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One of bases of the sustainable development of Ukraine is the modern nuclear fuel cycle (com-
plex). But the complex has great potential of pollution in soil resources. The problem in Ukraine
can be resolved only on the basis of the European standards by means of wide intrusion of modern
procedures of clearing of soil from radioactive pollution (collected during half-century functioning
of the nuclear industry of the former Soviet Union). CLEANSOIL is a very simple and cost-
efficient modern technology to enable in-situ treatment of hazardous substances in soil, especially
targeted for large areas of polluted land and causing minimum site disturbance. The need of viable
methods of detecting and evaluating such environmental contamination by objects of nuclear fuel
cycle has made the special complex of radiological researches (capacity an exposition doze of y
radiation, specific activity of soil and vegetation) to be valuable tools, thanks to their non invasive
characteristics and low cost investigation.

OaHO¥i M3 OCHOB YCTOHYMBOrO Pa3sBUTHS YKPAWHBI SBJISICTCSI COBPEMEHHBII siAepHO- TOMN-
JHUBHBbIA HUKJI (kKomiuteke). Ho 3ToT KoMIIeKke nMeeT GOJILIIOH MOTEHIHA 3arPsI3HEHUsI pe-
CYPCOB NMOYBbI. JTa Mpod/jeMa B YKpanHe MOKeT ObITh pellleHa TOJbKO Ha ocHOBe EBpomneii-
CKHX CTaHIApPTOB IOCPEICTBOM IIMPOKOr0 BHEAPEHHSI COBPEMEHHBIX NMPOLEAYP OYHCTKH
MOYBBI OT PATHOAKTHBHOIO 3arpsi3HeHUsl (HAKOIUIEHHOT0 B TeYeHHe MOJICTOIeTHsI (PyHKIINO-
HUPOBAHUSA AAEPHOI nMpoMbInLIeHHOCTH ObIBIIEro CoBerckoro Corw3sa). CLEANSOIL - mpo-
crasi M puHAHCOBO-3()(peKTUBHASI COBpPEeMEHHAasl TEXHOJIOIUsI, KOTOpas Mo3BoJjseT iN-Situ u3-
BJleYeHHe OMACHBIX BEIIEeCTB M3 MOYBbI HA /IOCTATOYHO 0OJbIIUX IJIOMIAANX 3arps3HEeHHOH
3eMJIM ¢ MUHUMAJIbHBIMU HapylieHusiMu nopepxHoctu. Ilorpe6HocTs 3(pheKTUBHBIX METOAOB
00HApY:KeHHs] M OLEHKH TAaKOro 3arps3HeHUsl OKpY:Kawolleid cpeabl 00bEKTAMHU S/IEPHO-
TOIJIMBHOTO IMKJIA ONpeae/nia CleraJbHblii KOMIUIEKC PaIHOJ0rH4YeCKHX HCC/Ie10BAHMUI
(MOIIHOCTh JIKCMO3UNMOHHOW 03Bl Y-U3JIy4eHHsI, yAeJibHASI aKTHBHOCTH NOYBBI M PACTH-
TEJbHOCTH) KaK HIEHHBIIi, He arpecCHBHBII K OKPY:KaloIlei cpe/ie U JeleBblii HHCTPYMEHT.

Introduction

Since 1990-th years Ukraine has been pass- The enterprises of the nuclear fuel cycle are
ing to a system of sustainable development, concentrated in the central Ukraine (Dnipropet-
which provides harmonious and rational assis- rovsk and Kirovograd regions). The territory of
tance of economic and ecological spheres. One the regions is marked out to be the Region of

of bases of the development is the modern nu-
clear fuel cycle (first of all — mining, processing
of uranium raw material and salvaging of radio-
active wastes). The present problems of this
complex (considerable miscellaneous influence
on various spheres of habitability) can be re-
solved only on the basis of the European stan-
dards by means of wide intrusion of modern
procedures of clearing of the basic components
of an environment from pollution (collected
during half-century functioning of the nuclear
industry of Soviet Union).
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uranium ore extraction and primary processing
due to its social, economical and environmental
peculiarities (Fig.1,a).

But there are many sites of radioactive pol-
lution in territory of the region. The majority of
these sites is near the stores of radioactive
wastes. Without clearing soil (these sites) from
radioactive pollution the sustainable develop-
ment of the region as a whole is impossible. But
the clearing of soll is very expensive procedure.
Therefore it is very important to know exact
borders of the polluted sites. The complex of
radiological researches in the polluted territo-
ries is necessary for this purpose.
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Flg 1. The reglon of uranlum ore extraction and
wastes of Pridniprovsk chemical factory (b): 1

“Dniprovskoye”, the stores inside the factory: 4 —
intermediate warehouse of the production.

“Severo-zapadnoye”, 7 —

primary processing (a) and the stadiaétivi
— Base “S”, 2 — Depository “S”,C@pesitor

“Yougo-vostochnoye”, 5 — “Tsentral'nyi Yar”, 6

General characteristic of the Region of uranium oreextraction and primary processing

The Region has unique powerful industrial
potential and development, but radioactive pol-
lution limit its social and economical effect.
There were not any adequate activities of social
(medical) and environmental protection during
half-century functioning of the enterprises of
uranium ore extraction and processing. There-
fore, the Region is characterized as a territory
with negative radioactive and ecological situa-
tion, which influences the environment and
health, causes negative demographic situation,
decrease of the rate of employment and the
standard of living.

The Region is located on the southeast part
of the Ukrainian Shield (Precambrian bedrock).
The granite intrusions with the increased con-
tents of radionuclides: uranium-radium and tho-
rium sets (Proterozoic Kirovogradsky and
Dnieprovsko-Tokovsky magmatic complexes)
have received rather widespread distribution.
These rocks determine local increase of capac-
ity of an exposition doze of-radiation (up to

30-50 mcR/hours) in valleys of the rivers and
streams, in gorges and ravines. But the regional
radioactive background does not exceed 15
mcR/hours. It is determined by the clay overly-
ing 210 m), which one is “the reliable screen”
from radiation influence of Precambrian bed-
rock on the most part of the region. There are
local anomalies (up to 3000 mcR/hours) only
near the enterprises of nuclear-fuel cycle. First
of all they are the store of liquid radioactive
wastes. The huge quantities of liquid radioac-
tive wastes were merged in upper reaches of
girders without special antifiltration opening-up
of bottom-bed and blocking dams during sev-
eral decades (Fig.1,b and Tabl.1). These sites
are constant sources of contamination of soil
"through" superficial and underground waters
and lower atmospheric slices — the losses at
transportation, temporary storage etc. opera-
tions with uranium raw material and wastes
[2,5].

Table 1 — The most dangerous sets of stores of radioactive wastes of the Region

Floor area] Weight Volume Activity
(m°) (tons) (md) (10" Bq)
Zhovti Vody (extracting and 3062000 | 56300000 34500000 2.79
processing of uranium raw material)
Dnipropetrovsk-Dniprodzerzhynsk 1634600 | 36346600 18813300 2.58
(processing of uranium raw material)
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The large density of the population, objects
of an industrial and agricultural infrastructure
of Central Ukraine is on the polluted areas. It is

Choice of the technology of clearing
The most widespread method of soils clean-
ing from the contaminants includes its complete
mining and removal for further cleaning in spe-
cial areas or store within special sites. As a rule,
these methods are very expensive and they
cause heavy industrial influence on territory
such as influence of long distances transporta-

The new method of soil clearing
(CLEANSOIL) from different pollutants (heavy
metals, hydrocarbons, etc) now actively begins
to be applied in Ukraine and Russia. The
method of soil cleaning technologically is based
on horizontal drilling of bore holes, including
territory under the existent infrastructure [1]
(Fig.2). The bore holes are afterwards equipped
with the system of fabric sleeves capacities
filed with some adsorption substance. The
method includes the installation systems of
horizontal bore holes within the borders of con-
taminated territory, on a certain depth, with the
subsequent adsorption capacities inserted.
When pollutants are adsorbed from soil at the

The example of detailed study of radiological

We investigate (in details) some stores of
radioactive wastes of Pridniprovsk chemical
factory (processing of uranium raw material).
The enterprise is located in Dniprodzerzhynsk.

And the stores are located in (and near) the ter-
ritory of the enterprise, and near Dnipropet-
rovsk-city — the regional center with 1,5 million
inhabitants (Fig.1,b). The biggest stores are
Base "S" (former intermediate warehouse of
uranium ore) and Depository "S" (wastes of
primary processing of uranium ore) with
changeable surface of "mirror" of water, which
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needed for urgent salvation of the regional
problems to accelerate the development of ef-
fective soil remediation technologies.

of soil from radioactive pollution
tion and related high risk of industrial failures
and catastrophes.

Moreover, excavation is unacceptable at all
in many cases considering financial or technical
state. Thus, an important task is to develop new
technology of radioactive pollutants removal
from soils.

Fig.2. The circuit of realization of
CLEANSOIL: An Innovate Method for the
On-Site Remediation of Polluted Soil Under
Existing Infrastructures

required level, after certain period of time, the
system is removed, and adsorption material is
regenerated for repeated use. The results of our
experimental researches (as the Ukrainian part-
ners of EU Project CLEANSOIL) in 2006-07
testify that the technology provides extraction
of pollution from chernozem of Ukrainian
steppe [3]. The technology is more cheaply tra-
ditional technology of soil clearing. But for ef-
fective remediation of polluted territory the ex-
act finding of radioactive polluted sites is nec-
essary. The positive example of detailed com-
plex radiological researches of territory near
one of the largest stores of radioactive wastes is
given below.

situation near stores of radioactive wastes

does not cover surface of the store completely.
The farmland is located around of the stores
(Fig.3,a).

The results of our field researches are given
in Fig.3,b-d as maps of radioactive anomalies:
capacities of an exposition dozeefadiation,
specific activity of soil and “total” vegetation
(the information about specific activity of dif-
ferent kinds of vegetation is submitted in
Fig.4,d). The absence of essential spatial pair
dependence of these anomalies takes place
(Fig.4,a-9
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Fig.3. The space photo of territories near the stores of radioactive wastes: 1 — Base "S", 2 — Depository
"S" (a) and the results of complex radiological researches — the maps of radioactive anomalies: capaci-

ties of an exposition doze ofradiation (b), specific

The following basic spatial features of radio-
logical conditions of investigated territory are
revealed:

1) the anomalies of an exposition dozey-of
radiation are located near borders of these
stores and consequently they do not give the
sufficient information about spatial distribution
of radioactive pollution of an environment of
the investigated territory;

2) the anomalies of specific activity of soll
are result of long-term processes of filling
radionuclides of territory near these stores:

» to the northeast (the former demounted
access railway ways) — losses of brought ura-
nium raw material,

« to the northwest (pipeline from Pridni-
provsk chemical factory) — losses of liquid ra-
dioactive wastes,
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activity of soil (c) and “total” vegetation (d).

 to the southeast — wind dust from dry part
of surface of the store,
to the southwest (downwards along a
gully) — leakage from the store;

3) the anomalies of specific activity of vege-
tation partially “correspond” to anomalies of
radioactive pollution of soil, but the general
tendency is the moving of radioactive anoma-
lies in vegetation to the east and southeast from
this sources — the stores of radioactive wastes. It
is the result of local influence of the meteoro-
logical factors — western winds prevail in the
period of vegetation here.

The objects of application of CLEANSOIL
technology are not the anomalies of an
exposition doze of-radiation, but radioactive
anomalies (specific activity) of soil and
vegetation. Last anomalies are connected to
features of tectonic structure of territory.
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Fig.4. The spatial pair dependence of radiological anomalies of soil, vegetation capacities
and yradiation, &-¢) and specific activity of different kinds of vegetation (d).

Tectonic preconditions of radioactive contamination

One of the major factors are the faults,
which determined as ecological and as radio-
logical situation at any region. The settlements
and large industrial manufactures gravitate to
the rivers, which network is completely prede-
termined by systems of faults. The traces of the
largest of faults have width from several kilo-
meters up to several tens kilometers on a sur-
face of the Earth. It is well known that no less
than 84 % of ore deposits discovered in the
Earth are connected-directly or indirectly-with
the earth crust faults. Also along faults local
structures in sedimentary cover dispose and
represent the hydrocarbon traps. All these fac-
tors predetermine development of mining and
oil industry in the region of faults. Practically
all of well-known at this region accumulation of
radioactive substances and concentration of ra-
don are bound up with tectonic faults. The
faults have ability to concentrate and accumu-
late radionuclides and that's why its can be
ways of migration of radionuclides.

The earth's crust (lithosphere) is cut by the
systems of subvertical faults having compli-
cated hierarchy, starting with planetary faults
and down to faults confining the blocks to tens
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of kilometers and less. The intersection of faults
of various ranks and directions results in very
mixed picture of lithosphere blocks, the hori-
zontal dimensions of which are incomparably
small with respect to the vertical ones.

As the conceptional base for study of a re-
gion's tectonics is taken the New rotational hy-
pothesis of structure formation [4]. According
to this conception in some tectonic epoch under
the influence of forces of planetary stresses it
occurs a stirring up of the systems of the earth
crust's faults formed earlier. Each such system
consists of some faults, hierarchically subordi-
nated, of two mutually orthogonal directions. A
system of faults is stirred up, one of its direc-
tions coincides with, or is near to, that of the
rotation pole's displacement. In other words
there is an interrelation between the orientation
of the basement faults systems and the time of
their stirring up.

In establishing and studying faults of the
crystalline basement in the Industrial Prid-
nieprov'e the geophysical methods, gravity and
magnetic surveys in particular, were of pre-
dominant value. For this aim, the following
three groups of indicators were used:
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« the linear steps in the levels of the gravity
and magnetic fields, corresponding to the lin-

The map of density of indicators of faults of
different ranks — as the basis of the characteris-

ear tectonics and stratigraphic basement rocks tic of sustainable of an environment in causal

contacts of different physical properties;

e the linear local gravity and magnetic
anomalies of both signs caused, within the fault
structures of basement, by the newly formed
geological objects of the magmatic, metamor-
phic and tectonic composition;

« the linear irregularities in the behaviour
of the isoanomals or the linear boundaries be-
tween the zones with the isolines of different
configurations of these fields owing to different
types of contacts of the contiguous geological
formations of the basement.

In the limits of Industrial Pridnieprov'e as
well as on all territory of the Ukrainian Shield
there are clearly fixed six systems of faults with
the following stretching azimuths: 0° and 270°,
17° and 287°, 35° and 305°, 45° and 315°, 62°
and 332°, 77° and 347°.

The analysis of geomorphological indica-
tions of the revealed faults has allowed to de-
termine their fragments, which stirring up at the
newest time.

That's why the greatest radioactive pollution
in all environments of the Earth are connected
to faults.

relation to most intensive natural and tech-

nogenic processes have been constructed [5].
The maps is the basis of the prediction of sharp
disturbances of geologic environment, which

causing to accident on enterprises of nuclear
fuel cycle and their consequences.

The sites with radioactive pollution of vege-
tation in many cases are badly correlated with
anomalies of capacity of dozeradiation, but
its are supervised precisely by features of tec-
tonic structure. The rocks of the Ukrainian
Shield, which leaving on a day time surface
within the limits of faults, was the sources of
radioactive contamination of plants. The
anomalies of volumetric activity of radon are
dated for the systems of faults in region. The
greatest concentration radionuclides in superfi-
cial and underground waters and the greatest
guantity of radioactive anomalies in vegetation
are dated for blocks of the rocks, which limited
by these systems of faults [6].

The information about local features of tec-
tonic structure helps more precisely to define
borders of the polluted sites and the directions
of radionuclide "distribution”.

Conclusions

The present Ukrainian nuclear fuel cycle
(mining, processing of uranium raw material
and salvaging of radioactive wastes) not only
provides the social and economic development
of the state, but it's the source of radioactive
pollution of an environment in the large territo-
ries of central Ukraine.

The new technology of soil clearing
(CLEANSOIL) is adapted for soil conditions of
central Ukraine. It is an innovative method of
soil purification from radioactive contaminating
(simple in use, applicable for existing infra-

structure, cost-justifiable, neither excavation
nor soil transferring). The complex of radio-
logical researches is necessary for effective ap-
plication of this technology (it's not measure-
ment of capacity an exposition doze of
radiation, but specific activity of soil and vege-
tation). Last anomalies are connected to fea-
tures of tectonic structure of territory. Therefore
the information about local features of tectonic
structure helps more precisely to define (spa-
tially - temporary) borders of the radioactive
polluted sites.

References

1. Schwalbe, P., Lopez, A.M.L., Schories, G, Hanel, M. and Asensio, R.P. [EQD%}roject
CLEANSOIL - an innovative method for the on-site remediation of polluted soil under existing infra-
structures Problems of Nature Management, Sustainable Development and Technogenous Safety of
Regions — Proceeding of the Third International scientific-practical conference. Dnipropetrovsk,
Ukraine. 133-138.

2. Shapar, A.G., Emets, M.A., Tyapkin, O.K. and Skripnik, O.A. [2@Wlironmental problems
of uranium ore extraction and primary processing regions in Ukr@kelogische und Technolo-
gische Aspekte der Lebensversorgung (Euro-Eco-2007) — Proceeding of Il International symposium.
Hanover, Germany. 48-49.

108




EKOJIOI'A I TPUPOAOKOPUCTYBAHHS, 2008, Bumyck 11

3. Shapar, A.G., Emets’, N.A., Tyapkin, O.K. and Skrypnyk O.A. [2007] Some results of steppe
soil pesticides removal in Ukraine. Soil and Wetland Ecotoxicology (SOWETOX-2007) — Proceeding
of International Meeting. Barcelona, Spain. Paper 1.2.19.

4. Tyapkin, K.F. [1983] Current problems in studies of Precambrian crustal faults by geological
and geophysical methodSeologica Balcanica. Sofia, Bulgaria. V.13.1. 37-48.

5. Tyapkin, O.K., Shapar, A.G. and Troyan, J.G. [2001] The Prediction of Changes of a Radiologi-
cal Situation of Industrial Advanced Regions of N6Srd EAGE Conference and Technical Exhibi-
tion. Amsterdam, The Netherlands. P233.

6. Tyapkin, O.K, Troyan, J.G., Bugrova, H.L. [1999] Influence of Precambrian Bedrock Faults on
Radioactive Pollution of an Environment — Case HistoBést EAGE Conference and Technical Ex-
hibition. Helsinki, Finland. Paper 4-21.

A.TI. Hlanap, NIABUIIEHHSA EG®EKTUBHOCTI
O.K. Tanxin, M.A. Emeus BIZHOBJIEHHS TPYHTY BLIsI CXOBHIIL
PAJIOAKTUBHUX BIAXOAIB

Incmumym npobnem npupoookopucmysauns ma exonoeii HAH Yxpainu, [{ninponemposcobk

OxHi€l 3 0CHOB CTAIOr0 PO3BUTKY YKpaiHU € CyYACHMil siIepHO-NMAJUBHHIA UK (KOM-
TJIeKc). AJie meil KOMILIEKC Ma€ BeJIMKHIA MOTeHIia 3a6pyaHeHns pecypciB rpyaty. Is npo-
O0sieMa B YKpaini Moxxe OyTu BUpillleHAa TUILKH HAa OCHOBiI €BpomneiicbKUX cTAaHAAPTIB 3a 10-
MOMOrOI0 IIUPOKOr0 BINPOBAMKEHHSI CYy4aCHUX MPOLEAYP OYUINEHHS IPYHTY Bia paaioakTu-
BHOT0 320py/IHeHHs] (HAKOMMYEHOT0 MPOTATOoM MiBCTOJIITTS (PyHKUiOHYBAHHS siIepHOI Mpo-
MHCT0BOCTI KommHboro Pansinecbkoro Cor3y). CLEANSOIL - mpocra i ¢inancoso-
e()eKTHBHA CyYaCcHA TEXHOJIOTis, 10 J03BOJIsI€ iN-SitU BUTAT He0e3MeYHHX PeYOBHH i3 IPYHTY
HA JIOCUTH BEJIMKHX IUIOIIAX 3a0pyaHEHOI 3eMJli 3 MiHIMaJbLHUMH NOPYIIEHHAMH MOBEPXHi.
IloTpeda edrekTHBHMX MeTOAIB BHABJICHHA il OLIHKHM TAaKOro 3a0pyJHEHHS] HABKOJINIIHHOTO
cepeloBUINA 00'€KTaMHU fIIEPHO-MAJIMBHOI0 MUKy BU3HAYMJIA cHeliaJbHMIl KOMILJIEKC pa-
Xi0JOTiYHHX AOCTiIKeHb (MOTYKHICTh €KCIO3UIIITHOT 1031 Y-BUNPOMiHIOBAHHS, TATOMA aK-
THBHICTb IPYHTY i POCIMHHOCTI) SIK WiHHWUI, He arpeCHBHHUIi 10 HABKOJIUIIHHOTO CEPeI0BH-
1A i JemeBHii IHCTPyMeHT.
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