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AKTyanbHOCTb

Ha cerogHAWHWA OeHb TexXHOSorMsa LUndgpoBOro MOAENMPOBAHUA KepHa SBMsSeTcA
BOCTPebOBaHHLIM U pas3BUBAKOLLMMCA HarpasBleHMeM B OLEHKe reosiormyeckuMx 3arnacos
HedoTK B mupe. B Poccnn gaHHasa TeXHOMOrnsa TornbKo Ha4nHaeT pa3BmBaThbCS.

Bonpoc o undgppoBoM MogennpoBaHUM KepHa nNpeactaBnseTcd BeCbMa akTyarnbHbIM B
curly TOro, 4YTO He Bcerga MMeeTcs [OCTaTOYHOE KOMMYeCTBO KepHOBOro marepuana c
nccrnenyemMblX CKBaXKMH, a MHOrga TakoBOWM M BOBce OTCYTCTBYeT. CosgaHue umnmdpoBomn
MOZENN KepHa MO3BOSIUT B TOW UMW MHOW CTEMNEHU PelnTb JaHHble npobrnembl, a Takke
CHM3UTb 3aTpaTbl HeTEerasoBbIX KOMMNAHUW Ha NPOBEAEHMNE KEPHOBbLIX UCCed0BaHUMN.

B npouecce maremMaTtnyecKkoro MogenmpoBaHUs MakpOCKOMUYECKMX CBOUCTB MOPUCTLIX
cpen BO3HMKaeT 3agada 3D-pekoHCTPYKUMN MUKPOCTPYKTYPbI KEPHA N OLEHKN CBA3U MexXay
reoMmeTpnuen MUKPOCTPYKTYPbl M  MaKpPOCKOMUYECKUMU dnsnyecknmm cesomcteamu. [nsa
MOPUCTbIX MaTepuanosB, MNPOHULAEMOCTb HABMNSAETCA MaKPOCKOMUYECKUM MnapamMeTpom,
npencTaBndAloLMM NMPakTUYeCKUn NHTEPEC, N ero N3MepeHne UMeeT BaXHoe 3HaveHue Ons
MNPOrHO3MPOBaHNA MOTOKOB Ha MakpoypoBHe. B nocrnegHee BpemMsa NOSABUMUCH
3Ha4YUTESbHbIE MOABWXKKMA B MOMYyYEHUN OTODpaKeHW BHYTPUNOPOBOrO MPOCTPaHCTBA, U
NPUMEHEHNE TEXHONOMIM BbICOKOMPOU3BOAMTENBHbBIX BbIYUCIIEHUA YCKOPUIO pa3paboTky u
NCNONb30oBaHNE MHCTPYMEHTOB “LMJPOBON KEPH”, NO3BOMASA, B OOMOMHEHNE K (PU3NYECKUM
nabopaTtopHbIM N3MepeHUsiM, obecrnednTb ObICTPbIN U 3AEKTUBHBIN AOCTYN K CBOMCTBAM
Nopoabl, U3BMeKas nx n3 TpexmepHblIX Moaenen.



JKCnepuMeHTaNbHbIe UCCreaoBaHuA
Ha KepHOBOM MarTepuane

NccnegosaHug KEpHOBOIO mMartepuana
nposBoannnCb B nabopatopun KOMMMEKCHOIO U3y4YeHUs
KepHa HHOBaLMOHHO-TEXHONOIMYECKOro LeHTpa
apKTUYECKNX HedxTerasoBbIX nabopaTopHbIX
nccnegosaHum CA®Y nmvenn M.B. JlomoHocoBa.

Llenb nccnegoBaHnin Ha KEpHOBOM MaTepuane -
NnosiydeHne SKCMEepPUMEHTanbHbIX [OaHHbIX, KOTOpble
HeobxooMMbl  ANA  NPOBEOAEHUS  BbIYUCIUTESbHbIX
9KCMEPUMEHTOB Ha CynepKOMIbIOTEpPE.

[na npoBeneHns nepBOHaYanbHbIX UCCnegoBaHUN
Obina  oTobpaHa  Konnekuma — obpasuoB  KepHa
cTaHgapTHoro pasmepa gnametpom 30 mm n gnmHon 30
MM (MecTopOXOEeHMe TeppureHHoro necyaHuka Berea
Sandstone (USA)), obnagaiowmx  MUHUMaIbHON
aHN30TpONMENn UNLTPALMOHHO-EMKOCTHbLIX CBOWCTB.
Mpun npoBeneHuUn PUNLTPAUMOHHBIX WCCegoBaHUN B
KadecTBe doronaa UCrnornb30Barcs — KEPOCKHH.




JlabopaTopHbie uccneposaHums

KepHa
A
( \
OcHoBHBbIE [ononHUTenbHbIe
MccnenosaHmna MccrneaosaHmnA
KepHa KepHa
OnpeaeneHne KospdULMEHTa OTKPLITOM v NcTtnpaHue o6pasuos;
NOPUCTOCTU METOAOM XKUAKOCTEHACHILWEHNS
B cootBeTcTBMM € TOCT 26450.1-85; v doTorpadUPOBaHNE CPE30B
Onpepenenne KoadppmumeHTa abcoNroTHON L, TOPLOB KepHa;

npoHunuaemMoctun B cootesetctemm ¢ FOCT
26450.2-85;

Co3paHume ocTaToO4MHOM BOAOHACHILWEHHOCTH
MEeTO0M KanuansapumMeTpumn B
cootBeTcTBMU ¢ TOCT 39-204-86;

OnpepaeneHue NPOoHNLAEMOCTU KEPHa MO
donay B NAaCTOBbIX YC/IOBUAX B COOTBETCTBUM
c FOCT 39-235-89.

OnpeaeneHne rpaHy/IoOMeTPMUYECKOTO
cocTtaBa 06pa3LoB.



YcTaHOBKa A5t onpeaeneHus OTKPbITON NOPUCTOCTU
06pasLOB KEPHA METO0OM XKUAKOCTEHACHILLEHUS
YOM-ATM.200 ( 3A0 «Aprocu»)

[a30BbIi1 nepmeametp YWUI-
ATM.002 (3A0 «Aprocm»)

O6GopynosaHue aona uccnenoBaHUmM KepHa

J1asepHbIit aHaM3aTop pa3Mepa 4acTul,
Bluewave M3500 (Microtrac)

dunbTpaumoHHas yctaHoBKa YUK - 5(7) (OO0
«Ino-ben nabopartopus»)



FpaHynomeTrpuMuecKmMm CoCTas

B xoae nccnenoBaHui Takke Obinu NpoBeaeHbl 9KCNepuMeHTbI Mo
onpeneneHnio rpaHynoMeTpUYecknii coctasa obpastia.

Particle Size Distribution
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pa3mMepam u rpadouk KyMynsiTuBHOro oobema



®doTorpacdhum wnudpos




Peaynbrartbl naboparopHbIX U3SMEepeHMH

Sample Length, cm | Diameter, cm | Absolute permeability, 107 um? Cipen porosity, "o

r-1 3,068 3,003 101,01 20,11
16 2,682 2,997 125,64 20,42
il 3,110 2,999 130,25 17,99
i2 2,722 2,996 96,43 18,89
14 2,743 3,002 85,82 17.48
17 2,854 3,003 91.64 18,55
229 2,974 2,995 121,13 19.63
1 3,580 2,995 101,032 18,07
18 2,967 2,997 97,22 18,52
2 3,630 3,003 83.64 18,79
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Permeability, 10-3um
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% 3D moaens MMKPOCTPYKTYPbI KepHa

Bo3aMoOXxXHble noaxoasbl:

®* NJIOTHOW YNaKoOBKOW LLAPOB

* MSIOTHOW YNakoBKOW cdhepononnagpos

* MSIOTHOM YNaKOBKOW BblpalleHHbIX
KpMCTannos




% 3D moaens MMKPOCTPYKTYPbI KepHa
=% * CToxacTuyeckad ynakoska
* crny4amHbiM 0bpasom packugaem B 00beMe LEHTPbI
pocTa cdep,
* cdepbl pacTyT 40 TeX Nnop, Noka He AOCTUTHYT CBOMX

3a[laHHbIX pa3aMepoB, CABUraga KacarLMxca nx coceaen

* pacnpegerneHne paanycos cdpep COOTBETCTBYET
3aJaHHOMY

* Cnmynaumsa MosiekynapHoOn QuHaMmKu

* ATOMbI, C COOTBETCTBYIOLLUM 3aJaHHOMY
pacnpeneneHuto paanycom BaH-gep-Baanbca,
OBUratoTca rnoa AencTBUEM cun rpaButaunmn n cun Ban-
nep-Baanbca B orpaHn4eHHOM obbeme, 40 Tex nop,
NnoKa, He NOTEPAIT KUHETUYECKYIO SHEPTUIO
* AHanor ocagka




& MonexynapHas AuHaMuKa

Motenuman Nennapaa-OxoHca Ulri=4e

Cymma cun gencTByowmx
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% MoaenuposaHMe NPOHMLLIAEMOCTH

* InekTpoanHammu4yeckas aHanorus

* [mgporasognHammka
* AHanuTn4yeckasd
* YyucneHHas, ¢ ncnonb30BaHUEM CETOYHbIX
METO/J0B BbIHYUCITUTENBHOWN rMAPOrasoanHaMUnKu

* MonekyndapHas auHamumka
* ['mapoanHamuka crraxeHHbix Yactuy, (SPH)



% PecypcoeMKOCTb pacyeToB

* [locTpoeHune reometpum Tpebyet ~100
NpPOLIECCOPHbIX YacoB
* Pacyet npoHuuaemoctn ~1000




BoiuucnurenbHbin Kknacrep CA®Y

' CepBebele Y3/bl:

* 12 x PRIMERGY CX400 S2 (2 x Intel Xeon (10 Core), 64 GB)

* 8 x PRIMERGY CX270 S2 (2 x Intel Xeon (10 Core), 64 GB, Intel Xeon Phi 5110P)
NHTepkoHHeKT: Infiniband

20xCN: R ,, = 8960 GFlops; LINPACK: R_ . = 8020.92 GFlops

8XCN+GPU: R . = 11680 GFlops; LINPACK R =7683.13 GFlops
darnosoe xpanunuue: FEFS (Lustre); 53.6 TB; ckopocTb: 1.67 GB/s

[Ty




% CpaBHeHMe pe3ynbTaros

JKcnepuMeHTaribHoe 20.11 55.66
uccnegoBaHue

CToxacTuyeckasa ynakoBka 25.82 68.45
YnakoBKa B pe3yrnbraTte 22.27 60.92

cnmynsauummn MOHEKynFIpHOFI
ANHaAMUKHAN



CpaBHeHMe pe3ynbTaros
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Cpena pna nocrpoeHms NpPoOrHo30B
NPOHMLLIAEMOCTM NOpPoabl YHACTKOB rge
KepH He orOmpancsa

* Singularity
* SageMath
* Eclipse

* Python

* OpenStack




O6paborka nsobpaxenua wnuda




Knacrepusauua usobpaxenum uunudcdos Ha
OCHOBE MX 0COOeHHOCTEeN, U3BJIEUEHHbIX C
NOMOLLbLIO CBEPTOUYHbLIX aBTO3HKOAEpPOB
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Convolutional Autoencoder
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image vector Image rebuilt

K-Means method k
E=2 2 |x-u
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Support Vector Machines
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% CpaBHeHMe pe3ynbTaros




JaknoueHume

* PaccMmoTpeH nogxon K pellueHuto 3agaym
MaTemMaTu4eckoro mogenmpoBaHug
MaKpPOCKOMNMUYECKNX CBOUCTB TEPPUreHHOU nopoasl

* [Ona 3D-peKoHCTPYKUNUN MUKPOCTPYKTYPbI MOPUCTOU
cpenbl NPUMeHAETCA MeToAbl CTOXaCTUYECKOU
YNakoBKN N MOSMEKYNAPHON ANHAMUKN .

* [lpuBeneHsbl pesynbratbl YUCMEHHbIX PAacyYeToB U UX
CpaBHeHME C NabopaTopHLIMM UCCNeaoBaHNSIMMN.

* Kcnonb3oBaH cBepPTOYHbLIM aBTO3HKOAEP AN
n3BnevYeHnst ocCoObeHHOCTeN N3odpaxeHuin WnNndgos
Ona ux Knacudukauunm
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v Intelligent Digital Rock Modeling

Vladimir Berezovsky?, Evgeny Osipov?, Olga Yufryakova?, Yunfeng Bai
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Background

The context of the project is mathematical, computational and cognitive challenges in
the Digital Rock Modeling (DRM). DRM implies using virtual or reconstructed digitized
pore space and mineral matrix of natural rock to numerical simulating various physical
processes in this digital object to obtain such macroscopic rock properties as
permeability and porosity, to analyze reservoir characterization. The project is focused
on following key issues:

- Efficient digital rock models and methods for extraction of rocks macroscopic

properties from it;

- Natural language proceedings to extract data from geophysical survey reports;

- Image processing and associative reconstruction;

Machine learning for model tuning;
Open rock modeling infrastructure;
High-Performance computing in
analysis.
The focus of the project is well-aligned with trends in Digital Rock Analysis and e-Core
technology, that promise to address challenges of integration of intelligent data analysis
into digital rock modeling to accurately and efficiently predict oil and gas reservoir
characteristics using high-performance computing technology.

1

simulation, visualization and data

speed-up

characteristics from human
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molecular dynamics building of rock  implementation.

microstucture on hybrid HPC with many-

integrated core (mic) co-processors.

written geophysical well
survey reports and plots

Methods

Molecular dynamics simulations using HPC for 3D rock microstructure construction
and fluids permeability estimation.

Brute-force search accompanied by HPC for model simulations is used to train
multilayer neural network to identify the correspondence between model parameters
and geophysical survey and well logs data.

Assumptions

Having enough data from geophysical survey reports, adequate rock model and using
artificial intelligence methods it can be possible to predict oil and gas reservoirs
behaviors.

Assets

NArFU have a strong research record in computational methods for the digital rock
simulation to predict the main permeability and porosity parameters of the oil and
gas reservoirs.

LTU have a strong research record in machine learning and artificial intelligence.
NArFU have a considerable high-performance facility.

Nodes/cores: 20/(400+480mic)

12 x 2 x 10 core Intel Xeon,
8x 2 x 10 core Intel Xeon with
MIC device Intel Xeon Phi

3D rock microstructure construction by
molecular dynamics simulation
LAMMPS

Knights Corner co-processor (60

Results & Output

1.prototype of the intelligent infrastructure for digital rock modeling with several
capabilities,

2.extraction foremost rock characteristics from human written geophysical well survey
reports,

3.intelligent data acquisition and assimilation for the model,

4.verification of obtained from the model macroscopic properties.

Outlook

1.0pen source infrastructure

2.Added chemistry

3. Verification of prognostic capabilities
4.Producing human-written like reports
5.Visualization

6.Reconstruction of rock based on geological data
7.Grid services

Fluids permeability estimation by
cores) support up to 4-way

thed particles hydrodynamics
LAMMPS
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All models has be imulated used NArFU HPC facilities
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