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METOJ MOJEJTIOBAHHS INBUJIKICHUX BJIACTUBOCTEN
T'EOJOITYHOTO CEPENJOBUIIA HA OCHOBI JAHUX OB’EMHOI
CEMCMOPO3BIJIKA 1 CBEPUVIOBUHHUX JAHUX

Purpose. Development of geological and geophysical models based on cut logging and seismic data using the lat-
est technology processing, interpretation and integrated analysis of the available data. This will help to improve exist-
ing velocity models, and to avoid mistakes when creating new ones.

Methodology. Specialized algorithms of migrational transformation of seismic data, modern methods of complex
analysis of geological and geophysical data, building technologies of comprehensive velocity models of the geological
environment were used. Correlation and features of ways to determine the velocity model in the case of biaxial and
triaxial ellipsoids of radial velocity, as well as for isotropic model environment are considered.

Findings. Methods of constructing velocity models, which will improve the results of the interpretation of geo-
logical and geophysical data are proposed. While analyzing seismic data particular attention was paid to anisotropy
consideration. Linking borehole data, which have higher accuracy and resolution, with the three-dimensional seismic
data, and the consideration of anisotropy help to get a velocity model with high reliability. Subsequently, the proposed
methods for constructing velocity models can be used to simplify and optimize the process of constructing geological
and geophysical models.

Originality. We propose new ways of getting different values of velocity spectra. Possibilities of determination of
the azimuthal velocity divergence in their three-dimensional spectra are considered.

Practical value. Presented methods for constructing velocity models can be used to optimize the process of con-
struction of geological and geophysical models. Linking well data, which have high accuracy and resolution, with the
data of the three-dimensional seismic and accounting anisotropy will help to get a velocity model with a high degree
of accuracy.

Keywords: velocity model, ellipsoid, ray velocity, anisotropy, vertical seismic profile

Introduction. Success of geological exploration work
essentially depends on the accurate understanding of the
velocity properties of geological rocks. Unfortunately,
today our abilities in instrumental measuring of acoustic
behavior of rocks are limited by laboratory measure-
ments of drill samples and well-logging measurements.
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Namely, obtained results are significantly one-dimen-
sional, if we are talking about geological area as a whole;
it introduces some uncertainty into the process of fore-
casting velocity characteristics of three-dimensional en-
vironment.

In order to build reliable seismic images, so to say to
obtain the main result of seismic exploration work it is
crucially important to determine distribution of seismic
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velocities in geological media. Special feature of aniso-
tropic media, which can approximate most of geological
media, is the incorrectness of determining vertical semi
axes of ray velocity indicatrix based on acquired onshore
(and offshore) seismic data. This is the reason for diffi-
culties in interpretation of the velocity analysis results
using onshore seismic data both for isotropic and aniso-
tropic media [1].

Velocity model of the geologic environment is ap-
proximated during seismic processing and migration of
seismic data, allowing achieving the desired result with
some approach. Subsequently, it is widely used for deep
transformations of the three-dimensional geological
models. And the price of uncertainty, error in determin-
ing the velocity characteristics of the environment can
be very high including nonpenetrating wells, errors in
determining the lithology and, consequently, incorrect-
ly developed method of drilling, etc. The cost of such
errors is very high both in money and in time equiva-
lents.

One of the effective ways to approximate the velocity
model of the geological environment and is typical for
sedimentary basins, is to describe velocity model using
elliptical indicatrix of ray velocity. A characteristic fea-
ture of this velocity model is incorrect data registered in
the XOY plane. This is what often causes difficulties in
interpretation of the velocity analysis results using sur-
face seismic data in the case of isotropic and anisotropic
models of environment.

Regarding this, in this paper the relationship and
features of the ways to determine the velocity models in
the case of biaxial ellipsoids and tiaxial ellipsoid of ray
velocity, for isotropic model of the environment is con-
sidered. New ways to get different in value velocity spec-
trum are proposed. The possibilities of determining azi-
muthal velocity divergence in their three-dimensional
spectra are considered.

Methods and research facilities. For planar reflecting
boundary errors in determining the vertical velocity do
not change the shape of reflecting boundary on seismic
images. Only its position in space is changed. Equation
of the reflecting boundary on seismic images has the
form [1]
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where v,, v,, v, are velocities of seismic waves in the di-
rection of X, y, z respectively; s,, d, are symbols that de-
fine the real and imaginary sources of seismic waves,

respectively; d, is the symbol that identifies false imagi-
nary source of seismic wave.
False vertical velocity in the above equation indi-

cates the expression Zivz. If we formally assume that
2y

the seismic receivers are located in the XOZ plane, then
errors in determining the velocity will lead to changes in
the position of a plane reflecting boundary on seismic
image. In turn, the position of the seismic receivers in
the YOZ plane allows changing the velocity v, with the
appropriate change of the position of the planar reflect-
ing boundary on seismic image. In the latter two cases,
the false velocity is determined by the following expres-
sions

de . xdl
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Let us consider the possibility of determining the ve-
locity model with elliptical anisotropy using direct con-
version of depth point gather into the seismic image of
geological environment. In the simplest case, isotropic
environment, relative to the velocity of seismic waves,
which is a particular case of elliptically anisotropic me-
dium, range of speeds has a traditional appearance and
is shown in Fig. 1, a. Interval sampling range on the
horizontal axis, which determines the velocity, is 25 m/s,
and the vertical axis, which determines the depth, is 5 m.
The range meets the environment, which includes two
reflective boundaries with depths of 2000 and 3000 m.
Velocity to borders level 2000 and 3000 m/s, respective-
ly. Resolution of the velocity analysis decreases with
depth, it is clearly seen in Fig. 1.

It is important to note that the definition of the spa-
tial distribution of the values of the seismic waves veloc-
ity in their spectra, supposing the isotropic medium
model of sedimentary basins, in most cases gives a reli-
able distribution rates of v, or v, velocities. This is due to
the fact that it is the anisotropic model of velocity distri-
bution of seismic waves not the isotropic one which cor-
essponds to the real-layered geological environment.
With this definition of velocities, the v, velocities are
overstated by the amount of about 10 %. This leads to a
corresponding increase in depth of reflecting boundar-
ies on seismic images.

For an anisotropic medium, velocity model of which
is described with the biaxial ellipsoid, thereby velocities
V,o-and v, getting a spectrum is a little complicated. Giv-
en that the change of the velocity v, will lead only to the
moving of reflecting boundary, then it is impractical to
enter an additional third coordinate in the range of
speeds. When obtaining the spectrum the values of ve-
locities can be fixed by giving it some typical average.

Fig. 1, b shows the range of velocities obtained for
the elliptically anisotropic medium as a biaxial ellipsoid.
To calculate the value of the spectrum the v, velocity is
used, it is equal to 2500 m/s. This choice of v, leads to
the change of depth of the first reflecting boundariy in
the spectrum from 2000 to 2500 m. This increase is due
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Fig. 1. Examples of velocity spectrum used for direct conversion of common depth point seismograms in the seismic image
of geological environment (a) isotropic model of the environment, and (b) elliptically anisotropic model of the environ-
ment with indicatrix of ray velocity as a biaxial ellipsoid (horizontal axis determines the speed, vertical — depth)

to the positive mistake in choosing v, velocity, which is
500 m/s. At the same time, the depth of the second
boundary of the spectrum changed from 3000 to 2500 m.
In this case, the reduction of the depth is caused by the
negative mistake in the choice of v, velocity, which is
500 m/s.

Calculation of the velocity spectrum in case of tri-
axial ellipsoid requires the use of three-dimensional ve-
locity spectrum. Let us make some changes in the veloc-
ity model of the environment. We define the following
values of semiaxes of elliptical indicatrix of ray velocity:
for the first reflecting boundary — v, = 2200 m/s, v, =
=2100 m/s, v, = 2000 m/s; for the second reflecting
boundary — v, =2750 m/s, v, = 3000 m/s, v, =2500 m/s.
Fig. 2 shows the different crossings of the three-dimen-
sional range of velocities. Two orthogonal horizontal
axes of the spectrum determine velocities v, and v,, and
the vertical axis determines the depth. Complicated
work with this spectrum is due to the need to analyze its
individual two-dimensional sections. Fig. 2, a shows a
vertical section of the spectrum, which corresponds to a
false velocity in any of the two reflecting boundaries. At
this intersection there are no criteria for choosing any
value of v, or v, velocities.

Fig. 2, b shows a vertical section of the spectrum for
a constant velocity v, = 2100 m/s. The horizontal axis
intersection determines the v, velocity. The correct ve-
locity v, = 2200 m/s corresponds to the maximum value
of the amplitude of wave on the spectrum. Position of
the reflecting boundary has changed from 2000 to
2500 m due to the positive mistake when choosing v, ve-
locity, which is 500 m/s.

Fig. 2, ¢ shows a vertical section of the spectrum for
a constant speed v, = 2200 m/s. The horizontal axis in-
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tersection determines the v, velocity. The correct speed
v, = 2100 m/s corresponds to the maximum value of the
amplitude of wave on the spectrum. As in the previous
section, reflecting the border is shifted 500 m towards
the increasing depth.

Fig. 2, d shows the horizontal cross section range of
velocities. In this case, the horizontal axis corresponds
to the v, velocity and the vertical one corresponds to v,.
The matching of velocity spectrum with the velocities in
the environment is determined by the maximum ampli-
tude of the wave at the point v, = 2200 m/s, v, =
=2100 m/s.

Figs. 2, e, f, g shows three sections, which pass
through the coincident point of velocities for the second
reflecting boundary. The point has the following coordi-
nates on the velocity spectrum v, = 2750 m/s, v, =
=3000 m/s, z = 3000 m. The matching of z coordinates
with the true depth of reflecting boundaries coincidence
rate is explained by matching of velocity v, in the geo-
logical environment with the velocity v, = 2500 m/s,
which was used to calculate the three-dimensional range
of speeds.

Building a high-velocity models based on the borehole
data. The main source of borehole data on the distribu-
tion of rock velocities are the results of vertical seismic
profiling (VSP) [3]. The velocity characteristics of the
subsurface are determined mainly by the graphs of the
P- and S-waves of the longitudinal VSP. Transverse
waves are excited by a directed source. In cases where
such a source cannot be realized, the values of the veloc-
ity of transverse waves can be determined by the graphs
of the exchange of incident and reflected waves.

It is also worth noting that MSP is the most effective
method for determining the relationship between veloc-
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Fig. 2. Crossing of the three-dimensional velocity spectrum for elliptically anisotropic model of the environment with the

indicatrix of ray velocity as a triaxial ellipsoid:

a — vertical section, which does not contain velocity coincidence points; b — a vertical section in direction v, that includes a match
point of velocities for the first reflecting boundary, c — vertical section in direction v, that includes a match point of velocities for the
first reflecting boundary; d — horizontal section with the coordinate axes v, and v,, containing a match point of reflecting bound-
ary; e — a vertical section in direction v, that includes a match point of velocities for the second reflecting boundary; f — a vertical
section in direction v, that includes a maich point of velocities for the second reflecting boundary; g — horizontal section with the
coordinate axes v, and v, containing a match point of velocities for the second re flecting boundary

ity anisotropy and the structure of the medium, more-
over the anisotropic properties of the medium can be
detected both by direct determination of velocities and
indirectly.

When conducting VSP the first arrivals, that is, di-
rect waves from a source located on the surface of the
earth (or in a shallow blast hole), are recorded as well as
subsequent arrivals, which belong to reflected, multire-
flected and other waves. This provides more accurate

determination of the velocity of seismic waves in the en-
vironment around the well profile, as well as studying
the structure of the observed wave fields.

Defining the first arrivals of incident waves is one of
the specific procedures for data processing of the VSP.
One of the commonly accepted is the correlation meth-
od for determining the time increment between seismo-
graphs and determining the absolute time of “failure” in
the average recording. Another approach is to trace the
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characteristic points of the first half-period, which are
the points of inflection and the points of the maximum
gradient, the extremums of the function and its first de-
rivatives [3].

The data on first arrivals can be converted to velocity
parameters of the environment — medium, reservoir and
interval velocities.

Taking into account the fact that VSP studies are
conducted with different equipment and with different
methods, it is necessary to convert the data to a single
level of reduction (mean sea level or 150 m. It is a stan-
dard adopted in geological expeditions operating in the
Dnipro-Donetsk Basin).

At the first stage vertical travel time graphs are re-
duced to an absolute mark and editing of the clearly in-
accurate values of wellshot is conducted.

At the second phase prepared travel time graph is
converted into travel time with an equal step — in case
its step is 20 m or more, the initial step of the travel time
graph is assumed to be 20 m. If the source travel time
graph has a step of 10—15 meters and more, the step of
output is assumed to be 10 m.

And on the basis of the data the main velocity pa-
rameters of the environment are calculated.

Average and interval velocities are based on conven-
tional petrophysical dependencies. Average velocity is

Vy = (2)
p_av o °
Tp

where v, ,, is the average rate of longitudinal (v,) wave;
H is a vertical depth of the level of harmonization; 7, is
vertical travel time of a longitudinal wave.

Interval velocity is

AH
Vint = 7 )
P

where v, is the interval velocity of a longitudinal wave;
AH is base differentiation in depth; A7), is vertical travel
time of a longitudinal wave. The calculation of interval
velocity models by traditional methods (choice of break
point on the vertical travel time) is the most subjective.
The proposed method minimizes the influence of sub-
jective factors. To construct reservoir model interval ve-
locities are used rather than vertical travel time graphs;
according to algorithms adopted in industrial geophys-
ics, the velocities are split into layers. Later, the follow-
ing relationship is used

. AH
P AT )
P
where v, is interval velocity; AH is power of the layer;
AT, is vertical travel time of a longitudinal wave.

Based on the calculated data of the layer velocities
the direct problem is solved — calculation of vertical
travel time graph, which is compared with the actual
travel time graph. In case of the quality matching the
process ends, in the opposite case, the model is adjusted
by solving the inverse problem using the method of the
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reduced graph with repeated both visual and statistical
control.

Conclusions. In this work methods of creating veloc-
ity models of the geological environment on the basis of
the three-dimensional seismic and borehole data are
considered. While analyzing seismic data, special con-
sideration was given to the anisotropy. Linking borehole
data, which have higher accuracy and resolution, with
the three-dimensional seismic data, and the consider-
ation of anisotropy help to get a velocity model with
high reliability. Subsequently, the proposed methods for
constructing velocity models can be used to simplify and
optimize the process of constructing geological and geo-
physical models.
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Meta. Po3po0Oka reosioro-reodizsuqHoi MoJei po-
3pi3y 3a JOMOMOI0I0 KapOTaXKHUX i CEMCMIYHUX JaHUX
i3 BUKOPUCTAHHSIM HOBITHiX TE€XHOJIOTili 0OpOOKHM, iH-
TepIipeTallii i KOMIIJIEKCHOTO aHali3y HasiBHUX TaHUX.
Lle macTh 3MOry mokpaliuTu BXKe iCHYIOUi IIBUIKiCHI
MoOJIeJli, Ta He POOUTH TIOMUJIKM ITPU CTBOPEHHI HOBHUX.

Meromuka. CrieniazizoBaHi alrOpUTMU Mirpamiii-
HUX TIepEeTBOPEHb CEHCMIYHUX JaHNX, CYJaCHI METOIU
KOMILIEKCHOTO aHaJli3y T'e0J0T0o-reoi3nuHuX JaHWX,
TEXHOJIOTiI MOOYIOBM KOMIUIEKCHUX IIBUIAKICHUX
Mojesneil reosiorivHoro cepenoBuina. Po3risimaersest
B32€EMO3B’SI30K i 0COOJIMUBOCTI CMOCOOIB BU3HAYEHHSI
LIBUIKICHUX MOJIEJIell y BUIaaKaxX JBOBICHOTO Ta TPUBIC-
HOTO eJIiNCcOoiliB MPOMEHEBOI IIBUAKOCTI, a TAKOX IS
130TPOMHOI MOJIEJIi CepeaoBUIIIA.

Pesyabratu. [IponoHyloTbcsl crnocobu 1oOynoBuU
IIBUAKICHUX MOJEJeH, IO JO3BOJISTh MOKPAIINTH Pe-
3yJIbTaTU iHTEpIIpeTallii re0J0ro-reoizsuyHuX MaTepi-
arniB. Ilpu aHaui3i maHUX CceMCMOpPO3BiIKM OCOOJIMBA
yBara OyJia IpujiJieHa BpaxyBaHHIO aHi30TpoITii. YB’s3Ka
CBEP/UIOBMHHUX JaHUX, 110 MalOTh BUIIY TOYHICTb i
PO3IiJbHY 3AaTHICTb, i3 JAHUMMU IIOLMHHOI ceiicMo-
PO3BiNKU, i BpaXxyBaHHSI aHI30TpOIii JOIIOMAaratoTh OT-
pUMaTU MOJIEIb IIBUAKOCTEH 3 BUCOKHMM PiBHEM IIO-
CTOBIPHOCTI. Y MOAAJIBIIOMY 3alIPOIIOHOBAHI CIIOCOOU
MoOyAOBY IIBUAKICHUX MOJEIEH MOXYTh OYTU BUKO-
PUCTaHHI IJ1s1 CIIPOLIEHHS Ta ONTUMi3allil IpoLecy Imo-
OyI0BM re00ro-reoizsuuHuX MoAeIei.
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HaykoBa HoBu3Ha. IIpomnoHyOThCS HOBi criocoOu
OTPUMAaHHS Pi3HUX 3a 3HAYCHHSM CIEKTPiB IIBUIKO-
creil. Po3risimaioTbes MOXJIMBOCTI BU3HAUYEHHS a3u-
MyTaJIbHO1 IMBEPreHIlii IBUAKOCTEN 3a IXHIMU TPUBU-
MipHUMU CITEKTpPaMHU.

IlpakTnyna 3HaumMmicTb. [lpencraBieHi criocodbu
no0yI0BU IBUIAKICHUX MOJeNIell MOXYTb OyTU BUKO-
pUCTaHI IJIsI ONTUMI3aLii mpolecy Mo0ya0BU Ire0I0ro-
reo(izMuyHUX MoJeieil. YB'sa3Ka CBEPIJIOBUHHUX Ja-
HUX, 1110 MalOTh BUIILY TOUYHICTb i pO3MiIbHY 3MaTHICTb,
i3 JaHMMU TUTOIIMHHOI CEMCMOPO3BiKHY i BpaXyBaHHSIM
aHi30TpoITii JoroMaraloTb OTpMMAaT MOJEb LIBUIKO-
CTeil 3 BUCOKUM PiBHEM JOCTOBIpHOCTI.

KmouoBi cioBa: uisuokicna modens, eaincoio, npome-
Hegi weudKocmi, aHi3omMponis, eepmuKaibHe celicMiuHe
npogintosanms

eas. PazpaboTka reonoro-reousnyeckKoi Moaeau
pa3pe3a ¢ ITOMOIIBbIO KAapOTaXXHBIX U CEHCMHUUYCCKUX
TMAHHBIX C UCTIOJIb30BaHNEM HOBEHIIINX TEXHOJIOTHIA 00-
pabOTKMU, UHTEPNpPETALUMM U KOMILIEKCHOTO aHajiu3a
MMEIOIINXCS JAaHHBIX. DTO MTO3BOJIUT YAYUIIUTH YXKe Cy-
LLIECTBYIOLME CKOPOCTHBIE MOJIEJIN, Y HE JeJIaTh OLIMO-
KU TIPY CO3MaHUU HOBBIX.

Mertomuka. Crienuajn3MpoBaHHbIe aJlTOPUTMbI MU-
rpallMOHHBIX MpeoOpa3oBaHUil CECMUUECKUX HaH-
HBIX, COBPEMEHHBIE METOJbl KOMIUIEKCHOTO aHaiu3a
reoJioro-reopu3nueckux JAaHHbIX, TeXHOJOTUU TO-
CTPOEHMSI KOMILIEKCHBIX CKOPOCTHBIX MOJEel Treoo-
TUYECKOU cpedbl. PaccMaTprBaeTcst B3aUMOCBSI3b U OCO-
OCHHOCTH CITOCOOOB OTIPEIeICHISI CKOPOCTHBIX MOJIE-
JIeH B CIyJasix IBYXOCHOTO M TPEXOCHOTO SJITUTICOUIOB
JIy4eBOM CKOPOCTH, a TaKXKe 11 U3OTPOITHOM MOZIEIU
Cpelbl.

10

Pesynbratel. [Ipennaratrorcst crnocodbl MOCTPOSHUS
CKOPOCTHBIX Mojeelt, KOTOpble MO3BOJIST YAYYIIUTh
pe3yJabTaThl UHTEPHPETALIMU TE0J0T0-Te0(U3NIECKUX
MatepuajioB. [Ipy aHanu3e HaHHBIX celicMOpa3BenKU
0c000e BHUMAaHUE OBLIIO YIEJICHO YICTY aHU30TPOITHH.
VBsI3Ka CKBaXXMHHBIX JaHHBIX, KOTOPHIE MMEIOT BBIC-
1IIYI0 TOYHOCTh U Pa3peIIAoILyI0 CIIOCOOHOCTD, C TaH-
HBIMM IUIOCKOCTHOM CEMCMOpPa3BeIKU, U Y4eT aHU30-
TPOITUM TIOMOTAIOT ITOJTYIUTh MOJIEb CKOPOCTEM C BbI-
COKHMM YPOBHEM JIOCTOBepHOCTU. B manmpHeiiiem npen-
JIOXKEHHBIE CITOCOOBI TOCTPOCHUSI CKOPOCTHBIX MOJEJICH
MOTYT OBbITh MCMOJIb30BaHbI [JIs1 YIIPOILIEHUS U OINTU-
MM3alK TIpolecca MOCTPOSHUsI Teooro-reousnye-
CKUX MOJEJEN.

Hayunas noBusna. [Ipennaraiorcst HOBbIe CIIOCOOBI
MOJIyYeHUST Pa3IMYHbBIX MO 3HAYEHUIO CIIEKTPOB CKO-
pocteit. PaccMaTpmBaioTcsl BO3MOKHOCTH OTIPEICICHUS
A3MMYTaTbHOM TUBEPTCHIINK CKOPOCTEM T10 X TPEeXMEP-
HBIM CIIEKTpaM.

IIpakTuyeckas 3Ha4MMocThb. [IpeacraBieHHbIE CITO-
COOBI MOCTPOEHMUST CKOPOCTHBIX MOJIEJECH MOTYT OBITh
MCITOIb30BaHBI IJI1 ONITUMU3ALIMU TIpoliecca MoCTpoe-
HUS Te0JI0ro-reopu3nueckKux Mojeieii. YBsa3Ka cKBa-
JKMHHBIX TaHHBIX, KOTOPbIE UMEIOT BBICOKYIO TOUHOCTh
1 pa3pellamllylo CIIOCOOHOCTb, ¢ NaHHBIM ILIOLIAI-
HOW ceiicMOpa3BeIKM U y4eTOM aHU30TPOITMU TTOMOTa-
10T MOJIYYUTb MOZEJb CKOPOCTEN C BBICOKOW CTENIEHBIO
JIOCTOBEPHOCTHU.

KimoueBble cioBa: ckopocmuas modens, 34AUncoud,
Ayuesvle CKOpOCmU, aHU30MPONUs, 8epMUKAAbHOe Celic-
Muueckoe npoguauposarue

Pekomendosano 0o nybaikayii dokm. eeon. Hayk
C. A. Busceoro. Jlama nadxoducenus pyxonucy 17.08. 16.
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