118

7. Hidrografik Uygulamalar

/. BOLUM

HIDROGRAFIK UYGULAMALAR

7.1. Haritalama galismalari

Gemicilerin standart seyir haritalar igin calismalar, genelde ulusal haritacilik
kurumlarinin denetimleri altindadir. Bunlar gogunlukla donanma kuruluslardir ve bu
kuruluglarda askerlerle birlikte siviller de galisabilir. Hatta bu kuruluslarin bazilari;
islerin bir kismini miiteahhitlere de yaptirabilir. Diger harita islerinin cogu liman
yetkilileri tarafindan yapilir. Bu yetkililer, ulusal haritalara veri saglamakla birlikte
kendi amaglarn icin de 6lcme calismalari yaparlar. Harita calismalari, éncelikle
yuksek incelikle konumlama ve derinlik 6lgimu gerektirir. Yeni ya da sik sik 6lgim
yapllmamis alanlarda yanal tarama yapilmasi ve bircok ek veri gerekir. Ornegin,
samandiralarin yeri, isaret fenerleri, liman hizmetleri ve gel-git hakkinda bilgi.
Iskelelerde (dalgakiran, rihtim) camurlanmayi kontrol etmek icin diizenli olarak
Olcim yapmak gerekir. Bu, Ozellikle irmak kenari boyunca yer alan taranmis
(tarakla temizlenmis) yataklar icin gegerlidir. Tam bir harita revizyonu (yenilemesi)
icin, derinlik dlglim{ yaninda 6énemli dlglide ek calisma gereklidir.

Diger hassas sistemler, insaat (montaj) isleri icin kullanilabilir. Ancak bu tip isler igin
mevcut olan bilirkisilik ve pahali arac geregler yerine uzman miteahhitleri
kullanmak cok daha yerinde olabilir. Bu nedenle, mevcut bir liman dlcim ekibi ile
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birlikte bir sdzlesmeli dlcim sirketi kullanilabilir. Liman ekibi kendi normal (rutin)
isleriyle ilgilenmeye devam ederken, élclim sirketi seyir kanall boyunca inga edilmis
boru hatlar icin kontrol dlciimleri yapabilir.

7.2. Kiy1 calismalari
7.2.1. Tarama

Tarama calismalari; limanlarda, iskeleleri (dalgakiran, rihtim) ince kumdan (camur,
balgik) temizlemek igin yapilir. Tarama islerini ilgili kuruluslar kendi blnyelerinde
bulundurduklar tarama ekiplerince yapabildikleri gibi, tarama firmalarina da
yaptirabilirler. Tarama yapan firmalarin kendi 6lcme ekipleri de vardir. Olgmeler;
yapilan isin kontrolu ve taranan malzemenin hacminin hesaplanmasi icin gereklidir.
Taranan malzemenin miktari, kullanilan damperli kamyon sayisindan bulunabilecegi
gibi; taranan alanin batimetrik o6lgimlerine dayanan sayisal arazi modelleri
arasindaki farktan da hesaplanabilir. Olgme islemi, yapilan isin éngériildigi bicimde
yapilip yapiimadiginin kontrolu agisindan da énemlidir.

7.2.2. Insaat ( montaj, tesisat ) isleri

Bu tur Olgmelerde, insaatin basinda olan insaat muihendisiyle birlikte calismak
gerekir. Bu tip 6lglimler, yliksek dogruluklu kara temelli uzunluk élgme aletleri ile
yaplilir. Olgmelerde, karada elde edilen dogruluga ulasilmasi arzu edilir. Fakat hic bir
zaman sabit olmayan bir platformda bu ¢alismanin glglligu ortadadir. Ayni yere iki
kez ulasilmasi gok gugcttir.

7.2.3. Cevresel dlgiimler

Cevrenin 6zellikleri, siyasi agidan ¢ok 6nemli olmaya devam ettikge cevre ile ilgili
olcmeler, daha da 6nem kazanacaktir. Boylece kirli suyun (kanalizasyon, lagim)
disari atilmasi, uzun deniz kiyisindaki ingaat alanlarinin durumu, suyun oézellikleri,
gel-git, su akintilarini kontrol eden olclimler; dlcmecilere, osinograflara ve bu
verileri kullanan kisilere is alanlar yaratacaktir.

Cevresel degerlendirme ve cevreyle ilgili diger terminoloji, Avrupali élgmecilerin
dadarciginda gittikge artan bir 6nem tasimaktadir. Clinkii Avrupa Topluludu, biliyik
bir yatinma baslamadan 6nce ayrintili galismalar istemektedir. Blyilk bir projenin
cevresel etkisini dederlendirme aracinin gelisimi, ABD Ulusal Cevre Politika
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Yasasinin 1969 da kabulii ile baslamistir. Buna goére federal acentalar bir cevresel
etki raporu yayinlayarak, cevre ile ilgili konulari gézoninde bulundurduklarini
gostermislerdir. Avrupa Toplulugu Komisyonu 1975 yilinda konu ile ilgilenmeye
baslamistir. 1988 yilinda Ingiltere’de Sehir ve Bdlge Planlama (cevresel etkilerin
degerlendirilmesi) Yonetmeligi kabul edilmistir.

Cevresel degerlendirmede; tim islem, bir proje Uizerinde karara varilirken planlama
yetkilileri tarafindan toplanan, degerlendirilen ve kullanilan bilgilere gére agiklanir.
Bunlardan bir cevre raporu olusturulur. Bu, kamu yetkilileri ve diger yetkililerle
birlikte duyurulan bir kamu belgesidir. Belgede su hususlar bulunur (Ingham ve
Abbott 1992):

1. Projenin alan, tasarim ve boyutlari hakkinda bilgileri iceren bir agiklama,

2. Aksi etkileri giderecek, azaltacak ya da mimkinse bu etkilere care
bulacak tedbirlerin bir agiklamasi,

3. Projenin cevre (izerinde vyapacagl olasi etkilerin belirlenmesi ve
degerlendirilmesi icin gereken veriler,

4. Yukarida sayilan konularda igerigi teknik olmayan bir 6zet.

7.3. Insaat alani ve risk alanlan

Bir delme tesisatinin (matkap) yeni bir yere yerlestiriimeden 6nce glvenlik ve
sigorta nedeniyle alanin Olgllmesi gerekir. Bilinen alanlarda da, belli bir sire
alandan uzak kalininca 6lgiim yapilir. Alan dlgiimdnin iki belirgin bilegeni vardir:

1. Ylzey batimetrik dlgiimd,
2. Alt - ylzey risk (tehlike) 6élgimda.

Yar - suda kalabilir bir delme tesisati icin yapilan alan 6lclimii, asagidaki sekilde
goruldiga gibi 3 km'lik bir grid Gizerinde yapilabilir. Bu alan, delme alanini oldugu
kadar demirleme alanini da igine alacak kadar genistir. Kriko ( jack-up ) alanindaki
bir alan 6lcimii, 1km'lik bir gridde yapilabilir. Daha genis deniz yatadi alti risk
ozelliklerini belirlemek igin 3 km'lik genislemeler de vardir.

Gel-git dlzeltmesinin yapilabilmesi igin su seviyesinin tahmin edilmesi gerekir. Kiyi

disindaki yari - gunlik gel-git diizeltmelerinde, yapimi sirasinda ortalama degerler
kullanildigi ve bu nedenle de gergegi tahmini olarak yansitan derinlik egrili haritalar
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kullanilir. En yakin standart bir limanin tahmini gel-git diizeltmeleri de kullanilabilir.
Bunlar yerel meteorolojik verilere bagl olarak hatali olabilir. Standart limanlarda
Olclilmls (gozlenmis) gel-git dederlerini kullanmak, alandaki gel-git degerini
hesaplamaktan daha iyidir.

Baz alt-dip profil alma sekilleri sig ylizeye gémilmis nesneleri, jeolojideki sigda
olusan degisiklikleri ve sig gazi meydana gikarmak icin kullanilir. SiI§ ylizeydeki gaz,
Meksika Korfezindeki ve Kuzey Denizindeki en 6nemli sorundur. Delme islemleri icin
bir tehlike olustururlar. Herhangi bir gaz cikisi, suyun yogunlugunda 6nemli 6lglide
degisiklik yaratir ve ylizmekte olan teknenin batmasina sebep olur. Ayrica yangin
tehlikesi de vardir. Deniz yatadi nesneleri ve sig ylizeyde gomdiilli enkaz, techizat,
demirleme ya da delme igin risk olusturur. Bir gemi enkazi, capay! bozabilir ya da
burgu ucuna hasar verebilir. Deniz yataginin demirleme 06zellikleri, gapa drneklerini
ve kullanilacak gapa tiplerini planlarken oldukca ©6nemlidir. Alt-dip profili izinde
(kopyasinda) belirlenen jeolojik dedisiklikler, tortu ve kaya tiplerinin temsili
gorintdlerinin elde edilmesi icin nerelerde érnek alinmasi gerektigini gosterir

7.4. Donati hareketleri

Bu islemlerde 6lgmecinin yiiksek dogrulukla ayarlama yeteneginden yararlanilir. Bu
islem G¢ ana alana ayrilir:

- Delik agiciyr yukseltme donatisi. (kriko),
- Demirli yari-suda kalabilen delme donatilari ya da delme gemileri,
- Dinamik konumlu tekneler.

Uc ya da dort bacakh delik acicyr yiikseltme donatilari (kriko), ana calisma
alanlarinda bacaklari havada, gévdesi ya da gbvde ayaklari ayaklari su seviyesinin
altinda olacak sekilde yizerler. Bu demektir ki, deniz seviyesinden 80 m yliksekte
olabilecek bir anten bir bacagin tepesine vyerlestiriimelidir. Delme bolgesine
yaklastikca bacaklar deniz yataginin hemen (stiinde olacak sekilde algaltilir.
Cekiciler donatinin konumunu ve ydnunl kontrol etmek Uzere kullanilir. Bacaklar,
deniz yatadina kadar alcaltilir, ilk bacak asadida tekneyi demirler ve belki de bu
bacak cevresinde dénmesine neden olur. Asagidaki sekilde delik agicyi yiikseltme
donatisi yerlestiriimek tzere gekilirken goriliyor.
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Sekil-7.01 Delik agicyr ylkseltme donatisi yerlestirilmek tzere gekiliyor

Yiikselticiler, kurulu delme platformlari yaninda ya da tzerinde de kullanilirlar. Bu
platformlarda donatinin konum, dogruluk ve durumu énemlidir. Platform Gzerindeki
onceden ayarl noktalar boyunca asagi dogru, birimin delme yapmasi agisindan
onemlidir. Sondaj kulesi ve Uretim platformu arasinda dogru iliskiyi saglayabilmek
icin cesitli sistemler kullanilir. Cogunlukla platformda basit asili kablolar (halat, ip),
yukseltmedeyse yapi iskelesi konsollari kullanilir. Béyle bir sistem radyo ayarlama
sistemleri gerektirmez, bant ve kablo (halat, yol) gerektirir.

Pek c¢ok vyari-suda kalabilen delme donatilari ve bazi delme gemileri, bir
kilometreden daha fazla uzakliklarla gevresini alan 12 kadar c¢apa ile yerlerinde
tutulabilirler. Teknenin mevki (izerinde tutulmasi yeterli degildir. Tim capalar, deniz
yatagi engellerinden kaginilacak sekilde ve tiim yonlerden tekneyi dengeli bir
gerginlikte tutacak sekilde yerlestiriimelidir.

7.5. Boru hatti dlgiimleri

Boru hatti dlglimleri, boru hattinin gegecegi yerin belirlenmesi amaciyla yapilan
arastirmalardan, yanal tarama ultrasonik radari ya da uzaktan kumandali arag
(ROV) lar tarafindan yapilan déseme dlcumleri ve periyodik analizlere kadar gok

Hidrografik Olgmeler



123

7. Hidrografik Uygulamalar

cesitlidir. Eger boru gomiilecekse, deniz tabaninin alt katmanlari da g6z o6niline
alinir. Akustik aragtirmalar, yerin kaziya hassasiyetini belirlemek igin kitle (gbvde,
0z, cekirdek) ornekleri ile desteklenmelidir. Boru, dnceden sekillendiriimis ya da
sonradan sekillendirilecek kazilara yerlestirilir. Borularin, énceden belirlenmis hat
boyunca basarili bir sekilde yerlestiriimesi cok énemlidir. Konumlandirilacak nokta,
temas etme noktasidir, yani insa teknesi yavasca yilkselen boruyu kicina aldiktan
sonra borunun deniz yatagina eristigi noktadir. Teknede, kaynak, analiz ya da
beton kaplama 6zel galisma istasyonlarinda yer alir. Tamamlanan boru, mavna boru
rotasi boyunca ilerlerken hidrolik olarak kontrol edilen bir yerlestirici ile kigtan
asagiya indirilir .

Eder boru bir kurp cevresinden gececekse, tekne tedet boyunca boru rotasina
dogru ilerlemelidir. Boylece, borunun dogrultu hattini takip etmesi saglanmis olur.
Bu durumda, tekne borudan farkli bir kurp izleyecektir. Kayma, teknenin kigindan
temas noktasina kadarki mesafeye ve egrinin (kurbun) yaricapina bagimlidir.

Her bolim, gemide kaynaklandiktan sonra boru doseme teknesi, boruyu yerlestirici
Uzerinden deniz tabanina indiriyor.

Sekil-7.02 Kiyidan uzakta boru yapimi sistemi
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Olcmeciler, doseme teknelerini destekleyen (yardima olan) capa kollu tekneleri
konumlandirmada kullanirlar. Teknenin 6n capalarini, dogrultuya (rotaya) getirip kig
capalarini, teknenin arkasinda yakina getirirler. Tekne bundan sonra, kendi capa
kablolari boyunca kendini ileri cekebilir. Capalarin, mevcut boru hatlari da dahil
olmak (zere deniz yatadi, engellerinin olmadigi yerlere yerlestiriimesine dikkat
etmek gerekir. Boru teknesi “"Apache” dnceden kaynaklanmig, esnek borulari, genis
bir tekerlekten doser. Boru kiyida inga edilmistir. Bu yilizden de bitmis hattin
cabucak yerlestiriimesini sadlar.

Dbdseme sonrasi dlgmeleri, boru rotasini gézden gegirmek ve desteksiz borularin
montajini kontrol etmek icin gereklidir. Olcmeler yanal tarama ulrasonik radari
kullanilarak cabucak yapilabilir. Bu radar, hem araliklari hem de kismi gémdalmeleri
gosterebilir. Ama daha ayrintih (ve daha pahali) 6lgimler, boru hattini hassas bir
bicimde takip edebilen uzaktan isletilen vasitalarla yapilir. Kameralarla, beton
kaplamaya gelen zararlar, serbest aralik ylksekliklerinin hesaplanmasi belirlenebilir.
Ayrica boru eki (boru baglanti parcasi), numaralari, anotlari ve belverme (egilme)
durdurucularini bulur ve yerlerini saptar. Bu numaralar, beton kaplama Uzerine
boya ile yazilmis olabilir.

Alt - dip profil alma, gbmdlld borular icin kullaniimaldir. Bu is, boru konumunu
saptamak igin boru yonl boyunca sefer yapmay! kapsar. Borudan gelen ekolar,
karakteristik hiperboller seklinde goriindr. Ekonun tepesi, hem borunun
pozisyonunu hem de saptanacak gémi derinligini verir. Bir ROV (uzaktan
kumandali arag) profilciyi tagimak icin kullanilabilir. G&mUll boru hatti, manyetik
egim olglict kullanilarak gekilebilir. Déseme 6lclimleri, dogruluk ve sigorta amaglari
yuzuinden senelik olarak gerekebilir.

7.6. Tel taramasi

Olciim alani echo-sounder ve ultrasonik radarla incelendiginde, bazi 6zellikler
saptanabilir ve bunlarin en az derinliklerini kesin olarak bilmek gerekli hale gelebilir.
Bu gibi dzellikler sivri tepeli kayalar ya da gemi enkazlari ve benzerleri olabilir.
Uzaktan hassasiyetli aracglarin bunlarin en yutksek noktalarini belirlemis olmasi
normaldir. Bunlar, kiiclik bir destek, bir direk ya da sivri uclu bir metal ya da kaya
parcasi olabilir. Pek c¢ok durumda, ultrasonik radar kaydinda eko olarak
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beliremeyecek kadar az bir akustik gli¢ yansitirlar. Alternatif olarak, haritay
kullanacak kisiler icin belli bir derinlige kadar giivenli bir rota olarak batimetriden bir
kanal secilebilir ve deniz tabanindan gelen herhangi bir engelin yoklugu
kesinlestirilir. Tel tarama, glvenli derinligi her iki durumda da fiziksel olarak
kesinlestirmenin bir yoludur. Taramanin asil sekli, blylk o6lctide dlcmecinin ve
denizcinin  sagduyusuna kalmistir. Ancak su Olclitler mutlaka gbdzoniinde
bulundurulmalidir:

1. Bir kol (rod), cubuk ya da halat bilinen bir derinlikte su boyunca yatay
olarak cekilmelidir.

2. Kolun derinligi, vs. Oyle olmalidir ki, herhangi bir engel hem bozulmali
hem de berraklastirimalidir (bosaltiimali, akitiimali). Béylece engelin derinligi kabul
edilebilir sinirlar iginde kisitlanir.

3. Guvenli kanal durumlarinda, s6z konusu alanin tamami givenli olarak
belirtilen derinlige kadar taranmalidir. Bir engel durumunda engelin gevresindeki
genisce bir alan, en yiksek nokta belirleninceye kadar taranmalidir. Limanlarda ve
yakinlarinda, yol (zerindeki engelleri siirlip yerini degistirmek ve diizlestirmek
amaciyla yatak boyunca bir kolun, agir zincir halati cekmesi, sik sik uygulanan bir
yontemdir.

4. Supdrilen (taranan) herhangi bir engelin konumu kesin olarak
belirlenmelidir.

Diger hassas sistemlerde gelismeler olmasi nedeniyle artik tel taramalar (stiplirme,
kol) eskisi kadar cok kullanilmamaktadir.

7.7. Deniz yatagi alanlarinin onarilmasi

Bazi (lkelerde, deniz altinda acgllan kuyularda petrol ve gaz bittiginde, petrol
sirketleri tarafindan yapilmis olan platform ve boru hatlarinin kaldirnimasi ve deniz
yataginin 6zgiin hale getirilmesi istenmektedir. Bu temizleme ve iyilestirme
islerinde, Olgmecilere de ig dismektedir. 1990 yiinda, ABD Hukimetinin
yonetiminde Meksika Korfezinde platform kaldirma galismalar baglatiimistir.
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Odom Mks echosounder
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n reality, beam shapes vary with the transducer type and typically exhibit "side lobe"
patterns.
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The diagram is for a different brand Xlamp 6W 45° bulb but the specs are identical so

the diagram should give you a good idea of coverage.

Hidrografik Olgmeler

f



132

7. Hidrografik Uygulamalar

Figure B

Figure C
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&ig. 10. Pringip der Edyolotung.
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SURVEYING OF WATERS IN THE FRG BY THE FEDERAL
WATERWAYS AND SHIPPING ADMINISTRATION

Dr.-Ing. Joachim BEHRENS, Germany

Key words: hydrography, surveying of waters, surveying system for "peilungen”, echosounder
systems, Federal Waterways and Shipping Administration.

OVERVIEW

Now I'm over 20 years at the Federal Institute of Hydrology (BfG := Bundesanstalt fir
Gewasserkunde) in Germany. Our main task at the BfG is to look forward for future developments in
hydrography - especially to optimize the complex systems for surveying of waters. So | will give You
an impression of the Federal Waterways, as the surveying object, the organization of the Federal
Waterways and Shipping Administration, and - very important - the instruments and the rules for the
daily tasks we used for the surveying of waters today.

1 INTRODUCTION

1.1 The Federal Waterways in FRG

The length of the Federal Waterways in FRG is about 7.300 km, 800 km from that are so-called sea
waterways. Opposite to that the inland waterways are decided in free flowing rivers, channelized
rivers (whose streaming water is regulated by locks), and canals. 75 % of the river net belongs to
natural beds by streaming water, and the other part is constructed by mankind. The Federal
Waterways are in the right of possession of FRG. The regulations and especially the rivers and their
length are described in the Federal Waterways Act in FRG, the Bundeswasserstraflengesetz
(BWaStrG 1990). As FRG is situated in the heart of Europe, so the Federal Waterways have a central
importance for European Waterways and their navigation traffic. The main rivers of FRG are Rhine,
Danube and Elbe, where you can find most traffic activities.

1.2 The Federal Waterways and Shipping Administration

The Federal Waterways and Shipping Administration (WSV := Wasser- und Schifffahrtsverwaltung) is
responsible for the Federal Waterways and has to supervise the navigational traffic routes and the
traffic itself. The flood, the waste water from industry and the water quality - by mentioning some of
the essential topics - is in the responsibility of the 16 States of FRG. Only if there is a conjunction with
navigational traffic, then the WSV has been involved.

The organization of the WSV is: the Federal Ministry of Transport, Building and Housing (BMVBW),
the 7 regional Waterways and Shipping Directorates (WSD'en, plural), the 39 local Waterways and
Shipping Offices (WSA) and 8 Offices for Planning and Construction (NBA). In addition to this
organization there are the Federal Institute of Hydrology (BfG), the Federal Institute of Hydraulic
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Engineering (BAW) and Federal Maritime and Hydrographic Agency (BSH) as principal authorities of
FRG under the jurisdiction of BMVBW (Behrens 1992b).

As the author is Head of Department "Geodesy" of BfG some information are necessary to explain.
The BfG is the scientific institute of the Federal Government for research, assessment, and consulting
in the fields of hydrology, water-resources management, ecology and water conservation. It acts as
consultant for federal ministries and their subordinated authorities in general and detailed decision-
making, especially for WSV in matters of regarding the planning, development and new construction
of Federal Waterways as well as their operation and maintenance (BWaStrG 1990, § 45 (3)). The
main tasks of Department "Geodesy" in the field of surveying of waters are research, development of
instruments, surveying systems and measuring methods as consultation, support or assistance and
aid for the WSV.

2 SURVEYING OF WATERS

2.1 In General

Surveying of waters consists in measuring the morphology of the water bed, that means the form and
topography of the shores and banks, including the underwater banks and slopes and the bottom.
These three-dimensional co-ordinates (triples) are recorded, in dependence on the special water
region, with systems aboard vessels / boats or, in certain cases, with simple surveying instruments
from shore or bank. Measuring vehicles like measuring vessels, amphibian vehicles (Behrens 1986),
trailerable boats or barks, are used, which have special standards in construction and motorization to
meet the requirements of the area to be surveyed and of the surveying equipment (Behrens 1988).

The two-dimensional position of the measuring vehicle (e.g. latitude and longitude or other national
co-ordinate systems) is determined by position fixing systems using various methods. The
measurement of water depth or sounding is made from the surveying vessels mostly with
echosounders or echosounder systems. The measured depth data are related either to the surveying
vessel or to the surrounding water surface. The data of positioning and of depth sounding have to be
assigned together simultaneously (Behrens 1988). If there are shallow waters or if trailerable boats or
amphibian vehicles are not available, only tachymeters with prismatic rod or sounding rod are used. It
is in any case important to ensure the flow of data because of the immense recorded information. For
the later use of the data triples - especially for comparison with data from earlier surveying epochs or
campaigns - the measured water depth data have to be related to a mostly homogeneous levelling
reference system, cf. figure 1.

The main task of the WSV is to guarantee the safety of navigation on the Federal Waterways in
Germany requires the permanent monitoring of the morphology of the waterway beds and of the
changes they undergo. These measuring exercises, called in German "Peilungen" consist of the
following operations:

e position fixing of moving surveying boats (location);

e depth measurements (sounding), related to the position of surveying boats;

¢ time measurements, associated simultaneously with the above operations (time reference).
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Figure 1: Principle of surveying of waters by vessel or boat

The extent and the accuracy of surveying tasks is to be optimizes, depending on the demands
brought forward by the multi-users of the data, for instance in the field of maintenance dredging,
development or new construction of waterways. Mostly the surveys are so-called multi-purpose
surveys, with the intention to optimize the quality (i.e. accuracy) of the measurements and to chose
the most economical method.

2.2 Surveying System for "Peilungen”

On the Federal Waterways surveying systems for "peilungen” are used. This surveying system is
installed on board the measuring vessels. This system has 3 main components, which are equal to a
higher data processing level by the stream of data sampling:

e the sensors, measuring the raw data,
e the computer for the continuous working process and

e the actual data information units for the operator and the helmsman and the recording
instruments.

The sensors are normally: the positioning board system, inclusive an antenna or prism circle outside
the steering house, the echosounder system, inclusive the acoustic oscillator (transducer) and the
height referencing system, cf. figure 2. If needing highest accuracy, it is necessary to have a motion
sensor (for heave, roll, pitch) and a gyro compass for the stability of the surveying vessel (as the
platform for all sensors) in the short moment of measurement during practical work.

If you will not work with tide gauges, when working in near distances (until 500 m) to the boarders of
the river, so-called niveaulaser systems are in use (Behrens 1993). Another way of work is to use the
vertical angle of polar-fixing systems or nowadays the use of satellite positioning systems.
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Figure 2: Principle of a surveying system for "peilungen” (board station)

In general there is a data-flood and for the hydrographer it is necessary to get the sensor-data into
the processor for calculating and navigating for the helmsman. The raw data with so-called first
plausibility on board are recorded on CD's. This is a very difficult process, because the surveying
system for "peilungen” must be able to decide, that the correct time for each sensor-measurement is
chosen. Only by this the calculation of the co-ordinates P(X, Y, Z) for each bottom-point is truthful
possible. By our researches over a period of years we can mention, that the minimum time for
position data must be better than 2 data per second. The minimum time for sounding data must be
better than 10 data per second. The data for the height reference of depth measurements must be
close to the positioning data rate. Besides that there is often the problem to have acknowledge over
the stabilisation of the measuring vessel itself. For that high precise surveying of waters, we use
sensors for heave, pitch and roll too.

In 1994 / 95 a lot of trials had been made to install the Hydrographisches Mess- und
Auswertesystem (HYMAS) - a modern combined surveying system for "peilungen” - on board the 16
m surveying vessels for use on Federal Waterways. The components of HYMAS are PDGPS (cf.
chapter 2.3), a single beam echosounder system with 2 frequencies (e.g. 15 kHz / 100 kHz), a multi
tasking processor unit and a lot of software modules (develop by firms and the staff of Department
"Geodesy"-BfG) under Windows NT is leading the measurements from the beginning to the end of
surveying work. The software is able to recognize mistakes, defects or failure data from the sensors
during the process on board. It is a great help for the operator and the helmsman, seeing the
complete documentation - not only for the surveying data - on the processor screen. This HYMAS are
in use since the end of 1995 in WSA Cologne for a river part of the Lower Rhine Region
(Briggemann 1995). Until today there are in use about 20 surveying vessels with HYMAS for inland
waterways.

The recorded data are given to a computing centre in a local Waterways and Shipping Office (WSA :=
Wasser- und Schifffahrtsamt). There a second plausibility will be used for the combination of the data
sampled for each surveying track to a digital river-bottom modelling. Other results are drawings of
profile tracks, depth figure or depth-lines charts, difference depth-lines charts and digital cartographic
information for different users. The intern users in the WSV are responsible for navigational safety,
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dredging, hydrology, inspection of all sorts of underwater buildings and planning and new construction
of waterways.

2.3 Positioning Systems

Since 1995 in the WSV the instruments for surveying of waters had been changed extremely. The
ancient radiolocation systems like HiFix (since 1969, until 1985), MiniRanger Il / IV (since 1980, until
1991 for both tidal rivers Elbe and Weser) and Syledis (since 1983, until 1998) as succeeding system
of HiFix had been used in the coastal zones of FRG in North Sea and Baltic Sea (Behrens 1996).
These - in their technology very good - systems are exchanged by Navstar Global Positioning System
(GPS) or in the modifications: by Differential-GPS (DGPS) or by Precise-DGPS (PDGPS).

For the inland waterways there was a change from manual works: positioning by ropes or steel wires
for each meter or Ralog 20/22 to polar positioning systems like Polarfix (since 1983), Polartrack
(since 1990) or Autotracker (since 1991). This was a development which was increased by BfG (by
my predecessor in the office: Mr. Meiswinkel 1983). The famous of this instrumentation was the
automatic tracking by infrared laser and prediction of positioning, during the measuring signal had
been lost about some seconds. It was an expensive polar positioning system (about DM 250,000), but
it is today not out of order. The most use is in river regions with e.g. numerous bridges, harbours, high
buildings and mountains, which are close to the waterways. It is often better to use the Polartrack
than GPS, because the GPS signal noise is often bad or there is no measuring signal at all (Wirth,
Gertig 1991, Behrens 1992a).

For the WSV some staff-members of Department "Geodesy"-BfG had been made a lot of
experiences from 1990 until 1993 with DGPS an later on with PDGPS. These tests ended
successfully for use of PDGPS aboard the surveying vessels (Wirth 1990, Wirth, Briiggemann 1993).
Another famous thing was, that the Geodetic Survey of the 16 States of the FRG decided to build up
the so-called SAPOS(Satellite Positioning Service of the German National Survey of the 16 States of
FRG). Normally the GPS-reference stations have range distances about 50 km over the whole area of
the States; that means over FRG. Along the Rhine river the GPS-reference stations are combined by
SAPOS and some stations of those from WSV (Behrens 1999a). By this there is a higher density at a
range distance of about 20 km, so that the accuracy is about s > =10 cm (P = 95 % confidence level)
for positioning in real-time.

By the use of all kind of positioning systems in daily practice at the Federal Waterways we develop
accuracies for position fixing of the surveying vessels / boats. Long-years of practical experience have
shown that the systems can yield accuracies in the following ranges, in dependence on the quality of
the systems and the handling of the operators (with statistical accuracy of 95 percent):

more than 10 m

less than 10 m

between 3 mto 5 m

less than 1 m until 10 cm

e Searegions
e Coastal waters

Estuari d tidal ri
* stuaries and iaat rivers less than 5 m until 10 cm, just as the demand.

¢ Inland waterways
(i.e. free-flowing or channelized rivers,
canals)

e Greater lakes
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2.4 Echosounder Systems

I myself remember of the manual position fixing on rivers as an old method on the one side, and on
the other side as a method nearby depth founded buildings in practice today. To this method belongs
manual depth measuring by plumb, and the length of the rope or steel wire, which crosses the water,
must be measured to know the full meter points of the depths (Behrens 1999b).

Otherwise there is no use of high technology like laserscanning systems with green shining
laserbeam, which comes through the water-body more than 10 m of depth. But in FRG the quality of
water is not so clear for that kind of measurement, and the given accuracy of about 30 cm per 10 m of
depth is too bad for the navigational safety of Federal Waterways. The depths of these river routes is
about 3...5 m in average, for the canals about 5 m. That is the reason why the WSV has to look for
every decimetre of depth more or less, and there is need of systems for shallow waters. Sometimes
the intern user of data want to know a higher resolution of depth measuring ("only few centimetres"!),
when modelling with hydrographic data. That is why the WSV use the special echosounder systems
for surveying adapted to the regional conditions of rivers or canals.

The measuring principle of echosounding is the following one:

Sound impulses generated by an oscillator propagate through the medium water until they hit on an
interface between two media which differ in density, like water and river bottom, where they are
reflected and received by the same or a second oscillator (transducer). The travel time of the signal is

recorded and the distance is calculated, which is the depth of water vertically below the oscillator, cf.
figure 1 (Behrens 1988).

The following factors have to be considered in echosounding measurements:

e Immersion depth of the echosounder;

e Oscillating frequency and beam width of the echosounder;

e Determination of the propagation velocity in the respective water:
Vsound-water = f { density of water = f (water temperature and salinity) }
(The mean value of Vsound-wateris 1,460 m/s; correcting charts are available);

e Position of the ship in the water (e.g. heeling);

e Morphology of the seafloor or river bed;

e Supply of reference data for height correction of the depth measurement; and

e Type of echosounder systems: analog or digital / echograms or depth data - with a resolution
of 5to 7 cm (scale 1:100) or 1 to 5 cm; to water depth of about 60 m.

The data of water depth measured by sounding are to be considered as raw information about the
water depth below the immersed oscillator and the time of the recording. To enable comparisons with
future measurements, it is necessary to bring these raw data into relation to a fixed permanent
levelling system. In hydrology, the common reference systems are the mean sea level, the zero of
level of sea charts, or reference gauges.

The network of fixed points along waterways is connected to the network of fixed points of the
superordinated land surveying system and supplies height and position references for engineering
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purposes. The height of these fixed points is determined by so-called main levelling exercises along
the Federal Waterways which are repeated very 10 to 15 years. Simultaneously with these measure-
ments, for each water level gauge, the so-called zero-of-gauge level is fixed by means of three gauge
reference points. Since the supply of height reference data for measurements on inland waterways is
beyond the scope of this paper, it should be mentioned that such examples can be found in the
literature (Behrens, Henoch, Keydana 1990; Behrens 1993).

As the network of gauging stations on coastal waters and tidal rivers is wide-meshed (distance
normally more than 10 km) and the stations are mostly located near the coast, reference data here
can today be supplied only by help of compu-ter models, which are able to consider the influences of
the tides. The best accuracy achieved here is in the decimetre range. Especially for coastal waters
and tidal rivers, a substitution of the conventional reference data supply by a DGPS could yield
notable improvements for the methodology and in accuracy. A precondition is the existence of a
homoge-nous height reference system on a nation-wide scale and in the whole of Europe, as well as
the use of suitable geoid models for the oceans and seas.

ECHOSOUMNDER SYSTEMS AND SURVEYING METHODS

il channel MUl beam

single channel
echosounder system echosounder system

echosounder system

water surfaca

||||1

area survBying

eross line suneying

Figure 3: Principles of echosounder systems for cross line and area surveying

All three main groups of echosounder systems: single and multi channel and multi beam echosounder
system are in use today for getting surveying profiles or a complete information (depths, topology and
morphology) of the whole river or canals body, the coastal bottom as well as the water areas of
harbours, cf. figure 3 (Behrens 1999b). | think we take and had been taken that special echosounder
system, which is and had been demanded by each different user of surveying information.

Now | will give You some experiences with the two novel systems: electro-acoustic "peilrahmen” - a
high precise multi channel echosounder system - and multi beam echosounder system for use on
Federal Waterways in FRG.

In 1996 the BfG had become order to made researches on multi beam echosounder systems for
use in shallow waters. We had got an overview after looking at the international market, especially
the firms: L3-Communications Honeywell Elac, Reson, Simrad and STN Atlas Elektronik. The staff-

members of "Geodesy"-BfG made together with members of WSA Duisburg-Rhine a lot of trials with
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the Simrad EM 3000 system of about 4 weeks in the Lower Rhine Region near by Duisburg in 1997.
The handling with the system, the installation on board and the resulting accuracies in the Rhine river
as well as the recognition of underwater buildings, of locks and of obstacles had been the main
aspects during the tests (Wirth, Béth 1997).

Here are some results of the tests with Simrad EM 3000. The multi beam echosounder system data
can be used until 8 times the water depth, e.g. 8 x 3 m = 24 m is the width of the surveying lane on
the bottom. The accuracy is about s = 10 cm (P = 95 % confidence level) under mentioned conditions.
The accuracy of the vessel stability itself to a fixed position is on average 11 cm under a
measurement velocity of 2 m / s. A large multi channel echosounder system have 40 m width, but the
extend metallic construction needs a big vessel and demands for a very good steering by helmsman.
So it is easier to use multi beam echosounder system, although you need twice lanes for surveying
the same bottom area.

In 1997 the BfG together with the WSA Regensburg (Danube) made researches on a new
constructedelectro-acoustic "peilrahmen”. It has 33 transducers (3 per 1 m of length) for vertical
sounding installed in a row on a metallic mounting. This construction is a mobile one and can be
changed from one surveying vessel / boat to another. The manufacturer is Dr. Fahrentholz from
Germany (Kiel). The electro-acoustic "peilrahmen™ has the best use for finding small obstacles on the
river bottom, because the sounding signal rate is 40 times / s (= 40 Hz). There is exactly the same
accuracy as with multi beam echosounder system, but the costs are cheaper and the surveying lane
on the bottom is 11 m.

As a conclusion out of the testing results, it is necessary to reduce the digital data for both
echosounder sytems. The data density must be reduced in that way, so that after computing and data
plausibility the whole bottom area is characterized by single but essential points of obstacles (Wirth
1999). | think for that aspect and for handling the huge mass storage of data, an enormous task is to
do in future for all hydrographers!

After ending the both tests described above with reports (Wirth, Béth 1997, Béth 1998), the BfG
developed a long list on the performance characteristics which must be necessary, if one WSA will
buy a multi beam echosounder system. It was worth to do that for such kind of complex system! It
was very difficult to get all information from the firms, because some parts or modules of the systems
had to be develop in future and some descriptions are not so quite specified for the user. Today there
are 6 multi beam echosounder systems in use on the Federal Waterways in FRG and 4 systems are
purposed for the next two years.

2.5 Special Measuring Methods

In the surveying of the beds of water bodies, one distinguishes between the measurement of
longitudinal and cross profiles and the area measurement. The choice of the surveying method
depends on the availability of instruments, the type of ship and the surveying equipment on board for
"peilungen". Multi-purpose measurements are given preference to supply several users with data
(choice of the most economical method) in sufficient accuracy for fields like navigational safety,
dredging, hydrology, planning and implementing works in hydraulic engineering.

In coastal waters, and partially also in tidal rivers, the distance between the sounding lines varies
between 50 m (in the demarcated navigation channels) and 400 m (over tidal flats). The presently
used system operates with single oscillator echo-sounders (e.g. 100 kHz), often supplemented by
oscillators for a second, lower frequency (e.g. 15 kHz) for distinguishing silt and sediments. Today for
that special surveying there are special instruments in use with developments in future (Wendt 1999,
Eden 1999). Of course, priority is given to navigation channels against the other areas in the regular
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updating of surveys.

The results of the surveys are available to users in form of digital data (WSV-point file), as
representations of cross sections or depth charts, depth contour charts, and the Maps of Federal
Waterways in large scale (e.g. 1:2,000). These maps are produced and regularly updated in the
mapping departments of the WSV or ordered from private firms. | just want to mention that the
digitalized Map of Federal Waterways in the scale 1:2,000, which shall also be the basis for a future
information system on waterways, is in the process of preparation.

3 FACIT, FUTURE ASPECTS

There is on the one side the development of the components and of the whole surveying system for
"peilungen”. On the other side there is the interest of people outside the Federal Waterways and
Shipping Administration (WSV), who want to buy the data information getting by the surveying of
waters, for aiding the traffic vessel navigation.

The last aspect leads to a river-channel information system called ARGO for the Rhine river, as
the most traffic river of the Federal Republic of Germany today. Instead of that, it will be used an
automatic navigation system, researched and developed by the University of Stuttgart, and an inland
waterway chart on the basis of ECDIS. In the automatic navigation system there will be a radar map
matching, controlled by DGPS with an accuracy of abut 3 m in X/Y-positioning for the merchant ship
using ARGO. If we look at the inland waterway chart, so it is necessary to get the Z-co-ordinates,
represented by the depth data from the surveying, with an accuracy of about 20 cm. The problem of
course is the actualisation of the data for each bottom-point P(X, Y, Z) out of surveying of waters. This
is an optimization of men power, number of measuring vessels and financial resources for the WSV.
This needs a very good planning and organization with a help by a quality assurance system until a
certification analogue to 1ISO 9000 (DIN).

Regular monitoring of sea waterways and inland waterways by surveying demands the application of
advanced modern technology. While the topic surveying system for "peilungen"” is already rather
complex, it is becoming even more complicated by the intensive use of information processing
technology for each measuring operation by vessel. From a point of view of economy, the number of
data recorded should be also guided by the requirements of multi-disciplinary use of the geometric
information after surveying and other information of experts, which are connected with the geometric
data. That is why the operation of the complex measuring systems should be entrusted to well trained
staff so that the necessity of a future repetition of these expensive measuring operations can be
avoided. Often, it is not possible to repeat the surveying within a reasonable time, or at all, because of
extraordina-ry events (extreme water stages). The application of novel technology should be delayed
until sufficient experiences have been gathered, so that the continuity in the transition from the older
concept of measurement to the newer one is not disturbed.
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