeH 1 PpopMbl MEX3EPHOBbIX
KOHTaKTOB

dopMbl M OKATaHHOCTU 3epeH cKerneTa
YcnoBun ocagkoHakoneHus
Hanunymna n konnyecrtsa rMUHUCTOIO
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u,eHTp npoq)eccm()ganbﬂow nepenop,romBKM MarvcTepckue nporpammbl
( Ter:

[eonormnyeckas xapakrepuctTuka

BrinsaHue rmMHUCTOCTU Ha NOPUCTOCTb U

1A Poroslty 12.6% IB Porosity = 11.0%

. Poroslty. 12.4% ID_Porosity = 9.9%
Permeability = 9.7 md Permeability = 0.9 md



Petroleum Learning Centre | MSc Programs

LIGHTP NpOodheccroHaIbHOM nepenoarotosku | Maructepckue nporpamMmbl
CMIEUMATINCTOB HehTera3oBoro Jena

XMmmnyeckumn, MMHepanorm4ecKkum coctas
n pnsnyeckue CBOUCTBA MUHUCTbIX

MUHepasnoB
MnotHoCTb, r/cm®  MuHepan CocTaB CEC,
meg/100g

2.60 - 2.68 Kaonunut Al [Si 0, 1(OH), 3-15

2.60 - 3.30 XrnopwuT (Mg, Fe*?, Fe*?, Mn, Al)_,[(Si,Al), O <10

20](0H)16
2.60 - 2.90 Unnut K ., AlISi . Al . O, ](OH), 10-40
2.00 - 3.00 CmekTUT  (1/2Ca,Na),,(Al,Mg,Fe),[(Si,Al), 80-150

0,,1(0H),nH,0
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SAND GRAIN

Arperartbl pa3nnyHbIX
TUNOB IMUH B NOPOBOM
npocTpaHCcTBe

B 3aBUCMMOCTU OT TUNA IMUH
3anofiHeHne NopoBOro
npocTpaHcTBa NPOUCXOOUT No-
pasHoMmy.

Haunbonee bnaronpusaTteH
AWUCKPETHbIN TUN (KaoSIMHUT) B
OTNINYMe OT BOJSTIOKHUCTOrO
(unnuT), 3anonHAKLWero Nopbl B
Buae nepemMmblyek Mexay
necyaHbIMN 3epPHaMM.
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LIGHTP NpOodheccroHaIbHOM nepenoarotosku | Maructepckue nporpamMmbl
CNELMATIMCTOB HedpTera3oBoro Jena

Mopaenu rmmHNCTOro nec4yaHuka

Influence Of Clay-Mineral Distribution
On Effective Porosity

l b Clay

Minerals

Detrital Quartz
Grains
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LIBHTP NPOChecCHOHabHOM NepenoaroTosku | Maructepckue nporpammbl

CMeLnanncToB He(DTerasoBoro Aena

[eonorn4vyeckasa xapakrepucrtuka
[ MUHUCTOCTL

UTHOCUTEeNbHa
MaccoBas O61bLemHasn !

Nsh = Vsh/(Vsh + @)

Csh = Msh/M

\/
Vsh = Vsh/(Vma + Vsh + Vp)
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LIGHTP NpOodheccroHaIbHOM nepenoarotosku | Maructepckue nporpamMmbl
CNELMATIMCTOB HedpTera3oBoro Jena

Mopuctoctb MpoHnuaemoc
Tb

P nupauum—éo-
€MKOCTHbIE
CBOWUCTBA

ropH|=||x nopoa

HacbliweHue



CDManpau,MOHHo eMKOCTHbIe CBOUCTBA
NOPUCTOCTb

PoreVolume Grain Volume Bulk Volume

Pore Volume

P 1 0/ = x 100
OroSity 0 = BV olume
Porosity,p% = Bulk Volume - Grain Volume x 100
Bulk Volume
Porosity,p% = ote [0 e x 100

Pore Volume+ Grain Volume
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LIBHTP NPOChecCHOHabHOM NepenoaroTosku | Maructepckue nporpammbl
CNELMAN1CTOB HehTerasoBoro Jena ' |

dOunbTPaLUOHHO-eMKOCTHbIEe CBOMCTBA
NOPUCTOCTb

PORE-SPACE CLASSIFICATION

Total Pore Volume
Bulk Volume

Total porosity, @t =

Interconnected Pore Space

Effective porosity, Qe =
P Y, ¢ Bulk Volume

Effective porosity — of great importance; contains the

mobile fluid
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LIBHTP NPOChecCHOHabHOM NepenoaroTosku | Maructepckue nporpammbl
CneLuanicToB HedhTerasoBoro Aena -

dOunbTPaLUOHHO-eMKOCTHbIE CBOMCTBA
NOPUCTOCTb

COMPARISON OF TOTAL AND

EFFECTIVE POROSITIES
Very clean sandstones : e — @t

Poorly to moderately well -cemented
intergranular materials: @t = Qe

Highly cemented materials and most
carbonates: e < @t
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LieHTP NPOCheCCMOHaNbHOM NEPenoaroToBKM | MarucTepckve nporpammbl
CMeLVanncToB HedhTera3oBoro fena |

dakTopbl, BNMsOLWME HA NTOPUCTOCTb

MMepBUYHbIE (haKTOpbI
eYnakoBKa
eCopTHpoOBKa
ePa3mep 3epeH
eDopma 3epeH

BTopuyHble paKkTopbl
eMexaHu4yeckue (gedopmauus, TpeUHbLI,...)
e[ eoOXxmmmnyeckme (M3MeHeHMe CoCTaBa,
pacTBOpeHuUe,...)
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LIGHTP NpOodheccroHaIbHOM nepenoarotosku | Maructepckue nporpamMmbl
CMIEUMATINCTOB HehTera3oBoro Jena

®OunbTPaLUOHHO-eMKOCTHbIEe CBOUCTBA
COPTMPOBKA U YNaKOBKa

b =47.6%

Packing

Decreased
Sorting
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LIGHTP NpOodheccroHaIbHOM nepenoarotosku | Maructepckue nporpamMmbl
CNELMATIMCTOB HedpTera3oBoro Jena

PunbTPaLUOHHO-eMKOCTHbIE CBOUCTBA
NMOPUCTOCTb

Fracture Porosity: Magnitude and Development

10cm

- - b = PVIBY
W _ (001x1x1)
‘ (13 1x1)

}0.01¢cm =0.01

or 1.0%
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Marucrepckue nporpammbl

LIEHTP NPOCHECCHOHATIbHON MEpenofroTOBKM
CTIEUVIvCTOB HEqhTerasosoro fena

PunsTpauMoHHO-eMKOCTHbIE CBOUCTBA
NOPUCTOCTb

Core

Total ¢
———— Totally Dried Core

Effective ¢ (His orical D efinition)
-— bl

Total Grain Volume » Totald

" Hu midity Dried Core
Effective ¢ :I (Prese ves Bound Water Layers)

Dry Clay Volume, __ __

— — lIsolated
Pore Volume

Non - Clay
Grain Volume

Bound WaterVoume __
Effective ¢

Bound Water Totale
B " Rp——————

| Isolated Pore Volume

Log

Total and Effective Pore Volumes
Defined in Core and Log Analysis
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Ll,BHTp npomeccm()gaanom HGpEI’IO}J.I'OTOBKVI | MHI'VICTBDCKMB I'lpOI'paMMbl .....".=.
DUNETPALMOHHO-eMKOCTHbIE CBONCTBA
NOPUCTOCTb

NMpumepbl ahPeKTMBHON NOPUCTOCTU
pa3HbIX nopona

[lec4aHMK B NNacToBbIX YCNOBUAX - 15-35%

NINHbI - 0-45%

{apboHaThbl - 5-10%
KaBepHO3Hble kKapboHaTh! - 10-40%
[onomuT - 10-30%

[ paHuT - <1%
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LIBHTP NPOChecCHOHabHOM NepenoaroTosku | Maructepckue nporpammbl
CneLuanicToB HedhTerasoBoro Aena

Mopucroctb MpoHnuaemoc
Tb

O nupauum—éo-
€MKOCTHbIEe
CBOWUCTBA
ropHbIX NopoAa
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LIeHTP MPOCHECCHOHANbHOM NepenoaroToku | Maructepckve nporpammsl

(hTera3oBoro gena

PuneTPaLNOHHO-eMKOCTHbIE CBOUCTBA
NPOHULLAEeMOCTb - permeability

MpoHuuaemocTb (K) €BOMCTBO NopoA NponycKaTb Yepes cebs
XXUOKOCTMU, ra3bl U X CMeCu nNpu nepenage naBneHun (Mmepa

domnbTPpaLMOHHON NPOBOAUMOCTH) k-A-AP
3aKoH Q=
Oapcu I p
OGBLeMHbIN pacxopn,
XNOKOCTHU
Nepenap paBneHus

Mnowaab ceyeHus

OnuHa nopucTou cpeabl

IOnHaMun4yeckass BASKOCTb
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alalal il
LHTD npoq)eccm()ganbﬂom nepenonromBKM MarucTepckue nporpamMmbl -......-...
| e 7 ,

PuneTPaLNOHHO-eMKOCTHbIE CBOUCTBA
NPOHMLAEeMOCTb - permeability

YcnoBusi NPUMEHMMOCTU 3aKOHa

NamuHapHbiit noTORREHEs noprcTyto
cpeay

OTCyTCTBME XUMUYECKUX peaKkunn Mmexay
cpenov U QUNLTPYHLMMCA peareHToM
OaHoasHoe HacblLleHne cpeabl

Heckumaemas XnagkocTb
[ K ]=m?, mkm?, gapcw,
MUANMNMUUAOADCU
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LieHTP NPOCheCCMOHaNbHOM NEPenoaroToBKM | MarucTepckve nporpammbl
CMeLVanncToB HedhTera3oBoro fena |

PuneTpaLMoHHO-eMKOCTHbIE CBOUCTBA
NMPOHULIAEMOCTb - permeability

Bnnawwune pakTopbl

[TopuctocTtb (bonbLue PHI — 6bonbLue k)

Pa3smep 3epeH (ManeHbKNe nopbl —
MeHbLLe k)

YoenbHasa noBepXHOCTb (bonbLuas
nnowanb — 6onbLie TpeHmne — MeHbLLe k)

Hannune bonee, Yem ogHow dasbl

IIIIIIIIII
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LIBHTP NPOCHECCMOHANLHOM NEPErnofroTOBKM
2AUMANIPTOR HAAYTATA3NROT) NEMa
- | ST ODALINC

NOPUCTOCTH - MPOHNLLIAEMOCTb -

Koppenauus
(+3aBUCUMOCTBb OT rpaHyfIOMEeTPUYEeCKOro cocrtaBsa

nopoge)

K, mD
3 I //J\
%\
25 2l "\A ]
N
% coarse grains /\" - ;  % fin
(>0.25 mm) . > o fine grai
2 2
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LIHTP MpOocheccoHaIbHOM nepenoproTosku | Maructepckue nporpammbl
CMeLUMan1cToB HedhTerasosoro pema | A ——

BnuaHue pasmepa u (popmMbl 3epeH Ha NPOHULLIaeMOCTb

6onblune BbITAHYTbIE 3epHa ManeHbKWe BbITAHYTbIE 3epHa

ropus. npoH. 2000 mg ropus. npoH. 800 mg
BepT. NpoH. 800 m BepT.NpoH. 50 m
OYeHb MaJZieHbKHEe 3epPHa
Goqu"e PHRYIIbIe saRHe HenpaBuabHoN (ropmbl

ropus. npoH 2000 mf ropus. npoH. 150 m
BepT. NpoH. 1500 m BepT. NpoH. 15 m

BennunHa npoHuLaeMocTu cBsidaHa ¢ hopMoun U paamepamm
YyacTul CKerieta U ynakoBkou nx B nopopae. NNpoHuuaemocTb
ABNAETCA OPUEHTUPOBAHHLIM B NPOCTPaHCTBE NapaMeTpom,
KOTOPbIM MOXXHO ONMcaTb BEKTOPOM Unun, 6oree npaBunLHO,
TEAH2RODOM 2-0Iro nNODSI KA
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LIGHTP NpOodheccroHaIbHOM nepenoarotosku | Maructepckue nporpamMmbl
CMIEUMATINCTOB HehTera3oBoro Jena

PunbTPaLUOHHO-EMKOCTHbIE CBOUCTBA
NPOHMNLAEeMOCTb - permeability

[MpuMmepbl 3Ha4eHUU NPOHULLAEMOCTH

0.001 m/ - HEKONMIEKTOP (MMUHbI, TPaHUTLI)
1-10 m[ - cpeaHad

10-100 mJ1 - BblCOKas

100-1000 m[] - oM€eHb BblCOKad

31 - CyNepKonmneKkTopbl
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LIHTP NPOeccroHanbHO MepernofiroToBKi Maructepckue nporpammbl
y~ CMeunannucToB HedoTerasoBoro fena

dakTopbIl, BNMsOLWME HA NPOHNLLAEeMOCTb

MMepBUYHbIE (haKTOpbI
ePa3mep 3epeH
ePopma 3epeH
eYnakoBKa
eCopTHpoOBKa

BTopuyHble (paKkTopbl
eMexaHu4yeckue (gedopmauuns, TpeWmHbLI,...)
e[ eoOxXxmmmnyeckme (M3MeHeHMe CoCTaBa,



PuneTpaLMoHHO-eMKOCTHbIE CBOUCTBA

Pefroleum Learn
LIeHTP NPOdheccroHanbHOIA

ing Centre

nepenoaroToBku

CMeLnanncToB He(DTerasoBoro Aena

MSc Programs N
Maructepckue nporpaMmmbl L] iiillll

T

NMPOHULLIAEMOCTb - permeability

Fracture Permeability: Magnitude

10cm

1.0cm
%ﬁ//

10.01¢cm

. 84.4x1x10° x h*
H/h
=84.4x10° x107* x1072
= 8.44 Darcies

or 8,440 mD

BrnuvsiHMe TpeLwmH Ha NPOHULLAEeMOCTb
ropHou nopoabl
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| Maructepckue nporpammsl T

AOGcConoTHaA NPOHNLIAEMOCTb — Mepa
NPOHULIAeMOCTHU, He 3aBUcALasn ot Tuna cdnoupa
(MakcnmanbHas)

AddekTBHaA (dhba3oBas) NpPoOHULLAEMOCTb -
NPOHUL,aeMOCTb ogHoro chnouaa B NpUCyTCTBUM
o4HOro nnu 6onbLiero Konu4vecTsa gpyrux dononaos
(< abcontoTHOM)

OTHOCUTEeNbHaA NPOHNLLIAEMOCTb - OTHOLUEHUE

3t peKTUBHOU NPOHNLLIAEMOCTHU NPU HaCbILWEHUN
oaoHUM hrnronaom K abCornTHON NPOHNLAEMOCTH
npu 100 % HacbIWEeHnn




Petroleum Learning Centre | MSc Programs

LIGHTP NpOodheccroHaIbHOM nepenoarotosku | Maructepckue nporpamMmbl
CNELMATIMCTOB HedpTera3oBoro Jena

PuUnbTPaLMOHHO-EMKOCTHbIE CBOMCTBA
OTHOCUTeJIbHaA NPOHULLAaeMOCTb — relative permeability

5 P—

e

0.9

ot
@

ot
N

Kro

ot
o

Relative Permeability
© o o o
N w B (4]

o
-

0
0 0.1 02 0.3 04 05 06 0.7 0.8 09 1.0
Sw Water Saturation, Fraction
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LIEHTP NPOCHECCHOHATIbHON MEpenofroTOBKM
CIeLManNCTOB HePTEra30Boro fena

MSc Programs
Maructepckue nporpaMmmbl

AMKOCTHbIE CBOWCTBa

MOPUCTOCTb - MPOHNLIAEMOCTb -

PERM(log) = -2,770 + ,21800 * POR
Correlation: r = ,81499
45
3,5 E oo
= o)
2,5 i o /:'
'5 o CDO 7 ) O
< ¥l D% £ F
= 157 5 5 So T S5 o
= 00? QOO o )
m (o]
< 05| e & 5
= O O O
= 5 Qo 008,90 9o
a -05¢ o & % =
(a] T O
o T2O o)
a5} ©o4 R
@ O QF O OO0

25

B 10 14 18 22 26
POROSITY

30

“a.. Regression
95% confid.
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LIGHTP NpOodheccroHaIbHOM nepenoarotosku | Maructepckue nporpamMmbl

cneumanmcmB HeqTerasoBoro ,uena Ll L] L
D

AMKOCTHbIE CBOICTBA
MOPUCTOCTb - MPOHMLIAEMOCTb -

KoppensiLuus

>

Oolitic & Coarsely
Crystalline Carbonates

Klinkenberg Permeability (Log Scale)

Porosity (Linear Scale)
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LIEHTP npod)eCCMOHaanom nepenoarotosky | MarucTepckue nporpammbl
neLmany HechTera3oporo fena

Mopuctoctb MpoHnuaemoc
Tb

CBAH prau,Mm-éo-

eMKOCTHbIe
CBOUCTBA

ropr||x nopoa

HacbiweHue




ERIOT
O VALT

Pefroleum Learning Centre | MSc Programs

LIBHTP NPOChecCHOHabHOM NepenoaroTosku | Maructepckue nporpammbl
CneLuanicToB HedhTerasoBoro Aena

PuUnbTPaLNOHHO-eMKOCTHbI
CBOMUCTBAa

Reservoir roflAGERIERHKGith fluids

(oil and water)

- Oil - Water
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LIBHTP NPOChecCHOHabHOM NepenoaroTosku | Maructepckue nporpammbl
CneLuanicToB HedhTerasoBoro Aena

Reservoir rock - saturation with fluids
(oil, water and gas)

. Oil . Water I:I Gas
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LIBHTP NPOChecCHOHabHOM NepenoaroTosku | Maructepckue nporpammbl o
CneLuanicToB HedhTerasoBoro Aena '

PunbTPaUMOHHO-eMKOCTHbLIEe CBOMCTBA
donronagoHacbIWEeHHOCTb - saturation

dnounaoHacbIilWeHH
OCTb So =Vo/Vp

l
I 1
He(pTeHaCbILWEeHHOC d30HAaCbIWEeHHOCT

So+Sw+Sg=1

|
S000HaCbILWEeHHOCT

FopHbIe nopoabl MOryT ObITb TMAPOPUNBHLIMU N TMAPOGPOOHBLIMYU
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LIBHTP NPOChecCHOHabHOM NepenoaroTosku | Maructepckue nporpammbl
CneLuanicToB HedhTerasoBoro Aena

PuneTpaLlMoOHHO-eMKOCTHbIE CBOUCTBA
donrongoHacbILWEeHHOCTb - saturation

Initial Fluid Saturations in Reservoir

Methods for determination of reservoir fluid saturations
Direct Measurement

Core Analysis
Indirect Measurement

Capillary Pressure Measurement
Well Log Analysis

electrical conductivity depends primarily on water
saturation
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LIBHTP NPOChecCHOHabHOM NepenoaroTosku | Maructepckue nporpammbl
CMELVATIMCTOB He(hTera3oBoro Jiena

PuUneTpaLMoOHHO-eMKOCTHbIE CBOUCTBA
dornronaoHacbILWEeHHOCTb - saturation

100
MakcumanbHoe - S P
BoAoHachblleHne B ) | Upper limit of
o |* & 8 | fotal water for
HedPTAHBLIX M TAa30BbIX & 20 s :.f By e
pe3epByapax = J oo| | sands
= 10 i
g " ° .030
E * st
:&; 5 :.. :"
Q. g ":.:o
2f— 1
1' - ' ¢ ._: o,
0 10 20 30 40 50 60 70 80 90 100
Total water content, % pore space
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LiEHTp npoq)eccmgganbﬂou MepenoaroTosku | MarucTepckue nporpamMmbl
| echrera i

CDVIanpauMOHHo €MKOCTHbIe CBOUCTBa
KanunnapHoe gaBneHue — capillary pressure

KannnnapHoe gaBneHune B ropHbIX nopoaax ooycrioBrneHo
crneaywwmmmu pakropamm:

Hannumem rugpocdunsHou unu rngpododHoOn nopucton
cpenbl, NPOHU3AaHHON Kanunnapamum

Hanunuyuem dnronpa

Cunamm noBepXHOCTHOrO HaTAXEeHNA MeXAay TBepaow
cdazoun u cbnronaom (chnrongamm)

[ToBepXHOCTHOE HaTSAXXeHne 3IHeprus Ha eauHULY nnowaam

(cuna Ha eaMHNLY pacCTOAHUS), OEeUCTBYOLWAA Ha
noBepxHocTu meny daszamm

'opHble nopoabl — TBepAble ha3bl.
Bopa, HedbTb u/mnu ras - pnronabl.
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cUMATNCTOB HEDTETd30BOI i\v2 (e

PunbTPaLUOHHO-eMKOCTHbLIE CBONCTBA
KannnnapHoe aasneHue — capillary pressure

e ws  Solid oS
e 0°<H<90°
e Adhesive tension between water and the

rock surface exceeds that between oil and
the rock surface.

e WATER-WET ROCK
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LIGHTP NpOodheccroHaIbHOM nepenoarotosku | Maructepckue nporpamMmbl
CMIEUMATINCTOB HehTera3oBoro Jena

PuneTpaLMoHHO-eMKOCTHbIE CBOUCTBA
KanunnapHoe gaBneHue — capillary pressure

Adhesion tension is expressed as the
difference between two solid-fluid
interfacial tensions.

cos O

AT — Gos o Gws — _‘Gow

¢ A negative adhesion tension indicates that the denser phase (water) preferentially
wets the solid surface.

¢ An adhesion tension of “0” indicates that both phases have equal affinity for the
solid surface



Petroleum Learnlng Cen’rre M‘Sc Pﬁr_ograms | R ﬂ_,___..

T Ao‘ram»

CTIeLManicToB HedpTera3oBoro fena

PuneTpauMoHHO-eMKOCTHbIE CBOUCTBA
KannnnapHoe aasneHue — capillary pressure

o

Sos | sws : Sos Solid

e 90°<0<180°
The adhesion tension between water and the rock surface is less
than that between oil and the rock surface.

¢OIL-WET ROCK



Pefroleum Learning Centre [ MSc Programs o U

LIEHTp NPOcheccHoHanbHoM NepenoaroTtoBki | Maructepckue nporpamMmbl
CreLNanicToB HeghTerasosoro fena

PunbTPaLNOHHO-eMKOCTHbIE CBOUCTBA

KanunnapHoe gaBneHue — capillary pressure

INTERFACIAL CONTACT ANGLES, VARIOUS ORGANIC LIQUID IN
CONTACT WITH SILICA AND CALCITE

6=1580

0=839° WATER 0=350
$2%5%%7 /

PILPS 4 =
I277559555

s CRLLLL LA

SILICA  SURFACE
Z [BOoOCTANE ~ ISOOGTANE +57% ISOQUINOLINE NAPHTHENIC ACID
g =) ISOQUINOLINE ; | |
x  d - ‘
o = |
! 6=30° 6=480 0=549 \aer  0=1060
—=—— = == ",'—-"‘Z;:;é. — _i e
—__@“ﬂ-—r—_— S e = L e — V40— (B)
AN N\ N ASOMNNNNNNNNNNANNN

CALCITE SURFACE
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LIBHTP NPOCHECCOHATTLHOI NepenoaroToBKy

MSc Programs
MarucTepckue nporpammbi

CreunanncToB He(pTerasosoro Aena

PuneTpalMoOHHO-eMKOCTHbIE CBOUCTBA
KanunnnapHoe gaBneHue — capillary pressure

FREE WATER

WATER-WET

SOLID (ROCK)

BOUND WATER

OIL

OIL
RIM

OIL-WET
!

SOLID (ROCK)

Ayers, 2001
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LIBHTP NPOChecCHOHabHOM NepenoaroTosku | Maructepckue nporpammbl
CneLuanicToB HedhTerasoBoro Aena

PuUneTpaLuMoOHHO-eMKOCTHbIE CBOUCTBA
KanunnapHoe gaBneHue — capillary pressure

Capillary Tube - Conceptual Model
Air-Water System

Ahl \,79/ Air
N\ S N _/

Water

» Considering the porous media as a collection of capillary tubes provides useful
insights into how fluids behave in the reservoir pore spaces.

» Water rises in a capillary tube placed in a beaker of water, similar to water (the
wetting phase) filling small pores leaving larger pores to non-wetting phases of
reservoir rock.



: HERIOT
, | EWATT "
Petroleum Learning Centre | MSc Programs - i

= e
LIeHTP I'IpO(beCCMOHaanOM nepenoaroToBKK Marwcrepcxue Mporpammel =

CreunanncToB He(pTerasosoro aena

PuneTpaLlMoOHHO-eMKOCTHbIE CBOUCTBA
KanunnnapHoe gaBneHue — capillary pressure

CAPILLARY TUBE MODEL
AIR / WATER SYSTEM
» The height of water in a capillary tube is a function of:
— Adhesion tension between the air and water
— Radius of the tube Ah — 2 GaW COSQ

Air — Density difference between fluids r g Ap
aw

This relation can be derived from balancing the upward force due to adhesion

tension and downward forces due to the weight of the fluid (see ABW pg 135).
\ ,__J \. J/ The wetting phase (water) rise will be larger in small capillaries.

Ah = Height of water rise in capillary tube, cm
O = Interfacial tension between air and water,
dynes/cm
Wat 6 = Air/water contact angle, degrees
ater r = Radius of capillary tube, cm
g = Acceleration due to gravity, 980 cm/sec?
AP,y = Density difference between water and air, gm/cm3

Contact angle, 6, is measured through the more dense phase (water in this
case).
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LIEHTP NPOHeCCHOHANbHOI NepenoaroToBK Marmcrepcxue MporpamMbi
CreunanucToB Hedoterasosoro gena ,. ——

PuneTpaLMoHHO-eMKOCTHbIE CBOUCTBA
KanunnapHoe gaBneHue — capillary pressure

Rise of Wetting Phase Varies with
Capillary Radius
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LIBHTP NPOChecCHOHabHOM NepenoaroTosku | Maructepckue nporpammbl
CneLuanicToB HedhTerasoBoro Aena

PuneTpauMoHHO-eMKOCTHbIE CBOUCTBA
KanunnapHoe gaBneHue — capillary pressure

CAPILLARY PRESSURE - AIR/ WATER
SYSTEM

« Combining the two relations results in the following
expression for capillary tubes:

_20,,C086
r

P

C
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LIBHTP NPOChecCHOHabHOM NepenoaroTosku | Maructepckue nporpammbl
CneLuanicToB HedhTerasoBoro Aena

PuneTpaLlMoOHHO-eMKOCTHbIE CBOUCTBA
KanunnapHoe gaBrneHue — capillary pressure

CAPILLARY PRESSURE - OIL / WATER
SYSTEM

« From a similar derivation, the equation for
capillary pressure for an oil/water system is

p - 20,, COSO
r

P_. = Capillary pressure between oil and water

g,,, = Interfacial tension between oil and water, dyne/cm
6 = Oillwater contact angle, degrees
r = Radius of capillary tube, cm
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LIEHTP NPOCHECCHOHATLHON nepenonromBKM Maructepckue nporpammbl
CMeLVanncToB HedhTera3oBoro fena

PuUnbTPaLUOHHO- eMKOCTHbIe CBOWCTBa
KanunndapHoe gaBneHue — capillary pressure

CAPILLARY PRESSURE
- DEFINITION -

 The pressure difference existing across
the interface separating two immiscible
fluids in capillaries (e.g. porous media).

« Calculated as:

Pc = pnwt - pwt Where:

P_ = capillary pressure

» One fluid wets the surfaces of the formation

rock (wetting phase) in preference to the other int = pressure in nonwetting phase
(non-wetting phase).
- Gas is always the non-wetting phase in both P.: = pressure in Wetting phase

oil-gas and water-gas systems.
- Qil is often the non-wetting phase in water-oil
systems.
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LIBHTP NPOChecCHOHabHOM NepenoaroTosku | Maructepckue nporpammbl
CneLuanicToB HedhTerasoBoro Aena

Pressure —»
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LIHTP NpocheccnoHanbHoON nepenoarotoBkn | Maructepckue nporpammel
CneunanncToB HedoTerasosoro Aena e o e

PunbTPaLUOHHO-EMKOCTHbIE CBOUCTBA
KanunndapHoe gaBrneHue — capillary pressure

DRAINAGE AND IMBIBITION
CAPILLARY PRESSURE CURVES

DRAINAGE

Fluid flow process in which the saturation
of the nonwetting phase increases

Mobility of nonwetting fluid phase
increases as nonwetting phase saturation
increases

Drainage

IMBIBITION

Fluid flow process in which the saturation
of the wetting phase increases

Mobility of wetting phase increases as
wetting phase saturation increases

Four Primary Parameters
S; = irreducible wetting phase saturation

T

Imbibition ! S,,= 1 - residual non-wetting phase
1.5 S, = saturation
4 ! AN P, = displacement pressure, the pressure
0 0.5 1.0 required to force non-wetting fluid into
S, largest pores

A = pore size distribution index; determines
shape
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LIBHTP NPOChecCHOHabHOM NepenoaroTosku | Maructepckue nporpammbl T
CneLuanicToB HedhTerasoBoro Aena '

PunbTPaUMOHHO-eMKOCTHbIEe CBOMUCTBA
KanunndapHoe gaBneHue — capillary pressure

Effect of Permeability on Shape

20
161 Decreasing
et a Permeability,
g Degreasing A
%2 -
o 12
b
m -—
-
b=
= s8f
Q.
3] -
O
4|
0 i ] ] 1 ] 1 1 I ]
0 0.2 0.4 0.6 0.8 1.0

Water Saturation
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LIBHTP NPOChecCHOHabHOM NepenoaroTosku | Maructepckue nporpammbl
CneLuanicToB HedhTerasoBoro Aena

Reservoir Saturations & Contacts

Sand Grain Infill Cementing Material

Original Porosity
filled with water

of resistivity Rw

with Sw=100%

Ineffective Porosity
(isolated or Clay filled) | Total Porosity
eq.5% eg. 30%

+
Effective Porosity bd+dni2

- interconnected
and available for
fluid flow. eg. 25%

Rock fragments

Fine SanH

Pc

Hydrocarbon migration into the effective
porosity of the reservoir, displacing water
to a minimum saturation {Swirr).

Minimum saturation is dependent on the Coarse San

pore size distribution and the height above
the free water level. Sw
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LIBHTP NpOcheccroHabHOM Nepenoarotoskn | Maructepckue nporpamMmbl
CMELMACTOB HepTEra30BOro Jiena

®OunbTPaLUOHHO-eMKOCTHbIEe CBOUCTBA

Capillary Pressure and Saturation

T

}

Bp

Y

Water Saturation 100%
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LIEHTP NPOCHECCMOHANLHON MepenoaroToBki | Maructepckue nporpammbl
CHIEL @pEf B w t”era‘.o?;'c » £ Id
» @ -

CBOUCTBA

_ 0 &~ _a  _ _a® _

Capillary Pressure e sampe pata

well A B C D E
Well Location wen CHoC Swil10 15 20 37 95 | %
WellD  wellB Caﬂ, KOB Porosity [21.1 18.8 13.9 122 46| %
wekcl / Permeability (430 116 13.4 12 04| mD
Well E 2 s

Swug BSva Capillary Pressure
W
\ 7 / SwiD curves

Capillary Pressure
/:
v
a

0 20 80 100
Water Saturatlon (%)
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LieHTP npocheccuoHanbHoM nepenoaroTosk | MarucTepckie nporpammbl -

_ CMeunanncToB HedpTerasosoro Aena

PunbTPaLUOHHO-EMKOCTHbIE CBOUCTBA
B3auMMoOencTBMe napamMeTpoB

Cor Lithofacies Cor Pore Petrophysical Gamma Ray Flo.w
Rlugs Types Data Log Units
e Capillary
- f vs k Pressure
&
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-
| o -
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| el
LIEHTp npomeccm()gaanon nepenonromBKM | Marucrepckve nporpammbl | ..........

FmJ,pa BJinueCKasd eaAnHULa

KonrekTopa

'mapaBnuyeckas eOouHuUa KonrieKkrtopa -

«npencTtaBUTENbHbLIU 3rieMeHTapHbIN oo0bLem

nopoAabl, BHYTPU KOTOPOro reonornyeckue w
netpodmanyeckme CBOUCTBA, BnAuAKOLLUE  Ha
TeYyeHMe XUOKOCTWU, B3aMMHO cornacoBaHbl W

npeackKkasyemMo OTNUYHbI OT Apyrux nopoa» (Amaefule
n op. SPE 26436)
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LIGHTP NpOodheccroHaIbHOM nepenoarotosku | Maructepckue nporpamMmbl
CNELMATIMCTOB HedpTera3oBoro Jena

Mopaenb nageansbHoro 2

rpyHTa 3akoH [Japcwm + 3akoH lMyasenns » k = _¢e

napameTp y yAaenLHas
cdhopmbl sBunucroc NMoBepxHOC
b i
F T S
PeanbHas nopucras s gv

cpeaa P

k = ¢e3 1
(1—¢e)2 F;Tzszgv

ypaBHeHue KapmeHa-KoseHu
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LIGHTP NpOodheccroHaIbHOM nepenoarotosku | Maructepckue nporpamMmbl
CNELMATIMCTOB HedpTera3oBoro Jena

FZI (Flow Zone Indicator) — MHOUKaTOP rMapaBrin4eckoro Tuna |

KonneKkTopa
1

JEes,

XapaKTepuayeT CTPYKTYPY NOPOBOro NPOCTPAHCTBA W BKITHOYAET:

FZI =

napameTp N3BUNNCTOCT yaernbHan
doopmbl 3 NOBEPXHOCT
S
F, S .
¢ 3
c __FZI*

k= 2
(1-9.)

OCHOBHO€ ypaBHEeHUe And oueHKn npoHUnLaeMocCTu
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LIGHTP NpOodheccroHaIbHOM nepenoarotosku | Maructepckue nporpamMmbl
CNELMATIMCTOB HedpTera3oBoro Jena

RQI (Reservoir Quality Index) — UHAEKC Ka4yecTBa KomnneKkTopa

RQI = |—
¢ )

XapakTepusyeT cpegHun ruapaBnmyecknm pagmyc nop
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LIGHTP NpOodheccroHaIbHOM nepenoarotosku | Maructepckue nporpamMmbl
CNELMATIMCTOB HedpTera3oBoro Jena

dusnyeckKkue
CBOUCTBaA
ropHbIX nopoAa
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LIEHTP NPOCHECCHOHATIbHON MEpenofroTOBKM
CrIeLMannCToB HedpTerasoBoro Aena

dusnvyecKkue cBonCTBa
NIOTHOCTDbL

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

Pefroleum Learning Centre
Marucrepckue nporpammbl

pma- pb
pma- pf

¢ =

WHERE:

Pma = Grain density
Pb = Bulk density

pf = Fluid density



Petroleum Learning Centre | MSc Programs

LIBHTP NpOcheccroHabHOM Nepenoarotoskn | Maructepckue nporpamMmbl
CMELMACTOB HepTEra30BOro Jiena

dusnvyecKkmue cCBOUCTBa
NMOTHOCTDL

None koppensaunm oo bLemMHoMn
NAOTHOCTN N MOPUCTOCTH
FOPCKUX NEeCYaHUKOB

'Mcrtorpamma pacnpepeneHus
NAOTHOCTU CKeneTa KPCKUX
necyaHMKoOB



LIBHTP NpocheccroHabHOM Nepenoarotosku | Maructepckue nporpamMmbl
cneuvanuctos Hedprerazosoro gend | KO

e RHBMULLKUS CBQACTBA
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3.5 True Porosity
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Error In Assumed Grain Density: g/cc
Porosity Error vs Error In Assumed Grain Density



CDMsuqecxue CBOMUCTBAa

eCTeCTBeHHasd paaAnoakKTuBHOCTDb

EcTecTBeHHas paguoakTUBHOCTL CMOCOOHOCTbL ropHbIX Nopoa
K CaMOMpoOun3BOSIbHOMY UCMYCKaHMIO raMMa-KBaHTOB Pa3fIu4HOM
3Heprum 3a cyeT NpeBpaLLeHUst O4HOro U3oTona B APYrow —
pagaMoaKTMBHOIo pacnaga

PaanoakTMBHOCTb FOpHbLIX MopoAa 06ycnoBreHa
npenMyLLecCTBEHHO coAep)XaHueM B HUX paAuoaKTUBHbIX
nsoronos K%, U?38 Th?3?

EAVHULBLI U3MepeHns paauoakTUBHOCTU — rPpaMM-3KBUBarneHT
pagus Ha 1 rpaMmm nopoabl — KOHLeHTPpaUua pagnoakTUBHbIX
3rIeMeHTOB B ropHOM nopoae, Npu KOTOpor BO3HUKaeT raMmma-
n3nyyeHue Takow Xxe UHTEHCUBHOCTMU , KaK npu pacnage 1 r Ra (r-
3KB Ra/r, unu nr-ake Ra/r). 1 nr-akeB Ra/r = 10'2r-akB Ra/r = 16.5 API

N3mepeHne HTerpanbHON paguoakTUBHOCTU — paauomeTpums,
raMmma-KapoTax, M3amepeHue KOHLEeHTPaLuni OCHOBHbIX
paanoakTUBHbIX 3/IEMEHTOB — raMMa-CneKTpomMeTpus
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LIGHTP NpOodheccroHaIbHOM nepenoarotosku | Maructepckue nporpamMmbl
CNELMATIMCTOB HedpTera3oBoro Jena

dusnvyecKkue cBonCTBa
ecTeCTBeHHas paguoakKTUBHOCTDb

1.46

i
i
E

Potassium

Thorium Series Natural Gamma Ray
I | e Spectra

' Uranium-Radium Series

178

Probability Of Emission Per Disintegration

; . Ei!‘ it:i!liisa . .
0 0.5 1 1.5 2 2.5 3

Gamma Ray Energy (MeV)
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LIBHTP NPOChecCHOHabHOM NepenoaroTosku | Maructepckue nporpammbl
CneLuanicToB HedhTerasoBoro Aena

dusnvyecKkue cBonCTBa
ecTeCTBeHHas paguoakKTUBHOCTb

048 14 20 40 60 80 100

Caprock and anhydrite t
Coal

Salt
Dolomite

Limestone

Sandstone

Sandy limestone and
limy sandstone ™

Greenish-gray sandstone | o
Shaly sandstone »

Shaly limestone
Sandy shale -

Calcareous shale —
Shale

Organic marine shale — ——
Lean potash beds
Rich potash beds L

Gamma Ray Responses of Sedimentary Rocks
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LieHTP NPOCHECCHOHANHON nepenonromBKM Marucrepckue nporpammbl -. e
CIELMaNmCTOB HedhTer, Ll Ll Ll -

dusnvyecKkue cBonCTBa
eCTeCTBeHHaﬂ pa.qwoaKTMBHOCTb

é_“__ TOP OF CORE ,w_.u ,l : 5845
w [ LR e e —— : 5850
S S = c
=== — | ~ YBsi3Ka JaHHbIX KepHa
= :, gl === =ME: U reoomanveckmnx
= ————= == e uccrieqoBaHUM
= == = = " CKBaXXWH C NOMOLLbIO
= = =+ = OaHHbIX NO
= === == E pagnakTMBHOCTHU
5950 ——, “°or¢< - _ =
=== === =
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LieHTP NPOhECCHOHANbHOI nepenonromBKM Maructepckue nporpamMmbl - SEES S
CMIEUNANNCTOB HepTer. 0 fler | | l!lfl,l ol

dusnyecKkue cBoOUCTBa
ecTeCcTBeHHasa paanoaKTUBHOCTb

21610 114[1s| HERRER
T Core Porosity
T T T Py
4] ;S 7780
YTO4YHeHue npupoabl

;___ 7800
g pagnoakTUBHOCTH

NopUCTbIX Nopos,

7830

CORE-GAMMA GAMMA RAY
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LIHTP NpocheccnoHanbHoON nepenoarotoBkn | Maructepckue nporpammel
CneunanncToB HedoTerasosoro Aena e o e

F[amMma aKTUBHOCTb U FMUHUCTOCTb

1.0 GAMMA RAY DEFLECTION:
8 GA ghale — GAcloan
sHKowve ;
(1) Vg, = 1.7 — V3.38 — (x + .7}
7 after Clavier ot al,
JPT-June 1971

6 5 {x}

(1) 120 Var = 15 00

Vil .5 after Steiber, SPE 2961

A )
3 =1 K O Vsilt
2
A
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LIGHTP NpOodheccroHaIbHOM nepenoarotosku | Maructepckue nporpamMmbl
CNELMATIMCTOB HedpTera3oBoro Jena

dusnyecKkme cBOUCTBA
ynpyrme cBOUCTBa

Acoustic Properties Of Rocks

E (1-n)

Vb:\/;'(1+u)(1-2u)

E 1
v.=- |&= .1
’ \/p 201+ u)

Where:
Vy, = Velocity of bulk compressional waves
V; = Velocity of shear wave
p = Density
E = Young’s Modulus

u = Poisson’s Ratio
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LIBHTP NPOChecCHOHabHOM NepenoaroTosku | Maructepckue nporpammbl
CNELMAN1CTOB HehTerasoBoro Jena ' |

dusnyeckKkme CBOUCTBA
yripyruve cCBOUCTBa

Elastic Wave Velocities in Porous Media

The velocity of elastic waves in a porous medium is a complex
function of many of the characteristics of the medium, including:

1.

O NV AR WN

Rock composition

Porosity

Grain size, type and distribution

Type and degree of cementation and lithification
Pore sizes and distribution

Pore fluid densities, viscosity, and saturations
Rock skeleton pressure and pore pressure

Bulk compressibility and other elastic properties
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LIBHTP NPOChecCHOHabHOM NepenoaroTosku | Maructepckue nporpammbl
CneLuanicToB HedhTerasoBoro Aena

dPusnyecKkme cBomcTBa
yrnpyrue cBouMCTtBa

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

——1—1— HERIOT H
bl -
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LIBHTP NpOcheccroHabHOM Nepenoarotoskn | Maructepckue nporpamMmbl
CMELMACTOB HepTEra30BOro Jiena

dusnyeckKkme cCBOUCTBA
yrnpyrue cBoMCTBa

e e

RECEIVER RECEIVER RECEIVER

O

PORE SPACE (FLUID-FILLED)

Theoretical Models Relating Porosity

And Transit Time
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LIHTP NpocheccnoHanbHoON nepenoarotoBkn | Maructepckue nporpammel
CneunanncToB HedoTerasosoro Aena e o e

dusnyecKkme cBomncTBa
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Electrical Properties

r o¢ —,

r:R.A,
A

R=r-é.
L

Where:
Resistance of element of any material of

dimension Aand L, ohm
Resistivity of any element, ohm-length

_,
1l

A
1l

s -|




Petroleum Learning Centre | MSc Programs

LIBHTP NPOChecCHOHabHOM NepenoaroTosku | Maructepckue nporpammbl
CneLuanicToB HedhTerasoBoro Aena

dusnyeckKkme cCBoOMCTBa
3rieKTpn4yeckKkue CBONCTBA

In a capillary tube model the equations are:

| Rw = Resistivity of brine,
ohm-length

ro = Resistance of brine

saturated capillary or porous

media model, ohm

Ro = Resistivity of brine

saturated capillary or porous

. media model, ohm-length

|~
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|
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In a porous media model the equations become:

| S—— Variables That Influence
e Resistivity Of Natural Porous
Media
Salinity of water
Temperature
Porosity
. Rw. % A Pore geometry
Ro =ro.- — = , .
L L Formation stress
le e, L_e)z Composition of rock
Ro= — L. é = ¢L
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Formation Factor
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where ‘a’ and ‘m’ are unique properties of the rock.
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Rt=F-Rw-RI,

The General Form of the Archie Equation.

Archie Relationship

a - istheintercept of theF

versus @ plot and is
related to tortuosity,

M - is the Cementation
exponent and is also
tortuosity dependent,
n - isthe saturation
exponent and is
saturation history,
wettability and pore
geometry dependent,
¢ - isthe measured
porosity
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CBoucTBa nnacToBbIX cbnmu.qos

1. NMnacToBada Boaa

- COJIEHOCTb

- NMNIOTHOCTb

- BA3KOCTb
- yAelnbHOe JANneKTpn4yeckoe conportmBerneHune

2. YrneBogopoAbl

- COCTaB U MOneKynsipHasa CTPyKTypa

- MNOTHOCTDbL

- BA3KOCTb
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OueHka conportuBineHunsA NnnactToBbIiIX BOA

No XMMNYECKOMY COCTaBYy

BecoBble
KO3t P1LMEHTDI BbluncneHme cymmapHoum
ans Mg u HCO3  KOHLUEHTpauum coneun pasnmnyHbIX

MOHOB B NJ1aCTOBbLIX BOAAaX B
OH (5.5t

 NH, 1,91 it
1.

nepecyete Ha NaCl:

Pl |

Nmesn AaHHbIe NO KOHUEHTpaLUsm

MOHOB, — BbIYUCJIUTb CYMMAPHYHO

5—-9

R AR e = i == . KOHLUEeHTpauuio
1 >, Uit OTNOXWUTb Ha HOMOrpamme
3 Euw praat, TS, HiilEy MONYYeHHY0 CYMMapHY0
-I(Om)f

KOHLleHTpauuio 1 onpeaenuTb

BecoBble KO3(hhpULUNeHTbI

h Y
1
1
i

R nepecyeTa no Kaxxaomy smay
10 2 : % 1k ak sk 1ok 200k MOHOB
R i L AR 3. BbluMcnuTb cpeaHeB3BeLLIeHHYI0

CYMMapHY0 KOHLeHTpauuio ¢
y4yeToM BeCcoBbIX K03tpcpuumeHTOB

4. [ony4yeHHbIU pe3ynbTaTt -
COJIeHOCTb NJlacToBOM BOAbI B
nenecueTe Ha Nacl

CymMmmapHas KOHUeHTpauua
MOHOB
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— coCTaBy
Resistivity of NaCl Solutions

Corversion approximated by R, = R, [(T, + 6.774T,+ 6.77FF or R, =R, [(T,+21.54T,+21.9}FC : =
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[Mepeuncnunte oCHOBHbIE NETPOU3NYECKME NAPaMETPLI NacTa.

OT Kaknx gakTopoB ycrnoBumn o6pasoBaHnst NOPO OHM 3aBUCAT U NOYEMY ?

Buabl nopuctoctn?

UTO Takoe npoHnLaeMoCTb rOpHbIX Nopoa?

UTo Takoe contongoHachIWEeHHOCTb Nopos ?

UTo Takoe kanunnapHoe gaBrieHne N OT YEro OHO 3aBUCUT ?

Kak BnuseT kanunnapHoe gaBrieHne Ha pacnpeaernieHme ornionaos B KOMekTope ?
Kak cBA3aHbl NSIOTHOCTb MOPHLIX NOPO4 U NOPUCTOCTL NopoS, ?

Kakne napameTpbl nopod 1 prongos HEOOXoANMMO 3HaTb AN pacveTa NOPUCTOCTU
yepes NIOTHOCTb ?

Kak cBsizaHbl NOPUCTOCTb N aKyCcTU4ecKasa CKOpPOCTb ?

Kakue napameTpbl nopog u pniomgos HeoOXoAMMO 3HATb AN pacyeTa NoOpUCTOCTU
Yyepes Bpems npobera ynpyrnx BosH ?

UT0 Takoe napameTp NOPUCTOCTU ?

UTo Takoe napamMeTp HaCbILLEHHOCTH ?

B 4yem coctouT ypaBHeHune Apumn-LaxHoBa?

Kakne napameTpbl He06X0AMMO onpeaennTb No AaHHbIM U3YYEHUS KepHa AnS
MCMNOb30BaHUS 3TOM0 YypaBHEHNS ?

Kakne conpotueneHna ncnonb3yotca B popmyne Apyn — [laxHoBa ?



