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TennoBble cCBOUCTBaA NOpPOA U UX posib B TepMOAUHAMMKe nnacTta
Rock thermal properties and their role in reservoir thermodynamics

« TennonpoBogHocTb A (TC), BT-m1-K-"
Thermal conductivity, W-m-"-K-' q’ —_]. gradT

Tennoeol nomok e niacm, meriogble nomepu u3 niacma, any6uHHbIl
menio8oU MomoK 8 20pHOM Maccuge

Heat flow and heat losses in reservoir and formation

« TemnepatyponpoBogHocTb a (TD), m?-c’
Thermal diffusivity, m2-s-' ar _aAT + q, A

LuHamuka pa3ozpeesa u oxnaxoeHus riacma ot Cp co
Dynamics of heating and cooling reservoir and formation

« O6bemHas Tennoemkoctb c'p (VHC), Dx-m3-K-
Volumetric heat capacity, J-m3-K- Q oH
OHepzaoeMKocmb nracma, Koy K onpedeneHuto sHmanbnuu H Cp = 'T; (cp), = (8T)p

)
Energy capacity in reservoir and formation, key to enthalpy H VA
determination

«  TemnepaTypHbI Ko3dpcpuuneHT NUHenHoro pacwmpenusn k (TKJIP), K-

Coefficient of linear thermal expansion
UNsmeHeHue obbema, 8HympeHHee HarnpsikeHue mMmaccuea, Al = |O . [1 -+ k(T — TO)]
paspyueHue rnopod, usMeHeHue Mopoeoao npocmpaHcmea

Thermal expansion of rocks, internal stress in formation



OcHoBHbIe (pakTOopbl, onpeaensoWme TennoBble
CBOMCTBA NOPHbIX Nopon
Basic factors determining rock thermal properties

MuHepanbHbIK cOCTaB
Mineralogical composition

CocTtaB 1 CBOMCTBA MEX3EPHOBOIO LlEMEHTA
Composition and properties of intergrain cement

[MopucTtocTb
Porosity

[[eomeTpusa NOpPoOBO-TPELLMHOBATOrO NPOCTPAHCTBA
Geometry of pore-fracture space

Bua noposanonHsatowero dononaa
Type of pore filling fluid

TemMmnepaTtypa v gaBneHue nnacra
Temperature and pressure in reservoir



Ponb TennoBoun netpocdnsnkm B hyHAaMeHTanbHbIX U NPUKNAAHbIX

HaykKax o 3emre

Role of thermal petrophysics in basic and applied Earth’s sciences

OOBbIYA HE®TU U TASA
OIL AND GAS PRODUCTION

®YHOAMEHTAJbHbIE UCCITIEAOBAHUA
BASIC RESEARCH

lNMpoekTupoBaHne MmeToaoB AOOLIYMU C
TepMUYECKUM BO3AeMCTBMEM Ha nnacTt

Design of thermal EOR methods

OnpepneneHne NIOTHOCTU TENJIOBOro NOTOKa B
Kope
Heat flow density determination

MO.qu'II/IpOBaHVIe npoueccosB Tenmno- "
MacconepeHocCa B CKBaXXuHe U nnacte

Modeling heat and mass transfer in
well bore and reservoir

M3yuyeHne npoueccoB Tensno- u MacconepeHoca
B Hegpax
Heat and mass transfer in crust

MHTepnpeTauma AaHHbIX TePMOMETPUMN
Interpretation of temperature logging data

PA3BUBAIOLLUNECAHA OBJIACTU
DEVELOPING AREAS

HNoO6blvya reotepmMmanbHON 3HEPrum
Geothermal energy production

OueHka HanpsAa>XeHHOoro CoCTosiHuA
OKOJTIOCKBaXUHHOIo nNnpocTpaHCTBa

Estimates of stress in wellbore proximity

dob6bivya rasorngpartoB
Gas-hydrate production

3axopoHeHMe pagnoaKkTUBHbIX OTXO40B
Nuclear waste disposal




Bo3moxHble noaxoabl K onpeaeneHnio TennoBbIX CBOUCTB
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TeopeTnyeckoe MmogenMpoBaHue TeNONpPOBOAHOCTU Nopoa
Theoretical modeling of rock thermal conductivity

P

OCHOBHbIe noaxoAabl
General approaches

N

3MI1VIpVI‘-IeCKVIe noaxoAabl

MeToabl ycpeAHEeHUSA KOMMNOHEHT

(c 40-x ropoB 20-ro Beka) (~30 moaenemn) (c koHua 19-ro Beka) (~40)
Empirical approaches Mixing law approaches
(since 40th of 20th century) (since the end of 19th century)
v

MeToabl Teopumn adpdeKkTMBHLIX cpen

(c 70-x ropoB 20-ro Beka) (~ 10)

EMT-based approaches
(since 70th of the 20th century)

Hanbonee nonynapHble meTtoAabl
The most popular methods

ApudmeTnyeckoe cpegHee
Arithmetic mean

[apmoHunyeckoe cpegHee  MeTog JiuxteHekkepa (Acaapa)
Harmonic mean Lichtenecker method (Asaad)

MeTton Makceenna
Maxwell method
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TeopeTtnyeckme EMT- Mmogenu TennonpoBOAHOCTU FOPHbLIX Nopoa
T - Theoretical Model of Rock Thermal Conductivity

e IWE 0§ IVEINS [ I N IN T IlwiiIlili®A

J
(Bayuk et al., M&PS, 6 (39), 2004)

A" = y(nopuctocTb; MMHepanbHbIA cocTaB; hopma, OpMeHTaLUs U CBA3SHOCTb KOMIMOHEHT)
A" = y(porosity; mineral composition; shape, orientation and connectivity of components)

ddPeKTMBHaA cpepa

Effective medium TC no U3mepeHUaM Ha PeweHune 06paTHOM
NopoAax, HaCbILWEHHbIX 2 Way1l | 3apauu c npumeHeHnem
Mopbl, TpELWUHbI unu 6onee paongamm HeNMHEeUHOM
Pores or cracks TC from measurements on ‘ . ?"JMM":?”‘M"
' : olution of inverse
rock sa;%rf(:?ﬁji\z;th 20 problem with nonlinear
MwuHepanbHble 3¢ optimization

Mineral grains ‘ |

MapameTpbl
nop, TpewuH
g 2 adas |
Pore/crack
space
parameters
e [Mpon3BONbHOE KONYECTBO KOMIMOHEHTOB , ’
Arbitrary numbetof rock components PeleHme 0BpaTHOM 3aa4M 3¢¢eKTVMBHb|e7npyrme
e Bo3moxKeH ntoboi KoHTpacT TC C NpUMeHeHnem aneKT;gr?Sggg‘z SO‘QQSM nam
KOMMNOHEHTOB Hen”,HeMHO,M onThmMnsaLn dNronaHas NPoBOANMOCTb
. . Solution of inverse problem . . .
Any contrast in component TC is using nonlinear Effective elastic properties
bl optimization (EMT-based) Way 2 | and/or electrical conductivity
acceptable P and/or hydraulic conductivity




HeonpepeneHHOCTb B TeNNOBbIX CBOMCTBaxX B rMApPOAUHAMUNYECKNX
cUMMynsiTopax

Uncertainty in thermal property specification in reservoir simulators

* TennonpoBOAHOCTb MATPULLBI MOPOL. .. .eevureeeeeaineeeeeannennn. 25-30%
Rock matrix TC

* Bbibop TeopeTnyeckon moaenu tennonposogHocTy nopoa...100-400%
Choice of theoretical rock TC model

« 3aBUCMMOCTb TEMMNOMNPOBOAHOCTM OT TeMnepaTypsil............ 60-70%
TC vs Temperature dependence

» OObemMHas TENIOEMKOCTb MaTPULbI MOPOA. .....vveeeneeeaennnn.. 20-25%
Volumetric heat capacity of rock matrix

« 3aBNCUMOCTb OO BLEMHON TEMNIIOEMKOCTU OT TEMMEpATyphl...... 50-60%
Volumetric heat capacity vs Temperature dependence



HeonpenoeneHHOCTU B TennoBbIX CBOVICTBaX B 'l - cumynsaTopax

Uncertainties in reservoir pro

TennonpoBoAHOCTbL Nopoa, onpeaerneHHas

no npeapnaraemMmbim MmoaensamMm B CUMYIATOpe

TC determined from models suggested in
simulator
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TennonpoBOAHOCTbL NOpPOA
Nno TeOPEeTUYECKNUM OLleHKaMm

Rock TC from theoretical modeling

HedTeHacbILLEHHbIN KBapLeBbI NecYaHnK
Oil-saturated sandstone
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OwWwunobKn B oleHKe Jo0bIYN U3-3a
HeonpeaeneHHOCTU AaHHbIX O
TennoBbIX CBOMCTBaX pe3epByapa

Errors in oil recovery estimates from
uncertainties in reservoir thermal

properties

TexHonorns naporpaBnTaLMOHHOIO ApeHaxa
Steam-assisted gravity drainage (SAGD)

OnHOpOAHBIN TIACT
Uniform medium

$=33%, k,=5D, k,=2.25D

12m
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25m

500 m
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BbiBOAbI
Conclusions

* Ownbkn B HOH npu mogenuposaHnn - oo 45%

COP errors reach 45%

*TennonpoBogHOCTb MnacTa — Kr4YeBon napamerp
TC of the reservoir is crucial value

* MakcnmanbHble nocrieacrBnA

nepsBbiX JN1€eT

B Te4yeHue

Max impact is reached during first years
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HepocTtaTkm TpagULUMOHHBLIX MEeTOA40B U3MEPEHUN
Shortcomings of traditional methods of measurements

TennonpoBoaHocTb, BT/(m-K)
HeBO3MOXHOCTb U3MEPEHUIA Ha CTaHAAPTHOM KepHe Thermal conductivity, Wi(m-K),
Impossibility to measure on core plugs —— s

HeBO3MOXHOCTb U3MEpPeHN Ha NONTHOPa3MEepPHOM KepHe |

Impossibility to measure on full size cores "

NMonupoBka noBepxHOCTU 06pa3L OB Nopon
Polishing rock sample surface

NMpoGnembl ¢ U3aMepeHnsAMn 06 LEMHOU TENTOEeMKOCTHU
Problems with volumetric heat capacity measurements

Pa3pyweHue chnromagoHacbIWEeHHbIX NOpoa
Destruction of fluid-saturated sedimentary rocks

NMpo6nembl yyeTta aHU30TPONUM U HEOQHOPOAHOCTU B 4
MacwTabdbax obpas3ua u paspesa

Problems with accounting for anisotropy and
heterogeneity within core and formation scale

Fny6buHa, km
Depth, km



TexHONorms oNTUYECKOro CKaHMPOBaHUA — KJTHOY K BbICOKOTOYHbIM
0e3KOHTaKTHbIM Hepa3pywarwwmm TC&TD namepeHnsam Ha kepHe

Optical scanning technique as key to high precision non-contact
non-destructive TC&TD measurements on cores

TC&TD 3TanoHbl
TC&TD Standards

Cores It
-
'—_-:.'-.._ )
N
-

TC, W/(m*K)

UK patuuk 1
IR sensor 1 /
UK paTtumk 2 _
IR sensor 2
Ontunyeckas

rornoBka

NcTouHuUk .
0pt|ca| Head JIMHUM ckaHUpPOBaHMA ANA OLEHKMU

UK patumk 3 Tenna e e reTt
IR sensor 3 Heat source Scanning lines for anisotropy estimation




KayecTBEeHHO HOBbIe BO3MOXHOCTU ANA NeTPOTENnnoBbIX UCCNeaoBaHUN
Qualitatively new possibilities for petrothermal investigations

TennonpoBogHoCTb, BT-M-1-K-1
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o TemnepaTyponpoBOAHOCTb, M2:c! =

©

w

Thermal diffusivity, 10 m?/s

Buabl o6pa3uoB, AOCTYNHbIX AN U3BMEpPEeHUn
Types of rock samples to be studied




NMpubopbl onTU4YecKOoro cKaHMpPoBaHUA AJA NabopaTopHbLIX U3MEePEeHUN
Optical scanning instruments for measurements at bench conditions

TC&TD Ha cTaHAapTHOM KepHe TC&TD Ha noniHOpa3MepHOM KepHe
TC&TD on core plugs TC&TD on full or split cores
7 __-/

MpodunupoBaHme HeOA4HOPOAHOCTHU
+ TC&TD
Heterogeneity profiling + TC&TD

ATTecToBaHHblE
atanoHbl TC&TD
Certified TC&TD

references




Harpyska, mB

Load, mV

AHanus HeogHOPOAHOCTU Nopopf ¢ nomouwbio metoga OC
Heterogeneity rock analysis from OS measurements

KombGuHaums pesynstaTtoB TEMMOBOIO U
MeXaHN4eCcKoro npodunmpoBaHns

Combination of thermal and mechanical profiling
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1982-2011: NMNpsamMble cpaBHEHNAA METOA0B U3MEPEHUN
Direct comparison of measurement methods

Popov, Pribnow, Sass, Williams,
Burkhardt. Geothermics, 1999

Trest, 1998: lNpamble cpaBHeHUs1 MeTOA0B
Direct comparison of methods

» bonee 30 nabopaTopui
More than 30 laboratories

* 14 3TanoHoB oT 4 bopo cTaHOapToB
14 referencies from 4 Standard Bureaus

» CpaBHeHue 11 MeTo4oB U3MEpPEHUN
11 methods under comparison.

BbIBObl CONCLUSIONS

. Mpo6nemsbl ¢ nsmepennamm TD n VHC

Problems with TD and VHC measurements.

. 3aHmxeHune TC Ha 15-50%

T . im A e L L .. A ENOQ/

1' U uriaerestindtorl Uy 10-OU 70
. BnngaHune TennoBoro KoHTakTa

Thermal contact influence

. Ocobbie npobnembl ¢ 0Cago4HbIMK
nopogamu
Especial problems with sedimentary rocks

. PaspywieHune HacbiweHHbIX nopoa
Desintegration of brine-saturated rocks.

. Mpobnembl ¢ OLLEHKOW aHN3O0TPONUK
Problems with anisotropy estimates
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CpenHee pacxoxgeHue = 26%, makc. pacxoxgeHne — 95%

Average deviation = 26%, max deviation - 95%

“Hot
disc”
method




NMpnbop ana namepenun TC&TD npu nnactoBbix PT ycnoBuax
Instrument for TC&TD Measurements at Formation PT Conditions

NMPEUMYLLECTBA ADVANTAGES

1. OpHoBpemeHHoe BnnsaHne P n T.
Simultaneous P and T influence.

2. Tpwu He3aBUCUMbIE KOMMOHEHTbI AaBIEHUS.
Three independent components of pressure.

3. WNamepenuna TC n TD.
TC and TD measurements.

4. Bce koMnoHeHTbl TeH3opoB TC n TD ogHoBpEMEHHO.
All TC&TD tensor components simultaneously.

JIVHenHbIN
UCTOYHUK

Line source

MoTeHuManbHble
oTBOAbI

Potential leads

JINHeNHbIN
NCTOYHUK

Line source

oTBOAbI
Potential leads

O6pasew,
Rock sample

fAyenka ona HEKOHCONMUAUPOBAaHHbLIX OOpa3uoB
Cell for non-consolidated rock samples

HarpeBaTtens +
AaTtyuk
Temnepatypbl =~

Heater +
T-sensor

queﬁKHyTpM PT
Kamepbl

Cell inside the high PT

chamber




MpuGop Ans M3MepeHUn TeMmnepaTypHOro MpuGop ansi usmepeHumn

Koadph-Ta NnMHEeMNHOro paclumpeHus nopoa TC&TD chnionpgos

Instrument for rock thermal expansion Instrument for measurements

coefficient measurements of TC&TD of fluids
CrtaHa. kepH

®opma o6pasua | Kybukmn (30 mm)
Rock sample form | Core plugs
Cubes (30 mm)

OnanasoH T, °C

T range, °C 20...250
OwnanasoH TKINP, K- g
CLTE range, K- e 20
AT °C 20
MNorpewHocTb, K- 0.3-10°

Uncertainty, K" | npu/at AT=20 °C

AHunsortponus Ha ogHom
Anisotropy obpasue
studying On one sample

viscosity.

JtanoHHble mepbl TKITP
CLTE standards T=-25._..+180°C
P=0.1...50 MPa
BsaskocTb dprtovaa — (3-800)-104 MNa-c
Fluid viscosity — (3-800)-10 Pa-s




BepTtukanbHbie Bapuaumm TC no AaHHbIM MacCOBbIX U3MEPEeHUN
Vertical variations in formation TC from numerous measurement data

BopoTtunoBckas CKB. CkB. HopanuHreH-73 Cks. flkconowun-1
Vorotilovo Well (Russia) Noerdlingen-73 (Germany) Yaxcopoil-1 (Mexico)
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TennoBasa netpoc¢pusunka B lNporpammax rinyboKoro Hay4yHoro oypeHus

Thermal petrophysics in International Deep Drilling Program
(1983 — 2010, 6onee 30 000 o6pa3uoB KepHa, more than 30 000 cores)

" TIOMEHCKasi CKBaXuHa
Tyumen well (7501 m)
o

LUENU /| GOALS
MeTtpochnsuka & OnpeneneHnsa TensIOBOro NOToka

Petrphysics & Heat flow determination g = A -|gradT|

CkBaxuHa KTB
KTB well (9101m)

Konbckas cepxrnyﬁoxaﬂ
Kola superdeep (12282 m)

R
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N

CBEPXI'TIYBOKUE/ SUPERDEEP
1 — Konbckas / Kola (Russia)
2 — Ypanbckas / Ural (Russia)
3 — CaatnuHckas / Saatly (Azerbaydjan)
4 — Bopotunosckas / Vorotilovo (Russia)
5 — TromeHckasi / Tymen (Russia)
6 — EH-AxuHckasn / Yen-Yakha (Russia)
7 — KTB (Germany)

UccnepoBaHHble HayuHble ckBaXuHbI / Scientific wells studied

MYBOKUE / DEEP
8 — TumaHo-leyopckasa / Timano-Pechora (Russia)
9 — ToipHblay3ckasa / Tyrnyaus (Russia)
10 — KonBuHckas / Kolva (Russia)
11 — fAkcononn-1 / Yaxcopoil-1 (Mexico)
12 — AupBunn / Eyreville (USA)
13 — HopanuHreH-73 / Noerdlingen-73
14 — Kpadona / Krafla (Iceland)




BepTukanbHble BapMauum TennoBoro

MOTOKAa
Viartical variatinne in haat flaw Aane
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Konbckas ckBaxuHa (12262 m, Poccus, 8252 obpasuoB kepHa)

Kola well (12262 m, Russia, 8252 cores)
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Ypanbckasa ckBaxuHa (6155m,Poccus, 4414 obpasuos)
Ural well (6155 m, Russia, 4414 cores)
[1NOTHOCTb TEMNMOBOrO NOTOKA

Heat Flow Density, m\W/m?
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Thermal conductivity, W/(m-K)

CkBaxuHa Yaxcopoil (1511m,Mekcuka, 451 o6pasLos)
Yaxcopoil well (1511m, Mexico, 451 cores)
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HoBble AaHHbIe NO TENNOBOMY NMOTOKY
New data on heat flow (1984 — 2011)

HoBble gaHHbIe

MpexHune

Yakha (Russia)

basin

CKBaXuHa rg)éﬁid:a Bnok kKopbl | O6pasubl KepHa no TI, haHHble no TI, zaa::::::
Well pth, Crustal bloc | Core samples | New HFD data, | Previous HFD )
m mW/m? data, mW/m? Data difference
Kpucr. cbynn./
Konbckas/Kola | 45569 Crystalline 8252 55 -63 31-39 69 %
(Russia) basement
Ypan/Ural Ckn. obnactb/
oo 6155 n. oonac 4414 51 - 58 20 - 27 132 %
TumaHo-
Ocag. uexon/
rimedopekas’ | 6904 Sedimentary 383 60 - 72 38 — 54 43 %
(Russia)
Ocapg. uexon/
Konea/Kolva 7057 Sedimentary 1016 63-78 36 - 47 70 %
(Russia) basin
Ocag. yexon/
TromeHckas/ -
Tyumen (Russia) 7502 Sedg::i?]tary 1243 75-90 52 - 60 47 %
| / " . -pal/
mconoiin | 1600 | mnareoeal) 54 66 - 78 40- 52 56 %
BopoTunoBckas/ UmnakT. cTp-pal/
Vormtiove (Rucom| 5374 |impact structore| 3715 53 - 56 40 - 49 22 %
Al / " . -pal
Eyrovile (UsA) | 1766 |impact structure 497 73 - 82 46 - 56 49 %
CaatnuHckas/ Ocag. uexon/
Saatly 8200 Sedimentary 225 45 - 60 30 - 37 57 %
(Azerbaijan) basin
Ocap. yexon/
Ew-fxunckan/Yen-|  ga50 | Sedimentary 449 74 - 91 52 - 60 46 %




fperckoe mectopoxaeHue tTaxenoun Hecdptu: 4D mogenupoBaHue
TensioBbIX CBOMCTB MNJacta
Yarega heavy oil field: 4D modeling reservoir thermal properties

(Monos., YepTteHko, CTEHUH 1 ap.,
KapomaxHuk, Ne7, 2011)

N3yueHbl 502 obpasua kepHa npu HacbIWEHUN
3 conromngamu, npu HopmarnbHbIX U N1ACTOBbLIX
TemMobapnyeCcKnx ycnoBusix

502 cores studied at saturation with 3 fluids and
at normal and reservoir thermobaric conditions

n Apercane HeDTeTHTaH0B0e
HECTOEM A

Pe3yn bTaTbI I Res u Its Picture taken from: www.yaregaruda.ru

* [NonHbIM HABop TennoBbIX CBOMCTB He(TE-, BOAO- N NapoHAaCbILEHHbIX NOPoa4
Full set of thermal properties of oil-, brine-, and steam-saturated rocks

« 3D npocTpaHCcTBEHHbIE BapuaLlmn TENOBLIX CBOWUCTB B niacte 1 popmavmn
3D spatial variations in thermal properties within reservoir and formation

» BpemeHHble Bapmaumn TENNOBLIX CBOUCTB, Bbl3BaHHbIE U3MEHEHUAMW TeMnepaTypbl U MOPOBOro
dontonga
Temporal variations in thermal properties caused by temperature variations and pore fluid
changes

» HoBsble koppenaummn ¢ dounnbTpaunoOHHO-EMKOCTHBIMU N aKyCTUYECKMMU CBONCTBaMM
New correlations with reservoir and acoustic properties

* MepBbIN NOAOOHLIN 3KCNEPUMEHT B HehTAHOM reocpunsunke
First similar experiment in oil geophysics



NMpocTpaHCTBEHHO-BPEMEHHbIe Bapuauum TensioBbIX CBOUCTB KaKk ocHoBa 4D
MoaoenupoBaHUA

Spatial-temporal variations in rock thermal properties as base for 4D modeling

M3meHeHunsa ¢ Temnepatypon

Hpoc?aHCTBeHHble Bapuauum 2pa
Temperature variations
5

patial variations
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Koppenauum cBouctB gaa Aperckoro

MeCTOpPOXKAeHUA TAXKeNoN HedpTn

Correlations of rock properties for
heavy oil field Yarega
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TennonpoBOAHOCTb VS NOPUCTOCTb
Thermal conductivity vs porosity

Mopucroctb / Porosity, %

Vialiimantvica hand camasidu we
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TennonpoBOAHOCTb U CKOPOCTb YNPYrUX BOAH V.
Thermal conductivity vs acoustic velocity V,

KBapueBblii nec4yaHuk,

4 — 7%& .-:.: :/ |

HaCbILWEHHbIW Pa3/IMYHbIMU
dnonpgamm

Quartz sandstone at different fluid
saturation
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[Inana3oHbl TENNIOBbLIX CBOMCTB MECTOpPOXAeHUuA fApera
Ranges of thermal properties for oil field Yarega

4D Bapvauuu TensioBbIX CBOUCTB nopona
4D variations in thermal properties of formation

* TennonpoBoaHocTb / thermal conductivity 0.8...5.2 W/(m-K)

* TeMnepatyponpoBogHocTb / thermal diffusivity (0.5...2.5) -10-¢ m?/s

« 06 beMHasa TennoemkocTb / volumetric heat capacity 1.3...3.5 MJ/(m3.K)

« TKIP / linear thermal expansion coefficient (8...17)-10-¢ K-1

CpaBHeHMe HOBbIX U NPEXHUX AaHHbIX (CpeaHue 3Ha4YeHus)
Comparison on new and previous data (average)

MNMpeabiaywme HoBble PacxoxaeHue, %

TennonpoeoaHocTb, BT/(m -K) Previous New Difference, %
Thermal conductivity, W/(m-K)

nnact / reservoir 2.32 3.60 56

BMeLLaroLwme nopoabl /

surrounding rocks L e e
TeMnepaTyponpoBOAHOCTb, MM?/c
Thermal diffusivity, mm?/s

nnact / reservoir 1.06 1.60 51

BMeLwarowme nopoaobl / 1.00 1.75 75

surrounding rocks




BbiBOAbI

1. HoBas akcnepuMeHTanbHas 6asa obecrneynBaet
3HauMTENbHOE MNOBbLILLEHNE KavyecTBa
aKCNnepuMeHTarnbHbIX AaHHbIX O TEMMOBLIX CBOMCTBAX
pe3epByapoB.

2. Tennosble cBOMUCTBA 0Cag04HbIX NOpPOa
XapaKkTepusyTcsa 3HaYNTESNTbHLIMA
NPOCTPaAHCTBEHHbLIMWN BapuaunsaMn 1 CyLLLECTBEHHO
3aBUCAT OT TeMnepaTypbl U BMAa NOPOBOro dnonaa.

3. npeﬂ,CTaBMTeﬂbele IKCnepmMeHTaribHble aHHble
O TennoBbIX CBOMUCTBAX pe3epByapoB NO3BOJSIAKOT
NOBbICUTb Ka4eCTBO rmagpoanHamMmn4ecKkoro
mMogennpoBaHna pe3epByapoB NPUMEHUTENBbHO K
TennoBbIM MeToAam A00bIYmM HerTVI.

4. MpuMeHeHne NPEXHNX AaHHbIX O TENMOBbIX
CBOWCTBax 0CaflouHbIX Nopo/ 1 NoAXoAoB K
MOJENUPOBaHMIO TEMMOBbLIX CBONCTB TpebyeT
OCTOPOXHOCTU, TaK Kak MOXET NPUBECTU K
cepbe3HbIM OLIMBKaM Npu rmapoanHaMmnyeckom
MOJENUPOBaHNM pe3epByapoB Mpu NPOEKTUPOBaHUU
TENNOBbIX METOAOB A00bIYN.

Conclusions

1. New experimental technique provides essential
improvement of quality of experimental data on
the thermal properties of reservoirs.

2. Thermal properties of sedimentary rocks are
characterized by essential spatial variations and
depend significantly on temperature and pore fluid

type.

3. Representative experimental data on reservoir
thermal properties allow to improve quality of
reservoir hydro-dynamical modeling for thermal
methods of EOR.

4. Using previous data on sedimentary rock
thermal properties and approaches to thermal
property modeling requires especial care since it
could cause essential errors in hydro-dynamical
modeling reservoirs at designing thermal methods
of EOR.



