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The authors have developed a way to solve the inverse problem of in-
tegrated environmental assessment with the help of GIS technologies and
models of the objective function on the basis of the available in the Atlas
of Mangystau region maps with ready-made, integrated environmental as-
sessment, take into account the effect of all sources of exposure. As previ-
ously published, oil and gas complex of Mangystau region in anthropo-
genic modification of the most important components of the environment
are examples of its decision the review stage works are considered to esti-
mate the contribution of activity — relief, soils and vegetation. The results
of these calculations have shown that the oil and gas complex provides
an additional contribution to the degradation of soil cover in excess of the
average for all anthropogenic sources at the 19.31%, in relief degradation
—18.3%, vegetation — 16.7%. In this article, we consider the estimation of
the impact of oil and gas complex in the groundwater.

In this article, we consider the assessment of the impact of oil and gas
complex in the groundwater. Specificity of this evaluation is the need to
detail the existing scale of the expert assessment of the level of anthropo-
genic disturbance of groundwater levels in three to five, as the necessary

from the standpoint of ensuring sufficient accuracy of the environmental
assessment in accordance with the recommendations of the environmental
engineering, and from the standpoint of the possibility of “cross-linking”
of all received solutions at integrated complex environmental Assessment.
For a detailed map of the grading scale used natural protection of ground-
water, published in the Atlas of the Mangystau region. Square contours
combinations of 3 levels of anthropogenic disturbance with 4 levels of
natural protection of groundwater, and then with hydrocarbons location
areas defined in Arc GIS, the use of which components have greatly sim-
plified the task, as after the procedure each loop sampling were received
vector shapefiles, areal values are displayed automatically in the derivation

oil and gas complex creates an additional burden on the vegetation, ex-
ceeding the average of all anthropogenic sources by 9.9%. A summary of
the assessment called because in the objective functions include numeric
expression sums of squares of each level of anthropogenic disturbance,
first across the region, and then for areas with the presence of oil and gas
complex

Key words: Mangystau region, oil and gas complex, the degree of an-
thropogenic disturbance of groundwater, the natural protection of ground-
water geographic information system, the objective function.

MaHsgbicTay OOAbICHIHBIH aTAACblHaH aAblHFaH GAPAbIK, AACTaHy Ke3-
Aepi 6epiAreH AanblH KapTaHbl MaiAaAaHa OTbIPbIMN, aBTOPAAP MaKCaTTbl
atkapbiM MoaeAiMeH M C-TeXHOAOTMSCbIHbIH KOMEriMeH KelleHAl 3KO-
AOTUSIABIK, BaFrarayAblH, Kepi wwellim TaciAi eHAeAAl. Peabed, Tombipak,
JKoHe OCIMAIK — TabuF OpTaHblH €H MaHbI3Abl Kypamaac GeAIKTepiHiH
AHTPOIMOreHAIK MOAMMMKAUMICbIHAQ MaHFbICTay OBAbICbIHbIH MyHait ra3
KellleHiH 6araAay MeH OHbIH MaceaeAepi GYpbiHFbl GaCbIAbIMFA LibIKKAH
Hemece peLeH3MsIAaHFaH >XKYMbICTapAa KapacTbipbiAFaH. byAapabl ecen-
Tey HOTUXKeCIHAE MYHal ra3 eHAIpYLUi KelleHIHAe aHTPOMOreHAIK Ke3ae-
pi GOMbIHLLIA TOMbIPAK, XXaMbIAFbICHI BYAiHYiHIH KocbiMwa 19,31%, peAb-
edTiH 6y3biAybl — 18,3 %, 6CIMAIKTEP KaMbIAFbICbIHbIH, 16,7 % yAeci 6ap
eKEHAIri aHbIKTAAADI.

JKepacTtbl cyaapblHa MyHar ra3 eHAIpPYLLi KeLleHHiH, 8cepi OCbl >Ky-
MbicTa 6epiareH. bya 6ararayabl KYprisyAi Herisri saicremeci yurreH
6ec aeHrent GOMbIHLLIA AHTPOMOrEeHAIK 9CEPAEH KEpP aCTbl CyAAPbIHbIH,
6Y3bIAbICbIHbIH AEHIeMiHIH capanTamaAblk, 6aFrarayAblH LIKAAACbIHbIH, 60~
AYbIMEH TYCiHAipiAeai. baranayaa MatgbicTay OOAbICHIHBIH aTAaCbiHaH
KEpP acCTbl CyAapblHbIH TabUFK KOpFay KapTacbl aAbiHAbL. KOHTYpAbIH
ayAaHbl aHTPOTMOrEHAK 6Y3bIAbIC 3 AEHFeMMEH >Kep aCTbl CyAapbliH TabUFK
Kopray 4 aeHrermeH carikec. CopaH keiiH Arc GIS kemeriMeH kemipcy-
TeKTep KeH OPHbI aHbIKTaAbIM, 8p6ip KOHTYPAbl UMMP KemerimeH BeKTop-
AbIK, LLIENN-hanAAQp aAbIHABI, 9P6IP KOHTYPAbI XKYPri3reHHeH KeitiH ayaaH
arMarbl aBTOMATTbl TYPAE KepceTiaeAi. MakcaTTbl aTKapbIM ecen HaTh-
>KeAepi MyHai ra3 eHAIpyLUi KelleHi eCiMAiKTepre AaCTaHyAbIH KOCbIMLLA
XKYKTEMECIH TYAbIPaTbIHAbIFbIH KOPCETTI. AAbIHFaH GaraAay >KaAmblAama
Aen ataay ce6ebi 06AbICTbIH, GapAbIK, TEPPUTOPUACHI GOMbIHLLIA aHTPOMO-
reHAIK acepAit apbip AeHreii ayAaHHbIH ecebiHeH MakCaTTbl aTKapbiM,
COAQH KeMiH MyHal ra3 eHAIpYLLI KeleHHiH aMarbl aHblKTaAaAbl.

TyiiH ce3aep: MyHalt ras eHAIpYLLI KellleH, aHTPOMOreHAiK acep, xep
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Introduction

The region is located in the southwest of the Republic of
Kazakhstan in the desert zone and includes Mangyshlak, Ustyurt
plateau, the Peninsula Buzachi sors Dead Kuluk and Kaidak. The
area is characterized by a continental dry desert climate, strong
storms and winds.

The region recorded 559 industrial enterprises, including large
and medium — 70. The raw material orientation of the economy of
the region determined the priority of the mining industry, the state
of development which are directly dependent on all other sectors of
the economy. The area on the total volume of industrial output ranks
third in the country. At the heart of the region’s economy — oil and
gas sector, where the volume of production occupies more than 90
percent of the total volume produced in industrial production region,
which accounts related to oil and gas complex as the main source of
anthropogenic disturbance of the natural environment components
as oil and natural gas industry has traditionally been considered
one of the most environmentally hazardous industries management
[1,2].

The specifics of climatic conditions of the region, taking into
account the complete lack of a permanent river flow causes the
acuteness of water scarcity problems in the first place, drinking
water shortages. According to experts, the shortage of drinking
water in the Mangistau region of 40,000 m3 per day and will reach
70,000 m3 / day in 2020 [3-5].

According to akimat, in the Mangistau region, there are
60 villages, of which the centralized water supply provided 17
settlements decentralized — 35. Due to the small size of the population
and uneconomical construction of water supply systems in 9 rural
settlements used imported bottled water. Aktau and Zhanaozen with
surrounding towns, as well as oil-producing companies consume
93% of the total volume of water in the proportion of settlements
accounted for 7% [3, 6].

Mangystau region is provided with water from three sources:
LLP «MAEC-Kazatomprom» by desalinated seawater covers 47-
50% of the demand in the region; Volga water supplied water pipeline
«Astrakhan-Mangyshlak» provides about 40%; from groundwater
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O606L1eHHas oL eHKa
3arpsisHeHust HepTH U rasa
B MaHrucrayckoi obaactu

ABTOpammn paspaboTaH crnocob petueHrss 0OPaTHOM 3aAayuM KOMIT-
AEKCHOM 3KOAOrMyeckom oueHkn ¢ nomotupto [MC-TtexHoAOrMiM M Mo-
AEAU LeAeBOM (PYHKUMM Ha 6ase MMelowmxcs B ATaace MaHrnmcrayckon
00AACTM KapT C rOTOBbIMM KOMIMAEKCHbIMM 3KOAOTMUYECKMMM OLEHKaMM,
YUMTBIBAIOLIMMM BAUSIHME BCEX MCTOYHMKOB BO3AENCTBMS. B ony6am-
KOBaAHHbIX paHee M HaXOASLMXCS Ha CTaAMM peLeH3MpoBaHMs paboTax
PacCMOTpPEHbI NMPUMEPbI ee peLleHnst AAS OLEEHKM BKAQAQ AESTEAbHOCTU
HebTerasoaobbiBaowero komnaekca (HIAK) Manrucrayckorn obaactm
B aAHTPOMOreHHble MOAMMpUKALMM  Ba>KHEMLLIMX COCTABASIOWMX MpU-
pPOAHOM cpeAbl — peAbeda, MoYB M PACTUTEAbHOCTU. Pe3yabTaTbl 3TUX
pacyeToB MoKasaAM, 4YTO HepTerasoA00bIBAIOLWMIA KOMIAEKC CO3AAET
AOMOAHUTEAbHbBI BKAQA B AErpaAduMio MOYBEHHOrO TOKPOBA, Mnpe-
BbILLIQIOLLMI CPEAHIOI0 MO BCEM QHTPOMOr€HHbIM MCTOYHMKaM Ha 19,31%,
B Aerpapaumio peabeda — 18,3%, pactuteabHocty — 16,7%. B aAaHHOM
paboTe paccmatpmBaeTcs oueHka BAMsHUS HIAK Ha noasembbie BOAbI.
Crneumndmka NpoBEAEHMS 3TOM OLEHKM 3aKAIOYAeTCsl B HEOOXOAMMOC-
TN AETAAM3ALMM MMEIOLLLEMCS LIKaAbl 3KCMEPTHOM OLEHKW YPOBHSI aHT-
POMOreHHOM HapPYLIEHHOCTU MOA3EMHbIX BOA MO TPEM YPOBHSM K MSATH,
HEeOBXOAMMBIM KaK C Mo3uumm obecrnevyeHmns AOCTaTOMHOM TOYHOCTM KO-
AOTMYECKONM OLEHKW B COOTBETCTBUWM C PEKOMEHAAUMSMU MHXKEHEPHOM
3KOAOTMM, TaK U C MO3ULMU BO3MOXKHOCTM «CLUMBAHMS» BCEX MOAYYEHHbIX
peLlleHnt B MHTErpaAbHOM KOMMAEKCHOM 3KOAOIMUYECKOM OLeHKe. AAS
AETaAM3aLMM OLEHOYHOM LLKAAbl MCMOAb30BaAACh KapTa eCTeCTBEHHOM
3aLMLLEHHOCTM MOA3EMHBIX BOA, OMyOAMKOBaHHbIX B ATAace MaHrmncrayc-
Kon 06AacTu. INAoLWAAN KOHTYPOB COYEeTaHM 3 YPOBHEIN aHTPOMOreHHOM
HapyLEeHHOCTU C 4 YPOBHSIMM €CTECTBEHHOM 3aLUMLLLEHHOCTM MOA3EMHbIX
BOA, A 3aTEM M C YYaCTKaMM PACTOAOXKEHNS MECTOPOXKAEHMNIN YTAEBOAO-
poaoB onpeaeadamcb B Arc GIS, ncnoAb3oBaHMe KOMIMOHEHTOB KOTOPOW
3HAUMTEAbHO YMPOCTUMAO 3apady, T.K. MOCAE MPOBEAEHUS MPOLEeAYpbI
oUMPOBKM KaXKAOrO KOHTYypPa ObIAM MOAYHEHbI BEKTOPHbIE LLEMN-hariAbl,
MAOLLIAAHbIE 3HAYEHMSI KOTOPbIX OTOGPaXKaloTCs aBTOMATUYECKM MPK Bbl-
BEAEHMMN KaXXAOro KOHTypa. Pe3yAbTaTbl pacuyeToB LeAeBbiX (PyHKLMI
nokasaam, uto HIAK co3aaeT AOMOAHUTEAbHYIO Harpysky Ha pacTUTEeAb-
HOCTb, MPEBbILLAIOLLYIO CPEAHIOI MO BCEM aHTPOMOTreHHbIM UCTOYHMKAM
Ha 9,9%. O606LWEHHOM MOAYUYEeHHast OLeHKa Ha3BaHa NMoToMy, 4To B Lie-
AeBble (PYHKLMU BXOAST UMCAOBBIE BbIpaXKEHME CYMM MAOLLAAENA KAXKAO-
ro YPOBHS @HTPOMOreHHOM HapyLIEeHHOCTM CHavyaAa Mo BCen TeppuTopum
06AaCTH, a MOTOM AAS 30H C Haanumem HIAK

KAtoueBble cAoBa: HedpTerasoA00bIBaOLIMIA KOMIAEKC, aHTPOMOreH-
HOM HapyLeHHOCTU MOA3EMHbIX BOA, reOMH(OPMaLMOHHas CUCTEMa, Lie-
AeBag PyHKLUMS.
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deposits is possible to provide, according to various
sources, from 11 to 13% of the total needs of the
region [3, 5].

Total deposits of underground water Mangistau
region is 65 units, the total reserves — 522 thousand
cubic meters per day. The largest deposits of
underground waters are: Tuyesu, Sauyskan,
Kuyulus, Tonirekshyn, Janajol and Ketikskoe [3-5].
These fields allow for domestic needs of 17.5% of
the population [3, 6-7].

Thus, the problem of shortage of drinking water
quality resources is solved mainly due to water
desalinated Caspian and the Volga water coming from
the Russian Federation. All the water consumed by
the city of Aktau and Zhanaozen with surrounding
towns, as well as oil producers. Villages across the
region are supplied from local groundwater deposits,
so evaluation of their environmental state is highly
relevant.

However, the financing of these activities It is
also important to address the binding of pollution
sources to implement the principle of «the polluter
pays». This principle is implemented in the Republic
of Kazakhstan on the basis of obtaining permits for
enterprises emissions in the environment issued by
the competent government authorities after their
studies in the draft regulations, where they are
calculated according to the industrial environmental
control, taking into account all the planned changes
in the enterprise.

On the other hand, any kind of environmental
monitoring records the combined effect of
the various sources of pollution on the natural
environment components. Thus, the great theoretical
and practical significance is the «inverse problemy»
integrated environmental assessment — determining
the role of certain pollutants in the formation of the
ecological situation in the region. The urgency of
this problem is increasing also for the reason that
the current mechanism of payments for emission
formally approved in compliance with all emission
regulations.

The results of calculations by the developed
technique showed that oil and gas complex provides
an additional contribution to the degradation of soil
cover in excess of the average for all anthropogenic
sources in the 16.51%, in the degradation of the
relief — 16.73%, vegetation — 31.79%. In this paper
we consider the assessment of the impact of oil and
gas complex in the groundwater. Specificity of this
evaluation is the need to detail the existing scale of
the expert assessment of the level of anthropogenic
disturbance of groundwater.

The purpose of this paper is to describe

the reception of detail and expert assessments
of the scale of the inverse problem solution
integrated environmental assessment to quantify
the contribution of oil and gas complex in the
anthropogenic transformation of groundwater
Mangystau region using the method developed on
the basis of the final expert private environmental
assessment given to the traditional five levels of
exposure.

Material and Methods

The authors have developed a way to solve
the inverse problem of integrated environmental
assessment with the help of GIS technologies and
models of the objective function on the basis of
the available in the Atlas of Mangystau region
maps with ready-made, integrated environmental
assessment, take into account the effect of all sources
of exposure. The previously published and are at
the stage of reviewing the works of the technique
of realization of the method and examples of its
decision to assess the contribution of the activities
of oil and gas complex of Mangystau region in
anthropogenic modification of the most important
components of the natural environment -relief, soils
and vegetation.

The technique consists of two parts. The first part
— the procedure for obtaining the specific evidence
in a form adapted for use in the target functions
to implement a simplified method for solving
the inverse problem of objectivity and sufficient
justification of the objective functions. The second
technique is based on the idea of constructing and
comparing the generalized objective functions
reflecting the average (weighted) assessment of
human impact on the environmental components in
the whole of Mangystau region of the Republic of
Kazakhstan and for areas with the presence of oil
and gas complex.

Pressures on the transformation of the levels
in the target function takes into account the level
of complexity of environmental activities for each
component of the natural environment. Justification
of the complexity of these measures is given in
the legends maps or in the literature. A simplified
approach is to obtain a comparison of generalized
evaluations, as in the objective function includes
not distribution area ratios with different levels of
anthropogenic disturbance to the area or areas of
the field with the presence of oil and gas complex
and the numeric expression amounts for each level.
General view of the objective function, which
takes into account not only the intensity of the
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impact of each environmental factor, but also its
role (importance) in the formation of favorable or
adverse conditions for the existence of biological
systems (1), as proposed by R. Pentla looks like a
linear multiple regression equation [12]:

OFIEA =al-fl +a2-f2 + ...+ an'fn, (D)

where OFIEA — calculated value of the objective
function for integrated environmental assessment;

fi — value of a given environmental factor (i =
1,2, ..., n) at the observation point;

ai — weighting coefficient reflecting direction
(plus or minus with respect to the target) and the
importance (weight) of this factor in the formation
of the total exposure level.

In this formulation, the objective function
is not understood in the classical mathematical
sense (where it is understood as a criterion for
comparing alternatives using different optimization
methods), as well as a function that implements
the purpose of the evaluation. Formal similarities
with mathematical sense observed here — the
procedure is reduced to optimize the sorting of the
coefficients ai significance (estimates are almost
always expert) in compliance with the conditions of
their study. Objectification of the objective function
includes the rationale for the selection of the most
significant factors on the basis of taking into account
specific geographical, environmental and economic
conditions of the evaluated area and completeness of
rating scales range. (2) is proposed to solve the latter
problem of environmental engineering methods:

A=— 2
o @)

where | — the level of quantization of grading scales
used in the assessment of environmental factors (the
number of divisions grading scale) [13].

From the formula (2) that even with the rough
grading scale with the level of quantization of 2 (ie
for peer review on a «yes» or «noy») with reasonable
accuracy (the error does not exceed 4%) can be
achieved with 5 accounted parameters ([] = 1/25
=0.03125, or 3.1%). Thus, a greater impact on the
accuracy (ie actually objectivity) has a number of
expert assessments of the analyzed parameters of the
n (the exponent in the denominator of the formula),
and not the level of quantization of grading scales 1
(the number of divisions on our measuring «line»).

The most crucial moment in determining the
degree of objectivity of integrated environmental

ISSN 1563-034X

assessment, previously thought to build private
rating scales. If every parameter is available from
their set is estimated on a scale constructed on the
basis of independent research in all of its possible
range of changes allowed to speak about the
objectivity of integrated assessments, as determined
by the scale of the last view of the objective function
[14, 15].

However, the analysis above formula (2.2) from
the standpoint of the general theory of systems
and quantitative information theory has shown
that the degree of differentiation of the scale and
completeness of the range of all possible states
accounted parameter plays a subordinate role in the
use of multi-dimensional evaluation function [16,
17]. Thus, doubts about the objectivity of rating
scales because of the complexity of accounting
of non-linear effects of the interaction with other
factors can remove the increasing number selected
as important to describe factors.

To obtain baseline data in previous studies
used published [18] a map of human impact on
the relief, degradation map of soil cover, a map
of anthropogenic transformation of vegetation, is
a private environmental assessment (integrated
environmental assessment for one of the components
of the natural environment) of anthropogenic
impact on the relief, soil cover and vegetation of
all the possible sources of degradation relief, soils
and vegetation of Mangistau region. Each of these
maps is made on the basis of expert generalizations
large amount of diverse information and is divided
into five levels of human impact zone, with higher
levels of exposure corresponds to a more complex
set of environmental protection measures for their
rehabilitation and correspondingly higher levels
of financial costs. Published in the same Atlas
[18] search by map anthropogenic disturbance of
groundwater knocked out of this number, since it is
only three levels of impact A legend to the map shows
that the level (degree) of anthropogenic disturbance
of groundwater reflect the state of underground
water to the extent of security area probable reserves
and proven reserves, as well as man-made impact
on the underground hydrosphere. The map shows
the impact of individual factors or combination
of factors to change hydrogeodynamic and
hydrogeochemical groundwater status and isolated
areas with low (green), moderate (yellow) and strong
(red) the degree of anthropogenic disturbance of
groundwater. The horizontal shading on the map are
reflected in the zone of influence hydrogeodynamic
and hydrogeochemical groundwater regime of the
Caspian Sea level change and man-made factors,

KazNU Bulletin. Ecology series. Ne4 (49). 2016 213



Generalized evaluation of oil and gas pollution in Mangystau region

inclined — man-made factors, pollution and water
intake.

The most important anthropogenic factor
taken into account when assessing the level of
anthropogenic disturbance of groundwater, pollution
of groundwater is potable purpose. The level and
extent of contamination of groundwater allocated on
the basis of the analysis of the results of observations
on the regime of the State network of groundwater
monitoring and occasional observations. In the
region as a result of regime observations revealed 7
centers of pollution of groundwater and 12 according
to anecdotal observations. The main pollutants: oil
products —up to 10-15 MPC (maximum permissible
concentration of pollutants), fluoro — 3-5 MAC,
ammonia — 2-4 MAC. The extent of groundwater
contamination in the zones of influence of the
revealed centers characterized as moderately
dangerous. [18]

So, the analysis of maps of anthropogenic
disturbance of groundwater and its legends shows
that the allocation of levels of disturbance of
groundwater status was taken into account the
impact of oil and gas, mining, power and chemical
industries and animal husbandry to changes in the
level and chemical conditions on 7 normalized
indicators (sulfates, chlorides, synthetic surfactants,
fluorine oils, phenols, radionuclides and uranium),
i.e. it is a set of factors taken into account satisfies
the requirements of objectivity and accuracy [13].
The basis for the detailed assessment may serve
as a map of the natural protection of groundwater
(Fig. 2).

The legend for this map provides a brief
description of the term and are the parameters
on which protection was assessed [18]: «Under
Protected aquifer from pollution is understood as
its deposits overlap, preventing the penetration of
contaminants from the surface of the land or of the
overlying aquifer.

Analysis maps of natural protection of
groundwater in the same way as in the case with
the analysis of maps of anthropogenic disturbance
of groundwater shows that take into account the
impact of more than five factors, ie the allocation of
the degrees of protection and this map is fully meets
the requirements of objectivity and accuracy [13].

The contours of the four levels of natural
protection of groundwater (the outline of each
level of natural protection are marked with a
separate color) and three levels of anthropogenic
disturbance of groundwater (the outline of each
level disturbance allocated a separate species hatch).
In order to calculate the possibility of the integrated

objective function, taking into account the impact of
all environmental components must be of the two
scales to build a five-level.

Legend to the map evaluate the degree of natural
protection of underground noted that this estimate
was based, taking into account not only the natural
factors (hydro-geological conditions of the territory,
the degree of overlap of groundwater loamy and
clayey layers), but man-made (particularly moisture
in the vadose zone and the nature of the interaction
of pollution with rocks and groundwater). It is
therefore logical to choose the basis for building a
level of protection taking into account the specifics
of allocation of anthropogenic disturbance of
groundwater, as described in the legend (Table. 1).

Thus, the Table. 1 is actually a description
(algorithm) detail a three-level scale of the degree
of disturbance of groundwater ( «finished»
integrated environmental assessment of human
impact on groundwater) to the standard five-level
scale anthropogenic disturbance components of
the environment with the help of an additional map
zoning of groundwater in terms of their security.
The essence of this method lies in the fact that the
contours of each of the five levels for traditional
integrated environmental assessment will be
determined as the appropriate combination of color
and contour circuit with hatching (combination
algorithm is presented the third column of Table.
1). The procedure for such a crossing (polygon) is
implemented in the Arc GIS to produce a vector
shape files, automatically storing certain areas of
polygons with an indication of their belonging to the
color and shading. As a result, a map with a three-
level assessment of anthropogenic disturbance of
groundwater is converted to the classical form with
a five-level evaluation (Fig. 2)

Now the scheme of the circuit area can be
made by analogy with the schemes estimates of
anthropogenic disturbance relief, soil and vegeta-
tion. The procedure is implemented in the Arc GIS
to produce a vector shapefiles.

Thus, the construction of the first part of the
method of inverse problem solution integrated en-
vironmental assessment with the help of GIS tech-
nologies and models of the objective function on
the basis of the available in the Atlas of Mangystau
region maps with ready-integrated environmental
assessment is completed. At the same time it de-
veloped a specific method of obtaining evidence in
the traditional manner, using a five-level scale. This
method is applicable for the areas of polygons like
on the territory of the region as a whole as well as
for areas with oil and gas complex.
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Table 1 — Compliance with degree of protection rating scales and disturbance of groundwater with the conventional five-level scale
of anthropogenic disturbance environmental components of Mangystau region

The three-level scale an- The combination of colors of
s Four-scale level of protection Five-level scale levels of the vulnerability (4 colors) and
thropogenic disturbance of S .
. of groundwater anthropogenic disturbance of Species hatch — 3 types
groundwater (designated by . . . .
. (Indicated by 4-color) environmental components (In the box, horizontal lines,
two types of shading) . .
diagonal lines)
Little or no provisionally protected Hatching in the box
(Shading in the box) poorly protected Hatching in the box
Unprotected Poor violated Hatching in the box
(et On the map there is no such
zone
modeljate . . provisionally protected Hatching horizontal lines
(Shading horizontal lines) poorly protected LG el Hatching horizontal lines
(Moderate)

Unprotected Hatching horizontal lines

On the map there is no such
zone

strong
(Shading horizontal lines)

provisionally protected Hatching oblique lines

poorly protected Very much disturbed Hatching oblique lines

Unprotected (Strong) Hatching oblique lines

MWF 51° 1 52" ! 53° 54° 55° 56° s
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Figure 2 — Map of anthropogenic disturbance of groundwater, reduced to a five-level evaluation
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The second method — a comparison of the ob-
jective functions for the areas of different levels of
human exposure to a specific component of the nat-
ural environment (in this case, groundwater) in the
whole of Mangystau region of the Republic of Ka-
zakhstan and the same levels for areas with oil and
gas complex, ie, the essence of the second method
reduces to the construction and justification of the
form of target functions.

Weighted load each parameter define the objec-
tive function subject to compliance with the five
levels of vegetation transformation of the traditional
to expert estimates ten-point scale. In the case of
linear scale for each of the 5 levels will fall by 2
points, and increase the level of transformation will
meet the increase in scoring. This statement, as in
previous works, is justified from the standpoint of
the complexity and the cost of environmental pro-
tection measures, in particular measures to prevent
pollution of groundwater, which is often much more
expensive measures for the rehabilitation of the veg-
etation cover.

As for any component of the environment the
cost of activities is growing in proportion to the
degree of anthropogenic disturbance, will conduct
private environmental assessment of the contribution
of each zone in accordance with a weighting factor
proportional to the level of transformation in point
grading scale. In this case, the lower and upper
limits are 5 levels (the parameters of the objective
function) are the scores:

— for low level or lack of transformation —
undisturbed areas — (green + cell of hatching) — 0+2;

— For low-level transformation — slightly
disturbed areas — (yellow + cell of hatching) — 2 + 4;

— For moderate levels of transformation —
medium disturbed areas — (yellow on the map +
horizontal shading)— 4+6;

— for level significant transformation — much
disturbed areas — (pink on the map + inclined
hatching)— 6+8,

— for the level of transformation of strong — very
disturbed areas — purple color on the map + inclined
hatching) — 8 + 10 points.

Whereas for the calculation of the weighted
average value of oil and gas complex in the
contribution of anthropogenic transformation of
vegetation between the boundaries of the Middle
class values, we obtain (3) the form of private
objective function to the overall transformation of
the vegetation on the field (POF ):

GWarea

POF

GWarea _f GWAreal

+ 3f GWArea2 +

GWArea4

5fGWArea3 +
3)

GWArea

where POF area function of a certain level of
the anthropogenic disturbance of groundwater
status for the entire region, which is calculated by
dividing the total area of the polygons a certain
level of anthropogenic transformation of the status
of groundwater in the whole area in the whole field
area.

In this case, f,, - 1is the sum of the areas share
a certain level of the anthropogenic disturbance of
the status of groundwater in the area of the entire
region, ie, The actual contribution of the zone in the
overall assessment of the anthropogenic disturbance
of groundwater status — feature a certain level of the
anthropogenic disturbance of groundwater status and
POF,, reflects the average (weighted average)
assessment of human impact on groundwater in the
whole of Mangystau region of Kazakhstan.

To solve the inverse problem of integrated
environmental assessment by comparing the
objective functions in the areas of various levels of
anthropogenic impacts on the status of groundwater
in the whole of Mangystau region of the Republic
of Kazakhstan and the areas with the oil and gas
complex remains to construct a similar way the
evaluation function for areas with oil and gas
complex (4). Since these areas are defined by the
same scoring map, unlike private objective function
for the generalized evaluation of the transformation
of the vegetation on the region of the objective
function for the location of the zones of deposits
(POF,, ,o) Will be only in the values of petroleum
gas producing complex. Now this is the area of color
combinations and types of shading zones only within
the contours of the oil and gas complex. In this case,
divide the sum of the areas the contours of the same
level of anthropogenic disturbance of groundwater
in areas with oil and gas complex will not be on the
area of the entire region, and the total area of the
zones of influence of oil and gas complex. Weighted
load will remain the same as in equation (3):

POFGWOGC:fGWOGC1+ 3fGWOGC2+ 5fGWOGC3+
GWOGC4+ + GWOGCS (4)
where f_, .. — function of a certain level of

the anthropogenic disturbance of the status of
groundwater in the areas of field location, which is
calculated by dividing the total area of the polygons
of the level in the zones with the oil and gas
complex on the total area of all zones with oil and
gas complex.

And in this case f,, ., s the sum of the areas
share a certain level of the anthropogenic disturbance

of the status of groundwater in areas of oil and gas
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complex to the sum of the areas of all of these
areas, ie, in fact the function of a certain level of the
anthropogenic disturbance of the status groundwater
in areas of oil gas producing complex and POF ...
reflects the average (weighted average) assessment
of human impact on groundwater in the whole areas
to oil and gas facilities in the Mangystau region.

Attention is drawn to the fact that in the
equations (3) and (4) will not participate variables
and has specific values - the sum of all the circuits
of the same color (5 samples from the table shapefile
attributes for circuits with oil and gas complex (in
the amount) . and the area of the region, and the total
area of all zones with oil and gas complex (in the
denominators) The solution of equation (3) or (4) is
received only 1 result — the number that describes
the average anthropogenic transformation of the
status of groundwater throughout the area, or only
in one of its part where the oil and gas complex is
present.

Results and discussion

As the purpose of this work is incorporated to
obtain the result of methodical (Admission detail
assessment of anthropogenic transformation of
groundwater status scale) and quantitative results
— determine the contribution of the oil and gas
complex in the anthropogenic transformation of the
status of groundwater Mangystau region through
the use of ready-made expert private environmental
assessment.

Methodical result follows from the previous
articles in this section, we give it more concentrated
formulation.

The results of the inverse problem solution
integrated environmental assessment on the basis of the
detail of the finished map expert private environmental
assessment of anthropogenic transformation of the
status of groundwater Mangystau region

The computational process consists of two parts
— obtain specific evidence in a form adapted for use
in the objective function, realizing easy way to solve
the inverse problem and comparing areas of different
levels of anthropogenic impacts on the status of
groundwater in the whole of Mangystau region
of the Republic of Kazakhstan and the same level
for areas with oil and gas complex in the objective
functions presented in equations (3) and (4).

In accordance with the procedure simplified
inverse problem solution on the basis of a
comprehensive evaluation of vector shapefiles are
determined by the total area of areas with the same
color on the map of anthropogenic disturbance of
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groundwater, reduced to a five-level scale. As detailed
map of anthropogenic disturbance of groundwater
status Mangystau region received the sum of squares
of each of the circuits five colors that reflect the levels
of anthropogenic transformation of groundwater
status throughout the region and in the zones with the
oil and gas complex (first and fourth rows of Table 2).
Then calculated /., —and POF_, .. (second and
fifth rows of Table 2). The third stage of calculations —
and getting POF_, and POF_, .. (third and sixth
row of Table 2). For a more visual representation of
the extent of the impact of oil and gas complex of the
state of groundwater in the seventh row of Table 2
shows the proportion of a circuit area of oil and gas
complex of individual exposure levels and generally
as part of the area of the region. Lines 8-11 are partial
description of the calculation results of the objective
functions, and 12 and 13 — the final result of the
inverse problem solution (Table 2).

So, the main purpose of this work — quantification
of the contribution of oil and gas complex in the
anthropogenic transformation of the status of
groundwater Mangystau region — has been achieved
as a result of specific decisions of the new theoretical
problems in the field of integrated environmental
assessments. As a result of the inverse problem
solution integrated environmental assessment
to obtain new types of evaluations it is possible
Allows you to solve practical questions of economic
support for environmental activities on a particular
component of the natural environment (in this case —
of groundwater) the implementation of the principle
of «polluter pays» by quantifying the additional
contribution of oil and gas complex in anthropogenic
the transformation of the status of groundwater in the
Mangistau region, which is 5.78% higher than the
weighted average value for all the impact factors.

The weighted average rating of anthropogenic
disturbance of groundwater territory of Mangistau
region with oil and gas complex was 5.51 points
on a scale, which is 2.46 points more than average
estimation of anthropogenic disturbance of
groundwater in Mangystau region as a whole, il and
gas complex creates an additional burden on the
state of groundwater in excess of the average for all
anthropogenic sources at 24.55%.

The resulting value shows that the impact of oil
and gas complex in the state of underground water
has gone beyond its specific areas, as well as all
other components of the natural environment. This
situation highlights the need for control methods
of the organization of industrial environmental
monitoring, the results of which are not usually
show no exceedances of standards issues.
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Table 2 — Calculation of the average contribution in the oil and gas complex anthropogenic disturbance groundwater status in

Mangystau region

The degree of anthropogenic transformation Little or no poor moderate | significant Strong Total
The total area qf the zones of different levels of 41367 2604 39267 34800 46170 164208
anthropogenic disturbance, km2
Calculated value f,, . nondimensional quantity 0,252 0,016 0,239 0,212 0,281
Estimated value POF ireas SCOTE 5,509
The .total area of oil and gas complex contours 0 0 280,11 314241 372873 7151,25
within each level, km2
Estimated value of f,, ..., dimensionless 0,000 0,000 0,039 0,439 0,521
Estimated value POF . score 7,964
Share contour area with oil and gas complex% 0,0 0,0 0,7 9,0 8,1 17,82
The weighted average rating of anthropogenic disturbance of groundwater in Mangystau region (value POF,, ), 551
points ’
The weighted average rating of anthropogenic disturbance of groundwater in Mangystau region (POF,, value),% 55.00

9

The weighted average rating of anthropogenic disturbance of groundwater in the Mangystau region with oil and gas 7.96
complex (value POF . 1), points ’
The weighted average rating of anthropogenic disturbance of groundwater in the Mangystau region with oil and gas

0 79,64
complex (POF .. value),%
An additional contribution to oil and gas complex in the anthropogenic disturbance of groundwater in the Mangystau 2.46
region (the result of the inverse problem solution), score ?
An additional contribution to oil and gas complex in the anthropogenic disturbance of groundwater in the Mangystau 24

. : NS ,55
region (the result of the inverse problem solution)%

Conclusion

The main purpose of this work —quantification of the
contribution of oil and gas complex in the anthropogenic
transformation of the status of groundwater Mangystau
region — has been achieved as a result of specific
decisions of the new theoretical problems in the field of
integrated environmental assessments. Quantification
of the additional contribution of oil and gas complex
in the anthropogenic transformation of the status of
groundwater in the Mangistau region, which is 24.55%
higher than the weighted average evaluation of the
impact on all factors, requires the solution of practical
problems of economic support for environmental
measures implementing the principle of “the polluter
pays”.

A welcome detail scale assessment of
anthropogenic transformation of the status of
groundwater. The basis for assessment is the detailed
map of the natural protection of groundwater. The
algorithm that implements a three-tier scale reception
detail the degree of disturbance of groundwater (ie,
the “ready” integrated environmental assessment of
human impact on groundwater) to the standard five-
level scaleitis thatthe contours of each of the five levels
for traditional integrated environmental assessment
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will be determined by how appropriate combination
of color and contour (Table. 1). The procedure for
such a crossing (polygon) is implemented in the Arc
GIS to produce a vector shape files, automatically
storing certain areas of polygons with an indication
of their belonging to the level of exposure Used for
individual and environmental assessments of the
generalized objective function is not understood by
us in the classical mathematical sense — a criterion for
comparing alternatives using different optimization
methods, as well as a function that implements the
purpose of the evaluation — assessment of oil and gas
contribution to the anthropogenic disturbance of the
natural environment.

Here optimization procedure is reduced to
the average point evaluation of each of the five
classes shown in the legend colors, assessed by
conventional in the expert procedure a 10-point
scale, where in accordance with the purpose of
(the level of disturbance of the natural environment
components), maximum points are assigned to the
fifth class, which characterizes the maximum level
of anthropogenic disturbance of the terrain.

Methods of Environmental Engineering from
the standpoint of the general theory of systems and
quantitative information theory made it possible
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to link the completeness of the range of rating
scales (quantization levels in terms of information
theory) with a number of parameters (the effect of
intra-bonds) by calculating the minimum number
of parameters at the desired level of accuracy of
the description by a simple formula of (2.2). Thus,
the problem of objectification of a purely peer
approaches were only in justifying the choice of the
most important factors.

The large number of cartographic material,
summarizing a huge variety of information, in the

form of a series of inventory and evaluation maps
collected in one source — Atlas Mangystau region,
determines the use of these maps for a variety of
environmental challenges.

Employment is one of the results of the
project grant financing of MES RK Ne0589 / GF-4
“Development of a method of expert estimations
objectification contribution of individual sources of
pollution in the territory of the general environmental
situation.” Conducted a similar evaluation of relief,
vegetation and soils.
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