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METHOD OF GEORADIOLOCATION
IN COMPLEX SCIENTIFIC APPLIED RESEARCHES

Abstract. In this articleare presented results of geophysical studies condition of low-pressure dams wastewater
reservoir «Sorbulak», ponds and reservoirs right discharge channel «Sorbulak». For production survey used of a
multi-purpose radar "Oko-2" (manufactured by LLC "Logis" of the RF) with field computer type "notebook". GPR
sensing results were treated by the processing system «Geoscan 32». The results conductedof geophysical studies
show that the application of the georadiolocation method as part of a complex scientifically applied research allows
one to unambiguously solve problems in determining: lithological section of the study site, both from the water
surface and from the surface of the carth; zones of moisture saturation; zones of soil decompaction; sections of soils
with broken structure; depth and relief bottom of water bodies; depth of underground communications.In com-
prehensive overview analysis of the results engineering surveys, GRL-sensing unambiguously shows the ways of
concentrated and directed filtration, spatial position and size of landslide bodies, level of groundwater within the
depths of the study.

Keywords: method of georadiolocation, georadar, geophysical research, GRL-sensing, applied research.

To date, thanks to the use of one of the unique and modern geophysical instruments - georadar, which
provides the opportunity to work, so-called, environmentally non-destructive method of subsoil research
in various structures | 1] successfully solved a wide range of tasks, laid down in the principle of its opera-
tion. GPR method is based on the study of reflection artificially generated electromagnetic impulses from
the boundaries of media having different electrical properties - diclectric permittivity and electrical con-
ductivity. The frequency of the electromagnetic field used in the GPR is typically in the range 10’-10° Hz.
These frequencies are considerably higher than frequencies used in electromagnetic geophysical classical
methods, which allows increase much detail studies, but limits the depth method. The attenuation of the
electromagnetic field depends, first of all, on the frequency and electrical conductivity of the medium in
which this field propagates. The lower the frequency and the lower the electrical conductivity, the more
clectromagnetic pulses penetrate into the medium [2].

Since 2012, Institute of Hydrogeology and Geoecology, in the process of carrying out scientific,
applied and engineering-technical complex studies uses the method of GRL sounding [3].

In the second half of 2012 and in 2013, geophysical studies were carried out on the condition of low-
pressure dams «Sorbulak» wastewater reservoir and the ponds and reservoirs of the right discharge
channel «Sorbulak». The method of carrying out the work was determined by the technical specification
[4] of the hydrotechnical and geomorphological conditions objects research. For production of research,
artists used a multi-purpose radar "Oko-2" (manufactured by OC "Logis" of the RF) field computer type
"notebook". Processing of the results of georadar sounding sounding was carried out with the help of the
processing system "Geoscan 32" [5].

Following the reconnaissance surveys was decided to conduct GRL-sensing in the system of the two
longitudinal profiles, one of which is located on the boundary of the dam crest and adjoining upstream
slope and second longitudinal profile is located at the border ridge and the adjacent downstream slope.
Longitudinal profiles supplemented dam system of transverse profiles that match the piezometric
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target. An example of the arrangement of geophysical profiles is shown in picture 1. GPR surveys were
used for the following tasks (picture 2, 3):

— lithological dissection of the section;

— determination of the boundaries of moisture saturated soils;

— assessment of soil filtration properties;

— determination of groundwater level;

— suffocation changes;

— definition of zones of directed and concentrated filtration;

— distance between pickets is standard, equal to 100 meters.
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Picture 2 — An example of saturation zones isolation moisture in the dam body 1 according data GRL-sensing
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Picture 3 — An example of saturation areas decompaction in the dam body 1 according data GRL-sensing

After processing and isolation of interference waves, the results of sounding were interpreted on the
obtained radar patterns.

The research results obtained during GRL-sensing element dams Nel and 2, supplemented system
radarogram transverse profiles coincide with the target piczometric showed:

1. Lithology dams Ne Ne 1 and 2 has a uniform consolidated character. The zones of soil decompo-
sition and associated flows of concentrated filtration, both on longitudinal and transverse soil profiles,
were not detected;

2. On radargrams of the upper horizons of all sections in the depth range from the surface and up to
0,5 m there is a zone of increased moistening, which is due to precipitation precipitated the day before.
The layer of precipitation falling in the form of rain in the previous two decades of October amounted to
about 15-20 mm.

3. In the lower horizons forming dams Nel and 2, at depths from 4,5 to 5,0 m there is a zone with
increased soil moisture, coinciding in most cases with the position of the piezometric curve.

It also indicates the position of the piezometric levels determined synchronously with the geophysical
investigations (GRL-probing). The distance between pickets is 100 m.

In the process of scientific and applied research to study and identify the causes of flooding of
communal and industrial facilities in the city of Zhanaozen and development of recommendations for
localizing negative impact of groundwater discharged in 2015-2016, geophysical work was carried out
using the GRL-sensing method to determine actual lithological structure of soils and their engineering-
geological characteristics, revealing direction, character of watering and the presence of ways of
concentrated filtration [6, 7].
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The processing of georadar data was performed in the environment of a specialized licensed software
package Geoscan32 (GC LOGIS-GEOTECH, RF, Moscow). In this case, the following processing
sequence was applied:

— removing the constant component

— zero offset time

— revision of tracks

— removal of background

— amplitude correction

— vertical filtration

— spatial filtration

— introductionofstaticcorrections.

As a result of the processing of the primary radargrams (picture 6), temporal sections were obtained
with the filtered noise waves, which were then geo-geophysical interpreted (picture 8) using drilling data
on the site and stock materials [5].

In total, 12 profiles have been passed through the indicated section of visible and hidden flood zones
of the railway line in the region KazGasRefinery, mosque in the city of Zhanaozen (~ 3,5 km) (picture 4).
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Picture 4 — Scheme location GPR and numberinggeophysical profiles on the area underflooding in the regoin GPP

As aresult, interpretation of the processed radargram revealed:

1) a lithological difference consisting of sandy loam and clay marly;

2) The area of soaking, ic the zone of high humidity, is detected in the central part of the section;

3) Zone low humidity detected by the cut edges, which corresponds to the data decoding satellite
images and geological boreholes.

4) GL (groundwater level) was detected at the level of 174 m. According to the data of geological
wells, GL was detected at the level of 174,12 m.

5) The geophysical section is located at absolute elevations in the range 175.0-176.0 m with an
insignificant height difference of about 1,5 m.

As a result of geophysical studies, were obtained wave georadar sections. Based on detailed analysis
structure of the joint of the reflected wave field, data on the drilling site, and stock materials previously
conducted research in the area performed of geological and geophysical interpretation.
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Picture 5 — An example processed GPR profile Nel

In the wave pattern is quite clearly distinguished in phase electromagnetic axis of the reflected waves
related to lithological boundaries in the thickness of the investigated rock mass, such as boundary "loamy
sand-limestone”, "limestone-clay" and "sandy loam, clay."

Also on the local features of the wave pattern are distinguished soaking areas in the upper part of the
section and the boundary between water-saturated and un watered.

In November 2016, during the execution of project surveys on the topic "Construction of a bridge
over the Buhtyrma reservoir in the Kurchum region of the East Kazakhstan arca"was carried out GRL-
sensing of the bottom of the Buhtyrma reservoir (representing the valley of the Irtysh River). Central
morphology, located in the vicinity of the settlement Kuygan according to drilling data, is presented:

A) from the right bank of Middle-Upper-Quaternary sediments, represented by sands of medium size
to a depth of 30 m.

B) from the left bank sediments of the Middle-Upper Quaternary age, represented by pebble soils up
to a depth of 1,80 m, clays hard with the inclusion of gruss to a depth of 18.50 m, loam semi-hard with
inclusions of gruss to a depth of 30 m [8].

GRL technology on the water surface involves the use, as a rule, of low-frequency antennas that are
located and moved directly over the water surface using a rod-handle or a cable connected to the antenna
and the vessel (picture 6) [9].

GRL works was carried out to perform the scanning bottom of the Irtysh River, to measure the depth
and outline bottom of the reservoir at the site of the future bridge crossing over three morphostructures,
dividing boundaries surface bedrock (if any) under loose sediments and determining the boundaries
between the layers of the identified geological elements with using the radio-engineering device of
subsurface sounding (GRL) "Oko-2", with the antenna unit ABDL "Triton" produced by Logic Systems
OC (Moscow), in advance chennym profiles on the map [10].

A total of 3 profiles along the entire length (each profile length ~ 1300 m from shore to shore) accor-
ding to the program of work.

Electrical conductivity of water is a factor limiting possible depth of sounding for the used antenna [11].
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Picture 6 — The antenna unit ABDL «Triton»

Position on the profile and depth monitored by a GPS navigator combined with a GRL and recorded
as a file on a secure portable computer such as Panasonic CF-18 (laptop).Profiling was carried out on a 5
local motor boat of the "Silverado" type. The work of the georadar carried out in a continuous mode at
frequencies of 50 MHz with the antenna unit ABDL "Triton", placed on the water surface and connected
to the boat by cable and rope.

Radar sensing low frequency unit ABDL "Triton" with a center frequency of 50-100 MHz is con-
ducted in a continuous manner along the entire length the study site. Particular emphasis was placed on the
central morphorange (picture 7) through which the projected axis of the bridge channel through Buhtyrma
reservoir. Using of a low-frequency block gives gain in the overall depth with the loss of the resolving
power of the sounding.
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Picture 7 — Scheme location central profile of georadar survey
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In pictures 8—10 show field record of the radarogram of the central morphology.
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Picture 8 — Field record of the central morpho-stock of the Buhtyrma reservoir, untreated. ABDL "Triton" 50-100 Mhz

Picture 9 showed radar profile of the profile after preliminary processing.
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Picture 9 — Radarogram of the site. (I-] profile, central morphology). Time layer. Antenna ABDL "Triton" 50-100 Mhz

Analysis of the radargram shows that the depth of sounding is about 18-20 m. The radargram clearly
shows the relief of the bottom of the Buhtyrma reservoirs, as well as the bottom sediments represented by
the silt that underlie the sands of medium size with the inclusion of pebbles.
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Picture 10 — Result interpretation georadiolocation of the central morphological alignment

Analysis interpreted radarogram shows clearly be seen that the bottom relief with bottom sediments
represented, according to the interpretation, modern silt, sand, clay and pebble ground with sand filling.

Depths along the entire length of the central morphorange consistent with a data received from the
customer taken with a Garmin sounder using GPS satellite navigation system.

In February 2017 conducted geophysical studies applied by GRL-sensing, in the territory of the
Upper Baskan GES-1 in Sarkand district of Almaty region.

The research tasks included the definition and localization of anomalous zones of decompression of
the backfill site of three turbine water conduits in the regime of continuous operation [3].

The soils of the study area are represented by solid and semisolid grayish-brown loesslike macro-
porous loams [12].

During the work 3 meridional profiles were traversed, with a step from 2 to 5 meters, 47 latitudinal
profiles with a step of 1.5-2 meters (picture 11).
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Picture 11 -Scheme of longitudinal and transverse profiles Ne 001-050

GRL sounding was carried out by the antenna unit AB-400. Interpretation results of the work was
carried out in the environment software Geoscan32 (GC LOGIS-GEOTECH, RF, Moscow) (picture 12, 13).

On the georadar profile, inhomogeneities of natural origin are distinguished at a depth of 20-25 cm.
The investigated site is stable.

Conclusion to profile 008 and 009: On GRL profile shown anomalous zones with their volume to
length and depth. Inhomogeneities were found at a depth of 20-25 cm. Ofnaturalorigin. In the transverse
profile, deep anomalies were not recorded across the pipes. The pipes of the Baskan HPP-1 were found at
a depth of up to 2 meters. The examined site is stable.

As a result of the interpretation of the obtained data, the following is noted.
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Picture 13 — Georadar profile 008 and 009

All the radar patterns of the longitudinal profiles clearly show the upper layer of heterogeneous soils.
The thickness of the layer is up to 50 cm. This anomaly is caused by the zone of high humidity and
glaciation of the infiltration moisture formed as a result of freezing.

In the lower part of the plot, in a depth interval of 3.5 and more than 6 m, a layer of boulder-pebble is
identified.

On all transverse profiles, a sinusoidal signal is reflected from the base of the water conduit pipes.
Depth of bedding pipes varies from 2 to 4 m.

Zones of anomalous heterogeneity of soils, associated with anthropogenic or hydrodynamic
influences, were not revealed during the sounding.
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In May 2017 carried out comprehensive study of the landslide slope located in Medeu district of
Almaty.

The order and scope of work were determined by the tasks of the study and by the features of the site
of work [6].

In total, 5 longitudinal and 4 transverse profiles were passed, including the accompanying ones
(picture 14). GRL-sensingcarried out by the antenna unit AB-400. Interpretation of the results of works
was carried out in the environment of the software Geoscan32 (GC LOGIS-GEOTECH, RF, Moscow).

Picture 14 — Scheme location geophysical profiles

By interpreting the results of sensing GRL-slope portion immediately behind the main retaining wall,
parallel to its base is noted:

from the surface to a depth of 1,5 m - bulk ground;

1,5m-3,7m - loam;

3,7 m - 6 or more - pebble soil.

At a distance of 10.5 m - 18 m from the southern boundary of the site is a zone of ground with a
broken structure, the roof of the zone lies at a depth of 1.5 m and coincides with the lower boundary of the
bulk soil. Power zone more than 6 m. The entire array was saturated pebble soil abundantly, loam outsole
blurred.

Based on the interpretation of data of main information profiles GRL- sensing the following
conclusions:

Geological section of the slope portion of the test consists of 3 geotechnical elements (picture 15):

IGE - 1 Bulk ground, power up to 2,0 m.

IGE - 2 Loam, power from 1m up to 3,5 m.

IGE - 3 Pebble ground with capacity from 2,5 m to 6 m and more.

In the body slope observed 2anomalous zone with broken soil structure disposed between the first
and second retaining walls.

The first (from the southern border) zone is oriented to the south-west rises from the first retaining
wall, to the surface in the region of the second. The second zone, located to the north of the first, has
smaller dimensions, is localized at the boundary of the pebble and loam at a depth of 3.5 m - 5 m.The
entire array of abnormally pebble soil too wet. The sole layer loams is blurred.
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Picture 15 — The processed profile of the GRL behind the first retaining wall

The results carried outof geophysical studies show that application of the GRL method as part of a
complex of scientifically applied research makes it possible unambiguously to solve problems by

definition:

lithological section of the study site, both from the water surface and from the surface of the earth;
zones of moisture saturation;
zones of soil decompaction;
sections of soils with broken structure;
depth and relief reservoirs;
depth of underground communications.
In complex engineering research overview analysis results GRL-sensing clearly shows the way a
concentrated and directional filtering, spatial location and magnitude of sliding bodies, the groundwater
level within the depths of investigation.

REFERENCES

[1] Jones R., Fekeaaru I., Nondestructive testing methods for concrete / Translation from English. M.: Construction publi-

shing house, 1974. 280 p.

[2] Vladov M.L., Starovoitov A.V. Introduction to GRL. Textbook. M.: Publishing house of MSU, 2004. 153 p.

[3] Engineering geological research for hydropower construction. M.: State Geological Publishing House, 1950. Vol. 1. 320 p.

[4] SNiP RK 2.03-30-2006 "Construction in seismic regions". Astana, 2008. 5. General geomorphology / Rychagov G.I.
Moscow, MSU: Science, 2006. 326 p.




H3zeecmua Hayuonanvroti akademuu Hayx Pecnybnuxu Kasaxcman

[5] Finkelstein M.I., Kutev V.A., Zolotarev V.P. Application method radar subsurface sounding in engineering geology /
Edited by M. I. Finkelstein. M.: Nedra, 1986. 128 p.

[6] SNiP RK 1.02-18-2004. Engineering surveys for construction. Basic provisions. Astana, 2004.

[7] SNiP RK 5.01-01-2002 "Bases of buildings and structures". Astana, 2003.

[8] Makkaveev N.I. Riverbed and erosion in its basin. M.: AN SSSR, 1955. 346 p.

[9] Vladov M.L., Starovoitov A.V. Review of geophysical methods research in solving engineering geological and engi-
neering problems. Moscow: GDS Production, 1998. 81 p.

[10] General geomorphology. Rychagov G.I. Moscow, MSU: Science, 2006. 423 p.

[11] Kalinin A. V., Vladov M.L., Shalaeva N.V. Assessment of the depth of georadio-location studies based on the classical
theory // News MSU. Ser. Geology. 2002. N 3. 125 p.

[12] GOST 25100-2011. Soils. Classification.

O. A. Kanyrumn, E. H. Acanos, P. P. HckannepoB
«Y. M. AxmeacauH aTBIHIAFEI THIPOTCOIOTHS JKOHE T¢03K0oI0THA HHCTHTYTED, JKIIC, Ammarsr, Kazakcran
KEINEHAI FBIJABIMHA KOJJAHBAJIBI 3EPTTEYJIEPAEI'I TEOPAJNOJIOKANUAIBIK 941C

Annotamust. «CopOyIak» OH Kak TYCIpY KaHAJBIHBIH TOFAHAAPHI MEH Cy Kokmanapbl, «CopOynak» arblH
CYBIH JKHHAKTAY Bl TOMCH KBICHIM/IBI OOTCTiHIH YKAFTAHBIH T¢O(DU3HKATBIK 3¢PTTCY HOTIDKEICPl KenTipiareH. «Note-
book» THNTIK JaTATBIK KOMIBIOTEPL APKBIIBI 3€PTTEY KYPri3y ymiH «OK0-2» K6l MaKCaTThl Pagapbl KOJIJAHBLIIBI
(P®, «Jloruc» XKUIK dupmacer). «Geoscan 32» eHACYHI JKYHCCIHIH KOMETIMCH TCOPATHOTOKALMAIBIK 30HABLIAY
HOTIDKEJIEPIHE OHCY KYPrisiuireH. JKyprizinreH reo(pu3ukaIbIK 3epTTEY HOTIKENIEPIHAE, KSIICH ] FAUTBIMA KOJIIAH-
OaTel 3CPTTCYACPAIH KYPAMBIHIA TCOPATMIOKAIMMA OICIH KOJITAHY, aHBIKTAY OOMBIHINA CAOVip MOCCJICHI MICHIyTS
MYMKIHIIK OCpeTiHi KepceTiareH: ¢y OeTi, COHmal aK ep OCTi aliMaFBIHBIH JTHTOJIOTHAIBIK KHMACKHIH, BITFA]T KAHBIK-
KAaH 30HAJAP; TOTBIPAKTHIH OOCAHCY aWMAKTApbl, OY3BUFAH KYPBUIBIMABI TOMIBIPAK YUACKEIEPi; CY KONMAIapAabIH
TEPEHIITI MEH kep OeaepiHiH TYO1, )KepacTbl KOMMY HUKAIISACHIHBIH ¢HY TepeHiri. [ PJI 30Hap11ay IbIH HHKEHEPITIK
137ey >KYMBICTAPBIHBIH HOTIDKEICPIH KCIICHAI IOy KE31HAC TAlAay, MIOFBIPIAHFAH jKOHE OarbITTaaFaH (rbTpammst
JKOJJAPBIH, KCHICTIKTEIT OPHBIH JKOHE KOIUKIH [CHEICPIHIH MOIIICpiH, 3€pPTTeY TEPeHIITIHIH INCTiHAE TPYHT
CYJIApBIHBIH ACHICHIH KOpPCETe 1.

Tyiiin ce3aep: TCOPATHONOKANAA dIicCi, Teopamap, reou3ukamsk 3eprreyiacp, [ PJI-3o0HapuIay, KoamaHOA bl
3eprTeyNIep.

0. A. Kanyrun, E. H. Acanos, P. P. Uckangepos
TOO «MHCTATYT THAPOTCONOTHH U TEOIKOIOTHE UM. Y. M. Axmeacadpmna», Anmarsl, Kazaxcran

METOJ TEOPATHOJIOKATINHA
B KOMILUIEKCHBIX HAYYHO-TIPUKJIA THBIX HCCJIEJOBAHHAX

Annortamust. [IpuBenacHs! pe3ynbTaThl reOQH3MUSCKAX HCCICAOBAHUN COCTOSHHSA HH3KOHATIOPHBIX ILIOTHH
HAKOMHTEIA CTOYHBIX BOJ «CopOymak», mpyaoB W BOJOXPAHHIHII MPABOro cOpocHoro kaHama «CopOymaxy». Jma
TIPOM3BO/ICTBA M3BICKAHUH MCIOIB30BANICI MHOTOLENEBOH pagap «Oko-2» (pupmer OO0 «Jlorue», P®) ¢ moxesbM
KOMIBIOTCPOM THIA «notebook». O6paboTka pesynbTaToB TCOPATHOTOKAIMOHHOTO 30HIUPOBAHAA MPONU3BOIHIAC
mpu TioMoIu oopadaTeiBaromich cucteMsl «Geoscan 32». Pe3ynbTaTsl MPOBEACHHBIX TCOPH3MICCKUX UCCIICI0OBAHUH
TOKA3bIBAIOT, YTO MPUMCHEHHE METO/1a TCOPATHOJIOKAMH B COCTABE KOMILIEKCA HAYYHO MPUKIAIHBIX HCCIICIOBAHUH
MO3BOJIIET AOCTATOYHO OJHO3HAYHO PEHIATh 3aJa4YM IO OIPEICIICHHIO: JIMTOJOTHYESCKOTO pa3pe3a y4acTKa Hc-
CIICI0BAHMS, KAK C BOJAHOW IMOBEPXHOCTH, TAK W C MIOBEPXHOCTH 3EMIIM; 30H BIATOHACHIMICHU, 30H Pa3yILIOTHCHUS
TPYHTOB; YUACTKOB TPYHTOB C HAPYIICHHOM CTPYKTYPOH; TIyOHMHBI M pesibed) THA BOJZOCMOB; IIIyOHHBI 3aJICTAHUS
MOJA3EMHBIX KOMMYHHUKAnuil. [Ipy KOMIUIEKCHOM OO30pHOM aHANHM3E PE3yJIbTAaTOB MH)KCHEPHBIX M3bICKaHWiU I 'PJI-
30HIUPOBAHKE OJHO3HAYHO MOKA3bIBACT Iy TH COCPECAOTOUCHHOM M HANPABICHHOW (DHIIBTPAIMH, MPOCTPAHCTBCHHOC
TIOJIO’KECHIE M BEJIMYMHY OTIOJI3HEBBIX TEII, YPOBCHD TPYHTOBBIX BOJ B IPEACIAX ITyOWH HCCICIOBAHMS.

KimoueBnbie cioBa: METOI TCOPAIHONIOKALINY, Teopanap, reodusmdeckue nccnenosanust, [ PJI-30H1uposanue,
TIPUKJIATHBIC HCCIICTOBAHUSL.
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