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Application of a complex of geological and geophysical methods for the search for water in arid
regions of South Africa (Madagascar Island). Examination of maar structures.
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Beenenue / Introduction

Bo mHoOrux cranax Mupa B IOCJIEOHHME TOAbl NMPOOJeMa YHUCTOW IHMTHEBOW BOIBI CTAHOBHUTCS
TIIaBHEHIIeW mpobieMol oOecredeHus] CYIMIECTBOBAHMSA M IKU3HEAESITETHbHOCTH HaceneHus. llo
nanaeiM OOH, uepes 7 et nutheBo BoJoOH OyeT obecrieueHa JIMIIb NOJ0BUHA HACETICHNUS TIAaHETHI.
Ocobenno 3to Kacaercst crpaH bmmknero Bocroka m Adpuku. He uckimodeHueMm sBIsieTcS M
Maparackap, B I0XKHBIX 4acTsx Kotoporo, mo manHeiM IOHUCE®, mume okomo 25% w3 12-tm
MUJUTHOHHOTO HAaCEJICHUS UMEIOT JOCTYH K BOJIE MpUEeMJIEMOTro KadecTa. B cBs3u ¢ atum, B 2017-Mm
rogy MUWHHCTEpPCTBOM BOJHOTO XO3MWCTBAa, CaHUTAPUM W THUTHeHbl Magarackapa Obuia
3alTaHUpOBaHA TMporpamMma 00ecIlieYeHrs HaceleHHs FOXKHBIX pPailOHOB CTpaHBl MHUTHEBOUW BOJOM.
[Iporpammoii mpegycmaTrpuBaiuch padOTHl Kak MO MOMCKY MCTOYHMKOB BOJOCHAOXEHHS I'€0JIOro-
reo@U3NMUEeCKUMU METOAaMU, TaK W OypeHHE BOJOJOOBIBAIONIMX CKBAKUH 110 BBIICICHHBIM
MIEPCTIEKTHBHBIM Y4aCTKaM.

In many countries of the world in recent years the problem of clean drinking water has become the
main problem of ensuring the existence and livelihoods of the population. According to the UN, in 7
years only half of the world's population will be provided with drinking water. This is especially true
in the Middle East and Africa. Madagascar is not an exception, in the southern parts of which,
according to UNICEF, only about 25% of 12 million people have access to water of acceptable
quality. In this regard, in 2017 the Ministry of Water, Sanitation and Hygiene of Madagascar planned
a program to provide the population of the southern regions of the country with drinking water.

The program envisaged work on finding sources of water supply by geological and geophysical
methods, as well as drilling water-producing wells in selected promising areas.

Jnsi pemieHWss TOCTABICHHBIX 3a7ad HEOOXOIUMO OBLJIO BBUICIWTH YYACTKH JIJISL MPOBEICHUS
JNEeTaNbHBIX HAa3eMHBIX UCCIEAOBaHUM, a 3aTeM - BBIIOJHEHHE Ha BBIJIEJIEHHBIX YYacTKax
KOMIUIEKCHBIX Treousndeckux pabor. Kommiekc reodu3nuecKkux HCCIeIOBaHUNA JOJDKEH ObLI
o0ecTeYnTh BBITIONHEHHE paboT B KpaT4alIline CPOKH, OBITh JOCTATOYHO MPOCTHIM JJIsi OCBOSHHS (B
JanpHenIeM paboThl TUIAHUPOBAIOCH BBIITOIHATH CHJIAMUA MECTHBIX CIIEIIMAIMCTOB), & TAKXKE J1aBaTh
BBICOKOBEPOSATHOCTHBIN pe3ynbraT. llmanupyemas riryOMHHOCTH wWccienoBaHwii coctaBisuia 200
MeTpoB. B pe3ynbTaTe KOHKypca Ui IpoBeAeHUs paboT ObUIH BEIOpaHBI METOIbI:

To solve the tasks, it was necessary to allocate sites for detailed ground investigations, and then - to
carry out complex geophysical works on selected sites. The complex of geophysical studies was
supposed to ensure the execution of works in the shortest possible time, to be simple enough for
mastering (later it was planned to perform the work by local specialists), and also to give a highly
probable result. The planned depth of research was 200 meters. As a result of the competition, the
following methods were chosen for the work:

- nmemupUpOBaHUE JAHHBIX KOCMHYECKHUX CHEMOK ([T BBIJEICHHUS TEPCICKTHUBHBIX IS
Ha3eMHBIX UCCIe0BaHui yuacTkoB) [interpretation of satellite survey data (to identify areas that
are promising for terrestrial research)]
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- Ha3eMHas pamguoMeTpudeckas (ramMma) ChbeMKa (VIS BBIICICHUS YYaCTKOB ITOTCHITHAIBHOTO
obBoxnenus) [ground-based radiometric (gamma) survey (to identify areas of potential aquifer)]

- maccuBHas celicMopasBenka (Meron PesonancHo-Akyctuueckoro [IpodwmnupoBanus) — ams
OTIpEe/IeTICHHsI CTPYKTYPHOTO pa3pesa, OmpeAesieHus] HanOojee MepCIeKTHBHBIX TOYeK M TIIyOWH
as Oypenus ckBakuH [passive seismic (method of Resonance-Acoustic Profiling) - to determine
the structural section, determine the most promising points and depths for drilling wells]

PaboThl BBIMOJHINCH B HOsIOpe — nmekabpe 2017 roma koHcopimymoM B coctaBe Primary Water
Technologies LLC, USA (memmdpupoBaHre KOCMHYECKUX CHUMKOB M MoJjeBbie padotsl PAII),
Transformative Technologies, Mauritius (nemexoanast ramma-ceemka), OOO «Anb Teppa», Poccus
(momeBsIe pabotsl PAIT 1 KOMIIIEKCHAsS 00paboTKa JaHHBIX).

The work was carried out in November-December 2017 by a consortium of Primary Water
Technologies LLC, USA (decoding of space images and fieldwork of the RAP), Transformative
Technologies, Mauritius (ground gamma survey), Al Terra LLC, Russia (fieldwork of the RAP and
complex data processing).

IMpumensieMbie MeTOBI H MeTOANKA BhINoJHeHUs pador / Applied methods and methods of
work execution

Hcrounnku BogocHaOKeHUs 10)KHOM yacTH Majarackapa npeacTaBiICHbl JByMsl OCHOBHBIMU THUIIAMHU
MOJI3€MHBIX BOJ. DTO MEPBbIM BOJOHACBHIIICHHBIN TOPU30HT, PACIONIOKEHHBIH Ha TiyouHax 10 — 20
METPOB OT MOBEPXHOCTH (B 3aBHUCHMOCTH OT PETHOHA) W TPUYPOUYEHHBIA K HIDKHEW TpaHUIlEe
YeTBEPTUYHBIX OTIIOKEHWH. B momaBisromiemM OONBIIMHCTBE CIy4aeB 3TOT TOPU3OHT CHIIBHO
MHUHEPAIM30BAH M HE MOXET HCIOJIb30BAThCS KAaK MCTOYHUK MNUTHEBOM BOABI. BTopol Tunm —
TpEIIWHHBIC BOJABI. TpenHAbIE BOIBI MPHYPOYCHBI K 30HaM TEKTOHUYECKUX HapyIIEHUH TITyOHMHHOTO
3aJI0’KEHUS, 10 KOTOPBHIM, KaK I10 KammuisipaM, YUCTas BOJAA IMOJHUMAeTcs W3 TIyOWH 3eMin K
MMOBEPXHOCTH. DTOT THUI SBJISICTCS HAaUOOJEee MEPCIICKTUBHBIM JIJIsl FOXKHBIX paliloHOB Majarackapa, u
MMEHHO OH SIBJISUICS TOMCKOBBIM OOBEKTOM JIJISl IIPOBOJUMBIX PaldoT.

The sources of water supply in the southern part of Madagascar are represented by two main types of
groundwater. This is the first water-saturated horizon located at depths of 10-20 meters from the
surface (depending on the region) and confined to the lower boundary of the Quaternary sediments. In
the overwhelming majority of cases, this horizon is highly mineralized and cannot be used as a source
of drinking water. The second type is fissure water. Fissure waters are confined to zones of tectonic
disturbances of deep deposition, along which, as in capillaries, clean water rises from the depths of the
Earth to the surface. This type is the most promising for the southern regions of Madagascar, and it
was the target of the exploration phase and ongoing work.

JInst BBIZETCHUS TUIOMIAAOK JUISl JETAIBHBIX HAa3€MHBIX MCCIICAOBAHUI Ha TPEIBAPUTEIFHOM JTare
paboT OBbLT BBHINIOJIHEH JIMHEAMEHTHBIM aHaIW3 JAaHHBIX KOCMUYECKOH CheMKH. AHAIN3 BBITONHSIICS
KaK B aBTOMAaTH4eCKOM (C HCIIOJIB30BAHUEM CIEIHAIBHOTO MPOrPaMMHOTO OOecriedeHus), Tak U B
py4HOM pexuMe crenuaaucTaMu kommanuit HydroSource Associates, Inc. u Primary Water
Technologies LLC, o6e — CIIIA, skcniepramMu B 06;1aCTH 00pabOTKH JaHHBIX KOCMHYECKHX ChEMOK.

To isolate sites for detailed ground-based research, a linear analysis of satellite survey data was
carried out at a preliminary stage of the work. The analysis was performed both in automatic (using
special software) and in manual mode by specialists of HydroSource Associates, Inc. and Primary
Water Technologies LLC, both of the United States, experts in the field of processing satellite survey
data.
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Pucynox 1 Ilpumep xapmol TuHeaMeHmMO8, GbLOCICHHBIX NO PE3YAbMAMam Oeuuppuposanusi OaHHbIX
Kocmuyeckux cvemox. Paznvimu yeemamut noKa3daHvl JTUHeAMEHMmbl, gvloeneHHble npu nomowu
paziuunbix aneopummos oewugpuposanus.[Figure 1 An example of a map of lineaments extracted
from the results of interpretation of satellite imagery. Different colors show lineaments selected with
the help of various algorithms for deciphering]

BrnocrencTBun  Kapra BBIACICHHBIX JIMHEAaMEHTOB (puc. 1) ¢ TNpHBA3aHHBIMH KOOpPAWHATAMU
BeIHOCHIIach Ha Kapty Google u mepenocmnace B GPS nHaBurarop. Hamboniee mnepcrieKTHBHBIMU
CUUTAJIMCH 30HbI, BBIJCJICHHBIC II0 HECKOJLKHM aJITOPUTMaM, a TaKKE€ YYAaCTKU IICPECCUCHUA
HECKOJIbKUX JIMHEHHBIX 30H.

Maaposbie CTPYKTYpHI

WO

=

-

Pucynox 2 Maaposvie cmpykmypsl, 6ud uz kocmoca. Kpacuas aunus — nuHeameHm no OaHHbIM
KOCMUYECKOU CbeMKU, YepHbIMU CIpenKamu — maapsl (no oanHvim cneyuaaucmos Primary Water
Technologies). [Figure 2 Maar structures, viewed from satellite imagery. The red line is a lineament
based on lineament data, black arrows are maars (according to specialists from Primary Water
Technologies).]
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Subsequently, the map of the selected lineaments (Fig. 1) with the attached coordinates was
transferred to a Google map and transferred to a GPS navigator. The most promising were the zones
identified by several algorithms, as well as the intersections of several linear zones.

B mporiecce peKOTHOCIMPOBKH HAa MECTHOCTH B pailOHAX BBIICICHHBIX MEPCIEKTUBHBIX 30H ObLIH
OOHapy)KeHbI CTPYKTYpbI, uaeHTHUIHpOBaHHbIe crenuanuctamu Primary Water Technologies kak
MaapoBbie (prc. 2). Maapbl - IIIOCKOJOHHBIE KpaTephbl B3phIBa 03 KOHYCa, OKPYKEHHBIC HEBBICOKHM
BQJIOM W3 PBIXJIBIX TPOAYKTOB H3BEPIKEHHs, WHOTIA 3amOJHEHBl BOJOH. OOpa3yroTcs Ha 3eMHOIA
MOBEPXHOCTH TIPH OJHOKPATHOM T'a30BOM B3pPBIBE, HE COIPOBOXKIABLIEMCS U3IHSHACM JIaBBI, KOT/a
TPYHTOBBIC BOJIbI KOHTAKTHPYIOT C Pa30rpeThiMu mopoaamu [1].

In the process of reconnaissance on the ground in areas of identified promising zones, structures
identified by specialists of Primary Water Technologies as maar were found (Fig. 2). Maars - flat-
bottomed craters of a [volcanic] explosion without a cone, surrounded by a low shaft of loose eruption
products, are sometimes filled with water. Formed on the earth's surface with a single gas explosion,
not accompanied by the outpouring of lava, when ground waters are in contact with heated rocks [1].

UzBecTHO, 4TO Maapbl, Kak MpaBHJO, 001aJar0T MOBBINICHHBIM BOJOHACBHIIIEHHEM, YTO BMECTE C
HJINYMEM BEPTUKAIBHOTO KaHaja TIIyOMHHOTO 3aJI0KEHUsI, CONPSIKEHHOTO ¢ 30HOW TEKTOHUYECKOTO
HapyLIEeHHUS, TO3BOJIMIIO CUUTATh UX IEPBOOUEPEAHBIMU CTPYKTYPaMH AJIsl HA3EMHOT'O H3Y4EHHUSL.

It is known that maars, as a rule, have an increased water saturation, which together with the presence
of a vertical deep channel [diatreme] associated with the zone of tectonic disturbance, has made it
possible to consider them as the primary structures for ground-based study.

Jis  mepBUYHOTO OOCIENOBaHWS MEPCIIEKTHBHBIX YYacTKOB Ha 3eMJie M IPEABApUTEIHEHOTO
BBIJICJICHUS STHIEHTPAa 30HBI MOTEHIMATBHOTO BOJOHACHIIICHHUS B Ipoliecce padoT MPUMEHSIIACH
pamnoMeTpuueckas (ramMma) cheMKa, BBITIONHEHHas crerpanuctamu 1 ransformative Technologies,
Masgpukwuii. [IpennocbuikamMu AJisi TpUMEHEHUsS JAHHOTO BUAA OOCIENOBAaHHA SBUIICS W3BECTHBIN
3¢ ¢EeKT MOTJOMEHUs] M YacTUYHOro OJIOKMPOBAHMS BOJOW TaMMa-H3JIydeHHs, B CBSI3M C UYEM
MOTEHIIMATBHO BOJOHACHIIICHHBIE YYaCTKU BBIJCISIOTCS TMOHWKEHUEM HHTCHCUBHOCTH TaMMa-
n3nydeHus. Kpome 3Toro, mo MHTEHCHMBHOCTM TaMMa-H3JIy4YeHUS MOXHO BBIIOJNHATH U
TPAacCUPOBAHUE 30H TEKTOHMYECKMX HapymeHuid (puc. 3). ng BeIMOIHEHUS padOT MCHOJIB30BANCS
pamromerp-criekrpomerp G-Explorer (puc.3) komnanun ROM-Elektronik (I'epmanus).
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Pucynox 3 Paouomemp-cnexmpomemp G-Explorer xomnanuu ROM-Elektronik (ciesa) u
pe3yibmamovl €20 NPUMeHeHus Ol MpPACCUpPOSanus 30H MEKMOHUYECKUX HapyweHull (cnpasa).
[Figure 3 The ROM-Elektronik G-Explorer radiometer-spectrometer (left) and the results of its
application for tracing tectonic disturbance zones (right).]

For initial examination of promising areas on the ground and preliminary allocation of the epicenter of
the potential water saturation zone, a radiometric (gamma) survey was performed by specialists of
Transformative Technologies, Mauritius. The prerequisites for the application of this kind of surveys
were the known effect of absorption and partial blocking of gamma radiation by water, and therefore
potentially water-saturated areas are distinguished by a decrease in the intensity of gamma radiation.
In addition, the intensity of gamma radiation can also be performed by tracing zones of tectonic
disturbances (Figure 3). To perform the work, the radiometer-spectrometer G-Explorer (Fig. 3) of
ROM-Elektronik (Germany) was used.

OTJIMYUTETIBHBIME OCOOCHHOCTSMH JIAHHOTO PaMOMETpa SIBJISIOTCS BBICOKAs TOYHOCTh (32 CYET
HCIIOJIb30BAHMUS CIMHTHIUIIIIMOHHOTO JaTYHKa OOJIBIIOr0 06bheMa), BOSMOKHOCTh PabOThl B PyYHOM H
ABTOMATHYECKOM PEXUME, KUIKOKPUCTAITHYECKHI SKPaH ¢ BO3MOXKHOCTBIO BH3yallH3alny rpaduka
U BEJIMYHH U3MEPACMBIX MTAPaMETPOB B MPOIECCE ABMKCHUSI, a TAKKE HATMYME BCTPOSHHON CHCTEMBI
GPS-napuramumu. HemocpeacTBeHHO MOCIe U3MEPEHUI 3alMCaHHbIC JaHHbIE MOXHO MOCMOTPETh Ha
KomIsioTepe B mporpamme Google Earth.

The distinctive features of this radiometer are high accuracy (using a large scintillation sensor), the
ability to work in manual and automatic mode, a liquid crystal screen with the ability to visualize the
graph and the values of the measured parameters during the movement, and the presence of an
integrated GPS navigation system. Immediately after the measurements, the recorded data can be
viewed on a computer in the Google Earth program.

V3MepeHust BBIMTOTHSITHCH B MEMIEXO0MHOM PEXKUME C TUCKPETHOCTHIO 3aMTHCH HMHTEHCUBHOCTH TaMMa-
U3NyYeHHUsT M KOOpAuHAT, paBHOW 10-Ti cexyHmaM. Ormeparop BBIMONHSI PEKOTHOCIHUPOBKY
BBIJICIICHHOT'O IO Pe3yJbTaTaM Ielin(ppPUPOBAHHUSI KOCMUYECKUX CHUMKOB y4acCTKa, BBIICISI 30HY C
MHHHMaJIbHBIMH HHTCHCHBHOCTSIMH TI'aMMa-W3JIy4deHHs, a 3aTeM BBIJCICHHAs 30HA 3aXa)KHBAJlaCh
cepueil TMapaUleNIbHBIX MapuipyToB. lIpeaBapuTENbHO, TMPSIMO HA YYacTKe, BBIIOIHSICA COpOC
3alIMCAHHBIX JaHHBIX Ha KOMIIBIOTEp M IIOCTPOCHHE KapThl H30JIMHUI HHTCHCHBHOCTH TamMMa-
n3nyuenuns B mporpamme Surfer (Golden Software), kak nmokasaHo Ha WUTIOCTpalUK HIKe (puc. 4).

The measurements were carried out in a pedestrian mode with a discreteness of recording the intensity
of gamma radiation and the coordinates, equal to 10 seconds. The operator carried out a
reconnaissance of the site selected for the interpretation of the space images, identified a zone with
minimal gamma-ray intensities, and then the allocated zone was visited by a series of parallel routes.
Beforehand, right on the site, the recorded data was downloaded to the computer and the gamma
radiation intensity isolines map was created in the Surfer software (Golden Software), as shown in the
figure below (Figure 4).
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Pucynox 4 Memoouxa ewvinonnenuss (cieea) u pe3yiomamsi (Kapma U30IUHUL UHMEHCUBHOCU
2aMMA-U3IY4UeHUsl, CNpasa) Neuexoo0Hol 2aMMAa-CbeMKU o 00HOMY uz yyacmkos pabom. [Figure 4
Execution method (left) and results (map of isolines of gamma radiation intensity, on the right) of
pedestrian gamma survey for one of the work sections.]

ONUIEHTP BBIACICHHOW PAaJUOMETPUUYCCKON aHOManuM (UKCHPOBAJICS HAa MECTHOCTH IS
TUIAHUPOBAHUS IPOBEACHUS JAbHEHIINX Te0(PH3MUECKUX HCCIEIOBAHHA.

The epicenter of the allocated radiometric anomaly was recorded on the ground for planning further
geophysical studies.

Ha 3aBepmatomiem 3Tane Ha3eMHOW JAE€TAJIM3alUM BBIJEIEHHBIX NEPCHEKTUBHBIX YYaCTKOB IS
ompenieNieHus] CTPYKTYPHOTO pa3pesa, olpejielieHns HanOoJjee MEPCIeKTUBHBIX TOUEK W TIyOMH Jist
OypeHHsi CKBa)XHH IPUMEHsIICs MeTo 1 Pe3onancHo-Akyctuueckoro [Ipodunuposanus (PAIT) [4].

At the final stage of ground detailing of the selected perspective sections, the Resonance-Acoustic
Profiling (RAP) method was used to determine the structural section, determine the most promising
points and depths for drilling wells [4].

Metox PAII ucnone3yer aist monydeHuss WHQOpMAIMK CTOSYHE BOJIHBI, BOZHHUKAIOIIUE B TOJIIE
TOPHBIX TOPOA TMOA BO3JCHCTBHEM pa3iM4YHBIX HMCTOYHHKOB. B HacTosmee Bpems CyHIECTBYET
HECKOJIBKO METOJIOB, HCIOJB3YIOIUX ISl MOJydeHUsT MH(OpMAlM{ CTOSYME BOJIHBL VI3BeCTHBIN
cnoco0 JMHAMUYECKUX MCIBITAHWH 3JIaHUI W COOPYKEHHUH OCHOBAaH Ha BO30YXK/IEHHH CTOSUUX BOJH
HUCKYCCTBEHHBIMU MCTOYHHKAMM KOJE€OaHUH, Iie Ha OCHOBAaHMM ITOJYYEHHBIX CIIEKTPOB AEIAIOTCS
BBIBOJIBI O CEHCMOCTOMKOCTH 3[aHMs, a TAKKE O €ro COCTOSHUU M CTeleHu H3Hoca. Kpome 3rtoro,
CYILECTBYET METOJ ITACCHBHBIX CTOSYMX BONH [3], MCHONB3yeMbI CEroiHs, B OCHOBHOM, JUIs
pEILICHUsT HHKEHEPHBIX 331a4. METO/I MaCCUBHBIX CTOAYUX BOJH HCIIOJB3YET B KAUECTBE HCTOYHHUKA
nHGOPMALIMK CTOSIYME BOJIHBI, BOSHHMKAIOLIME IOJ] BO3JEHCTBHEM IIYMOBOIO MOJS MHKPOCEHCM,
MIO3BOJISIA BBIAEIATh MEXaHWYECKUE HEOAHOPOAHOCTH B IEOJOrMYECKOM paspese. Uacrorta crosuein
BOJIHBI CBSI3aHA C TITyOMHOM 3aeraHus OTpaskaromel TpaHuIbl (OpMyITaMu:

n=Vp (1)
I =Zh
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, TIe N — HoMep Mojbl, h — riryOuHa 3aneranus OTpa)karouieil rpaHulibl, VP — CKOPOCTh MPOI0JIbHON
BOJIHBI B cJI0€ (hOPMHUPOBAHUS CTOSUCH BOITHEL.

The RAP method uses static waves that arise in the thickness of rocks under the influence of various
sources to obtain information. At present, there are several methods that use static waves to obtain
information. The known method of dynamic testing of buildings and structures is based on the
excitation of standing waves by artificial sources of oscillations, where on the basis of the obtained
spectra conclusions are drawn about the earthquake resistance of the building, as well as its condition
and degree of deterioration. In addition, there is a method of passive standing waves [3], used today,
mainly to solve engineering problems. The method of passive standing waves uses standing waves as
a source of information, arising under the influence of the noise field of microseisms, allowing to
isolate mechanical inhomogeneities in the geological section. The frequency of a standing wave is
related to the depth of the reflecting boundary: [See formulas above], where n is the mode number, h
is the depth of the reflecting boundary, and Vp is the velocity of the longitudinal wave in the standing
wave formation layer.

®opmyna (1) mpuMeHuMa B ciiydae, KOTJIa OJIHA M3 OTPaXKAIOUIUX TPaHUI] SBISCTCS TPaHHIECH CO
cioeM ¢ 6otee BBICOKMM BOJHOBBIM COTPOTHBIICHHEM, (opmyia (2) — koraa GOpMHpPOBAaHHE CTOSUCH
BOJTHBI TIPOUCXOUT MEXAY «CBOOOIHBIMI» TpaHUIAMH (KOHTAKT THIA «TBEpJas cpelaa — BO3IAYX)).
Ammuityna CcTos9eil BOJHBI 3aBUCHUT OT «KOHTPACTHOCTH» KOHTAaKTHUPYIOUIUX CJIoeB. YeMm
KOHTpAacTHee TIpaHuIla, GOpMUPYIOIIas OTPaKCHHUE W 00pPa30BaHUE BCTPEYHON BOJIHBI — TEM BBIIIC
aMIUTUTYJa BO3HUKAIOIIECH CTOSTUEH BOJIHBL.

Formula (1) is applicable in the case where one of the reflecting boundaries is a boundary with a layer
with a higher wave resistance; formula (2) when the formation of a standing wave occurs between
"free" boundaries (solid-air contact). The amplitude of a standing wave depends on the "contrast" of
the contacting layers. The more contrast the boundary forming the reflection and the formation of the
opposing wave, the higher the amplitude of the emerging standing wave.

[lepBrie moOmBITKM 000CHOBaTh Teopuro Merona PAIl Obutn  mpeanpunstel B 2013 romy
cnermanuctamu komnanuun OOO «Anp Teppa» coBMecTHO ¢ BeHrepckuM (usukoMm M. Bapra (M.
Varga), pas3paboTaBmiiM MpPOrpaMMy MaTEMAaTHYECKOrO  MOJCIMPOBAHUS  MHUKPOCEHCM  OT
MHOKECTBEHHBIX YAAJIEHHBIX MCTOYHUKOB C WCIIOJIB30BAaHUEM AallTOPUTMA, TNpeiokeHHoro JI.
Anpbapemio (D. Albarello). TIpumep paboThl mporpaMMbl Ui JABYXCIOHHOTO paspe3a MOXHO
YBHIETb HIKE (pHC.5)
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Pucynok 5 Pezynomam pabomwt npoecpammoul COMPLETA (M.Varga). Cpaeuenue amniumyo
Cnekmpoe 6epmuKaJle0L7 u 20pu30HmanbH0ﬁ KOMNOHEHmM C OMHOWERUEM CNEKMPA/IbHbLX
amnaumyo akycmuyeckozo 8oanoso2o noas [Figure 5 The result of the program COMPLETA
(M.Varga). Comparison of the amplitudes of the spectra of the vertical and horizontal
components with the ratio of the spectral amplitudes of the acoustic wave field]

The first attempts to justify the theory of the RAP method were taken in 2013 by the specialists of Al
Terra LLC together with the Hungarian physicist M. Varga, who developed a program for
mathematical modeling of microseisms from multiple remote sources using the algorithm proposed by
D. Albarello. An example of how a program works for a two-layered section can be seen above (Fig.
5)

Kak BHOHO MO WLIIOCTpAIMK, YTO MIPU HAJIMYMU KOHTPACTHOM I'paHHIIBI H3MEHEHUS CBOMCTB IIOPOJ
MOJIOXKEHHUE TpaHUIBl pasfiesia CIOEB INPOSABISIETCS KaK Ha CHEKTPe TOPH30HTAJIbHOH, Tak H
BEPTUKAIBHON KOMIIOHEHT aKyCTMYECKOTO BOJHOBOTO IIOJS, OJHAKO AaMIUIUTYAa BEpPTHUKAIbHOMN
KOMIIOHEHTHI CIIEKTPa aKyCTHYEeCKOro curHana (usmepsiemoil merogom PAII) Belme, yem ammuuryna
TOPU3OHTAIBHON cocTapistoniei. B pesynprare pabotsl ¢ mporpammoit COMPLETA Ttakke ObiT
MIOATBEPKIACH U PsII APYTUX MosiokeHui metoaa PAIT:

As can be seen from the illustration, in the presence of the contrast boundary of the change in the
properties of the rocks, the position of the interface of the layers manifests itself both on the spectrum
of the horizontal and vertical components of the acoustic wave field, however, the amplitude of the
vertical component of the acoustic signal spectrum (measured by the RAP method) is higher than the
amplitude of the horizontal component. As a result of working with the COMPLETA program, a
number of other provisions of the RAP method were also confirmed:

1. Ilpum m3MeHeHHH TIIyOWHBI TPAHMII pa3Jielia Cpell U3MEHSIOTCS U TOJOKEHUS CIIEKTPAIbHBIX
MAakKCUMYMOB, KOTOPBIC CMCIIAIOTCA B CTOPOHY 60J’I€6 HU3KUX YaCTOT IIpU YBCINYCHUH
rnyounsl [When the depth of media interface changes, the positions of the spectral maxima
change, which shift towards lower frequencies with increasing depth]

2. HpI/I HU3MCHCHHUHU CKOPOCTHBIX XapPAaKTCPUCTUK CJIOCB pa3pe3a IIOJOXKCHHUE CICKTPAJIbHBIX
MaKCHMYMOB npaktudecku He usmensiercs [VWhen the velocity characteristics of the cut layers
change, the position of the spectral maxima remains practically unchanged]

3. HpI/I HaJIMYUHU B pa3pe3c CJI0d C HU3KHUMU CKOPOCTHBIMHU XaAPAKTCPUCTUKAMU (CJ'IOSI C
MOHWKEHHBIMA ~ TPOYHOCTHBIMH  CBOWCTBAaMH) aMIUIMTyJa CIHEKTpa  BEPTHUKAIbHOM
KOMIIOHEHTBI BOJTHOBOTO TIOJISt pe3ko Bo3pacTaet. [In the presence of a layer with low velocity
characteristics (a layer with reduced strength properties), the amplitude of the spectrum of the
vertical component of the wave field increases sharply.]

Nmenno nocneanee no3possier npuMeHsaTh Metol PAII nipu BeiziesieHUN B pa3pe3e y4acTKOB
C MOHMKEHHBIMH CKOPOCTHBIMHU XapaKTEPUCTHKAMH — YYaCTKOB OCIaOJICHUS MEXaHHUECKON
MIPOYHOCTHU TOPOJ (MOBBIMIEHHONW MOPUCTOCTH M TPEIIMHOBATOCTH TMOPOJ T'E€OJOTHYECKOTO
paspesa).

It is the latter that makes it possible to use the RAP method when isolating sections with
reduced velocity characteristics - sections of weakening of the mechanical strength of rocks
(increased porosity and fissuring of the rocks of the geological section).

Metox PAIl wucmonms3dyerT Juisi TOJNyYeHHs] WHQOpPMAlMKM KaK ITACCHBHBIC CTOSYHE BOJIHBI,
oOpasyroluecst B pe3ylibTare OTPaXEHUS BOJIH, (QOpMUPYIOIUXCS MHUKpoceiicMamMu  (HU3KHUE
YacTOTHI), TAK U CTOSYME BOJHBI, BO3OYXK/IEHHbBIE JIETKMM yJIapHBIM BO3/ACHCTBHEM B TOYKE MpHEMa
curHana (BBICOKHE YacTOThI). Pe3ynbTaThl (QHU3MYECKOrO0 M MaTeMaTH4ecKOro MOJIeIHpPOBaHUS,
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BeimostHeHHOTO  FO.C.  IloropemoBeiM (benroponackuii  HaITMOHAJIBHBIA — MCCIICOBATECITIBCKII
YHHUBEPCUTET) B HOs0pe — nekabpe 2017-ro roma, MOATBEPAMIM BO3MOXKHOCTH (DOPMHUpPOBaHUS
CTOSYMX BOJIH COKAaTHsI — PACTSDKEHHS KaK MOJ JCHCTBHEM MOJSl MUKPOCEHCM, TaK W O] BIMSHUEM
BHEITHET0 BO30yxkmeHus. | 'paHumaMu, Mexmy KOTOPBIMH (QOPMHPYIOTCS (UKCHUPYEMBIE CTOSUNE
BOJIHBI, SBJISICTCS TIOBEPXHOCTH HAONIOACHHWHA (BEpXHSAS TPAaHMIA) M IOBEPXHOCTH OCIA0IEHHOTO
MEXaHHUUYECKOT'0 KOHTAKTa Mopo/ (30Ha PE3KOro M3MEHEHHS CKOPOCTEH — HWKHSS rpaHuna). Tak xak
BEepXHEH rpaHuIel GOpMHUPOBAHHS CTOSIUX BOIH SBISETCS TIOBEPXHOCTh HAOIONEHNUH, TO €CTh 30Ha
KOHTaKTa THMAa «BEHIECTBO — BO3IyX», TO B 30HE KOHTAKTa JaTYNKa HAOIIOJaeTCs MMy9IHOCTh, TO €CTh
— TOYKa MaKCHUMaJbHBIX aMIUIUTYI CTOsYed BOJHBL. YUeM riryOike 3aieraeT HIDKHSSI OTpakaromias
rpaHMla — TeM HIDKE YacTOTa BO3HUKAIOMICH CTOSTYEe BOJMHBI. 3Has CKOPOCTh MPOAOJIBHOW BOJHEI B
M3y9aeMOM CJIO€ W BBIYHCIHMB YaCTOTY MPHHUMAEMBIX JATYNKOM KOJEOAHWA — MOXHO OMpPEIeNNTh
TIIyOMHY HIDKHEH oTpaxaromeld rpaHunbl. OJHAKO, Ha MPaKTHKE PEIKO HUMEETCs] BO3MOXKHOCTh
TOYHOTO OTIPeJIeNIEHHsI CKOPOCTEH MPOIOIBHBIX BOJTH B M3y4aeMOM pas3pese, K TOMY e — HeOOblIHe
WCKXEHHS] BHOCUT M JaTYUK aKyCTUYECKUX KOJIEeOaHHH, IPUMEHIEMBIH IPU MOJIEBBIX HAOIIOACHUSX.
B cBs3u ¢ aTiM onpenenenue TiryOuH mpu pabotax meromoM PAIL BeITONHSETCS ¢ HCIIONIB30BaHUEM
kodduumeHTa mepecyeTa, OMpeAesIeMOro IO pe3ylbTaTaM MapaMeTPUYECKUX HaOMIOACHUN Ha
CKB2)XMHE C W3BECTHBIM T'E€OJIOTHUYECKHM pPa3pe30M, PacIlONOKECHHOW B pailoHe MpoBeneHHs padoT.
JInbo — KoppekTHpoBKa TIIyOWHBI MPOU3BOTUTCS B Tporecce OypeHus mo pesynbratam PAIL mpu
NIOACEYEHUH CKBA)XMHOM NIEPBBIX TPAHULL C KOHTPACTHOM 30HOM KOHTAKTA.

Pucynox 6 Buinonnenue noneevix nabnooenuii memooom PAII. [Figure 6 Field observation by the
RAP method.]

The method of RAP to obtain information uses passive static waves, formed as a result of reflection of
waves formed by microseisms (low frequencies), and static waves excited by a light shock at the
signal receiving point (high frequencies). Results of physical and mathematical modeling performed
by Yu.S. Pogorelov (Belgorod National Research University) in November - December 2017,
confirmed the possibility of forming standing waves of compression-tension both under the action of
the microseism field and under the influence of external excitation. The boundaries between which the
fixed standing waves are formed are the surface of observations (the upper boundary) and the surface
of the weakened mechanical contact of the rocks (the zone of sharp changes in velocities is the lower
boundary). Since the upper limit of the formation of standing waves is the surface of observations,
that is, the contact zone of the "substance-air" type, an antinode is observed in the contact zone of the
sensor, that is, the point of maximum amplitudes of the static wave. The deeper the lower reflecting
boundary, the lower the frequency of the emerging static wave. Knowing the velocity of the
longitudinal wave in the layer under study and calculating the frequency of the oscillations received
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by the sensor, it is possible to determine the depth of the lower reflecting boundary. However, in
practice, it is rarely possible to accurately determine the velocities of longitudinal waves in the section
under study; in addition, small distortions are also introduced by the acoustic oscillation sensor used
in field observations. In this connection, the determination of depths in the work of the RAP method is
performed using the conversion factor determined from the results of parametric observations at a
well with a known geological section located in the work area. Or, the depth correction is made during
the drilling process based on the results of the RAP when the bore bisects the first border with the
contrast contact zone.

201

Habnronenust metogom PAII 3akirodaroTcst B epeMeneHnH onepaTopa ¢ anmapaTypoil mo npoduism
HaOmoeHuii (puc. 6), 3amicu aKyCTHYeCKUX CUTHAJIOB B TOYKAX HAOIIOJCHUI C 3aJaHHBIM ILIArOM.
[Ipu paborax Ha Magarackape UCIOJIB30BAUCH PACCTOSIHUAS MEXKIy TOUKaMu HabmroaeHuit 5 u 10 m
(B 3aBUCHMMOCTH OT pa3MepoB oOObBeKkTa uccienoBaHuii). Tak Kak, B OCHOBHOM, OOBEKTHI
UCCIIEIOBAaHNI WMENH W30METPHYECKyl0 (OpMy, TO TpH OTPAdOTKE YYacCTKOB HpPUMEHSIAch
METOJIMKa, XOpOIIO 3apeKOMEHJOBaBInas ce0s mpu padoTax Ha KUMOEPIUTOBBIX TPYyOKax
ApxaHrenbckoii ooaactu (puc. 7).

Observations by the RAP method consist in moving the operator with the equipment along the
observation profiles (Figure 6), recording acoustic signals at observation points with a given step.
When working in Madagascar, distances between observation points of 5 and 10 m were used
(depending on the size of the object of research). Since, in general, the objects of research had an
isometric form, then during the development of the sites, a technique was used which proved to be
very useful when working on kimberlite pipes in the Arkhangelsk region (Fig. 7).

TeonorMyeckuit paspes no nuHuM Npouns, KapTa 13onuHuil amMnnnTyA CcnekTpa akycTUYeckoro curHana
NPOXOASALLEro Yep!
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Pucynox 7 Ilpumep e6videnenus 30HbI KOHMAKMA —U30MEMPU4ecKko20 6 Niane obvekma
(kumbeprumosgass mpybKa) nO UHMEHCUBHOCU CHeKmpa akycmuueckoeo cuenana. Cnesa —
BblOe/IeHIEe 30Hbl KOHMAKmMa no OmoelbHbiM I’lpOgbuJZbelM Ha6.7li00€Hu}lM, cnpaea — Kapmupoeanue
30mbl KOHmMaxma no 2pynne npoguaei. [Figure 7 An example of isolating the contact zone of an
isometric object in the plan (kimberlite tube) according to the intensity of the acoustic signal
spectrum. On the left, the selection of the contact zone for individual profile observations; on the
right, mapping of the contact zone along the profile group.]
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Kax BuIHO 1Mo wiutocTparmu (puc. 7), 30Ha Pe3KOro MEXaHWYECKOr0 KOHTAKTa W30METPHUUYECKUX B
iaHe 0OBEKTOB C BMELIAIOUIMMHU TMOPOJAMH OHO3HAYHO BBLACISIETCS MOBBIMICHHEM aMIUIATYAbI
CHEKTPOB aKyCTHYECKHX CHTHAJIOB. JIydmmii pe3ynpTaT moiaydaercss IpU MPOXOKIACHUU TPOQHIIL
BKpecCT BblAensieMoil Tpanume. Mcxoms w3 3Toro, mpu MpoBeAeHWH pPabOT B IOKHOH YacTH O.
Maparackap nuHud  PATl-HaOnroneHuWid  pacrojaraiiuch  «3BE3JOYKOW» C  CEpeMHOW B
TEOMETPUYECKOM IICHTPE BBIJICICHHOM 10 PaANOMETPHICCKUM JaHHBIM aHOMauu (puc. 8).

WHTeHcuBHOCTL
ramma-nanyyexus,
UMN/MUH

— —
0 10 20 30 40

Pucynox 8 3adanue npocpuneti PAII-nabrrodenuii (cnpasa) no pezyibmamam paouomMempuieckou
cvemku (cnesa). [Figure 8 Setting the profiles of RAP observations (right) based on radiometric
survey results (left).]

As can be seen from the illustration (Figure 7), the zone of sharp mechanical contact of isometric
objects with enclosing rocks is uniquely distinguished by an increase in the amplitude of the spectra
of the acoustic signals. The best result is obtained when the profile crosses the allocated border.
Proceeding from this, when carrying out work in the southern part of Madagascar lines of RAP
observations were located "asterisk” with the middle in the geometric center of the radiometric data
anomaly (Fig. 8).

OcHOBHO# 3amayeit 00pabOTKU pe3ynbraToB padboT MeromoMm PAIl sBisieTcss BbIACIEHUE U
JIOKaJM3alysl y4acTKOB aHOMAJIBHOTO MOBBIMICHHUS AMIUIUTYA CIEKTPOB aKyCTHUYECKHMX CHTHAJIOB.
IlepBbIM 3TarioM 00pabOTKH SBISIETCS BBIYMCICHUE CIIEKTPOB MOJYYEHHBIX aKyCTUYECKHUX CHUTHAJIOB
(BII® ¢ okonHOW (yHKIHMEH Yaida), ¥ TMEepecdyeT YacTOT MOJIyYCHHBIX CICKTPOB B TJIyOWHBI, B
COOTBETCTBHH C (DopMyJioi M K03(Q(UIIMEHTOM TepecueTa, YCTAHOBJICHHBIM JIJIS JAHHOT'O y4acTKa.
s Gosee TOYHOTrO BBIAEICHUS SKCTPEMAIBHBIX 3HAUYEHHH CIEKTPOB aKyCTHYECKHX CHUIHAJIOB,
KOTOPBIE COOTBETCTBYIOT IMOBEPXHOCTSIM OCHA0JIEHHOTO MEXaHWYeCKOTO KOHTAKTa, BBIYHCISIETCS
JOKaNbHasl (OCTATOYHAs) COCTABJSIIONIAS CIEKTpa. 3aTeM, JUIs Oojiee YETKOH BH3yalu3aluu
MOBEPXHOCTEH OCIa0JIeHHOTO0 MEXaHMYECKOTO KOHTAKTa, MPOM3BOAUTCS CJIOXKEHHE IOTyYEHHBIX
Pe3yAbTaTOB BBHIUMCIICHHUH MO MOJHONW KOMIIOHEHTE CIIEKTPa aKyCTHYECKOrO CUTHAJIA U TI0 JIOKAJIbHON
€ro KOMITOHEHTE.

The main task of processing the results of works using the RAP method is to isolate and localize areas
of anomalous amplification of the acoustic signal spectra. The first stage of the processing is the
calculation of the spectra of the received acoustic signals (DFT with the Welch window function) and
recalculation of the frequencies of the obtained spectra into depths, in accordance with the formula
and the conversion factor established for this section. To more accurately isolate the extreme values of
the spectra of acoustic signals that correspond to the surfaces of a weakened mechanical contact, the
local (residual) component of the spectrum is calculated.
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Then, for a clearer visualization of the surfaces of the weakened mechanical contact, the obtained
results of the calculations are added along the full component of the acoustic signal spectrum and
along its local component.

Pe3ynbraTel HaOMIOACHNH, KaK MPAaBWIIO, MPEACTABIIIOTCS KaK pacTpoOBOE M300payKeHHE aMILIUTY.
mpeoOpa3oBaHHOTO B CIEKTPaJbHBIN BHJ aKyCTHYECKOro curHana. L{BeToBas Imkama COOTBETCTBHUS
aMIUIUTYZ CIIEKTPOB OIPENCJIEHHbIX LBETAM CO3JAETCsl OJMHAKOBOW IUIs BCeX Mpoduie OJHOTo
ydJacTka, YT00BI BU3YaJIbHO MOYKHO OBLIO OIIEHUTH M CPABHUTH AMIUIUTYABI [0 PA3THIHBIM IPOQUIIIM
HabmromeHnit. Tak Kak aMIUINTyJa CIIEKTpa CTOSYMX BOJIH HANpsAMYIO CBS3aHa CO CTENEHbBIO
MEXaHUUYECKOT0 OCNabJeHUsl MOpOJ, KOHTAKTUPYIOUIMX IO KaKoH-1M0O TrpaHulle, TO pa3pessl,
MoJTyJaeMble B pe3yibTaTe 0OpaOOTKH, (DaKTHUIECKH SBISIOTCS KapTOH H30JMHHUN OTHOCHTEIHHOM
MEXaHUYECKON MPOYHOCTH IMOPOJA HM3ydyaeMoro paspesa, rae Oosee ciabbiM ydacTkaM (y4acTKH
MOBBIILIEHHOTO ~ PAaCCIOCHUSI TMOpPOX, 30H TPEUIMHOBATOCTH, YYacTKM OOBOJHEHUS, 30HBI
TEKTOHWYECKUX HApYIICHUH, pa3lWdHble CTPYKTYPHbIE KOMIUIEKCHI HOPOA JIMOO MOBEPXHOCTH HX
KOHTAKTa U T.JI.) OTBEYAIOT OoJiee MHTCHCHUBHBIC IBeTa. Clie[0BaTeIbHO, OHHM MOTYT OBITH BBIICIICHBI
Ha PATl-pa3pe3ax MIMEHHO MO MOBBIILICHHOW HACHIIICHHOCTH 1 HHTCHCUBHOCTH LIBETOBOI raMMbl [2].

The results of observations, as a rule, are represented as a raster image of the amplitudes of the
acoustic signal transformed into a spectral form. The color scale of the correspondence of the
amplitude of the spectra to certain colors is created identical for all profiles of one section in order to
visually be able to estimate and compare the amplitudes for different observation profiles. Since the
amplitude of the standing wave spectrum is directly related to the degree of mechanical weakening of
rocks contacting at any boundary, the cuts resulting from the processing are in fact an isoline map of
the relative mechanical strength of the rocks of the section under study, where weaker sections (areas
of increased stratification of rocks, zones of fracturing, watering areas, zones of tectonic disturbances,
various structural complexes of rocks or their contact surfaces, etc.), more intense colors respond.
Consequently, they can be distinguished on the RAP-sections precisely because of the increased
saturation and intensity of the color scale [2].

Pe3yabTaThl BbINOJHEHHBIX padoT / Results of work performed

[Ipumep pe3ynbTaToB, MOTYYEHHBIX IO HEKOTOPBIM MpoduisiM HabironeHuni MmeronoM PATI, MoxHO
YBUJIETh Ha WLTIOCTpALMU HiDKe (puc. 9).

JIuHua npocduns 2 JInHusa npocpuns 3
20 4‘0 6‘0 8|0 1?0 120 1«]‘0 1?‘0, M 0 20 40 GP BIO 1?0 1?0 1?0 1?0, M

An example of the results obtained for certain observational profiles by the RAP method can be seen
in the illustration above (Figure 9).
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Pucynox 9 Pesyromamor pabom memooom PAIl no dsym npoguism ompabdomanHo2o yuacmxa.
Bonee unmencusnole yeema coomeemcmeyrom OobUUM wunﬂumydww CNeKmpoe6 daxKyCcmu4ecKux
CUCHA08, C1e008amenbHO — nopodaM C MeHbulel MexaHuyeckou npO4YHOCMbIO (nomenuuaﬂbno
sodonacwigennvim). [Figure 9 Results of works by the method of RAP for two profiles of the project
section. More intense colors correspond to larger amplitudes of the spectra of acoustic signals;
hence, to rocks with less mechanical strength (potentially water-saturated).]

Kak BugHO 1o mpeacTaBieHHON BBIIIE WILTIOCTpAIuy, 1o paspe3am PAII BeienseTca HECKOIbKO 30H
MOBBIILICHUS aMIUTUTY CIIEKTPOB aKyCTHYECKHX CUT'HAJIOB, KOTOPBIE MOTYT OBITh HHTEPIIPETHPOBAHEI
KaK ITOTEHIMAJIbHO MEPCIEKTUBHBIE I OUCKOB BOJbl. CyOropnu3oHTanbHasi 30Ha, PAaclOIOKEHHAas
Ha riyomHax 20 — 30 MeTpoB, COOTBETCTBYeT (IO JaHHBIM TIeosioroB Kommanuu BushProof,
Maparackap) nepBoMy BOJOHACHIIIEHHOMY TOPHU30HTY, C OYEHb OOJBIIONH BEPOSTHOCTHIO — CHIBHO
MUHEPaTN30BaHHOMY (3acoieHHoMy). [nmyOke mo paspesy oOTMeuaeTcs eme OJHa 30Ha
JKCTPEMAaBbHBIX aMIUTUTY] CIIEKTPOB, PACIIONIOKEHHAas Ha TiTyOnHax oT 120 MeTpoB OT MOBEPXHOCTH.
30Ha yBepeHHO (ukcupyercs MO BceM MNpoQWIsAM HAOJIIOAEHWH, 4YTO TOATBEPXKIAET ee
JOCTOBEPHOCTH. [10/100HbBIE pe3ynbTaThl OBUTH MTOTYYEHBI U 110 IPYTUM 00CIICIOBAHHBIM YHaCTKaM.

As can be seen from the above illustration, several zones of increasing amplitudes of the spectra of
acoustic signals are distinguished from the RAP profiles, which can be interpreted as potentially
promising for water exploration. The subhorizontal zone, located at depths of 20-30 meters,
corresponds (according to the geologists of BushProof, Madagascar) to the first water-saturated
horizon, with very high probability of high salinity. Deeper in the section there is another zone of
extreme amplitude of the spectra, located at depths of 120 meters from the surface. The zone is
confidently fixed in all observation profiles, which confirms its reliability. Similar results were
obtained for other surveyed sites.

Bcero 3a BpeMs npoBeneHus mojeBbx padoT (2 Hegenu) ObUT0 00CiIen0BaHO 15 y4acTKOB B pa3HbIX
paifoHax rokHOro Manarackapa. Hanbosee nepcnekTuBHbIC W3 HUX (4 yuacTka) ObUIM TiepeaHbl Mo
OypeHue, KOTopoe IUIaHupyeTcs IpoBecTu B ¢epane — mapre 2018 roga, mocne OKOHYaHHS CE30HA
noskeit. [lpumep pekoMeHIaluii MOXKHO YBHICTh Ha HILTFOCTpanun Hike (puc. 10)

Monsbiid cnexkTp JNoxansHas XOMNOHEHTa CnexkTpa

i

=200+

Pucynox 10 Ilpumep svidenenus nepcnexmueHou 30Hbl ROMEHYUATLHO20 8000HACLIUCHUSL N0 0OHOMY
U3 Y4acmro8 npo8edeHHbIX pabom ¢ peKOMeHOOBAHHLIM MEeCMOM U 21yOUHOU OypeHUs 60003A00PHOU
crkeaocunwl. [Figure 10 An example of highlighting a prospective potential water saturation zone
along one of the sections of the work performed with the recommended location and depth of drilling
of the water well.]
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BriBoawl / Conclusions

Brimonaenne pabor MmO TOMCKaM BOABI B IOKHBIX paiioHaXx 0. Mamarackap ITOKa3ayio
paboTOCIIOCOOHOCTh M KOHKYPEHTOCITIOCOOHOCTh MTPUMEHSEMOTO KOMILIEKCa T€0I0T0-Te0(hU3NIECKIX
paboT, COCTOSIIMX W3 JIMHEAMEHTHOTO aHaiH3a, PaJuOMETPUYCCKOW TaMMa-CheMKH W METoJa
PE30HAHCHO-aKyCTHYECKOTO TMPO(IINPOBAaHUSA. 3aKa3dyMKOM OTMEYeHa BBICOKAas MOOWMIBFHOCTh
KOMITIEKCa, XOpOoIas CKOPOCTh BBIMOJTHEHHS Ha3eMHBIX paboT (3a 1 paboumii nmeHb, B CpemaHEM,
BBINIOJTHUIMCH 1 — 2 yyacTka OOIIel MI0IIa b0 HECKOJIbKO TeKTapORB), CKOPOCTh TOTYUYCHHS, 8 TAKIKE
OJTHO3HAYHOCTh M CXOJUMOCThH TOJYYaeMbIX Pe3yJbTaToB. Bce BHIBI HAa3eMHBIX Teo(H3MUECKUX
paboT BBHIMIOHSIINCH COTPYIHUKAMH MECTHBIX Teo(hH3UUecKuX CIyk0 (Tocie HempoIOKATEIHHOTO
00y4YeHUs), YTO TOBOPUT O MPOCTOTE MPUMEHSIEMBIX METOJIOB.

Performing works to find water in the southern regions of Madagascar showed the efficiency and
competitiveness of the applied complex of geological and geophysical works, consisting of lineament
analysis, radiometric gamma survey and the method of resonance-acoustic profiling. The customer
noted the high mobility of the exploration team, a good rate of ground operations (1 to 2 sections with
a total area of several hectares per 1 working day), the speed of processing and reports, and the
unambiguity and convergence of the results obtained. All methods of ground geophysical surveys
were carried out by the staff of local geophysical team (after a short training), which indicates the
simplicity of the methods used.

Ha tepputopuu mpoBoauMbIX pabOT BBISABICHBI M OINpPEENICHbl KaK MEPCIEKTUBHBIC IS TTOMCKOB
BOJBI OOBEKTH MPEANONIOKHUTEIFHO MaapoBoro tuma. OKOHYATEIbHYIO MPUPOIBI BBIICIECHHBIX
00BEKTOB MOXKHO OyZIET OIPEIeNHTh IO pe3yabTaTaM OypeHUsI.

On the territory of the works carried out, objects of presumably maar-type have been discovered and
identified as promising for water exploitation. The final nature of the selected objects can be
determined by the results of drilling.

Ilo pesynpraram npoBefeHus paboT 3aKa3uMKOM HPUHATO PELICHHE O MPOJODKEHHHM Ha3eMHBIX
reopu3nuecKux padoT MOcie IOMYYECHUS IOJOKHUTENbHBIX PE3YylbTaTOB OypeHHs CKBaXKHH. A
CTaTUCTHKA MPUMEHEHUSI METO/Ia Ha TEPPUTOPHUIX CO CXOKUMH MpodiieMamu Kak B Poccuu, Tak u 3a
py6exom (Monromus, Memen, Mapokko ¥ Jp.) TI03BOJNSIOT HAEAThCA MMEHHO HA MOJNOXKUTEIbHBI
pe3yiabTat OypeHus 1 Ha Mazarackape.

Based on the results of the work, the Customer decided to continue ground geophysical work after
obtaining positive results of drilling wells. And the statistics of the application of the method in
territories with similar problems both in Russia and abroad (Mongolia, Yemen, Morocco, etc.) make it
possible to hope for a positive drilling result in Madagascar.
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