UNDERWATER ARCHAEOLOGICAL SURVEYS

Application of geophysical prospecting methods
for the purposes of underwater archaeological
research in the Black Sea
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Durankulak Like and shallow sea
Bathymetry.

South Stream
Bathymetry Multi-beam, Magnetic/Gradient,
Side Scan, Sub-Bottom and Electrical survey.

Pomorie 2 areas.
Bathymetry Multi-beam, Side Scan, Sub-
Bottom and Electrical survey.

Chernomoretz
Bathymetry Multi-beam, Side Scan, Sub-
Bottom and Electrical survey.

Sozopol
Bathymetry Multi-beam, Side Scan, Sub-
Bottom and Electrical survey.

Ropotamo-Primorsko-Kiten-Oazis
Bathymetrical, LiDAR, side scan and sub-
bottom.

Ahtopol - Silistar
Bathymetrical, side scan.
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RESEARCH METHODOLOGY

The systematic remote-sensing
investigation conducted by CUA on several
sites was designed to provide accurate location
and reliable identitication of potentially
significant targets, as well as assessment, and
documentation of submerged cultural
resources in the study areas.

Considering the limitations of each single
geophysical prospecting method, a set of
magnetic, acoustic and electric remote-sensin
equipment was employed for the purposes o
the survey.

CENTRE FOR UNDERWATER ARCHAEOLOGY,
K.Velkovsky, L. Trendafilova



EQUIPMENT USED:

. Side scan sonar as an imaging system for acquisition of data about the
character of the sea bottom and for locating sites/objects of potential cultural
value;

. Single-beam echo sounder - as a back-up control system for depth
measurement, as well as for data acquisition in areas, where other methods
cannot be applied,;

. Multi-Beam echo sounder - for the development of Digital Terrain Models;

. Sub-bottom profiler — for obtaining vertical sections of sediment layers;

. Four DGPS systems - for heading and positioning;




9.

Marine acquisition 10 channels resistivity-meter of a “dipole-dipole array” type;
with a tow cable with 5 m electrode spacing, and a symmetrical Schlumberger
scheme with maximal electrode spacing of 100 m for land measurements;

Magnetometer/gradiometer for conducting of magnetic and magnetic gradient
survey for locating magnetic anomalies caused by metal objects of different size;

Supporting computer systems with the relevant sof tware for data acquisition and
post-processing.

Metal detector with different coils;

10.Video and camera equipment (tow & drop camera, ROV, still camera);

11. Diving equipment — surface supply and scuba.
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Side scan sonar as an imaging system for acquisition of data about the
character of the sea bottom and for locating sites/objects of potential
cultural value

Power Supply
(choose from AC or DC source)

Your PC/Laptop

Top Box
Electronics
Module

Transducer Head
& Mounting Bracket

SIDE SCAN SONAR, STARFISH 450H,
TRITECH CO. UK
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Multi-beam echo sounder — for the development of Bat  hymetric Charts and Digital
Terrain Models ;

positionning antenna
T (dops)

Survey vessel
"ﬂ?_ 3 i
muit beam ;

acoustic signal
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Single-beam echo sounder — as a back-up control syst  em for depth measurement,
as well as for data acquisition in areas, where oth  er methods cannot be applied

mutt beam
-;"LL'L acoustic signal
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Sub-Bottom Profiler — for receiving a vertical section of the sea bottom.

Survey vesscl

SUB BOTTOM
PROFILER SES-
2000, INNOMAR
TECHNOLOGIE
GMBH

Acousts wave
paths




a “dipole-dipole array” type;
symmetrical Schlumberger
land measurements

Marine acquisition 10 channels resistivity-meter of
with a tow cable with 5 m electrode spacing, and a
scheme with maximal electrode spacing of 100 m for
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Magnetometer/gradiometer for conducting of magnetic and magnetic gradient
survey for locating magnetic anomalies caused by me tal objects of different size

| G-882TVG CESIUM MAGNETOMETER & TRANSVERSE
| GRADIOMETER
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Up to four DGPS systems — for heading and positionin g

GA530 antenna

GA530 antenna

Antenna cable
P/N 58957-05

Antenna cable
P/N 58957-05

Cable
P/N 65791-00

DE9 plugs for
Serial 2, Serial 3, SEssiniconnactor
and 1PPS P

RJ45 plug for Ethernet
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8. Supporting computer systems with the relevant so

Principal block
scheme of the
device
connections

and post-processing

ftware for data acquisition
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SENSOR INSTALLATION
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9. Metal detector with different coils

Pulse 8X
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Video and camera equipment (tow & drop camera, ROV,  still camera)

TOV-1 Camera

Video Recorder and Monitor
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11. Diving equipment — surface supply and scuba

|

5

CENTRE FOR UNDERWATER ARCHAEOLOGY,
K.Velkovsky, L. Trendafilova




W 11/23/2014 13:49:40
Diving equipment — surface
supply and scuba
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MOMENTS IN ACTION
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EQUIPMENT IN ACTION
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OTHER MOMENTS
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SIDE SCAN SONAR SURVEY
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SIDE SCAN SONAR SURVEY

PR, Prolimigry ek Py CHART 14: SIDE SCAN SONAR MOSAIC (STAGE 01 DATA)
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CHART 14: SIDE SCAN SONAR MOSAIC (STAGE 01 DATA) .
DATA COLLECTED BY | CENTER FOR UNDERWATER ARCHAEOLOGY, Sozopol, Bulgaria
s || SURVEY AREA | South Stream Pipsline Route mess
SURVEY DATE | 17. April - 09 November 2014 B
o || SURVEY VESSEL RV NOMAD / CUA boat 2 < 3 5 . 5 Lt
ACQUISITION SYSTEMUSED | ODOM MB1 multibeam system, Teledyne Odom Hydrographic Avrea 310, banned for mooring, for fishing with bottom gear, for underwater and dragging works and for underwater blasts -
SES 2000 sub-bottom sediment profiler, Innomar Technologie GmbH "Galata” Pipeline S
StarFish 450H, Tritech Co. UK —  "South Stream” Pipelines Multibeam planned survey track lines SR
G-882TVG CESIUM MAGNETOMETER & TRANSVERSE GRADIOMETER "Pasha Dere" Coastline Magnetic and Sub-bottom Profiler planned survey track lines
- Marine acquisition 10 channels SysCal Pro L IRIS Marine safety zone 2x500 m. Multibeam surveyed track lines + + + o
GPS DGPS, Trimble SPSx61 2xHead, Trimble T CUA Survey Zone Magnetometer/gradiometer surveyed track lines
o || GEODETIC DATUM | wes a4 Sub-area Sub-bottom surveyed track lines K s p—
MAP PROJECTION | 'UTM Zone 35T Targels: SfSS I Point object / Magnetic anomaly Single bearrg E.cr}n sounder surveyed track lines . L
veun || PREPARED BY [ KVelkovaky/ L s Igs:ll:ﬂe of ;“ : survey i Electric Resistivity surveyed track lines i . . 7 . s Ll
APPROVED BY TH. Angolova alata pipeline position as measures ;
emus || DATE: | December 2014 . -
B e wm wmm | aem ew o wmw mem wew  sw i e e e me a e e e R me M me omn o o e e e B
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SIDE SCAN SONAR SURVEY - TARGETS
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SIDE SCAN SONAR SURVEY - TARGETS
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SIDE SCAN SONAR SURVEY - TARGETS
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SIDE SCAN SONAR SURVEY - TARGETS
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SIDE SCAN & MULTIBEAM SURVEY
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MULTIBEAM SURVEY - Pasha Dere@Varna

Frolact; PRlimkiey Howthors P CHART 23: TERRAIN MODEL AND ALL SELECTED TARGETS
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CHART 23: TERRAIN MODEL AND ALL SELECTED TARGETS iz
steenm . sl amesn
/
DATA COLLECTED BY CENTER FOR UNDERWATER ARCHAEOLOGY, Sozopol, Bulgaria L i
s || SURVEY AREA South Stream Pipeline Route i o
SURVEY DATE 17. April - 09 November 2014 = =
oo || SURVEY VESSEL RV NOMAD / CUA boat Legend: o < g : ) e
ACQUISITION SYSTEMUSED | ODOM MB1 multibeam system, Teledyne Odom Hydrographic — - — - — Area 310, banned for mooring, for fishing with bottom gear, for underwater and dragging works and for underwater blasts b
SES 2000 sub-bottom sediment profiler, Innomar Technologie GmbH "Galata” Pipeline T
| StarFish 450H, Tritech Co. UK —  "South Stream” Pipelines Multibeam planned survey track lines Fis
G-882TVG CESIUM MAGNETOMETER & TRANSVERSE GRADIOMETER "Pasha Dere" Coastline Magnetic and Sub-bottom Profiler planned survey track lines N
—— Marine acquisition 10 channels SysCal Pro resistivity-meter, IRIS Instruments | | === ---o-- Marine safety zone 2x500 m. Multibeam surveyed track lines + o
GPS DGPS, Trimble SPSx6 e CUA Survey Zone Magnetometer/gradiometer surveyed track lines
v (| GEODETIC DATUM Wes 84 —Areall _ gyp-area Sub-bottom surveyed track lines ’ .~ ol
“MAP PROJECTION UTM Zone 35T i ia ¢ g Targels: 8s8s/ POiI:\( abject / Magnetic anomaly Single bearr! ecrfn sounder surveyed track lines K S .
vu || PREPARED BY K.Velkovsiy /L. TDEmav Igs:ll:ﬂe of Ei % survey i Electric Resistivity surveyed track lines y . . ; . ey Ll
APPROVED BY H. Angelova alata pipeline position as measure ;
emus || DATE: December 2014 . -

Geodulc datum; WGSH, Map projection: UTM. Zana 35N

Center fo Undarwaler Archaseiogy, Suzopol, Decermiber 2014
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MULTIBEAM SURVEY - Pasha Dere@Varna / 3D Digital Terr ain Model
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MULTIBEAM SURVEY — Pomorie #01
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MULTIBEAM SURVEY — Chernomorets

Mpwcranmue Yepuomopey - 2014
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MULTIBEAM & LIDAR SURVEY - Kiten
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SUB-BOTTOM SURVEY - Kiten
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SUB-BOTTOM SURVEY - Kiten

309143543m  Y:  516547156m

CENTRE FOR UNDERWATER ARCHAEOLOGY,
K.Velkovsky, L. Trendafilova



SUB-BOTTOM SURVEY - Sozopol
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SUB-BOTTOM SURVEY — Sozopol / reconstruction of the p  alaeo-terrain by sub-bottom data
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Electro-resistivity Survey — Pasha Dere @ Varna
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o || SURVEY VESSEL RV NOMAD / CUA boat . . : . o
ACQUISITION SYSTEMUSED | ODOM MB1 multibeam system, Teledyne Odorn Hydrographic L s v
SES 2000 sub-bottom sediment profier, Innomar Technoiogie GmbH egend:
s Starfish 450H, Tritech Co. UK —————— 'Galata” Pipeline e
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Complex interpretation Electricaln&Sub-Bottom data — Pasha Dere @ Varna

Project: Preliminary A hogicat F of the M h Aguatoria — Pasha Dere within the Bulgarian Internal Waters and Termitorial Sea
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PROFILER SURVEYS
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Electro-resistivity Survey — Pomorie #01

== pi ™ o e
0 400 600 800 1000 1200 1400
[bmKMHa B NMUHERHW M. o npoduna

Line 15

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
0 I I I I I | | I I | |

-5

-10

-
1200 1400 1600

[bmKMHa B MUHERHW M. no npoduna

Line 16

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
[brxvHa B IMHENHW M. no npoduna

2400

2400

2600

2600

2600



Electro-resistivity Survey — Pomorie #01

BepTukaneH paspes Ha MHTEPNpeTUpaHu AaHHK OT reo-enekTpudecko npocdunupate no Mpodun 1.
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Magnetic & Magnetic Gradient Survey — Pasha Dere @ Va rna

Projact: Preliminary Hagrilers, P CHART 25: MAP OF ALL TARGETS COMPARED TO LOCAL MAGNETIC FIELD
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CHART 25: MAP OF ALL TARGETS COMPARED TO LOCAL MAGNETIC FIELD
DATA COLLECTED BY | CENTER FOR UNDERWATER ARCHAEOLOGY. Sozopol, Bulgaria
SURVEY AREA South Stream Pipaline Route
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