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LIST OF ABBREVIATIONS

Hungary
ABBR. Abbreviation
OMSZz Hungarian Meteorological Service
oVIsz National Water Management IT Service
WMO World Meteorological Organization
KvVM Ministry of Environment and Water
Serbia

European Agreement on Main Inland Waterways of International
AGN Importance
FDI Foreign direct investments
GDP Gross Domstic Product
GOS Global Observation System
GTS Global Telecommunications System
HS DTD Hydro System DTD
ICPDR International Commission for the Protection of the Danube River
IMF International Monetary Fund
IWW Inland waterways
MMS Main Meteorologic&Stations
MOSS Meteorological Observation System of Serbia
RHMZ Republic Hydrometeorological Service of Serbia
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uTC Coordinated Universal Time

WMO World Meteorological Organization

Bulgaria

TRACECA Transport Corridor Europ€aucasug\sia

GDP GrossDomestic Product

NIMH National Institute of Meteorology and Hydrology
IPCC

DGPS

Romania

ABBR. Abbreviation

AFDJ River Administration OF the Lower Danube
DXF Drawing exchange format (data file forrr@titodesk)
DC DanubeCommission

DGPS Differertial GlobalPositioningSystem

RIS River Information Services

WGS World Geodetic System
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1 SCOPE OF DOCUMENT

The purpose of this document is to describe the main tasks of the hydrographical
departmentin waterway management comp#s within the project It contains information
about surveying activities, measurement equipmeanid interval of measurements, data
processing and management.

Content of the document has been focused on hydrographical measuremets in
participating countries, general overview ourrent activities, collecting of data, evaluation,
post-processing and providing of the data in agreed format and minimum quality.

Finally the conclusion of the activities, recomendations for improvement of
methodology, definition and checking, if theemsurements have been made according to the
minimum quality standard which was elaborated by the experts from GIS FORUM DANUBE

expert group and sent for approval to Danube Commission.

int fAar ~ - - ~r fi14
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2 HYDROGRAPHICAL MEREMENT& GENERAL INFORMATION

2.1. Austriag geneaal information

¢CKS LYGSNYyFdGA2ylFt | @RNRINFLIKAO hNBFYAT I GA:

of applied science which deals with the measurement and description of the physical features
2F GKS yIFI@A3FIo6tS LIR2NIAZ2Y jgifing fokstl aasNaitiKspecial & dzNJF
NEFSNBYOS G2 GKSANI dzaS F2NJ 0KS LJzN1I2aS 2F yI ¢
The focus of hydrographic work is the measurement and acquisition of all parameters, which
are necessary to describe the constitution and form of the riverbed arddfmamic processes
of open waters.
Main hydrographical tasks are:

A River bed measurements

A Discharge and current measurements

A Terrestrial surveying

A cartography and hydrograplaidata management.

2.1.1. River bed measurements with echsoundersin Austria

Bascally we distinguish two different surveying systems, the sibglem and multi
beam echo sounding system.
In the following some principle advantages and disadvantages of single beam versus multi
beam are given:
a) Singlebeam echo sounder
- Measurements ardinearly in the form of profiles
- Singlebeam measurements are faster and cheaper as rligdm measurements, at
least along shallow water stretches

- Easier handling of data due to smaller amount

PageB of 59
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- Unfavourable distribution of soundings for generating-Bibdels and bathymetric
plans, because of high density along profiles, lack of data between profiles

Assignment:Measurements for the preservation of evidence, Measurements for controlling
RNBSRIAYI LINR2SOGaxzx
b) Multi-beam echo sounder

- t NP RdzOS | o ang li.él @epthsptFensur fidy/cBverage of an area

- Higher expenditure in comparison to sindleam measurements

- Data handling is more sensitive
Assignment for special measurements, for example detecting wrecks or measurements for

river engineering projds, Bridge pier erosion sounding, etc.

2.1.2. Echo sounding equipmenh Austria

Hydrographic surveys are conducted primarily by mobile (transportable on a trailer)
vessels using singleeam or alternatively multibeam sounding systems.

The following tableyives an overview of the echo sounding equipment in Austria.

Vessel Echo sounding system Software Positioning System

Vessel Betgmobile) SB Kongsberg EA 400 (38 KHz, 200 KHz) | QINSy Inshore (Leica GPS530)
(QPS) Leica GPS1200+ (with Glonass),
Tacheometr Leica TCA1100

Vessel Epsilofmobile) | SB Kongsberg EA 400 (38 KHz, 200 KHz) | QINSy Inshore
(QPS)

Vessel Alphgmobile) SB Kongsberg EA 400 (38 KHz, 200 KHz) | QINSy Inshore
(QPS)

MB Kongsberg EM 30D2Dual head) QINSy Survey
(QPS), Qloud (QPY

Vessel Munin or MB Reson SeaBat 8101 (240 KHz); IXSEA | Navisoft Sweep
Vessel 4 Octans (gyro/motion sensor) (Navitronic)

Page9 of 59
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For the positioning of soundings we are provided with Leica GPS530 (base station on
land plus rover station on the vessel) oideeGPS1200+ (with Glonass), which is more reliable
and has a higher accuracy.

In regions where receiving of GBignals is not possible (Bridges), we use the automatic
tacheometer Leica TCA1100 with a 3@@ism. This system works really fast and hasigh h
accuracy, but the range is limited and it can be influenced by atmospheric conditions.

The reference to the vertical datum is done by levelling the water level.
The following error limits are valid for our hydrographic measurements:
Depth accuracyt/- 0.05 m (plus proportionately included depth error)

Positioning accuracy of soundings:- 8:20 m.

2.1.3. Interval of measurementsn Austria

Basically we distinguish between project related measurements, which are mostly limited to a

small area and periodatly recurring measurements of river sections.

a) Periodically measurements for the preservation of evidence
These measurements are primarily made to control and document the changes of the river
bed. It was already mentioned that app. 280 km of the Austi@enube stretch is
impounded. The remaining 70 km are the fié@wing stretches in the Wachau and in the
region east of Vienna to the AustrigBlovakian border. For navigational and measurement
purposes the fredlowing sections are more interesting, becguthe processes in the river
bed are more dynamic. Along the Danube stretch 14 working stretches for river bed
measurements (see figure 7) are defined. The river bed is usually measured by standard
singlebeam echo sounders in the form of cross profilathva 50 mdistance between the
profiles. Distance Marks define the profile stagnd endpoints. In principle the free
flowing sections are measured once in spring and once in autumn. In additio® 4
impounded sections are measured per year, so theltast frequency of measurements is

2 -3 years.

PagelOof 59
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Since 2 years two sections of the annual working plan are measured withbwalt echo

sounder, in order to get full coverage of all sections by and by.

Section Riverkm Number of profiles Frequency of measre-
ments

01_Jochenstein 2223,2002203,400 396 every 23 years
02_Aschach 2203,0002162,800 804 every 23 years
03_Ottensheim 2162,8002147,000 316 every 23 years
04_Abwinden 2146,6062119,700 538 every 23 years
05 Wallsee 2119,3002095,700 472 every 23 years
06_Ybbs 2094,4002060,500 678 every 23 years
07_Melk 2060,1062038,100 440 every 23 years
08 Wachau* 2038,0062010,000 560 twice a year
09_Altenworth 2009,9501981,000 579 every 23 years
10_Greifenstein 1979,5001949,400 602 every 23 years
11 Freudenau 1949,0001921,100 558 every 23 years
12_Fischamend* 1921,00601900,000 420 twice a year
13_Hainburg* 1899,9501880,200 395 twice a year
14 Wolfsthal* 1880,1501872,700 149 twice a year

Figure 7: Quantity of river bed measurementsrey the Austrian Danube stretch

*free-flowing section

b) Project related measurements

For this purpose we use either multeam or singldoeam echo sounders. If singbeam

comes to operation we measure cross profiles with a profile distance of 10 m, 2R&mor

- Controlling shallow water areas

- Controlling dredging projects

- River engineering projects

- Harbour and harbour entrances

- Bridge pier erosion

- Detecting wrecks
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2.1.4. Processing of sounding data Austria

The collected hydrographic data must be correctdds means checking the data for
blunders, performing corrections and merging the depths with position data. Furthermore it
must be proved if there are GPS failures or incorrect echos.

Multi-beam data can be automatically filtered. For correction of sibglam soundings
we use the hydrographic software Navisoft (Navitronic). To process the large quantities of
multi-beam sounding data we use the Hydrographic Information Processing System HIPS
(CARIS).

The cleaned geceferenced data are now available fdifferent purposes:
In most cases we produce bathymetric charts in different scales with the mapping software
Surfer (Golden Software) or Caris GIS Professional (CARIS). The chart production includes the
following working steps:

- Controlling the density andistribution of soundings (muHbeam data mostly require a

data thinning)

- Calculation of a digital terrain model (3Bodel)

- Calculation of isobaths (depth contours)

- Smoothing of isobaths

- Cartography

All cross profiles, which are measured fmeservaton of evidence are collected in a
database (it is a special application based on ORACLE) and are available for the comparison of
singlebeam profiles of different years. Furthermore the computation of the cubature over an
entire section is possible, so wan derive areas of erosion and accumulation in the river bed.

The database consist river section measurements from the last 20 years. Additionally in
this database are stored all, for the visualization of profiles important data, like the

characteristt water levels, fairway, profile start and end point, etc.
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Another important task of the hydrographic team is the generation of depth information
for the digital inland navigation map (Inland ECDIS). Data processing differs significantly for data
derivedfrom singlebeam or multibeam equipment.

Because of the unfavourable distribution of singkam sounding data an aggregation
of data on basis of a digital terrain model is necessary.

The data processing involves the thinning of mbtam data or aggredion of single
beam data, calculating a digital terrain model, calculation and smoothing of isobaths,
generation of depth polygons, transformation into WGS84 and conversiorbif8rmat. The
used software for these steps is CARIS GIS (data processinGARIS HOM-E3 production).

The depth information for the frelowing sections in the Inland ECDIS will be updated twice a

year.
Profile database
HIS3D Oracle
Raw sounding Cleaned, geo Depth .
data (SB or MB) referenced information for (I—:I?)rll\j G8 and
sounding data ENC

Generation of

olans Golden Software

Surfer, CARIS GIS

Figure 8Data processingvorkflow

It is to mention that the hydrographic team started 2009 with efforts to improve the
surveying activities and the workflow of surveying with the purpose to build up a customer

specific waterway management system:
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To o To To o I»

Work outan annual plan for standard measurements of the fflesving sections
Improvement d the quality management for hydrographic surveys (calibration and tests)
Efficient workflow for generating depth data for the Inland ENC

Identifying and controlling of shallow water areas

Evaluation of national and international specifications for wateysva

Evaluation of customed LISOA FTAO LI NI YSUSNBZ Fa FlFANBI &

2.1.5. Discharge and current measuremenits Austria

Discharge and current measuremerare mainlymadewith the ADCP (Acoustic Doppler

Current Profiler) from the ship. In certain aitions (e.g.: extreme flood conditions) the

measuremens are madewith a propeller gauge.

a) ADCP (Acoustic Doppler Current Profiler)

Acoustic current meter which uses the Doppler effect for measuring

By measuring the current velocity, ship velocity and ewatlepth in a transverse
movement across the river the discharge of the measuring profile is determined

Very quick measuring process

Application monthly measurements on standardized profiles of the entire Danube to

get base data for hydrology, since 2(0@8t phase at the March

b) Hydrometric propeller gauge

Oldest method, which is performed by a special constructed measuring trolley from
bridges or directly at the river by a ship.

The propeller gauge is put into water. With the exactly amount of the rotet of the
propeller gauge the current velocity can be determined.

By comparison to the ADCP relatively work intensive because there have to be done
measurements on several points of the profile.

Application in case of flood from bridges, bilateral meesmments at the March

Pagel4 of 59
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2.1.6. Measuring equipmenin Austria

Vessel Epsilofmobile)

The measurements are madgith t KS a¢ St SReyS w5 LyadNdzySyida !
kHz (appropriate for mean water level to flood conditions) or in case of low water to mean
watSNJ f S@St O2yRAGA 2 V& yREG K ATKS muins/ t1 1.1 NR HRK S
with Leica GPS SR 50 (Racal).

For discharge measurements of smaller rivers (March, Thaya, Traun, New Danube) the
G¢St SReyS w5 LyadNHzySyida 2 pHXIs usedlBEh® instrdngent B NJ Yy R
mounted on a trimaran which is moved by a boat inside the profile. To record the data the

software WINRIVER is employed.
2.1.7. Interval of measurementsn Austria

In different intervals propeller gauge measurements from bridgasd ADCP
measurements on standardized profiles are held along the entire Austrian Danube. Five times a
year a long ADCP measurement series from Achleiten to Thebnerstral3l and four times a year a
short measurement series from Grein to Thebnerstral3l is ma8léditionally there are

measurements at certain discharge values and in case of flood.

Discharge profile river-km Interval of measurement

Achleiten 2223,02223,0 March, May, July, September, November
Engelhartszell 2200,62200,6 March, May, July, Sepinber, November
Aschach 2159,92159,9 March, May, July, September, November
Ottensheim 2144,02144,0 March, May, July, September, November
Linz 2133,42133,4 March, May, July, September, November
Mauthausen 2110,72110,7 March, May, July, Septeber, November
Grein 2078,62078,6 March to November, monthly

Ybbs 2058,82058,8 March to November, monthly

Melk 2033,62033,6 March to November, monthly

Aggsbach 2027,52027,5 April, July, October

Aggstein 2024,62024,7 March, June, September

Pagel5of 59
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Spitz 2019,062019,0 May, August, November
Kienstock 2015,22015,1 March to November, monthly
WeilRenkirchen 2013,062013,0 March, May, July, September, November
Dirnstein 2008,32008,3 April, June, August, October

Greifenstein

1947,81947,8

March to Novemier, monthly

Korneuburg

1941,51941,5

March to November, monthly

Freudenau UW

1917,31917,1

March to November, monthly

Fischamend

1908,41904,5

March to November, monthly

1892,31892,3
18849-1884,9
1879,51879,5

Wildungsmauer March to November, monthly

Bad Deutsch Altenburg March to November, monthly

Thebnerstrassl

March to November, monthly

Figure9: Interval of discharge measurements

Additionally to the ADCP measurement series there is a propeller gauge measurement
at seven bridges of the Danuloeice a year. These measurements are for the completion of the
discharge series and for controlling the measurement equipment.

In cooperation with Slovakia propeller gauge measurements are held at the river
March in Hohenau and Angern monthly and founds a year in conjunction with the Czech
Republic in Bernhardsthal.

In case of flood and in consultation with the via donau team hydrology, propeller
gauge measurements from bridges will be conducted.

After a plausibility check the values of the ADCépreropeller gauge measurements will be

sent to the via donau team Hydrology for further analyses.

2.1.8. Terrestrial surveyingn Austria

The terrestrial measuring provides the entire data basis for the Hydrography.
e Control and addition of the geodetic benchrnk field and the hectometer along the
Danube, March and Thaya
e Site plans and gradient diagrams (terrestrial), (e.g.: for flood protection works, oxbow

lakes, biotopes, gravel bars, etc.)
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e Leveling in case of flood or low water (water level measurement)
e Measuring of buildings (locks, bridges, etc.)
¢ Implementation and maintenance of the entire benchmark database (including

hectometer, gauge, etc.)

2.1.9. Geographic Information Systenm Austria

For about three years ago the implementation of a geographic nédion system
(ArcGIS/ESRI) started, whmdntains all relevant hydrographical and surveying data like:
e Orthophotos
e Aerial photo evaluation
¢ Digital cadastral map
e Project concerning riverbed evaluation
e Hectometer and benchmarks
e Navigation line
e Berths
All positons will be referenced to Gadfrliger projection, based on the ellipsoid Bessel 1841.
The original Zera(Prime) Meridian of the Austrian GaudlRriiger (Transverse Mercator) is Ferro
A7”nnQ 2 DNBSYysAOKO D
In Austria we use heights above Adriatic Sea Lelel navigational purposes all
sounding data will be reduced to Equivalent Low Water Level (RNW). Heights of bridges and

overhead cables will be referenced to the Highest Navigable Water Level (HSW).

Pagel7 of 59
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2.2.Slovakiag general information

2.2.1. Discharge measurem#s in Slovakia

Discharge measurements on large rivers are currently provided mostly by ADCP
(Acoustic Doppler Current Profiler) from the boat or from the bridge. In certain circumstances
and on the smaller streams the measurements are made by propgfper¢urrent meters (with
rotating element) (A.OTT) from the boat, from the bridge or by wading.

Both techniques belong to the velocirea method. One of the outputs (in both methods) is

also the crosgrofile measured.

2.2.2. Measuring equipmenin Slovakia

ADCP measurements
The ADCP measurements on Danube are usually made from a boat. The measurement is
repeated at least 4 times in each profile, afterwards the results are checked. If all four
measurements fell into the given interval, the measurement canfibished and Agila 6.2
software provide from the inputs the number of outputs including the velocities, discharge,
cross profile, etc. If any of the four measurements is out of the interval, it is excluded from a set
and one more measurement is made.
Measuring equipment: ADP SONTEK MINI (SONTEK),
ADCP STREAM PRO (RD INSTRUMENTS),
ADCP RIVER RAY (RD INSTRUMENTS)
Software: WINRIVER I, WINRIVER Il (RD INSTRUMENS)
RIVER SURVEYOR 4.3 (SONTEK)
AGILA 6.2

The SonTek/YSI ADP (Acoustic Doppler Profiler)
isa highperformance, 3axis (3D) water current profiler that is accurate, reliable, and easy
to use. The ADP uses staikthe-art transducers and electronics designed to reduce side

lobe interference problems that plague other current profilers. Thisaglthe ADP to make
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the very neatboundary (surface or bottom) current measurements critical to shallow water
applications. The 1.5 and 3MHz profilers are available as MiADPs featuring a compact

transducer head designed for applications where smadl = critical.

Fig. 4 The SonTek/YSI ADP (Acoustic Doppler Profiler
The profiler combines proved technology of acoustic Dopplers’s effect with software facility

dedicated to OS WINDOWS.

4= SonTek RiverSurveyor - [zaves0604041517.adp] (%]
JP Fie View Communications ADP Configuration Processing Window Help BEE
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Fig.5 Processing of measurement by ADP
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Propeller type current meter measurements
Velocity is observed at one or more points in each vertical by counting revolutions of the rotor
during a period of not less than 60 second and as long as thmeetes if velocities are

pulsating.

Fig.6 Current meter

In larger rivers such as Danube and Morava the measurements by propeller type current
meters are made by fivpoint method, i.e. the point flow velocity measunents are made in
five points in each vertica] close to the bottom, in 0,2; 0,4; 0,8 relative depths and close to the
water surface. The optimum number of the verticals is 15 to 20; the minimum recommended
number is 8. The measurements are usually madmfthe bridge, using trolley with reeler and
propeller with a weight. The weights are used 25 kg, 50 kg ok@Qéccording to the actual
velocities and depths. This procedure indicates that in comparison with ADCP measurements,
the method requires much ore physical work and capacity and it is much more time
consuming.
Measuring equipment: propeller tool set (A. OTT)

Software: PDAwin

Page20 of 59

Jointly for our common future



* * %
* *
* *
* *

€ P SOUTHEAST

i

* g K

| B |
E U RO P E b N E WA DA Programme co-unded by the
Transnational Cooperation Programme EUROPEAN UNION

2.2.3. Interval of measurementsn Slovakia
The recommended frequency of measurementstinfes/year; in selected international

profiles the number of measurements according to bilateral agreements (common

measurements).

List of watergauging stations with discharge measurements on river Danube

Water-gauging station river km Interval of measurement
Bratislava Devin 1879,80 9* + 2
Bratislava 1868,75 6-8

520 NBK2O 1838,50 5% + 1

a S R @ Smoatd 1806,30 O* + 2
Komarnemost 1767,80 o* + 2

2.2.4. River bed measurementis Slovakia

For monitoring of the Danube waterway is on OZ Bratislava responsible department of
morphological monitoring. Monitoring of the Danube can tieided into monitoring of the

riverbed morphology and discharge and current measurement.

2.2.5. Monitoring of the riverbedin Slovakia

To monitor the Danube riverbed we use technology of echeounding of the river
bottom in combination with the determinatiorof position using GPS instruments. We use
"single beam Sounding System, which provides data of sufficient density and accuracy for our
needs. Measurements are performed in transverse profile with the necessary density,
measured data are reduced to referamlevel and through 3D models are created water depth

izolines
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Measuring equipment and measurement methods
1992- 2007:

Vessel: Nordica Nimbus 29 C (2 x Volvo Penta), Quicksilver 380
Echo sounder: Atlas Deso 22 (210 kHz)

Position sounding : motaed TS + polar track

2001- 2006:

Vessel: Nordica Nimbus 29 C (2 x Volvo Penta), Quicksilver 380
Echo sounder: Atlas Deso 22 (210 kHz ), Atlas Deso 15 200 kHz
Position sounding: GPS Trimble Pathfinder

System: Navisound 100 PC

Since 2007:

New vessel - Targa 25.1 (Volvo Penta 6V 330ph)
Quicksilver 380 HD (Mercury 15)
Echo sounder: Kongsberg EA 400 200 kHz + 200 kHz
Kongsberg EA 400 200kHz + 38 kHz
Transducer: Kongsberg Combi D 38/200kHz
Kongsberg 200 7F, 200 kHz
GPS: 3xTrimbe 4000 ssi
Trimble R8 GNSS
2 XTrimble Trimtalk 450s
Trible DSM 232
Software: Kongsberg EA400, Profile 2000, SSM
Trimble GeomaticOffice

Microstation V8 XM, InRoads
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Fig.2: vessel Targa 25.1

Fig.3: vessel Quicksiv380 HD
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Fig.4: measuring system for sounding (base, echo sounder, transducer, GPS Trimble)

For monitoring of the Danube we are making use the vessel Targa, for meassuring of the
shallow waters we use rubber boat. Both vessmis equipped with GPS Trimble R8 GNSS,
which operates under the RTK (real time kinematic). If the GPRS service is available, we use a
network of reference stations SKPOS provided Geodetic and Cartographic Institute. If not, we
use own reference station @e station" Trimble 4000ssi. We use technology PDGPS.

For meassuring of water depth we use eegwmnder Kongsberg Simrad EA400 with
appropriate software combined with Konsberg Combi D transducer 38/200kHz or Konsberg 200
7F, 200 kHz.

2.2.6. Frequency of monibring of the river bed in Slovakia

We are doing monitoring of the Danube in different intervals. Border zones are
monitored by engagement of the border commiso@orking groups. Joint section of the

Danube with Hungarian Republic (170&,21811,0) are ronitored every two years. These
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section is divided into two parts 1708.21749.00 rkm and 1749.001811,00 rkm. Monitoring
2F (GKSasS asSoOiazya Aa SEOKIFy3aS SOSNeE Ggo2 &SI
Danube is monitored by mutual agreemteof both countries. Measurements have two
countries exchange in W&4 coordinate system, format .txt and then evaluate them. Density
2F YSIFadaNBR LINRPFAESE Aad pnYd® ¢KSNB Aa I LINRBO
profiles and then we are natble to compare changes in the riverbed in individual profiles.

Common section with Austria we monitor once a year (rkm 1880.872.7), data are
evaluated and treated on the department of morphological monitoring, and Austria receives
only a paper versn. Density of measured profiles is 50m.

Nacional section is monitored once a year, and evaluate process is done on morfological
monitoring department, and serves for internal use. Density of measured profiles is 50m.
+5 DIO0OG6N]1 202 ONBASNII2ANI | NUzO2 @3- 3lydhl wkekeOA | f
necessary). Density of measured profiles is 100m.

In addition to periodic monitoring of the Danube riverbed we perform sounding on the
purpose of dredgingdredging si is monitored during dredging and after dredging is finished.
We also carry out a more detailed sounding of the Danube riverbed for the purposes of drawing
up projects, civil engineering, if the results of periodic soundings are not sufficient for
completion of studies and project documentation.

Applied technology and measuring equipment is possible to achieve very accurate
results (a few cm) but the movement of ships and the conditions during the measurement

accuracy degrades

2.2.7. Data processingn Slovakia

Processing and utilization of meassured data is as follows. Meassured points of the
riverbed in WGS84 are transformed into national coordinate systeliSK ( x, y, z). Data are
f2FRSR Ayid2 a{LYNRBIR& YR (UKSYy ¢S @iaBloiiS 5¢a
gl SN £t S@Sté¢d . &8 AYUiSNASOUA2Y 2F (GKS&aS Y2RSft :

low water level).The result of the processing and evaluation of dataofine planof measured
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section of the Danube. Plan contains the measureth{s in each river bed profile reduced to
HNR\regulation low water leveldnd isolines.

Thenthe processed results of sounding were subsequently loaded into the ORACLE
database through GeoMedia software, and serve as a basis for creating other mapuingtp
needed for the maintenance of fairway or for navigati@ased on this data we are workig
2dzi at N22SO0G F2NJ RNBRIAYy3I 2F GKS 51 ydwSés

signalization fairway."

Side scaner as an additial monitoring
In 2009 we purchased the side scanner for purpose of to search wrecks and other
obstacles in the fairway. Outputs of the side scanner will serve to further complement the
monitoring of critical sections of the waterway. Currently, this devs in the testing phase, we
tested it yet on the measurement of port pool in Bratislava and Komarno ship yard. Side
scanner is with special bracket attached to the vessel Targa 25.1, during the measuring are data

monitored and subsequently processeddnftware SSM (Software for Sidescan Mosaiking)

Fig.5: Side scaner

200 kHz side looking transducer for shallow water
surveying and high resolution

Introduction

The 200 kHz side looking transducer has a beam with of 0.5° longitudinal and 49° transversal. The side
looking transducer is perfect for shallow water surveying to perform high resolution side looking image. The
transducer is designed for easy portable mounting by using a bracket and it’s robust housing.

(_ h

Discharge and current measurement
Measurement speed and flow rate on the Danube is officially in filled SHMI. The project

tasks and studies we are obliged to do on base of data SHM$pbutime we need
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measurements in profiles where not data (there are not water gauges) are. In this case we use
own measuring system ADCP (Acoustic Doppler Current Profiler).

The ADCP measures water currents with sound, using a principle of sound wéee sheal

Doppler Effect.

ADCP measuring system was purchased in 2009, it is still in test phase, and has been used for

specific project tasks (for hydrodynamic model) in the VD Gabcikovo and arm system.

Fig. 6: ADCP measuring system
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2.3.Hungaryq general information

2.3.1. Riverbed measurement in Hungary

To secure the continuous operation of the waterway and the conditions of safe navigation it is
necessary
e to survey the riverbed topography continuously,
e to certify the survey results,
e to develop the istitutional and legislative environment of operation,
e to create and operate an ufp-date marking system of fairway, as well as
e to minimise the period of limiting the navigatianhydraulic engineering interventions,
construction of engineering structurebydrological regime situations coupled with ice
phenomena (irrespective of riverbed morphology causes).
The topographical conditions of the riverbeds/basins of rivers, lakes and reservoirs develop and
change because of hydrological and hydraulic preegséist of all as a result of natural
morphological processes (erosion, sedimentation). Tracing the changes differs in the Hungarian
section of the Danube. The survey happens annually in the common $lovegarian section,
while there is a fivgrear frequency in the section between Szob and the Southern state
frontier. The surveys, performed alongside the transversal sections nearly perpendicularly to
the main bed, are not suitable for demonstrating depth/height anomalies between the two
surveyed transvesal sections; therefore the timfrequency as well as the aregensity of the
surveys must be increased for marking the safe fairway.

Recording the actual status and tracing the changes is possible by using a survey system
that is able to demonstrate theopographical state of the aquifert accurately (recording
depth/height anomalies even of the slightest extension), with its geodesic reliability (height
measuring error) being below * five cm.

The main bed morphological characteristics of the Hungarianigedf the Danube
show significant temporal and spatial variations. The former determines the repeated survey

cycles of riverbed topography, while the latter the frequency and method of detection.
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The morphological changes of the main riverbed has a higheed in certain sections
than the present survey cycle, which means that the fairway marking plans are not made in line
with the actual riverbed topography in many cases. The spatial density of the surveys is not
sufficient either, since the profile deitg (of mainly approx. 100 metres) is not suitable for
detecting the dangerous depth/height anomalies in the sections characterised by shallow fords,

hazardous for navigation.

2.3.2. Types of used equipment for measurement in Hungary

Recording the riverbed stasutake place alongside the transversal profiles (free of depth/height
anomalies) of the river (of approx. 100 RA &Gl yOS FTNRBY SI OK 2{KSNJD
and at the bars of gravel material (to the distance ofS20metres from each other), witkingle

beam ultrasonic riverbed survey method. A milidam survey system is used for surveying the
shallow fords of marl and rock material with frequent depth/height anomalies (hazardous for
navigation). Both surveying systems have been installed inWITQ & & dzNJJS e-10Sa & St

with the following units:

Fig. HU10: Survey vessel of VITUKI

e Single beam systenkig. HU11.and HU12)

o0 AGA Geodimeter ATS PT type robot survey station (Swedish product),

determining the position of the survey sgel at the moment/at any time. When
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surveying the riverbed, the detecting instrument on the riverbank is able to
stipulate the position of the moving vessel with the accuracy afmb

0 MARIMATECH -&a Sound 103 type ultrasonic deptieasurer (Danish
instrument), surveying and drawing the riverbed profile, also displaying the
measured deepness/height figures digitally, in a cm sharpness,

o0 VYNERMAGENTA type datmansmission equipment (English device)
transmitting the position data measured by the positiogiequipment on the
bank to the computer located on the ship,

o Pentium Il orboard computer with devices, collecting, storing and processing
the data transmitted from the positioning equipment on the bank and from the
ultrasonic depthmeasuring device (layt plan, longitudinal and transversal
profile). It writes the collected data to a diskette for further processing. Its
devices are an A/3 sized coloured plotter,nper, and a coloured monitor.

o Another device is the navigation monitor, placed in fronttted skipper, where
the pre-planned survey network can be displayed as well. The cursor shows the
present position of the survey vessel, therefore the skipper of the ship is able to

travel alongside the survey line without any control from the bank.

Fig HU11: Display of ultrasonic Fig. HU12: AGA ATS PT typehot survey

depth survey equipment station and data transmission equipment
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The above system has been used by VITUKI for some 15 years for surveying transversal

sections. The multi beam systenathwas installed in the vessel in 2006 is the product of the

Norwegian company KONSGERG Maritime AS, but a number of WEsteqpean

subcontractors participated in its development.
e Multi beam systemKig. HU13)

o

EM 3002 D double measuring head and proeggssinit, surveying the riverbed

with 504 survey beams.

SVP sensor, measuring the ultrasound velocity.

AGA Geodimeter ATS PT type robot survey station, serving for measuring the
position of the survey vessel at present/at any time.

VYNERMAGENTA type radidata transmitting equipment (an English device),
transmitting the position data measured by the positioning equipment on the
bank on to the vessel.

Sepath 200 GPS receiver pair and its processing unit, recording the changes in
0KS RANBOUOALrgstrunF (KS @SaasStQ

MRUS5, surveying the tilt and bow of the vessel, as well as the rate of undulation
HWS10 type hydrographical survey station, for the synchronous recording of the
data of the above units.

SIS survey software, controlling and checking the sypvegess.

NEPTUN SW pgrocessing program, for screening the detected data and
integrating the overlapping measuring.

CFLOOR data processing program, for producing relief map out of the screened

and integrated data, for designing longitudinal and transakpsofiles.
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Fig. HU13: A. Workstation of the operator

B. Singleand double head data recording and control units

C. Double measuring head

2.3.3. Processing of data in Hungary

The collected hydrographical data are processeacording to the survey method and
goal-with different methods and different (hardware and software) tools.
The goal of the surveys:is
- hydrological charts for an entire river or lake in the series Hydrological Atlas (published
since 1961 regularly),
- printed navigation charts (published by the Danube Commission for the international
navigation),
- fairway marking (buoyancy) plans,
- status reports on the morphologic changes ( definition of erosion and sediment
stretches, definition of the volume changestbé riverbed, in order to prepare
prevention or operative measurese.g. diverted Danube stretch in the Szigetk6z, river

stretch affected by the nuclear power plant Paks),
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- local surveys (detailed survey of shorter river stretches for local regulataons psurvey
of riverbank profiles for harbours/ports, survey of the riverbed along crossing pipelines,
etc.)
- creation of Inland Electronic Navigation Chart (IENC)
The method of survey can be

- single beam profiling

- multibeam scanning
The selection of thequipment depends on the morphologic status of the riverbed, the
material of the riverbed, as well as the above mentioned goal of the survey (thematic of the
material to be produced as a result of the processing).
Processing of the survey data accordirgthe survey method

- with own-developed processing programmes

- with professional software programmes

For the preparation of the hydrological atlas the surveys are made with the $egia

system, from shoreline to shoreline, with crgaofile distance ofLl00 m. The raw material of
the survey is processed with ovdeveloped software. First the checking and filtering of the
measured data is made (deleting false electromagnetic and ultrasound pings). We order the
filtered data into files based on the profil§srofile-wise) and upload them into the database.
Using these data we create contelime charts of the meafwater part of the riverbed edited
with special owrdeveloped software designed in long and cross direction different density of
data. The cartogphic editing of the charts is made with Bentley MicroStation.

The surveys for the printed navigation charts for the Danube Commission have been
made (before 2005) with the singleeam survey system. The method and tools of the
processing (surveys, postqeessing) were the same, as at the hydrologic atlas.

The fairway marking (buoyancy) plans, supporting the inland and international

navigation on the Danube are made annually. The frequency of the surveys is described in
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1.4.1. The method and tools of thocessing (surveys, post processing) were the same, as at
the hydrologic atlas.

The reference level of the processing the depth data for the navigation and buoyancy is
the low navigable water level. The frequency of survey is determined by the changes
water regime (after flood).

Since 2006 we have been operating our mbé#am survey system (EM 3002). The
LIN2 OS&daAy3da 2F GKS RFEGF Aa YFERS 6A0GK GKS YI yc
several steps. The Neptun software serves thegmaessing; the correction of the mulbeam
data, datacleaning and statistical analysis. For the correction of the errors deriving from
heading, heave, roll, pitch and the time shift of position there is made with other auxiliary
software. The post procemg¢ depending on the type of task performed with the CFOOR,
SURFER 9 and ARCGIS 9.3 programme packages. We started the survey of the most critical

sections (for example shallow sections) with this new equipment and method.

In order to check the morpdlogic changes of the riverbed we use multitemporal surveys in the
same sections. These surveys are done mostly with sbeden method in the same cross
profiles each year. The method and tools of the post processing were the same, as at the
hydrologic alas, but the end material are elevation contour maps and difference contoured
sheets.

For the creating of Inland Electronic Navigation Charts (IENC) we have only experimental
methods at the moment. We use the same data coming from the database like theabcy
plan. The creating of the IENC needs a high quality error checked data. The preliminary
workflow is the following: From the database we receive raw depth contours in ArcView SHP
format. We check and clear the data with AutoCAD Civil 3D (correctiigamd undershots,
overlapping segments, generalising and smoothing). We export the data into MaplInfo software
for area checking. From this database we create raw depth contours in 7CB format with own
developed software. We import this data into the ENE®DA Iy SN 2 A0K (GKS 9b/
Ay (G22ta S OKSO]l GKS RSLIIK O2yd2dz2NBR | 3FAY
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(coastlines, shoreline constructions etc.). Using the collected data we create depth areas from
depth contours. With different BC checking tools (ENC Optimiser and Analyser) we check the
RSLIIK O2yid2dz2NAE® ! FOSNI FAYAaAKAY 3 GKS RSLIGIK RI
containing all other shipping related data. We need a lot of manual work after merging

G a il A OK gt thé twaitgpesSfidata

2.4. Serbiag general information

2.4.1. River bed measurements in Serbia

Hydrographic (bathymetric) survey is the process of gathering information about navigable
waterways for various purposes suas: safe navigatigrdredging, planningf the engineering

works, etc

The hydrographic survey of international navigable waterways in Serbia is the task that
Ad LISNF2NX¥SR 0@ 5ANBOG2NIGS F2NI LyflFyR 21 SN

Tisza rivers are being performed annualy.
2.4.2. Types of used equipment for measurement in Serbia

For the hydrographic survey Plovput uses three vessels:

1. a. a Xlergi©ie power 2x103kW, with auxiliary engine 20.5kRigurel);

2. a. 09 Icéangihelpawer 2x62kWnith auxiliary engine 8k\WFigure2);

3. Speedboat 5 m long, with engine power 37k\WFigure3).
a. @91 hé A& SldzA LILISR ¢ A i &ounder Marimateh EDEA BAURIBzO S NE
103.
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FigurelY a. 491 hé Figure2Y a . a9l h LL¢

Figure3: Speedboat

a. a9l h LLé Aa Sl dz LILISR gsbuinder Navi 3oiind RESOM20Y. & R dzO ¢
Speedboat has two 200kHz transducers, with esbhonder Marimatech SEA SOUND 103, and
portable equipment for single beam measurements. Precision of the-sobader islcm +/-

0.1% of measured depth.

Two global positioning systems (GPS) are being wkgzending on the vessel where they are

installed:
e Marimatech GPRTK with precision of +20cm,

e Trimble DGR&TK 5700 with precision of-2cm.
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The reference coordinate system used for all geographical data in Serbia iStéte
Geographical CoordinatSystem GausgKrigerZone 7)

Since April 2001,fP2 @LJdzi A & S|j dzA LILISR ¢ Abéaih survédyisyser & ha€ | y & ¢
beenusedF 2 NJ 6§ KS RSGFAfT SR ada2NBSe 2F ONARGAOIE NARGD

Figure4: Multibeam survey of Apatin sector

2.4.3. Data processing in Serbia

Before thebeginning ofsurvey, coordinates of boundary pointé crosssections should be
entered into thespecializedoftware. Surveyracksfollow those predefined profiles.

Depth (z) and locationdata (X, y)are transferred to the specialized software for hydrographic
surveyc & a I & (i S Nereftvidie Sychronizes data constantly, $at the boatlocationis
knownin real time.

Information onthe speed of sound in water determined using thenformation providedby
the SVP (sound velocity profiler) device. Differential GPS station is mowmtethe solid
ground, at the reference point with known geographic coordinatdhe base sation is
connected with the boat by radio sgnal, sending information on differential correction,

providing the required accuracy for the performed survey.
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Depth information is obtained using the time necessary for ultrasound waves to travettiem
echosounder to the river bottom and back. Twounders are mounted on the boat. One is set
to send the signal, and another to receite Suchsystemprovides depthmeasurements of
30cm below the ecsounder, and 50 cm below the water surfadéis setup is afmportance

for surveysin shallow waters.

Data on depth and location are synchronized in #t@ak, and information stored in ASCII
format in the form of x, y (position) and z (depth) coordinat®ater stages are measured and
updated every couple of hours, in relation to the reference poitter completion of the
surveys, the quality control is being performed, spikes removed, and data stored into the

database with cleaned x, y, z coordinates for each of the cross sections.
2.4.4. Longtime data elaboration in Serbia

Establishment of the crossecticnal database is of a great importance for analysis of

A

YI@GA3LrotS 6 GSNBlIrea Ay {SNbAlFI® ¢KAA RIGFOI &S

in use for almost 10 yeardsigureb).

active database: MySQL bazaprofila Id_zaglavlje = 26599  Id_profil = 10874  Broj tacaka = 346  Vreme = 45ms
Reka: I Direktan izbor 1D profila Naziv i vrsta profila Km  Npn Levaidesna inicijalna belega i godina uspostavijanja profila |
Dunav ~| [ 1087: NO_S087.3180 1256.600 7272 7409194.82 S010307.12 2007 7409476.73 5009784.49 &
. 5087,4180 1256.400 7271 7409320.11 S010375.75 7409636.52_ 500985736yl
Wista deonicht 4 ¥ Evidencioni profii (EP) 9793 PL 4033.1602 1258380 72,70 7409189.70 5010279.41 2000 7409533.27 5009830.07
Sektar ~ 10875 NO 50875180 1258200 7270 7409445.11 5010446.09 2007 740978998 500994342 |
- 2 I Kantralni profil (kp) 9792 PL 4033.1801 1258.180 72.69 740937680 501037040 2000 740972157 5009919.33
Deonica: 9791 PL 4033.1800 1258030 72.68 740949847 501043737 2000 7409675.03 5010027.26
Novi Sad ~| 63 ¥ Profil plicaka (PL) 1087€ NO 5087.6180 1258.000 72.69 7409583.09 501050172 2007 7409932.65 5010046.30
o >>| 9790 PL 40321800 1257.920 72.67 7409628.29 S5O010517.77 2000 7409988.71 S010125.23
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Grafikai:
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Figureb: Crosssectional database interface
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Figure6. Analysis of critical sector

This database provides necessary information for the analysis of the condition of the
waterway figure6), comparison of crossectional data surveyed in different yealdure?7),

etc.

Figure7: Comparison of surveyed cresections (Sava River, surveys 2004 and 2009)
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2.5.Bulgariag general information

2.5.1. River bed measurements in Bulgaria

The river bed measurements of the Bulgarian section of the river are performed by an
expert team in the Hydrotechnical and Projects Department within the Executive Agency for
Exploration and Maintenare of the Danube River.

Every year detailed hydrographical surveys of the critical sections are performed during
the low water periods.If necessary, these sections are measured twice a yeamplete
topographical and hydrographical surveys of the entBelgarianRomanian section of the
Danube River are performed every ten years not including the cases when it is nébeddst
complete surveys were performed in the period 20Q42005. In order to monitor the
hydrotechnical facilities (in the area of $&x Giurgiu Bridge) surveys are performed twice a

year¢ during high and low water levels.

2.5.2. Types of used equipments for measurements in Bulgaria

The surveying is done with the measurement positioning DGPS Novatell with positioning
accuracy+0.30 mand asinglebeam echo sounder Marimatech with measurement accuracy
+0.01 m. Combining of the measurements is immediately done with the HydroNavigation
module of the software productrimble HidroPRO 1.&hich is installed on a laptophe data is
acquired and @itally storedin MS Exceandf @ formats They are also entered in the data
base server of the Agency. The information gathered for every site is stored in a special register

as well

2.5.3. Processing of data in Bulgaria

The followup processing of data is done at the office using thieéroEdit module
(Trimble HidroPRO 1.0fhrough which the gross measurement errors are removed and the
necessary corrections regarding water temperatures and others are entered in the data.

The numerical terrain model is elaborated with the software pagsAutoDesk Land Desktop

3.0 and PythagorasThe terrain is displayed by levels and/or depths and the respective lines
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(horizontal and isolines) related to zero elevation of the closest gauge station on the Bulgarian
riverbank and taking into account thecline of the water surface.

The so called Danube polygon is formed along the entire Bulgarian riverbaek.
polygonal points are within the Bulgarian national coordinate and height systéhey are
included in the National triangulation netwarurrently EAEMDR s initiating a project related
to the update of the supporting network for topaydrographic measurements for applying the
GPS technologyrheDGP3echnology helps the survey needs by allowing the determination of
additional supporting pointgor the referent station at locations which are suitable for the

survey

2.6.Romaniag general information

2.6.1. River bed measurementsy Romania

One of the main hydrographical activities is the river bed measurements. They are performed
by particular surveys tdetermine the depthMeasurements to determine depth includes two
data acquisition systems: singbeam and multbeam echosounder.

The detailed river bottom measurements are made generally performed-fleertimes per

year. They are made with single dnmulti beam equipmentand mounted on specialized
vessels.A critical areas and into the passage difficult they are execute monthly by signalisation
vessels with single beam equipmeim. periods of extreme levels or when there are frequent
changes ofiverbed, teams are located in areas difficult measurements to monitor the areas

concerned.

2.6.2. Types of used equipments for measurements in Romania

The river bed measurements are made using estionders. For this work we are using
two systems: singkbeam am multi-beam echesounders.

The singldbeam system is a simpler and faster processing is used for shallow water
areas, for controlling the depths with signalisation ships, for measurements in harbour areas

(because of obstacles), for winter basins and cteds, secondary branch,etc.
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mounted in the bow of ships or in one of the board.

When we use the singleeam system the measurements are done by crossed profiles
with equidistant different depending on needs (25m, 50m, 100imy. system uses GPS
technolagy, software acquisition and processing , eseonder and sound velocity profiles.

The measurements are made using Atlas Deso @il channel 3210 KHz(depth range

600m; accurac¥.01m) or Odom Hydrotrac (single channel).

Figure 4: singkbeam echosounder (Atlas)

For positioning we are using Trimble DSM 232 /Trimble SPS 750 ( RTK, DGPS, GPS) and
Omnistar 3200 (DGPS). For data acquisition and proceddymack 2008.

The system multibeam we are ogi him for detailed measurements, determination
sized sailing line, execution profile longitudinal for Danube, determining obstacles, engineering
works, works on the bridges, et€or this type of measurement we use equipment Atlas
Fansweep 20, which isxéd and installed by special vessels (Donaris). Fosebtor of the
Danube 1075 km we have a number of such ships, three (two for river and one is maritime wich
work and for Sulina bar). This ships are equipped and singlebeam equipment (Atlas), Radar Pi
720 and loats for making measurements in areas with shallow wateor positioning we are
using Trimble DSM 232 /Trimble SPS 750 ( RTK, DGPS, GPS) and Omnistar 3200 (DGPS). For dat.
acquisition and processingHypack Max 2008.
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For a higher accuracye use motion sensors (T-B$S 301 for peach, heave and roll) ,
RTK positioning (base station and roveamyl differential correction.
For river bed measurements we have three ships (Donaris I, 1l and IlI) with multibeam

system and seven singlebeamtgyss mounted on other vessels.

Figure 5: survey vessel (Donaris)

-equipments on board (Donaris):

-singlebeam Atlas Deso 350 -software Hypak.
-multibeam Atlas fansweep 20 -Radar pilot 720
-motion sensor TSS DM$3 -internet connection

-GPS Trimble DSM 232/Trimble SPS 75&printer
-motorola GM366VHF radio (for RTK)
-sound velocityg Odom/SVC 300

2.6.3. Processing of data in Romania

After the work of field data collection, data should be processed. Depending on the method
chosen for measurement, there are two ways of processing: from sbegfen data collected

and the multibeam system.

In geneal, measurements with singleeam is accomplished by making cross sections and the
need to complete and a few longitudinal profiles. For the survey, before, should be preparing

an action plan that includes a base with profiles drawn.
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Figure 6: singldbeam raw data

Both sets of data collected are processed by Hydrographic software Hypack .

For processing the raw data are over several steps :

Hgure 7: Workflow for process singbeam data

- first, all singlebeam data should be run for apply tide and sound velocity corrections;

- examine quality (manual corrections or filter applied), output bad data and edit cleaned data,
- run the single bem editor statistics; can overlayng previous survey beam data;

- sorted soundinga optional program that reduce the data in an attempt to speed the final

product;
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