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The goal of this article is to develop a geospatial database for environmental
monitoring of the coastal zone of the Caspian Sea in oil fields areas within the Mangistau
region of Kazakhstan with the use of geographic information systems (GIS). To automate
data processing, predictive and spatial analysis of field research results, an electronic
map of soils conditions of the coastal zone of the Caspian Sea is created in the GIS format
with surveys res-ults applied. The programme information-analytical application
“Monitoring and Analytics”, implemented in a modular type, based on client-server
technology, was developed to this electronic map. As a server to store information about
the results of the field survey of the area, we selected a database management system
(DMS) MS Access, which ensures reliability of the application and adjusts layers of the

electronic map.
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The objective necessity for state
environmental monitoring of coastal soils of the
North-east Caspian Sea zones in areas of oil
companies operation is dueto thefollowing main
factors:

1 I ncreasing anthropogenic pressure on land
resources;

2 Need to allocate anthropogenic changesin
a soil condition on the background of
natural environmental decision-making.

Soil monitoring isaset of activitiessuch
as collection, storage, processing and delivery of
large amounts of diverse information for each

* To whom all correspondence should be addressed.

studied areaof oil fields, located in the coastal zone
of the Caspian Sea (Law, 2007). Theresults of the
monitoring should include information on the
condition of land resources of the studied aress,
necessary for management decision-making inthe
sphere of land matters (Environmental
Requirements, 2005).

Solving these monitoring problemsisvery

difficult without creation of the soils condition
database, that is, an automated information system
(AlS) of land monitoring. The created Al S should
contain all of the aboveinformation that will allow
virtually adopting and implementing correct
environmental decisions.
In this regard, the ever-growing amount of
information on the status and use of land makes
creation of information support for implementation
of state land monitoring especially relevant.
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MATERIALSANDMETHODS

The main source of factual information—
materials of own research on stationary
environmental grounds (SEGs) in the coastal zone
of the Caspian Seain the oil fields areas.

Method of soil sampling and |aboratory
research correspond to the standard practice,
which allows preserving continuity of observations
and makes it possible to compare data with the
results of further studies (Environmental
Monitoring, 2010; Production monitoring, 2013; the
Sate Standard 17.4.3.01-83, the Sate Standard
17.4.4.02-84; the Sate Standard P 8.589-2001).

We used the basic concepts of the geo-
informatics theory and land monitoring, methods
of the systematic approach, comparative analysis
and modern hardware and software.

RESULTS

Soil along with air and water is the
enviro-nment of the natural human habitat with
which it isdirectly connected throughout life.

A special place among manifestations of
anthropogenic impact, in particular on soil of the
coastal zone of the Caspian Sea, belongsto heavy
metals pollution, especially in areas of oil fields
operation.

Nowadays, the scale and level of impact
on the environment during operation of oil fields
technological objects are not known accurately.

In this regard, constant monitoring of
industrial toxic substances con-tent in coastal soils
and their tendency to accumulate is very urgent.

Thisnecessitates scientific substantiation
of thelevel of existing anthropogenic impact and
state of the environment components and
systematic monitoring with the use of GIS and
satellite sensing data (K enzhetagev, et al ., 1986).

In accordance with the work programme
approved by the MES Committee of Science of the
Republic of Kazakhstan, afield study of the coastal
zone of the Caspian Seaat theail fieldsof Kalamkas,
Arman, Karazhanbas, at stationary environmental
grounds (SEGs) was conducted. Monitoring
studies included soil studies.

In the autumn of 2014 at 12 stationary
environmental grounds (SEGs) field research with
soil sampling of the coastal zone of the Caspian
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Sea in the areas of oil fields operation was
conducted in order to determine heavy metals
content in soils (Syrlybekkyzy, et al., 2014).

Table 1 shows the coordinates of
surveyed stations to create a digital prognostic
map. Scheme of monitoring points in the coastal
part of the Mangistau region, made in Maplnfo
Professional 12.0, isshownin Figure 1.

The results of laboratory samples
analysis, processed in MUS “Ecol ogical Research
Laboratory” of the Department of Natural
Resources and Environmental Management of the
Mangistau region (DNRandREM) are showninthe
following diagrams. To analyse changes in soils
heavy metals content, the results obtained in
previous periods of observation are presented in
the diagrams. For 2012 datais given only for the
SEGs, thelocation of which coincideswiththe sites,
where observation was carried out in 2013-2014.
(Kenzhetaev, et al., 2014).

Karanzhabas oil field. The results of
chemical analysis for heavy metal content of the
samples, taken at SEG —1,2,3,4 of the Karazhanbas
oil field thisautumn, show that only the content of
total forms of arsenic exceeds the maximum
permissible concentration (MPC).

Average weighted concentration of this
element inthe 0-20 cm layer thisspring changed in
the range of 4.32-11.2 mg/kg, which corresponds
to 2.4-6.65 MPC. When we considered the content
of arsenicinthe samplesindynamics (Figure2) for
the entire period of observation from 2012,
tendencies demonstrating accumulation of this
element in soils were not found. Relatively high
arsenic content in soils is not associated with
technogenic factors, but it isdueto the composition
and nature of sedimentary soil-forming material
accumulation, that is a provincial feature of this
territory.

Thisisalso confirmed by the fact that the
highest concentrations of arsenic arefound in soil
samples collected in the coastal strip, where the
technogenic impact is insignificant. Weighted
average barium content inthe soil layer 0-20cmin
the autumn of 2014 dlightly exceeded Clark only at
SEGL

At the SEG-2, SEG-3 and SEG-4 barium
content was lower than Clark. In 2012-2013
weighted average of the barium content inthe 0-20
cm layer often exceeded Clark and reached 1310
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mg/kg. The relatively high content of barium in
soils of the coastal strip is a widespread
phenomenon and is associated with a constant
replenishment of soil with hard groundwater, and
at the fields it can increase through leaks of
formation water. Increase in concentration by
autumn is determined by water evaporation from
the soil profile on a hot summer and low
precipitation.

All other determined ingredientswerein
the soil at levelswell below the MPC or Clark same
as in the previous periods of observation. Its
weighted average concentration for the entire
period of observation changed in different
directions. Tendencies of all other ingredients to
accumulate in the coastal soilswere not found.

Background stationary environmental
grounds. In the autumn of 2014 concentrations of
heavy metalsin soils at background grounds were
similar to the concentrations in the spring period
and were approximately at the sameintervalsasat
other stationary environmental grounds SEG.
Weighted average arsenic content in the 0-20 cm
layer at background grounds was 3.93-12.94 mg/
kg (1.9-6.5MPC).

The content of barium ranged from 201.2
mg/kg at the SEG-6 to 685.3 mg/kg at the SEG-5.
Other ingredients were in amounts significantly
below the permissible values. Dynamics of
changes in the concentrations of heavy metals
during the whole observation period is shown in
Figure 3. Asthe diagram shows, the content of the
determined ingredients for the entire period of
observation changed in different directions.

Tendencies showing accumul ation of any
ingredientsin soilswere not identified

At SEG-7, SEG-8, SEG-9 of theArman ail
field in the autumn of 2014 only arsenic content
exceeded the maximum permissiblelevel s of heavy
metalsin soils. Weighted average arsenic content
in the 0-20 cm layer varied in the range
corresponding to the MPC 1.13-1.7 and didn’t
exceed the values of the previous observation
periods.

Weighted average content of barium in
the oil field soil in the autumn of 2014 ranged
between 140-143 mg/kg, and didn’t exceed Clarke
of thiselement in soils, and was lower than in the
previous observation periods.

The content of other heavy metalsin all
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samples taken at the site of the oil field, asin the
autumn of 2014, and in previous observation
periodswassignificantly below permissiblelevels.

Observations on the content of heavy
metalsintheoil field soil from 2012 to 2014 did not
reveal any tendenciesto their accumulation. Inthe
dynamicsof heavy metals content during the study
period thereisasignificant variation in the content
of elements, both in terms of observation periods
and space (according to SEGS) (Figure 4).

TheKaamkasoil field. At the Kalamkas
deposit in the spring of 2014 observations were
conducted at three sites— SEG-10, SEG-11, SEG-
12

Of al the determined ingredients only
arsenic was in concentrations exceeding the
permissiblevalue. Weighted average of thearsenic
content corresponded to 1.37-2.16 MPC, with the
highest concentrations being observed at the SEG-
12, which wasoutside the oil field.

Thisagain suggeststhat the high content
of arsenic is not related to the operation of the oil
field, it exceeded the MPC at all the SEGs and the
highest concentration of arsenic was observed at
SEG-11 (3.6 MPC).

Theother determined ingredientsat SEG
10 and 12 werein amounts significantly below the
permissiblevalues. At SEG 11, located directly on
the Kalamkas oil field, on technogenically
disturbed lands in the spring of this year, it was
observed that the MPC of lead and zinc content
exceeded. Autumn concentrations of these
elements did not exceed the permissible values.

In the dynamics of heavy metal's content
in soilsof the most remote Kalamkas il field over
the study period at the SEG 10 and 12 thereis a
significant variation in the content of heavy metals
in soils by the observation periods. Tendencies
showing accumulation of toxic compoundsin soils
were not observed (Figure 4).

On the basis of attribute data, the
electronic map (EM) of the soil condition of the
coastal zone of the Caspian Sea in areas of
Karazhanbas, Kaamkas and Arman oil fieldswas
created with the research results applied.

EM of the soil con-ditioniscreatedinthe
GIS Maplnfo Professional 12.0 format and is
designed to automate data proce-ssing, prognostic
and spatial analysisof results of thefield surveys.
Technology of maintaining the electronic map of
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the soil con-dition includes stages of field surveys

and its post-processing (Tiori, 1985).

At thefield phasewe had visited thefield
with the se-t of measuring equipment, pro-viding
soil sampling and latching loca-tions in the SEG
areas. The obtained samples were transferred to
theMUS" Ecological Research Laboratory” of the
Department of Natural Resources and
Environmental Management of the Mangistau
region (DNRandEM) for analysis. According to
the results of the laboratory stu-dies we formed a
table of the gridded sampling points.

The programme information-analytical
application “Monitoring and Analytics”,
implemented in amod-ular type, based on client-
server technology, was devel oped to thiselectronic
map of the coastal soils condition of the Caspian
Sea. As a server, we used the DBMS Microsoft
Access, which provides data accumulation of the
resultsof field surveys, reliability of the application
and adjustments of the electronic map layers(L urig,
2002).

For automated data loading the database
module has a special function “Import data from
Excel file.” With the help of MS Excel, attribute
tablesto gather information on the main indicators
of soil condition were created (heavy metals content
inthesoilsof (HM) for each field (SEG).

The attribute table takes into account:

1 hierarchical levels of organization of the
system fields (areacode + code number of a
facility);

2 nameof theoail field (column B) and database
fields — stationary environmental grounds
SEG (columnC).

As indicators of soil pollution, heavy
metal content for each of the SEGs at the oil fields
wastaken. Databasefields of thetransformed pivot
table contained the following attributes: code
number of SEG monitoring pointson theterritories
of ailfields—Kaamkas, Arman, Karazhanbas, N_ID
(N_1), content of heavy metals: arsenic As ,
cadmium Cd, barium Va _, iron Fe _, nickel Ni _,
mercury Hg , zincZn_, lead Pb_, aluminumAl_,
siliconCr_, vanadiumV_. Thisenabled usto adapt
tables created in Excel for further binding to the
soil pollution electronic map of thefields.

All data, whichisstored inthetables, are
of two types: numeric and textual. Besides, all of
the cells of the table store one value. To exclude
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dataredundancy, the normalization procedure was
performed in the created tables to submit datain
the fourth normal form (4NF). The normalization
procedure is sufficient for real databases, and
eliminates|ogic dataredundancy. This meansthat
itispossibleto moveto thefinal stage of thedesign

— development of physical models and software

analytical applications to the soil condition

electronic map of the coastal zone (Koshkarev,

1997).

This step is based on selectingaDBMS,
inwhich physical implementation of the database
will occur (DB). Wereviewed the most widely used
DBMSsuchasOracle, IBM DB2, Microsoft SQL
Server, Informix and MSAccess. (Burrogh, et al.,
1999).

Based on the analysis of the previous
experience of creating Gl Sto assessthe ecological
status of the rapidly developing areas as a
software-tool environment for development of a
physical model of the database, we selected DBMS
M SA ccess, which has several advantages, namely
GIS(WebServer, 2013):

1 It is easy to learn how to work with the
DBMS.

2 No cost for purchasing a separate software-
tool kit, asit isincluded in the standard set
of Microsoft Office.

3 Highreliability of the application.

4, A possibility to use the devel oped database
both locally and together with multiple
users.

Automated data loading in the database
module is performed through a special function
“Import data from Excel file". This enabled usto
adapt Excel tables for further binding to the soil
pollution electronic map. Then this file was
imported into the Ms Access programme, while
the key was not created, since it is not
recommended.

Working with datafrom other sourcesin
Access is easy. First, one needs to run the
Microsoft Access programmeitself. Inthe Access
applicationinthe"External Data” tabinthe“Import
and binding” group, one needs to select a
command for the type of file, which needs to be
imported. Click “Excel”. If thereisno desired type
of programmeinthe group, click “More options’.

If you cannot find the format type in the
“Import” group, you may need to run aprogramme
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that created this data, and then save the datain a
common format file (for example, inadelimited text
file) in the programme before importing the data
into Access.

In the dialog box “External Data” click
“Browse” to locate the file of the data source, or
enter afull path tothedatasourceinthefield“File
name” . Select the desired parameter in the section
“Specify when and where to save the datain the
current database” (all programmes allow you to
import data, but some programmes also support
adding and data binding).

Onthelast pageclick “Finish”. Whenyou
import objects or during binding tables from an
Accessdatabase, adialogue box “Import Objects’

or “Link Tables’ open. Select the items you want
andclick “OK”.

The exact sequence of steps depends on
the data processing method: import, addition or
binding (Arsky, 1992).

If you plan to perform this import
operation again later, click “ Saveimport steps’ and
enter the details.

The MsAccess programme allowsyou to
convert thistable to the dbf format for subsequent
binding of table datato ashapefile of the electronic
map of the study area. Binding of tabular datato a
shapefileisperformed by theattributeN_ID (N_1).
Then necessary changes are made in the created
shapefile (Krygier, 2005).

Table 1. Coordinates of stationary environmental grounds (SEG)

SEG Oil field Coordinates
Longitude Latitude
Plan Fact Plan Fact

1 Karazhanbas 51°15'41.8032 51°16'03,6" 45°8'51.306 45°08'56.8"
2 Karazhanbas 51°16'37.38 51°16'32.3" 45°8'49.6608 45°08'51.4"
3 Karazhanbas 51°17'49.2108 51°17'48.0" 45°8'49.4772 45°08' 36.5"
4 Karazhanbas 51°16’'33.204 51'16'35.10 45°7'48.9144 45°7'47.10
5 Background 51°16' 14.6676 51'16'14.7 45°6’ 25.866 45°06'25.9
6 Background 51°29'52.5156 51°29'43.9" 45°18' 24.3396 45°18'35.7"
7 Background 51°41'42.3168 51°44'19.1" 45°22'51.1248 45°22'39.3"
8 Arman 51°44'58.5132 51°45'11.5" 45°24' 43.6176 45°24'30.7"
9 Arman 51°45'22.464 51°45'36.1" 45°24'5.5548 45°24'01.3"
10 Kalamkas 51°55'3.0036 51°55'35.6" 45°25'0.2784 45°25'03.5"
11 Kalamkas 51°55'3.8712 51°55'17.8 45°23'21.8796 45°23'28.5
12 Background 52°9'2.5416 52°07'55.6 45°21'27.7524 45°21'59.5

Caspian Sea
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Fig. 1. Diagram of monitoring pointsin the coastal area of the Mangistau
region (made in the Maplnfo Professional 12.0 environment)
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Asaresult of the studiesin 2012-2014, it
was found that significant fluctuations in oil
content in soils of the studied stationary
environmental grounds (SEG) are due to the fact
that this type of pollution is of “patchy” nature
and during sampling even a slight offset from the
sampling point may lead to mismatch between the
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test results. In this regard, when developing the
electronic map, taking this factor into account, at
each SEG withinaparticular ail fieldinthe Caspian
Seacoastal area, we provided coordinate thematic
layers “sampling points’ from the vector map of
the corresponding area.

This will determine the areas with the

—
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Fig. 2. Dynamics of heavy metals content in soils of the Karazhanbas ail field (SEG-1,2,3,4)
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Fig. 3. Dynamics of heavy metals content in
soils of the background grounds (SEG 5-6)

characteristics of “patchy” oil pollution, and
fixation of coordinate sampling pointsand display
of these points sequence will provide the desired
accuracy of the results of the research analysis
(Laykinand others, 2008). Inthisregard, we perform
all the necessary steps to edit attributes of the
layer. Asfor the thematic layer “ soil degradation”
in the programme Maplnfo Professional 12.0 a
colour file, corresponding to the content gradation
of each of the indicators of heavy metals content
according to the monitoring results (Tikunov, et
al., 2008).

Fig. 4. Dynamics of heavy metals content in soils of the SEG of Arman and Kalamkas
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DISCUSSION

In assessing the heavy metals content
and total hydrocarbons in soils, we adopted
M aximum Permissible Concentration (MPC) vaues
of pollutants in soils as evaluation criteria
(Standards of maximum permissible ...., 2004;
Ecological requirements ...., 2005 and RRD
03.7.0.6.06- 96 I nstructions for implementation of
..., 1996). It was observed that on al the territory
the content of arsenic exceeded the maximum
permissible concentrations of elements in soils.
The fact that the arsenic content exceeds the
maximum permissible concentrationsisnot dueto
technogenic soil pollution, but due to natural
processes and methodological issues of
calculating the MPC. M PC adopted in Kazakhstan,
for Arsenic amounts to 2.0 mg/kg (Norms of
maximum permissible concentrations ..., 2004),
which isbelow its average content in soils.

Therefore, assessment of this element
content in soils should be conducted in
comparison to its content on the background
grounds. At the background grounds the arsenic
content also exceeds MPC and isat the samelevel
or even higher than its content on the territory of
the ail fields. On this basis, it can be stated that
the high content of arsenic is due to natural
processes of accumulation and migration of
substances and is due to geochemical
characteristics of the territory. In soils of the
surveyed area an increased content of barium is
noted, in some casesit exceeds Clark severa times.
Increased content of barium can be associated with
hard groundwater in the modern coastal plain and
with groundwater losses at the oil fields. In 2012-
2013 content of total forms of such elements as
copper, mercury, lead, cadmium and zinc in soils
did not exceed the maximum permissible
concentrations in any of the taken samples.

Inthe spring of 2014 at the SEG-11, which
islocated directly at the field on disturbed lands,
excessof lead content 1.33MPC and zinc1.10 MPC
was found. In the samples taken in the autumn of
2014 all the determined el ements except for arsenic
werewithin the permissiblerange.

Tendencies to accumulation of heavy
metals in soils, according to the results of
observations of 2012-2013 at most of SEGs were
not identified. Visual observations and laboratory
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determination of total hydrocarbons content in

soils showed inhomogeneous distribution in

space. At thewellsand other technol ogical objects
there are small patches of oil pollution.

At most of the fields and in areas of the
background grounds there is no soil pollution by
oil. However, at thefieldslarge areaswith historic
oil pollution were visually identified. Pollutionis
usually of mosaic character, in small patchesinthe
areaof oil fields.

To create and maintain adatabank of the
soil condition of the coastal zone of the Caspian
Seainareasof theoil fieldsArman, Kalamkasand
Karazhanbas it was necessary to pass several
successive stages.

1 Theoriginal stage— creation of an electronic
archiveof raster fileimagesof theecological
monitoring of the study area.

2 Receiving an electronic vectorized map of
the study area fields and its division by
territories of the ailfields, according to the
codes “Instructions ... to create aland use
databank (DB) of the Mangistau region of
Kazakhstan”.

3 Comparison and correction of maps field
contours fields of farm boundary
adjustment FBA with the modern
configuration an el ectronic vectorized map.

4, Filling the databank by the main indicators
of soil condition of the coastal zone of the
Caspian Seafor al rounds of the ecological
survey on paper.

5. Creation of an electronic version of a data
bank using Excel in MSAccess.

6. Import of the electronic database into the
programme module Maplnfo Professional
120

7. Creation of a “sampling points’ thematic
layer inthe areas of SEGs.

8 Creating colour layers by the main
indicatorsof soil pollution with heavy metals
inall rounds of ecological monitoring of the
coastal zone of the Caspian Seain areas of
the oil fields within the Mangistau region
of Kazakhstan.

Conclusion of thescientificarticle

Based on theresults of the geo-ecological
problemsresearch, related to anthropogenicimpact
of theoil fields activity on soils of the coastal zone
of the Caspian Sea within the Mangistau region,
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the following scientifically substantiated results

were obtained (Report on the scientific research,

2014):

1 based on the results of ground-based field
studies of the coastal zone of the Caspian
Sea within the Mangistau region at the ail
fields of Kalamkas, Arman, Karazhambas,
and theresults of laboratory analysis of soil
samples, we made tables and diagrams of
indicators of gridded sampling points;

2 we obtained and arranged the results of
ecological monitoring of soil pollution with
heavy metals of the coastal zone of the
Caspian Seain areasof theoil fieldsfor the
subsequent creation of the database (DB),
with import of data into the module
"Monitoring and Analytics" from the Excel
file

3 we created the GIS format electronic
prognostic map of the soil condition of the
coastal zone of the Caspian Seain the oil
fields areas by the value of the total index
of soil pollution in each of the surveyed
stationary environmental grounds (SEG)
within the Mangistau region.

As information technologies primarily
serve to conserve resources by finding and then
using information to improve the efficiency of
human activity, the purpose of developing the soils
condition database of the coastal zone of the
Caspia-n Sea — concentration of accumulated
research, updating existing databases and as a
consequence — competent and effective use of
funds, assigned for enviro-nmental protection.
Thanks to information systems, environmental
control will be more effective. In thisregards, the
soils condition electronic map of the coastal zone
of the Caspian Sea of oil fields areas was created
withall theresults of ecologica monitoring applied.
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