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* IneKtpuueckun mukpommupgxep (Electrical Imager)
 Kpocc-gunonbHbiid akycTuuecku metog, (Cross dipole acoustic)

 KomnneKcHaa uHTepnpeTauma AaHHbIX MUKPOMMUAOKEPA U KPOCC-
annonbHoro metoga (Complex interpretation of imager and cross dipole

acoustic data
* [lnactoucnbitatenb (Formation tester)

 Koppenauyua pesynbratoB 06paboTKu cneu. metoaos ¢ 4pyrumm
uccnegosaHmnamm (Analyses and correlations of special methods results with

other)
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[MopuctocTb KapboHaTHbIX NOpPoA,
(Pores in carbonate rocks)

Interparticle
Intraparticle
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Constructed voids
Dedrital Infill

Hybrid 3

Depositional
aspects dominate

Hybrid 1

Diagenetic
aspects dominate

KaBepHbI
Diagenetic
Enhanced Hybrid 2

Dissolution i o )
Replacement Diagenesis influencas fracturing

Recrystallization

Depositional character
influences fracturing

TpewmnHbI

Fracture

Reduced
Compaction
Cementation
Replacement
Recrystallization

MopuctocTb B KapbOHaTHbIX NOPOAAX MOXKET ObITb NepBUYHAA (MerK3eHoBas U
MmeXPopMmeHHasn) n BTOpMYHaA (KeBepHOBas N TPELNHHAA)

Pores are created by three end - member processes that include depositional, diagenetic, and
fracture mechanisms. .
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I‘(flaCC[/]d)[/]Ka |_|IM;:| TpeLLI,l/IH EcTecTBeHHble TpeLMHbl

PacKpbITble B pe3ynibTaTe bypeHus

(Fractures classification) ~ Formedinresponse

to drilling operations
and are geological

TpewmnHbl
(Fractures)

PacKpbliTble
(Enhanced)

Ob6pas3oBaHbl B pe3ynbraTe
€CTeCTBEHHbIX
reo/IorM4ecKkmnx NpoLeccos
Present in the pristine,
formation and relating to
geological phenomena

EcTtectBeHHbIe
(Natural)

O6pa3oBaHbl B pe3ynbraTte
OypeHUA CKBaXKNHbI
Formed in response

to drilling operations

and not geological

TexHoreHHble
(Induced)

TpewmHa co casnrom
nopoza BA0b
MNNOCKOCTH

Fracture with no
offset of wall rocks
and often due to
dilation

Pasnom
(Fault)

TpewmnHbl

) TpelwmHa co cmeLweHnem nopo,
(Joint) peLy, L, pPoa,

BJO/1b MJIOCKOCTH
Fracture with shear offset
displacing hanging- and footwalls

C He3Ha4YnTeNbHbIM CMeLeHNEM
nopo — CAaHTUMETPbI,
Occasionally used to denote
faults with a small offset on

a centimetre scale 4

Mukpopassiom
(Microfault)
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IddeKTbl bypeHma Ha TPEeLLUHbI
(Drilling fractures and drilling effects on fractures)

YBenmyeHne pacKpbITOCTU €CTECTBEHHbIX
TpewmH npu bypeHuu

(Drilling regime can affect natural
fractures aperture; enhances some
fractures near borehole wall)

Obpa3oBaHue TpewmH npu bypeHum
CKBaXXWHbl B COOTBETCTBUMU C
HanpaB/leHUAMM rOPU3OHTANbHbIX
HaNPAXKEeHUN

Drilling could be cause of fracture
creation with respect to the modern
maximum and minimum stress direction
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MHTEeHCUBHOCTb TpeLnH
(Fracture intensity)

/ e JIMTONOrnA — UHTEHCUBHOCTb TPELLWH CBA3aAHa C
JINTO/IOTMYECKUM COCTaBOM NOPOAbI
\ e Lithology — changes in fracture type, morphology
— and density often occur at lithological boundaries.

* CKNnagyaTtoCTb — MHTEHCUBHOCTb TpewHnH

T nponopumnoHasibHa cteneHn N30rHyTocTtu
/ _—
m CTPYKTYPbI
St
[ ]
y

j?
)

Curvature — fracture intensity is often proportional

Z
Z
W%\ to the degree of structural curvature due to outer-

arc extension and inner-arc compression

// * Pa3nom — MHTEHCUBHOCTb TPELLUH
NPONOPLUMOHANbHA YAA/IEHHOCTU OT Pa3/ioMa
\ * Localisation — fracture intensity may be
/ proportional to distance from a fault, forming a

‘damage-zone’
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KaBepHbl (Digenetic pores)

KaTareHeTnyeckne npeobpa3oBaHmUS
KapOOHaTHbIX OCaAKOB:

KaBepHoobpa3oBaHMe B pe3ysbTaTe
PACTBOPEHMA N BbIHOCA MaTepuana.

Diagenesis may reduce original
porosity (cementation, compaction,
replacement, or recrystallization) or
it may enhance or create totally new
pore types (caves, connected vugs,
and karst features)
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INEKTPUYECKMN MUKPOUMUOKEP
(Electrical microimager)
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dopmupoBaHme nmmaxa (Image creation)
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NMHaMUYECKNN N CTAaTUYECKUN UMUK
(Dynamic and static image)

Dynamically Normalized Image Statically Normalized Image

Potato Plot
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Roppenauma nmmarka c KepHom
(Image correlation with core)
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KnaccuduKaumsa TpewmH Ha UMnaxKe
(Classification of fractures on the electrical image)

[TpOBOAMMOCTb

(Conductivity): PacKpbITOCTb
(Aperture):

* HenposoaAalue

* [poBoaAaLme * [lpoBogAawme

* Resistive * HYacTn4HO

* Conductive nposoaAalime
e Conductive
* Discontinuous

conductive

[eHe3unc
(Origin):

* EcTecTBeHHbIe

* PackpbliTbie
bypeHnem

* TpelwuHbl

bypeHuna

Natural

Drilling enhanced

* Drilling induced



HenpoBogALline TpeLlnHbl
(Resistive fractures)
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3aneyeHHble TPeLUHbl Ha KepHe
(Resistive fractures on the core)

HannactosaHns
Beddings

3aneyeHHble
HenpoBoasLne
TPeLUUHbI
Resistive fractures
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[lpoBOAALLME TPELUHDI

(Conductive fractures)
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OTKpbITble TPELLMHbI Ha KepHe
(Open fractures on the core)
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YacTMyHO NpoBodALLMe TPeLLUHb
(Discontinuous conductive fractures)
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TpellnHbl 3an1e4YeHHble MIMHUCTbIM MaTePMa/IOM
(Fractures filled with clay)

3333333
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[TMpUT B TpeLlmnHax
(Pyrite in fractures)
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BbiBasbl U TEXHOTEHHbIE TPELLUHbI
(Breakouts and induced fractures)
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TexHoreHHble TpeLwmHbl
(Drilling induced fractures)
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HenpoTAaXeHHble TpeLw U HbI

«Nonsinusoidal» fractures
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TpelwmHbl PpacKkpbITble B npouecce bypeHus

(Drilling enhanced fractures)
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PacyeTHble napameTpbl TPpeLwmnH
(Calculated parameters of fractures)
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KaBeprI Ha UMUOKE

(Vugs on the image)
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Kpocc-AnnoabHbIM aKyCTUYECKUN METOA

®,
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Undisturbed
borehole

Dipole
transmitter
pair
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(Crossed dipole acoustic)
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OnpeaeneHne HanpasaeHNUA MaKCUMaA/ZIbHOIO
rOPM30HTA/IbHOIO CTPECCa NO KapTe SHeprum
(Maximum stress direction on the Energy map)
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AHM30TPOMNUA
(Anisotropy)
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NHTepBanbHOEe BpemA
bbicTpon S (M3rMbHOM) BONHDI
NHTepBanbHOE Bpems
meaneHHon S (M3rnbHon)
BO/IHbI

A3MMYT aHU30TPONNN
KoapPpunumeHT aHmn3oTponumu

Slowness of fast S (flexural)
wave

Slowness of slow S (flexural)
wave

Azimuth of anisotropy

Anisotropy coefficient
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AHanun3 BosiHbl CTOyHAU
(Stoneley wave analyses)

Ocnabnenune n
OTpaXKeHue
" (Attenuated
and reflected)

OTKpbITble TpeLwm
(Open fractures

— Ocnabnenune n
[MpoHMUAEMbIN NAACT - 3ameasieHmne

(Permeable formation) - - (Attenuated and

- slowed down)

BonHa CtoyHu
(Stoneley wave)
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OTparkeHusa
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(Chevron patterns)
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[1lpOHMLL@eMOCTb No Bo/IHe CTOyHAU
(Stoneley permeabillity)
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OTparkeHna BonHbl CTOYHAN

ions)

(Stoneley wave reflect

Reflections
from

Reflections
from
bed

boundaries

Stoneley
wave

Stoneley

fractures

Reflections
from
brekouts

All
reflections

reflections

Wave
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[MTpmepbl COBMECTHOM MHTEPNPETAUNN AAHHbIX
Kpocc annonbHoro AK n aneKkTpuyeckoro
MUKPOUMUAKEPA
Complex interpretation of Imager and Crossed
Dipole data W
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OTpa)'KEHVIFI BOJIHbI CTOnyIVI UTpEWLNMHDbI HA MU OXKE

(Stoneley wave reflections and fractures from Image)
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MHTepBanbl CO CXOXKMMUN UMUAKAMMU
(Visible similarity on the image)
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[MpuBneyeHne AaHHbIX aHa/n3a BOAHbI CTOYHAM
(Stoneley wave helps to identify permeable zones)
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[TMHUCTbIE BK/IIOYEHUA U MUKPOKABEPHbI
(Texture with clay particles and vugs)
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PasageneHue TpewmnH No BUaam
(Distinguishing between fractures on the image)
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HanpaBneHne MaKCUMa/IbHOro CTpecca
(Maximum stress direction)

HanpaBneHue
MaKCUMasibHOro

FOPU30HTaNbLHOro
HanpsXXeHns onpenensieTcs
No AaHHbLIM KpOCC
aunnonsHoro AK B nHTepBarne,
rge He BbIABIEHO TPELWLMH Ha
NnMunaxe

Maximum horizontal stress
direction from crossed dipole

acoustic data helps to identify
induced fractures on the
image.
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TpelmHbl pacKkpbiTble B npouecce bypeHua B
HanpaB/IEHMM MAaKCMMa/IbHOIO CTPEecca
(Drilling enhanced fractures align with maximum
stress direction)

0
1 [N

10 20 30 40 50 70 90
L T T T B RO T O T R T I et O T S T T T SO T S S S S B B LI L N E L L S L L L L S L L N L S S S S L N,

£ A I\
-; - -I'I':'
- I - -
® A
W = o o
315° - 2 BTy o r =
4 & | = - ’ . 1
300 - = o = b g
35) f - = 3 e _-f'_
& = = - B
55° = . ]
240°
225°
2 150°

osigg 185"

39



TexHoreHHble TpeLLMHbI B HanpaB/eHUU
MWHUMAIbHOTO CTpecca
(Breakout net fractures align with minimum stress
direction)

B HanpaB/ieHMN MMHUMANBHOTO CTpecca 0bpasytoTcs
TPEeLWHbI NpeaLwecTByoWmMe BbiBasly CTEHOK
Fractures of breakout occure along minimum stress direction
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YacTMyHO npoBoasLLMe TPeLUHbl
(Discontinuous conductive fractures)
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KomnaeKcHbIM aHanm3 pe3ynbraTtoB
(Complex analyses)
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[Topuctoctb Nno DTP 1 BTOpMUYHAA NOPUCTOCTb Ha UMUAXKE
(Porosity from DTP and seconc
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[Topuctoctb Nno DTP 1 BTOpMUYHAA NOPUCTOCTb Ha UMUAXKE
(Porosity from DTP and secondary porosity on the Image)
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[TopucTtoctb Nno DTP 1 BTOpMYHAA NOPUCTOCTb Ha UMM AXKeE
(Porosity from DTP and secondary porosity on the Image)
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[ThacToucnbiTaTeNb
(Formation tester)

Log-Log Plot
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Knanax KBapueBbIii faTuvk AaBneHust

TeH30MeTpu4eckuit JaT4vK AaBneHUs

Kamepa
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MecTononoxeHne CKBa*KUH
(Location of testing wells)

* OnpepgeneHne TekyLllero
N1AaCTOBOro AaBJ/IEHMA U
CTerneHn UCTOLLEHMA N1aCTOB

* OnpepneneHune
rmapoaAnHamMmM4YecKomn CBA3un
mexay nnactamm l,2um 3

* OnpepneneHne natepasibHbIX
rmapoANHaMMYECKNX CBA3EN
No naactam

* OnpepneneHne NOABUMKHOCTU

e Current formation pressure
and depletion

* Hydrodynamical lyncs
between 1,213

e Lateral connection

* Mobillity

47

© 2014 Weatherford. All rights reserved.



CKBaXXWHbI 1 N 2
(Wells 1 and 2)
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[laBneHue B nnacte
2 cooTBeTCTBYET
Ha4ya/IbHOMY
Mnactbi 1,2 n 3
rMAPOANHAMUNYECKU
N30/IMPOBaAHbI.
Mnact 3 Hanbonee
NCTOLLLEH

[Mnact 1 BOBNEeYeH B
pa3paboTky

Formation pressure
in strata 2 is primal
Layers 1, 2 and 3 are
isolated

Layer 3 produced
the most

Layer 1 is under
production
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CKBa)XnHa 3
(Well 3)
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CkBaxkuHbl 1, 2 n 3 (Wells 1, 2 and 3)

CkBarkuHa 1 (Well 1) CkBarkuHa 2 (Well 2) CKkBaKMHa 3 (WeII 3)
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JlatepanbHaa rmapoamMHaMmmyecKasn cBAsb No
nnacty 1

MNoaTBepXaeHue Teopmun TNH30BUAHOIO
CTpOeHuA naacta 2

JlatepanbHaa rmapoamMHammyecKasn cBAsb No
naacTy 3 oTcyTCcTBYeT

* Layer 1is one hydrodynamical object in the field
* Layer 2 is local structural traps
* There is no lateral connection through layer 3
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[MoasuXHOCTb U AT CTOyHAU

(Mobility and ADT Stoneley)

TWDSS|DEFTH | GRUR WD (9] KA (Omm DTST_MOD DOTST () Wab (mDick) FG_O0 C
0. 15155 -5 1. 1000, | 500, ——0800.{0 oo o1 & & & 100|200 ———=—====~ .
RHOB (glem31| 2 (Omm DTST PG_W () K
18 281, 1000 (500, —————pgon.y ¥ 2N erm————— S0C1 00
P_Points () 3 (Cmm Ppl (atm) [
Jo. =" 2 fi —Tooo. | o’ ]l
K4 (Omim I
i, 1000,
K5 (i
1. 1000
| f_i'
|
{
2664, ] 2860 f Y

. -» L
2668, [2864.1) - L -

. - ]

4

2672 |2868.2 \
2676.[2872.2 :
|

. - *

» [ ] *
2680.|2876.3 1|
2684, |2880.4 !

1
I~I r !

© 2014 Weatherford. All rights reserved.

51



RoppenaymoHHaa ceAasb noaBuKHoOCTU U ADT CToyHAuU
(Correlation between mobility from formation tester
and ADT Stoneley)
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NopasuykHocTb = f(ADT CToyHAM)

MpoHunuaemoctb = f (nopuctocTtsb) No
KepHy

Permeability = f (porosity) from the
core analyses
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Tpacceprle MCCeaoBaHNA (Tracers I|qU|d research)

YT ‘%

[lepBble Yacbl nocre 3anuBku.. Uepes cyTku nocne 3anuBku...
Few hours after injection... A day after injection...
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KapTa pacnpocTpaHeHue Tpaccepa n NpPoCTUpaHne
TpewwuH (Fractures strike and tracer flow direction)
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[locTpoeHne mogenn ABOUHOM cpeapbl
(Hydrodynamic model creation)
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Bonpochb!?

Any questions ?
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