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Abstract: to assess hydrocarbon reserves in the oil and gas industry, large volumes of diverse geological and
geophysical information should be processed. There are high risks of wrong assessment of hydrocarbon reserves
in case of inaccurate information or absence thereof.

Hydrocarbon reserves are assessed at the initial stages of studying the field information; therefore, probabilistic
fuzzy methods of reserves assessment are of interest since the deterministic assessment does not allow honoring
errors. An adequate assessment of volumetrics in complex conditions, in case of unconventional and promising
reserves of complex structure is necessary. The modern Digital Core technology is considered promising and
high-potential. An integrated approach to the solution of problems with the use of all data available on complex
oil and gas reservoirs is required.

The main work methods are probabilistic methods, fuzzy set theory and fuzzy logic, and recognition methods.
The paper describes a complex of software which uses an integrated approach covering both the model of
reserves estimation and determination of volumetrics and applying new modern intellectual computing
technologies of information processing when assessing hydrocarbon reserves under uncertainty:

» Probabilistic and fuzzy methods of reserves assessment and determination of volumetrics under different-type
uncertainty and risks for gas, gas-condensate, and oil fields

» Comprehensive assessment of NTG and oil-saturated areas based on pictures of cores in day and ultra-violet
light

« Fracture recognition, defining geometrical characteristics, fracture porosity and permeability based on
micro-pictures of thin sections and core CT-scans.

The software complex is intended for quality improvement when assessing hydrocarbon reserves and improving
reliability of volumetrics determination under conditions of missing or insufficient data [8].

Keywords: a software complex, pictures of core in day and ultra-violet light, criteria for evaluation of NTG and
oil saturation, fracturing parameters, pictures of thin sections, CT-scans of cores, image recognition, assessment
of oil reserves under uncertainty.

KOMIUIEKC IMTIPOI'PAMM JIJISI OB PABOTKHU UH®OPMAIIUUA 11O KEPHY IIPA
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Aopwiuunurkosa Onvea AHamonvesHa — KAHOUOAM MEeXHUYECKUX HAYK, OOYeHm,
Kagedpa KubepHemuueckux cucmem,
TromeHCKUtl UHOYCMPUATIbHBLL YHUBEPCUMEN,
2. Tromens

AHnnomayus. 015 OyeHuKu 3anaco8 yeneso0opooos8 6 Hehme2azosol OMpaciu HeobXooumo obpabamviéams
oonvuue 06vembl pazHO0OPaAsHOU  2eon02o-2eoPusuneckoll un@opmayuu. Cyuecmeyrom GvlcoKue pucku
HenpasuibHoll OYeHKU 3aNnacos y2iee000p0o00s 6 clyide HeOOCMOBEPHOU UHMDOPMAYUY UYL ee OMCYMCMEUsL.
Oyenka 3anacos yeneso0opo0o8 Npou3eoOUmMCs HA HAYATbHLIX OSMANax uzyueHus uHopmayuu o
MECMOpPOdCOeHUY, CLe00BAMENbHO, BEPOSIMHOCHHbIE HeYemKue Memoobl OYEHKU 3andco8 Npeocmasisiiom
unmepec, NOCKOIbKY OeMEePMUHUPOBAHHAS OYEHKA He NO360Jisem YYUmbléamb HOSPEUHOCHb PACHemos.
Heobxoouma adexsamuas oyenka napamempos 6 CIOJNCHLIX YCIOBUSAX, NPU  HEMPAOUYUOHHBIX U
mpyonouseiekaemvlx 3anacax. Ilepcnexmusnoti cuumaemcst coepemennas mexnono2usi «Lughposoil kephy.
Heobxo0um komnuexkcuviti noOxXo0 K peuteHuro npoodiem ¢ UCNOAb308AHUEM 6CEX UMEIOUWUXCS OAHHBIX O
CILOJCHBIX HEPMAHBIX U 2A308bIX 0OOBEKMAX.

OcHogHbIMU Memooamu pabomul SGNISIOMCL GePOSIMHOCHbIE MEmOObl, MeOPUsl HEYemKUX MHONCeCms U
HeuemKas J02UKd, Memoobl pacnosnageanus. Onucan KOMIIEKC NPOSPAMMHO20 0Oecnederus:, UCNOab3YIowull
KOMNJIEKCHbIL NOO0X00, OX6AMbIGAIOWUL KAK MOOelb OYEHKU 3andcog U onpeodeleHusi 00beMos, max u
NpUMeHeHUe HOBbIX COBPEMEHHBIX UHMEIEKMYANbHBIX GLIYUCIUMENbHbIX MEXHOI02Ull 00pabomku ungdopmayuu
npuU OYeHKe 3anacos yeie8000poo08 8 YCI0BUSIX HEONPEOeIeHHOCI:



* Bepossimnocmuble u Hewemkue Memoobl OYEHKU 3andco8 U onpedelenusi 00beMo8 Npu paziudHblX Munax
HeonpeoeleHHOCMU U PUCKO OJIsl 2A308bLX, 2A30KOHOEHCAMMHBIX U HeQMAHBIX MeCIMOPOINCOCHUIL.

» Komnaexcnas oyenxa NTG u negpmenacviiyeHHbIX yuacmkos no NOIHOPA3ZMEPHbLIM (omozpaduim KepHa 6
OHeBHOM U YIbmpapuoiemosom ceeme

* Pacnosunasanue mpewun, onpeoeieHue 2eoMempuieckux Xapakmepucmux, NOPUCIOCMU Mpewur U
NPOHUYAEMOCU HO MUKDPOCHUMKAM NEMPOSPADUYECKUX WUAUDOE U MOMOSPAMMAM KePHA.

Komnaexc npoecpammnozo obecneuenuss npeoHasHauer Onsi NOBbUUEHUS KA4ecmea Npu OYeHKe 3andcos
Veneeo0opo008 U NOGbIUUEHUST HAOEHCHOCMU — ONpedellenuss o00beMa 6 YCI0BUSX OMCYMCMEUs Uil
Hedocmamounocmu oannvix [8].

Knrwouesvie cnosa: Ilpocpammnvlii KOMWIEKC, CHUMKU KEPHA 6 OHEGHOM U YIbMpaghuoiemosom ceeme,
xpumepuu oyenku NTG u Hepmenacviyennocmu, napamempol MpeUWUHOBAMOCY, CHUMKU WAUDOS,
MOMOSPAMMbL KEPHA, PACROZHABAHUE UZ00OPAICEHULL, OYEHKA 3aNacO8 HemiL 8 YCOBUSIX HeoNnpedeIeHHOC.

Relevance

In oil and gas industry, processing of large volumes of diverse geological and geophysical and commercial
information is necessary for assessment of hydrocarbon reserves. There are high risks of wrong assessment of
hydrocarbon reserves due to lack of or incorrect information.

Purpose

The software complex is intended for core information processing for assessment of HC reserves under
uncertainty [10].
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Fig. 1. A diagram of the software complex functions

Scope

The software complex is applied to data processing at any stage of building a geological model of an oilfield
under conditions of insufficient and lack of data and complex geology (thin-layered reservoirs).

Research Methods

Methods of mathematical modeling, probabilistic methods, fuzzy sets theory, image recognition, and
analytical and numerical algorithms.

Technological Process of Receiving Input Data

The Tyumen Petroleum Research Center is an institute specializing in the studies of cores and formation
fluids by applying modern technologies. The technological process is ensured by high-precision equipment
which allows to receive input information for the SW complex operation.
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Fig. 2. Receiving high-quality core information

Evaluation of calculated parameters from alternative sources - the CORE COLOR Module

A reliable assessment of reserves requires an accurate determination of petrophysical parameters: area,
thickness, porosity, and oil saturation. Of particular difficulty are situations with lack of/insufficient data,
complex geological conditions (such as thin-layered reservoirs), and insufficient resolution of well logging data.
The software package implements techniques that are alternative to the standard options for determining the
volumetrics from high-precision digital data. Alternative sources of information are digital core pictures.

Core Photo is a bitmap image of array pixels. Digital processing of core pictures in day and ultraviolet light
is performed for preliminary estimate of petrophysical parameters (Fig. 3).

e The algorithm is based on a color-vision model (Fig. 4).

e A comprehensive assessment of NTG and oil-saturated areas.

¢ Building pseudo-logging curves for assessment of petrophysical parameters.
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Fig. 3. An example of parameters calculation in the CoreColor Module
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Fig. 4. A color-vision model

The recommended cut-offs and sand layers are automatically calculated using 0.5 value on a histogram of
accumulated frequencies (Fig. 5).
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Fig. 5. Calculation of the recommended cut-off

We obtain a contrasting picture of light (sandy) and dark (clayey) areas [3]. The estimated fraction of
impermeable layers and inclusions is the ratio of the number of dark pixels to the total number of pixels:
Ydark color
1)

N Y dark color+} light color

The result (Fig.6) is a continuous Net-to-gross curve: NT G = 1 — X.

Fig. 6. Layer-hy-layer processing of pixels

Calculation of oil-saturated core areas in such a way is complicated. The brightness of oil-saturated pixels
must be artificially overestimated to bring them into the light component area. The NTG of oil-saturated areas is
defined by artificial increase of the brightness of the red regions (Fig. 7).
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Fig. 7. Brightness of red regions

An analysis of core pictures in daylight shows the divergence of color spectrums in oil-saturated areas
(Fig.8). This can be additionally confirmed by rather high brightness values [7].
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Fig. 8. Color spectrum for core pictures in daylight

It is common to oil-saturated areas in the core pictures in UV light that in case of great general color
divergence two colors almost go together (Fig. 9). Black color means non-reservoir (clay). Yellow color means
productive oil-saturated layer. Blue color can correspond to: 1- light oil, 2 - residual oil.
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Fig. 9. Color spectrum for core pictures in UV light

The formal criteria are developed based on the color range divergence [9] (Fig. 10)
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Fig. 10. Complex assessment of NTG

The CORE FRACTURING Module is a system for fracture recognition.

When assessing hydrocarbon reserves, an important task is the correct estimation of the void space volume.
Currently, the problem should be solved by modern approaches to data processing using a computer, and not
manually.

The automated fracture recognition system for preliminary analysis of core material [6]:

e Measures geometrical parameters of fractures based on pictures of thin sections: opening, intensity, extent
(Fig.11).

o Determines fracture parameters.

Fig. 11. Fractures on thin sections

The system includes thinning or skeletonization of a fracture image using a Zhang-Suen algorithm [4], as
well as express assessment of fracture geometry. The result was tested for divergence with manual
measurements (~3%). Below is the determination of fracturing parameter by VNIGRI method [2] (Fig. 12).



= Fractured rock samples =

[@ ¢ 2] %00

[r

~ || PesyneTar (i) | Napanerper | Miacror|

O

" ;
. Paspewetite = 600
d=0,020

! mna = 4,88
"
[ - An 4,23
| & m

\,.

m
||| 5An
m
y “ m
£ ? on
~ 11 Anwa
- 12 flnira

Obwas AnuHa = 24,39
Cpeanas wnpiba = 0,114

Fig. 12. Measurement of a fracture length

Automated processing of X-ray CT scans of single core plugs in the CORE CT SCANNER Module

The X-ray CT scans of core plugs are processed at the stage of core plug quality evaluation for screening and
rejection before SCAL.

e Quality control as the basis for SCAL.

e Processing of x-ray density values in the DICOM format.

e Building brightness histograms.

e Applying band-pass filter for densities on Haunsfild scale.

Calculation of the core area and the area of solid inclusions for the entire set of slices is shown in Fig. 13.
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Fig. 13. Processing of x-ray CT scans

Probabilistic assessment of oil and gas reserves in the RESERVES Module

The Module serves for the estimation of oil and gas reserves by a volumetric method based on inaccurate
geological field data using a probabilistic model [5] (Fig.14)

e The algorithm is based on the Monte Carlo method (Fig.15).
e A known equation is used which allows for fuzzy parameters.
e Parameters are set by different types of distributions.

e The method of condensation of probabilistic distributions is applied that significantly reduces time for
obtaining stable result (a Latin hypercube method) [1].

o Applied inrisk factor estimates.
e Building diagrams of parameters influence on reserves assessment (Tornado charts).
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Fig. 14. Example of calculation in the Reserves Module
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Fig. 15. Probabilistic estimation of oil and gas reserves

The RN-DATA module ensures single-point access to information from different sources (Fig.16). It allows
for information search in all connected data sources, to learn about the knowledge level on any territory, and
quickly get the data you need.

SPH-fara

Fig. 16. Single data-access window

Result

A software complex has been created for processing core-based information when assessing HC reserves
under uncertainty. The uniqueness of this product is in that it implements an integrated approach to estimation of
oil and gas reserves using new and efficient methods.

The work results were presented and reviewed by innovative projects of Rosneft. The software complex is
currently applied by the Tyumen Petroleum Research Center. The assessments are being made for existing



reservoirs and fields of West Siberia. 14 scientific papers have been published. 5 copyright certificates have been
issued.

The prospects for the development of the software complex include solutions to large-scale problems, such as
processing 3D CT-scanner data.
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