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EXPERIMENTAL SUBSTANTIATION OF THE NPEMFE GEOPHYSICAL METHOD
TO SOLVE ENGINEERING AND GEOLOGICAL PROBLEMS

L B. Yywckina, J. C. ITikapena, O. B. Opnincoxa, H. M. Maxcumosa. EKCIIEPUMEHTA/IbHE OBITPYHTYBAHHA
TEO®I3HYHOI'O METOAY IIEMII3 /l/IA BUPIIIIEHHA TH’)KEHEPHO-I'EOJIOI'T9HHUX 34/]AY. B naw uac diacnocmy-
8aHHA mexHiyHo20 cmany ciopomextiunux cnopyo (I'TC),600020cnodapcoko2o KOMNAEKCY MAaKodiC AK i noKanizayii OiisAHOK, AKi no-
mpebyioms nepuiouep208020 pemMoHmy, € 00CUMb AKMYANbHUMU HAYKOBO-NpaKmudHumu 3aoavamu. bazamopiuni nonwosi docni-
0JICeHHs NOKA3ANU BUCOKY eeKMUBHICIb 3aCmOoCy8ants 2e0i3uiH020 Menooy NPUPOOHO20 IMNYILCHO20 eNeKMpOMASHIMHO20 OIS
3emni (IIIEMII3) 0aa usenennsa 301 niosuweroi ginompayii i nopywensv 6 mini ipyumosux I'TC. Bnepuie Oyau nposedeni nabopa-
MOPHI QOCTIONCEH s 0TI AHANIZY XaAPaKmepy eeHepayii enekmpomMacHimno2o sunpominiosanus (EMB) 6 spaskax nyxxkux rpynmie nio
yac ix Haganmagicenb, Wob eKcnepuUMeHmanbHo OOIPYHMYSAMU MONCIUSICMb SUKOPUCIAHHA WBUOKO20 | MATOBUMPAMHO20 (34 Ya-
com ma ¢pinancamu) memooy INIEMII3 ons diacnocmysanis mexuiunozo cmany rpyumogux I TC 600020cno0apcoko2o npusHayeHHs.
Pesynomamu excnepumenmansHux 00C1iodcenb 00360IUNU 6CIAHOBUMY OCHOBHI 3aKOHOMIpHOCII po36umKy Koausans EMB 6 rpyu-
moeiti moewji niod uac it cmucHenHss ma 00800HEHHS, WO NOSICHIOE MOJICTUGICMb GUSHAYEHHS 30H Qilbmpayii ma 3amMo4yeants 6 miii
rpyumosux I'TC. Egexmuenicms 3acmocysants ceogizuunozo memody IIEMII3 pozenawyma na npuxiadi pecynionuozo baceiina
(Pb) Kanuniecvroi 3pouiysanvhoi cucmemu, posmauioganozo 6 CunenbHUKiecbkomy pationi /JHinponempogcvkoi obnacmi. [Jocni-
0JICeHHs MEeXHIYHO20 CIMAMY pe2yniolouo20 bacelily npo8eoeHo 8 KOMNIEKCI 3 «KiNbKICHUMY MemoO0OM 6ePMUKANLHO2O el1eKMPULHO20
30HOY6anHA, AKull 0onoeuus oaxi stiomku IHIEMII3. JlocmogipHicme pe3yivmamis 3tomMKu NiOmMeEepotcyemvcs 30id4CHICIO PUCYHKA
noas [IIEMII3, ompumanozo ¢ pesyiomami monimopunzy PB 6 2013 p. i 2017 p. Exonomiuna 0oyinbHicms 6nposadiicents ne pyui-
HYI04020 MemoQy 0/ Ola2HOCMUKU MEXHIYHO20 CIMAHY 2I0POMEXHIUHUX CNOPYO 3DOULY8ATIbHUX CUCTEM NIOKPeCTIOEMbCs HeOOXIOH -
CMIO NOKPAUeHHS eK0JI020~-MeNiopamueHo20 CMaHy npuie2iux mepumopii.

Knrouosi cnoga: memoo npupoonozo iMnyIbCHOZ0 eNeKMPOMASHIMHO20 NONA 3eMal, MemoO 8ePMUKAILHO0 eleKMPUUHO2O0
30HOY8AHHA, 000Memp, NYXKI NOPOOU, eLeKMPOMACHIMHE SUNPOMIHIOBAHHS, TPYHMOSI 2I0POMEXHIYHI cnopyou, 0iaeHOCUKA MeXHiy-
HO20 cmamy

HU. B. Yywrkuna, /1. C. Ilukapena, O. B. Opnunckas, H. H. Makcumosa. IdKCIIEPUMEHTA/IPHOE OBOCHOBAHHUE
TEO®U3HYECKOI'O METOJQA EUDSMII3 JUIA PEINIEHHA HH’KEHEPHO-I'EOJIOTHYECKHUX 3A4/]AY. B nacmosuwee
8pems OUASHOCMUKA MEXHUUECKO20 COCMOAHUA 2PYHMOogblx euopomexnuueckux coopysucenuit (I'TC), maxoce kax u aoxanuzayus
YHacmKos, mpedylowux nepeoouepeoH020 PeMOoHma, U CHUMNCeHUe QUIbmpayuoHHbIX nomepb OPOCUMENLHOU 600bl, ABIAIOMCS 00-
CMAMOYHO AKMYANbHBIMU HAYYHBIMU U NPAKMUYECKuMU 3a0aiuamu. MHuozonemnue nonegvle ucciedosanus nOKA3au 6biCOKyIo 3¢h-
DexmusHOCmb NPUMEHEHUs 2e0UULECKO20 MEMOOd eCMECMEEHH020 UMNYIbCHO20 nekmpomacuumnozo noas 3emau (EMOMII3)
071 0OHApYIICeHUs 301 NOBbIUEHHOU hunbmpayuu u Hapyuenus crodicenus 6 mene epyumogeix I'TC. Bnepesvie 6viiu npogedenst 1a-
bopamopHuie ucciedo8anus 05 AHAIU3A XaApaAKmepa eHepayuu dneKmpomacHumnozo usnyvenus (OMH) e obpasyax puixavix epyn-
Mo npu ux Hazpyske, 4moobl SKCHEPUMEHMATLHO 000CHOBANb BO3MOCHOCHL UCHONb308AHUA DLICMPO2O U HEOOPO2020 (C MOUKU
3penus epemenu u punancos) memooa EUIMII3 ons ouaenocmuxu mexuuueckoeo cocmosanus epynmosuix I'TC cenvcrkoxossiicmaen-
HO20 HazHauenus. Pe3ynomamol SKcnepumMenmanbHulX UCCie008aHUll NO36ONUNU ONPeOeunmb OCHOB8HbIE 3AKOHOMEPHOCU PA3EUMISL
xonebanuii MU 6 epynmosoil moawe npu eé cocamuu u 06800HeHUU, YMO 0OBACHAEM 803MONHCHOCHb ONpedeneHus 301 Puibmpa-
yuu u 06600nenus 6 mene epynmosuvix I'TC. Dpghexmusnocms npumenenusn zeogpusuveckoeo memooa EUIMII3 paccmompena na
npumepe pezyrupyrowezo o6acceuna (Pb) Kanunosckoii opocumenvrnou cucmemst (OC), uccnedosanue mexuHuyecko2o COCMOSHUS
KOmopo2o 0bi10 NPOBEOeHO 8 KOMNIEKCe € «KOTUYECHBEHHbIMY MEemoO0OM 6EPMUKATbHO20 NeKmpuieckoeo 30Houposatus (BO3),
dononnsioujezo oannvie cvemku EUIOMII3. [Jocmogepnocms pe3ynomamos coeMku MemooOM HOOMBEEPICOACMCs CXOHCECHbIO PU-
cynxa nonss EUDMII3, nonyyennozo 6 pesynomame monumopunea cocmosinus PE ¢ 2013 u 2017 200ax. Dxonomuyeckas yenecoob-
PasHocms 6HeOpeHUs He paspyulaiowux memooos 05 OUASHOCTNUKU MEeXHUYeCKO20 COCMOAHUA 2UOPOMEXHUHECKUX COOPYICeHU
OPOCUMENbHBIX CUCTEM NOOYEPKUBAEM S HeOOXOOUMOCHIBIO YIVHUEHUSA IKONO20-MENUOPAMUBHO20 COCMOAHUSA NPULe2alowux mep-
pumopuil.

Kniouesvie cnosa: memoo ecmecmeenno2o UMnYibCHO20 INEKMPOMASHUMHOZ0 NOJIAL 3eMu, Memoo 6epmuKanbHO20 dNeKmpu-
4ecK020 30HOUPOBAHUS, OOOMEMP, PbIXIble NOPOObL, DNEKMPOMASHUMHOE U3TYYeHUe, SDYHIMOBble CUOPOMEXHUYECKUEe COOPYICEHUS,
OUACHOCMUKA MEXHUYECKO20 COCIMOSAHUA.
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Statement of the problem. Majority of the
earth hydroengineering structures (HES) of hydroe-
conomic purpose were built in the middle of the last
century; the structures belong to CC1 structure cate-
gory. Nowadays, most of those structures are at the
end of their resources due to considerable technical
wear. That has resulted in deterioration of their
technical conditions and decreased level of their safe
operation. Almost all old-design hydroengineering
structures need maintenance operations. They are
impossible to be repaired simultaneously; thus, it is
necessary to implement a complex of diagnostic
tests to specify the HES requiring priority repair.
Currently, technical condition of those structures as
well as their meeting the safety requirements are
evaluated mostly visually, making it possible to
identify only certain sites of damaged plates of face
lining and filtration-proof membrane. That also con-
cerns the components of agricultural irrigation net-
works — retention basins (RB) and principal chan-
nels (PC) surrounded by the earth dams. Hidden
filtration zones within the dams may be found by
using control and measuring equipment or remote
sensing methods.

According to the recommendations of norma-
tive documents, it is proposed to determine zones of
increased filtration within the earth dam body, pro-
tective dams, and reservoir beds using a system of
geophysical methods including the following ones:
vertical electric sounding (VES), microelectric
sounding (MES), electric profiling (EP), and method
of natural electric fields (NEF) [1].

Unfortunately, those methods are considered to
be rather time- and labour-consuming. That high-
lights the topicality of developing and implementing
the innovative methods for complex evaluation of
technical condition and detection of hidden filtration
zones within the bodies of earth HESs; that will help
localize and maintain timely the specified site mak-
ing it possible to prolong operation period of the
object and prevent rise of ground water level within
the neighbouring territories.

During the recent 10 years, Dnipro State Agrar-
ian and Economic University (DSAEU) and
Dniprovsky State Technical University (DSTU)
have been applying a method of natural pulse elec-
tromagnetic field of Earth (NPEMFE), developed in
the 1980s, to determine hidden zones of filtration,
watering, and suffusion development within the
HES dams [2-6]. Traditionally, that method is used
to prospect ore deposits and ground water, to evalu-
ate slides and other phenomena [2, 8-2], and to per-
form quick examination of HES technical condition;
moreover, the technique is of low estimated cost. Its
main disadvantages are as follows: lack of theoreti-
cal and experimental substantiation and, as a result,
impossibility to carve up the section and define the

depth down to the anomaly object. The NIEFF
method has been substantiated experimentally for
the cases of mineral deposit prospecting as well as
solving engineering and geological problems within
the crystalline and sedimentary consolidated rock; in
terms of man-made loose soils, electromagnetic ra-
diation (EMR) has not been studied yet [7, 11-
21, 25].

Analysis of recent studies and publications.
As a rule, generation of electromagnetic radiation
was analyzed during deformation of crystalline or
consolidated sedimentary rocks as well as artificial
building materials. Such issued were considered by
\Vorobiov, O.A., Salnikov, V.N., Gold, R.M.,,
Bespalko, A.A., Yavorovich, L.V., Salomatin, V.N.,
Zashchinsky, L.A., Wshnevsky, N.L., Bulat, A.F,
Prykhodchenko, V.L., Soboliev, G.A., Kurlenia,
M.V., Yakovytska, G.Ye., Malyshkov, S.Yu., Yego-
rov, PV, Alekseiev, D.V., Kolpakova, L.A., Gon-
charov, A.L, Trubetsky, K.N., Viktorov, S.D.,
Osokin, A.A., Shliapin, A.V., Yeremenko, A.A.
Shtyrts, V.A., Zang, A., Stenberg, L., Specht, S.,
Milkereit, C., Schill, E., Kwiatek, G., Dresen, G.,
Zimmermann, G., Dahm, T., Weber, M., Cornet,
F.H., Hagag, W. Obermeyer, H., Naoi, M,
Rubinstein, J.L., Mahani, A.B., Sedlak, P., Sikula, J.,
Lokajicek, T., Mori, Y., Balageas, D., Maldague, X.,
Burleigh, D., Vavilov, V.P., Oswald-Tranta, B.,
Roche, J.M., Carlomagno, G.M., Vavilov )V,
Swiderski, W., Derusova, D., and others [2,7,10-31].

Papers [28-30] analyzed qualitative contribu-
tion of electromagnetic signal intensity with energy
properties of solid bodies. It has been defined that
the intensity of electromagnetic signal grows along
with the increase in mechanical and electric density
of solid bodies [11]. Studies [32] proposed the ap-
proach based on the measured minor flows within
the loaded rocks to determine their integrity.

Studies by Bespalko, A.A. and Yavorovych,
L.V. [11] dealing with EMR during dynamic effect
of sandstone samples in terms of their different wa-
ter-saturation and changes in the solution minerali-
zation (Fig.1) are of special interest. When sand-
stone is held in the distilled water that results in
considerable decrease in EMR amplitude comparing
with the sample in its initial state. Saturation of dis-
tilled water with NaCl is accompanied by the in-
creasing EMR amplitude. In this context, EMR of
porous sandstone of different water-saturation de-
gree is proportional to the effecting energy.

Singling out previously unsolved parts of the
general problem. Problems concerning the nature
of EMR occurrence in loose rock, e.g. argillaceous,
loamy, and sandy soils, which usually makes up the
HES body of CC1 structure category in terms of
irrigation systems, reservoirs, and tailing facilities,
have not been studied before.
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Amplitude, relative units

Frequency, kHz

Fig. 1. Amplitude-frequency spectra of electromagnetic signals in terms of acoustic excitation of sandstone
samples [11]: « — in the initial sample state; b — within the samples held in distilled water during 24 hours;
¢ — in NaCl water solution with the concentration of 1%; d — 2.5%; e — 3.75%

Formulation of the paper objective. Objec-
tive is to substantiate experimentally application of
the NPEMFE method within the man-made ground
and evaluate its possibility for determining hidden
filtration zones in terms of agricultural HES.

Description of the research methodology
(structure, sequence). To analyze interaction be-
tween the changes in electromagnetic radiation
(EMR) amplitude occurring within the man-made
earth dams of retention basins during their filling-
emptying, a series of experiments has been carried
out involving compression of man-made ground
samples on the odometer within simultaneous record
of density of EMR pulse flow being generated dur-
ing the loading.

Physical characteristics of soils (humidity, den-
sity and solid phase, porosity and porosity coeffi-
cient) were determined according to standard meth-
odologies [33].

During the first series of experiments, loading
values of ground samples on the odometer were se-
lected basing upon the real loads in the retention
basin filled with water completely up to the level of
4.2 m. According to the calculations, water pressure
is 42.2 kPa; taking into consideration pressure of
concrete plates, overall loading value is specified as
45.3 kPa.

Second series of experiments meant studies in
terms of RB emptying before winter time. When
water was discharged from the basin, 0.4-0.5 m lay-
er of water was left in the basin forming pressure of
5.3 kPa along with the plates. Those experiments
were carried out to study EMR level during relaxa-
tion of natural soils.

The experiments have resulted in the construc-
tion of graphs of dependences of EMR pulse flows

upon the loading degree of the ground samples. To
validate the NPEMFE method application, monitor-
ing studies have been performed in terms of reten-
tion basin of Kalynivska irrigation system (IS) in
2013 and 2017. To determine the ground water level
(GWL), method of vertical electric sounding was
applied along with the NPEMFE method.

Statement of the basic research material. Re-
tention basins and bund walls are built from the na-
tive ground represented by loessoid varieties. Ac-
cording to the majority of inter-regional water econ-
omy authorities, the dams are constructed using
heavy clay loams or sand loams. Ground samples
taken from the dams and near basins belong to clay
loams and sandy loams. Basing on the proper stud-
ies by the picnometer method, average density of
sandy loam soil is 2.74 g/cm?; in terms of plasticity
and flow values, they belong to plastic varieties
(Ip = 1.8-2.5; I. = 0.5); as for granulometric compo-
sition, they belong to dusty soils as they are charac-
terized by following granulometric composition
(in terms of fraction fineness mass): 0.5-1 mm —
0.07 %; 0.25-0.5mm - 0.61%; 0.1-0.25 mm -
61.25 %; >0.1 mm — 38.07 %. Average natural mois-
ture is 8.63 %.

Density of the clay soil particles is 2.75 g/cm3;
in terms of plasticity and flow value, they belong to
light (Ip = 17,51-18,32), solid (I. = -(0.23-0.18))
type; content of sandy particles is 0.02 % which also
indicates some varieties [36]. Natural moisture of
clays is 19.3 %.

Table 1 represents results of compression tests
on the odometer.

Along with the compression studies, pulses of
electromagnetic radiation were registered according
to the scheme represented in Fig. 2.
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Let’s consider the results of the effect of soil
compression upon the changes in pulse electromag-
netic radiation. Figures 3-11 show compression
curves ¢ = f (t) combined with the density of EMR
pulse flow (pulse/second). Periods of EMR rise and
drop during the experimental studies are marked
with red straight lines, which coincide conditionally
with the results of EMR curve smoothing by means
of polynomial approximation. Curves of the trend
represented in blue are constructed with the help of
Microsoft Excel; they are described by the sextic

equation.

Thus, in terms of maximum loads (45.58 kPa)
corresponding to the conditions of a water-filled
retention basin, wavelike alternation of ranges of
EMR pulse numbers with their repeated excitation
has been obtained (Fig. 3-5). That is traced properly
beginning from 1320 s since the start of experiment
#1 (Fig. 3), from 1380 s — for the experiment #2
(Fig. 4), and in terms of the experiment #3 — from
1200 s since the third loading stage or from 4680 s
since the beginning of the study (Fig. 5).

Table 1
Initial data and experimental results
Ex- Soil den- | Soil den-
peri- | Maximum pressure, . - sity be- sity after | Relative | Loading
ment | kPa (number of load- Soil type (backfilling fore com- | compres- com- period, s
. height, mm) . . .
num- ing degree) pression, sion, pression (hour)
ber g/cm?® g/cm?®
sandy loam with natural
1 45.58 (1) moisture (24 mm) 1.61 1.99 0.015 | 2700 (0.75)
sandy loam with natural
2 45.58 (1) moisture (24 mm) 1.64 2.06 0.087 | 2820 (0.78)
45.58 (3 degrees: sandy loam with natural
3 | 163,163,130 kPa) | moisture (24 mm) 164 204 | 0073 | 5460 (1.5)
sandy loam with natural
4 53(1) moisture (24 mm) 1.68 2.34 0.038 2520 (0.7)
sandy loam with natural
5 53(1) moisture (24 mm) 1.64 1.95 0.041 | 2580 (0.72)
sandy loam with natural
6 5.3 (1 degree) moisture (24 mm) 1.69 2.01 0.015 | 2827 (0.79)
sandy loam with addi-
7 53(1) tional moistening (9 mm) 1.65 1.99 0.0129 | 2760 (0.77)
sandy loam with addi-
8 5.3(1) tional moistening (12 1.61 1.93 0.0199 | 2760 (0.77)
mm)
5.3 clay with natural mois- 120360
9 (2 degrees.65 kPa) ture (24 mm) 1.65 1.96 0.011 (33.43)
clay with natural mois- 533100
10 5.3 (4+1.325) ture (24 mm) 1.71 2.38 0.025 (148.08)

Note: additional moistening of sandy loams was applied to simulate watering process in case of filtration from the

retention basin.

Fig. 2. Appearance of «MIEMII-14/4» device 4 (1) with receiving antenna (2) during simultaneous EMR
recording and loading of clay loam and sandy loam samples on the odometer (3)
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Fig. 3. Graph of EMR dependence upon sandy loam loading (Experiment #1)
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Fig. 4. Graph of EMR dependence upon sandy loam loading (Experiment #2)

Probably, first peak of the density of EMR
pulse flow is stipulated by the closing of gaps and
cavities in the soil sample in terms of loading in-
crease. It is most likely that the drop of EMR curve
is determined by the decrease in acoustic emission,
which transfers partially into EMR. EMR growth
(second maximum) may be connected with the de-
formation of crystals of argillaceous materials char-
acterized by minor piezo-effect with following re-
orientation of crystals and their fragments into the
plane perpendicular to the pressure (descending
branch of graphs after the second maximum).

Further experiments were carried out with the
decreased pressure (down to 5.3 kPa); that corre-
sponds to the conditions of a retention basin, which
is not completely emptied (Fig.6-8).

Fig. 9 and 10 show EMR generation during arti-
ficial additional moistening of sandy loam samples
up to 24.7-25.4 % during the experiment in terms of
the emptied retention basin; that simulates processes
of watering due to filtration. It is clear that EMR
curve has one excitation type at the beginning of
compression; then, it experiences dramatic fall
demonstrating flat lines. In this context, it should be
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noted that the more moistened the soil is, the more
straight the line is (Fig.10). That is very important
observation since it demonstrates that in terms of
sandy loam watering, there is the absorption of
EMR pulses being the basis to specify zones of wa-
tering and filtration with the help of the NPEMFE
method.

Fig. 11 shows the nature of EMR changes dur-
ing the argillaceous soil loading. In this context,
EMR excitation in terms of the compression stabili-
zation of a sample is observed.

Results of compressive studies have shown that
the increased EMR values correspond to the maxi-

mally stressed state of the man-made ground and
vice versa — their drop is peculiar for relaxation of
the soil samples. Thus, extremes of the amplitude of
EMR oscillation are recorded at the beginning of the
compression experiments during the most intensive
sample compression. The peak excitation is fol-
lowed by slight “drop” in the pulse number with its
further slow rising. That is stipulated by the de-
creased intensity in the process of soil compression.
In terms of the watered soils, amplitude of EMR
oscillation is insignificant owing to the moisture
redistribution (experiments #7, 8).

220 )l 0.7 Eelative compression
200 }
- 18'[] h n%r‘l i {]'lﬁ
2 jalE N
';'; 160 i ) . . a—H-8— - 0.5
= a0 N V A ——
g | | LII' L i 1
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o b
el E‘ d
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Fig. 5. Graph of EMR dependence upon sandy loam loading (Experiment #3)
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Fig. 6. Graph of EMR dependence upon sandy loam loading (Experiment #4)
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Fig. 7. Graph of EMR dependence upon sandy loam loading (Experiment #5)
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Fig. 8. Graph of EMR dependence upon sandy loam loading (Experiment #6)

Laboratory studies of the uniaxial compression
of argillaceous soils on the odometer have helped
determine the following.

1. Increasing pressure on the sample results in
the development of electromagnetic signal similar in
its characteristics to the signal received in terms of
the loading, which effect the samples of crystalline
and consolidated sedimentary rock.

2. For the first time, as a result of analysis of
compression of sandy loam and clay samples on the
odometer, it has been determined that increasing
stress-strain state of the soils provoke gradual rise of
the electromagnetic radiation amplitude (it is ob-
served at the beginning of every loading stage).

3. Availability of electromagnetic radiation dur-
ing the transfer of uniaxial loading on the argilla-

ceous soil sample may be explained by the decrease
in its porosity and occurrence of acoustic signal dur-
ing the closing of pores, being characteristic for ex-
periments # 4-10, taking into consideration trans-
ferred pressure p = 5.3 kPa onto the argillaceous soil
samples, and at the beginning of experiments # 1-3,
if p=45.58 kPa.

4. It is proved experimentally that in terms of
man-made ground moistening, EMR amplitude ex-
perience its decrease.

Thus, the specified regularities make it possible
to substantiate experimentally possible application
of the NPEMFE method to detect technical condi-
tion of the retention basins and principal channels
by localizing zones of loosening and watering of the
HES body; those zones are characterized by low
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EMR values. Results of technical evaluation of the
earth HESs, including agricultural ones, — 10 reten-
tion basins and 2 irrigation channels, are represented
in detail in papers by the authors [2-6].

Consider the results of detecting hidden filtra-
tion zones within the HES body in terms of reten-
tion basin PB-1 of Kalynivska irrigation system lo-
cated in Sinelnikovo district of Dnipropetrovsk
Region.

To validate the data obtained using the
NPEMFE method, in spring 2013 and autumn 2017
technical conditions of RB of Kalynivska irrigation
system were monitored in terms of its two states:

before its filling with water and in when it was wa-
ter-filled.

According to the data of field studies using
Golden Software Surfer 8 computer product, sche-
matic maps of the density of pulse flow of the
NIEFF magnetic component have been built
(Fig. 12). The maps demonstrated the repeated na-
ture of the results of field studies of 2013 and 2017.
Interpretation of the field study results is based on
the effect of intense absorption of the NPEMFE
pulses by the considerably moistened rock or build-
ing materials.
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In terms of the schemes, sites of the decreased
values of density of pulse flow of the NPEMFE
magnetic component (red and yellow colours) corre-
spond to the zones of EMR absorption; they are di-
agnosed as the sites of watering and filtration. Shape
of isolines and general image of the NPEMFE field
make it possible to highlight anomalies of low val-
ues as well as to determine their dimensions. The
NPEMFE method is a “quantitative” one; thus,
while interpreting the image, fields lie relative to the
value — increasing or decreasing in the pulse number

T T
1020 1040

T T
980 1000
(g 15 55 55 40

a

within certain period of time.

In 2013, according to the results of field stud-
ies, certain sites of filtration and watering were sin-
gled out within the western side and within the joint
zone of western and southern sides. Total length of
the sites is 46 m. According to the VES data, ground
water level (GWL) right under the sides was at the
depth of 7.5 m; at the distance of 20 m, the depth
was 13.0 m (Fig.13). According to the formula by
V.V. Vedernikov, filtration losses were 86.02 m*/day
[37].

Fig. 12. Schematic maps of the density of pulse flow of magnetic component of the NPEMFE within the re-

tention basin of Kalynivska irrigation system during different years of observation: a — 2013; b — 2017; 1, 2,

3 — filtration sites; HITC — boosting pump station. Crosshatching — zones of pulse absorption and their num-

bers. Stars — VES points. Coloured scale characterizes density of the magnetic component flow, in pulse/sec.
Basin is filled. Coordinate system is conditional, metric
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In autumn 2017, technical state of RB of
Kalynivska irrigation system was monitored involv-
ing the same complex of geophysical diagnostic
methods — NPEMFE and VES. The same zones of
filtration and watering were singled out on the maps
of the density of the NPEMFE magnetic component
flow. However, according to the results of field sur-
veying in 2017, increase in the length of filtration
zones due to improper technical condition of RB
western side has been defined. Within the southern
side, length of filtration zones has increased by 42
m; value of filtration losses is 161.4 m3/day or 4842
m3/month. When five-month irrigation period is
completed, financial losses will be UAH 96.84
thous. taking into account average cost of irrigation
water being 4 UAH/m3. Geophysical operations in
terms of the retention basin of Kalynivska irrigation
system cost UAH 17.0 thous. being by 5.7 times
lower comparing to the monetary equivalent of the
lost irrigation water.

GWL rise by 0.5 m within the territory neigh-
bouring the basin within the period of 2013-2017
can be explained by the studies carried out during
different seasons. Deterioration of RB technical
state within the period of 4 years makes it possible
to assume that redistribution of filtration water
around the basin took place during the irrigation
interval in 2013; due to that fact, GWL rose from
13.0 m to 12.5 m at the distance of 20 m from
the RB.

Thus, singling out of filtration zones in terms of
HES earth dams involving the NPEMFE method is
rather expedient both practically and economically,
which is proved by the corresponding work order by
the Regional Office of Water Resources of
Dnipropetrovsk Region.

Conclusions. Results of the laboratory com-

pression and field monitoring studies have proved
the possibility of applying geophysical electric sur-
veying method of natural pulse electromagnetic
field of Earth (NPEMFE) to localize the water filtra-
tion sites and broken state of earth dams of agricul-
tural HESs.

According to the results of compressive studies,
it has been demonstrated that the increase in stressed
state of sandy loam and argillaceous soils corre-
sponds to gradual rise of electromagnetic radiation
amplitude, and its drop is characteristic for soil re-
laxation after the loading removal. In terms of reten-
tion basins, that may be interpreted as the increasing
action of loading on the soil, when the basin is wa-
ter-filled; as for the loading decrease that occurs in
terms of basin emptying.

Possibility to detect the zones of EMR absorp-
tion using the NPEMFE method along with the VES
technique allows both determining filtration zones
and ground water levels and evaluating nonproduc-
tive water losses from the earth HESs of the irriga-
tion systems. It should be noted that the first method
is a “qualitative” one, i.e. it helps localize the sites
of broken technical state of the earth HESs, which
are not found visually. Efficiency of the use of quick
and low-cost NPEMFE method is proved by high
frequency of the results of technical state monitor-
ing of the retention basin in 2013 and 2017.

Within more than 10 years of observations of
technical state of the earth HTSs of CC1 structure
category, the authors have emphasized following
regularity [3-6]: almost all the retention basins are
characterized by sufficient state of the bottom; zones
of excessive moistening and filtration within the
bottom areas of the basins have not been recorded,
which is possible to be explained by colmation of
fissures with sludge deposits.

References
1. Memoouka nposedenHss HAMYPHUX 0OCMEdUCEHb 3EMIAHUX 2pebenb I 3aXUCHUX 0aMb 800020CN00APCbKO20 NPU3HA-
yenns. llocionux 0o BEH B.2.4-33-2.3-03-2000 «Pezyniosanns pycen pivox. Hopmu npoexmysannsy. 3ameeponce-
Ho: Haxazom oupexkmopa I[iM YAAH 3a Ne 79 6i0 6 mpasus 2005 p. Kuis: Incmumym 2iopomexuixu i meniopayii
VAAH, 2003. 36 c. URL: http://ep3.nuwm.edu.ua/2809/1/nd121%20zah.pdf (0ama 36epnenna: 23.02.2019).
2. [lukapens, [.C. Onvim npumeHeHus Memood ecmecmeeHHO20 UMNYIbCHOZO INeKMPOMASHUMHOZ0 NOoAs 3emau
(EUDMII3) ons pewenus unsicenepro-eeonocudeckux u zeonoeuveckux zaoay / J.C. IHuxapens, O.B. Opaunckas.

-118 -


http://ep3.nuwm.edu.ua/2809/

BicHuk Xapkiecbk020 HauioHanbHo20 yHisepcumemy imeHi B.H. KapasiHa

Jnenponempoescx: CBUJIEP, 2009. — 120 c.

3. Opnincoka, O.B. Monimopine mexniuno2o cmawny peeynowuoco baceiny Kanunigcokoi 3poutysanvhoi cucmemu eeo-
Gizuynumu memodamu/ O.B. Opninceka, 1.B. Yywxina, [].C. Ilikapens. Mamepianu MmidicHapoOHOI HAYKo60-
npaxmuunoi kougepenyii [«Ipupoda 0nst 600uy, npucesuenoi Beecsimnvomy oHio 600nux pecypcis], (Kuis, 22 6e-
pesns 2018 p.) / Incmumym 600nux npobnem i meniopayii. — K: Incmumym 600nux npoonem i meniopayii HAAH,
2018. — C. 204-205.

4. Opnincoka, O.B. 2015 Texniunuii cman ciopomexuiunux cnopyo Jninponempogcokoi obnacmi / O.B. Opnincoka, 1.B.
Ywxina, I.B. I1'amunuya, J.C. Ilikapena. Bicu. Hay. yn-my 600H020 20c-6a ma npupodokopucmyeauHs. — Bun. 3
(71). Y. 1. Texn. nayku. Piene: HYBI'mallK. — C. 143-150.

5. Opninceka, O.B. 2012. Oyinka MiyHOCMHUX 81aCMUBOCHIEN IPYHMOBUX 0aMO MemOOOM NPUPOOHO20 IMRYIbCHO2O
enexmpomacuimuozo noas 3emni / O.B. Opninceka, [.C. Ilikapens, HM. Maxcumosa, I'B. I'aniu, B.M. Iuenxo. 30.
nayk. npaye HI'Y. — Ne 37. — C. 17-23.

6. [lukapens, /I.C. Buvisenenue 301 gurvmpayuu 600bl U3 opocumenvhvix cucmem ceogpuzuyeckum memooom / J1.C.
Tuxapens, O.B. Opaunckas, H.H. Maxcumosa, I'B. I'anuy, U.B.Yywxuna, B.I" Haxoneunwiii. Mamepuanwt mesncoy-
HapoOHOUl HAYYHO-npakmuueckou kongepenyuu [« eocucmemuviti noOX00 K uzyyeHuio npupooHoucpedviPecnyonu-
xu Kasaxcmany], (Pecnybnuxa Kazaxcman, Acmana, 13-14 anpens 2018 2.). T. 2. Acmana: Eepasuiickuii nay. yH-m
um. JL.H. Iymunesa, 2018. — C. 26-30.

7. Bopobwes, A.A. MexanosnekmpuuecKkue A61eHUs. NpeodPA308aHUs SHEP2UU NPU NIACMUYecKol oedhopmayuu meep-
ovix men. Tomcex: TIIH, 1977. — 92 c.

8. Yeban, B.J]. Memoo npupoOoHo20 iMnyabCHO20 eneKmpomacHimuo2o noias 3emni. [eaki acnekmu 3acmocysanus //
Teoghusuueckuii srcypran — 2001, — Tom 23, Ne 4. — C. 112-121.

9. Kysemenko, 3./]. 2002. O6 ucnonv3osanuu HeKOMOPLIX NEKMPUYECKUX NAPAMEMPO8 NPU NPOSHO3E ONONZHEGbIX
senenutt / 3.J]. Kyzomenko, E.Il. Boosuna, B.J]. Yeban. Hayx.eicn. HTAY. — Ne 4. —C. 89-91.

10. Canomamun, B.H. Mnoeconemnuii onsim npumenenus memooa EUOMII3 npu pewenuuxomniexca 3adau 6 Yxpaune /
B. H. Canromamun. Cooprux mpyooe Meoscoynap. nayun. kong. [«Cmanoeienue u pazeumue HAYUYHbIX UCCIe008d-
Hutl 6 gvicuteli wikoney, noceauy. 100-1emuto co OHs pocod. npogh. A.A. Bopobwésea], (Tomck, 14—16 cenmsnbps 2009
2.) / Tomckutinonumexu. yu-m. T.2. Tomcxk: H30-60 Tomck.nonumexu. yu-ma, 2009. — C. 384-391.

11. Becnanvro, A.A. Qusuueckoe MOOEIUPOBAHUE MEXAHOIIEKMPUUECKUX NPeodPas30eanull 6 0opasyax 20 pHax nopoo /
A.A. Becnanvko, JI.B. fsoposuu. Cmanognienue u pazgumue HAYYHbIX UCCIEO08AHUL 8 8biCcuiell wiKone: COOPHUK
mpyoos MedscoyHapooHoii HayuHol Kongepenyuu, noceaujenrol 100-remuto co OHa poocoenus npogeccopa A.A.
Bopobvesa, Tomck, 14-16 cenmaodps 2009 . / Poccuiickas akademus nayk (PAH),; Accoyuayus undceneprozo oopa-
so6anus Poccuu (AUOP); Tomckuii nonumexuuueckuii yuueepcumem (TI1Y). 2009. — T. 2. — C. 306-313.

12. Axosuwuna, I'E. Paspabomka memooa u usmepumenbHulx cpeocme OUd2HOCMUKY KPUMUYECKUX COCMOSAHULL 20PHbIX
NOPOO0 HA OCHOBE 3NEKMPOMASHUMHOU IMUCCUL: A8Mmopedepam Ha COUCKAHUE YUeHOU CmeneHyu 0OKmopa mexHuye-
ckux Hayk,; cneyuanrbHocmy 25.00.20 — «'eomexanuxa, paspywenue opnax nopoo, pyOHUYHAs aspo2azo0uUHaMUKa u
eopras mennogusuxa». Hoeocubupck: Hucmumym 2opnoeo oena Cubupckoeo omoenenusi Poccuiickoti Akademuu
nayk, 2007. — 45 c.

13. becnanvro, A.A. @usuueckue ocHoBbl U peanuzayusi Memooa INEeKMPOMASHUMHOU IMUCCUU Ol MOHUMOPUHSA U
KPAmMKOCPOYHO2O NPOCHO3A USMEHEHUT HANPANCEHHO-0ehOPMUPOBAHHO20 COCMOSHUSL 20PHBIX NOPOO. OUC. ... OOKM.
mexH. nayk: 05.11.13 / BecnanvkoAnamonutiAnexceesuy. Tomck, 2019. — 395 c.

14. Asoposuu, JIL.B. B3zaumocesss napamempog 31eKMpOMACHUMHbIX CUSHANO08 C U3MEHEeHUeM HANPSA’CeHHO-
0ehopMUpOBAHHO20 COCMOSAHUSL 2OPHBIX NOPOO: OUC. ... KaHO. mexH. Hayk: 25.00.20/ Asopoeuy Jlroomuna Bacurves-
na. Tomck, 2005. 190 c.

15. Sedlak, P. Acoustic and electromagnetic emission as a tool for crack localization / P. Sedlak, J. Sikula, T. Lokajicek,
Y. Mori. Meas. Sci. Technol. —Vol.19, Ne4. — C. 1-7. https://doi.org/10.1088/0957-0233/19/4/045701.

16. Tpybeyrou, K.H. IIpocro3 20pHbIX y0apos HA OCHOGe KOHMPOISL IMUCCUU CYOMUKPOHHBIX HaACMUY npu 0eopmupo-
sanuu u paspywernuu copuax nopod/ K.H. Tpybeyxou, CJI. Buxmopos, A.A. Ocoxun, A.B. Ilianun. IopHoui
orcypran, 2017. — Ne6. — C. 16-20.

17.Naoi, M. Et al. Steady activity of microfractures on geological faults loaded by mining stress, Tectonophysics, 2015.
— V. 649. — P. 100-114.

18. Vavilov, V. Ultrasonic and optical stimulation in IR thermographic NDT of impact damage in carbon composites /
V. Vavilov, W. Swiderski, D. Derusova. Quantitative InfraRed Thermography Journal. — V.12, Ne 2. — P. 162-172.

19. Becnanvko, A.A. DnexmpomacHumuasn smuccusi 20pHax nopoo nocie 63pwvieosl A.A. Becnanvko, JI.B. HAsoposuuy, A.A.
Epemenxo, B.A. lImupy. OTIIPIIH, 2018. — Ne2. — C. 10-18.

20. Cornet, F.H. Seismic and aseismic motions generated by fluid injections, Geomech. Energy Environ., 2016. — V. 5. —
P. 42-54.

21.Balageas, D. Thermal (IR) and Other NDT Techniques for Improved Material Inspection / D. Balageas, X. Malda-
gue, D. Burleigh, V.P. Vavilov, B. Oswald-Tranta, J.M. Roche, G.M. Carlomagno. Journal of Nondestructive Evalua-
tion, 2016. — Vol.35, Ne 1. — P. 1-17. https://doi.org/10.1007/s10921-015-0331-7

22.Hagag, W. & Obermeyer, H. Detection of active faults using EMR Technique and Cerescope at Landau area in cen-
tral Upper Rhine Graben, SW Germany, J. Appl. Geophys., 2016. — V. 124. — P. 117-129.

23.Zang, A. Hydraulic fracture monitoring in hard rock at 410 m depth with an advanced fluid-injection protocol and
extensive sense or array / O. Stephansson, L. Stenberg, K. Plenkers, S. Specht, C. Milkereit, E. Schill, G. Kwiatek, G.

-119-


https://doi.org/10.1088/0957-0233/19/4/045701
https://doi.org/10.1007/s10921-015-0331-7

Cepisi «[eonoezisi. [eozpadgbisi. Ekonogzisi», eunyck 51

Dresen, G. Zimmermann, T. Dahm, M. Weber. Geophys. J. Int., 2017. — V. 208. — P. 790-813.
https://doi.org/10.1093/gji/ggw430

24. Rubinstein, J.L. &Mahani, A.B. Myths and Facts on waste water injection, hydraulic fracturing, enhanced oil recov-
ery, and induced seismicity, Seismol. Res. Lett., 2015. — V. 86(4). — P. 1060-1067.

25. 3aiiyes, B.JO. [emexmupoganue axycCmuiecKux uMnyivco8 6 peunom necke. Dxcnepumenm / B.IO. 3aiiyes, A.b.
Konnaxos, B.E. Hazapos. Axycmuueckuii socypran, 1999. — Tom 45, Ne 2. — C. 235-241.

26. beccmepmmuviii A.@., Conomamun B.H. Pewenue unceHepHO-2e0102UuteCKUX 3a0a4 HA OCHOBAHUU De3VIbmamos
Hab0OeHUll eCmecm8eHH020 IMNYIbCHO20 IneKmpomacHumuozo noasa 3emau. Teogpus. ocypn. 1999. — Buin. 21. — Ne
1. - C. 119-126.

27. [loneuti M.E. Hccnedosanue ecmecmgenno2o snekmpomazuumnozo noas 3emmu | MLE. Joneut, C.I. Kamaes |/
Becmnuux  Tomckoeo eocydapcmeennoco  ynusepcumema, 2015, — Beimycx 2 (34). — C. 61-70. URL:
https://cyberleninka.ru/article/n/  issledovanie-estestvennogo-impulsnogo-elektromagnitnogo-polya-zemli  (oama
36epuenns; 02.03.2019).

28. Becnanvko A.A. Mexanosnekmpuueckue npeobpazoeanus 6 20pHuix nopooax Tawmazonrbckozo cene30pyoHo2o
mecmopoodicoenust | A.A. Becnanvko, JI.B. Heoposuy, E.B. Buumman, I1.U. @edomos Il I'eoounamuxa. 2008. — Ne
1(7). — C. 54-60.

29. hecnanvko A.A., Asoposuu JI.B., Konecnuxosa C.U. u op. Hccrnedosanue usmeneHuti XapaKmepucmux 3J1eKmpomae-
HUMHBIX CUSHATL08 NPU 0OHOOCHOM Cocamuu 06pasyos coprax nopoo Tawmazonvckoeo pyoHuxa. Hse. 8y306. Qusu-
ka. 2011. —Ne 1/2. — C. 78-84.

30. Axosuyrasn I'.E. Memoowl u mexnuueckue cpedcmaa OUAeHOCMUKY KPUMUYECKUX COCMOAHUL 20PHAX NOPOO HA OC-
Hoge anexmpomachumnou smuccuu | I'E. Hxosuyxas. Hosocubupck: [apannens, 2008. — 315 c.

31. Axosuwuna I'.E. Paspabomka memooa u usmepumenbHuix cpeocme OUdeHOCMUKY KPUMUYeCKUX COCMOAHUL 20PHbIX
NnOpoO0 HA OCHOBE INIeKMPOMASHUMHOU dIMmuccuu: agmoped. ... dokm. mexu. Hayk: 25.00.20. Hosocubupck: Uncmu-
mym eoproeo dena Cubupckozo omoenenusi Poccuiickoii Axademuu nayx, 2007. — 45 c.

32. Aydin A. Observation of pressure stimulated voltage in rocks us in gan electric potential sensor / Aydin A., R.J.
Prance, H. Prance, C.J. Harland // Applied Physics Letters, 2009. - V. 95 - Is. 12.
https://doi.org/10.1063/1.3236774

33.ICTY 5 B.2.1-17:2009 Ocnoeu ma niosarunu 6younxie i cnopyo. Ipynmu. Memoou nabopamopnozo 6usHauenns
Qizuunux enacmugocmeil. [na saminy FOCT 5180-84; yunnuii 3 01.10.2010] Buo. oghiy. Kuig: Minpezionbyo Vkpa-
inu, 2010. — 36 c.

34.ICTY b B.2.1-4-96 Ocnosu ma niosanunu 6younxis i cnopyo. Ipynmu. Memoou nabopamopnozo usnadenis xapa-
kmepucmuk miynocmi i oecpopmamugnocmi (I'OCT 12248-96). [na 3aminy TOCT 12248-78, TOCT 17245-79, TOCT
23908-79, I'OCT 24586-90, I'OCT 25585-83, 'OCT 26518-85,; Yunnuii ¢io 01.04.1997] Buo. ogiy. K.: Minoyo V-
painu, 1996. — 102 c. URL: http://libgost.ru/gost/7069-GOST 12248 96. html (0ama 36epnenns: 18.08.2018).

35. Pyban C.A., Hlunxapescokuti M.A. I'iopozeonociuni oyinku ma npocHo3u pexcumy nioseMHux 600 YKpainu: MoHO2-
pagis. — K.: Yep/[['PI, 2005. — 572 c.

36.JCTY 5 B.2.1-2-96 (FOCT 25100-95) Ocnoeu ma niosanunu 6younxis i cnopyo. Ipynmu. Knacugixayis [ua saminy
TOCT 25100-82; wunnuni 6io 01.04.1997]. 3ameepoosiceno: [epoickommicmobyodysannss Yrpainu, Hnaxaz 6io
01.11.1996p. Nel89. URL: http://geo-ingeo.narod.ru/olderfiles/1/DSTU_B V.2.1-2-96_Grunty_Klassifikacciya.pdf
(0ama 36epnennsn: 12.05.2019).

37. )Kenesnaxos, I'.B. T'uopomexuuueckue coopyoicenus (Cnpagounux npoexmuposwura) / I'.B. Keneszusaxos, FO.A.
Hbaoszaoe, I1J1. Heanos [u dp.]. — M.: Cmpouuzoam, 1983. — 543 c.

Authors Contribution: All authors have contributed equally to this work.

-120-


https://doi.org/10.1093/gji/ggw430
https://cyberleninka.ru/article/n/
https://doi.org/10.1063/1.3236774

BicHuk Xapkiecbk020 HauioHanbHo20 yHisepcumemy imeHi B.H. KapasiHa

UDC 631.672.3:627.826
Iryna Chushkina,
Senior Lecturer, Department of Civil Engineering, Construction Technologies, and Environmental
Protection, Dnipro State Agrarian and Economic University, 25 S. Yefremov St., Dnipro, 49005, Ukraine,
e-mail: zalomiy80@gmail.com; https://orcid.org/0000-0003-1251-6664;
Dmytro Pikarenia,
Doctor of Sciences (Geology), Professor, Department of Ecology and Environmental Protection,
Dniprovsky State Technical University, 2 Dniprobudivska St., Kamianske, 51900, Ukraine,
e-mail: nippel@ua.fm; https://orcid.org/0000-0003-1405-7801;
Olha Orlinska,
Doctor of Sciences (Geology), Professor, Head of the Department of Civil Engineering, Construction
Technologies, and Environmental Protection, Dnipro State Agrarian and Economic University,
e-mail: egmsitb@gmail.com; https://orcid.org/0000-0002-4670-7787;
Nataliia Maksymova,
PhD (Technics), Associate Professor, Department of Ecology,
Dnipro State Agrarian and Economic University,
e-mail: natalya.maksimova@i.ua; https://orcid.org/0000-0003-1684-7479

EXPERIMENTAL SUBSTANTIATION OF THE NPEMFE GEOPHYSICAL METHOD
TO SOLVE ENGINEERING AND GEOLOGICAL PROBLEMS

Topicality. Preservation and increasing of soil fertility is the essential problem for the agricultural meli-
oration. It was solved in the most intensive way during the period of 1960s-1980s within the framework of
“Large-scale program of the melioration development”. Poor technical condition of the internal economic
network of Dnipropetrovsk Region is peculiar for more than 136 thous. ha being 68.6 % of the irrigation land
area. That results in considerable filtration losses, which stipulates both increased prime cost of the irrigation
water and deterioration of environmental and melioration conditions of the neighbouring territories. For a
long time, reconstruction of the irrigation system has not been financed properly. Implementation of the
measures aimed at restoration and development of irrigation is one of the priorities of the Agreement on the
Association between Ukraine and the European Union.

Nowadays, much attention is paid to diagnostics of technical state of hydroengineering structures (HES)
in melioration systems of CC1 structure category (especially, to the retention basins of irrigation systems)
involving non-destructive instrumental methods.

According to the recommendations of normative documents, it is proposed to determine the zones of in-
creased filtration within the earth dam body, protective dams, and reservoir beds using a system of geophysi-
cal methods including the following ones: vertical electric sounding (VES), microelectric sounding (MES),
electric profiling (EP), and method of natural electric fields (NEF).

Unfortunately, the mentioned methods are often rather cost- and labour-consuming ones. That empha-
sizes the topicality of developing and implementing the innovative methods for complex evaluation of tech-
nical condition and detection of hidden filtration zones within the bodies of earth HESs. That will help local-
ize and maintain timely the identified site making it possible to prolong operation period of the object and
prevent rise of ground water level within the neighbouring territories.

Objective of the paper is experimental substantiation of the efficiency of using labour- and time-saving
geophysical NPEMFE method to detect filtration and watering zones, being undetected visually, within the
hydroengineering structures of melioration systems to improve their operational qualities, reduce their
maintenance cost, and prevent deterioration of environmental and melioration conditions of the neighbouring
territories.

Research methodology. The following conventional methods were applied during the scientific and
engineering survey activities: field — geophysical research methods NPEMFE and VES to determine filtra-
tion zones, which were not detected visually; experimental — involving odometer of standard modification to
detect electromagnetic radiation during the loading of loose argillaceous soil samples; laboratory - standard
techniques to specify physical and mechanical properties of soils before and after their compressive studies;
computational-analytic — to determine dimensions of filtration water losses from the basin. Golden Software
Surfer 8 and AutoCad 10 programme complexes were applied to process the obtained results.

Scientific novelty of the research results. For the first time, it has been proved experimentally that
electromagnetic radiation increases when loaded with loose argillaceous samples and decreases when the
samples are moist. That makes it possible to apply the NPEMFE method to identify visually non-detected
filtration zones within the body of hydroengineering structures of melioration systems.
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Practical value of the research: possibility to use time- and labour-saving NPEMFE method to identify
visually non-detected zones of filtration and watering within the body of hydroengineering structures in me-
lioration systems of CC1 structure category has been substantiated experimentally.

Keywords: method of natural pulse electromagnetic field of Earth, method of vertical electric sounding,
odometer, loose rocks, electromagnetic pulses, earth hydroengineering structures, diagnostics of technical
condition.
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