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The most important task of modern nuclear power engineering is a safe disposal of the radioactive wastes. The various approaches
have been used in developing the basic justification of choice of disposal geological environment. It was revealed that a deep repository
of the radioactive wastes is suitable approach for this goal. it has substantial advantages in comparison with the surface warehousing. A
carefully chosen geological environment would form a safe casing for the repository engineered barrier system, protecting it from many
natural and artificial hazards. At present several developed countries have considered locating deep repositories in crystalline rock.
Repository depths between about 500-1000 m are usually considered. However, a approach of deep geological repository is connected
with the problem of searching of suitable geological sites and investigation a lot of characteristics of the host rock. It is thus important
to consider the potential use of the special petrophysical researches in assessment studies. These petrophysical characteristics would
need more in-depth analysis of the insulating properties of the host rocks.

On the basis of our researches carry out the simulation of some petrophysical characteristics and permeability of the leading
petrotypes of Ingulsk and Dniester-Buh megablocks of Ukrainian Shield by statistical techniques, including correlation and factors
analyses. It gave a possibility to implement of numerical classification of the all researched objects (totally 27 petrotypes). Results of
analyses are also used to make predictions about the function indicators as a tool for selection of the host rocks. Finally only
Oleksandrivs'k enderbites and Kirovohrad granites were chosen as the most acceptable natural objects for the radioactive wastes
disposal. Also Oleksandrivsk enderbites are not far to SUNPP that means low transport costs and environmental safety. Kirovohrad
granites should be chosen as the host rocks as to creation of underground laboratory of priority comprehensive researches of

insulation properties of geological environmental.

Problem statement. The long-standing question of
modern nuclear power engineering is the problem of the
safe radioactive wastes (RAW) disposal. It is important to
accelerate studies of the search for a repository site. This
development are based on knowledge and understanding of
the insulating properties and involved processes and has to
includes directed investigations of the host rocks of
prospective disposal sites. Very promising of the natural
objects are hard poor-porous rocks. Respectively, it is mainly
concerned with crystalline rocks and its geomechanical and
hydraulic properties, also mineralogy and geochemistry.

Ukraine has 15 working nuclear power plants and has
produced large amounts of radioactive wastes that have to
be managed. However, at present Ukraine hasn't a
respective deep repository that satisfy a modern demand.
To achieve this goal need to apply the different disposal
strategies based on nature of the wastes, the available
host rocks and the associated engineering and scientific
researches. An one side these researches, the wide
petrophysical evaluation of the crystalline rocks in the near-
field of South Ukrainian Nuclear Power Plant (SUNPP) are
described this paper. As a result these investigations will
be determined the additional sites for RAW disposal and
operational capability of the host rocks are obtained.

Analysis of recent researches. There are three main
types of the host rock are currently under investigation:
1) hardrocks (granites, granodyorites and other hard
crystalline rocks); 2) sedimentary rocks (clays and marles);
3) chemical deposit (rock salt). It was found that the most
favorable natural objects for disposal of radioactive wastes
are crystalline rocks. Granite rocks are under investigation

in Sweden, Finland, Czech Republic, Spain, Switzerland
and other countries. Repository depths between about
500-1000 m are usually considered. In Ukraine, most
recent developments of disposal concept attracted to
granite massifs as the host rocks. A wide range of the host
geological formations has been considered for deep
repositories within the bounds of the Exclusion Zone of
Chernobyl Nuclear Power Plant and on the adjacent areas
[2, 3, 5]. Similar geological formations are also occur near
SUNPP but its still have a low level of proper
investigations. Overall petrophysical researches of the host
rocks are carried out relatively recently — in conjunction
with associated disposal programmes (by Swedish
scientists since 2002 [6]).

It should be noted that development planning of SUNPP
weren't developed to account for all possible hazards
connected with the functioning of the Tashlitsk hydropower
complex [1]. The main natural hazard is geodynamic tension
of Pervomaisky Fault — a part of spread fractured Holovaniv
Suture Zone, where SUNPP is actually located. Additionally,
Holovaniv Suture Zone is a border between Ingulsk and
Dniester-Buh megablocks of Ukrainian Shield where
tectonically-induced fractures and faults may be
superimposed upon this unstable system. In this regard,
disappointing forecast concerning the possibility of natural
seismic events at the center of Pervomaisky Fault with 56
or more times is expressed. It is clear that development of
multyconceptual models of the deep geologic repository may
proceed only on the basis of a good understanding of such
unpredictable natural disasters and careful searching of new
sites for RAW disposal.
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Work objective. Our investigations will focus on the
study of the physical properties of granitoids of two large
megablocks of Ukrainian Shield. Granitoids of Kirovohrad
complex of Ingulsk megablock are positioned on genetic
connection with of uranium deposits. As is well known,
such operating excavations of U-deposits are most
favorable for disposal of RAW in future, and for the creation
of underground laboratory studies of the flow properties of
radioactive elements and the insulating characteristics of
the host rocks already today.

From the above material, it is seen that a basic subject
of the present invention is to provide a selection of the
most favorable sites within geological boundaries based on
a database of physical characteristics of leading petrotypes
of granitoids rocks. Database of investigated granitoids
rocks are collected and processed in research Sector of
Physic-chemical studies of rocks of Geological Faculty of
Taras Schevchenko National University of Kyiv. The main
goals these researches are to expand a quantity of the
suitable sites for RAW repository, providing the
comprehensive physical and technical characteristics of
massifs and improving geological criteria set for the host
rocks of RAW repository.

Summary of main material. In additon to a
description of geochemical and geological characteristics
of geological disposal system, the input data that are
generally required by petrophysical models include: rock
porosity (total porosity Pt and effective porosity Pef), density
(bulk density oy), elastic properties (compressional V, and
shear seismic waves V), radioactivity (R:), heat
conductivity () and permeability (). The permeability is
determined by quality terms of fracturing. Generally
speaking, permeability embraces a wide spectrum of
physical and structural characteristics of geological
environmental that controlling the migration of constituents
in the porewater, fluid flow and mass transport. As known,
the migration of radionuclides through undisturbed
saturated porous rocks or fractures and fracture zones
depend on the degree of water saturation, the temperature
and the permeability of the host rock. Because we observe
strong correlations of a value of the permeability with total
and effective porosities, elastic properties (and its
anisotropies) and total radioactivity. Thermal conductivity,
perhaps due to the influence of metasomatic processes, is
not strong correlated with any petrophysical parameters. It
was also proposed that during the preliminary stages of
estimation, try to use the value of the ratio (Vp+Vs)/Pet and
coefficients of anisotropies of seismic waves. Continuing
investigation on early listed physical characteristics has led
to a more sophisticated understanding of nature of
permeability in barrier zones of the repository.

Having a considerable amount of analytical material,
emphasis is given to the most useful aspects of
quantitative applications for disposal model development
and testing (mathematical research methods: cluster,
correlation analyses and principal components method).

Clasterization on the base of positive correlation
coefficients of granitoids rocks used in developing model
that includes 4 main rock groups (Figure 1):

1) Bokov'ian and  Novoukrainsk  charnokites;
Novoprazhsky, Orehiv and Vozsiyatsk leucogranites;
Kam'iansk, Huriv tonalites, Adzhamsk granodiorites;
Ingulets plagiogneisses; Oleksandrivsk enderbites;

2) Bokov'ian quartz diorites, lvaniv quartz monzonite,
Zhezheliv, Khrystoforiv, Kam'iansk granodiorites, Bokov'ian,
Mytrofaniv, Novolazariv granites, Ingulets plagiogranites;

3) Krupsky quartz syenites, Ruskopolyansk
granosyenites, Bobrynets, Nadiiv, Dolyniv, Krupsk granites;

4) Kirovohrad and Novoukrainsk granites.

23-13 .02 .08 1929 40 50 6171 .82 92103

]
Figure 1 Tree diagram of linkage distance of leading
petrotypes of Ingulsk and Dniester-Buh megablocks
of Ukrainian Shield
Notes: 1. 1, Il, lll, IV — rock groups with positive values of
correlation coefficients. 2. Leading petrotypes of granitoid rocks:
1, 5 — Bokov'ian and Novoukrainsk charnockites;
2, 8, 9 — Novoprazhsky, Orehiv, Vozsiyatsk leucogranites;

3, 4 — Kam'iansk, Huriv tonalites; 6, 12, 18 — Adzhamsk,
Zhezheliv, Kam'iansk granodiorites; 7 — Oleksandrivsk enderbites;
10 — Ingulets plagiogranit-gneiss; 11 — Bokov'ian quartz diorite;
13 — lvaniv quartz monzonite; 14 — Ingulets plagiogranite;

16, 17, 19, 21 — 24, 26, 27 — Bokov'ian, Mytrofaniv, Novolazarev,
Dolyn, Krupsk, Kirovohrad, Novoukrainsk granites;

20 — Ruskopolyansk granosyenites; 25 — Krupsk quartz syenites

Figure 2 shows the factor diagram constructed with two
large factors (F1 and F2) which cumulated 69% of total
variance. Also on this chart is displayed the points of
representing rock groups (I, Il, Ill, IV). On the right part of
factor diagram there are fields of points of rock groups Il
and IV. In terms of presenting assessments these
granitoids are the least reliable natural objects for safe
disposal. A degree of their availability decreases in the
direction of the axis Fi. It should be noted that the
significant positive factor loadings, connected with Fj,
corresponded with Pe, AVp while significant negative
loadings with V, and Vs. This means that searching of sites
for safe RAW disposal should be limited to the areas where
petrotypes from groups | and Il are occurred. First of all,
Adzhamsk granodiorites and Oleksandrivsk enderbites
may be defined as petrotypes that are suitable for creation
of primary RAW disposal at depths of their location. The
other petrotypes of the mentioned groups should be
classified as backup option.

Discrimination of rocks according to their total
radioactivity, Avs and P; is observed along the axis F2
where the petrophysical parameters have the significant
positive factor loadings. In particular, Ruskopoliansk
granosyenites and Kirovohrad granites are maximally
differentiated with radioactivity. It has also been found that
Kirovohrad granites may become attractive for us since
uranium deposits are genetically related to massifs of
"Kirovohrad  type" granites. According to the
recommendations of M.P.Laverov et al. [4], some the
underground openings, boreholes and shafts have been
worked out in U-bearing rocks, would be to use for studying
the insulating properties of the host rocks.
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Figure 2. Factor diagram of figurative points of leading petrotypes of granitoid rocks of Ingulsk
and Dniester-Bug of megablocks together with their petrophysical parameters in plot of factors F, — F,.
Notes: 1. I, II, lll, IV — rock groups outlined by results of cluster analysis.

2. Petrotypes according to their numbers, refer to Figure 1

Conclusions. All of the above 27 analyzed petrotypes
of Ingulsk and Dniester-Buh megablocks of Ukrainian
Shield have been reviewed with geostatistical simulation.
Only 2 petrotypes (Oleksandrivsk enderbites and
Kirovohrad granites) will be used to provide the proper
ranges of physical properties desired for RAW disposal.
Oleksandrivsk enderbites could be used as the host rocks
because of are not far to SUNPP that means low transport
costs and environmental safety. In addition, Kirovohrad
granites should be chosen to creation of underground
laboratory of comprehensive priority researches of
insulation properties of the host rocks.

It should be noted that value of permeability has
comprehensive nature so relevance analysis of leading
petrotypes of granitoids rocks with only one characteristic
of permeability is not appropriative. In particular, it is
recommended to use numerical values of all proper
characteristics of the host rocks as the basis of their
petrophysical evaluation. Also that allowed to introduce the
approach of "reference petrotype" and then respectively to
classify granitoids with "conditionally suitable” and
"conditionally unsuitable" categories. How it was done for
granitoids of Volyn megablock of Ukrainian Shield [3]. In
essence, granitoids of Ingulsk and Dniester-Buh
megablocks of Ukrainian Shield should be wide
investigated with the predetermined aim of developing or
testing concept for repository safety in the future.
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PEYOBUHHO-NETPO®I3NYHA OLIIHKA FPAHITOIAIB PAUOHY NMIBOEHHOYKPAIHCbKOI ATOMHOI
ENEKTPOCTAHLII 3 BUSBHAYEHHAM IX MTPUOATHOCTI ANA CTBOPEHHA CXOBULL PAOIOAKTUBHUX BIOXOAIB

OO0Hiero i3 eaxnueux 3aday cyyacHoi s10epHOi eHep2emuku € eupiweHHs1 npobnemu 6e3ne4yHoli ymunisayii padioakmueHux eidxodie (PAB)
npayrorodux 6r510kie amomHux enekmpocmanyii (AEC). 3azanbHoOnpuliHIMHOI C8IMmo8oH MNPaKMUKOI M0800XeHHS i3 padioakmueHumu
8idxo0amu € ix 3aXOpOHeHHsI 8 creyiasbHO o61adHaHuX iHXeHepHuUX cropydax, ceped sikux nid3emHuli eapiaHm cxosuw, PAB mae psid cymmesux
nepeeaz y nopieHsIHHI 3 ix Ha3eMHUM cknadyeaHHsiM. Ane npu eubopi malidaH4Yuka nidzeMHo20 cxosuuwa PAB nocmae npo6nema ob6mexeHo20
nempoghoHAy npudamHoz2o Onsi euKopucmaHHs1 8 sskocmi derno3umapito 3 MoyYku 30py ix iHXeHepHoOI i ekonoziyHoi 6e3neku. Bce ye crioHykae
docnidHukie o NPUCKOpeHo20 8U3HA4YeHHS aslbmepHamueHux OinsiHOK, npudamHux Onsi Hempueasno2o nid3eMHo20 3axopoHeHHs1 PAB e palioHi
diroyux AEC. 3posymino, wjo npasusnbHuli eubip MailidaH4Yuka cxoeuuja MOBUHEH epaxosyeamu 6esluKy KiNlbKicmb iH)XeHepHO-2e0s102iYHUX
Kpumepiie sucyHymux 0o emicHux rnopid denoszumapiro. [fpuyoMy eaz2oeoro enacmueicmio, W0 KOHMPOJIIOE MENI0OMaconepeHoc 8 2ipCbKoMy
cepedosuwi € eeslu4UHa i Xxapakmep MPOHUKHOCMI 2ipCbKuUX nopio.

CneuyianbHi nempogizuyHi docnidxeHHs1 noka3zanu docums o6MexeHe KOJI0 XapaKmepucmuk, siki 0alomb 3MO2y KOPEeKMHO ouiHeamu napa-
mMemp egheKmueHOI MPOHUKHOCMI 2ipcbKux nopid. Ceped HUX 8i03Ha4UMO €MHICHI, NPYXHi i, meeHot Mipoto, padioakmueHi napamempu. B ocHosi
0aHo20 GOCIiOXeHHs1 NISi2/10 MOJIOXKEHHSI NPo nempogizuyHe ModesnrogaHHs 3acobamu MameMamuyHOi cmamucmuku npoeioHuUx nempomuriie
deox Mezabriokie YkpaiHcbko2o wyuma ([Hicmpoecbko-by3bkoao i IH2ynbcbkoz20) Onsi oyiHKu ix egheKmueHoi NpoHUKHocmi. Bpaxosyroyu 3HayHul
o6cs2 aHanimu4yHux aHux npuliMaecsi KOMMJ/IeKCHUL xapakmep OyiH8aHHsI MPOHUKHOCMI 38 '3aHOi cUuCMeMOor MHOXUHHUX KopesnsiyiliHux Haea-
HmMaxxeHb i3 iHWUMU euMiproganbHUMU Xxapakmepucmukamu ropid. [ins ix cucmemamu3auyii i aHanisy 6ynu eukopucmari knacmep-aHaniz i Memod
20J108HUX KOMITOHEHM y peXuMi Kkopensiyitinoi Mampuuyi. Lje dano 3mo2y knacugpikyeamu o6'ekmu docnidxeHb i sukoHamu onepauii onmumisayii i
subopy Halbinbw npudamHux 2eosio2i4YHUX 06'ckmie. 3a ompumMaHumu pe3ynbmamamu ceped 27 docnidxeHux nempomunie epaHimoiodie npu-
OamHumu Onsi ymunizayii PAB 3a nempogizu4HUMu o3Hakamu eusieunucsi eHlepbimu osnekcaHOpiecbki ma 2paHimu Kipoeoz2padchki. OKpim eenu-
YUH eheKmueHOI MPOHUKHOCMI, Nepwi 3 HUX MOXXymb 6ymu npueabnueumu, 3 MoYKu 30py hi3uko-mexaHiYyHUX enacmueocmel i mepumopianbHoi
6nusbkocmi do [liedeHHoykpaiHcbkoi AEC, mobmo HaliMeHw 3ampamHi ma eKosio2i4Ho 6e3neyYyHi 3 mo4yku 3opy mpaHcrnopmyseaHHsi PAB. IHwul
nempomun (2paHimu kipoeozpadcbkKi) eusieuecsi onmumanbHUM He MinbKu e sikocmi peno3umapito PAB, ane i Onsi cmeopeHHs nid3eMHuUx
nabopamopili KomnnekcHux docnidxeHb i3onayiliHux enacmusocmel emicHux nopiod. Sk ceidyumeb ¢hpaHyy3bkuli doceid (nepedosoi amomMHoO-
eHep2emuyYHoi KpaiHu ceimy) nodi6Hi nabopamopii MoXXyms 6ymu eukopucmati 0711 oyiHI8aHHs1 KpucmarsnidYHux Mmacueie 3 Memor MuM4acoeo20
i mpueanozo (koHcepgyr4020) 36epizaHHs Hebe3ne4yHux padioakmusHux gidxodie.
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BELWECTBEHHO-NETPO®U3NYECKASA OLIEHKA TPAHUTONAOB PAVWOHA
IOXKHOYKPAUHCKOUN ATOMHOW 3JIEKTPOCTAHLUNU C ONPEOENEHUEM UX BO3MOXXHOIO
NCMNOJNIb3OBAHUA OANA CO3O0AHUA XPAHUITULL PAOIMOAKTUBHbBIX OTXOO0B

OO0Holi u3 saxHbIX 3ada4 cospemMeHHOU si0epHOU 3Hepz2emuKu siesisiemcsi npobrnema 6e3onacHoll ymunu3sayuu paduoakmueHbix omxodoe (PAB)
pabomaroujux 6510k08 amoMHbIx anekmpocmanyuu (A3C). O6wenpu3sHaHHol Mupoeoli npakmukoli noeedeHusi ¢ PAB sienisiemcsi ux 3aXopoHeHuUe 8
cneyuanbHO 060pyd08aHHbIX UHXEHEPHbLIX COOPYXKEHUsIX, cpedu Komopbix MNod3eMHbIl 8apuaHm xpaHunuw, PAB umeem psid cyuw,eCmeeHHbIX npe-
uMyuwjecme e cpasHeHUU C UX Ha3eMHbIM cKriadupoeaHueM. Ho npu ebibope nnowadku nod3eMHo20 xpaHunuuja PAB eo3Hukaem npobsiema o2paHu-
4eHHO20 nempogoHda Npu2o0dHO20 011 UcNosib308aHuUs 8 kKa4ecmeae perno3umapusi PAB ¢ moyYKu 3peHusi Ux UHXXeHepHOU U dKosio2uyeckoli 6esonac-
Hocmu. Bce amo no6yxdaem uccnedoeamerneli K yCKOPeHHOMY onpedesieHUt0 aslbmepHamMuUeHbIX Yy4acmkKoe, npu200HbIX OJis HENMPOOO/HKUMEIbHO20
nodsemMHo20 3axopoHeHusi PAB e patioHe delicmeyroujux A3C. lMoHsIMHO, 4YMo KOppPeKmMHbIl 8bI60p nnowadku xpaHunuuia Go/mKeH yyumbieamb
6os1bWIOE KOIUHECMBO UHXEHEPHO-2e0J102U4eCKUX Kpumepuee K eMewarowum rnopodam pernozumapusi. lpuyeM 3Ha4uMbIM c80LICIMEOM KOHMPOIIU-
pyrowumM mersiomaccornepeHoc 8 20pHoli cpede siesisiemcsi e/IUMUHA U Xapakmep rMpoHUYaeMocmu 20PHbIX MOpo0d.

CneyuanbHbie nempogu3suyeckue uccredosaHusi nokasanau ocmamoy4Ho o2paHuU4eHHbIl Habop xapaKmepucmuK KOPPEKMHO oyeHU8arowux na-
pamemp 3ghghekmueHoOU NPOHUUaeMOoCmu 20PHbIX Mopod. Cpedu HUX OMMemuM eMKOCMHbIe, yrpyaue u, 8 udeecmHoll Mepe, paduoakmueHble napa-
mempsbl. B ocHoee daHHO20 uccriedoeaHust s1e2s10 MOJIoXKeHUe O Nempoghuzu4ecKkoM ModenuposaHuu cpeac I 14ecKoli ¢ ICMUuKu
sedyuwjux nempomurnoe deyx Me2abriokoe YkpauHcko2o wjuma ([Hecmpoecko-byeckom u UHaynbckom) Onsi oyeHKU ux aghghekmueHoU nNpoHuUyaemo-
cmu. Yyumbieasi 3Ha4yumesibHbIl 06beM aHanumu4eckux GaHHbIX MPUHUMAJICSI KOMIIEKCHbIU XapaKmep OoyeHuUsaHusi MPoHUyaeMocmu cesi3aHHoU
cucmemoli MHOXeCMBEeHHbIX KOPPesSIYUOHHbIX Ha2pPy30K ¢ Opy2uMu u3MepsieMbIMU Xxapakmepucmukamu nopod. st ux cucmeMamus3ayuu u aHasusa
6b11 ucnonb308aH Krlacmep-aHaau3 u Memod 2/1a8HbIX KOMIIOHEHM 8 PeXUMe KOppessiyUuoHHOU Mampuybl. 3mo Aano 803MOXHOCMb Kiaccuguyu-
poeamb 06bLekmbI uccriedoeaHull U 8bINOSIHUMB Oflepayuu onMuMU3ayuu u esi6opa coomeemcmeyrouux 2eos1o2uyeckux o6bekmos. 1o nosnyyeH-
HbIM pe3ynibmamamu cpedu 27 uccredo8aHHbIX Mempomurnos 2paHumoudos npu2odHbiMu 0nsi ymunusayuu PAB no nempoghu3uyeckum npusHakam
onpedeneHbl 3HOepPbumMbI ariekcaHOpPoBcKue U 2paHuUmMbI Kupoeozpadckue. Kpome eenuyuH aghghekmueHol npoHUyaeMocmu, nepenie u3 HUX Mo2ym
6bImb npussiekamesibHbIMU, C MOYKU 3PEHUs UX ¢hu3UKO-MexaHU4YecKux ceolicme, a makxe meppumopuasnbHol 6nusocmu K FOxHoykpauHckol A3C,
a amo coomeemcmeeHHO esieyem MeHblWUe 3ampambl Ha mpaHcriopmupoeky PAB u ux akonoauyeckyro 6e3onacHocms. [lpy2oli nempomun (2paHu-
mbl Kupoeozpadckue) oka3asicsi onmuMasbHbIM He MoJIbKO 8 Ka4yecmee perno3umapusi PAB, HO u makxe Onsi co30aHusi Nod3emMHbIx 1abopamoputi
KOMIMIeKCHbIX uccriedoeaHuli U3OJISIYUOHHBIX ceolicme codepxawux nopod. Kak ceudemenbcmeyem cppaHuy3sckuli onbim (nepedoeoli amomMHo-
3Hepzemuyeckoli cmpaHbl Mupa) nodobHbIe nabopamopuu Mo2ym 6bimb UCMONIb308aHbl Ol OUEeHUBaHUsI KPUCMAaIuU4eCKUX Maccueoe C Ueslbio
8peMeHHO020 U OnumesnibHO20 (KOHCepaUpPYWe20) XpaHeHUs1 onacHbIX PpaduoaKmueHbIX 0mxodos.






