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AHHOTALIUA

B HACTOAIICC BPEMA I'COMCXaHHMKAa CTAHOBUTCSA BCC Ooiee HOHYHHpHOﬁ JIIs1
pemicHus CICAYIOIINX np06neM, OIITUMM3aAIMA ﬂHBaﬁHa ruapopa3pbiBa I1JacCTa,
HpO6JICMBI BbIHOCA II€CKAa M OIITUMHU3ALWH IIpoHecca 6ypeHI/1;1. I[J'I}I TOro, YTOOBI
PCUIUTL 3THU l'[pO6JICMBI H€06XO,ZII/IMO MMOCTPOUTHL OAHOMEPHYIO I'€OMCXaHHNYCCKYIO

MOACIIb.

JI1si reOMEXaHNYeCKOW MOJENIH HYKHbl KaK MUHUMYM CIICIYIOIIHAE JAaHHBIE:
BEPTUKAJIBHOIO  HANPSOKEHHWE, MHUHUMAJIBHOE TOPU3OHTAIBHOE  HAIIPSIKEHHUE,
MaKCUMaJIbHOE€ TOPU30HTAJIbHOE HAIPSDKEHUE, MOPOBOE AaBieHHE, MoAyib [OHra,
koa¢¢uuent Ilyaccona, yroia BHyTpEHHETO TPEHHUS, MPOYHOCTh FOPHBIX MOPOJ HA

OOHOOCHOE€ CXKaTHuc.

OI[HaKO HaIpsAMyro OIIPCACIINTL AAHHBIC ITapaMCTPbl HCBO3MOXKHO, ITOTOMY
HCIIOJB3YIOTCA KOPPEIIIHUOHHBIC 3aBUCMMOCTHU C KaApOTAXXHBIMHU AWMAarpaMMaMu U UX

IMPOU3BOAHBIMHU.

B ycnoBusiX OrpaHMYEHHBIX TaHHBIX, ’TO MOYKET OKa3aThCsl BECbMa TPYIHOU
3agayer. Hanpumep, B POCCHIICKON MPAKTHKE MPOBEACHUS KApOTAXEW Yallle BCETO
IJIOTHOCTHOM M aKyCTUYECKUH KapOTaKU MPOBOIATCS TOJIBKO B IMPOAYKTUBHOM
nacte. boimee TOro B HEKOTOPBIX CKBaXMHAX IUIOTHOCTHOW KapoOTaK BOBCE
OTCYTCTBYET. DTO JENAET CO3[JaHUE T'€OMEXaHWYECKON MOJEIN HEBO3MOKHBIM WIIH
CJIMIIIKOM JOpOTUM. Pemienue 3Toil mpoOsiemMbl — BOCCTAHOBJIIEHHE CUHTETHYECKHUX
kapotaxeil. OfHaKo, JJIs1 ATOrO 0 CHUX TOp HE CYIIECTBYET OOIIMX MpaBUi WU
cxeM. B npanHoii paGore OyayT MpeIOKEHbI CXEMbl [JIi BOCCTaHOBJICHMS
KapoTakel. A Takke, FeOMEXaHNUYECKUE MMapaMeTpbl, KOTOPbIE BO3MOKHO MOJY4YUTh
B YCIOBHUSIX HENOCTaTKa BXOJHBIX JaHHBIX OyayT mojcuurtanbl. [lanee
JOTIOJIHUTENbHBIE HUCCIEAOBAHUS ISl TMOCTPOCHUS HANCKHOM T'€OMEXAHUYECKOU

mozenn CynakcKoro He(TIHOTO MECTOPOXKIEHUS OYAYT MPEI0KECHBDI.



Summary

Nowadays geomechanics becomes increasingly popular for solutions of such
issues as hydraulic fracturing design optimization, solution of sand production
problem and optimization of drilling process. In order to solve these problems it is
necessary to construct one — dimension mechanical Earth model. However, it can be
quite difficult in conditions when source data is limited, for example in Russian field
practice density and acoustic logs very often are produced only in production interval
or a little more, shear wave velocity is absent most often. Moreover in some wells
density log is completely missing. It makes impossible construction of geomechanical
model or makes it too expensive. Solution of these problems is logs reconstruction.
However there is no common rules or methods for logs reconstruction. In this work

schemes for logs reconstruction will be suggested.



Beenenue

CerogHsi reoMexaHMKa CTAaHOBUTCS Bce 0oJiee TOMYJSPHOW ISl pELICHMS
CIIEIYIOIUX MpoOJeM, ONTUMHU3ALMA AW3aiiHa TUAPOpPA3pbIBa IJIACTa, MPOOIEMBI
BBIHOCA IIECKA M ONTUMU3aLMU mporecca OypeHus. s Toro, 4roObl peluTh 3TH

HpO6JICMBI H€06XO,III/IMO IMOCTPOUTH OAHOMCPHYIO TCOMCXaHNUYCCKYIO MOJCIIb.

JIJ1si TeOMeXaHUYeCKOM MO/ HYHbl KaK MUHUMYM CIEAYIOIIHNE JaHHbIE:
BEPTUKAJIBLHOE  HANpPSKEHWE, MHUHUMAIbHOE TOPU3OHTAIILHOE  HAINpPSKEHUE;
MaKCUMAaJIbHOE€ TOPU30HTAIBHOE HANpsKEHUE, MOPOBOE JaBiieHHe, Moaysb FOHra,
koaddurenT Ilyaccona, yroia BHYTpEeHHETro TpeHHS, IPOYHOCTh TOPHBIX MOPOJ Ha

OJHOOCHOC CXKaTuc.

OpHako HanpsIMyIO OINpPEACNIUTh JaHHbIE MapaMeTpbl HEBO3MOXKHO, MOATOMY
UCIIOJIB3YIOTCSL KOPPEISIUOHHBIE 3aBUCUMOCTH C KaPOTAXKHBIMU JHarpaMMaMiy U UX

IMPONU3BOJAHBIMU.

B ycnoBusiX orpaHMYE€HHBIX JAHHBIX, TO MOXET OKa3aTbCs BECbMa TPYAHOU
3amade. Hanpumep, B POCCUICKON MPAKTUKE MPOBEICHUS KAPOTAXKEW Yallle BCETO
IJIOTHOCTHOM M AaKyCTUYECKHM KapOTaXH MPOBOMASTCA TOJIBKO B IMPOAYKTHBHOM
nmiacte. boimee TOro B HEKOTOPBIX CKBaXMHAX IUIOTHOCTHOW KapoOTaK BOBCE
OTCYTCTBYET. JTO JI€JIA€T CO3/IaHHE I'€OMEXaHUYECKON MOJENId HEBO3MOXKHBIM HIIH
CIIMIIIKOM JOpOTUM. Pemienwe 3Toil mpoOseMbl — BOCCTAHOBIIEHWE CHUHTETHYECKHUX
KapoTaxxkeil. OgHaKo, JUIsi 3TOrO JO CUX MOpP HE CYIIECTBYET OOLIUMX MpaBUI WM
cxeM. B mamHOW pabore OyayT NPEIIOKEHBI CXEMbI 11 BOCCTAHOBJICHHSI
KapoTaxen. Taxxke, TeOMEXaHUYECKHUE MAPAMETPBI, KOTOPhIE BO3MOYKHO IOJIYYUTH B
YCIOBUSIX ~ HENOCTaTKa  BXOJHBIX  JIAHHBIX  OyAayT  mojcuuTanbl.  Jlasjee
JIOTIOJTHUTEIIBHBIE HCCIEAOBAHUS JUISI TOCTPOCHUS HAJEKHOUW T'€OMEXAHHMYECKOU

MOJIeNI Oy TyT MPEeIJI0KEHBI.
Lemn

HeoOxomumble naHHblEe A1 TOMYYEHHsS] OJHOMEPHOM TI€OMEXaHUYEKO

MOJCIN TICPCUHUCIICHBI BbIIIC, JISI IIOACHCTA OTUX IIapaMCTPOB HCO6XOI[I/IMBI



CIEOyOIIME BXOAHbIE JaHHble: oTuerbl [PII, kapoTaxu: IUIOTHOCTHOW,
aKyCTUYECKUH C MPOAOJBHBIMUA U IOIIEPEYHBIMUA BOJIHAMM, HEUTPOHHBIN. KapoTtaxu
JUIsL MHTEpIpETallud JIMTOJOrMu: ramMma kaporax, CII kaporax, KaBepHOMEp,
MUKPO30H[Ibl,  TaKK€  HEOOXOAMMBI  JIaHHbIE IO  TE€OMEXaHUYECKUM U
neTpopU3NYECKUM HCCIEA0BAaHUSAM KEpHA, JaHHbIE BO BpeMsl OypeHus, Oojee Toro
BCE 3TU JAHHbBIE HEOOXOAUMBI OT MMOBEPXHOCTH 3€MJIU JI0 MOAOUIBBI IPOAYKTUBHOTO
miacta. OJHAKO, MPAaKTUYECKU BCETAa, B MHTEPBaJ€ OT IOBEPXHOCTH 3€MJIM 10
KOHIIa KOHJYKTOPAa CKBaXHWHBI IPUCYTCTBYIOT TOJIBKO TaMMma M HEUTPOHHBIN
kapotaxu. Llens nanHO pabOThl MPENIOKUTH OOIIYI0 METOJIUKY BOCCTAHOBIJICHUS
CUHTETHYECKUX IJIOTHOCTHOTO M aKyCTMYECKOI'0 KAapOTaXEH a TaKKe IMPEIIOKUTH
JAJbHEUIIINE TEOMEXAHUYECKHE HcclieqoBaHUs Ha CyJIaKCKOM MECTOPOXKICHUH IS

MIOCTPOEHHUS HAJIC)KHOU T€OMEXaHUYECKOW MOJIEIIH.



2 Calculation of geomechanical parameters in well Ne 99

2.1 Overburden stress calculation

Now density log in surface casing is reconstructed and available in all interval
from the Earth surface to the bottom of the production interval. Therefore Sv can be

calculated by the following formula:

Sv = fng(z)dz .................................. (12)

Where p — values of density from log,g/cm?;
g- gravitational acceleration,m/s%;

z- absolute depth,m.
2.2 Main geomechanical parameters calculation

Calculation of the main geomechanical parameters demands Vs ( shear wave
velocity ) to be known. Therefore next step is to calculate Vs. The best log for this
purpose is acoustic. Sv can be calculated from Pwave velocity using John P. Castagna
correlation, moreover Vs values can be checked because core with acoustic surveys is
available in production interval. John Castagna correltion for Vs is provided in Table
8. Dependencies between Vs and Vp in production interval is provided in Figure 42.
Vs logs reconstructed from core data and Castagna correlation are presented in Figure
43.
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Further calculations will base on correlations, and will have some degree of
uncertainty.
For Poisson’s ratio calculation next formula is used:
_1-2Vs?/Vp?

v
Vs?2
2 x (1 - sz)



Where Vs- Shear wave velocity, km/s;

Vp - P-wave velocity, km/s;

For dynamic Young’s module calculation next formula is used:
E=2pVs?%(14V) cccoiiiiiiiiiiiiiiiiiinn, (14)

Where p — Density, g/cm?®;

Vs- Shear wave velocity, km/s;

v — Poisson’s ratio.

For UCS calculation many correlations exists for each lithology. However,
accordingly to Plumb survey for clean sandstones with grain frame and shaliness less
than 15% correlations based on porosity give quite reliable result. [3] Therefore next
step is porosity match ( for calculation log of effective porosity and average shaliness
). Best correlation with core porosity was reached using neutron log ( c.u. are
converted to porosity using equation from the Figure 8 ) and Staiber model of
shaliness. In Figure 44 correlation between core and log porosity is presented.

Average porosity in production interval is about 15%.
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Pucynok 3 — correlation between log and core porosity.

In Figures 45-46 porosity log and shaliness log are presented accordingly.
Average shaliness is 13 % therefore for UCS calculations in sandstones correlations
based on porosity will be used. Further, in Table 9 formulas for UCS calculation for

each lithology are presented [4]
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Tao6muua 2 main correlations for UCS calculation

Lithology Formula

254 * (1 — 2.7¢)?
277 * exp(—10¢)

Sandstones UCS

0.77 % (304.8/At)%3
0.43 * (304.8/At)32
1.35 = (304.8/At)25
0.5 * (304.8/At)3
7.97E091
7.22E0'712
1.001¢ 1143
2.922¢ 0%
0.286¢ 1762
10 * (304.8/At — 1)

Shales

(7682 /At)182/145
10(244+109.14/At /145

13.8E0>1
Carbonates 25.1E034
276(1 — 3¢)?
143.8exp(—6.95¢)
135.9exp(—4.8¢p)

Absolute porosity is used in these formulas. It was taken from neutron log (
there is no core data in carbonates and shales, therefore porosity it these lithologies

has some level of uncertainty )

Also in these formulas static Young’s module is used, for it calculation next

formulas were used [5]:



=

if Eqyn < 15 then Eg, = 0.41E 4, — 1.06 Else Eq, = 1.153E gy, —
15.2

2. Eg = 1.137E,,, — 9.685

3. Egq = 0.64E4,, — 0.32

4. Eg = 10.67V, — 18.71

All the correlations for static Young’s module give close values and therefore for
next calculations average E,; between all the correlations is used. After calculation
all the correlations min and max values of UCS for each lithology type is chosen and

range of parameter is found.

Other geomechanical parameter is angle of internal friction. It is found using
next correlation, which gives the most probable values for sandstones formula [4]:
H=578—105¢ ....cccoevvviiiiiiiiiiiannns (15)
In this formula effective porosity in sandstones is used, average angle of
internal friction in production interval is about 42°. Calculated geomechanical

parameters are provided in Figure 47.

E — Young’s module [GPa]

Angle of internal friction [] — ( degrees)
Sv — [MPa]

Poisson’s ratio — dimensionless

UCS - [GPa]
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Pucynok 6 — main geomechanical parameters.

2.3 Pore pressure calculation

For mechanical earth model it is necessary to find pore pressure in all interval
( not only reservoir ), however RFT data is absent and for this purpose overpressured

zones and pore pressure in shales will be found through porosity in shales.

It is possible to estimate overpressured zones from normal porosity in shales [2]. In
Figure 48 normal trend of porosity in shales against vertical stress is presented:
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Pucynok 7 normal trend of porosity in shales

Here, porosity equals ( formula Ne 9):

Where ¢ — normal porosity in shales

o, — vertical stress, MPa.

B =3.13%1072.

@, = 0.386 — initial porosity almost in all shales

In ranges, where porosity is higher than normal porosity, pressure also is
higher than normal pressure, because part of the load is transferred to the fluid. Thus

two main overpressure zones were found ( results presented in Figures 49-50 ):
After normal porosity calculation and estimation of overpressure zones pore

pressure can be found by next formula:

Pp=Sv+ [% Ln (£>] ........................... (17)



By this formula it is possible to find pressure in shales, pressure in other
lithlogies should be interpolated for correct estimation. Results of pressure estimation

presented in Figure 51.

Pressure in production interval coincidences with formation pressure derived
from well test data. Also a large part of the cross section is underpressured. It

coincidences with drilling data ( loses of drilling mud in these intervals ).
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Pucynok 10 — pressure estimation.

2.4 omin, 6max Calculation and further surveys

Actually there is not enough information for correct estimation for these

parameters therefore Spnin Will be estimated from the following correlation.

Shmm=( ) (Sy=P) 4Py e (18)

For correct Shmin and Shmax calculation it is necessary to perform mini frac or limit
test in next wells which will be drilled. Also it is necessary to perform microimigers
log for determination of Sh and SH direction. Next step is to perform geomechanical
core surveys in production interval for correction of such parameters as: E, o, and
UCS



3 3akiaoueHue

'eomexannyeckass MOJENb HMMEET MHOXKECTBO IPUMEHEHHWH, HaIlpuMep:
omtuMm3anusa Tmporecca Oypenus, ontumuzanus [PII wu pemenue mnpoOremsl
NEeCKONposiBiIeHUs. [ MOCTpOeHUs TeOMEXaHWYECKOM MOJIeIM HEoO0XOIUuMO
HaJIMyue TIIOTHOCTHOTO M aKyCTHUYECKOTO KapOTaXKEW MO BCEMY pa3pe3y CKBAXKUHBI,
TaKK€ HEOOXOJMM AaKyCTHYECKHU KapOoTaX IIOMEPEYHBIX BOJIH JUIsl pacyeTa
reOMEXaHUYECKUX MTAPAMETPOB.

B pesynprate BhIMOTHEHUST pabOTBI BCE, HEOOXOAMMBIC ISl MOCTPOCHUS
r€OMEXaHUYECKOM MOJIEIN KapOoTaku ObLIM BOCCTAHOBJIEHbI B CKBaxkuHe No 99.
[IpennoxkeHbl METONMKHA IO BOCCTAHOBJIEHHUIO AKYyCTHYECKOTO M IIJIOTHOCTHOTO
KapoTakell B KOHJAYKTOpe CKBaXKHUH (CcXema npuBeneHa Ha pucyHke 40), Taxke Obuta
MPEIOKEHA METOJAMKA 10 BOCCTAHOBJIICHHIO TUIOTHOCTHOI'O KAapOTa)ka B CKBa)KUHE,
I'JI€ OH MOJIHOCTBIO OTCYTCTBYET (CXEMa MPUBEIEHA HA PUCYHKE 41),

HNanee nns CylnakCKOTO MECTOPOXKACHHUS Y JIbSTHOBCKOM 001acTu ObutH
MOJCUMTAHbl  MapaMeTpbl,  HEOOXOJWMbIE  JJII  CO3JIaHUSd  OJHOMEPHOMU
reoMexaHndeckon mojenu: wMoayiab HOura, xodddunuent Ilyaccona, yron
BHYTPEHHETO TPEHUS, TPOYHOCTh HA OJJTHOOCHOE CKaTUE, BEPTUKAJIBHBIN CTpeECC.

[Ipennoxxensl nanpbHEWINIME WCCIAETOBAHUS [IJII YTOYHEHHUs HaubOoJjiee
HEOIpPEAEICHHBIX MapaMeTPOB — MUHUMAJIbHBIX U MaKCUMAaJbHBIX TOPU30HTAIBHBIX
CTPECCOB, a TaKXe TMPEIJIOKEHbl JabHEHIIME pabdOThl Ui YTOYHEHUS YKe
MOJACYUTAHHBIX MapamMeTPOB.

B 3aBepiienne paboThl XOTEIOCh OBl €llle pa3 OTMETUTh, YTO B HACTOSAIIEE
BpeMsl TeOMEXaHWKa aKTUBHO Pa3BUBACTCS KaK MPUKJIaHAs HayKa, C €€ MOMOIIbIO
pelmaeTcs MHOXKECTBO TPOM3BOACTBEHHBIX 3ajiad. Pe3ynbTarhl, MOJTYYEHHbIE B
JaHHOU paboTe, ONTUMU3UPYIOT MPOIECC MOCTPOCHUS] T€OMEXaHUYECKOW MOJIeNH,

JIEaroT ero 0oJiee ACMeBON U JOCTYITHOM MPOTIEAYPOH.
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