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Krmouegvle crosa:

MEX/YIIaXTHBIN LeJIK,
reodusnyeckue uccieoBaHue
CKBaXWH, CKOPOCThb HpOJZ[DJI]:HOf[
BOJIHBI, MOAYJIb YIPYTOCTH, IpeAeI
MPOYHOCTH Ha CKaTue, Te0JIoro-
reoMexaHH4ecKas MoJieJib,
BOJIO3AIMTHAA TOJIIIA,
BerHeKaMCKOe MeCTOpOXaeHne
KaJINITHO-MarHNeBbIX COJIEHL.

Many years of experience in the development of potash deposits, in particular the Verkhnekamennoye potassium-magnesium salt
deposit, has shown that the most unfavorable and detrimental consequence is the flooding of the entire mine field or its section.
As a rule, the cause of flooding is the formation and development of technogenic water-conducting cracks or the development of
existing cracks in the massif, which are most often associated with zones with weakened physical and mechanical properties.
The most detailed distribution of properties can be obtained by creating a geological and geomechanical model. To create such a
model, it is necessary to analyze the existing factors that affect the state of the rock mass and workings, as well as identify and
prepare the necessary initial data. The main influencing factors include the geological features of the structure of the Solikamsk
depression, various technogenic events that have manifested themselves in connection with the development of the industrial
reserves of the deposit, the physical and mechanical properties of host rocks and productive strata, as well as the development of
mining operations and their current situation. The experience of geomechanical analysis of man-made accidents that have
occurred on the territory of the Verkhnekamennoye potassium-magnesium salt deposit showed that the most powerful
influencing factor was the physical and mechanical properties of the rocks of the water-protective strata. To obtain a reliable
distribution of these parameters in the massif and in productive layers, usually try, first of all, by combining geophysical and
geomechanical methods. Within the framework of this article, it was proposed to integrate geological, geophysical and
geomechanical approaches when creating a geological and geomechanical model of a water-protective stratum section. As initial
data, the geological description of well cores, geophysical surveys in wells, physical and mechanical properties of rocks were
used. The processing of available data on wells allowed creating a three-dimensional model of the distribution of the
longitudinal wave velocity, in turn, the statistical dependences for the two main parameters of physical and mechanical
properties (modulus of elasticity and compressive strength) on the velocity of the longitudinal wave make it possible to obtain
the values of these properties at any point in the model , on the basis of which the simulation of the stress-strain state and the
forecast of the state of the rock mass and workings are further carried out.

MHOTOJIETHUII ONBIT Pa3pabOTKU KAJIMIHBIX MECTOPOXAEHUI, B YaCTHOCTH BepxXHEKaMCKOrO MEeCTOPOXAEHHS KaJIuiHO-
MarHueBbix cojieii (BKMKC), nokasas, 4To caMbIM HeGJ1aronpuATHBIM M IaryGHBIM IOC/Ie/ICTBHEM fBJIAETCS 3aTOIJIEHHe BCEero
LIaXTHOTI'O IIOJIA WJIW ero ydacTka. Kax IpasuJio, HPH‘{HHOﬁ 3aTOIJIEHUI SBJIAETCA (I)OPMI/IPOBaHI/Ie U pasBUTHE TEXHOTI€HHBIX
BOJOIIPOBOAAIINX TPEIUH WM pasBUTHE CYILIECTBYHOI[UX TPEIUH B MacCHUBE, KOTOpbIE 4Yallle BCEro IMpUypOYeHbl K 30HaAM C
ocs1abJIeHHBIMU (bHBHKO-MeXaHI/I‘{eCKI/IMI/I cBoiictBamu. Hawnbonee l'IOL[pDGHOe pacrnpeneseHve CBOIICTB MOXHO MOJIyYNTh,
MOCTPOMB Te0JIOrO-reoMeXaHN4ecKylo Mojesb. [l co3gaHus Takoil Mojesid HeoOXOAUMO NPOAaHAaIU3UPOBATh CYIIECTBYIOIHe
daxTophl, BIMAIONME HA COCTOAHME MAcCHBa TOPHBIX NMOPOJ M BHIPAGOTOK, a TakXe 0603HAYUTh M MOArOTOBUTH HEOGXOAUMBIE
HCXO/IHbIE NlaHHble. K OCHOBHBIM BIMAIMUM (akTopaM cJie/lyeT OTHECTH reoJIoruyeckue 0COGeHHOCTH CTpoeHHs COTMKaMCKOMi
BIIaAVIHBI, pa3J/INYHbIE TEXHOTE€HHBbIE C06LITI/I$I, KOTOpBIE IPOABUIIN cebs1 B CBA3U C o’rpaﬁoncoﬁ IIPOMBIIIJIEHHBIX 3arnacoB
MeCTOpOXAeHNusA, PU3NKO-MeXaHU4IecKre CBOMCTBA BMeIAOIUMX MOPOJ U NPOAYKTHBHBIX IJIACTOB, a Takke Pa3sBUTHE TOPHBIX
paboT U MX TeKyllee MojoxeHHe. ONBIT reoMeXaHUYeCKOTro aHaInM3a MPOM3OMIEIINX TEXHOTeHHBIX aBapuil Ha TeppUTOPUU
BKMKC mnoka3biBaeT, YTO HauGoJjiee CHJIBHBIM BJIMAIOMENM (HaKTOPOM SABJIAITCA (U3MKO-MeXaHHYecKue CBOKCTBA MOPOJ
BOI{OSaIlIMTHOﬁ TOJIIH. HOJ’Iy‘IMTb HaJeXXHOE paclpefiejieHre NaHHBIX NapaMeTpoB B MacCCHBE U B MPOAYKTHUBHBIX IJIaCcTax
IIBITAIOTCA, ITIpexae BCEero, KOMSI/IHI/IPOBaHI/IEM I‘qu)HSPI‘leCKPIX 1 reoMexaHWYeCKUX MEeTOOOB. B pamkax L[aHHDfI CTaThb¥u
npepJiaraeTca KOMIUJIEKCHMPOBaHUE TI'eO0JIOTMYeCKHuX, reocpmpmecxnx U reoMexaHN4yeCKUX IOAXOAOB MpHU CO34aHUHN TIe0JIoro-
reoMexaHU4ecKoil MOAEeIM y4YacTKa BOJO3AIUTHON TOJIIM. B KayecTBe HCXOOHBIX [JAHHBIX HCIOJIb3YeTCs TeOoJIOTHYecKoe
OIKMCAHNe KOJIOHOK CKBaXXMH, reopU3MyecKre UCC/IeJOBAHUA B CKBaXXUHAX, PU3NKO-MeXaHN4YecKue cBoicTBa nopod. O6paboTka
MMEIOIMXCs JAHHBIX 10 CKBAXUHAM I103BOJIAET CO3JaTh TPEXMEPHYIO MOJieJlb paclpe/iesieHHsl CKOPOCTH IPOJOJIbHON BOJIHEL, B
CBOKO O4Yepenb, CTAaTUCTUYECKUE 3aBUCUMOCTU [JiA ABYX OCHOBHBIX IIapaMeTpOB ('I)I/[SI/IKO-MEXaHI/[‘{eCKI/IX CBOIICTB (MOJ:[yJII:
YIOPYroCTH U Hpefes MPOYHOCTH Ha CXXaTHe) OT CKOPOCTH MPOJOJIbHOM BOJIHBI O3BOJIAIOT MOJIYYUTh 3HAY€HUsA JAaHHBIX CBOMCTB
B JII06OI TOUKe MOJIeJI, Ha OCHOBE KOTOPOi B JlajIbHeilleM IPOM3BOAUTCA MOJeIMPOBaHKe HaNpsmKeHHO-1edpOpMUPOBaHHOTO
COCTOSIHUSA U NIPOTHO3 COCTOSIHMS MacCHBa FOPHBIX MIOPOJ] U BEIPaGOTOK.
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Introduction

The distribution of rocks physical and mechanical
properties in the water-protective strata (WPS) at the
Verkhnekamskoye potassium-magnesium salt deposit
(VPMSD) is the most uncertain parameter while solving
numerical modeling problems of the stress-strain state of the
WPS for various parameters of the development system.
Currently, there are numerous attempts to obtain a picture
of the distributing geomechanical characteristics using
geophysical methods [1-6]. However, these methods do not
allow establishing a quantitative relationship between the
obtained geophysical parameters and the geomechanical
characteristics of the WPS rock mass. And the direct use of
rocks elastic-strength characteristics also does not allow
even an approximate solution to the problem of constructing
the distribution of these characteristics in the massif, since
in this case the researcher operates with point values [7-10].
This article presents the construction of a geological and
geomechanical model of the WPS section in the area of the
inter-mine pillars SPMD-1 — SPMD-2 — SPMD-3 (Fig. 1) based
on the integration of geophysical data obtained during
drilling of salt exploration wells and geomechanical data
obtained during testing of the physical and mechanical
properties of salt rock samples.

Initial data required for constructing a geological and
geomechanical model

The main idea of constructing a geological and
geomechanical model of any deposit section aimed at
subsequent geomechanical modeling the stress-strain state of
the analyzed section during the development of its reserves is
to obtain a real distribution of geomechanical characteristics
in the rocks of the WPS and productive formations [11-14]. It
should be noted that such an approach has long been used in
the development of hydrocarbon deposits and only recently
has it begun to be applied in the development of solid mineral
deposits [15-25]. In this regard, the initial data required to
construct the model included a geological description of well
columns, geophysical studies in wells (GSW) including oil
wells drilled in the VPMSD territory, and correlation
dependencies between the physical and mechanical properties
of the rocks that make up the massif and distributed
geophysical parameters, primarily wave velocity.

Geological description of well columns. The sample
consists of 33 wells. Each well was analyzed separately.
Processing of geological description data showed that not all
wells were drilled to the marker clay, many of them only

penetrated the transitional layer, and therefore cannot be used
to build a geological and geomechanical model.

GSW data. The things which are of greatest interest
appear to be acoustic logging (AL), gamma logging (GL),
and neutron gamma logging (NGL). Only 23 of considered
wells has GSW data. GL was mainly carried out to the
entire depth of the wells. It is worth noting that only two
wells have AL data - No. 234c and 1036. Using well No.
234c as an example, it can be seen that the studies were
carried out in a fairly limited interval (within a depth of
150-175 m). Figure 2 shows an example of the distributing
the longitudinal wave velocity in the well - V,, the
corresponding strength distribution in the studied interval
obtained on the basis of the dependence — UCS, as well as
the strength distribution along the wellbore, downloaded
from the model — UCS_3D.

Properties of the rocks that make up the massif. The most
common parameter from the physical and mechanical
properties of the rocks that make up the massif is the strength
of the rock which is determined based on the results of rock
testing for uniaxial or triaxial compression by specialists of
the MI UB RAS. As a rule, rocks are tested under uniaxial
conditions. As part of the creating the geological and
geomechanical model, special tests were carried out on the
PIK-UIDK/PL unit (PNRPU) to determine the relationship
between the geomechanical characteristics of salt rocks and
the geophysical characteristics of the geological section, in
particular with the velocity of longitudinal and transverse
waves. The obtained dependencies used in creating the
geological and geomechanical model [15-33] will be shown
below.

Constructing geological and geomechanical model

The geological and geomechanical model was
constructed in the IRAP RMS program. The final geological
model contains 10 million cells; the division method is
proportional. The average element size is 0.25 m vertically
and 50 m horizontally.

With the use of information connected with salt and oil
wells, it became possible to construct a three-dimensional
model of the distributing the main parameter - the
longitudinal wave velocity V, in the area of the SPMD-1 -
SPMD-2 — SPMD-3 pillars.

The AKL data were available only in limited intervals, in
connection with which the AL was interpolated to the entire
cube of the three-dimensional model. Figure 3 shows an
example of interwell correlation of horizons in the
geological model.
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Fig. 1. Location of mine fields
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Fig. 2. Example of interpretating acoustic logging data and the
obtained distribution of strength along the wellbore
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Fig. 3. Example of interwell correlation of horizons
in a geological model
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Fig. 4. Results of PNRPU tests: a — dependence of the compressive strength
on the longitudinal wave velocity according to [11-14, 17];
b - dependence of the elastic modulus on the longitudinal wave velocity

Fig. 5. The area of the inter-mine pillar SPMD-2 — SPMD-3:
a - distribution of the elastic modulus along the calculated section;
b - distribution of the compressive strength limit
along the calculated section

The parameter was distributed using geostatistical
methods, in particular the Kraiging method in combination
with the conditional modeling method to recreate the natural
variability of the modeled parameter. The parameters were
selected based on variogram analysis after data normalization.

The created model allows one to obtain the distribution
of elastic and strength properties based on statistical
dependencies between the longitudinal wave velocity and
such parameters as the elastic modulus and the compressive
strength limit (Fig. 4).

As a result, geomechanical sections of the elastic modulus
distribution (Fig. 5, a) and the compressive strength limit
(Fig. 5, b) were constructed along the characteristic profile
lines in the area of inter-mine pillars. In the future,
geomechanical modeling stress-strain state (SSS) of the WPS
rock massif and the pillars themselves will be performed
based on these sections. As an example, a section along the
pillar between the mine fields SPMD-2 — SPMD-3 is given.

Conclusion

Analysing and forecasting the state of a rock massif is
impossible without a high-quality geological and geomechanical
model. To build such a model, preliminary analysis and
preparation of initial data are required, since taking into
account the influencing factors and including the necessary
information in the model subsequently determine the result of
modeling as a whole and, accordingly, the subsequent forecast.

The geological description of well columns, geophysical
studies in wells, and physical and mechanical properties of
rocks were used as initial data necessary for building the model.

Based on the initial data, a three-dimensional model of
the distributing the longitudinal wave velocity in the area of
the interested pillars SPMD-1 — SPMD-2 — SPMD-3 was built.

Based on the statistical dependencies between two main
indicators of physical and mechanical properties - the elastic
modulus and the strength limits - on the longitudinal wave
velocity, the distributions of these properties for the
constructed model were obtained. Characteristic sections
were selected along which the modeling the SSS of the rock
massif of WPS and the pillars themselves will be performed
in the future.
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