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NCCJIEJOBAHUE ITOPUCTOCTU OBPA3LIOB
OCAJJOYHBIX ITOPOO METOOJAMU
SAOJEPHOT'O MATHUTHOI'O PEBOHAHCA
U JIABEPHO-VJIBTPA3BYKOBOI
CTPYKTYPOCKOIINU
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"TW HUTY «MUCuC», MockBa, Poccus, e-mail: yzalevskii@gmail.com

AnHomayus: ViccnenoBamich 06pasiibl OCAIOUHBIX MMOPOJ, OFHOTO M3 MeCToposkaeHmii Tu-
maHo-ITeyopckoit HedTerazoHocHOM MpoBMHIMK. [IpoBeneH meTporpaduueckuii aHaIM3 06-
pasIiOB Ha CKaHMPYIOLIEM 3JIEKTPOHHOM MMKPOCKOIe, paboTaloleM B PesKMMe ONTUYECKOTO
M300paskeHMst, onpeneseHbl reoMeTpUUeckye MapaMeTpbl MOp, BUIMMBIX Ha MOBEPXHOCTHU
ob6pasua. YCTaHOBJIEHO, YTO MMHEPAIbHBIN COCTAB MPEACTABIEH BTOPUYHBIM JOJIOMUTOM U
BTOPUYHBIM JOJIOMUTOM M3BECTKOBUCTHIM. Ha moBepXHOCTM 0OpasioB HAGIONANCH TTOPhI C
pasmepamu ot 1,5 1o 35 Mrm u kaBepHamy oT 43 1o 1750 mkM. MeTogoM rupocTaTudeckoro
B3BEIIMBaHMS OTIpeiesieHa OTKPBITas TOPUCTOCTb OOPA3IOB, 3HAUEHNST KOTOPO JIeXKasIu B Ia-
masoHe ot 9,5 mo 13,40%. ITonHas MOPUCTOCTH ONpenesiach MeTOIAMM SePHOTO MarHUTHOTO
pesonanca (SIMP) u nasepHolt yiabTPasByKOBOM CTpykTypockorvu. s SIMP ucnonb3oBas-
cst pestakcomerp GeoSpec+ 2/75, u3Mepsutoch BpeMsi TIOIIEPEYHON peJlakcalyi, [0 KOTOPOMY
onpeesisyIach MOJTHAs MOPUCTOCTD. B j1a3epHO yIbTPasByKOBOM CTPYKTYPOCKOIIY PACCUMUTDI-
BaJIOCh CpefHee 3HaUeHMe CKOPOCTH MPOJOIbHONM BOJHBI B 6€CIIOPOBON Cpefie TPy 3aJaHHOM
MMHEPAJIbHOM COCTaBe, a 3aTeM I10 M3MepPeHHBbIM CKOPOCTSM TaKsKe PaCCUMTHIBAJIACH TOJTHAS
MOPUCTOCTD. [loTyUeHo, UTO HaliileHHOe 3HaUeHMe TOTHOM MTOPUCTOCTY 060UMY METOmaMu B
cpenHeM Ha 1% BbIllle, ueM OTKPbITOM. Pa3Huila B 3HAUEHMSX TTOJTHOV TIOPUCTOCTH, U3MEPEH-
HBIX IByMSI MeTOIaMu, cocrasiisiiia He 6osiee 0,2-0,4%.

Kantouessle cnoea: mopucToCTh, TOJIOMUT, TeTpOGuU3NUIECcKe CBOCTBA, SAEPHbI MarHUTHbI
PEe30HaHC, BpeMs MOMePeyHoli peslakcalliy, JiasepHasi YIbTPa3ByKOBasi CTPYKTYPOCKOIINSI, CKO-
POCTDb BOJIHBI, CKAHMPYIOIIAST 3JIEKTPOHHAS MUKPOCKOITHSI.
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Abstract: The paper describes a study of sedimentary rock samples from an oil and gas field
of the Timan-Pechora Basin Province. Petrographic analysis of the samples was conducted by
using a scanning electron microscope operating in an optical image mode, the geometry of
surface pores characterized. The mineral composition was represented by secondary dolomite
and secondary calcareous dolomite. Pores 1.5 to 35 pm in size and caverns 43 to 1750 um long
were observed on the surface of the samples. The open porosity of the samples was estimated
by using the hydrostatic weighing method, ranging from 9.5 to 13.40%. The total porosity
was determined by using nuclear magnetic resonance (NMR) and laser-ultrasound diagnostics.
A GeoSpec+ 2/75 analyzer was used to measure the transverse relaxation time so as to estimate
the total porosity. The longitudinal wave velocity in a non-porous material with the same min-
eral composition was calculated and then the total porosity was estimated. It is found that the
total porosity determined by both methods is on average 1% higher than the open porosity. The
difference in the total porosity measured by the two methods is no more than 0.2-0.4%.

Key words: porosity, dolomite, petrophysical properties, nuclear magnetic resonance, transverse
relaxation time, laser-ultrasound diagnostics, wave velocity, scanning electron microscopy.
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Introducton

Understanding rock-fluid interaction in
porous media is very important to the min-
ing industry [1—3]. Properties of rocks
and saturating fluids are usually determi-
ned to decide which reservoir develop-
ment method to employ [4, 5]. Such im-
portant petrophysical properties as porosi-
ty, permeability, capillary pressure, etc. are
estimated not only from borehole logging
measurements, but also must be supple-
mented from laboratory experimental data
[6]. One of the methods to determine the
aforesaid properties is nuclear magnetic
resonance (NMR) that is used in borehole
logging and for calibration of the measure-
ment data in laboratory [7, 8].

The basic principle of NMR is that all
nuclei with non-zero spin have magnetic
moments that are aligned when affected by
an external magnetic field, creating mac-
roscopic magnetization in fluid-saturated
rock specimens. NMR signals are gene-
rated by fluids (oil, water, or brine) when
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the rock sample placed in a magnetic field
is excited by a short radio-frequency elect-
romagnetic pulse. Immediately after the
pulse, an NMR signal arises and then de-
cays with time due to relaxation, which is
characterized by the relaxation time of the
NMR signal (decay time) known as the
transverse relaxation time T, [9].

The amplitude of the NMR signal ob-
served immediately after the pulse is an
indication of the total amount of fluid pre-
sent, while T, provides information about
thefluidandthesize of poresitfills. Shortre-
laxation times (100 ps or less) indicate that
the samples have small pores while long
decay times come from fluids in large po-
res [10]. A mathematical operation known
as inversion is used to extract several com-
ponents in the relaxation time, which car-
ry information on different fluids [11].
Further processing of the electromagnetic
pulse observed, including the use of gradi-
ent fields and other methods (e.g. water sat-
uration method, centrifugation, etc.), ma-



kes it possible to more accurately deter-
mine the chemical composition of the flu-
ids and evaluate wettability, permeability,
capillary pressure, and pore size distribu-
tion [12, 13].

This paper addresses examination of
sedimentary rock samples from an oil-and-
gas field of the Timan-Pechora Basin Pro-
vince, including petrographic analysis by
optical methods and scanning electron mi-
croscopy to characterize the geometry of
surface pores. The open porosity of the rock
samples was determined by the water satu-
ration method and the total porosity, by
NMR. The results were verified by using
laser-ultrasound diagnostics.

Methods and materials

A group of cylindrical samples of car-
bonate rocks were examined, three of
which are shown in Figures 1, 2 and 3. The
samples were taken from producing forma-

tion D3el of a field of the Timan-Pechora
Basin Province. The samples were about
30 mm in diameter and length. At first oil
was extracted and then the samples were
dried to remove residual fluids.

The mineral composition and the struc-
ture and size of surface pores were evalu-
ated by using a ThermoScientific Quattr.
S scanning electron microscope operating
in an optical imaging mode.

NMR experiments were performed by
using a GeoSpec* 2/75 analyzer generat-
ing static and pulsed magnetic fields. Po-
rosity was determined using a well-known
method [14] that is based on the fact that
macroscopic magnetization of liquids in po-
res relaxes after the magnetic field is re-
moved. The smaller the pore, the shorter
the transverse relaxation time T,. Micro-
pores 1-10 pym in size are characterized
by the relaxation time less than 1 ms while
mesopores (10-100 um) and macropores
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Fig. 1. Sample No. 1: dolomite sample (a); SEM image of dolomite sample topography (b); NMR transverse
relaxation time curves vs. NMR transverse relaxation time curves (c)

Puc. 1. Obpasey N2 1: poTo obpasua sonomuTa (a); onTnyeckoe nobpaxeHue, nonydeHHoe Ha CIM, noeepx-
HocTu o6pasua gonomuta (6); 3aBUCUMOCTb MOPUCTOCTH 06pasLa 4ONOMUTA OT BPEMEHM MOMEPEYHON penakca-

umm no AMP (B)
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(0.1-1 mm) are characterized by T, rang-
ing from 1 to 10 ms and from 10 to 100 ms,
respectively. It is shown in [14—16] that
the transverse relaxation time T, is propor-
tional to the characteristic pore size r (1).

r~pT, 1)
where p is the relaxation activity of the lig-
uid phase (um/ms), which has been meas-
ured for 250 fluids [14].

Therefore, after relaxation curve appro-
ximation, relaxation times are estimated,
which determine the characteristic sizes of
pores and their percentage by the signal
amplitude corresponding to the respective
relaxation time after the applied fields are
removed.

The preliminarily dried samples were
saturated with water and placed in the ana-
lyzer. The transverse relaxation time T, and
signal amplitudes were measured. Pore size
distribution and total porosity vs. relaxa-

tion time diagrams were plotted through
the use of the analyzer software.

Local elastic wave velocities were mea-
sured by laser-ultrasound diagnostics in a
pulse-echo mode and porosity was deter-
mined from the measurements [17 —19].

It is known that if porosity is less than
20— 25% the following relationship is va-

lid [20]: 1
4]

where V. is the longitudinal ultrasonic wave
velocity in the sample, ms; V,  is the longi-
tudinal ultrasonic wave velocity in an ideal
material with no pores, m/s; P is the poros-
ity of the sample.

Thus, if porosity is expressed in terms
of longitudinal wave velocity V, (3) and
averaged over several points for each sam-
ple, the total porosity can be determined.
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Fig. 2. Sample No. 2: dolomite sample (a); SEM image of dolomite sample topography (b); NMR transverse
relaxation time curves vs. NMR transverse relaxation time curves (c)

Puc. 2. Obpasey N2 2: poTo obpasua gonomuTa (a); ontnyeckoe nsobpaxeHwe, nonydeHHoe Ha CIM, nosepx-
HocTu obpasua gonomuta (6); 3aBUCUMOCTb MOPUCTOCTH 06pasLa AONIOMUTA OT BPEMEHM MOMEPeYHON penakca-

umm no AMP (B)
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Fig. 3. Sample No. 3: dolomite sample (a); SEM image of dolomite sample topography (b); NMR transverse
relaxation time curves vs. NMR transverse relaxation time curves (c)

Puc. 3. Obpasey N2 3: poTo obpa3ua sonomuTa (a); onTnyeckoe nobpaxeHue, nony4yeHHoe Ha CIM, nosepx-
HocTu obpa3ua gonomuta (6); 3aBUCUMOCTb MOPUCTOCTH 06pasLa AOIOMUTA OT BPeMeHU MornepeyHor penakca-
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Results and discussion

Optical studying has shown that the
samples are composed of secondary dolo-
mite and secondary calcareous dolomite.
The samples are characterized by high po-
rosity with pores 1.5 to 35 um in size and
cavities 43 to 1750 um long (Figs 1, 2, and 3).

Hydrostatic weighing of the samples
has shown that the open porosity ranges
from 9.5 to 13.40% (Tab. 1). Determining
total porosity by NMR implies investigat-
ing how the incremental porosity (solid
curves in Fig. 1 to 3) and the total poros-
ity (dashed curves in Fig. 1, 2, and 3) are
related to the transverse relaxation time T..
Since the characteristic pore size is directly
proportional to T, (1), it is the pores with

larger characteristic sizes r that contribute
more to the observed NMR signal as the
relaxation time increases (Fig. 1, 2, and
3). The total porosity ranges from 11.00%
to 14.41% (Tab. 1) and on average is 1%
greater than the open porosity determined
from hydrostatic weighing. Note that the
second and third samples have approxima-
tely the same total porosity (11.00% and
11.04%, respectively) and differ in incre-
mental porosity distribution. Thus, the ma-
ximum incremental porosity of sample 1
corresponds to T,~0.1 s, which means that
the characteristic size of pores is about
0.1-1.0 mm while cavities are several mm
in size (determined by T,~1.0-1.5 s), mak-
ing an insignificant contribution to the po-
rosity.

The maximum incremental porosity of
sample 2 is observed at transverse relaxati-
on time T,> 1 (Fig. 2), which suggests that
there are many cavities several mm in size.
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Porosity of samples of secondary medium-to-fine-grained dolomite
determined by different methods

PesynbTatbl onpeaeneHuss nopucTocTH 06pasLos 4OSIOMUTA BTOPUHHOIO
cpenHe-MesK03epHUCTOro pasAMyYHbIMU METOAaMM

Sample No. | Porosity determined Porosity from | Porosity measured Longitudinal
by hydrostatic NMR, % by laser-ultrasound | wave velocity, m/s
weighing, % diagnostics, %
13.40 14.20 14.41 5657
9.50 11.00 11.38 5811
10.06 11.04 11.19 5821

Laser-ultrasound diagnostics was used
to verify the total porosity determined
from NMR measurements. The samples
were cut into disks about 5 mm thick; the
disks were scanned by using an ultrasonic
scanning instrument. Longitudinal wave
velocity was measured at several points.

In accordance with [19—21], given that
dolomite has a trigonal system, known co-
efficients of the stiffness matrix [22] were
used to determine quasi-longitudinal wave
velocity in dolomite with no pores as the
average of the velocities in six directions.
The resulting velocity is 6643 m/s; the ave-
rage longitudinal wave velocities measu-
red by laser-ultrasound diagnostics are
given in Table. The total porosity (table)
is determined from the resulting velocity
values. The porosity based on laser-ultra-
sound diagnostics data differs from NMR
porosity by 0.21% for the first sample, by
0.38% and 0.15% for the second and third
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ones, respectively. This indicates that the
total porosity determined by NMR is well
in agreement with that determined by la-
ser-ultrasound diagnostics.

Conclusions

The paper presents experimental data on
porosity of reservoir rock specimens taken
from an oil field of the Timan-Pechora Ba-
sin Province. Three methods were emp-
loyed to perform experiments: (1) hydro-
static weighting, (2) NMR, and (3) laser-
ultrasound diagnostics. It is found that the
total porosity is on average 1% greater than
the open porosity. The difference in the to-
tal porosity measured by NMR and laser-
ultrasound diagnostics is no more than 0.4%.
Therefore, the laser-ultrasound diagnostics
method may well be more effective than
NMR due to the high cost of equipment and
labor costs for NMR research as far as the
total porosity is concerned.
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