Bectauk [THUITY. I'eonorus. Hedrerazoroe u ropuoe aesno. 2016. T.15, Ne20. C.240-245. DOI: 10.15593/2224-9923/2016.20.4

BECTHHUK ITHHUILY. TEOJIOT'USA. HE®GTEI'A3OBOE U TOPHOE ZlE.lIO /"
BULLETIN OF PNRPU. GEOLOGY. OIL & GAS ENGINEERING & t'

ISSN 2224-9923

Tom / VolumeH N.’O 7016

YJIK 553.98.061.4.
Article / CraTesa

© PNRPU /[THUITY, 2016

FEATURES OF STUDY COMPLEX CARBONATE RESERVOIR ROCKS®
WETTING USING LABORATORY METHODS

I.P. Gurbatova, S.V. Melekhin, D.B. Chizhov, lu.V. Fairuzova

PermNIPIneft branch of LUKOIL-Engineering LLC in Perm (29 Sovetskoi Armii st., Perm, 614000, Russian Federation)
OCOBEHHOCTU U3YYEHUA CMAYUBAEMOCTU CNNOXHOMNOCTPOEHHbIX KAPBOHATHbIX
NMOPOO-KONJNEKTOPOB JIABOPATOPHbIMU METOOAMU

U.MN. N'yp6atoBa, C.B. MenexwuH, .. Yuxos, H0.B. ®anpysoBa
®umman 000 «JTIYKOUI-Umxuaupunr» [MepmHUTINHedTs B r. Ilepmu (614000, Poccus, r. [epms, yi. Coerckoii Apmui, 29)

Received / [omyyena: 14.12.2015. Accepted / [Ipunsra: 29.08.2016. Published / Ony6nukoBana: 30.09.2016

Key words:

wettability, Amott method,
carbonate reservoir, surface
properties, industry standard,
complex reservoirs, extraction,
selective wettability.

Kuiouesvie cnoea:
CMauMBaeMOCTh, METOJl AMOTTa,
KapOOHATHBIH KOJUIEKTOP,
MOBEPXHOCTHBIE CBOMCTBA,
0TpacieBoi CTaHAapT,
CIIOKHOIIOCTPOCHHBII KOJIIEKTOP,
SKCTPAKIMS, N30MUpaTeNbHas
CMauYMBaE€MOCTb.

Surface properties of rocks are the important parameter and have a great influence on the process of oil displacement by
water. In real systems the wettability can range from highly hydrophilic to strongly hydrophobic depending on interaction
between mineralized water and oil with rock surfaces. If the preferential wettability of any of two liquids is not observed in
the rock, then the system has a neutral wetting. Some components of o0il can wet the selected areas of porous surface around
the reservoir. Under election wettability a spotted heterogeneous wettability of rock surface is understood. Wetting
characteristic is a necessary criterion for evaluating the reservoir. There are qualitative and quantitative methods for
estimating the wettability, which are divided into direct and indirect. Paper presents results of the study the surface
properties of carbonate deposits, characterized by a complex structure of the hollow space and the complex composition of
the mineral skeleton. Determination of wettability was carried out by two methods: according to industrial standard and
Amott method. Characteristics of the rocks surface properties of different lithological types were established. To study the
influence of extraction on the surface properties the wettability index was measured twice: in samples with natural oil
saturation and in extracted samples. The regularities of changes in the surface properties along the well section of carbonate
deposits were determined, a comparison of the wettability index and reservoir rock properties, as well as the residual water
was performed by capillary pressure method. The descriptiveness analysis of various methods for determining the
wettability was conducted and difference causes in the results of research were determind by methods of industrial standard
and Amott. The presence of deposits, characterized by selective wetting was found.

TToBepXHOCTHBIE CBOWCTBA TOPHBIX IOPOJ SIBISIOTCS Ba)KHBIM [ApPaMETPOM, OKa3bIBAIOIIMM OOJIbIIOE BIIMSHHE Ha
MPOLIECCHI BHITECHEHUsT He)TH BOZOI. B peanbHbIX CHCTEMaxX CMadMBAeMOCTh MOXET HAXOJHUTHCS B MANa30HE OT CHIBHO
rUAPOHIBHOR [0 CHIBHO THAPO(OOHOH B 3aBUCHMOCTH OT B3aMMOJEHCTBHS MHHEPAIN30BAaHHOH BOJIBI M HE(PTH C
MOBEPXHOCTBIO Mopozbl. Ecianm B mopoje He Habmogaercst MpeuMyIIeCTBEHHOH CMauMBaeMOCTH KakKoi-IMO0 M3 JBYX
JKUJIKOCTEH, TO TOBOPST, YTO CHCTEMa MMEET HEHTPalbHYI0 CMauMBaeMOCTh. HekoTopble KOMHOHEHTHI He(TH MOTyT
CMa4MBaTh U30paHHBIC YYACTKN MOPOBOW MOBEPXHOCTH IOPOIBI 1T0 BceMy IutacTy. Ilon m30uparenbHON CMaunBaeMOCTBIO
MOHUMAIOT IIATHUCTYIO HEOTHOPOIHYIO CMaYHBAEMOCTh IIOBEPXHOCTH TOPOABL. XapaKTEPUCTHKA CMAYUBACMOCTH SIBIISICTCS
HEOOXOIMMBIM KPHTEPUEM OLCHKH KOJUIeKTOpa. CyIIecTBYIOT KaueCTBCHHBIC M KOJMYCCTBCHHBIC METOMBI OLICHKH
MOKa3aTesl CMaYnBAaeMOCTH, MOCIEAHHE B CBOIO OUYEpe/Ib ACITCS HA MpsSMbIC M KOCBEHHbIE. B paboTe mpeacTaBieHb!
Ppe3yJbTaThl U3Y4EHUs NMOBEPXHOCTHBIX CBOICTB KapOOHATHBIX OTJIOXKEHHH, XapaKTEPH3YIOIUXCS CIOXKHOI CTPYKTypoit
IIyCTOTHOT'O MPOCTPAHCTBA M CIIOKHBIM COCTAaBOM MHHEPAIILHOIO ckenera. Onpe/eneHne noka3aTes CMauuBaeMOCTH ObLIO
BbINOJHEHO ABYMs Metofamu: 110 OCT u mo meroxy AMOTTa. YCTaHOBIEHBI XapaKTEPUCTHKH MOBEPXHOCTHBIX CBOHCTB
MOPOJ PA3ITMYHOTO JINTOJIOTUYECKOro TUMa. J{jist M3y4yeHus: BIUSHUS YKCTPAKIMU HAa MOBEPXHOCTHBIC CBOKMCTBA MOKA3aTellh
CMa4MBaEMOCTH ONPECIUIN ABAKABL y 00pa3IoB ¢ €CTECTBEHHBIM HE(TECHACHIIIEHHEM U Y SKCTParupoBaHHBIX 00pa3IoB.
YcraHOBIEHB! 3aKOHOMEPHOCTH HM3MCHEHHS IIOBEPXHOCTHBIX CBOWCTB MO pa3pe3y CKBaKMH KapOOHATHBIX OTJIOKEHHH,
BBITIOJIHCHO COIIOCTABJICHHE ITOKA3aTeNsi CMAadWBAEMOCTH M (DUIBTPAIOHHO-EMKOCTHBIX CBOMCTB IIOpOJ, a TaKXKe
OCTAaTOYHOI BOJOHACHILIEHHOCTH MO METOAY KamwusipuMmeTpud. IIpoBeneH aHamu3 HH(GOPMATHBHOCTH Pa3IMYHBIX
METOJOB OIPE/ICNICHUs] CMAUYMBAEMOCTH U BBISBICHBI IPUYUHBI PA3IN4Uil B pe3ynbTaTax ucciaenoBanuii mo merogam OCT
1 AMOTTa. YCTaHOBJICHO HAIMYHE OTIOKEHHUH, XapaKTePU3YIOMINXCsl H30UPATEIbHON CMauYMBaEMOCTBIO.
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Introduction

Rock surface properties are an important
parameter with a massive impact on water-oil
displacement [1, 2].

In real systems wettability can range from highly
hydrophilic to highly hydrophobic depending on the
interaction of mineralized water and oil with rock
surface [3, 4]. If the rock manifests no prevalent
wettability by any of the two fluids, it is referred to as
having neutral wettability. Some oil components can
wet selected parts of porous rock surface throughout the
horizon. Selective wettability is understood as sporadic,
inhomogeneous wettability of rock surface [5, 6].

Wettability of reservoir rocks by saturating phases is
one of their main properties, since phase distribution in
pore volume is a function of wettability [7, §].

Therefore, wettability is a necessary criterion
for reservoir assessment [9, 10].

Qualitative description of wettability and the
targeted object can be received via capillary
pressure  curves, capillary intake, relative
permeability curves, nuclear magnetic resonance
method etc. [11, 12].

Quantitative methods of wettability assessment
can be direct or indirect.

Direct methods of wettability assessment are
based on meticulous measurement of interfacial
wetting angles. However, if on a smooth surface the
interfacial angle is fixed, then rough heterogeneous
surface of natural rock creates conditions for a
widely variable interfacial wetting angle. Due to the
roughness of rock surface, a wide range of
metastable drop conditions with different angles
emerge [11].

Indirect methods imply assessment of rock
wettability by designated indicators. Amott’s method
is based on measurement of fluid quantity imbibed
by a sample at various conditions; United States
Bureau of Mines (USBM) method is based on
analysis of areas limited by capillary pressure curves
received by sample centrifuging methods; combined
Amott—USBM method also exists [5, 13].

Russian researchers most often use capillary
intake method and forced displacement method
under OST (Industry Standard) 39-180-85 [14].

Prior to the laboratory tests, drill sample is
extracted in order to clean the pore volume from
oil, bitumen, water and salts. Industry standard for
calculation of wettability indicator simultaneously

establishes the procedure for extracted drill
samples testing.

In the course of physical and hydrodynamic
drill samples analysis (water-oil displacement
method, relative phase permeability) it is important
to preserve surface rock properties corresponding
to the natural condition in sifu.

If due to the hot extraction a significant change
occurred, the surface properties have to be
recovered by means of drill sample “aging”.

The objective of the research was to study the
influence of extraction on the surface properties of
complex carbonate reservoir deposits and analysis of
usefulness of various wettability detection methods.
Wettability was calculated using two most common
methods: OST and Amott’s.

Wettability calculation using OST 39-180-85
and Amott’s method

OST method suggests determination of
parameter expressing an integral feature of rock
wettability based on capillary intake into the water
and kerosene sample at atmospheric conditions and
in gravity field during centrifuging.

Amott’s method is also based on spontaneous intake
of fluid by drill sample and forced extraction of oil and
water from it. The test starts at residual oil saturation.
Therefore, prior to the test it is required to create residual
oil saturation in the sample by means of forced
displacement of oil by water. Amott’s wettability
indicator /,, is expressed as a relative parameter: water
volumes ratio displaced by oil is deducted from oil
volumes ratio displaced by water.

Wettability indicator is determined by result of
capillary intake and forced displacement of water
by kerosene during centrifuging.

The obtained wettability parameter is in the range
between 0 and 1.0 under OST 39-180-85 and from —
1.0 to1.0 under Amott’s method (Table 1).

The research is performed for Upper Devonian
carbonate deposits of one of the Timan-Pechora
province fields. The results of petrophysical properties
and wettability indicator study are shown in Figure 1.

Reservoir properties of the studied formation
are very diverse: along with highly porous and
cavernous rock, the sequence includes low porosity
and fractured varieties.

Porosity and permeability study has been
conducted for standard size and whole core drill
samples.
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Table 1
Surface type and wettability indicator range
Wettability indicator range M | Rock type
Under OST 39-180-85
0.0...0.2 Hydrophobic
0.2...04 Mainly hydrophobic
0.4...0.6 Intermediate wettability
0.6...0.8 Mainly hydrophilic
0.8...1.0 Hydrophilic
Under Ammot’s method
-1.0...-0.6 Hydrophobic
—0.6...-0.2 Mainly hydrophobic
-0.2...0.2 Intermediate wettability
0.2...0.4 Mainly hydrophilic
04...1.0 Hydrophilic
Resids
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Figure 1. Variability of porosity
and permeability, residual water saturation
and wettability of rocks in depth

Overall, the deposits in the studied sequence can be
referred to as multicapacity complex type reservoir,
containing an alternation of the following types of
reservoirs: porous, fractured-porous, porous-fractured
and porous-cavernous complicated by fracturing.

Rock wettability indicator was determined twice: in
the samples with natural saturation (before extraction)
and in the extracted samples. Express inhomogeneity of
wettability in depth can be described as heterogeneous
(selective).

Opverall, the inner rock surface consists of a variety
of minerals with diverse surface chemical and
adsorption properties that can result in variable
wettability.

In case of selective (heterogeneous) wettability, oil
components are intensely adsorbed by selective rock
areas, so that part of the rock is highly hydrophobic and
the other part of highly hydrophilic [5].

Drawing on the results of lithologic and
petrographic study it was established that

carbonate formation of this age developed in
conditions of shallow marine shelf.

The sequence contains microbial limestones with
lumped granular microstructure, areas of intraclasts
and fenestral cavities. Rocks are stylolitized,
dolomitized, sulfated, oil- and gas-saturated. Their
color is light grey, grey, in oil saturated areas — dark
brown. Rocks are porous, cavernous-porous,
sporadically  fractured. Limestones are highly
dolomitized, sporadically transitioning to secondary
replacement dolomites.

Table 2 summarized lithological types of rock
based on the results of microscopic research.

Table 2

Wettability parameter by lithological types of rock
Lithological type Drill sarpple _ Wettabili.ty values

extraction |minimum | maximum [ mean
Microbial Before 0.07 0.90 0.31
limestone After 0.03 0.95 0.42
Microbial Before 0.08 0.96 0.31
dolomitous and
dolomitic After 0.11 0.97 0.43
limestone
Secondary Before 0.08 0.87 0.27
dolomite for
microbial After 0.08 0.68 0.33
limestone

Figure 2 shows photographs of sections. Figu-
re 2, a displays microbial limestone with calcium
bionts, sulfated (10-12 %), oil saturated, porous
(~5 %). Intra- and interform leached pores, open,
partially remedies by anhydrite and/or newly formed

Figure 2. Section samples: a — 1/15, D3zd. Sporadic

sulfation (anhydritization) in microbial limestone. With

analyzer; b — 1/9, D3zd. Microbial limestone. Black

oxidized bitumen fills fine intercrystalline and
interform pores. Without analyzer

calcite. Pores are isolated or connected. Authigenous:
anhydrite crystals are scattered across the rock,
partially fill the pores, or concentrate in form of
rounded spots.

Figure 2, b shows microbial limestone with calcium
bionts, porous-cavernous (up to 10 %), saturated with
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black heavy oxidized bitumen which partially or fully
fills the pores and caverns, determining the rock
structure. Leached pores and caverns are inter- and
intrafirm. Their shape is elongated, isometric, mostly
irregular. Cavities are connected or isolated. Their size
reaches 2.75 mm. Authigenous: anhydrite (occasional).

Figure 3 shows a comparison between wettability
indicator before and after extraction depending on the
lithological type of rock.

1.0

0.8

06 4. /
04— 2epe ° -

0.2{—=

Wettability indicator after extraction

00 0.2 0.4 0.6 0.8 1.0
Wettability indicator before extraction
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> Micfobial limestone

© Microbial dolomitous limestone
* Secondary dolomite

Figure 3. Wettability indicator comparison
before and after extraction

The experiment results indicate that after extraction
hydrophilic  properties of the rock improve;
nevertheless, extraction does not lead to the complete
metamorphosis of hydrophobic rocks to hydrophilic.

As seen from the chart, part of the samples has moved
to the area of mainly hydrophobic and intermediate
wettability, while part of the samples has retained their
hydrophobic properties.

Comparison of wettability
calculation results

Table 3 presents the results of wettability
indicator calculation by Amott’s method and OST
in the samples with natural saturation (before
extraction) and extracted samples.

Figure 4 shows the results of comparison
between OST 39-180-85 and Amott’s method
results depending on the samples depth of
occurrence.

As per the Industry Standard, rock surface
properties are characterized by hydrophobic and
partially neutral and hydrophilic wettability in samples
with natural saturation and extracted samples.

Per Amott’s method, surface properties are
characterized by neutral and partially hydrophobic and
hydrophilic wettability in samples with natural
saturation; in extracted samples — by neutral and
hydrophilic wettability.

Table 3

Wettability indicator calculation results obtained by Amott’s method and OST 39-180-85

K Dlsp‘l/a(tjlelfnzvater Wettabili- Disp la::ﬁll rl;eerosene W:;tit;h_ Surface |Amott’s| Surface
pg 0 -
Sr. No. mD Kp, % | Depth, m Capillary | Centrifu- ty by Capillary |Centrifu| water nature by Wettabl nature by
. . kerosene | . . OST lity Amott
intake ging intake -ging |under OST
21-51-14 | 31.80 | 10.27 | 3686.88 0.089 1.635 0.054 0.485 0.950 0.511 neut. 0.457 | pr.h/phil
21-147-14| 210.70 | 13.00 | 3718.65 0.193 2.121 0.091 0.445 1.834 0.243  |pr.h/phob| 0.152 | neut.
21-177-14| 10.01 | 2.01 | 3727.95 0.054 0.177 0.303 0.176 0.185 0.951 h/phil | 0.648 | h/phil
21-270-14| 186.04 | 9.60 | 3757.63 0.178 1.417 0.126 0.468 1.210 0.387 |pr.h/phob| 0.261 |pr.h/phil

Note: K,, — gas permeability factor; K, — porosity factor; neut — neutral; pr.h/phob — predominantly hydrophobic; pr.h/phil —

predominantly hydrophilic; h/phil — hydrophilic.
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Figure 4. Research results obtained
by OST 39-180-85 (@) and Amott’s method (b)

The results are based on the fact that the Industry
Standard takes into account only the volume of
kerosene displaced by water, while Amott’s method
draws on the difference between volume of kerosene
displaced by water and water displaced by kerosene.

Thus Amott’s method appears to be more
informative and objective. The method takes into
account the volumes of displaced fluid at all stages
of research.

This is especially evident in case of samples
with selective wettability where finer pores are
occupied with water and rock matrix is
hydrophilic, while in larger pores it’s hydrophobic,
and continuous “fibers” of oil stretch across the
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entire core through these larger pores. In these
samples oil displacement occurs even at extremely
low oil saturation [1].

Summary

1. Carbonaceous rocks of the studied sequence
possess complex structure of voids and complex
composition of mineral matrix. The rocks are
stylolithized, dolomitized, sulphated, oil-and gas-
saturated.

2. Surface properties of reservoir rocks of the
studied sequence display high inhomogeneity.

Express wettability inhomogeneity in depth can

be described as heterogeneous (selective)
wettability.
3. Extraction produces partial hydrophilia-

inducing impact on surface rock properties, but does
not lead to wettability change from hydrophobic to
hydrophilic. Sample values remain within the limits
of one group of surface properties or transfer to the
adjacent one, which is an insignificant change.

4. Difference in wettability indicators defined by
OST and Amott’s method is common for samples
with selective wettability.
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