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INTEGRATED GEODATABASE FOR THE COASTAL ZONE BETWEEN SOZOPOL AND
TSAREVO (SOUTH BULGARIAN BLACK SEA COAST)

Bogdan Prodanov’, Lyubomir Dimitrov!, Valentina Doncheva’, Todor Lambev’
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ABSTRACT. For a complex study and interpretation of the geological conditions in the southern Bulgarian coastal zone between towns of Sozopol and Tsarevo, it
was necessary to combine a wide spectrum of data. The creation of an integrated GIS database was the initial stage preceding a complex analysis of the coastal
zone. For the purpose seabed data was used, collected by innovative remote sensing methods as multi-beam echo-sounding, mapping by SeaBat 7111 Multibeam
Echosounder System (MBES) with 100% coverage of the surveyed area, side-scan imaging, LIDAR and autonomous unmanned system for 3D mapping. Primary
sedimentological analyses of 625 sedimentary samples were presented as well as the lithology of the bottom sediments which was brought into a unified classification
system (Folk 7 classes). A contemporary shoreline was digitized at a scale 1: 5 000 from airborne orthophoto images with accuracy 0.5 m. Digital models of the
seabed and terrestrial relief were generated with an optimal horizontal resolution of 3 m and 30 m respectively. All sedimentary samples, sonar mosaics, terrain
models and orthophoto mosaics were analyzed in GIS environment and combined into an integrated database. The information was divided into three main types of
data: vector type data, raster elements and digital terrain models (DTM). Combining data of the shelf from contemporary surveys with modern technology and archival
material from the Science Fund of the Institute of Oceanology "Fridtjof Nansen" into integral geodatabase allowed us to make a comprehensive study of the
geomorphological setting and lithology of the seabed in the coastal zone between towns of Sozopol and Tsarevo.
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WHTErPAJTHA FEO-BA3A [IAHHU 3A BPEFOBATA 30HA MEXAY CO30MOn U LAPEBO (KOXXHO BBNTAPCKO
YEPHOMOPME)

BbozdaH lMpodaros, Jllo6omup Jumumpos, Banenmura [oH4ega, Todop Jlambes

WHemumym no okeaHonoaus "®pumsog HarceH", brnizapcka akademusi Ha Haykume, 9000 BapHa, bprodanov@io-bas.bg

PE3IOME. 3a KoMnnekcHoTO M3yyaBaHe 1 WHTeprpeTaLus Ha reonoro-reoMopdonoxkute ycrosns B Gperosata 3oHa B toxHobbArapckara bperosa 3oHa mexay
rp.Cosonon v rp.LlapeBo e HyxHO KOMOWHWpaHETO Ha LWMPOK CMeKkTbp OT AaHHM. CbagaBaHeTo Ha WHTerpanHa MMC-6asa AaHHM Ge MbpBOHAYANHMAT eTan,
NpeALIecTBaLly KOMMNEKCHUs aHanua Ha Gperoata 3oHa. M3non3BaHu ca [aHHW 338 MOPCKOTO [AbHO OT MHOBATMBHM [AMCTAHLMOHHM METOAW Ha W3CnefBaHe:
kapTupaHe C MHOrombyeBa coHapHa cuctema (MCC) Seabat'7111 ¢ 100% nokpuTie, 3acHemaHe ¢ nokaTop 3a cTpaHuyeH 063op, LIDAR n aBToHoMHa BesnunoTHa
cuctema 3a 3D KkapTupaHe, KakTo 1 JaHHW OT efHOMbYEBO exonoTipaHe. 3a 625 CeaMMEHTHM CTaHLWM, ca NPeACTaBEeHN MbPBIYHUTE CEAUMEHTONOXKN aHanuau,
KakTo M MUTONOXKOTO OMMUCaHME Ha AbHHUTE CEAVMEHTW, KOSTO € NpuBedeHa B eAMHHA KnacudukaumoHHa cucTema no ®onk 7knaca. AurntanuavpaHa e
cbBpemeHHa BogHa nuHust B M 1:5 000 ot opTochoTo naobpaxerus ¢ TouHocT 0,5 m. MeHepupaHu ca umdpoBr Mogenu Ha peneda 3a MOPCKOTO ABHO U cyliaTa ¢
ONTUManHa Xopu3oHTanHa pesomniouys oT 3 m u 30m CboTBETHO. BCUukM CefnMeHTHU Mpobu, COHApHM MO3aiki, TEPEHHU MOAENM M OpTO(OTO MO3aiiku ca
aHanuanpanu B MNC cpepa v ca obeanHeHn B HTerpanHa 6asa faHHW. VHdopMaLmsiTa e nofeneHa Ha TP OCHOBHYW TUNA AaHHW: BEKTOPHW, PACTEPHMU W TEPEHHM
mopenn. CbyeTaBaHeTo Ha fJaHHu 3a Lwenda OT CbBPEMEHHI M3CMeaBaHNs C MOAEPHN TEXHOMOTM W (haKTMYECK MaTepuanu OT HayyHus (oHa Ha MHcTuTyTa no
okeaHonorus ,®putbod HaHceH” B wHTErpanHa reo-6asa AaHHU HU MO3BONM AETAWHO M3crefBaHe Ha ObHHUS CEAMMEHT M reoMOpgONoXKATE YCMOBUS B
6peroBata 30Ha mexay rp.Cosonon u rp. Liapeso.

KniouoBm gymu: Bunirapcko YepHomopue, 6perosa 3oHa, cy6eTpart, MHOTobYeBa CoHapHa cucTema, reorpadicka MHGhOPMaLMOHHN CUCTEMM

Introduction fauna, as well as planning and management of biological and
mineral resources and different types of seabed engineering

The European Habitats Directive, Water Framework activities, it is necessary to apply innovative research methods

Directive and Marine Strategy Framework Directive require  With the possibility for a large-scale presentation of available
complex mapping of the terrestrial and marine areas of each information.

European country. In order to facilitate the integrated

management of marine environment and to optimize maritime The relief forms in the coastal zone often exhibit highly
spatial planning it is necessary to improve our knowledge of dynamic character as a result of the surrounding environment
the seabed. A major drawback is the lack of Systematic survey and natural processes. The impaCt of waves, tideS, river inﬂOW,
and comprehensive study of the Bulgarian Black Sea sector of ~ sea level rise, climate and coastal geology shape their different
the Black Sea. The unprecedented levels of human impact on morphology and spatial distribution. The specific character of
the environment, in particular on the seabed, should the transition between the land and marine environment
automatically raise geological and geomorphologic mapping to supposes a complex analysis of the land processes affecting
a task of national importance. To Study the modern geo|ogica| the marine area. The integration ofa Iarge amount of different
processes and genetic interpretation of the basic types of data from a multi- and single-beam sonar system, side
geomorphological units, spatial distribution of benthic flora and scan sonar, orthophoto imaging and sampling from the surface
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sediment layer allow the creation of an interdisciplinary geo-
database. Its development is the initial step in the
implementation of the project "Seabed mapping of the southern
Bulgarian Black Sea coastal zone for habitat classification”,
funded by the Bulgarian Academy of Sciences (BAS) within the
frame of a Program for Supporting the Young Scientists at
BAS, Project Ne 17-103/28.07.2017. As the project is not
completed, the report will focus on the initial layout of the
available data and start-up results.

Survey Area

The survey area embraces the coastal zone between the
ports of Sozopol and Tsarevo. Geographically, the region is a
part of the southern Bulgarian Black Sea coast, whereas in
geomorphological terms the region falls entirely in front of the
Medni Rid-Strandzha coast (Monos, Muwes, 1984). The
western boundary is the contemporary shoreline with a length
of approximately 90 km. For the correctness of the study, a
terrestrial part which has a significant impact on the coastal
zone is also analysed. More specific is a determination of the
coastal zone - open sea boundary. Based on the title, we
accepted provisionally the 25-meter isobath for delimitation.
According to the Water Framework Directive, the surveyed
marine area falls into the water bodies of BG2BS000C011 and
BG2BS000C012 with wave exposure of the coast ranging from

BLACK SEA
Bulgarian<sector

Exposed, Very Exposed to Extremely Exposed (Valchev et al.,
2014). The area of the plots is approximately 1000 km? (Fig.1).

Data and methods

In 2012 — 2018 the area between Sozopol and Tsarevo was
studied predominantly by the Institute of Oceanology — BAS
and the Centre of Underwater Archaeology — Ministry of
Culture of the Republic of Bulgaria (CUA) for different
purposes:  engineering,  archeological  hydrographic,
environmental monitoring of the bottom, habitat mapping, etc
(Fig.1, 2) Data used in the present study are acquired during
hydrographic surveys performed by Multibeam Sonar System
,SeaBat7111“ , multbeam echosounder ,MB1 Teledyne Odom
Hydrographic®, Side Scan Sonars “StarFish 450H" and ,Klein-
30007, as well as single beam echosounder ,Hydro Star 4300,
as well as sediment samples taken by Van Veen grab
(Assessment Report of Marine Environmental Status, 2013;
Todorova et al., 2015). A high-resolution sonar mosaic in a 16-
Bit rusty colour scheme of the shallowest area south of the
town of Kiten (provided by the CUA) was also used and
combined with the other data (Fig.1, 3). For the verification and
assigning a lithological substrate type to each area with similar
backscatter characteristics, sediment samples taken by Van
Veen grab were analysed (Fig.3).
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Fig. 1. 3D visualisation of the integrated geodatabase (DTM, sediment sampling and sonar mosaics) along Southern Bulgarian Black Sea coast
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The integrated geodatabase is a set of data for the seabed
of the southern Bulgarian coastal zone in front of the Medni
Rid-Strandzha Coast. The data is divided into three basic
types: raster, vector and digital terrain models (DTM).

The raster elements were selected with priority for marine
research. They are a compilation of past studies done before
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Fig. 2. Digital terrain models of the coastal zone
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the year 2000 and retrieved from the archives of the Institute of

Oceanology and they include:

- sonar mosaics of the seabed with high resolution
(Assessment Report of Marine Environmental Status, 2013;
Todorova et al., 2015), some of them kindly provided by the
Center for Underwater Archeology in Sozopol;

- 41 satellite images from Google Earth covering the land
between ports of Sozopol and Tsarevo; high-resolution air
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born orthophoto mosaics captured by an autonomous
unmanned system (Scientific Fund of the Institute of
Oceanology);

1: 5000 topographic maps of the area compiled in the
eighties of the twentieth century (Scientific Fund of the
Institute of Oceanology);

different kind of maps of the coastal zone: morpholitho-
stratigraphic; geological and tectonic; geological and
morphological; bathymetric; morphological and lithological
(Petrova et al, 1992a, b; Kenderova et al., 1999;
Kozhuharov et al., 2010; Bvnues, 2015, Scientific fund of the
Institute of Oceanology);

in addition, some thematic photographic material of
geological formations, phenomena and others were
incorporated in the database for more complex interpretation
of coastal geology and morphology (Xenes n gp., 2012,
Xenes, Bvnues, 2013, 2015, Xenes, 2014, Bunues, 2015).

The vector type data include point, line and polygon which
were produced by processing of DTMs, digitization of the
available raster materials and geological sampling:

- for detailed tracking of coastal formations, a shoreline in
scale 1: 5000 was digitalized;

- from the map material, various elements of the geological
base were digitalized: geological, morpho-lithostratigraphic,
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geological-tectonic, geomorphological, morphological and

lithological units;

- from the sonar mosaics, the varieties according to physical
characteristics of the seabed were outlined.

An essential part belonged to the large number of sediment
sampling stations. 625 samples were unified according to
different globally accepted classification systems of marine
sediments (Assessment Report of Marine Environmental
Status, 2013). The present-day practice of sediment study
shows that depending on the needs (geoengineering,
environmental or habitat mapping), in addition to Bulgarian
state standard (B[IC) 2761-86 (BAC, 1987), the sediment has
to be unified according to the globally accepted classifications
of Folk 15 classes (Folk, 1954), Folk 16 classes (Kaskela et al.,
2015) and Wentworth (1922). Using the Gradistat software
(Blott and Pye, 2001) all data were classified in all above-
mentioned class schemes and organized in the database in
such a way to display the preferable class according to the
needs.

Digital terrain models.Based on data from topographic and
bathymetric surveys, three digital terrain models were created:
- the first model covers the coastal zone between the mouth

of Ropotamo River and Lozenets. The data were kindly
provided by the Center for Underwater Archeology (Project
E/701/08 Bulgarian Black Sea bathymetric LIiDAR, 2009);
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Fig.3. Integrating different types of data sets (digital terrain model, sonar mosaic, physical varieties and sediment samplles) for seabed sediment

classification
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Fig. 4. Seabed substrate map (Folk 7 classes) of Primorsko coastal zone, South Bulgarian coast

- bathymetric terrain models have also been generated at
depths between 7 m and 30 m and between 30 m and 55
m with a resolution of 3 m (Todorova et al., 2015);

- by combining topography maps of 1: 5000 scale and 3
ASTER GDEM, bathymetric contours with depth interval of
one meter, a digital terrain model with a resolution of 30 m
was created for both terrestrial and marine parts of the
coastal zone where no sounding data exist.

Initial results

Initially available data about seabed substrate were
classified after Wentworth size class scheme (Wentworth,
1922), Folk 16 classes (Folk, 1954), Blott and Pye (2001) and
BAC 676 (BAC, 1987) sediment grain size classifications,
which enforced a comparison analysis. Discrepancies in grain
size classes were established which led to a unification of the
sediment data in the above-mentioned classifications. Figure 3
shows the application of the integrated database in the layout
of the substrate map. The DTM allowed extraction of
bathymetric contours at every 0.5 m for high accuracy
bathymetric maps of the coastal zone. The sonar mosaics
which represent the intensity of bottom sediments reflectivity
were used to identify and outline seabed physical varieties.
The lithology of these varieties was determined by means of
verification using sedimentological data (Fig.3, 4).

Using a combination of different database layers a map of
interest can be produced on a scale up to 1:5000. An example
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is given on Figure 4 - seabed substrate map which can be
used for additional habitat characterization.

Conclusions and challenges

The initial results of the integration of the database
completely follow the concept set up in the project “Seabed
mapping of the southern Bulgarian Black Sea coastal zone for
habitat classification”. The research demonstrates the
effectiveness of multidisciplinary approaches to mapping and
studying seabed morphology and geospatial distribution of the
seabed substrate. The combination of high-resolution
geophysical mapping of the seabed by multi-beam echo-
sounder and side-scan sonar, supported by sediment sampling
and video recording allowed drawing of precise large-scale
sediment maps of the coastal zone of Primorsko. As a result of
the conducted research the following results were achieved:

1. Adigital terrain model was developed for the coastal zone
between Sozopol and Tsarevo with a horizontal resolution
of 30 m;

2. Using the Gradistat software (Blott and Pye, 2001), 625
geological stations were unified according to globally
accepted classification systems Folk (Folk, 1954) and
Wentworth (Wentworth, 1922);;

3. An initial substrate map of the seabed of Primorsko
coastal zone was made using Folk 7 classes.

The main goal, also outlined in the title of the project, is to
map the seabed substrate (Folk 16 classes) as a geological
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basis for determination of submarine habitats by integrating
data from remote, geological and sedimentological surveys. It
will be achieved through achieving the following objectives:
creating an initial database of archive data in GIS environment
that will be complemented by up-to-date geospatial data on
coastal relief, underwater slope and new sediment data; based
on the already summarized geospatial information the
boundaries of the main lithological types in the studied area will
be established and geomorphological and lithological maps of
the coastal zone will be produced, which will be a basis for
subsequent extraction of information about the natural habitats.

The results, apart from the benefit for the geological study of
the Bulgarian continental shelf and the mapping of habitats,
present a geodatabase which would be useful in solving future
engineering, geological and geophysical tasks and
implementing management plans for the Bulgarian Black Sea
sector. The realization of such an interdisciplinary project will
be a significant contribution to the activity of the Bulgarian
Academy of Sciences which main goal is a gradual
comprehensive study of the whole Bulgarian Black Sea sector.
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research project ,Seabed mapping of the southern Bulgarian Black
Sea coastal zone for habitat classification” funded by Bulgarian
Academy of Sciences in the frame of "Program to support young
scientists at BAS", Project Ne 17-103/28.07.2017.
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