I nternational Journal of Electronics and Applied Research (IJEAR) 2014, vol. 1, issue 2, 1-1¢ Q
Published Online December 20Mttp://eses.co.in/journal.php?journal)  I1SSN NO: 2395-0064

Low Frequency Noises (Emissions) are Reliable Meaw$ Environmental Diagnostics
V.l. Larkina and Yu.Ya. Ruzhin

IZMIRAN, Troitsk, Moscow 142190, Russia

Abstract

The natural, very low-frequency (VLF) noise emissioare generally looked upon as radio
interference. In fact, these are an effective méandiagnostics and study of dynamic processes
taking place in the Earth magnetosphere and ioresphThey reflect the processes of
magnetospheric and ionospheric plasma reconstruetiwl contain the information about the
changes of environmental parameters.

The years-long, regular analyses of the resultssatellite, low-frequency wave
experiments have made it possible to obtain the-amd-space distribution of waves intensity
and spectrum during magnetic-quiet time and geostagperturbations as well. An integrated
picture of development of a geomagnetic storm im-fikequency noise emissions and electron
flows (Ee>40 KeV) has been created.

A steep increase of the amplitude of low-frequembyctromagnetic noise has been
detected in the outer ionosphere over a strondneuaaikes focus. A study has been made of the
integrated picture of the changes of geophysicabrpaters over the areas of earthquakes
anticipated. The response of ionospheric plasmdbas registered over the earthquake epicenter
area and in the magneto-conjugate hemisphere.

The results of integral analysis of the satellited measurements of ionospheric plasma
parameters have permitted detection of parametanges, especially, those of low-frequency
noise intensity over radioactive contamination sr&de evidence of this fact is the comparison
of satellite-provided data on the changes of iohesp plasma parameters with the ground data
of registration of the content of cesium, techrmatiiodine and other radio nuclides in the bottom

sediments of the Barents and Kara Seas.
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1. Introduction

We have previously obtained the global space-teargadistribution of the natural low frequency
intensity (daily allowances, latitudinal and alt& variations in absolute units) in different
conditions of the geomagnetic disturbances. Thporese of plasmasphere ionosphere on processes
of earthquakes preparation is shown by resulth@®fcbmplex analysis of satellite measurements of
ionosphere plasma parameters. The response ofpl@as plasma has been registered over the
earthquake epicenter area and in the magneto-catejingmisphere. The comparative analysis
of the variations of the low frequency emissionl{R0.0 kHz) intensity, low- and middle energy
electron fluxes, plasma temperature and magnetid fiower at satellite altitude by the Intercosmos
satellite data above the different regions for exanpollution zones has been carried out.

Considerable variations of parameters, especiaflypw-frequency emission intensity over
regions of radioactive pollution has been establisiThe scheme of global satellite monitoring for
remote sounding of places of a burial place arlzation of a waste of nuclear fuel in a combinatio
to possible land supervision is offered. It willoa¥ organize high-informative monitoring of an
environment space plasma state both over sepagitenr and in planetary scale.

Based on the results of complex analysis téliga measurements of ionospheric plasma
parameters, a variation of parameters is foundeaalty that of low-frequency emission intensity,
above areas of radioactive contaminations. Theeexaéd of it is provided by a comparison of satellite
data on variations of ionospheric plasma parametdts data of recording cesium, technetium,
iodine and other radio nuclides content in deepdegmasits of Kara and Barents seas.

Results of comprehensive study of radioactiwataminations by geophysical methods are
presented in this paper. Application of satellitenmoring of low-frequency emissions for analyzing

radioactive contaminants and solving environmeprtablems is shown.

2. Observation data

This paper is an analysis of satellite measuremeintery low frequency (VLF) emissions in the
range 100 Hz — 20 kHz, flows of mid- and low-enerdgctrons E&240 keV, 50 and 120 eV)<
density and temperature of ionospheric plasmaeftatsmos” satellite performed measurements of
intensity of magnetic-field and electric-field cooments in VLF emissions at five frequencies 140,
450, 800, 4650 and 15000 Hz, flows of energy ebastrand temperature of ionospheric plasma at
the satellite altitudes (500 — 1000 km).
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In all experiments the equipment of wave wmits of single-type and therefore its basic
parameters were saved and accumulated: sensitdytyamic range, channels-tuning frequencies,
relative passbands, electric charge and discharge donstants. A long-time existence of satellites
life and a huge scope of data have made it possilijet an enormous amount of useful information
for various geophysical conditions and for diffdréme periods of day and night, etc. As a resault,
uniform material has been accumulated that cansb&ulfor statistic processing and correlation of
variations in parameters of electromagnetic nom&s&ons. A usage was made of data on variations
of other parameters of ionospheric plasma (enelggtren flux density, for instance), which were
simultaneously measured on board of the same isat@ll this allowed to obtain a comprehensive
picture of phenomena occurred. In the process ofsaweys we found out that electromagnetic
processes recorded in the ionosphere can be relatazhly to phenomena of seismic activities, but

to the current process in the lithosphere

2.1 Low-frequency emission variationsin the upper ionosphere over earthquake areas

Figure 1 shows the typical fragment of an analogec®rding of magnetic component of low-
frequency emission field onboard “Intercosmos 1&teBite two minutes before the strong
earthquake, when satellite was flying near ther&ugpicenter. Results are registered from an output
of cannels of a spectrum analyzer in frequency lfahd- 20 kHz. As we can see, the emission is of

impulse character and it is the most intensivéatitequency lower 1 kHz [Larkina et al., 1983].
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Figurel. The example of analogue record of a fragroéthe magnetic component of low-frequency eiaiss
field onboard the “Intercosmos 18" satellite, masheNovember 1, 1978 two minutes before a strong

earthquake, when the satellite was flying neaettieenter.
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Next figure (see Figure 2) submitted middlgtdadinal dependence of the low frequency
noise intensity on frequency 4650 Hz for differgeiomagnetic activity conditions. These results
have received for 4 months of “Intercosmos” sdtelfunction and special ] root-mean-square
spread of data. The separate badges, as an exampe the noise intensity burst size, registered on
channel output during earthquake preparation [lerlet al., 1989]. From a drawing it is clearly
visible that the emission intensity bursts, coneéawith development seismic activity, obviously

exceeds emission level, usually observe in givespaea.
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Figure 2. Middle latitudinal dependence of lowefuency noise intensity on frequency 4650 kHz fatous

geomagnetic activity conditions.

Outcomes of low-frequency noise observationvaban epicenter of the same earthquake
simultaneous on board two satellites is confirmée tearlier obtained information about
plasmasphere response on processes of earthquegdaggiron. The satellite “Intercosmos-Bulgaria-
1300” was flying at the altitude 800 km near ancepter (January 21, 1982, 17.50.26,2 UT,
$=3,39S,A=177,£E, depth 33 km, magnitude 4.6) 12 minutes befoeenthin stroke. The bursts of
wave intensity in range of 0.1-8 Hz were measuredsboard. The “Aureol 3" satellite was flying
near to this one at altitude 1970 km/s hours 48utes before main shock. The bursts of emission
intensity in frequency band of 10 Hz-20 kHz, boumldcording with processes of earthquake
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preparation, are marked. The figure 3 is plane wagnetic meridian passing through an earthquake
epicenter in coordinates: a geographic latitugeafd altitude (h), the parts of projection of tslof
these satellites and grid of lines Ld{Jxconst, where L is Mclllwain parameter, are markéde
latitude of an earthquake epicenter is marked hps<r(X). The satellite measurements were
conducted in night time. In these conditions théurs low-frequency noise level at low and
equatorial latitudes is usually small, so that dirsginguish of noise bound with seismic activity is
easied [Galperin et al., 1992].

It was revealed, that from 20 selected evasitsstrengthening (amplification) particle
precipitation accompany by low-frequency emissiantensity bursts, in 18 events the abnormal
bursts have coincided with availability of earthk@gGalperin et al., 1992].

Figure 3. The plane of magnetic meridian pasdimgugh an earthquake epicenter in coordinates:rgpbi
latitude ¢) and altitude (h) the parts of projections of tshif these satellites and grid of lines
L(h,d)=const, where L is parameter Mclllwain, are markEkle latitude of an earthquake is marked

by cross (X).

The measurements series from two satellitesealthe same area of preparation earthquake,
despite at difference in used instrumentation, l@lswed to make the concluding, that
seismoionospheric noise were presented above arefearthquake epicenter area a long time before
main shock. Frequency band of registered noiseraadbenough, from 0.1 Hz (“Intercosmos-
Bulgaria-1300”) up to 20 kHz (top range of instrurtaion on board “Aureol 3”.

We were analyzed not only individual events dayellite data, but we are received also
statistical characteristics by formalism of datagassing process help on modern computing means.
We choose the few tens of earthquake taking intowat the following. Sufficiently strong events
with magnitude M5.5 and depth<60 km were used. Only low latitude earthquakes with
electromagnetic latitude of epicen®p45° were considered. The ionosphere region with the lo

frequency emissions observed by “Intercosmos 19&Hmseen found to be formations (“noise belts”)
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extended along60° of geographic longitude antB°of geographic latitude. Before the earthquake
electric and magnetic components of emission figkte observed, after earthquake there was
observed only electric component. Frequency ramg&hich anomalous increase of noise bursts
from a share Hertz to 20 kHz was noticed (20 kHopsrange of an equipment). The reliability of
observed effect, calculated on the basis of expariad data processing made 85-90% [Larkina et
al.,1983].

Thus, effect of electromagnetic emission eimh in the plasma-sphere above prepare
earthquake zone is experimentally established. Apgheoretical work confirm a reality occurrence
low-frequency electromagnetic emission in the uppmrosphere heights over the earthquake
epicenters. These results are known and publistexk we shall give main attention to the complex

analysis of plasma parameter data their start gdegten the earthquake main shock (forerunners).

2.2 Low-frequency emissions and energetic electron flows over future earthquake epicenters

Here we present the first direct comparison oftebaeagnetic VLF pulse with flow of the energetic
particles over future and its magnetic conjugatgiore Simultaneous data energetic electron
(E=0.04-1.2 MeV) and magnetic and electric comptseh the VLF emissions (0.1-16 kHz) was
measured onboard of “Intercosmos 19”. By complealyais of that information we turned one’s
attention to the coincidence of the bursts (emissiand flows) in the space and time over future
earthquake epicentre.

The figure 4 shows the fragments of analogtata recording onboard the “Intercosmos 19”
satellite which made on March, 29 1979, when thellga was flying near the epicentrat£-1.19h,
A\=1() of strong earthquake (M=5.8). The low frequeneyssion bursts (f=450 Hz and f=800 Hz)
and behaviour of precipitation particle flow># keV) are presented.

It is obviously that the manifestation zoneaobmaly VLF-ELF emissions (connected with
earthquake) and registration zone of electron lflussts coincide. At the figure4 we can see a strong
short pulse periodicity of VLF signal. It is resoftionosound transmitter operation every 64 set. B
these pulses are not so strong disturbances tatdite effect of earthquake in the VLF-ELF
emission or particles flux.

We have carry out the correlation analysis of thalarity forms of the emission pulse and
flow density of energetic electrons spikes. Theralation coefficients for different realization
lengths are presented in Table |. The realizatogth is formed by 70 points (00:50-00:53 UT). The
length of the investigate part was 27 points (0@t5@0:51:50 UT).
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Figure 4 Particles and VLF emissions of “Innternos-19” onboard registration is shown. The preaupsitse

is marked by arrow. Pulse duration is about oneutein

It is seen, that the time correlation lo¢ fow frequency emission bursts and the pulse of
precipitation particle flow is perfect (alwayss®5). It was turned out that a correlation coedfinti

for the lower energy electronsX&0 keV) was higher and achieved 0:6472.

Table 1
Correlation coefficient of the VLF emission (f=400ldnd f=800Hz) and energetic particles4B
keV and B100 keV) burst

Parameters Correlation coefficient
27 points 70 points

40 keV/100 keV 0.9382 0.9367
450 Hz/800 Hz 0.9400 0.8860
40 keV/450 Hz 0.5630 0.6400
100 keV/450 Hz 0.5359 0.5925
40 keV/800 Hz 0.6190 0.7190
100 keV/800 Hz 0.5900 0.6461

Copyright © 2014, ESES |JEAR



8

It is necessary to note, that by investigaidd magnetic conjugation of the low frequency
noise anomaly pulses at the altitude of upper sphere we find the good conjugation between the
bursts in the northern hemisphere (ionosphere atiw/éuture earthquake) and in the southern one.
Shown in the Figure 5 in the geographic latitudegitude coordinates are the “Intercosmos 19”
satellite projection part of orbits 9189-9196 ire tperiod before the earthquake of November
23,1980 (t=18:34 UT$p=41,1°N; A=15,34°E; M=6,7; H=33 km; LT=19,34) and after it when the
emission burst was detected (the earthquake loc@ialso shown). The L-shell and geomagnetic
meridians have been mapped. Position of the eak®jepicentre is marked by a cross (x). The
moment of the main shock is write bellow, neargign (x).
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Figure 5. The Intercosmos 19 satellite orbit @ctipns.

The parts of orbit projections are blackenetere bursts of emission intensity are found.
The emission levels of magnetic (to the right & ttajectory) and electrical field components om th
frequency of 4650 Hz are denoted on the map byhkdtdbands. Each step corresponds to the
increasing of the signal by 10 dB with respecthe background level. Near each histogram the
absolute time values and time differences respedhé¢ earthquake start time t (“+” after this
moment and “-” before it) are indicated.

Process of earthquake preparation may beobmpmssible reason of the energetic particle
precipitation or instability of inner radiation belt is can connected with the trapped particle
anysotropy or the magnetic fields pulse disturbaacd other local reasons. For examples, the
operation of powerful ground VLF transmitter orhitjng discharge are followed by the increasing of
the particle precipitation from radiation belt. Te@ismomagnetospheric emissions may be exit due
to the same reason. Here we presented the evidérgmod correlation of local disturbances in the
magnetosphere-ionosphere parameters connectedeistiic activity.

It is found, that the observation zone of tkeeyMow frequency emission bursts can be connected

with future earthquake and that the registrationezoof the flux density are in good coincides. At
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conjugate hemispheres the observation zone ofurssband their amplitude are coincided and very
close. On base of such picture the model of precudevelopment in the plasmasphere over
seismoactive region and conjugate area can be gpedd&®uzhin and Larkina, 1996].

2.3 Time sequence of seismic activity manifestations

This part shows the in-time development of elecagnetic and electric phenomena, accompanying
the manifestations of seismic activity [Larkina02(

Many days possibly months before an earthquieze come about perturbations of
geoelectric field as events continue to developd ahe amplitude drows and oscillation
characteristics changes in the seismic focus.

-Then the registration of geomagnetic field peratidns is started.

-After this there come about the perturbationstofaspheric electrical potential.

-Several days or hours before the earthquake tharer changes of ionosphere parameters,
changes of critical frequencies and concentrati@ange.

- Several hours or days before the earthquake ttwree about the variations — amplitude
increase of natural pulse electromagnetic Earibld ficcording to the ground data.

-Ten of minutes-hour before the earthquake geommgpelsations Ps (0.02-1 Hz) take
place.

- Ten of minutes-hour before the earthquake thensity of electromagnetic emissions
increases at satellite-flight altitudes.

-Luminous effects take place.

2.3 Statistical characteristics of the size of ionosphere zones of responses to earthquake
preparation process

Determined are the space- and — time values okzdme of abrupt changes of ionspheric plasma
parameters over the regions of main seismic shogpgpations (earthquake moment). The statistical
results are listed in table 2

Thus, the effect of noise growth over the ingent earthquake epicenter in the range 0.120
kHz, detected for the first time according to “iiesmos 19” satellite data was confirmed by the

results of signal analysis on “Intercosmos 18", ‘@6, and later on “Aureol 3” satellites
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Table 2
Space- and — time values of the zones of seismusreric anomalies observed at upper
lonosphere altitudes

Parameter Range Zones size Time (up to)
Wave ELF/VLF AN AN Several hours
Electrons Ee40 ke 0.1L 2.5-3 hours
Plasma density +° Days

It was found that earthquake preparation @®ee were accompanied by the changes of
ionospheric plasma parameters [Larkina and RuAl968]

- an increase of low frequency emissions (magraett electric components) intensity from
a few fractions of Hz to a few kHz,

- a flux of quasi-trapped and precipitation endmgparticles (with an energy of 40 — 250
keV), which appears a few hours before the mawkstof earthquake,

-changes of ionospheric plasma density and temperat

The local perturbations of ionospheric plaggagameters by seismic activity effects bay be
taken advantage for the short-term earthquake grediin combination with a set of parameters
registered on the Earth’s surface.

The combination of results mentioned above masle it clear that the ionosphere, as a
whole, and the phenomena occurring therein arecatide of the processes taking place in the
lithosphere. It is clear from the information givieere that it is advisable to create a specialicarv
incorporating in it the ground-based measuremetititfas and satellite-based complex of one or
more satellites with the respective equipment llestatherein. This means that the prediction of
heavy earthquakes will be possible in the nearéutu

Combined with ground-based measurements tledlisameasurements make it possible to
considerably expand the geography of monitoredoregiand to realize the earthquake prediction
also in the areas traditionally regarded as sesgistable.

Thus, there was detected for the first timé eonfirmed by large amounts of experimental
data the phenomenon of emergence of low-frequeniseremissions at upper ionosphere altitudes
and over seismic focuses of heavy earthquakesspaee- and —time values of the zone of plasma
parameters change at upper ionosphere altitudes determined. A method was proposed and
introduced to select, receive and make use oflgatekperiments data for earthquakes prediction.
Low-frequency noise emissions (100 Hz — 20 kHz) aeaitionally considered to be radio
interference, and as a matter of fact (in realitypse are World perception devices that carry
information about the parameters of the environmerterein these emissions are excited and
propagated. Besides, low-frequency emissions atedtive of the processes taking place in the

Earth lithosphere.
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3. Results of ground-based of the environment pollutio measurements

When studying the works of expeditions to the Noxtre found data on distribution of*(Cs)
cesium concentration in the waters of Barents aadSeas [Matishov et al., 1994]. The content of
radio nuclides in various masses of Barents ana Sa&as was studied in details for the first time in
August-October 1982 during the"12un of research ice-breaker ship “Otto Schmid&plgred and
examined were offshore waters of Barents, KaraGmegnland Seas. Radioactive contamination was
determined according to analysis results of samfglken from sea water and deep sea deposits.
Anomalously high concentrations GfCs were registered in southern part of BarentsaSa&as and
in the eastern part of Greenland Sea. Almost glhdn levels of radio cesium were observed in the
offshore waters to the west and east of Novaya ya&nals well as to the north of Kola and Motovsky
Bays. Contaminated water bodies penetrated threogthern Novaya Zemlya’s straits to the Kara
Sea. One can observe practically the same contiensaf'*'Cs in the waters of south-western part
of this sea as in the southern part of Barents Sea.

The Figure 6 illustrates thé'Cs radionuclide grid map of bottom and surface vsate
Barents and Kara Seas on the basis of analysiamples taken from the sea water and deep sea
deposits. Yuzhno-Barents cavity is characterizea@mylevated content 6f'Cs cesium in deep sea

deposits.

@ 30 B®
220

Figure .6. Distribution of cesium concentratiorbwitom and surface waters of Barents and Kara. Seas
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3.1 Results of satellite observations of ionosphere parameters above contaminated zones

Let us consider some examples of radioactive canetion zone observations made on the basis of
the satellite data and compare them with contamoinaiones identified earlier.

We plotted the “Intercosmos-19” satellite’s pathMiarch (a) and in June (b) 1979 on the grid map
showing™*'Cs content in deep sea deposits (see figure 7).satadlite travel paths were observed
above one and the same region and exactly at ahtharsame local time.

Above contamination zones in the region of Yh@Barents cavity one could observe a
considerable and simultaneous increase of VLF eomdstensity (by~20dB) and flux density of
low-energy precipitating electronE¢~50 eV andEe~120 eV) and ionospheric plasma temperature
(by 20-25%). In this very region intensive fluctioas of parameters were recorded. A non-
dimensional value, known as a correlation coeffitig, is used in practical work for characteristics
of relationship between two random variables. Hgullone a correlation analysis of simultaneous
bursts of magnetic-field and electric-field compotsein VLF emission, we were able to get
information on similarity (proximity) of burst shapof noise field components. A correlation
analysis showed that observable bursts are ofreteagnetic nature and the correlation coefficient
of burst envelope of magnetic-field and electreddi components in the region under study
amounted to 0.81-0.98.
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Figure 7. Paths of “Intercosmos-19” satellite potijons in the regions of Barents and Kara Seas.

3.2 Results of satellite observations of ionosphere parameters above contaminated zones

Let us consider some examples of radioactive cantation zone observations made on the basis of

the satellite data and compare them with contamoinaizones identified earlier. Above
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contamination zones in the region of Yuzhno-Bareatgty one could observe a considerable and
simultaneous increase of VLF emission intensity 80dB) and flux density of low-energy
precipitating electronEg~50 eV andEe~120 eV) and ionospheric plasma temperature (b2320).

In this very region intensive fluctuations of partsrs were recorded. A non-dimensional value,
known as a correlation coefficient R, is used iacgical work for characteristics of relationship
between two random variables. Having done a cdioalaanalysis of simultaneous bursts of
magnetic-field and electric-field components in Vemission, we were able to get information on
similarity (proximity) of burst shape of noise fiecomponents. A correlation analysis showed that
observable bursts are of electromagnetic naturetl@maorrelation coefficient of burst envelope of
magnetic-field and electric-field components in tegion under study amounted to 0.81-0.98.

"Intercosmos-19"

102 Qrbit 1537 June 14, 1979
10* 50 eV

01.40 01.45 D1i50

Orbit 233 March 15, 1979
Tl
10% -
L4 4 120 eV
8 10%
2 : s .
18,50 18.55 19.00
102 Orbit 231 March 15, 1979
)
10 Mwwﬂ
15.20 15.25 15.30 uT

Fig. 8 Fragments of recordings showing the electitvndensity above the contamination zones.

Figure are examples of recording of electlomw fwith energy 120 and 50 eV in the regions
of Barents and Kara Seas. It is clear from it thatst were accompanied with fluctuations. Results
were recorded by a satellite during its completgter231 and 233 (March 15, 1979) and 1537 (June
14, 1979). The most intensive bursts with fluctagi were observed in the region of Yuzhno-
Barents cavity

We observed similar simultaneous bursts witbt@iations when satellites travel above zones
of deep faults. Very much so that these burstdidg related with radon gas radiation, as it was
assumed in the paper [Pulinets et al., 1999]. eisessary to note that direct measurements ohrado
gas content in the Yuzhno-Barents cavity were aotied out, as far as | know. At the same time,
concentrations of radioactive elements, which tmecextent can be the source of radon, were
studied on the basis of comparatively small amafisamples. Obtained results show a tendency to

increasing of this parameter in the water layenglthe western periphery of archipelagos Novaya
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Zemlya, as well as in the layer of deep sea depadiing the same periphery. The authors of the
given surveys associate an elevated content obaative element concentration with technogenic
pollution of this region as a result of aftereffe€tnuclear weapons tests and radioactivity cameyov

from Europe and North America by Atlantic streams.

3.3 Comparison of satellite-based and ground-based measurement results

Let us consider a reliability of the last thesistba basis of a specific example. There are several
radioactive contamination zones in northern laggidf our hemisphere. One of the zone detected —
a zone in close vicinity to Scandinavia’s westegast line. The authors [Matishov 1994 and
Matishov, 1998] explained this contamination zogeabrelease of poor-quality radioactive wastes
from the Sellafield-based nuclear fuel reprocessuogks to the Irish Sea and La-Hague in the
English Channel. In the mid-70’s waste disposaimfrthese facilities were extremely high. The
impact of relatively soluble radionuclides (CesiaB##, Technetium-99 and Stibium-55 (Sb)
produced in Sellafield is traced at long distanoethe inshore waters of Norway and southern part
of Barents Sea. Almost entire cesium discharget atiher wastes from Sellafield works is dumped
to the sea, then it migrates from the Irish Seth¢éoNorth Atlantic (Pond) and then turns out tdrbe
the North Sea. Radionuclides of English and Freokbins are carried by Norwegian coastal
currents and in a limited volume are drifted to Hueith-western basin of Barents Sea. The paper
[Matishov et al., 1998] provides maps containinfpimation about*'Cs content in surface waters
of the north-western Europe on a year-to-year b&ges have taken a good advantage of using their
maps, which offered data for those years duringivbur satellites were actively used.

“Intercosmos-19” satellite passed above tlggoreof elevated content of radio nuclides near
the coastline of Scandinavian peninsular. We oleskxery intensive bursts of emissions and low-
energy electrons with fluctuations above the regbrscandinavia’s western cost that is in other
words above the contamination zone one can obderbellent regions that was evidenced by
acquisition of small-scale variations (fluctuatipred plasma parameter intensity. The figure 9
illustrates a grid map with information on radiohde content near western coastline of
Scandinavia. On the map 8¥Cs distribution in the Scandinavian peninsular aagior 1979, we
plotted the paths of “Intercosmos-19” Satelliteiits 236 and 1540, which passed near western
coastline of Scandinavian peninsular in March andeJof 1979. In this figure certain parts of
satellite projection paths, where simultaneous tsuos wave intensity and electron flux density
accompanied by intensive fluctuations were obseraszilshaded (hatched).
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Figure 9. A map showing the distribution of radiachdes to the west of Scandinavia and “Intercost@'s

satellite’s projection paths.

It is clear from this figure that shaded (Ihait) parts of satellite projection paths coincide
with contamination zones, or in other words, sigwdous bursts of wave intensity and electron flux
density, accompanied by intensive fluctuations,ensyserved above the zones, where radio nuclides
were monitored.

The regions, where simultaneous fluctuatidnsmosperic plasma parameters were recorded,
and regions characterized by elevated concentrafioadioactive elements, coincidedafkina V.1,
Ruzhin Yu.Ya. et al., 2094 This work was carried out for a series of s#teflravels in March and
June 1979. The results achieved were the sameontirms the conclusion that radioactive
contaminations can really be detected (found) om basis of expert assessment of satellite
measurements of VLF noises and other parametamos$pheric plasma, which are in its turn are

indicative of the Earth’s crust structure.

3.4 Comparison of measurement results obtained at two simultaneoudly travelled satellites

Simultaneously with “Intercosmos-19” satellite thevas a Japanese satellite ISStnjmary Plot...
1983, which recorded flows of hydrogen, helium an oagygions. Based on published data, we

plotted the grid maps showing the distributionight ions above the region of our interest.
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On the grid map of hydrogen ion distribution, wetf@d the “Intercosmos-19 satellite paths (circuits
234 and 1537). Thickening of satellite path linedicates the region of simultaneous variations of
ionospheric plasma parameters with small-scalegdsmrHaving analyzed simultaneous fluctuations
of parameters on the basis of satellite data redeirom simultaneously travelled satellites, weehav
found out that the highest intensity of light iopsrticularly of hydrogen and helium (data provided
by ISS-b satellite), coincided with the region, whentensive fluctuations were recorded (data
provided by “Intercosmos-19 satellite). These d@ffewere observed above zones of elevated
radionuclide content in Barents and Kara Seaskjna V.1., Ruzhin Yu.Ya., et §l. The same thing was

observed above western coastline of Scandinavia too

H
. Bwrox 234 2033 UT  Butok 1537 1.45 UT
70 : e
60 :
T T H T T T T T T
15 20 40 45 450 55 60 65 70

Figure 10 . Distribution of hydrogen ion intensiaccording to ISS-b data and “Intercosmos-19” dtell
(circuits 234 and 1537).

The given example is evidence confirming thaioactive contaminations can be detected by
satellite surveys of the Earth’s crust structurbereas light ions can be an indicator of radio&ctiv
contamination. Based on discovered observatiorlatimaships of ionosheric plasma parameters
measured by satellites, we have elaborated a métiatetecting radioactive contamination zones
[PatentNe22907597, 2003

4. Discussion

As you know, atomic oxygen, hydrogen, helium, atnong others are the components of ionosheric
plasma. Surveys by means of Satellites S 3-3DdRd showed that flows of energy 008 with
non-Maxwellian distribution by velocities (“coniciype) are observed at high latitudes along line o
force (altitude 400 km and higher). The pap@ndrp et all973] made a presumption saying that
such a mechanism accelerates ionospheric ions ruiigodar to the magnetic field. A similar
crosswise heating of ions (particularl{) @an provide for a new mechanism suggestetvindlee et

al., 1987] lon heating produces current-induced Shear Alfveav®g (SAW). Existence of
electromagnetic component (probably, SAW) in thgiae of ion conic source was proved in
[Gurnett et al., 1994 The authors demonstrated that a significant parenergy is transferred by

electromagnetic waves SAW. SAW waves can providgoaswise heating of ions at the current
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lower than electrostatic waves — cyclotron waves.aAresult, it gives rise to sufficiently intensive
oscillations, the frequency of which is close taloyron frequencies of hydrogen and oxygen ions
(mwsy+ and wgp+). In our case (satellite orbit 234, please referFtg.8) the value of measured
geomagnetic field amounted t@#.486y. Then
0go+=€Bo/Mo+C; fgo+= wpo+/2rm; fgo+=~60 Hz

If presumed that such waves can be excitedpaoplagated of higher harmonics as well (3
opy+ and 3vgo+). Then emission intensity growth at the frequencléd0 and 800 Hz can give
evidence of excitation of electromagnetic wavessatellite altitudes [Larkina and Strunnikova,
1988].

5. Conclusion

Thus, it is established that stability simultar&gwccurred variations of low-frequency emissions,
flows of low-energy electrons with enerfy=50 eV andEe=150 eV and temperature of ionospheric
plasma are observed above radioactive contamizatees detected (recorded) in Kola Bay, Barents,
Kara, North and Greenland Seas.

Zones, where simultaneous fluctuations of sph@ric plasma parameters are recorded at the
satellite altitudes, coincide with well-known reggy) where higher concentrations of radio nuclides
are registered. Thus, one can consider it proved #ny elevation of radioactive element
concentration is prognostic of technological enmmental impact of radioactive elements. We have
proposed a method of detecting radioactive polhgiin the atmospheric boundary layer, water
surface layer and seabed layers of hydrosphererdingoto data of satellite monitoring of
ionosphere plasma parameters.

We are also familiar with data confirming timerease of concentration of heavy elements
along some active long-living deep-seated faultsaddition to that, deep heat and deep gases, such
as helium, hydrogen, radon and methane, can emeatmosphere through these zones of faults.
And thereby, if recorded, they can be a sign ofo@ctive contamination.

Based on all above-mentioned, we are suggesting ethad of diagnostics of radioactive
contaminations in the atmospheric boundary layeatew surface layer and seabed layers of
hydrosphere using the results of satellite momwpif ionosphere plasma parameters: intensity of
low-frequency noise radiations, low-energy electrfiox density and ionospheric plasma
temperatureRatentNe22907592, 2003].
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