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MAPPING OF NATURAL RADIOACTIVITY IN SOIL SAMPLES
OF BADRA OIL FIELD PROJECT USING GIS PROGRAM

The study focuses on measuring the values of 238U, 22Th and “°K natural radionuclides in soil samples in Badra oil
field area (Iraq). Also, the radiological risk data were calculated for all samples in this study. The technique used in this
study was gamma-ray spectrometry with Nal(T1) detector. The averages of specific activity are: 24.7 Bg/kg for 23U,
13.6 Bg/kg for #2Th, and 538.9 Bg/kg for “°K. Besides, the estimations of radiological effects like the radium
equivalent (Raeq), the absorbed dose rate (Dy), external hazard index (He), internal hazard index (Hin), representative
gamma hazard index (l,) and the total annual effective dose equivalent (AEDE) are 85.5 Bg/kg, 42.1 nGy/h, 0.23, 0.30,
0.66 and 0.26 mSv/y respectively. When comparing the results in the study area with the world mean values specified
by the UNSCEAR, OCDE and ICRP, the study terminates that the limits of health risk are safe and may not menace the
workers at these locations due to these radionuclide limits. The values were subjected to GIS environment under the
WGS1984 coordinate system for the sake of results’ coordination, and processed in Inverse Distance Weighted
interpolation as the best processing.

Keywords: natural radioactivity, Badra oil field, geographic information system (GIS), gamma ray spectroscopy.

1. Introduction

Natural radioactivity is widespread and present in
different geological formations of various rocks. The
necessity of this study is focused to the radiation
effect, where it has a great interest and importance in
health physics, therefore evaluation of natural
radioactivity in sediments is so necessary to assess
the quantity of change in the radioactive setting with
time due to the radioactive effect dissemination [1].
The soil is one of human food sources and the most
important contributors to the radiation exposure.
Hence, there is an essential necessity to study the
dissemination of natural radioactivity in the
sediments and soil [2]. The Naturally Occurring
Radioactive Materials (NORM) consider bioche-
mical and geochemical indicators that are associated
with geological processes such as earthquakes and
volcanic eruptions affect on the environment [3]. It
is well known that even if a small amount of these
radionuclides due to the gamma ray exposure of the
body and irradiation of lung tissues from inhalation
of radon and its daughters occur, the harmful
biological effects are produced [4]. So, the
knowledge of definitive dose limits of natural
radioactive materials is crucial for the sake of
measuring radiation levels caused by their
persistence in land, air, water, food, building, etc. to
estimate exposure and protection of humans [5].
Since soil presents the main providers to radioactive
setting, it is essential to determine the radioactivity
content of the soil over the world. The mentioned
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natural radioactivity usually comes from the
existence of the 2®U, Z2Th series and “°K during the
deterioration of sediments due to weathering and
deposition [6]. Gamma radiation, emitted from these
naturally occurring radionuclides, represents the
main external source of irradiation of the human
body, while the internal exposure is due to inhalation
of radon gas and its short-lived decay products. The
average specific activity of 28U, #2Th and “°K is 30,
33 and 400 Bg/kg, respectively [7]. The natural
environmental radioactivity resulted from gamma-
radiation relies principally on geological conditions,
and they disperse at varied levels of radionuclides in
the soils and sediments of the world [8]. Many
worldwide studies of contamination have been
interested in the measurement of the specific activity
of natural radioactivity [9 - 12].

All samples in this work were submitted to the
processing of Geographic Information System (GIS)
for deciphering the results using Inverse Distance
Weighted (IDW) interpolation that dictates cell
values to cluster set of sample points in a linearly
weighted combination, where this method presumes
that the variable being mapped decreases in
influence with distance from its sampled location.

It is evident that no studies have been carried out
on the study area and no baselines of concentration of
natural and anthropogenic radioisotopes have been
reported. Therefore, this study can be considered the
first in this field. In this context, cancer incident cases
have been reported with some workers who are
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working in more than 12 hrs. The aim of the study is
measuring the natural radioactivity in soil samples
from some locations of Badra Oil Field Project,
Wasit Governorate, Iraq as well as to assess the
radiological risks from background radiation through
calculating the radium equivalent (Rae), the
absorbed dose rate (D), external (Hex), internal (Hin)
hazard indexes, radioactivity level index (l,), the
total annual effective dose equivalent (AEDE) and
Excess Lifetime Cancer Risk (ELCR) of the soil
samples collected from the study area.

2. The study area

Badra lies near the lragi-lranian border within
Wasit Governorate [13],180 km southeast Baghdad
(Fig. 1) within longitudes (32° 98 - 33°05") E and
latitudes (45° 01" - 46° 27°) N with an area more than
3500 km?. It is located next to the site of the ancient
Sumerian city Deer. Badra Oil Field which, after a
discovery well was drilled in 1979, has remained
unexploited until 2011. Badra oil field is estimated
to hold reserves of about three billion barrels of
crude oil [14]. The Iragi oil field extends about
16 km long and 6 km wide. The oilfield area is
mapped for natural radioactivity to estimate the risks
that may affect on the public health.
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Fig. 1. Location of the study area.

3. Geology of the study area

The study area is a part of the Foothill Zone and
Mesopotamian Zone within unstable shelf, which is
characterized by a broad concave and convex folds
affected by the epierogenic movements that began in
the Cretaceous period and have an utmost effect in
lower Pliocene [15].

Geological formations that exposed in the study
area, range from Euphrates (L. Miocene) that is
composed of limestone (CaCOs) and dolomite
(CaMg(CO:s),) and exposed in a relatively limited
area at northeastern border of the study area. The
upper contact of Euphrates Formation underlies
conformably the clastic formations of continental
environment, that are Fat'ha (M. Miocene), Injana
(U. Miocene), Mugdadiyah (Pliocene) Formations,
in addition to Quaternary Sediments (Pleistocene
and Holocene) that dispersed through the entire area
[16] (Fig. 2).

The topography of Irag is unique in its kind,
where all the rains falling on Iraq migrate towards
the Mesopotamian depression where the study area
lies, whether via valley floods or infiltration to the
ground aquifers. The Euphrates and Dammam
Formations are important ground water aquifers.
They are close to the Euphrates River basin, and are
rich in immense quantities of ground water that is
subjected to high pressures.

In general, the Upper Miocene — Pliocene cycle is
characterized by sediments laid down during the
paroxysmal phases of the orogenic uplift of the
epigeosynclinal and (later on) epiplatform mountain
belts of Iraq [18].

The cycle is characterized by the progressive
change from the marine sedimentation into the
lacustrine and fluviatile one. This change was
simultaneously accompanied by the gradational
coarsening of the clastics including varied minerals
and chemical constituents laid down during the cycle
[18]. The concentrations of the minerals and chemical
constituents varied due to the variance in the
depositional environments mentioned above. They are
accompanied to the following Tertiary Formations of
aquatic environmental genesis and Quaternary
Deposits:

Euphrates Formation (Early Miocene): Dolomitic
limestone, dolostone and limestone, fossiliferous,
45m thick, interfinger with Ghar Formation
(sandstone and other clastics) at the upper part.

Al-Mukdadiyah  Formation: The formation
according to [19] comprises of fining upward cycles
of pebbly sandstone, sandstone and mudstone, and it
is believed to be deposited in a fluvial environment in
a rapidly subsiding foredeep basin.

The Quaternary Deposits: The Quaternary
deposits comprised of Pleistocene and recent
deposits. They include alluvial deposits, which
consist of a mixture of gravel, sand, silt, clay, and
conglomerates of post Pliocene deposits. They show
no sign of bedding or stratification [20].
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Fig. 2. Geologic map of the study area [17]. (See color Figure on the journal website.)

4. Materials and method
4.1. Collection and preparation of samples

Ten soil samples were collected from Badra oil
field project in Kut Government. The collected

samples were taken from places as in Fig. 3 with
depth of 15 cm. Table 1 shows the sampling
locations in the study area. Each soil sample was
preserved in a plastic pouch and classified according
to its collected site.

e
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Fig. 3. The locations of the samples distributed on the map of Badra oil field project.
(See color Figure on the journal website.)

All samples were dried by the effect of heat of
the sun in order to remove surplus wetness, samples
were crushed, using an electric mill, to get
homogeneity. The samples were sieved, and for the
sake of keeping them without wetness, they were put
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in an electric oven for about one hour so as to reach
a constant weight. Work has been done for
experimental measurements in the Nuclear Physics
Laboratory, Department of Physics, Faculty of
Science, University of Kufa. Then the samples were
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packed in a Marinelli beakers (1 L) of constant
volume, in order to obtain a geometric homogeneity
round the detector. Then the net weights were
measured and registered using a digital weighing
balance, and then the plastic Marinelli beakers were
closed by a tape and stored for about four weeks
before counting to obtain secular equilibrium [12].

Table 1. Locations of the soil samples collected
from different districts of Badra oil field project

Sample code - Coordinates -
Longitude Latitude
BD4 46.090431 33.059519
MF1 46.056383 33.057816
MF2 46.079592 33.051854
MF3 46.104662 33.032871
P5 46.097705 33.047008
P6 46.08140 33.057258
P7 46.056883 33.066161
P16 46.034618 33.053723
P18 46.028249 33.074063
P19 46.047857 33.0762
4.2. Experimental setting
Gamma-ray  spectrometer system  contains

scintillation detector Nal(TI) with dimensions of
3"x3", provided by Alpha Spectra, Inc.-12112/3,
connected with a MCA ORTEC-DigiBase multi-
channel analyzer of 4096 channels coupled with
Analog to Digital Convertor (ADC) unit through
interface. The MAESTRO-32 software is used in
this work for all spectroscopic measurements and
analysis on the data.

5. Calculations

Specific Activity. The specific activity of a
sample is an activity per unit mass (Bg/g or Ci/g).
The specific activity of each sample is estimated
using the following equation [12]:

i)
kg
where B represented the background counts; N is the
gross counts (sample plus background); t repre-
sented the counting time (s); |, is the probability of
gamma emission; m is the sample weight (kg), and ¢
is the absolute efficiency of the detector at particular
gamma energy.

In this study, for the energy and absolute
efficiency calibration of the Nal(Tl) detector we

used the three radionuclides, °Co, **"Cs and %’Na in
mixed sources, for detection time period of 10800 s.

(N-B)

tg-l-m @

Radium Equivalent Activity (Raeq). Raeq iS used
to obtain the sum of 28U, 2*Th and “°K activities, it is
called Radium equivalent activity in Bg/kg units, and
is given by the following equation [21]:

Ra, (Eg} A, +1.43A, +0.077A.,  (2)

where Ay, Am and Ak are the specific activities of the
radionuclides U, %*Th and “°K respectively.

Absorbed Dose Rate (D). This index, due to
gamma radiations in air at 1 m above the ground
surface for the uniform distribution of the naturally
occurring radionuclides 28U, #°Th and “°K, is used
for the illustration of terrestrial radiation, and is
usually expressed in nGy/h. It is calculated by the
following equation [22]:

D, =0.462A, +0.604A,, +0.0417A..  (3)

External Radiation Hazard Index (He). The
external hazard index is used to evaluate the
biological hazard of natural gamma radiation, and it
is calculated by the following equation [9]:

o @

Internal Radiation Hazard Index (Hin). The
internal exposure due to radon and its daughter
products is quantified by Hi, which is calculated by
following relation [11]:

n 1A8J5 2/:5 % ®)

Representative Level Index (l,). I, for the soil is
used to calculate the level of gamma radiation hazard
associated with natural gamma emitters in the soil. It
was estimated using the following relation [23]:

| = AJ Al'h L (6)
" 150 100 1500

Annual Effective Dose Equivalent (AEDE). To
evaluate the effective dose rates from the absorbed
dose, we used the conversion coefficient in air to
effective dose (0.7 Sv/Gy), and values of 0.2 for the
indoor occupancy factor and 0.8 for the outdoor
occupancy factor, and the conversion coefficient
from absorbed dose in air to effective dose [22 - 25]:

AEDEmdoor(mSVj [D, -8766-0.2-0.7]-10°°, (7)
y

AEDEoutdoor(mSV] [D, -8766-0.8-0.7]-10°°. (8)
y
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6. Results and discussion

The results of the specific activity for the study
area are illustrated in Table 2 and Fig. 4 for #U,
22Th and “°K in 10 soil samples collected from
Badra oil field project at Kut Government. The
specific activity of 28U, 2Th and “°K in this region
varies from 20.9 + 1 Bg/kg to 29.4 +1 Bg/kg with
average value 24.7 Bg/kg, from 9.3+1 Bg/kg to
17.8 + 1 Bg/kg with average value 13.6 Bg/kg, and

29.35
o
' 2387
K2
2553
* 5
20.91
L ]
16.22

64

c
Fig. 4. The choropleth maps of the values of specific activity of (a) U, (b) 2*2Th and (c) °K.
(See color Figure on the journal website.)

from 456.2 + 5 Bg/kg to 685.8 + 7 Bg/kg with ave-
rage value 538.9 Bg/kg respectively. The results of
the specific activity of 28U and *2Th of soil samples
collected from this region were within the world
average except for “°K, for which all the samples
were higher than the world averages. The world
averages are 33 Bg/kg, 45 Bg/kg and 420 Bg/kg for
28y, 22Th and “°K respectively, recommended by
UNSCEAR, 2008 [22].

I 20.91041183 - 23.02644107
[ 23.02644108 - 24,12055697
[ 24.12055698 - 24.68628148
[ 24.68628148 - 24,97379549
[]24.9787955 - 25.13004303
[]25.13004304 - 25,28129057
— [ 25.28129058 - 25.57380458
[ 25.57380458 - 26,13952909
I 26.1395291 - 27.23364499
B 27.233645 - 29,34967422

21.74

Il 9.2799%973 — 10.0610803
N 10.0610203 - 10.8579299
[ 10.8579299 — 11.670867
11.670867 - 12.5002163
12.5002183 - 13.3463002
13.3463092 - 14.2094237
14.2094837 - 150900246
I 15.0000346 - 15.9284639
B 15.9884630 - 16.9049203

Il 16.9049303 — 17.2400002
2o

I 456.170013 - 490.835435
0 490.835435 - 3145473
0 314547311 - 530.766733
530766733 — 541.867159
541.861159 - 349.449979
549.445979 - 360,544404
560.5344404 - 576.763826
I 576.763826 - 600475703
I 600.475703 - 635141124
Il £35.141124 - 635820007
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Table 2. Results of specific activity for the study area, Bg/kg

238U 232Th 40K
Sample code
Average | £Error | Average | =Error | Average | +Error
BD4 27.7 1 17.8 1 685.8 7
MF1 255 1 119 1 461.5 6
MF2 29.0 1 10.9 1 544.1 6
MF3 21.7 1 13.0 1 536.5 5
P5 224 1 13.5 1 508.1 6
P6 22.7 1 9.3 1 456.2 5
P7 23.9 1 10.3 1 545.4 6
P16 20.9 1 16.8 1 549.6 6
P18 234 1 15.9 1 551.0 6
P19 29.4 1 16.2 1 550.2 6
Average 24.7 13.6 538.9

The specific activities of 2®U, %?Th and “°K have
different values in each area of the study; this
difference can be attributed to a difference in the
geographical nature of each region such as soil type
(clay or sand). The specific activities of *°Th in all
studied samples are lower than the specific activity of
8. The results shown in Table 2 demonstrated the
specific activities of “°K are relatively higher in all
samples. The reason for the higher concentration of

chemical fertilizers, which usually contain high
concentrations of potassium. In addition, the study
area is located within Foothill and Mesopotamian
Zones of fertile soils, which are related with geologic
formations of marine environment and quaternary
alluvium deposits, which consist of mixture of gravel,
sand, silt, clay. The mean values of specific activity of
28 and %2Th in the studied sites are within the world
permissible limits [22], but the average values of “°K

“K is likely treatment of industrial and agricultural in all locations were higher than the world
regions, where the samples were collected, by permissible limits [22].
Table 3. Results of radiological parameters due to NORM in soil samples
Sample code Raeq, Bg/kg D;, nGy/h Hex Hin ly AEDE, mSvly
BD4 106.0 52.2 0.29 0.36 0.82 0.32
MF1 78.1 38.2 0.21 0.28 0.60 0.23
MF2 86.5 42.7 0.23 0.31 0.67 0.26
MF3 81.6 40.2 0.22 0.28 0.63 0.25
P5 80.8 39.7 0.22 0.28 0.62 0.24
P6 71.0 35.1 0.19 0.25 0.55 0.22
P7 80.7 40.0 0.22 0.28 0.63 0.25
P16 87.3 42.7 0.24 0.29 0.67 0.26
P18 88.6 43.4 0.24 0.30 0.68 0.27
P19 94.9 46.3 0.26 0.34 0.73 0.28
Average 85.5 42.1 0.23 0.30 0.66 0.26
Table 3 and Fig. 5 show the radiological risks level. The values of D, ranges from 35.1 to

(Raeg, Dr, Hex, Hin, I, and AEDE) of studied soil
samples. The results of Ras show that the values lie
between 71.0 to 106.0 Bg/kg with an average value of
85.5 Bg/kg. The minimum and maximum values were
found in samples P6 and BD4 respectively. The
acceptable value is 370 Bg/kg [26]. Therefore, the
maximum value in this study lies in the acceptable

52.2 nGy/h with an average value of 42.1 nGy/h. The
population-weighted value of the absorbed dose rate
in outdoor calculated by UNSCEAR 2000 was
57 nGy/h [24] which is higher than our average value.
The range values He, Hin and I, were 0.19 to 0.29
with an average 0.23; 0.25 to 0.36 with an average
0.30; and 0.55 to 0.82 with an average 0.66
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respectively. The results for Hex, Hin Were lower than
1 depending on the report of radiation protection [27].
The average value of I, also was less than the world
average value which is I, < 1 [27]. The minimum and
maximum values of AEDE (indoor + outdoor) were
0.22 and 0.32 mSvly respectively. The mean values

94912
88.556 Sy

87.258
*

48.202
*

40.016
L J

28.24
42.727
*

0.258

0.238 S
*

0.218
®

0.211
®

0.226
® 0.224
L 4

of annual effective dose (AEDE) (indoor + outdoor)
were lower than the permissible world limits

(0.08 + 0.42 = 0.50) mSv/y respectively [27]. Accor-
ding to above results and comparing to world limit,
the Badra oil field project can be considered as a safe
area.
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Fig. 5. The choropleth maps that illustrates the radiological risks
(a) Raeg, (b) Dr, (€) Hex, (d) Hin, () 1, and (f) AEDE for soil samples in the study area.
(See color Figure on the journal website.)

7. Conclusions

The specific activity values of *®U, #2Th, K in
Badra oil field project are within the world average
values which have been identified by specialized
scientific committees and organizations such as

ISSN 1818-331X NUCLEAR PHYSICS AND ATOMIC ENERGY 2019 Vol. 20 No. 1

UNSCEAR, 2008. The results of the radiation risks
(Raeg, Dr, Hex, Hin, I,, and AEDE) are acceptable
within the global limits (UNSCEAR, 2000;
UNSCEAR, 2008; OECD and ICRP reports). Hence,
it can be concluded that no harmful radiation effects
are posed to the population who live in the study
area.
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MAPPING OF NATURAL RADIOACTIVITY IN SOIL SAMPLES

Caapn P. FOcid?, Ani AGig AGomkaccim®>*, Anec Xeiinep?

! Vuisepcumem Kygu, paxynomem npupoonuyux nayx, kageopa zeonozii, Kya, Ipax
2 Vuisepcumem Kygu, (paxyromem npupoonuuux nayx, kageopa gisuxu, Kygha, Ipax

“Bignosinansauii arop: ali.alhameedawi@uokufa.edu.iq

KAPTYBAHHSA ITIPUPOTHOI PAJIIOAKTUBHOCTI 3PA3KIB IPYHTY
HA®TOBOI'O POJOBHIIA BAJIPA 3 BUKOPUCTAHHAM ITPOT'PAMMU I'IC

Jociipkenns POKyCy€eTbCsl Ha BUMIPIOBaHHI aKTHBHOCTI MpHMpoaHuX pamionykmiais 28U, 2%2Th i 4K y 3paskax
IpyHTY B paiioHi HadToBOrO pomoBuma banpa (Ipax). 3HaueHHs paxioJOTIYHUX PU3HKIB OyJIM TaKOXK PO3paxoBaHi JUIs
BCiX 3paskiB. MeTozoM, 10 BUKOPHCTOBYBABCS B LOMY JOCIHIKEHHI, Oyjla TaMMa-CIIEKTPOMETPIst 3 JETEKTOPOM
Nal(T1). Cepesni 3Ha4eHHs MMTOMOI AKTUBHOCTI JOpiBHIOWTH 24,7 Br/kr ana 28U, 13,6 Br/kr ana 22Th i 538,9 Br/kr
s ‘%K. Kpim Toro, 6yj0 po3paxoBaHO PaioJiOTiuHI MOKA3HUKH, TaKi SK eKBiBAIEHT akTUBHOCTI pamito (Raeg),
MOTY>XHICTh TormHeHo1 no3u (Dy), iHaexc 30BHIMIHBOI HeOe3neku (Hex), iHmeke BHYTpimHB01 HeOe3meku (Hin), iHmeKCe
pernpeseHTaTHBHOI rammMa-nebesneku (ly) i 3aranpHa pidHa edexTHBHa ekBiBameHTHa 1032 (AEDE), — 85,5 Br/kr,
42,1 ul'p/ron, 0,23, 0,30, 0,66 1 0,26 M3B/pik BiAmoBigHO. [Ipy MOPIBHIHHI AKTUBHOCTEW y JAOCIIKYBAHOMY paiioHi 31
cBiToBUMH cepenHiMu 3HaueHHsAMH, BuzHaueHUMH HKJIAP, OECP Tta MKP3, 3p00ieHO BHCHOBOK, IO PHU3HUKY IS
3I0POB’sl 1 3arpo3 MEPCOHATY Yepe3 PamioOHyKIiIW y IuX Micuax Hemae. JIJig KOOpAMHAIT pe3yJIbTaTiB KapTyBaHHS
3HAYCHb 3IHCHIOBAJIIOCH 3a jgomomoror reoindopmamiinoi cucremu (['IC) y cucremi koopauHar WGS1984 3
BUKOPHCTaHHIM METOJly 3BOPOTHHX 3Ba)KEHHX BIJICTaHEW JUIS KPAIIol iHTePITOJISIIIT.

Kniouosi cnosa: npupoiHa palioakTUBHICTh, HadTOBe ponoBuiie banpa, reoingopmariiina cucrema (I'IC), ramma-
CIIEKTPOCKOIS.

Caan P. IOcud?, Anu Adug AGoxskacenm>* Anec Xeiigep?

Y Vuusepcumem Kygot, paxyromem ecmecmeennvix nayx, kageopa zeonozuu, Kygha, Upax
2 Vuueepcumem Kygoi, paxyrvmem ecmecmeennvix nayx, kageopa gusuxu, Kyga, Upax

* OrBercTBenHblif aprop: ali.alhameedawi@uokufa.edu.iqg

KAPTUPOBAHME ECTECTBEHHOM PAJJMOAKTUBHOCTH OBPA3IIOB T'PYHTA
HE®TAHOI'O MECTOPOXIAEHUSA BA/IPA C UCITIOJIb30BAHUEM ITPOT'PAMMBI T'HC

Hccnenosanue (OKycHpYeTCs Ha M3MEPEHHUH aKTUBHOCTM €CTECTBEHHBIX paauonykauaoB 228U, 2%2Th u “K B
oOpa3max TouBHl B paiioHe HepTsHOro Mectopoxkaenus bangpa (Mpak). 3HaueHHS pagHONIOTHYECKUX PUCKOB OBLTH
TaKKe PacCUMTaHbl JUII BceX 00pasroB. MeTomoM, KOTOPBIN HCIIOIB30BAJICS B 3TOM HCCIEIOBaHWH, ObLIa ramMma-
cnektpomerpuss ¢ jerektopoM Nal(Tl). Cpeanue 3HaueHMs yeIbHOM akTUBHOCTH paBHbI 24,7 Br/xr ans 238U,
13,6 Br/kr s 22Th u 538,9 Br/kr mia “°K. Kpome Toro, paccuuTaHbl pajHoNOrMUecKHe MOKA3aTeNly, TAKUe Kak
9KBHBAJICHT aKTHBHOCTH pamus (Raeq), MOIIHOCTS TormomeHHo 10361 (Dy), uHAeke BHenHE#H onacHOCTH (Hex), HHIEKC
BHyTpeHHel onacHocTH (Hin), MHIEKC penpe3eHTaTHBHOM ramma-omnacHoctd (l,) m obOmas romoBas >(QekTuBHas
skBuBajeHTHas n03a (AEDE), — 85,5 br/kr, 42,1 ul'p/4, 0,23, 0,30, 0,66 u 0,26 m3B/rog cooTBeTcTBeHHO. [Ipn
CpPaBHEHHM aKTHUBHOCTEH B MCCIIEyeMOM palioHE C MHPOBBIMH CPEIHMMH 3HaueHMsAMH, ompernencHHbiME HKJIAP,
OOCP u MKP3, caenaH BBIBOA, YTO pUCKA AT 340POBBS M yTPO3 MEPCOHATY U3-3a PAJUOHYKIUAOB B 3TUX MECTaX HeT.
Jns KoopmuHAIMM pe3yabTaTOB KapTHPOBaHWE 3HAYEHUH OCYIIECTBIISUIOCH C IOMOIIBIO T'eOMH(OPMAIMOHHON
cucremsl (I'UC) B cucteme koopanaat WGS1984 ¢ rcrons30BaHrEM METOAA OOPATHBIX B3BEUICHHBIX PACCTOSHUM IS
JTydIIei HHTEPIOJISAINN.

Kniouegvie cnosa: ecTecTBeHHas paJnOAaKTHBHOCTh, He(TsIHOE MecTopoxkaeHue banpa, reomndopmanmoHHas
cuctema (I'MIC), ramma-CcrieKTpOCKOIIHS.
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