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HARDWARE-SOFTWARE COMPLEX FOR THE TELLURIC CURRENT
INVESTIGATION IN A SEISMICALLY HAZARDOUS REGION OF ZAILIYSKY ALATAU

Abstract. To solve the current issues of detecting seismoelectric signals at preparing earthquakes, a
hardware-software complex was created, designed to study the telluric current variation in the ultra-low
frequency range (0-20 Hz), which is installed in the seismically active region of the Zailiysky Alatau
(Northern Tien Shan) near the foci of the Vernensky M7.3 and Keminsky M&8.2 catastrophic earthquakes.
Special mathematical algorithms and program tools were designed for continuous registration, real-time
data analysis, and visualization of the information on telluric current. It was proposed an effective system
for reducing the influence of stray currents on the measuring equipment, an optimal lightning protection
scheme, and a grounding system for the power supply devices, which allow uninterrupted measurements
in mountain conditions even in time of close intensive thunderstorm. The capabilities of the hardware-
software complex make it possible to detect both the weak electric signals with an amplitude of several tens—
hundred of microvolts only, and intensive electromagnetic pulses from close lightnings without the damage
of registering apparatus. In the records of telluric current the wave oscillations were detected which belong
to the frequency range of the Pc2—Pc4 class micropulsations of the geomagnetic field. Perspectives of the
detection of seismogenic electrical signals in variations of telluric current on the eve and during earthquakes
are connected with data obtained during the earthquake of magnitude MPV 4.5, which occurred on July 1,
2021 at 60.4 km from the measuring point. At the time of the earthquake, immediately after the main
shock, in conditions of «good weather» and low industrial noise, using the calculation of the dynamic power
spectrum of the telluric current in the frequency range 0.2 Hz - 0.0282 Hz, electrical signals were detected,
presumably of seismogenic origin.

Key words: hardware-software complex, telluric current, seismogenic electrical signal.

Introduction. Presently, monitoring of the telluric current variation is actively used for investigation of the
processes which take place in the lithosphere in their interconnection with various geophysical phenomena
[1,2,3,4]. The appearance in low-frequency electrical pulses of the ULF/ELF range before earthquakes
is considered as a signal, presumably associated with the processes of electrification of rocks during the
activation of deformation processes in the area of earthquake preparing, which gives hope for the detection
of short-term precursors of earthquakes [5,6,7].Identification of the electrical pulses of seismic origin
against an intensive background of industrial noises, magnetospheric and lightning interference is a rather
complicated task. In the countries with developed industry much attention by investigation of the telluric
current in seismically hazardous zones is paid to the noise induced by stray currents which mask the useful
signal [3]. The possibility of detecting the seismoelectric signals in telluric currentvariation, in the absence
of magnetospheric and thunderstorm interference [3,8,9], is used to study connection electric signals with
processes of earthquake preparation. The most earthquake-prone areas in Kazakhstan is the Northern Tien
Shan region, which covers the Zailiyskiy and Kungey Alatau ridges.In this highly seismic region, near the
epicenters of the Vernensky M7.3 (1887) and Keminsky M8.2 (1911) catastrophic earthquakes, there is the
largest metropolis of Kazakhstan Almaty city. In a mountain area, 32 km from the city at an altitude of 3340
m far from industrial interferenceis located the scientific station «Kosmostantsiya» [N 43.0435° E 76.9414°].
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On the territory «Kosmostantsiya»is being carried out monitoring the parameters of geophysical fields from
the lithosphere (borehole observations), the surface atmosphere to the heights of the ionosphere. Gamma,
neutron, temperature and acoustic detectors are used for monitoring [10, 11, 12]. It should be especially noted
an uniqueness of such close disposition of the geophysical measurement site to the Vernensky and Keminsky
catastrophic earthquakes (see Fig.1).

K

Institute of lonosphere

Vernensky M7.3 earthquake,1987
epicenter

13.6km

RX
\\ &% o poligon Orbita

Measuring point
"Kosmostantsiya™

15.4km

Keminsky M8.2 earthquke,1911
epicenter
Tkm

Figure 1 —Scheme of disposition of scientific stations «Kosmostantsiya» and «RadiopoligonOrbita»
relatively to the epicenters of catastrophic earthquakes

At present a hardware-software complex has been created, which is aimed to study the telluric current
variation and is included in the complex of geophysical observations. The subject of the present paper is
the description of the hardware and program means designed for the purpose, and presentation of the first
monitoring results of the telluric current behavior in the seismically active region around the Almaty city.

Methodology and hardware-software equipment. Hardware-software complex for continuous
monitoring of telluric current variation far from industrial interference and an algorithm of abnormal signals
detection of seismogenic origin in the range of 0-20 Hz have been developed. As shown in Fig. 2, the telluric
current registration point is locatedin the glacial circusat an altitude of 3460 m approximately 0.7 kmfrom
«Kosmostantsiya» and 32 km from Almaty city, that is far away from industrial interference, where road
communicationis provided only by road transport.

1 and 3 —ground electrodes used to measure telluric current variation, spaced 120 m from each other; 2
—ground electrode; 4 —measuring equipment point [43,03692°N76,94230° E]
Figure 2 — Location of point for telluric current measuring at scientific station «Kosmostantsiya»at 3460 m
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The symmetric input signal is taken from the two electrodes 1 and 3 relative to the middle point electrode
2. The functional scheme of the electronics used for the measurement of telluric current is shown in Fig.3.

RC-filter feutof =100 Hz

R1 RZ R3 R4 RS RE  p14 15k
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Figure 3 — Functional scheme of the electronic equipment for investigation of the telluric current
variation

The telluric current is measured between two lead electrodes which are vertically buried in the ground and
located at a distance of 120 m from each other. The signal from the electrodes passes sequentially through
the discharge system (A) and is fed to a six-link symmetric RC-filter (low-pass filter). The RC-filter makes it
possible to weaken the signals of the radio stations which generate interference at the input of the measuring
amplifier. Balanced signal is then amplified by an «Instrumental Amplifier» which uses Texas Instruments’
OPA-27GP of low-noise precision operational amplifiers. These precision microcircuits have a high sensitivity
of 3.8 nV / VHz at a frequency of 10 Hz and a temperature stability of 0.27 pV /°C. The amplified signal is fed
to the «Notch filter» with a cutoff frequency fcutoff=50 Hz, where the 50 Hz frequency of industrial network
is suppressed by about 40 dB. The final filtering of the signal takes place in a low-pass filter «12-order
Chebyshev LPF» with a cutoff frequency fecutoff= 32 Hz, which also uses precision operational amplifiers
OPA-27GP.The suppression of signals by the low-pass filter above the filter cutoff frequency is at least 80 dB.

Then the filtered signal is simultaneously fed to a DC amplifier, and to a high-pass filter with the
lower cutoff at 0.08 Hz, where the DC component is eliminated completely. Further, the filtered signal is
simultaneously fed to the DC amplifier (DC amp) and the high-pass filter (HPF) with a cutoff frequency
fcutoff=0.08 Hz, where the constant component is cut off and then the signal is amplified by amplifier Pre-
amp.Such division of the signal is necessary to increase the dynamic range of recorder, separate digitization of
signals of telluric current slow variation and its high-frequency component.The total amplification coefficient
of the input signal in the channel with DC component is 54 dB, and in the high frequency channel it equals
to 75 dB. The analogue signals at the output of both amplifiers are continuously digitized with periodicity
of 25 Hz by a 12-bit «<ADC» of the L-card E-154 firm, and the monitoring records obtained are kept in a
textual file at the disk of a control computer.The interconnection with the ADC card and real-time control for
the measurement process are supported by a specially designed program. The outer graphic interface of this
program during the measurements looks like a picture in Fig. 4. Any transmission of resulting measurement
data from the detector point into the common database of the «Kosmostantsiya» center, and remote control
of the registration program are realized via a Wi-Fi modem connected to the computer network of the center.
The local time of the registration computer is synchronized automatically through the same network using
NTP (Network Time Protocol) time servers in the Internet.
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Figure 4 — The graphic interface of the control program for recording the telluric current variation

Telluric current is monitored in mountain area, where during the spring-summer period there is very high
thunderstorm activity.Initially, attempts to register the TC signals during thunderstorm led to the failure of
the input amplifier microcircuits of the receiving device at the very first lightning flash. Therefore, special
attention was paid to the protection of electronic equipment against close lightning discharges and the
development of special lightning protection schemes.

In the functional scheme of Fig. 3 the system of lightning protection is designated as block A. In Fig. 5 the
internal arrangement of block Ais shown in more details.

R3 30hm A3
R1 30hmp—T—}—1

:

——1—4 D1 D3
L -
e A2 D5
input Al [] ! output
- 1 L —

—{—1—¢ D2 D4

R2 3 Ohm —D_.ﬁlzl_
R4 30hm

Figure 5 — The lightning protection scheme of input circuitry of the telluric current detector
(block A)

As shown in Fig. 5, the protection blockAuses a three-stage schematic which realizes a step-by-step
reduction of the overvoltage pulses induced by lightning discharges. The first stage of protection is composed
by gas discharger Al of the P-64 type (Russian production) which has a dynamic breakdown threshold 3
kV and sustains the pulse discharge current up to 1 kA. The symmetric input signal from the grounding
electrodes land 3 (see Fig. 2) is connected to this discharger through the resistors R1 and R2. Further on, via
resistors R3 and R4, the signal fed to the second protection stage consisting of discharger A2 which connects
two wires of the symmetric line, and dischargers A3 and A4 which close both lines into the ground. In the
second protection stage the dischargers of P-73 type (Russian production) are used which have the voltage
of static breakdown at 90V. The third protection stage is composed by a semiconductor diode bridge D1-D4
and Zener diode D5 which limits lightning impulses to safe a limit of 6V. Such three-stage protection scheme
provided reliable round-the-clock operability of the telluric current recording equipment during the period of
thunderstorm activity and lightning discharges. It should be stressed that effective lightning protection can be
achieved only under condition of appropriately realized grounding.

Besides lightning, essential interference by the measurement of telluric current arises because of stray
currents induced in the ground by using it as a conducting medium. In our case, the power supply of measuring
point is carried out via a cable about 400 m long from the 220V power grid.Industrial noises can propagate
over this cable and cause induction of stray currents in the vicinity of the measurement point.

The electrical cable is also a good «antenna» under thunderstorms. At time of lightning flashes, significant
voltages and currents are induced in the electric cable that can damage the recording equipment. Therefore,
a special work was carried out to divide and spatiality separate the TC recorder grounding systems from the
circuits of the grounding system of power supply devices (Fig. 6).
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Figure 6 — Scheme of the grounding system of the measuring point

As it was said above, grounding electrodes 1 and 3, spaced 120 m from each other, are used to measure
telluric current. The electrical signal from electrodes 1 and 3 (telluric current) is fed to the amplifiers of the
recording equipment via a shielded symmetrical line (twisted pair) about 20 meters long. The electrodes 2 and
4 provide grounding of the thunderstorm protection system gas arresters. All these electrodes 1-4, made of
lead 41x8x1 cm size, buried 1 m deep in the ground. In order to effectively suppress the impulse interference
during lightning discharges, a network two-link LC-filter of lower frequencies grounded by a steel electrode
5 is installed at the inlet of the measuring station box.At distance 18 m apart from the measuring point the
neutral wire of the power main is separately grounded using the steel electrodes 6-9 which are driven into
the soil up to 1 m depth and electrically connected to each other. Thus, the spatial separation of the grounding
systems of the telluric current recorder from the power main cable allows to almost completely exclude the
influence of stray currents on the useful signal of telluric current.

It is important to note that in the case of connecting all grounding electrodes to one point, the measurement
of telluric current variation will be practically impossible due to interference introduced by stray currents.
This conclusion is illustrated by two examples of recordshown in Fig.7.

24.02.2021:

T T T T T T T T
0 10000 20 000 30000 40000 50000 0000 70000 30000
tc

a — withinterferencefromstraycurrents, whenallthegroundingelectrodesconnectingtoonepoint;b —
withoutinterference, withthespatialseparationofgroundingsystems.X-axis — time in seconds from the
beginning of the day

Figure 7 — Daily recording of telluric current variation
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Results and its discussion. Regular measuring of the telluric current variations started in spring 2021,
and since that time some interesting effects has been found in the records of the telluric current.In the telluric
current records,it is possible to observe the appearance of ULF oscillations corresponding to the periods of
micropulsations of the geomagnetic field of Pc2 - Pc4 class(see Fig. 8), which represent relatively narrow-
band oscillations of the geomagnetic field.
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Figure 8 —The appearance a tsug of oscillations in the telluric current variation with a period about
115s.X-axis — time in seconds from the beginning of the day

Theoccurrence of geomagnetic field pulsations can be associated with earthquakes [13]. It can be assumed
that the seismogenic electrical signals on the records of TC will be of much lower level than magnetospheric
and, all the more, the thunderstorm signals.

Let us give an example of the appearance of pronounced bursts of telluric current at lightning discharges
during near thunderstorms (Fig. 9).
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Arrows are marked the moments of lightning.X-axis — time in seconds from the beginning of the day.
Figure 9 — The effects of lightning discharges in the record of the telluric current.

The figure shows that during the thunderstorm and numerous lightning discharges, the receiving and
recording equipment worked properly and the record of telluric current did not interrupt. This is an evidence
of the effectiveness of the newly created system of lightning protection while operating in high-altitude
mountain conditions.

The following example concerns earthquake response in telluric current records. According to the data
of the seismic stations on July 1, 2021, an earthquake of magnitude MPV 4.5 K=9.3, depth 20 km occurred
on the territory of Kazakhstan in 63 km east of Almaty cityand 60.4 km from the measuring point. The
coordinates of the epicenter 42.92°N 77.67°E (some.kz).

On the eve and on the day of the earthquake there were no any interferences of the geomagnetic,
anthropogenic or meteo nature. Under such «good weather» conditions, the calculation of the dynamic power
spectrum of telluric current variation allowed us to reveal the response to the earthquake (Figure 10).

K e e g o
0,011 030.06.2021-01.07:2021 © i b
o 0,0084----- S S Earthquake .. [t S i
E Y B L ;. 00:03:36 GMT 01.07.2021 & . i
0,004 | ' : ' '
0,002 1
0

T T T T T T
50 000 70 000 80 000 50 000 100 000 110 000

The moment of the earthquake is marked with a vertical line. X-axis — time in seconds from
the beginning of the date June 30, 2021
Figure 10 — Response to M4.5 earthquake in the dynamic power spectrum of the telluric current
variation
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The dynamic power spectrum was calculated in the frequency range 0.2 Hz - 0.0282 Hz. The graph shows
that just after the main shock a significant increase of the dynamic spectrum power of the telluric current
relative to its background value has occurred. The absence of natural and industrial noise during this period
allows us to suggest that electrical signals of seismogenic origin were recorded.

Conclusion. With the purpose to detect the seismogenic electric signals a special electronic equipment
and software was created and put into continuous operation on the research center «Kosmostantsiya»which
is situated in a seismically active region of the Zailiysky Alatau (Northern Tien Shan), near the foci of the
Vernensky (M7.3) and Keminsky (M8.2) catastrophic earthquakes.

The new registration system allows for uninterruptible monitoring of the telluric current variation in the
ultra low frequency range (0-20 Hz) and elaborated mathematical algorithms make it possible real-time
analysis of the data on the eve and at the time of the earthquake.

To achieve reliable twenty-four-hour operation of the recording equipment a special means of thunderstorm
protection and grounding system were designed and verified by practical exploitation under high mountain
conditions.

The capabilities of the newly created equipment made it possible to detect both the weak electric signals
with amplitude of several tens - hundred of microvolts only, and intensive electromagnetic pulses from close
lightning without the damage of registering apparatus

The spatial separation of the grounding systems of the telluric current recorder from the circuits of the
grounding system of power supply devices was performed, which made it possible to almost completely
eliminate the influence of stray currents on the measurement of telluric current.

Inthe telluric current variation, the appearance of wave oscillations in the frequency range of micropulsations
of the geomagnetic field of the Pc2 - Pc4 class, has been registered.

During an earthquake in the dynamic power spectrum of the telluric current in the frequency range 0.2
Hz - 0.0282 Hz, the electrical signals were revealed, presumably of seismogenic origin.
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LJIE AJIATAYBIHBIH, CEHCMUKAJIBIK BEJICEH/II AYIAHBIHJIAFBI TEJLTYPUASLIIBIK
TOKTAPIbIH BAPUAIIUSAJIAPBIH 3EPTTEYI'E APHAJIFAH AIIITAPATTBIK-
BATJAPIAMAJIBIK KEIIIEH

AnHoTanus. JKep CUTKiHICTEpiH AalbIHIAY MPOIECIHE CEHCMODIEKTPIIK CHTHAIIAPIBl aHBIKTAY/IbIH
©3eKTi Mocenenepin memnry yuriH Bepusiii M7.3 xone Kemun M8.2 anarTsl skep CiIKiHICI OIIaKTapbIHBIH
xanbiHaa lne Anarayeraeiy (Conryctik Tsaupe - Illanp) ceificmMukanbsik OelceH[i OHIpiHAE OpHATHUIFaH
yIabTpa TOMEH JKUiNikTep auana3oHbHAarbl (0-20 ['mM) TemmypHsUIBIK TOKTBIH BapHANUSIAPBIH 3epTTEyTe
apHaJFaH anmaparThiK-OarnapiamMalblK KelIeH KYPbUIIbL. TeJUTypUsIbIK TOKTBIH ©3TepyiH Y3iKCi3 Tipkey
YKOHE KepiMey YIIIH allrOpUTMIep MEH OariapiiaMaliblK jkacakrama jkacanapl. Ke30e TOKTapiblH eiiey
KaOIBIFPIHA OCEPIH TOMEHIETY/IIH THIM/II KYHeci, Hal3arailaH KOpFay/IblH OHTAMIIBI CXeMAaChl )KOHE KOFaphI
Hal3araif OeJICeHIITIT] Ke3eHIHeNe Y3 IIKCI3 OIIIeyep KYpridyre MyMKiHIIK OEpeTiH 3JeKTp KOPEKTeHIIpY
KYPBUIFBIIAPBIHBIH KEepre KOCYy JKYWeci YCHIHBUFaH. TeIypHsUIbIK TOKTHI OIIIEYIiH allapaTrThiK-
OarmapiiaMaiblK KelleH >KaOJbIFbIHA 3aKhIM KENTipMECTeH Haif3arall pa3psATapblHBIH AJIEKTPOMArHUTTIK
CUTHAJIJIapbIH, COHJIai-aK KaObUIIay KYPBUIFBICKIHBIH Kipe OepiCiH/Ie OH/IaFaH HEMEeCe JKY3/IeTeH MUKPOBOJIBT
JeHreil 0ap oyci3 AIEKTP CHTHAIJAPBIH TipKeyre KaOuMeTTi eKeHIIrl KepceTinreH. TelmypusiuiblK TOKThIH
Bapuanusiapeiaa Pc2-Pc4 kirackiHIaFbl TeOMarHUTTI KOPICTIH MUKPOITYIIbCANIUSIIAP KHULITIT] CalaChIHIAFbI
TONIKBIHJIBIK TepOemicTep TipkenreH. XKep CiikiHiCi KapCcaHBIH/A KOHE XKep CIIKIHICI Ke3iH/Ie TeJUTYPHUSIIBIK
TOKTBIH BapHalUsIapblHIa CEHCMOTCHIIIK 3JIeKTP CHTHAIJAPHIH aHBIKTAy KeJelleri eJiey IyHKTiHeH
60 kM KambIKThIKTa 2021 )bputrel 1 mrinmpene 6omran MPV 4.5 mMarautymacer 6ap *ep CilKiHICI Ke3iHe
aJIBIHFaH JepeKTep MEH pacrananibl. «Kakchl aya-pailb» KoHE OHEp KOCINTIK KeleprijepAiH TOMEH JIeHT el
xaraiipraaa 0,2 ' -0,0282 ' xuimikTep apaibIFbIHAa TEUTYPUSUTBIK TOK BapHAIMSIIAPBIHBIH JHHAMUAKAIBIK
KyaT CIEKTPiHJIe CEMCMOTEH/IIK MIBIFY TEeTi 0ap aifiKbIH AIIEKTPCUTHAIIAPHI aHBIKTAJIIBL.

Tyi#iingi ce3mep: anmapaTTeIK — OaFaapiaMalbIK KeIIeH, TeUTyPUSUTBIK TOK, CEHCMOTEH/I1 JIEKTPCUTHAIBL.
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ANIMAPATHO-ITPOT PAMMHBI KOMILJIEKC JJIs1 UCCJEJOBAHUS BAPUALIAI
TEJJTYPUUECKOI'O TOKA B CEUCMOAKTUBHOM PAMOHE 3AMJIMHUCKOI'O AJIATAY

AHHoOTanmsA. [y penieHns akTyaJbHBIX BOIPOCOB OOHAPYKEHHS CEMCMORIEKTPUYECKUX CHUTHAJIOB B
Ipolecce MOATOTOBKH 3eMJIETPSICEHUH CO3/1aH allapaTHO-IPOrpaMMHBINA KOMILJIEKC, IpeIHa3HAYEeHHbIIN 1s
WCCIIEZIOBAaHUS BapHAIlMi TEJUTyPUYECKOTO TOKa B Juara3oHe ynbTpaHu3kux 4acToT (0 - 20 I'm), koTopsrit
YCTaHOBJICH B CEHiCMUYECKH aKTHBHOM pernone 3aunuiickoro Anaray (CesepHbiit Tsiab-111anb) BOmM3u oyaros
Bepuenckoro M7.3 u Kemunckoro M8.2 karactpoduueckux 3emiieTpsiceHuid. Pa3paboTansl anropuTmsl 1
MpOrpaMMHOE 0OeCIieueHHEe Ul HeNPEPHIBHOW PErHCTPallui M BU3yalH3allii BapHallUil TEJTypHYECKOTO
Toka.lIpenyoxkensl d3QQexTHBHAS CHUCTeMa CHWKEHHS BIUSHUS ONYKAAIOMUX TOKOB HAa W3MEPUTENHHOE
000pyIOBaHKE, ONTUMAJIbHASI CXEMa I'PO303aILUTBl U CHCTEMA 3a3€MJICHHSI JICKTPONUTAIOIUX YCTPOMCTB,
MO3BOJISAIOLIAS NTPOBOAMTH HENPEPBIBHBIC M3MEPEHMs Jake B MEPHOABI BBICOKOHW TI'PO30BON AKTHBHOCTH.
[lokazaHo, 4TO ammapaTHO-IPOTPaMMHBIA KOMIUIEKC H3MEPEHUH TEJTypUYECKOrO TOKa CcrIocobeH 0e3
MOBPEKACHUST 000PYJOBAaHHS PETUCTPUPOBATh IEKTPOMATHUTHBIE CHTHAIBI MOJTHHUEBBIX Pa3psiioB, Tak M
ciiabble AMEeKTPUYECKHe CUTHANbI, HMEIOIINe Ha BXO/Ie MPUEMHOT0 YCTPOHWCTBA YPOBEHb B JIECATKU - COTHU
MHKpPOBOJIBT. B Bapnanusx tesrypuiaeckoro Toka 3aperucTprupoBaHbl BOJIHOBbIE KoJieOaHUs B 001aCTH YacTOT
MUKPOITYJIbCAIlMi T€OMarHuTHOTO mons kimacca Pc2 - Pc4. IlepcriekTuBBl OOHApPYKEHHS CEMCMOTEHHBIX
JNEKTPUUECKHUX CUT'HAJIOB B BAPHALIMSX TEJUTYPUUECKOTO TOKA HAKaHyHE U BO BPEMSI 3eMJICTPSCEHHI CBS3aHbl
C JTaHHBIMU, NTOJYYEHHBIMH BO BpeMs 3emiieTpsiceHns Mmaruutyaoi MPV 4.5, npousomenmee 1 utong 2021 .
B 60,4 KM OT U3MEPUTENBHOTO MyHKTa. B yClI0BUsAX «XOpoIei moroabh» U MaJoro YpOBHS MPOMBIIIIEHHBIX
MOMEX B JWHAMHYECKOM CIIEKTpE MOIHOCTH BapHalMi TEJUTypUYECKOro TOKa B WHTepBaje dacToT [1
0,2 I'm - 0,0282 I'm B MOMEHT OCHOBHOTO TOJYKa OBLIM BBIABICHBI OTUCTINBBIC DIIEKTPUUCCKHUE CUTHAIIBI,
MPEATNOI0KUTEIIEHO CEHCMOTEHHOTO IPOUCXOKICHUS.

KiroueBble ciioBa: anmapaTHO-NPOTPAMMHBIM  KOMITJIEKC, TETYpPUYECKHH TOK, CEHCMOTIEHHBIN
NIEKTPUUECKHUI CUTHAIL.
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