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 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 oil 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. 
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 Поверхностные свойства горных пород являются важным параметром, оказывающим большое влияние на
процессы вытеснения нефти водой. В реальных системах смачиваемость может находиться в диапазоне от сильно
гидрофильной до сильно гидрофобной в зависимости от взаимодействия минерализованной воды и нефти с 
поверхностью породы. Если в породе не наблюдается преимущественной смачиваемости какой-либо из двух 
жидкостей, то говорят, что система имеет нейтральную смачиваемость. Некоторые компоненты нефти могут
смачивать избранные участки поровой поверхности породы по всему пласту. Под избирательной смачиваемостью
понимают пятнистую неоднородную смачиваемость поверхности породы. Характеристика смачиваемости является
необходимым критерием оценки коллектора. Существуют качественные и количественные методы оценки 
показателя смачиваемости, последние в свою очередь делятся на прямые и косвенные. В работе представлены
результаты изучения поверхностных свойств карбонатных отложений, характеризующихся сложной структурой
пустотного пространства и сложным составом минерального скелета. Определение показателя смачиваемости было
выполнено двумя методами: по ОСТ и по методу Амотта. Установлены характеристики поверхностных свойств
пород различного литологического типа. Для изучения влияния экстракции на поверхностные свойства показатель 
смачиваемости определяли дважды: у образцов с естественным нефтенасыщением и у экстрагированных образцов.
Установлены закономерности изменения поверхностных свойств по разрезу скважин карбонатных отложений,
выполнено сопоставление показателя смачиваемости и фильтрационно-емкостных свойств пород, а также 
остаточной водонасыщенности по методу капилляриметрии. Проведен анализ информативности различных
методов определения смачиваемости и выявлены причины различий в результатах исследований по методам ОСТ 
и Амотта. Установлено наличие отложений, характеризующихся избирательной смачиваемостью. 
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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, 8]. 

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 situ. 

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 Iw 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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T a b l e  1  
Surface type and wettability indicator range  

Wettability indicator range М Rock type 
Under OST 39-180-85 

0.0…0.2 Hydrophobic 
0.2…0.4 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 
0.4…1.0 Hydrophilic 

 
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). 

Overall, 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. 

T a b l e  2  
Wettability parameter by lithological types of rock 

Lithological type
Drill sample 
extraction 

Wettability values 
minimum maximum mean 

Microbial 
limestone 

Before 0.07 0.90 0.31 
After 0.03 0.95 0.42 

Microbial 
dolomitous and 
dolomitic 
limestone 

Before 0.08 0.96 0.31 

After 0.11 0.97 0.43 

Secondary 
dolomite for 
microbial 
limestone 

Before 0.08 0.87 0.27 

After 0.08 0.68 0.33 

 
Figure 2 shows photographs of sections. Figu-

re 2, а 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 

    
а                                               b 

Figure 2. Section samples: а – 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. 

 
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. 

T a b l e  3  

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

Sr. No. 
Kpg, 
mD 

Kp, % Depth, m 

Displaced water 
volume 

Wettabili-
ty by 

kerosene 

Displaced kerosene 
volume 

Wettabili-
ty by 
water 

under OST 

Surface 
nature by 

OST 

Amott’s 
wettabi-

lity 

Surface 
nature by 

Amott 
Capillary 

intake 
Centrifu-

ging 
Capillary 

intake 
Centrifu

-ging 
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

N o t e : Kpg – gas permeability factor; Kp – porosity factor; neut – neutral; pr.h/phob – predominantly hydrophobic; pr.h/phil – 
predominantly hydrophilic; h/phil – hydrophilic. 

 
Figure 4. Research results obtained  

by OST 39-180-85 (а) 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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