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METHODOLOGY OF GEOLOGICAL ENVIRONMENT ESTIMATION
FOR SITE SELECTION OF TOXIC WASTE DISPOSAL FACILITY

Po3pobneHo Memodorsioezito oUiHKU 2eosoeiyHo20 cepedosuuya (a came 2nuHucmux ghopmayitl) Orst po3MiueHHs1 MpurnosepxHeaux
cxoeuw, MoKcuyHux eidxodie. B ocHogy noknadeHo ecebiyHe 8UBYEHHS 2e0/102{4HO20 cepedosulya, sike Mae 8UKOHYy8amu mpu ¢yHK-
uii: isonroro4o20 cepedosulya, cepedosuwia MacornepeHocy ma cepedosuwia onsi 6ydieHuymea. Po3pobrneHo cxemy emarnHocmi po-
6im; HaseGeHO OCHOBHUL KoMrieKc pobim, po3pobiiIeHO KOMIJIEKC eKOJI020-2e0/102i4HUX Kpumepiie Ons eu6opy U oyiHKu OinsiHOK,

npudamHux Onsi PO3MiujeHHs1 cxo8ul.

The methodology of an estimation of geologic enviro
basis the versatile learning of geologic environmen
insulation, environment of transfer and environment
disposal facility of toxic waste of geologic type,
geologic objects in clay formation is designed.

Problem . Raw orientation of Ukraine industrial production
determine the dangerous man-caused loading to the geologi-
cal environment and result in Ukraine fall within countries with
the most substantial amount of wastes formation and accumu-
lation. Activity of the enterprises of chemical, metallurgical,
mining, machine-building field of the industry, agriculture and
domestic sphere have resulted to huge accumulation of toxic
waste (TW) to be demand removal [3]. Taking into account
absence of economic and technological conditions for process-
ing and recycling TW, today the most acceptable decision of
this problem with economic and technical point of view is direc-
tion of TW in landfill.

Analysis both investigations and references in world
practice point to there is a number of instructions containing
the certain complex of criteria and specifications for sites se-
lection and estimation disposal facility. There are a number of
publications that separate methodical questions take up, but
complete methodological base is not created. For last years in
Ukraine development of methodical base for creation of stor-
ages of different type [4-10 etc.] is begun, however this direc-
tion demands the further development.

The purpose of this publication is to illuminate meth-
odological approaches concerning a site selection disposal
facility of toxic waste in clay formations, including ranging
of works, criteria of a choice of geological objects and prin-
ciples of the safety analysis.

The basis of methodology of the researches connected
to a problem of toxic wastes isolation to near surface dis-
posal facility in geological formations is versatile studying
the geological environment. The geological environment it
is considered is submitted by the certain containing geo-
logical formation. Generally it carries out three functions:
isolation environments, environments of mass transfer (po-
tential environment of carrying out of toxic substances) and
environments for construction. Thus toxic wastes together
with storage constructive elements should be considered
as geological and technogenical system which from the
moment of arrangement in the geological environment en-
ter relationships with natural geological bodies.

Proceeding from these representations at procedure of
geological objects selection for storage site multiregularity
of geological space determines necessity of methodical
approaches differentiation to geologic researches on scale
levels (ranges). According to this the following stages of
geologic researches are defined:

1. Specialized survey of all territory of the country with
the purpose of definition of regions with the geological
structure favorable for isolation of toxic wastes.

2. Regional researches — studying of areas of distri-
bution of geological formations with the purpose of alloca-

nment for site selection disposal facility of toxic
t is necessary, that generally executes three: funct
for building. The range schema of activities, conn
and complex of ecological and geological selection

waste is esteemed. In a
ions: environment of
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criteria for estimation of

tion of favorable, potentially suitable zones for isolation of
toxic wastes.

3. Zone researches — mesoscale search studying of
perspective zones with the purpose of emanating favorable
units of fineer rank: sites — candidates.

4. Local researches — the detailed target perspective
of sites — candidates with the purpose of allocation of a site
for accommodation to object of isolation of toxic wastes.

At the first stage , the source data for which one are ma-
terials state geological mapping scale 1:1000000, small-
scale tectonic mapping on the basis of geophysical re-
searches and other sources, the analysis of distribution and
specific properties of geological formations, potentially suit-
able for isolation of toxic wastes and analysis of regional
structural — geological conditions of areas distribution of
these formations are carry out. At the given stage seismic
and neotectonic (epeirogenetic, block, fault) activity of areas
of potentially suitable formations distribution; the general
material structure of formations; the general hydro-geological
mode; geological relationships of containing formation with
other spatially associated formations are estimated.

Selection of clay rocks as optimum landfill site con-
nected to a number of specific properties as clay miner-
als — the basic compound clay rocks, and the clay rocks. It
is capacity of clay minerals to sorption and ion exchange
(allows to entrap and retard toxic substances in molecular
and ionic forms); chemical inertness in the relation to acids
and alkalis; plasticity and other physic-mechanical proper-
ties of clay rocks due to which they are a waterproof rocks
to be able prevent to penetrate atmospheric and under-
ground water underlaying aquifers to landfill and migration
toxic substances in a liquid phase from landfill to biosphere
in case of destruction of engineering barriers. With plastic-
ity of clay rocks absence in them of faults and crushing
zones is connected. Low filtration parameters predetermine
practical absence of a convective stream through clay bed.

Analyzing a clay formation (as object of researches), the
basic attention it is necessary to give studying of hydraulic
permeability of rocks as the greatest danger is made with
transferring toxic soluble substances by underground waters.
In engineering geology waterproof rocks with permeability
coefficient smaller 0,001 m/day are considered [2]. As the
average value of clay permeability coefficient is 1-10" m/day,
practically any clay rock may be considered waterproof. But
such conductivity may be provided under conditions lithologi-
cal homogeneity and the certain minimal thickness of clay
rocks. Under rock lithological homogeneity understand the
sustained structure, at absence sand, carbonate and others
permeable, high-porous or soluble rocks.

At the second stage the general goal estimation of region
and allocation of favorable zones is carried out on the basis of
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materials state geological mapping scale 1:500000 —
1:200000, search geological and geophysical survey by
method MHZ scale 1:500000 (to depths 50-200 m), small-
scale maps of neotectonic zoning, specialized tectonic, geo-
morphological, lithological and facial, hydro-geological maps
and other materials on such major factors:

« feature of region structure and character of geodynamic
processes (seismicity, neotectonic movements etc.);

e characteristic of containing formation: substantial
composition, lithological and facial uniformity, general
thickness etc;

« hydro-geological conditions.

At the third stage, the source data for which one are
materials state geological mapping scale 1:200000 —
1:100000 and the other mesoscale specialized maps, carry
out mesoscale prediction within perspective zones of per-
spective geological formations distribution with the purpose
of favorable sites allocation for the further complex study-
ing. Tasks of a stage are:

e goal structural, lithological, geomorphological, geo-
chemical, hydro-geological and other researches (including
construction of multivariate lithological-geochemical models)
the allocated perspective zones;

« allocation within zones of perspective sites for the further
complex studying on the basis of the developed criteria.

Development of a complex of lithological-geochemical
models is the basic means goal characterization geological
objects. It is carried out at different stages in various scales
that are predetermined by tasks of a stage. Scale of models is:
formation-zone-site (area). Detail of development of models
consistently grows according to scale of researches.

The purpose of development of complex multivariate
lithological-geochemical model is creation of adequate im-
aging of a geological structure and substantial composition,
and also engineering — geological characteristics and other
determining properties (consideration of formation condi-
tions) the selected geological body.

In a basis of this technique the standard principles formation
and facial analysis, added by a number of methods of system
modeling with use of the structural — system approach lay.

The task of the system approach consists in an as-
signment of the structural organization researched forma-
tion (or its certain element, mountain massive etc.), sub-
stance composition, genesis, dynamic development and
interaction with other systems. 'Researched formation
represents natural real (instead of conceptual) system. As
we examine the intended object from two positions, that is
its real condition (quasi-closed systems) and processes of
formation and development (open and quasi-open sys-
tems), in lithological-geochemical models are allocated two
parts: static and dynamic (in the determined measure they
image two principles of knowledge — systemness and his-
toricism in their interrelation).

The static model (actual state to object) includes study-
ing the structural organization of object, which in turn in-
cludes external‘and internal aspects.

The external structure of object is originally determined
by character sedimentation basin caused, first of all, by
type of containing tectonic structure.

The establishment of internal structure and substantial
composition is, as a matter of fact, uniform process, which
contains definitions rock, lithofacial, geochemical, facial
and lithostratigrafical structure.

In common the rock structure formation as lithological
body as a whole (its certain part) is determined by a stream of
a source material, which is brought to open system (sedimen-
tation basin) from source areas (exofund) and other sources

of supply of substance (endofund, thalassofund etc.). The
mineral composition clastic, partially — chemogenic part of
rocks gives the precise enough data on sources. Authigenous
minerals testify about geochemical facies of sedimentation
stages, diagenesis and catagenesis. The lithostratigrafical
structure is determined on the basis of correlation, analysis
and partition of formation sections.

The dynamic model images two major stages in forma-
tion progressing: accumulation of sediment (in view of pre-
vious stage of material transportation) and its transforma-
tion into rock. The model is created on the basis of synthe-
sis of the data on structure and structural organization of
formation, taking into account processes of generation,
becoming and its functioning as systems.

Lithological uniformity of formation or its parts substantially
predetermines uniformity and relative stability of engineering —
geological and hydro-geological properties of these geological
bodies. Engineering — geological characteristics determine
two basic conditions: stability (integrity) of storage and isolat-
ing properties of geological environment.

The complex of criteria of selection and estimation of
sites for near surface disposal facility of toxic wastes is
developed. This complex contains three groups: ecological-
geological (safety), sociopolitical and technical and eco-
nomic [4]. The ecological-geological group includes the
following criteria: structural, geomorphologic, neotec-
tonic, lithological, hydro-geological, climatic, hy dro-
logical, ecological load and protectability of the geo-
logical environment, geological perspectivity.

The sociopolitical group of criteria includes a number of
factors influencing to a site selection: population density,
arrangement of settlements, industrial — urban agglomera-
tions and other objects economic, social, ecological and
historical meaning, perspectives of land use and develop-
ment industrial or housing building etc., and also psycho-
logical readiness the population to perception of the future
objects of toxic wastes isolation.

The technical and economic group takes into account
cost and technological complexity of construction and, in
the future, operation of storage.

At the fourth stage including realization of the special-
ized works complex, detailed goal studying sites — candi-
dates and allocation within them of areas for toxic wastes
disposal facility is carried out. At the given stage according
to conditions of the geological body selection by results of
previous stage and the given type of storage (in view of
constructive and technical characteristics last) the estima-
tion of safety is carried out.

The analysis of safety, that is procedure of a complex es-
timation of influence capacity of toxic wastes isolation object
on biosphere, is carried out on the basis of estimation of
toxic substances output in biosphere in case of destruction
engineering barriers. The estimation contains calculations
determining time and quantitative parameters of toxic sub-
stances output in biosphere with definition of possible influ-
ence on environment and man. The mentioned calculations
are carried out on the basis of kinetic models of toxic sub-
stances migration [1] from technogenic-geological system of
storage to different elements of biosphere, taking into ac-
count factors of migration and retardation of substances
releasing in cases of disturbance technogenic-geological
system of storage (both evolutionary, and catastrophic). Ex-
amples of such cases are below given:

» destruction of the container with the wastes, caused
by corrosion owing to water penetration, in result degrada-
tion a roof or walls of storage;

e erosion of the top part of storage in result earth
crust epeirogenic raising;
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« exfiltration of underground waters in addition distur-
bance of engineering barriers part (in particular containers
or packagings) as a result of groundwater level raising;

e change of groundwater regime as a result of con-
struction of new water intake near storage;

e destruction of integrity of storage as a result fault
dislocations;

« destruction of walls and internal engineering barri-
ers (filling, insulating layer, etc.);

« destruction of integrity of storage roof and part of
engineering barriers (including containers) as a result of fall
of the flying device (the plane, helicopter, etc.);

« destruction of a part of engineering barriers as a re-
sult of the unauthorized drilling activities with the purpose
of exploration activities or underground waters.

It is necessary to note, that the part of the analysis of
safety is the analysis of performance. This operation exam-
ines variation of factors of natural environment connected
to construction of storage. Mainly it concerns change of
groundwater regime. Mathematical calculations of these
changes are carried out; results are used for calculations of
cases of the analysis of safety.

The forecast of migration of toxic substances from stor-
age and the analysis of safety of a whole isolation system
require using of model or different variations the system
behavior (on the basis of the reliable initial data received
for the selected site with the necessary detalil).

Conclusion . The stated principles of a geological sub-
stantiation of a site selection for near surface disposal facility

of toxic wastes are the important part of methodology and
strategy of creation of storages. In article generalization of
methodology existing development is made; guidelines of the
further methodology development of an estimation of the geo-
logical environment are given; stages of geological researches
are allocated and ecological-geological criteria of a site selec-
tion for near surface disposal facility of toxic wastes in clay
formations are developed. In territory of Ukraine geological
conditions for the further researches within geological regions
such as northern part of Black Sea Coast Depression, Volyno-
Podolsk part Volyno-Podolsk plate, Steppe Crimea and
Northwest Donbass are favorable.
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NPOBJIEMU FrEO®I3UKU TA ®JNIOIAOAUHAMIKMU
BNTOKOBO-IEPAPXIYMHOI CTPYKTYPU NITOC®EPU

Po3ansiHymo memodornoeiyHi npuHyunu 2eogisuyHoi diaeHocmuku 2eoOuHamiku 6510Koe0-iepapxi4Hoi cmpykmypu nimocegepu.
HazosoweHo, w0 ocHO8HUM 06'€KMoM 2eohi3u4HOl diazHocmuKu marome 6ymu cmpyKmypHi pieHi Me30- U MikpopieHsi ma ix AuHami-
4YHUll oidHUl pexum. Po3citogaHHs1 eHepeii 8 nimocghepi cynpoeodxyemnscsi pyliHyeaHHsIM OOHI€l WiNbHOI ynakoeku 6rokie ma

¢hopMyeaHHsIM HOBOT WiNBbHOT yrakoeKu 6JIOoKis.

The methodological principles of geophysical diagno
consideration. It is emphasised that the basic matt
their dynamic fluid mode (regime). The energy dispe
packing and formation of a new dense packing of blo cks.

Bctyn. 3a MuHyne ctopiyusi reogisuka nponuna sHaHui
LUNSIX PO3BUTKY Bif, NEPLUNX EKCMIEPUMEHTIB A0 MOTYXKHOI iH-
opmaLinHoi iHgycTpii gocnigkeHHs 3emni. OueBugHa Bce-
3pocTatoda pornb reoddisukv y BUpILLEHHI rnobanbHuX npo-
Onem BwkMBaHHA noacTea. Lle Bumarae, Hacamnepepn, Heob-
XiAHOCTi KOPIHHOTO MiABULLEHHSA €(heKTUBHOCTI i HaAiAHOCTI
MPOrHO3Y NMPUPOAHUX i TEXHOTEHHWNX KaTacTpod i eKONorivyHo-
ro CTtaHy [OBKIMNS Ta, BiANOBIAHO, HOBUX METOAOMONYHUX i
TEOPETUYHMX NiAX04IB A0 PO3POOKM iHTepnpeTauinHnX reodi-
31YHUX TEXHOMOTIN pesynbTaTiB CNOCTEPEXEHD.

OCHOBHOI BMMOTOI0 0 TaKMX TEXHOMOrin Mae byTu 3a-
6e3neyveHHst MOXIUBOCTEN AOCNIAXKEHHST MEXaHi3amy reo-
OVHaMIYHMX MPOLECIB, WO CNPUYMHATL KaTacTpodiyHi
auwa. MNMpu TakoMy nigxo4i OCHOBHOK METOH reodisuy-
HUX JOCniKeHb Mae cTaTu AiarHocTUKa reoauHamiyHoro
CTaHy nitoccepn akTMBHUMKU MeTogamu reodisuyHoi To-

stics of block-hierarchical lithospheric
er of geophysical diagnostics ought to be meso- and
rsion in the lithosphere is accompanied by destruct

structure geodynamics are under
micro-levels of the structure and
ion of one dense blocks'

Morpadii, ki aHanoriyHi metTogam MeAMYHOI N TEXHIYHOT
Tomorpadii [17-19].

3acTocyBaHHs MeTOZAIB aKTUBHOI reoddiznyHoi Tomorpadii
Ans MOHITOPUHIY reoAuHamivyHMX NPOoLECiB Y niTocdepi Moxe
3abe3neunT cBoevacHe 3anobiraHHA TSKKUX Hacnigkis Big,
KaTacTpod Ha HebGesneyHux Arist NPOXKMBAHHS NOAEN Tepu-
TOpisiX NOAIOHO A0 TOro, Ik MeauyHa Tomorpadisi pATYe XUTTS
noaen 3aBAsikM CBOEYaCHIN i 06'€KTUBHIN AiarHOCTUL XBOPO-
6u. Mpo MoxMBI MacLTabu CTUXIHOTO Nnxa, 3a BiACYTHOCTI
HeobxigHUX 3acobiB MonepemKeHHs, BCbOMY 3BiTy Haraganu
iIHTEHCUBHWI 3eMneTpyc i LyHami, siki BigOynucst 26 rpyaHsi
2004 poky B lNiBaeHHO-CxigHin Asii Ta oxonunu 6nuabko 10-
TW KpaiH Ha riraHTCbKin TepuTopii — Big, Manansii go Adpurkm
Ta CNPUHMUHUIM HE NnLe MaTepianbHi 36UTkK, ane HanbinbLui
3a BCHO iCTOpItO NIOACHKI XepTBu — GinbLue 226 Tuc. ocib.

MeTa po6oTun. Y cratTi po3rnsgaeTbCsi HOBUA METOAO-
noriyHnin nigxia Ao AiarHOCTUKN reodisuyHuX i reogmHami-
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