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1 Executive s ummary

The quality andreliability of waterway infrastructurds a key prerequisitefor the competitivenessof

inland navigationas a transport mode.Among several infrastructure elements, théairwayis one of

the main aspects to considein this respect Tools to improvethe quality and reliabilityof the fairway

are availableby meansof st ructur al i nt er vandregular maintefanceang i t al dr e
rehabilitation activities (e.g. maintenance dredging orealignmentof the fairway) each of them to be

seenat the same level of importance

Contrary to capital dredging, maintenance activities have receivatbsufficient attention up to now
Their potential for improving navigation conditions while safeguarding environmentaiquirements
and saving costhas not been leveraged. The strong need for improving maintenance activities on
European waterways has also beennderlined by the European Court of Auditorsvho evaluated the
implementation of inland navigation policy in Europ&JROPEACOURT ORAUDITORR015).

The document at hand represents guidance for waterway administrations in Europienprove their
fairway maintenance processesThe focusof the manualwas set onfree-flowing river sections as
these have been identified as one of themost critical issues(see Art.16 of the TEN Regulation;
EUROPEAICOMMISSION2013b: 12).

To provide such a guidanceht manual illustrates animprovedfairway maintenance cyclehat takes
the processes beyond the actual implementation of a measure into accoufthese procsses relate
to monitoring the status of the fairway planning the most suitable measuresbased on highquality
data, evaluating the impacts of measures and deriving possible improvemerst Furthermore,
informing of/communicating with the various actors involvedn the appropriate manneris to be seen
as a key element of such a cyclelhe cycle isdesigned in a recurrent manner and to be seeas a
continuous improvement process

The manual alsodescribes the related proactive fairway maintenance strategy which aims at
minimizingdeterioration of navigation conditions as well asegative effects of interventions as much
as possiblethrough actions taken on beforehand to potential critical situationdzurthermore, his
integrative strategy duly considers themultiple functions of a waterwayand takes the requirementto
act in compliance with the environmental regulatory framework into account.

To derive recommendations for improved fairway maintenanceto be used by waterway

administrations, good practice examplesfrom several European waterway corridors have been
collected and analysedLessons learnedfrom these examples and requirements for implementation
in other corridors are illustrated. That waknowledge exchange across corridorshall be fostered.

The elaboration of the manual was supportecdby a Europeanexpert platform on waterway
maintenanceestablished withinPLATINA 2 who provided input for and performed reviews of the draft
manual. Topics that could not be covered in this doment, but have been assessed as being in
need of further discussion, are listedn the last chapter

PLATINA 2 is ctunded by the European Union (DMOVE)“ L =
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2 Background of the Good Practice Manual

The utilization of inland waterways strongly depends on the state of the physical infrastructure.
Eliminatinginfrastructure bottlenecks of insufficient qualityis a preconditionfor the competitiveness

of inland waterway transport, as thegetermine the reliability and capacity of the waterway. In order
to represent an attractive transport alternative for custons infrastructural bottlenecks need to be
tackled with the highest priority.This task is, anong other responsibilities, a key task of waterway
administrations.

Such efforts may take the form of singular interventions (e.@rge river engineering projectsas well
as rehabilitation and regularfairway maintenance activities. Up to now, some countriebave set
priorities on singular interventions, whereas recurring and continuous maintenance activities have
often beenset aside

Over the last few years howeer, the potential of maintenance activities has beemore and more
recognized. The current TEN Regulation (EU No 1315/2013, Art. 15) requires Member States to
ensure waterway maintenanceso as 'to preserve good navigation statusbf waterway (EUROPEAN
CommISSION2013b: 12). Furthermore, the 2015 Evaluation Report on European inland waterway
transport strategies by the European Court of Auditors specifically stresses the importance of
maintenance activities as nonperformance reduces the effectiveness of waterway infrastructure
projects and calls for improved implementation of related measures all over EurofffUROPEANCOURT
OFAUDITOR2015: 8, 34).

In fact, effective and efficientregular waterway maintenace is a ley issue to ensure economically
and ecologically viable waterways Proper maintenance resuls in stable or improved navigation
conditions and prevents new bottlenecksthat impede navigation In addition, regular, targeted and
comparably small-scale maintenance measures offer great potential to reducenegative effects on
the ecosystemas well as on cosin comparison with larger interventions.

Waterway maintenance is a complex field. The responsible administrations face a variety of tasks
and responsibilies, complex legal restrictions and diminishing resourcegny activities concerning
the maintenance of inland and estuary waterways have to take the mdlinctionality of natural
waterways into accountsuch as hydropowergeneration fishery, recreation, agriculture public water
supply, sewage clarificationetc. As these usesoften show conflicting interests an integrative
planning philosophy of waterway maintenance needs to bapplied, aiming at achieving the
necessary balance of all inteests. Above all, any use of a riverincluding navigation- shall not have
significant negative effecs on its ecosystem, as a functioning ecosystem is a prerequisite for
sustainable development.

In this context initiatives to improvethe efficiency ard effectiveness of waterway maintenance in
Europe need to be fosteredself-evidentlyin compliance with the existing regulatory framework he
Manual at hand is such an initiative, as it illustrates key projects and innovative approaches of
waterway adminstrations from all over Europe and provides lessons learned that are useful for the
practical work of a broader group of waterway administration¥he main input to the Manual was
provided by a European Group ofxerts on waterway maintenance, which wasstablished under

the EUco-funded project PLATINA 2. The experts selected projects from different waterway corridors
in order to stimulate knowledge exchange between waterway administrations on a g&umropean
scale and to develop expert networks beyond tianal boundaries. Where needed, pecific
conditions ofdifferent waterway corridors were taken into account.

7 PLATINA 2 is ctunded by the European Union (DOVE)“ e
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3 Objective s

3.1 Thematic focus

The focus of this Minual lies onmaintenance of the fairway The term "fairway" refers to that part of
an inland waterway (rivers, lakes, canals) in which targeted depth and width are maintained in
order to enable continuous navigatioh The respective parameters of the fairway are harmised on
an international scale. The width and the course of the fairway are amked by internationally
standardised fairwaysigns such as buoys omarks on the riverbank. The main measure of fairway
maintenance is to keep the fairway in a "good navigable conditioatcording to the requirements of
the current TENT Regulation EU N&315/2013 ("TEN-T Guidelines").

Riverbanksand bridgesmay limit fairway parametersbut are not part ofit and thus are not the focus
of this Manual. River engineering structures like pynes or training wallshowever while not being
part of the fairway eitherserve the purpose of directing the water flow towards the fairwagspecially
in lowwater periods. In this way thegtrongly influence fairway conditions lika river sectioris flow
velocityor its water depthand thus will be taken into accountin specific chapters

The depth of the fairway influences the possible draugbf an inland vesseland thus the amount of
cargo it can transport Furthermore, the dynamic squat an@ sufficient underkeel clearance to the
riverbed have to be considered to prevent groundings of vessels in motisee Figure 1) The term
"squat" refers to the level to which a ship sinks while it is in motion as compared to its stationary
condition. The dive depth of a ship equals the sum of itsalght loaded (loaded vessels in stasis;
velocity v = 0) and its squat (loaded vessel in motion; velocity v > ©)ADONAUS AUSTRIANVATERWAY
CoMPANY2013: 51).

Fairway width

- Fairway * Figurel:
Staff gauge Terminology
Towpath M used for

i [ fairway
1 arameters
Cross section of E f p
an inland vassal H —
Dive IUMUQHIM%:I L ‘ ] Water love

depth

Squat %\
' |

Fairway depth £ T
Underkeel H 5
c:laarfnca £ Gaugs 2em E
=
A
W g
Riverbed 1.-8-.

1 The CCNR Sécretariat proposed the following terminology for harmonisation across several languages (CCNR 2016):

DE NL FR EN
1. Wasserstralie Vaarweg Voi e dbeau Waterway
2. Fahrwasser Vaarwater Bande navigable/Eau navigable Fairway
3. Fahrrinne Vaargeul Chenal navigable Navigable channel
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Fairway naintenance measures are seen asrecurring, shortterm measures for providing
harmonised infrastructure parameters along the transport corridorspecifically a certain width and
depth of the fairwayon a specific waterwaysection which falls short of showng the targeted fairway
parameters. Within the scope of the khual, this mainly relates to, on the one hand,regular
dredgingactivities and, on the other, toshifting the course of thefairway by means of repositioning
of floating signs (buoysspears etc.). However, these activities are embedded in a more extensive
process that comprises monitoring, planning, executing, evaluating and informitegee Gapter 6).
Measures that increasethe efficiency and effectivenessof the process and keep the negative
influence of fairway interventions as low as possibbre consideredas Good PracticeExamples

Fairway naintenance measuresare an essential supplement to structural (i.e. river engineeriny
interventions, which are usually executed in a restricted time frame, buwith regard to their effects
are mid- and longterm oriented River engineeringstructures for lowwater regulationupgrade or
extend a waterway When designing interventions, the interplaypetween these two typesof
measures should be taken into account.

© viadonau: Hartl, Korner

Figure2: Maintenance vorks and groyne adaption on theAustrian stretch ofthe Danube free-flowing sections
Wachauand east of Vienng

The Manual mainly addresses navigational maintenance Services pursuingexclusively ecological

objectivesor measures whichare not linked to navigation are not subject of this documeniiowever,

it is emphasized thatsafeguarding environmental objectivess a general and key prerequite of the

maintenance process. Each and every maintenance measumaust be planned and implemented as
environmentally sound as possiblésee Chapter6) and in compliance with Europearand national

legislationas well as further voluntary agreements and strategie# applicable.

Furthermore, this Minual concentates on maintenance offree-flowing sectionsof natural waterways
(rivers) based on thefact that the TENT Regulation, in its Article 16¢alls for "paying particular
attention to freeflowing rivers which are close to their natural state and which caherefore be he
subject of specific measures{EUROPEACOMMISSION2013 b: 12).

However, here is nocommonly agreed definition of "fredlowing" rivers or river sections Also the
TENT Guidelinesdo not go beyondhe expression"being close to its naturd state". TheWorld Wide
Fund for Nature (WW)provides a more detailed specificationA "freeflowing"river is "any river that
flowsundisturbe d f r om i t s s o u,witheut encountering anyndanost weirs [orébdrrages
and without being hemmedn by dykes or levee’s(WWFGLOBALFRESHWATERROGRAMMR2006: 1). As
in reality such rivers are very rare, this Ehual concentrates on "free-flowing river sections' and

9 PLATINA 2 is ctunded by the European Union (DMOVE)- =l
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defines them as sections of natural riverswhich are not impoundeddue to barrages such as
hydropower plants or lock facilitiesand where water levels can be subject to considerable
fluctuations?. Freeflowing river sections might of course include river engineering structures for fow
water regulation (e.g. groynes and training walls)nd/or flood protection structures along their
banks.

These river sections show specific characteristicand pose a challenge for navigation The flow
velocity in freeflowing sections is usually higher than in impounded sectionsartificial canals or
lakes. Ths leads to a more dynamidransport of sediments, especially in periods with higher water
levels and corresponding higher flow velocitiesAlong with the respective discharge of a river,
transport sediment leads to a continuous change in thenorphology of the riverbed, either in the
form of sedimentation or erosion.Especially mn shallow or narrow river sections this continuous
change of the riverbed can lead to restrictions for navigation with regard to the minimum fairway
parameters (depth and width}hat are to be maintained by waterway administrations.

Furthermore, particular attention is needed regarding the interplay between navigation and
ecological requirementsin freeflowing sections,as these arecloser to their natural state and thus
still provide greater ecological valuethan impounded sections or artificial riversand canals In
addition, such river sections are often a part of dedicated Protected Areas (Natura 2000 network of
Special Areas of Conservation and Special Protection Areas desited under the EU Habitats
Directive and the Birds Directive)Accordingly, neasures need to be developed and implemented
with great care in order to preserve ecological quality as much as possibiespecting the applicable
environmental law. In general all water bodies are covered by the requirements of the Water
Framework Directive, even if they lie in areas outside of nature conservation areas. This is
particularly important regarding the principle of preventing deterioration and regarding the
achievement of the Water Framework Directive objectives.

This Manual has a broad scope anddoes not specifically focus on the interplay of ecology and
navigation, as thiswould require further in-depth analysisof specific issues. Howevergnvironmental
requirements need to be embedded in all individual projects antteasures taken in rivers must of
course be enacted within the legal framework environmental regulations like the EU Water
Framework Directivg2000/60/EC) and the EU Birds andHabitats Directives (Natura 2000 network
2009/147/EC and 92/43/EEC). Due to this, these related issues wil be taken into account in the
Manual, where necessarysee, e.g., Chapter 6.3)

Additional aspects in need of discussion thatra not within the scpe of the Manual at hand are
listed in chapter9.

3.2 Objective s of the Manual

The Manual has been prepared tcsupport waterway administrations in theidaily work of fairway
maintenance It also illustrates the tasks and challenges of waterway administrations towards further
parties in the process (e.g. waterway users) argthould helpto improve common understandig and
communication.Consequently, the objective of this Manual are:

2 This definition has been elaborated for the purpose of this document. It was not based on any
specific existing definition.

PLATINA 2 is ctunded by the European Union (DMOVE)“ [™
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1. To describe an improvedi.e. efficient and effective fairway maintenance process for waterway
administrations in Europe

2. To illustrate further practical approachesand good practicesfrom the major fields of the
maintenance cycle(see Chapter 7)o foster panEuropean knowledge exchange

3. To derive lessons learned and practical guidelines for waterway administrations

3.3 Structure and content

In Chapter 5, international and waterway corriderelated fairway maintenance targetsd legally
binding as well as voluntary are elaborated. Startingfrom this basis, the Manual explains strategies
to plan and implement improved fairway maintenance facing limited financial resources on the side
of waterway administrations and demands arising from further functions of a riv&the Manual
addresses how thesecan be integrated into the planning process and tackled through an integrative
corridororiented, aossborder planning approach (Bapter 6). The \arious steps of planning
measures are thoroughly described in l@apter 7 via the continuous fairway maintenance processa
recurring cyclecomprising status monitoring, planning, executing and evaluating measure3he
improved fairway maintenance process is illustrated by selected practice examples from all of these
fields.

Where possible and meaningful, the lessons learned frotinese Good Practice Exmples were
abstracted in order to be beneficial taa broader group ofEuropean waterway administrations and
waterway corridors General guidelines based on the discussion process accompanying the
elaboration of theManual are given inChapter 8.

Further topics that have been identified to be in need of discussion by tkeoup of Experts are listed
in Annex 11.1

In addition, a glossary to foster a common understanding of essential terms was prepared (see
Annex11.2).

11 PLATINA 2 is ctunded by the European Union (DOVE)“ e
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4 Method of e laboration

4.1 Expert Group on waterway m aintenance

This Manualwas developed within the framework of PLATINA &nd was supported by a Europan
Group of Eperts in waterway maintenance.Selected experts from 11 European waterway
administrations and two river commissiorfsstaffed the groupand discussed specific issues closely
related to implementation of fairway maintenance On the one hand, tle Group established a
common understanding of the framework conditions, key issues and chosen waterway management
approaches in the different waterway administrations and corridors, while on the other hand,
practical examples out of the fairway maintenancgrocess were analysed and discussed.

The Expert ®up provided contentrelated steering for this document by carefully choosing the topics
and examples to be dealt with, as well as discussing amuoofreadingthe Manual. Additional output

of the group work (terms of reference, meeting minutes, discussion papers, presentations, etc.) is
provided onwww.naiades.info As already mentioned, outlines for further topical work beydrthe
scope of this Manual are provided in Annex 11.1.

4.2 Overview of addressed river sections

The main navigable rivers and canals for inland waterway transport (IWT) in Europe are the Rhine,
the Meuse, the Albert Canal, the Scheldt, the Seine, the Rhoneg tklbe, the Mittellandkanal, the
Moselle, the Main, the MaifDanube Canal and the Danube. The IWT sector, transporting around
140 billion ton-kilometres per year, considerably contributes to the EU's transport performance.

The Rhine IWT sector is by farétmost dominant and mature market, with a share of almost 70% in
total transport performance in the EU (about 90 billion tekilometres in 2010). On the Danube, the
second biggest transport axis in Europe, about a third of this amount is transported (apjinoately

26 billion tonkilometres in 2010). Due to these basic conditions, waterway maintenance experts
from the Rhine and the Danube region were strongly represented in the Expert Group. Experts from
other river corridors comprising freflowing sectionscomplemented them: the Scheldt, the Elbe and
the Sava, which is a navigable tributary of the Danube river.

The Good Practice Examples illustrated in the Manual were provided by the Expert Group members
and are covering the Upper, Middle and Lower (not nitame) Danube, the freeflowing sections of
the Rhine and the tidal Scheldt (se€&igure 3 below andChapter4.3).

3 PLATINA 2 (2013 2016) is a European Coordination Action supporting the implementation of the EU's
NAIADES 2 policy package "Towards quality inland waterway transport”, which aims at promoting this
sustainable mode of transport.

4 See Annexl.1 for a list of the contributing administrations/river commissions/persons. The members
originate from France, Belgium, The Netherlands, Germany, Austria, Skis, the Czech Republic, Serbia,
Romania, the Danube Commission, the Sava Commission.

-
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**%¥|KSR 2007 (http://www.iksr.org/de/dokumentearchiv/broschueren/rhein-2020/index.html?pdfPage=6;accessed 14.6.2015)

#

Source: viadonau

Hgure 3: Freeflowing waterway sections addressed in this Manual

42.1 The Rhine

On 883 kilometres, the Rhine is navigable as a class VIb or Vic waterwaccording to the
CEMT/UNECE classification of European inland waterways (see Chaptg). Out of the navigable
part, 530 km are freeflowing. While the riverbed mostly consists of gravel and sand, the main critical
section for navigation, i.e.from riverkm 528 to 557 (the so-called "Gebirgsstrecke")has a rocky
bottom and reaches a faiway depth of only 1.90m in relationto the equivalent water level oIGIWP.
On the Rhine low water periodsusually occur between September and November but may vary. An
average amount of 300,000m?3 of sediment needs to bedredged annuallyin the course offairway
maintenance measures.

422 The Scheldt

The Scheldt is a 350km long riverwith ECMT waterway classes from IV to maritime. It hhg Port of
Antwerp the second largest port in Europepn its banks A rather unique characteristicof the
Scheldtis the influence of the tide on the fredlowing waterway. Being connected to the North Sea,
the tidal range can reach up to sixmetres, depending on the locatiorand the time of theday. This
has an undeniable influence on the appearance of critical lotans. The riverbed consists of silt and

5 The "Gleichwertiger Wasserstand (GIW)" or "equivalent water level" is a corresponding water level at different
cross sections of a river with the same period of highand lower deviation.

6 The annual values were provided by the Expert Group members. For the Danube, the values were taken from
the Danube Fairway Rehabilitation and Maintenance Roadmaps of June 2015.
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sand, which is & times polluted by metals. Low wateupstream discharge periodsusually occur in
the summer months. Approximately 150,000 m3 are dredged annually.

423 The Danube

The Danube shows waterway classes fronaMo VII.Due to its high gradient, the Upper Danube

showst he characteristics of a mountain ri wogthetn whi |l e af
Hungary the river becomes a lowland river. About 70% of the 2,418n long, navigable Danube are

free-flowing sections. Most of the hydroelectric power stations are situated at the steepdpper

Danube where most river sections ardmpounded. On the Central and Lower Danube freeflowing

sections are predominant.On the Upper and Middle Danube, thaverbed mainly consists of gravel,

turning into sandy gravel and finally sand towards the Danube delta. Low water periods usually occur

between October and February. The gradient of about 37 cm pen at the Upper Danube results in

outstandingly high volmes of sediment transport On the whole Danubean estimated amount of

about 1,400,000 m3 are to be dredged annually.

4.3 Overview of Good Practice Examples

17 Good Practice Examples have been identificy the members of the Expert Bup and are
illustrated in this Manual:

Area/Country

h P No.
River Chapter & Page No

Coordination of Sgg:ggzggnted i 4.3 0 Corridor
A Rhine @rridor maintenance works on o . oriented 22
. definition/illustration
the Rhine targets
of waterway targets
_ Establishing faiway ~ Donrion and 5228 Levels
B Serbiad parameters on the Iev%ls of service to of Service for 37
Danube basis of levels of . . fairway
service establish fairway maintenance
continuity
Definition of a
Dantbe Common minimum common minimum gfzsir?,it;:gerls
C . level of service for level of service and . 41
Corridor " fairway
waterway management corresponding maintenance
performance indicators
Fra_mework Concept for Multidisciplinary 6.3.30
D Germany Maintenance approach in integrated Integr_ated 60
("Rahmenkonzept maintenance blannin planning
Unterhaltung”) P 9 approaches
. o 6.3.30
Belgiuma Sugtalnable Multl-dlsmpllnary Integrated
E maintenance plan for approach in integrated ; 62
S SEEel the Upper Sea Scheldt maintenance plannin g
PP P g approaches
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Area/Countr
. J Chapter & Page No.
River
DENLS Stabilisation of the Corridororiented, 2340
F : Rhine riverbed along crossborder planning ; 65
Rhine oriented
the state border approach
approaches
Crossborder 7.1.3 0 Fairway
BG, HR, RO,  Corridororiented monitoring of fairmay  marking:
G RS3 fairway marking marks and monitoring of 81
Danube database harmonising fairway
information marking
; Multiannual framework Reducing lead time for
H Austriad contracts for dredaing  ©Utsourced 7.2.18 Choice o,
Danube . ging maintenance dredging of measures
services
works
7220
P evlelopmtert1_t andf Software development Computer
| Austriad gg%zmz:aas;?;: da for waterway assisted 100
Danube waterway management maintenance waterway
system management management
tools
Instruction for the
handling of dredged Guidelines for 7.3.1 0 Fairway
J Germany material of inland execution of dredging  maintenance 107
sediments measures dredging
(HABAR2000)
e s Description of a bed 7.3.1 0 Fairway
DE/FRd X ;
K hi ':l:t 'f'T'a;tb ﬁfilz%ae?m load supply project maintenance 111
Rhine pply under implementation  dredging
; Responsive fairwa Selection of
Serbiad P y operational measures  7.3.2 8 Fairway
L realignment and fairway . : 118
Danube information and the impact on relocation
fairway availability
ELWISS Electonic Comprehensive web 7518 User
M Germany Waterway Information  portal for publication of . >* - 129
. information
Service waterwayrelated data
Bottleneck information  Fairway information
N CDI?rr:iL(jj?)? on the Danube FIS services for the rﬁi%rlmaatLiJ()srfr 129
Portal Danube waterway
Longterm statistical
AUETEG C . analysis of water _Ievels
(0] b mz\/g:r?::gg glabete enable more efficient i7n.f50.}mthiJosr$r 132
Danube use of vessel loading
capacity
Structured process to
Regul_ar user . get user feedback on  7.5.2 8 User
P France committees on national . ' . . 134
the quality of nautical  integration
and local level Services
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Al_'ealCountry Name Chapter & Page No.
River
User surveys on Structured process to
Q The services of the National get user feedback on  7.5.2 d User 137
Netherlands Waterway the quality of nautical  integration
Administration services

Country abbreviations: BG = Bulgaria, DE = Germany, FR = France, HR = Croatia, NL = The
Netherlands, RO = Romania, RS = Serbia

-
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5 Fairway maintenance targets

The general goal of fairway maintenance is the provision of optinfairway conditions for inland
navigation, especially in lowvater periods, based on an effective use of available resources.
Waterway management authorities are operating under several @rhational agreements and
recommendations regarding the targeted fairway parameters (width, depth and vertical clearance
under bridges and overhead cablgs

Such targets are set by international regulations and agreements. Among these are the Trans
European Transport Network (TEM) Regulation, the Agreement on Main Inland Waterways of
International Importance (AGN), the Recommendations of the European Conference of Ministers of
Transport (ECMT), the Mannheim Convention (Rhine) or the Belgrade Conveni@nybe). Some
waterway administrations take additional targets into account which derive from national/regional
regulations and/or recommendations.

However, the main waterwayelated targets which are of legally obligatory character on the pan
Europeanlevel are represented by the following documents:

1. The EU's Trankuropean Transport Network (TEN guidelines in Regulation (EU) No
1315/2013.

2. The UNECE's European Agreement on Main Inland Waterways of International Importance (AGN),
1996.

Whether these argets may be achieveddepends on a number of factorswvhich are, to a certain
extent, beyond the range ofinfluence of waterway authorities (e.g. discharge and corresponding
water levels during the year, navigation closures e.g. due to ice or acciderggailable budgetsfor
operational maintenance measuresor political decisions etc.).

5.1 Requirements based on the TEN -T Regulation

In Articles 15 and 39 of the TENT Regulation(EU) No 1315/2013 on Union Guidelines for the
Development of the Trand&uropean Transport Networkthe minimum inland waterwayinfrastructure

requirementsfor core networK inland waterwaysare described. The Member tates have tocomply

to these requirementsby 31 December 2030:

TENT Regulation (EU) No 1315/2013
Article 15: Inland waterway transport infrastructure requirements for the Comprehensive Network
1. Member States shall ensure that inland ports areonnected with the road or rail infrastructure

2. Inland ports shall offerat least one freight terminalopen to all operators in enon-discriminatoryway and
shall apply transparent charges.

3. Member States shall ensure that:

7 The core transport network to be established by 2038cts as the backbone for transportation within the EU's
Single Market; it is supported by a comprehensive network of routes, feeding into the core network at regional
and national level.
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(a) rivers, canals and lakes comply with th@inimum requirements for class IV waterwayas laid down in the
new classification of inland waterways established by the European Conference of Ministers of Transport
(ECMT) and that there isontinuous bridge clearancewithout prejudice to Articles35 and 36 of this
Regulation.

At the requestof a Member State, in duly justified cases, exemptions shall be granted by the Commission from
the minimum requirements on draught (less than 2,50 m) and on minimum height vadbridges (less than
5,25 m);

(b) rivers, canals and lakes are maintained so de preserve good navigation statuswhile respecting the
applicable environmental law;

(c) rivers, canals and lakes are equipped witRIS

Article 15.3 (b) calé on Member Sates to preserve a good navigation status on their core network
corridor waterways This particularly relates to waterway maintenaree However, the concept of the
"good navigation status'is not specified any furtherwith the exception ofthe basic targets of 25 m
vessel draught and a minimum height under bridges of 525 m. However, as of 2016, a study
initiated by the European Commission is expected to further specify this concept for a possible
revision of the TEN Regulation.The PLATINA 2 Group ofxerts advises that the following
guidelines should be taken into account in the definition process:

1 Base the specification of parameters and target values on a corridor approach
I Take «isting (inter)national frameworks as basis for the definition

1 Define a base reference duration in days per e on which parameters and target values
should be reached for fredlowing stretches of natural rivers and for estuary rivers which are
characterized by frequently fluctuating water levels.

1 Include requirements for fairwaysas well asrelated infrastructures (locks, bridges, etc.n the
definition.

1 Consider hydremorphological and other limitations for the definition of parameters on the basis
of which exceptions from the minimum TEN requirements may be granted.

1 Take aspects of trafic management (taking the RIS Guidelines as basis) into account.

1 Give nformation to the fairway users (taking the RIS Guidelines as basis), including
hydrographical and hydrological services and restrictions due to works and how these are
agreed and coodinated with fairway users and/or other administrations

5.2 Requirements based on the AGN Agreement

In 1996, the Inland Transport Committee of the United Nations Economic Commission for Europe
(UNECE) adopted th&uropean Agreement on Main Inland Waterways biternational Importance
(AGN). The Agreemeigame into force in 1999 It constitutes an international legal framework for the
planning of the development and maintenance of the European inland waterway network and ports
of international importance It is based on technical characteristics and operational criteria for inland
waterways (specified in Annex Ibf the Agreement).

PLATINA 2 is ctunded by the European Union (DMOVE)“ | =
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AGN, ECE/TRANS/120/Rev.2, 19 January 1996
Annex llI: Technical and operational characteristics of inland waterways of international importance
(a) Technical characteristics of E waterways

The main technical characteristics of E waterways shall generally be in conformity with the classification of
European inland waterways set out in Table 1 [séggure4].

For the evaluation of different E waterways, the characteristics of classesdIVII are to be used, taking
account of the following principles:

(i) Only waterways meeting at least the basic requirements of class IV (minimum dimensiohvessels 80
m x 9.5 m) can be considered as E waterways. Restrictions of draught (less than 2.50 m) and of
minimum height under bridges (less than 5.25 m) can be accepted only for existing waterways and as an
exception;

(viii) On waterways with fluctating water levels, the value of the recommended draught should correspond
the draught reached or exceeded for 240 days on average per year (or for 60% of the navigation
period)?® The value of the recommended height under bridges (5.25, 7.00 or 9.10 should be ensured
over the highest navigation level, where possible and economically reasonable;

o

3 However, for upstream sections of natural rivers characterized by frequently fluctuating water levels due to strong
direct dependence of weather conditios, it is recommended to refer to a period of at least 300 days on average per
year.

To date, the AGN comprises 18 contracting parties (on the basis of ratification, acceptance, approval
or accessiony. In accordance with article 8, the Agreement is operfor signature by States which
are members of the United Nations Economic Commission for Europe or have been admitted to the
Commission in a consultative capacity.

The current contracting parties to the AGN are (in alphabetical order, with kind of conduasdf the
agreement provided in brackets): Austria (ratification), Belarus (accession), Bosnia and Herzegovina
(accession), Bulgaria (accession), Croatia (acceptance), Czech Republic (approval), Hungary
(ratification), Italy (ratification), Lithuania (rafication), Luxembourg (ratification), Moldova
(ratification), Netherlands (ratification), Romania (ratification), Russian Federation (approval), Serbia
(accession, Slovakia (approval), Switzerland (ratification), and Ukraine (accessits®e Figure 4)

Four other European countries have signed the Agreement, but are not contracting parties and thus
not legally bound to the provisions of the AGN. These countries are (in alphabetical order): Finland,
France, Germany and Greece.

In 1998, the UNECE Inland @nsport Committee published an "Inventory of Main Standards and
Parameters of the E Waterway Network", the salled 'Blue BookK, as a supplement to the AGN. The
document contains a list of the current and planned standards and parameters of the E waterway
network (including ports and locks) as well as an overview of the existing infrastructural bottlenecks
and missing links in the network. This publication enables monitoring of the current state of
implementation of the Agreement on an international basis.

8 http://www.unece.org/trans/conventn/legalinst_06_TINF_AGN.htn{accessed on30 October2015).
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. Signed

B Ratified

Source: UNECE; © vidonau

Figure4: AGN ontracting parties and signatory states (asf October2014)

Among the technical characteristics of the AGN waterway network iclassification of European
inland and coastalwaterways according to waterway classeshich are identified by Roman numbers
from | to VII. Waterways of class IV or higher are of economic importance to international cargo
transport (socalled "E waterways"). Classes | to Ill identify waterways of ragloand national
importance ("recreational waterway network"). The class of a specific inland waterway is determined
by the maximum dimensions of the commercial vessels which are able to operate on it. Decisive
factors in this respect are the width and legth of inland vessels and convoys, as they constitute
fixed reference parameterqsee Figure 5)

The classification of European inland waterways was first introduced by the European Conference of
Ministers of Transport (ECMT) (Fench: Conférence Européedas Ministres des Transport® CEMT)

in 1954. A first revised edition was published as ECMT Resolution No. 8 on 21 November 1961, the
second revised edition was adopted by both ECMT and the UNO in Geneva as Resolution No. 92/2 in
1992. The 1992 ECMT Resolibn corresponds to the classification of European inland waterways of
international importance which is part of the AGN (Annex lfi)most parts.
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Motor cargo vessels

Type of vessel: general characteristics

w:;er- Designation Max. length Max. width Draught Deadweight un dgizﬁzzl?:;
Claes L (m) B (m) d (m) T H (m)
v Johann Welker 80-85 9.5 25 1,000-1,500 5.25/7.00
Va Large Rhine vessel 95-110 11.4 2528 1,500-3,000 5.25/7.00/9.10
Typ of convoys: general characteristics lz
\rw‘-";;er Formation Length L (m) ‘gl{?‘nr; Drz:njw(g;:; Deadwe}g(t;; undglg;igggg %
class H (m) E
IV L] 85 9.5 2528 1,250-1,450 525/7.00 8
Va L 95-110 1.4 2545 1,600-3,000 5.25/7.00/9.10 '§
2
Vb - 172-185 114 2545 3,200-6,000 5.25/7.00/9.10 1§
Via m 95-110 228 2545 3,200-6,000 7.00/9.10 £
Vib m= 185-195 22.8 2545  6,400-12,000 7.00/9.10 B
Vic = 270-280 228 2545  9,600-18,000 9.10 g
- 195-200 33.0-34.2 2545 9,600-18,000 9.10 g
Vil - 275285 33.0-34.2 2545 14,500-27,000 9.10 §

Figure5: Waterway classes according ECMT/UNEC2010)

5.3 Corridor -oriented targets

In addition to the panEuropean framework, specific targets and indicators have been definéar
several waterway corridors, taking theegional andlocal conditions into account.

A forerunner in this respects the Central Commission for Navigatn of the Rhine (CCNR), which has
been coordinating overarchingtiargets and measures to promote inland navigationin the Rhine
Corridor in close cooperation with theriparian states since 1815 (www.ccrzkr.org) Its legal
foundation is the Revised Convertn for Navigation on the Rhing& referred to as the Mannheim
Conventionof 17 October 1868.

The CCNR has competences in many areas of inland navigation. In the field of infrastructure, the
Central Commission hastablished the Committee for Infrastructue and Environment (IEN)which,
among other activities, monitorsall works on the Rhinethat might affect navigation, determines the
equivalent water level and monitors the implementation of theWFDand the FFH Directive This
successful and welpracticed systemis regardedas "Good Practicé. The targets pursued relevant
for waterway infrastructure are the waterway classes of ECi$Ee (hapter 5.2).
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Rhi '
A) COORDINATION OF MAINTENANCE WORKS ON THE RIVER TR
Rhine Corridor |

Problem/topic

Works on a river may have widspread effects such as causing obstacles for shipping, disturbir
the rivers discharge andsediment regime or waterwayblockings On an international waterway like
the Rhine, these effects are often relevant for more riparian states than the one implementing t
measure, which could lead to critical situations if not well coordinated.

Objectives

In order to minimize negative effects of worke or along the Rhineand to coordinate the further
development of the waterway infrastructurethe Central Commission for Navigation on the Rhir
(CCNR) has established an efficient, compulsory transratal coordination process.

Background information

The Central Commission of the RhinBGCNR) finds its basis in the"Mannheimer Akte/Revidierte
Rheinschifffahrtsakté' of 1868. It is an international organisation comprising the five Membe
States Germany, Belgium, France, The Netherlands and Switzerland, which are supported |
Secretariat. The Central Commission was created to ensure the freedom of navigation on thm®
to ensure prosperity of navigation and a high level of safety for navigation and its environme
Cooperation is enacted with 11 European Observer States, other river commissions ¢
international bodies.

The Member States of the CCNR draw up resobrts which must be adopted by their members vi
unanimous vote during plenary meetings (usually 2 times a year). The resolutions are binding ot
Member States. The plenary meetirg resolutions are prepared by dedicated committees an
working parties.

Further rights and duties of several states regarding the Rhires waterway are ruled in the Treaty
of Versailles (Versailler Vertrag),Vertrag zwischen der Bundesrepublik Deutschland und d
Franzésischen Republik Gber den Ausbau des Oberrheins zwischgasel und Strabourg' (1956)
and "Vertrag Uber den Ausbau des Rheins zwischen Kehl/Stral3burg und Neuburgweier/Lauterbt
(1969).

The waterway classes of the Rhine and thus the targeted waterwalated parameters are defined
by the standards of theEuropean Conference of Ministers of TranspofECMT) in 1992 (ECM"
classes). The Rhine riparian states have adopted the standards.

Description of activities

Articles 28 and 29 of Mannheimer Akte require that states sharing their borders along the bank
the Rhine exchange information of construction and maintenance projects which may afft
shipping conditions. This xchange takes place within the dedicatedCommittee for infrastructure
and environment (IEN) which it is assisted by its specialised Working Group (IEN/G).

The work of the committees and workingroups are prepared by the Secretariat and the natione
delegations. Further stakeholders (e.g. observeltates, industry representatives) may take part as

?
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A) COORDINATION OF MAINTENANCE WORKS ON THE RIVE 'I
Rhine Corridor |

Activities of the Committee for infrastructure and environment (IEN) are:
1 Monitor, analyse and discussany works on the Rhine which might affectavigation

1 Investigate navigation incidents with respect to how they might be related to the waterw
infrastructure

1 Monitor implementation for the Rhine of the Water Framework Directive and the Habit:
Directives.Monitor the list of Natura 2000 zonesaffecting the Rhine waterway

i Participate in activities to prevent significant negative impact on navigation in the context
implementing the FFH and WF Directives.

1 Cooperate with the ICPR (International Commission for the Protection of the Rhine)

1 Monitor the physical characteristics of the waterway RhineBridge heights and vertal
clearance, ravigation channel profile

1 Monitor works carried out on locksbridges and other waterwayelated infrastructure

1 Assessnavigation on theRhinewith respectto effects of climate change

1 Analyse interruptions ohavigationand propose measures adopted to reduce them

1 Determine equivalent water level

1 Deal with crosscutting issues related to the environment as well as basic questior

concerning the sustainable dvelopment of inland navigation

The Member States are obliged to inform the CCNR about construction and major maintena
projects on the river. The activities are examined concerning their effects on the waterway sys
during the meetings of the Committe and Working Group on Infrastructure and Environment whic
usually meettwice ayear. The Central Commission has also agreed on minimum requirements &
recommendations for the technical design of structures along the Rhine, which serve to evalu
construction and maintenancemeasures and as criteria for decisions on approving structures alor
the Rhine. After discussion in the committee, tb measuresthat have been identified as affecting
navigation significantly need to be approved unanimously duringthe CCNR Plenary Session. Th
procedure ensures that plans and progress of all construction and major maintenance projects
collected, discussed and agreed on centrallithe examination of the projects and their approval b
the Central Commission follr standardisedand agreed uponprocedures.

The CCNR compiles the data and publishes it on its website. Furthermore, a graphic is prodt
("Navigation channel profil&) showing the main parameters of the waterwapetween Basel and
Rotterdam (seeFigure6).

The Waterway profile" of the Rhine provides information on the air draught at highest navigak
water level and the fairway depth and width at equalent water level along the Rhine betweel
Basel and Rotterdam (rivekm 166 to riverkm 952/955). In case of shortterm restrictions of
fairway parameters, thee are several web portals on which users can get the necesse
information (e.g. Avisbat (VoiesNavigable France), Vaarweginformatie (Rijkswaterstaat) or tl
German ELWIS systersee Good Practice Example M in Chapter 7.5.1).

23 PLATINA 2 is ctunded by the European Union (DOVE)- R



pI_thQ 2 GOOD PRACTICE MANIALINLAND WATERWAXIMTENANCE

Rhine \

A) COORDINATION OF MAINTENANCE WORKS ON THE RIVER - .
Rhine Corridor ‘

| WATERWAY PROFILE OF THE RHINE |

O ROTTERDAM
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Figure6: Longitudinal waterway profil®f the Rhine

Users and stakeholders

Directly involved in the coordination process:

1 CCNR Member States: Germany, France, The Netherlands and Switzepfedt is not a
riparian state, Belgium as a CCNR Member State is usually not involved in CGi¢Rvities
regarding waterway infrastructurg

1 The CCNR"Committee on infrastructure and environmefitand its working group and
discussion platformgworking bodies and the CCNR Plenargession as deciding panel. The
CCNR Member States are represented inl #hese bodies.
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A) COORDINATION OF MAINTENANCE WORKS ON THE RIVE 'I
Rhine Corridor |

1 The CCNR Secretariat as supporting body

If necessary, cooperation is enacted with:

1 CCNR Observer States: Austria, Bulgaria, Luxembourg, Hungary, Poland, the Czech Reg
Republic of Serbia, the Slovak Republic, Romania, the United Klog, Ukraine.

1 European Commission, UNECE

 River Commissions for the Danube, Moselle and the Sava, International Commission for
Protection of the Rhine

1 External experts environmental stakeholders,ndustry representatives

Key success factors and innovéve aspects

The exchange of information between the riparian states coordinated by the CCNR has a |
tradition and is ruled by several treaties. There is a legal obligation to excharigormation on
planned and ongoing works, and the procedures that regulate this exchange have proven to
efficient. The established communication structures secure close and effective integration of t
national delegations, representatives of the industry, externakperts and the CCNR Secretariat.

Furthermore, most of the projects of the committees and working parties are drawn up on the ba
of consensus, which makes effective decisiamaking possible despite the unanimity rule tha
applies to the plenary meetig.

A key successfactor is also the coordinatedillustration of fairway parameters via the waterwa
profile. The profile is updated if necessary.

Time frame and status

This process of finding consensus has been effective since adoption of thkannheim Cawention
in 1868 until today. Wo meetings of he Committee andtwo working group meetings take place
per year and may be convened more frequently, if necessary. The Plenary Sessions take place t
a year.Plans of measures are usually made for a period tfio years.

Lessons learned

Complex interaction needsagreed upon and standardisedprocesses. Reaching consensus an
establishing coordinated work plans across national boundariesan benefit from a solid legal
basis. However, a efficient central body a strong wish for cross border cooperation and mutu:
trust seem to be themain success factor of such cooperation.

Integrating all relevant stakeholders at the right stage is a keyerequisite as well. The Rhine is i
good example for an existing and functional cooperation.

In addition, the waterway profile graphic has proven useful as coordinated and clear display of
generalshipping conditions along the Rhine

Requiremerts for implementation in other Member gtes

The legal setup of such a coordinating system is dependent on the specific legal conditions of t
affected states. No direct transfer of this systendeveloped by the CCNEs possible. However, &
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Rhine
Rhine Corridor
regulated processof mutual information by the Member States, joint discussion and joint adoptic
of activities in order to implement the best measures from a systematic viewpoint is recommend
regardless of their political systems and financial status.

A) COORDINATION OF MAINTENANCE WORKS ON THE RIVER

Further informatbn/contact

WWW.CCFzkr.org

In the Danube Corridor the "Convention Regarding the Regime of Navigation on the Danube"
("Belgrade Convention") was signed by all Danube riparian states in 1948 with the main goals to
safeguard the freedom of navigation on the Danube for all states and to oblige the Danubatss to
maintain their sections of the Danube waterwain a navigable condition.The implementation of the
Convention is monitored by the Danube Commissiom\{w.danubecommission.ory

The waterway infrastruaire related targets pursued in the Danube @ridor are based on
CEMT/UNECHaterway clasgs (see Chapter 5.2). In addition, the Danube CommissiofDC)issued

the "Recommendations on Minimum Requirements for Standard Fairway Parameters, Hydrotechnical
and Other Improvements on the Danulien 1988 and 2013, respectively. In the first, a minimum
fairway depth of 2.5 m below low navigation and regulation level (LNRL) is required. In the latter
document the Danube Commission set a minimum of 2.5 m draught of loaded vessels below LNRL.
Both definitions donot apply on the maritime stretch of the Danube (rivéem 170.00 & 0.00). LNRL
refers to the water level established for the navigable part of the Danube from Kelheim to Sulina and
determined with duration of 94%, based on the discharges observed duringpariod of 30 years,
excluding ice periods. Additionally, in its 2013 Recommendations the DC set a minimum fairway
width of 508180 m, depending on the sitespecific characteristics of the river section.

Recently, joint objectives and indicators that coverlladimensions of fairway maintenance were
developed for the Danube and its navigable tributaries (see Good Practice Exanfplen Common
minimum level of service for waterway managementee Chapter 6.2.2). As a consecutive step, the
"Danube Fairway Rehabthtion and Maintenance Master Plan'was developed by the Danube
riparian states. It is a compilation of critical fairway maintenance sections and actions that need to
be taken to resolve these bottlenecks Its implementation is monitored by yearly ActioRlans (see
www.danubenavigation.ey.

Since 1962 similar activitieswere undertaken bythe Moselle Commission androm 2005 onwards
also by the International Sava River Basin Commissii&RBC)

Regarding theMoselleriver, the largest Rhine tributary, in 1956 the Moselle Convention was signed
by Germany, France and Luxembourg with the goal to ensure the navigability of the river for vessels
of up to 1,500 tons. According to the Convention, fairwgarameters are set at 2.50 m fairway depth
and at 40.00 m minimum fairway width.

The Savariver is the largest tributary of the Danube by discharge. In order to tackle the challenges
on a river basinwide scale, the Sava riparian states Slovenia, CrogtiBosnia and Herzegovina and
Serbia ratified a Framework Agreement on the Sava River Basin (FASRB) which entered into force in
2004. General provisions pursuant to navigation were set in a Protocol to the FASRB, while detailed
parameters for waterway clasication on the Sava river were published in 2009.

¥ 4
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Multiple river commissiors have been established on theiver Scheldtto coordinate, manage, and
maintain navigation on this international river. The 350 km long Scheldt has its source in France and
then flows through Wallonia, Flanders and the Netherlands. Over 250 dams and locks conratr
sections to each other and also link tributaries and canals. The International Scheldt Commission
(ISC), the Flemistbutch Scheldt Commission (VNSC) and the PermabheCommission for
Supervision of Scheldt NavigatioiPC)ensure the implementation of international conventions and
agreements on theriver Scheldt. Each commission has a different focusguaranteeing that all
objectives are dealt with. The ISC coordinatéstegrated water management at the level of the entire
river basin. The VNSC is working in the Scheldt estuary. Their aims are flood protection, accessible
ports, and a healthyand dynamicestuary environment The Permanent Commissiomrnsures safe
and effective shipping.

Flanders and the Netherlands have a coordinated, croé®rder waterway maintenance and traffic
management program. They agreed on various subjects such as flood protection, promotiowl
advancement of navigationand environmental protectbn. Both split the work of the necessary
activities. For example the Flemish Agencyor Maritime Access conducts dredging works on Dutch
territory. Both parties perform navigational traffic managemenbne half ofthe employees are from
Flanders andthe other from the Netherlands.

There are further commissions that have a cros$order or crosscorridor approach and focus on
environmental protection,flood control and/or water policye.g.the International Commission for the
Protection of the DanubeRiver (ICPDRand the International Commission for the Protection of the
Rhine (ICPR)

27 PLATINA 2 is ctunded by the European Union (DOVE)“ e



PthmQ 2 GOOD PRACTICE MANIALINLAND WATERWAXIMTENANCE

6 Integrated management of multifunctional and
multinational waterways

As waterways are usually multinational systems, crebsrder cooperation and coordination is an
absdute necessity for sustainable development. Such coordinatiod as performed by river
commissions 8 has successfully proven to be a suitable tool to coordinate corrideelated
developments and consequent actions (see.g.,Good PracticeExample A in Chapter 483 However,
there still is a need to improve cooperation in the specific field of waterway maintenanom all
European waterway corridors.

"System thinking" is the key to an integrated management of multifunctional and métional
waterways. This meanshat waterway corridors are considered as a systerihderstanding howthis
specific systemworks or who plays which role in supports a more effective and proactive waterway
management strategy. Complex multinational waterway systems are characteried by a strong
interaction between a large number of players and at times cotiing interests.

A systenatic approach emphasizes a global, holisticiew andacknowledyes that an improvement in
one area of thesystem can adversely affecanother one.This approach focuses on problem solving
by viewing "problems" as parts of an overall system rather thamly reacting to specific parts,
outcomes or events.This systematicprocessis of cyclical nature rather tharbased on linear cause
and effect relationships. It promotes communication at all levels in order to avoid negative effects
and creates synergies instead. To reach agreed goala continuous improvement process nee )
be applied and ongoing efforts have to be made.

Integrated wateway management i<haracterized by the following attributes

D Q o0 Jw v

targeted strategic continuous multi-disciplinary participatory

Source: viadonau

Figure7: Systemattributes of integrated waterway management

i Targeted Everywaterway maintenance or management activity should bgerformed with a
defined target/defined targets e.g.target value(s), level(spf service etc.

1 Strategic For a coordinated, effective and efficient achievement of targets, a specific waterway
management strategy should be available

1 Continwus: Waterway management and maintenance is performed on a continuous, cyclical
basis and shouldbe regarded as acontinual improvement process

1 Multidisciplinary. Waterways are not only traffic routes but areharacterizedby a variety of
other uses with at times caflicting interests

1 Participatory. Due to the multidisciplinary character of waterways, participatory management is
advisable in order to understand and respedhe other uses of waterways
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6.1 Fairway maintenance strategy

The defined target or targetparameters for fairway maintenanceénave beenspecified in Chapter 5.
The question of how to achieve these target parameters in the most effective and efficient way is
essential forthe performance ofwaterway authorities, especially in timesf restricted resources(be

it staff and/or equipment) and limited budgets.Hence, dl related activities should be performed in
accordance with aspecific fairway maintenanceor waterway managemenstrategy which in itself
should bedesigned as a continal improvementprocess In this way, nefficiencies due to trialand-
error approaches lacking strategic orientationan be prevented.

For freeflowing sections of natural waterways the determination of the currently available
parameters of the fairway (i.e. its minimum depth and/or minimum width) is based on a "minimal"
cross section. This minimal cross section is inferred from the "most shallow" and/or "most narrow"
locations of a certain river section at low water levels. As far as cargo transport is concerned, it is
mostly the available fairway depth which determines the possible maximum loaded draught of a
vessel and hence the quantity of goods which can lensported on a specific route Larger freight
volumes per vessel or convoy also improve the relation betweright revenues and costs and thus
the overall competitiveness of inland navigation. When loading vessels, ship operators often have to
estimate available fairway depths at critical river stretchealready days or weeksin advance before
passing throughthem. This means that there is a direct relationship between fairway conditigrise
load factor of vesselsand freight revenues from specifizesseltrips.

6.1.1 Continuity of the fairway

Onlonger transport routesd which arethe majority of international inlaad waterway transportoutes

0 bottlenecks arise especially in the form of short stretches of shallow or narr@gctions. These
determine the maximum possible loaded draught of vesse$ (and thustheir maximumcargo load)on
the entire route In order to acount for this correlation the strategic principle of providing the
continuity of the fairwayshould be applied in waterway maintenance activities. "Continuity of the
fairway" here refers to the establishment of the continuous availability of minimum faay
parameters on a specific waterway sectioras a priority neasure. Adeep fairway channelshall be
created in a proactive manner prior tolow-water periods which usually appear annually during a
certain time frame (It shall be noted thatlow water perials in estuary rivers are influenced by the
upstream discharge) .

Figure8 provides a schematic overview ofrainland waterwaytransport route. Thedark blue ribbon
in its centrerepresents the minimum width of the fairwayTo achieve "Level of Service 1the fairway
shall alwayshave a targeted minimum depth along the entire section of the waterway at a defined
minimum water level for navigation (e.g2.5 m at Low Navigation Water Level on the Danube€lo
accomplish this a priority order has to be set, starting wih the most critical section (here: Ballow
#3 marked in red. If the following critical sections are in a nosatisfactory condition, an additional
increase of fairway width beyond the minimum width (i.e. thdark blue ribbon) would be a waste of
budget as the effectiveness of this measure is limited depending on the condition of tihext critical
section. In such a cased as depicted byFigure8 & it is necessary to ensure the target fairway depth
along the minimal width first at ®allow #2 (priority2 & P2), then at $allow #1 (priority3 & P3).
Then continuous fairway parameters widd be achieved for a minimum width of the fairway on an
entire section of a waterway ("Level of Service)l"
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In case of limited resources, not all necessary measuresin be done in an optimal way. In order to
continuously maintain fairway availability et high level on an entire river stretch, a priority ranking

of different types of measures along that stretclfas described above)s required €ee also Chapter
7.2 8 Planning measures). The outcome of that ranking is dependent on the defined targets dhe
available resources.

Shallow #2 Shallow #3 Port #1

Flow directiony, | eve| of Service 1

Free-flowing Impoundment Free-flowing section Impoundment Free-flowing

Port #2 Lock #2 Lock #1

Source: TU Wien, vidonau, © Hayes

Figure8: The principle of continuous fairway availabilityanslated into prioritisation of proactive fairway
maintenance intervention according t@ defined minimum level of service (Level of Service 1); green line: left
hand boundaryof the fairway; red line: righhand boundaryof the fairway

The continuity of the fairwayhas to be provided in regards t@ targeted minimum fairway width As
describedabove, critical sections shoving sedimentation on the entire width of the fairway, i.e. fords,
shall be disintegratedin the first step (Shallow #2 and #3 in Figure8). Critical sections charactdred
by lateral sedimentation (8allow #1) only limit the continuity of the fairway to a certaiextentbut do
not completely impede it. Hence, the latter shoulte given lower priority in providing the minimum
level of service on a specific section of a waterway.

Once a minimum level of service (minimum widthg establishedin the fairway channel(see priority
1to 3 in Figure 8), dredging within the entired i.e. remaining d width of the fairway at critical
locations riority 4to 6) should be performed during the rest of the lowater period Thenthe
fairway parameters as foreseen by international agreements and recommendationgll be
established

However establishing a sufficient target depth within the entire width of the fairway involves high
maintenance costs on the part of the waterway albrity. Calculations on the cost effectiveness of
inland waterway transport §ee NEWADAUO 2014a) have clearly shown that a local limitation of
fairway width compared to a limitation of fairway depthonly shows minimal negative effects on
transport coss, as a local narrowing of the fairway results in short waiting times for vessels in case
of encounters This additional time ismarginal in relation to the average transport duration on an
inland waterway. Thus the cost effectiveness of a continuous prosion of recommended fairway
width on river sections characterised by low transport volumes is questionable.
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6.1.2 Proactive fairway maintenance

After having a clear understanding on the priorities in regds to fairway continuity (see Rapter
6.1.1) the second principle ofproactive fairway maintenanceshould be applied. It is of utmost
importance for the timely provision of minimum fairway parameters.

Freeflowing stretches of (natural) rivers are characterised by frequently fluctuating water levels due
to a strong direct dependence on weather conditionsr tidal influences Apine rivers, for example,
are characterised by a discharge regime which usuallyntails higher water levels during spring
(snowmelt), summer and early fall, and lower water levels during late fall and winter months. Derived
from this annual hydrologicalregime of the river, the optimum time frame for the start of priority
maintenance works is prior to the beginning of the lowater period in early fall. The principle of
establishing the continuous availability of minimum fairway parameters (215 fairway depth at a
limited fairway width) prior to the lowvater period is user and demandoriented as it enables the
navigation sector to benefit from highecargo loadsin that period and thus increases the economic
efficiency of waterborne transport.

Discharge of the Danube at Hainburg 1981-2010
Exceedance in the range LNQ to MQ
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Figure9: Frequency of exceedance of characteristic amounts of discharge at the Hainburg water gauge on the
Austrian stretch of the Danubeén the years 1981 through 2010 and inferred optimum time frame for most
urgent dredging works

As an exampleFigure9 displays characteristic discharge curveat the Hainburg gauging station on
the Upper Danube in Austria over a period of 30 years (1982010). This stationrepresents a
reference gauge for the fredlowing section of the Danube east of Vienna. On theaXis, the
frequency of exceedance of discharge valsds displayed in per cent, while the -Axis features the
twelve months of a year. The discharge range Figure 9 is between LNRQ (low navigation and
regulationdischarge) and MQ (mean dischargé€blue, red, and green lines)
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With regard to low navigatio and regulation discharge (LNRQ, blue line),is evidentfrom the figure
that this reference dischargewas exceeded on almost 100% of days during the months of April
through July This meansthere were no lowwater periods in these four months during # referenced

30 years. The months of March, August and September are also favourable for navigation, as they
exceed the LNRQ on more than 95% of days. January and October are characterised by an
exceedance of LIRQ of approximately90%. The most critical moths for navigation in terms of
discharge volumes are January, February, November and December, as these show RQ
exceedance between 90% and 80%The month of Novemberis characterised by the lowest
discharge volumes. With regard to the 3Qear period th§ means that on averagehe LNRQ is not
reached onsixdays in the month of November on the Austrian stretch of the Danube.

Whether navigational bottlenecks can be removed in time according to the principle of proactive
fairway maintenance depends on a nurher of budgetary, logistic, environmental and legal
restrictions. Depending on each European country with inland waterwaysjliéferent importance and
weightis given to these restrictions.

6.2 Continual improvement process

Derived from the twomain strategic guiding principlesof sustainable fairway maintenancei.e.
"providing the continuity of the fairway" and "proactive fairway maintenancelfferent levels of
service in fairway maintenance may be definedAs a basis for all improvement processesa
minimum or base level of serviceneeds to be identified Then everyquality improvement can be
measured by means of performance indicatorsin addition, te identification, monitoring and
improvement of fairwayelated service levels should be consided as a continuous improvement
process (CIP) in waterway maintenance.

Quality
Improvement

Source: Johannes Vietze

v

Time

Figure10: Continuous quality improvement with PDGplan-do-checkact)
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In this context, the welknown quality management method PDCA (plddodcheckdact) can be
adapted for the needs of modern waterway management and, subsequently, fairway maintenance
(see Figure10). The PDCA method consists of the four quality management steps "pldodcheckd

act" which are continuously iterated in order to control and improve the quality of processes and
products. Once a certain qualityelvel is attained it has to be consolidated through standardization to
counter the loss of gained experience or knowledge. Ideally, the continuous iteration of the four PDCA
steps will yield a higher quality level, which again will be ensured by adaptednstards, thus
consolidating a new quality level of processes and products.

Iteration is a fundamental principle of both waterway maintenance and PDCA. Executing the cycle
again will extend knowledge about the related activities on the operational level. Rafing the PDCA
cycle on the basis of specific standards will support the achievement of objectives, usually an
optimisation of operation and output.

Pertainingto waterway management and fairway maintenance, the consolidation of achievements by
means of gandardization can be performed by defining a base level of service. For this purpose, the
concept of level of serviceé can be described as a batch of qualitative measures that characterize
the current operational conditions in waterway maintenanc@he arrent operational conditions have

a specific quality which may range from poor to excellent. A base level of servidefines the
minimum requirements for operational conditions with regard to the management of a certain
waterway stretch. From a corridesriented perspective, acommon base level of serviceshould be
defined for harmonised waterway management on a multinational waterway.

6.2.1 Performance indicators

Compliance withand achievement ofa certain (base)level of service can be measurd by means of
performance indicators which are tools for strategic, tactical and operational planning and control.
Performance indicators facilitate the evaluation of the success of a particular activity by periodic and
comparable measurement and reporting and subsequdly help to improve activities and results.

As a blueprint for waterway maintenance related performance indicators, the work achieved in this
field by PIANC, the World Association for Waterborne Transport Infrastructure, and specifically their
Report No. 111-2010 on "Performance Indicators for Inland Waterways Transport" can be used
(PIANC2010). Concerning the practical use of performance indicatgr®IANChas listed the following
characteristics(see PIANC2010: 6):

1 Performance indicators havea positive impact on the quality of specific actions and processes
of an organization

1 Performance indicators can be the result or product of several performance measures and
therefore also have an impact on these measures.

1 Performance indicators are tied to argan i z a tobjestived s
1 Performance indicators are measured regularly.
1 Responsibility for performance indicators can be attributed to teams or individuals.

i Performance indicators can be quantitative as well as qualitative measures.
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1 Responsible employees undstand them andthe corrective action they indicate.

The performance indicators recommended in th&IANCGuidelineare aggregated into nine areas of
application: (1) infrastructure, (2) ports, (3) environment, (4) fleet and vehicles, (5) cargo and

passengers, (6) information and communication,(7) economic development,(8) safety, and (9)

security (PIANC2010: 6). PIANCalso developed a standardisedstructure for the definition of
performance indicators §ee Figurel1l).

Area of
application 1D
Performance Name of the performance indicator
indicator ID P
Description Detailed description of the provided information
Calculation Faormula that describes how to calculate the performance indicator
Basic Data Definition of basic dafa which are used within the formulas
Information Additional information that is necessary for deeper understanding
Measure Measurement unit in words
365 Daily
52 Weekly
1]2]3fa]s[e]7][8]9a]10] 1] 12 |monmy
Callection
1 2 3 4 Quarterly
1 2 Semi-annually
1 Annually o
Objective What is the objective that is followed by this performance indicator 8
N
Comment Further information or comment on the performance indicator O
Indicafes the level of implementation corresponding to the level of complexity of <Z(
Complexity the recommended PI. It is therefore differentiated in three categories: a
Level 1 | Level 2 | Level 3 @
Indicates the recommended application of the PI within three categories: %
(@]
(%0}

Application

Figurell: Standardised structure for performance indicators

Performance indicators for waterway managemeimclude points such asNEWADAU02014b):

1 Minimum fairway depth and width in days per yeaf=availability of minimum fairway
parameters)

9 Disruption of navigation due to high water, low waterice, wind, etc. in days per year
(= availability of waterwayinfrastructure),

1 Availability of lock chambers in days per yeaaverage waiting time at locks in minutes
(= availability of navigation locks)

1 Measured parameters/frequency of critical section surveying in humber of surveys per year
(= surveying of theriverbed/measurement of flow dischargg

1 Number of dredged sections per year, amount ofrédged sediment in cubianeters (= dredging
of critical sectors)

1 Density and availability of buoys and markseaction time after damage caused by floods, ice
etc. in hours (= marking of the fairway)

r 4
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An examplefrom the PIANC Guidelintor a concrete application and formulae for calculating specific
performance indicators for core waterway infrastructure availability is providedRigure12.

1
AVAILABILITY OF CORE WATERWAY INFRASTRUCTURE
The main purpose of the following indicators is to present details about the availability
of the core waterway itself. Therefore 3 sub-indicators are presented. They analyse
the 3 factors, which have the largest impact on the general availability of the core
waterway.
= High water
= lcing

D ipti

SSErPHON | Accidents

These causes for stops of navigation on specific waterway sections are documented,
summarised and completed by any other causes occurred to define the value ‘rotal
stop of navigation on a specific waterway section measured in days per year” (see Terms'
(1))
The availability of the core waterway is then compared to values of previous years.

Calculation

1.3. Availability of core waterway infrastructure
365 - Tot .stop | days per yr.
Tot .nav.days | yr.

1.3.1 Stop of navigation due to high water
Stop highwater | days yr
Tot.nav.days ! yr.

1.3.2 Stop of navigation due to icing
Stopicing [ days yr

Tot .nav.days | yr.
1.3.3 Stop of navigation due to accidents
Stop accidents | days yr

Tot .nav.days | yr.

1.3.4 Navigable days below waterway design value
Nav.days belowdesigndraught f yr.

Tot.nav.days/ yr.

“

Tot. stop/days per yr.: total stop of navigation on a specific walerway section
measured in days per year

Stop high water /days yr.: stop of navigation on a specific walerway section due to
high water measured in days per year

Stop icing/days yr.: stop of navigation on a specific waterway section due to icing
measured in days per year

(4) Stop accidents/days yr.: stop of navigation on a specific waterway section due to
accidents measured in days per year

(5) Nav. Days below design draught/yr.: navigable days below design draught per year
(6) Tot.nav.days/yr.: total navigable days per year

Since the different causes for stops of navigation along the inland walerways are
analysed individually, the share of fotal stops can be detecled and strategic plans for
Information | actions can be made to red i ts of the mentioned.

By comparing availability of core waterway infrastruciure to previous years significant
changes over lime can be recognised and strategies for improving competitiveness of
inland navigation can be made (i.e. contracts for months with low water levels to shift
transport volumes if necessary at short notice).

The value navigable days below design draught per year is of significant importance
for the entire inland navigation system, as proper nautical conditions enable cargo and
passenger transport along waterways. If these conditions are not sufficient, cargo

(2

(3

Basic Data

t it Increase the percentage of the total availability of core waterway

Objective infrastructure on waterway section ‘X' within time period ‘Y’ to a value of ‘Z’.

capacity is constricted and transport prices are affected. S

o

= days/year N

Measure = % Percent @)
= % Change over time <Z(

Collection 52 Weekly a
%

e

=]

o

n

Comment

Figure12: Performance indicators for the availability of core waterway inftagcture
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Performance indicatorsmust be related to a specific and predefined "target value", e.g. a specific
level of service in wateway managementQuality management itself not only measures performance
itself, but also compares it to certain quality levels (level of servide)order to trace the achievement

of predefined targets and to trigger optimisation processegigure13 provides a schematic overview
on the interdependency of performance indicators andifferent levels of service.lt shows thatone
and the same performance indicator may be used to measure the achievement of different targets or
levels of service.

Levels of Service

Draught loaded of 2.5 m at 240 daysiyear

y Depth of 2.5 m at 343 daysiyear

Fairway depth at a specific # of daysiyear =1

Figure13: Interdependency of performance indicators and levels of service using the example of minimum
fairway parameters

Performance
indicator

Source:NEWADA duo 2013

With the iterative use of performance indicators, a sustainable compliance withcartain "target
value" or "level of service" can be achieved, avoiding a deficit or a surplus in performa¢ses Figure
14). In order to attain the optimumefficiency and effectiveness of an action, both a deficit and/or a
surplus of performance should be avoidedOn the basis of a specific set series of performae
indications positive and negative deviations in target achievement are clearly visible.

"surplusin performance”

...................................... //

"deficit in performance”

High LoS

Base LoS

Low LoS

performance

" performance indicator

-
time

Base LoS = performance meets expectations
Low LoS performance falls short of expectations
High LoS = performance exceeds expectations

Source:NEWADA duo 2013

Figure14: Steering of sustainable performance with the help of performance indicators
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6.2.2 Levels of rvice forfairway maintenance

For fairway maintenance and management, thenmain objectiveof base level of service management
is to align the requirements of the users of the waterway with the quality of the services provided by
the competentwaterway authorities. Tis should be done

1 Witha specific aim (target value, base level of service)
1 Inmeasurable terms (performance indicators)and
1 Ina sustainable way (monitoring, compliance with target value)

The most important requirements ofnland navigation userswith regard to waterway management
are a competitive waterway infrastructure, ujp-date information on the status of the fairway and
customerorientation of services/authorities.

The Serbian Directorate for Inland Waterway®lovput) established a programme hat is based on
the above stated objective and the listed parameterdThrough the establishment of levels ofesvice,
calculations were performed that successfully helped prioritize measures for fairway maintenance.

B) ESTABLISHING FAIRWAY PARAMETERS (ABHEOF . Danube I
LEVELS OF SERVICE Serbia |
Problem/topic .

Definition and implementation of the Level of Service principle related to fairway parameters
Serbian national waterways.

Objectives

The overarching goal of the management strategy described belowts ensure planning of proper
technical maintenance measures in order to guarantee the continuity of the fairway during |
water periods unlike large-scale river training works which aim at creating a new potential of
waterways. Specific goals are:

1 To establish a bol-based support of management decisions related to fairway interventians
1 To ensure proper monitoring of critical sectors on freBowing river sections

1 To povideintegrated information onfairwayavailability to waterway users
1

To ensure proper use ofa limited budget and resources for technical maintenance of th
river Danube

Background information

The Serbian waterway authority Plovput manages and maintaingeflowing, highly dynamic
stretches of the Danube.They developed abasic concept of the inland waterway managemer
and maintenance procesghat includes the following activitiegsee Figure15):

1 Hydrographic survey and data acquisition (of hydrographical and hydrological data).

1 Database integration, monitoring and analysis: Data is stored in different databases a
crosslinked and integrated into a single management tool which is being used for analys

>

37 PLATINA 2 is ctunded by the European Union (DOVE)- I



Pl_thQ 2 GOOD PRACTICE MANIALINLAND WATERWAXIMTENANCE

B) ESTABLISHING FAIRWAY PARAMETERS (B\ABISCEOF Danube |
LEVELS OF SERVICE Serbia |

and monitoring of the navigation conditions.

1 The same tool also assists in the planning of fairway maintenance interventions.

1 It also provides information on navigability and currénfairway conditions (fairway
information provision).

Hydrographic survey
and data acquisition

Database integration,
waterway monitoring,
analysis
and planning

Fairway information Fairway maintenance
provision interventions

Figure15: Basic concept of inland waterway management and maintenance

The central part of tlis process is database integration, waterway monitoring, analysis an
planning. This part connecs the other ones. Theconsistent interpretation of all collected datds
enabled. As well asts input into a tool for management decisions related to fairway interventior
(fairway realignment, proposal for traffic regulations, or dredgjnof the sediment),and for the
parallel process of provision of integrated information on the availability of the fairway to its user

Description of activities

To determine the available and targetetkvel of servicein terms of fairway parameters, fiowing
data is used:

1 Hydrographic survey data for the freflowing stretch of the river

1 Characteristicwater levels (NR.s & low navigation and regulationlevels/ENRs® étiages
navigableet de régularisation) defined for each cross section (derived frorthe 1D hydraulic
model), and

1 Definedfairway parameters (depth and width of the fairway).
By integratingthese data, the following purposesare achieved

9 Calculation of achieved level of service (available depth and width of the fairwaig
performed,

9 Critical sectorsand noncritical sectors(in terms of navigation conditionsaire monitoredd to
know how much work has to be done in the first and to confirm that no work is necessary
the latter,

1 Targeted leves of service (targeted depth and width of théirway)are defined,
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9 Critical sectionsfor technical maintenanceactivities (sediment dredging) are prioritized,

1 The quantity of sediment to be dredged in order to achieve targeted level of serviise
calculated

The freeflowing Danube stretchbordering Croatia and Serbias analyzd annually. According to
the 2013 results, 17 critical sectors for navigatiorwere identified on this stretch These are river
sectors where the required fairway dimensions (depth and width) for safe navigation are tn
fulfilled during low water periods. Depth was not changed for the purpose of this analysis, and |
predefined at 2.5 m below ENR. Fairway width @& adjustable variable, related to current anc
forecasted traffic density, referenced structure of conys, as well as to available budget fo
fairway interventions.

Prioritization of critical sectors for technical maintenance by dredging of sediment is related to t
available fairway width (with 2.5 m depth below ENRDepending on the availablebudget for
dredgingmeasures (in terms of quantity of sedimentfollowing options would be implementedin
this order):

1 Option 1:Dredging of 12000 m3 at the critical sector Staklar (in total 12000 m3),

I Option 2:Dredging of 35000 m3 at the critical sector Staklar and 12000 m3 at Borovo | (in
total 47,000 m3); and

1 Option 3:Dredgingof 71,000 m3 at the critical sector Staklar, 24000 m3 at Borovo |, and
12,000 m3 at Vukovar (in total 107000 m3).

If critical sectors would be analyzed in terms of the quantiof sediment to be dredged in order tc
achieve the full recommended width of the fairwaghen critical sector Vukovar would be ranked a
the fifth place, while inthis approachthe Vukovar sectoiis ranked third. The basic idea for such
concept is to easure that the budget for the technical maintenance by the means of dredging
spent at the most critical locations, in order to preserve the continuity of navigatiéneven at a
reduced fairway width.

Figure 16 visualizes the quantities of sediment that have to bedredged in order to achieve
different levels of service in terms of available fairway parameter.can be seen that less than
100,000 m3 haveto be dredged in order to achieve fairway a width @00 m, while achieving the
full width of 200 m at all critical sectors would require dredging of 6000 m3.

Following these calculations, most critical sectors were further analyzed using hydralabdata
(water levels from referenced gauging stations). This step aims at verifying the methodology.
number of days in 2013 during which a depth of 2.5n was (not) available was calculated.

This calculation confirmed that the sector Staklar was thmost critical in 2013. There the fairway
width of 100 m (with 2.5 m depth) was not achieved on 54 days. During the year 2013 wal
levels did not drop below ENR. Still, this which means that this sector is critical and that narrow
of the fairway's widthis necessary even before the water levels drop to the level of ENR.

Similar analyses were performed for other critical sectors, confirming the consistency of |
methodology.
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Danube - Quantities for dredging in m? needed for achieving different fairway width
LoS (2013 survey data)

Apatin

100,000

Civutski
rukavac

200,000 Usée Drave

|

300’000 Staklar

400,000
Borovo |

500,000

Subtotal 1 - 588.000 m3 Vukovar

600,000 === 7777 T T E T

Susek

700,000

Futog Subtotal 2 - 197.000 m?

Total - 785.000 m®

800,000
=—200x2.5m =—150x2.5m =—120x2.5m =—100x2.5m

Figure16: Quantities for dredging needed for achieving different LoS for fairway width

Users and stakeholders

1 Navigation, shipping and logistics companies as users of the waterway
1 Navigation authoritiesas responsibleactors for traffic safety.

1 The national waterway administration®lovput(Serbia) and SVP (Croati@ye theresponsible
waterway infrastructure operatcs.

1 Environmental stakeholdersas they profit from improved measures

Key success factors and innovative aspects

The main prerequisite and success factorfor the portrayed management strategy is databas
integration of information on the current state of the fairway (hydrographical and hydrologi
data). Thecalculation of possible measures on the basis of defined levels of service (fairway wi
and depth) in combination with a prioritization of measures which is effedtiven, i.e.determining
which measure will have the highest impact on fairway availabjliat the lowest osts (effectivity
and efficiency), can be characterized as an innovative aspect

Time frame and status

This methodology has been applied as of 2013. With every new survey, new calculations are b
made.

PLATINA 2 is ctunded by the European Union (DMOVE)- =

40



plotino 2 GOOD PRACTICE MANIALINLANDVATERWAY MAINTENANCE

B) ESTABLISHING FAIRWAY PARAMETERS (BABHEOF Danube
LEVELS OF SERVICE Serbia

Lessons learned

The methodolgy has proven essential in the decision making process and planning
maintenance activities. It enables identifying the measures with the best effects on fairw
availability against the background of Ivery restricted financial capabilities.

Requirements for implementation in otheMember States

To conduct such calculations, ausficient number and quality of hydrographic riverbed surveyss
to be performed during the yearData regarding water levels at reference water gauges has to |
available and comparable This hydrographical and hydrological data is integrated into database
Targeted levels of service (targetedairway width/depth) for specific waterways and/or stretches
have to be defined.

Further information/contact

Mr. Ivan Mtrovic

Project Manager

Directorate for Inland Waterway8 Plovput
Francuska 9, 11000 Belgrade, Republic of Serbia
www.plovput.rs

Another Good Practice Examplen the Danube iver is the following transational approach. It was
established during the EU @funded project NEWADA duo and aimed at defining common minimum
levels of servicefor waterway managementin the Danube corridor. For each level of service
performance indicators were defined. Thee are published in the annual "Danube Report"

C) COMMONMINIMUM LEVEL OF SERVICE FOR WATERWAY Danube |

MANAGEMENT ON THE DANUBE Danube @rridor

Problem/topic

The Danube is an international waterwayEach of the ten riparian countries isresponsible for
waterway maintenanceon their respective river section International recommendations for
fairway parameters (with, depth, vertical clearance) do exist, but cannot always et due to
strongly fluctuating water levels and deficiencies regarding equipment, staff and budg#tthe
respectivenational waterwayoperator.

With regard to this background, the definition of a common minimum level of servifeoS)for

fairway maintenance and waterway management would help to at least provide waterway us
with a continuous fairway on the Danube together with harmaeid and upto-date information on

the currentsate of waterway infrastructure

Objectives

1 To define common trans-nhational minimum leves of service for fairway maintenance anc
waterway management for the Danube waterway from Austria to Romariia.(in the seven
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Danube riparian states which were partners in the NEWADA duo prcgdct

1 To definecorresponding performance indicators in order to monitor the provision of tiset
common minimumLoShby waterway operators.

I To visualize the performance indators in a userfriendly way and make them accessible t
the public.

Background information

In the past, Danube waterway administrations had only partly used performance indicators
measure a specific level of service on a national basiternationally harmonized performance
indicators for waterway infrastructure did not exist.

Both the common minimum level of service as well as the related set of performance indicators
neither apply to the German stretch of the Danube waterway (as thBerman waterway
management authority was not a NEWADA duo project partnemr to the lower reaches of the
Danube which are defined as a maritime waterway (rivekm O to 175) and for which different
recommendations as to fairway parameters have to be ajpgd.

Description of activities

During the EU cdunded NEWADA duo project, the Danube waterway administrations dis@ags!
and identified common performance indicators and a minimurboSfor waterway transport on the
Danube with a strong focus on waterway infrastructur&his was based on PIANC (2010).

Nine different level of service areas ("LoS areasgs well as a common minimum level of servic
(LoS) for each area were identified. Thereaswere clustered into three main topics:

Main topic LoS area

Core waterway infrastructure 1 Minimum fairway parameters (depttand width)

Availabilityof locks/lock chambers

Core waterway maintenance 1  Surveyingof the riverbed (bathymetry)

activities

1 Marking of the fairway (floating and lanébased
signs and marks)

1 Waterlevel gauges

Fairwayrelated information to Waterlevels and forecasts

users . .
Availablefairway depths

Marking of the fairway (marking plans)

f
f
f
f

Meteorologicalinformation

For each LoS ara key performance indicators were defineincl. formulae for calculating these!

9 Austria, Slovakia, Hungary, Croatia, Serbia, Bulgaria, Romania.
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indicators), as well as concrete examples for their visualization and publicatiofihe useffriendly
visualization of performance indicatords one important objective, as thg are published in the
common "Danube Report" which is drafteannuallyby the NEWADA partnership.

Users and stakeholders

1 Navigation, shipping and logistics companies as users of the waterway
1 Danube waterway administrations as the responsible waterwanfrastructure operators

1 Navigation authoritiesas responsibleactors for traffic safety.

Key success factors and innovative aspects

9 Crucial prerequisite for the definition and compliance with a certain minimuboS is the
availability and quality of bak data needed to calculate corresponding performanc
indicators.

1 Compliance with a minimunLoSneeds to be monitored on a continuous scale, e.g. with th
help of dedicated performance indicators.

1 An hnovative aspect is the definition and monitoring of &ans-national basic LoS for an
entire transport corridor.

Time frame and status

Both the common minimumLoSin Danube waterway maintenance and management as well ¢
the related performance indicators were endorsed by the managing directors of the waterv
administrations duringthe fifth Board of Directors meeting in Zagreb on 5 and 6 November 201
during the N\EWADA duo project

In addition, the technical, budgetary (investment and operational costs) and staff needs regardi
future fairway maintenance and management activities on the Danube were identified on t
basis of the defined minimum common LoS. They drkssed discrepanciesbetween the quality of
current fairway maintenance and management as well as the desired conditions according to 1
defined minimum LoS. A consolidated report on these findings was published in May 2014.

Based on the findings ofthis "gap analysis", a "Fairway Rehabilitation and Maintenance Mas|
Plan for the Danube and its navigable tributaries" was develop&dthin the framework of the EU
Strategy for the Danube Region (EUSDRjee EU STRATEGY FOR THBANUBEREGION 2014). It
comprises a list of critical sections aliong the Danube and an analysis of the required actions a
resulting cost. The Master Plarwas endorsed by the Danube Ministers of Transport on
December 2014. Its implementation is coordinated via National Action Plangvww.danube
navigation.eu).

Scores on ley performance indicators are published annually in the "Danube Report" which
drafted by the members of the NEWADA partnership

Lessons learned

1 For international waterways with several riparian countries in charge of fairway maintenan
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the definition of a transnational level of service for waterway maintenance is crucial in ord
to provide thewaterwayusers a continuous infrastructure quality

1 Levels of service are not static and should thus also be made part of a continuo
improvement process; corresponding performance indicators shouddso be updated on a
regular basis.

Requirements for implementation in other Member &tes

A prerequisie for such procesgs are meetings where waterway authorities or administrations ca
talk about the operational level.Oncethe participating Member States agree onthe definition of
the minimum LoSit is of equal importance that the politically responsible units endorse thi
agreement too and provide the necessary framework for implementation (sufficient staf
equipment, budget).

Further information/contact

Mr. Thomas Hartl

via donau & Osterreichische WasserstraRefGesellschaft mbH
DonauCity-Straf3e 1, 1220 Vienna
thomas.hartl@viadonau.org

+43 50 4321 16 03

Key Performance Indicators for waterways are also a subject of the TENorridor studies which are
currently being updated. Further studies on the"Good Navigation Status of waterways and
infrastructure data are expected to bassignedby the European Commission. Further information on
the corridor studies is available onhttp://ec.europa.eu/transport/themes/infrastructure/ten -t-
guidelines/corridors/corridorstudies_en.htm
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6.3 Multi -disciplinary approach

In addition tocommercial cargo and passeger navigation, anumber of other uses are providedby a
natural waterway ¢ee Figure 17). Uses related to tourismand recreation (e.g. leisure crafting or
fishing), water management (flood protectiondisposal of waste water,agricultural irrigation),
landscape and ecosystem asvell as hydroelectricity (energy productiotihrough hydropower plant$
pose additional requirementsthat need to be satisfied. Therefore, managing and thus also
maintaining @ a waterway means to take economic, ecologicaocial and political requiremens into
account and to pay respect to the viesvand needsof relevant stakeholders.

transport ecology

nature reserve

recreation

agriculture

waterway

flood control

tourism

drinking water Hishery

Source:via donau

energy

Figure17: Multi-disciplinary use of waterways

As these uses are not confined by a single site, but are influenced by the whole catchment area,
there exists asignificant need for crossborder and corridororiented coordination between advities
of riparian countries especiallyconcerningmaintenance of common border stretches of waterways

Due to these aspects waterway management is an important part dhtegrated river basin
management which might be defined as "the process of coordinating conservation, management
and development of water, land andelated resources across sectors within a given river basin, in
order to maximise the economic and social benefits derived from water resources in an equitable
manner while preserving and, where necessaryestoring freshwater ecosystems(\WORLDWDE FUND
FORNATURE201510),

10 Adapted from Integrated Water Resources Management, Global Water PartnerSigiphnical Adviery
Committee Background Papers No. 2000.

>
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6.3.1 Fairwaymaintenance and environmental potection

Environmental needs must be considered in waterway maintenance work3he existing legal
framework caters for the safeguarding of environmental objectives in parallel to navigatiefated
ones. The correspondingregulations must be applied in the planning as well as the implementation
phase of waterway related measures andffect maintenance activities in a tangible spatial and
temporal way.

Based on the fact that safeguarding environmental aspects is a key precondition of waterway
maintenance works andit is secured by the existing legal framework, this manual refrains fro
providing very detailedenvironmentrelated recommendations for specific measures. This manual is

a basic document and thus provides general guidelines. The concrete design of measures is strongly
dependant on sitespecific preconditions and thus on a lgh level of detail. Furthermore, each
maintenance measure needs to be based on legal permits considering EU, national and local law.
This framework makes sure that the respective needs related to water, environment etc. are taken
into account. This manuatioes not evaluate the national interpretations of environmental legislation.

The impact environmental regulations have on physical interventions depends on whether or aot
waterway maintenanceaction has an intensive impact orthe respectivewater body or ecosystem.
The significance of adverse environmental effects depends on s#ipecific factors that govern the
vulnerability and sensitivity of environmental resources in the project area such as discharge regime,
hydromorphological caditions, habitats and species.

To counteract negative impactsand to ensure ecosystem stabilitythe European Commission set
legislative instruments. The most considerablEU legislative instrumentsare the Water Framework
Directive (2000/60/EC), the Environmental ImpactAssessment Directive(85/337/EEC) and the
Habitats Directive (92/43/EEC) in connection with the Birds Directive (2009/147/EC). Other
Directives that have to be mentioned are the Strategic Environmental Assessment Directive
(2001/42/EC) and the Public Partcipation Directive (2003/35/EC). These [Drectives cover the
aspects of managing natural resources, protected species and protected sites in or close to project
areas whereas public participation and strategic environmental assessment additionally integrate
the aspect of publié! consultation. These are the basis for revisions of national laviPermission
procedures concerning these aspects during maintenance or development activities often require
comprising contemplation during the project planning phase arthorough examination/monitoring
during and after the implementation phase. Furtheinformation about integrated planningwith a
focus on the implementation of structural river engineering workgan be acquired in the
downloadable "Manual on Good Practicesn Sustainable Waterway Planningfrom the PLATINA
project ICPDR2010).

The EU Birds Directive and the EU Habitats Directive form the central element of the Usion
environmental policy the Natura 2000 Network Until December 2013, 27,308 sites with a gatial
extent of appoximately 1.04 million km? in the 28 EU Member Stateshave been declared as
protected EUROPEANCOMMISSION2015b). Figure18 shows their abundance/expansion on a European
scale.

Natura 2000 sites are not excluded from further infrastructural development. Instead their status
implies thorough assessment that safeguals the existing genetis, species and ecosystem diversity.

11 The term "public” refers to the definition as laid down in Article 2 (d) of Directive 2001/42/EC.
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Waterways are often enclosed or flanked by protected areas, eventually because surface water
bodies and their terrestrial surroundings (like riparian forests, marches, tidal flats, wetlandstc.)
accommodate a vast floral and faunal diversity. Henceforth waterlated infrastructural development
and maintenance activities have to beoordinatedwith environmental administrations (e.g. temporal
and spatial restrictions for dredging). In 2012, theeuropean Commission's DirectorateGeneral for
Environmentthus issued a Guidance Document on Inland Waterway Transport and Natura 2000
(EUROPEANCOMMISSION2012b) in which a sound description of navigatida (including development
and maintenance activitie3 environmental policy. It also stresses the importance of integrated
planning in respect to environmental engineering and river restoration.

Source:European Environment Agency

|

Figure18: The protected sites of the EU Natur2D00 Network
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In general, all water bodies are covered by the requirements of thi¢ater Framework Directiveeven

if they liein areas outside of nature conservation areas. This is particularly important regarding the
principle of preventing deterioration and regarding the achievement of the Water Framework
Directive (WFD) objective$he WFD requires Member States in Article 4&) (i) to "implement the
necessary measures to prevent deterioration of the status of all bodies of surface water" (European
Commission 2000). Another goal is to protect, enhance, (and restore) these water bodies in order to
attain the (i) good surface weer status, or (ii) good ecological potential and good surface water
chemical status.

The WFD had to be transposed into in national law by the end of 20y 2009, first river basin
management planshad to be set up including a broad assessment of the oent situation of the
river basin regarding several criteria. Furthermoré)ey need to comprise a programme of measures,
The plans illustrate an outlook on ongoing and planned projects affecting the river and their
influence on achivieving the target ofjood surface water status or good ecological potential (for
heavily modified water bodies) byhe end of 2015. Updates of the plans take place every 6 years.
Key Future Infrastucture Projects (FIP) regarding navigation are listed and assessed regarding the
compliance with the WFD objectives, mainly regarding their influenge the status of the water way,
which is defined by several quality elements (for further information on this topic see pa& .

As with NATURA 200@ahe national (and sometimes regional) authorities act in the framework of the
national water laws, which are in turn the national implementation mechanisms of the Wiben it
comes to environmental permits for fairway rehabilitation and maintenance activitieShese
authorities also organise official expert opinions and stakeholder management; all directly involved
stakeholders are treated as a party in these nationgroceedings.

Another important document was issued by PIANThe World Association for Waterborne Transport
Infrastructure,in 2008: The Position PapeWorking with Nature(PIANC2008). It contains astrategic
orientation of necessary inland waterway dewvgbment and maintenance interventions towards an
integrated planning approach. It strives to sensitize project promoters to consider sustainable
solutions already at the beginning of the project planning phase. PIANC puts great effort in
integrating environmental concerns into the maintenance and development of waterways, may they
be maritime or inland waterways. Theechnical reports of PIANG Environmental Commissiof?
comprise topics related to waterborne transprt containing stateofthe-art equipment ard
operational standards for the implementation of watarlated projectsd referring from bird habitat
management over dredging equipment to flood management.

In order to bring together the sometimes conflicting interests of navigation and the environmémt

the Danube region, the International Commission for the Protection of the Danube River (ICPDR), the
Danube Commission (nhavigation), and the International Sava River Basin Commission (ISRBC) joined
forces and endorsed aJoint Statement on Guiding Princips for the Development of Inland
Navigation and Environmental Protectionn 2008 (see ICPDR2008). The statement provides
integrative guiding principles and criteria for the planning and implementation of waterway projects
with a strong focus on future river engineering projects on the Danube and its navigable tributarles.
opts for an interdisciplirary planning approach and the establishment of a "common language"
across all disciplines involved in the procesRecommendations included in the document pertain to

an integrated planning approach for the Danube river basin, integrated planning princigleand
criteria for river engineering.

12 Technical Reports of the Environmental Commission: http://www.pianc.org/technicalreportsbrowlgsp.
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The recommendationsof the Joint Statementare also applicable within the fairway maintenance
cycle. However, asmaintenance measuresare comparably small and to be implemented on a long
term, regular basis, applyindhe fully-fledged process would not be in proportion. Like any measure
affecting waterways, maintenance measures have to be enacted within the existing environmental
framework. This includes that qualified external experts need to assess the planned (pesgme of)
measures regarding their environmental impacts and, if needed, specify conditions and
requirements to be taken into account during implementation. This procedure is regulated by the
applicable legal framework.

In order to facilitate and ensure theapplication of the Joint Statement and to lift its principles to the
European level, aManual on Good Practices in Sustainable Waterway Plannings developed by the
ICPDR and relevant stakeholders in the Danube region within the framework of the EU ptoje
PLATINA in 2010 (se¢CPDR2010). Like the Joint Statement, the Manual also mainly focuses on
structural measures (river engineering project) for the development of inland waterways. The basic
philosophy is the integration of environmental objectives tm the project design, thus preventing
legal environmental barriers and significantly reducing the amount of potential compensation
measures. The Manual proposes the following essential features for integrated planning:

1 Identification of integrated projectobjectives comprising inland navigation aims, environmental
needs and the objectives of other uses of the river reach such as nature protection, flood
management and fishery,

1 Integration of relevant stakeholders in the initial scoping phase of a project,

1 Implementation of an integrated planning process to translate environmental and inland
navigation objectives into concrete project measures thereby creating wim results, and

1 Conduct of comprehensive environmental monitoring prior, during and after @oj works,
thereby enabling an adaptive implementation of the project when necessary.

According to thePLATINA Manual, the objectives of a navigation project (such as the achievement of
certain fairway dimensions and ecological requirements) can geneyable achieved through various
non-structural measures (capital and maintenance dredging) and structural measures (groynes,
guiding walls, chevrons, river bank restoration, siem reconnection etc.) in various forms
(concrete, rocks, stones or fixed deadved).

Therecommendatiors as to fairway maintenance measures provided in the ICPDR/PLATINA Manual
read as follows "Modern dredging strategies should prohibit the extraction of material from the river
for commercial reasons. In case of maintenancéredging for navigation (e.g. yearly ford dredging) a
refilling of the material should be performed upstrear.

The Manual at hand elaborates the above mentioned principle, as no general recommendation
regarding the location of the reinserted material cabe given. A case by case approach shall be
applied respectingthe following basic principles

1 Sediment dredged from a free flowing stretch should be put back into the same free flowing
stretch of the river in order to preserve its sediment balancélhe (f available) applicable

”
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sediment management planmight foresee not to reinsert the dredged sediment, which can be
possible if it does not causenegative impacs on the sediment balance of the river stretcks

1 Whether reinserted sdiment can or should be immobilized, e.g. by putting it back into groin
fields, depends on the specific location and desired effects; it should be decided on case
case basis

Thefollowing aiteria need to be considered when developingiredgingmeasures:

1 Analysis of applicabldegal frameworkinclusing river basin management planand resulting
requirementsand coordination potential

1 Location of the dredging sites
1 Locations of nearest upstream dandue to their significant influence on the sediment regime
1 Definition of the streth on which the sediment balance principle should be followed

1 Type of sediment(plays an essential role, as frequency and backfilling rates are not the same
for different sediment types, e.g. gravel and sarnd

1 Ecological needs, particularly concerning disalge and seasongICPDR 2010: 93).
1 Type of sedimentation process (longitudinal or lateral)

1 State of the water body regarding existing river training structures that influence the natural
river flow

1 State of river banks influencing erosion processes andpnsequently, also sediment transport
regime

1 Availability of hydrodynamic and morphological models, especially calibrated to low water
periods

1 Precisely calculated back filling rates

Among the examples for (integrated) planning concepts for waterwagvelopment included in the
ICPDR/PLATINA Manual is the decision support framework for maintenance dredging on the river
Thames, which focuses on user information and user integration (see Chapter 7Sijice 2001, a s
called "dredging liaison group”, wit diverse membership, has become an open forum to discuss
ongoing and proposed maintenance and dredging operations on the tidal Thames. An electronic

13 Such a Plan (Sava River Basin Management Plan) is to be developed by the Sava River countries and adopted
by the Sava Commission (see also ISRBC 2015). The plan will, among others, cover

1  Sediment balance throughout the river system
Evaluation ofthe sediment quantity and quality
Measures to control erosion and sediment processes

Designated areas for capital dredging

= =4 -—a -a

Guidance for the sediment disposal, treatment and use
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Dredging Spatial Information System (DSIS) eases decisioaking and allows for information
sharing, and aConservation Management Framework (CMF) supports a similar process on nature
conservation issues (see ICPDR 2010: 86).

A document which is decidedly aiming at the intersection of environmental protection and fairway
maintenance (specifically dredging) isthe report Dredging Management Practices for the
Environmentwhich was published by the Environmental Commission of the World Association for
Waterborne Transport Infrastructure in 2009 (sePIANC2009). PIANChere displays the full process

of dredging pojects from conception to executionThe focus of the Reporties on environmental
management i.e. the correct inclusion of environmental concerns (regttions and requirements)
into "management practices" with the goal to elaborate "best management ptiges". The report is
mainly based on the activities of marine dredging bualso contains useful though#provoking
impulses that can be adaptel to inland dredging projects as well.The different aspects of
environmentally sound dredging are discussed in il in the following sections.

Risk assessment

Every dredging project holds sitspecific environmental risks and planningincertainties, whichcan

be mitigated through integrated project planningout will never befully predictable or avoidablelf
environmental risk assessment in an early planning phase (after conceptual design) proves that the
environmental risks are such that they cannot be mitigated by implementation of the appropriate
best management practice BMP) or management practice(MP) the project should be reconsidered
and functional requirements should be redefined. Thabovementioned report (PIANC2009) gives

an overview about possible process adaptions at the different project phases and includes a list of
relevant stakeholders toreport to due to risk management and risk communication. Risk perception
varies between groups and individuals and is value driven. There is no quick solution to this potential
conflict; early and open commumiation is considered essentia(see Ghapter 6.3.2).

Dredging euipment

As mentioned before,PIANC2009 mainly focuses on marine sediment dredgingctivities. The
dredged material consists ofsilt and sand but can also be rock or gravel. However, there are
similarities in marine and inland dredging that allow a comprising vief the available technologies.

The main types of dredgers used throughout the world ateydraulic dredgersand mechantcal
dredgers.The differences between these two types are the way that sediments are excavated, either
hydraulic or mechanical {LAsBLOM2003: 2). Each type of dredger has its own advantages in terms of
economic use and environmental effects under the sp#ic conditions

As to hydraulic dredgers, trailing suction hopper dredgers (TSHDs) are used for maintenance or
capital dredging of unconsolidated sediments of lower to medium strength (i.e. silt or sand), while
cutter suction dredgers (CSDs) are most cononly used for removing hard sediments in capital
dredging projects (e.g. rock). Mechanical dredgers can be used in many types of projects and for a
wide range of soils (e.g. backhoe dredgers and bucket ladder dredgers for gravel), but generally have
much lower rates of production than hydraulic dredgers. With the exception of the trailing suction
hopper dredger, all dredgers are stationary dredgers, which means that they are anchored by wires
or spud poles.
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Source:VLASBLOM003

Figure19: Schematic diagram of trailing suction hopper dredger (left) and cutter suction dredger (right)

Trailing suction hopper dedgers(TSHDs) consist of a seffropelled ship with a hopper equipped with
one or two suction pipes connected taraghead(s)(see Figure 19). The dragheads are lowered to
the sea or rivetbed and a slurry of sediment and water is pumped into the hopper. Dredgecterial
settles in the hopper and the water drains off through a controllable hopper overflow system.
Settlement of material in the hopper is dependent primarily upon grain size. Loading times can vary
markedly for different sediments.For smaller dredgersof this type used on inland waterways, split
hulled vessels are common in order to deposit the contents of the hopper on a placement ground.

During dredging,trailing suction hopper dredgerscreate turbid plumes as a result of the intake
bypass, overflowand turbulence (caused largely by the ship' propeller). The bypass systens
designed to prevent water being discharged into the hopper at the commencement and conclusion
of dredgng. Consequently, overflow of fine sediments is often restricted due to e@mnmental
reasons especially where there are sensitive resourceearby Restrictions on the overflow of fine
sediments may be justified on both environmental and economic grounds.

Cutter suction dedgers (CSDs) typically consist of a pontoon equipped kit rotating cutter head
and an adjacent suction pipe that collects a mixture of cuttings and water which is pumped through
a discharge pipeline to its destinatior(see Figure19). Selfpropelled and ocean going cutter suction
dredgersdo exist and are mainly deployed in capital dredging projects where significant quantities of
rock need to beexcavated

The suction device captures most of the sedimememoved by the cutter. Bigger sediment particles
(partly disintegrated sediments) however, may be missed and fall back onto the sea riverbed.
Their minimisation is a primary concern for both the dredging contractor and the contracting
authority. Qutter suction dredgershave a high dredging efficiency and produce low turbidity at the
cutter head. Thus it is uncommon for turbidity generated by the cutter he&ml cause environmental
concern.

Mechanical dredgers:The most familiar type of mechanical dredgsris the backhoe dredger (BHD)
and the grab dredger (GD). Both are mounted on a pontoon or gmibpelled hopper, moored on
anchors or on spud poles (sed-igure 20). The backhoe dredger operates a buckewith a size
varying from a few i to 20 m3, mounted on an arm that is hydraulically operated. The grab dredger
operates a wireline controlled grab. Another mechanical dredger is the bucket ladder dred(#_D).

It has a chain of buckets that rotate over a ladder (seEigure 20). Mechanical dredgers normally
discharge into independent hopper barges, litare sometimes equipped as selfpropelled vessels
with their own hoppers.

PLATINA 2 is ctunded by the European Union (DMOVE)“ L

52



plotino 2 GOOD PRACTICE MANIALINLANDVATERWAY MAINTENANCE

Grab dredgers may cause minimal disturbance and dilution of clays compared to hydraulic methods
used by cutter suction dredgers and trailing suction hopper dredgers, but may caumegh turbidity in
loose silts where a significant fraction of the load may be washed out as the grab is hauled through
the water. Mechanical equipment can reduce spillage and turbidity by limiting, e.g., hoisting speed
and by avoiding overloading of opendrges and hoppers. These are measures, however, that may
reduce the production (output) of the equipment. The backhoe dredger has most of the advantages
and disadvantages of the grab dredger, but can operate more quickly (s€able 1). Unlike a grab
dredger, its maximum depth of dredging is limited by the length of its dredging arm. The bucket
ladder dredger has a depth limitation and is normally working on anchor wir@siting the operability

in confined spaces or spaces where anchor wires hinder other operations. It causes more noise than
the other types of mechanical dredger. The advantages of the bucket ladder dredger are its ability to
work continuously and its reldtely high breakout forces both of which make it suitable to drec

more consolidated materials.
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A sweep or plough hr, also known as a "bed levellerdr "drag bar’, consists of a large steel bar or
open box which is dragged across the bed to level it odthe bar is suspended horizontally at a fixed
depth from a barge and towed by a tug. This mechanical equipment is no dredger per se but can be
used after dredging interventions in order to level the riverbezhd thus to improve dredging results
There are other instances, however, where the sweep barused to drag sediment into a navigation
channel (e.g. from a nearby access channel or restricted access area) for subsequent excavation by a
trailing suction hopper dredgerlt may also be used within areas where mechanical dredgers have
been operatingin order to achieve a minimum depth throughout berth arsawithout unnecessary
dredging.

Tablel shows a comparison of different dredging equipment iespect to its environmental conduct.
The physical changes that can occur during the excavation of sediments are increased turbidity
(generation of suspended sediments), mixing of soil layers, loss of excavated material (spill) and
dilution (sediment mixing with water, especially in the case of hydraulic dredging).
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Table 2 specifies the general possibilities of different dredger types as to the type rohterial to be
excavated, the maximum dredging depth which can be achieved as well as the suitability of the
equipment fordredging of in situ densities.

Table1: Environmental conduct of standard dredging equipment (Sourd&lANC2009: 22)

Dredger Safety Accuracy Turb|d|ty Mixing Spill Dilution Noise

Trailing suction +0 510 5 0 5 .\
hopper dredger

Cutter suction + N 0/+ o/ 0 0 .
dredger

Suction dredger + o} + o] o} 0 +
Backhoe dredger o] + 8/0 + + + +
Bucket ladder 5 . 510 ol . .\ 5
dredger

Grab dredger o} o} 0/0 0 + + +
"+" = better than average; "0" = about averaged" = below average

Table2: Possibilities of different dredger types (SourcetassLoM2003: 27)

Dredaer Dredging of | Dredging of Dredging of Max. depth  Dredging of in
9 sand clay rock [m] situ densities
Trailing suction
hopper dredger yes yes no 100 no
Cutter suction -
dredger yes yes yes 25 limited
Suction dredger yes no no 70 no
Backhoe dredger yes yes yes 20 yes
Bucket ladder s s s 30 os
dredger 4 y y y
Grab dredger yes yes no > 100 yes
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As can be concluded from bothrable 1 and Table 2, backhoe and bucket ladder dredgers are
suitable equipment for fairway matenance dredgingin free-flowing sectionsin the middle and
upper reaches of natural rivers, while trailing suction hopper dredgers and suction dredgers are
suited for dredging of smaljrained sediments in the lower reaches of rivers.

Dredger lection

Dredging and material placement areite-specific activities Dredger selection depends on a number
of variables including:

1. Availability and costlead time to commencement of work at dredging site,

2. Physical characteristics of the sedimengsoils with low cohesion, such as silt, sand and gravel, or
cohesive soils, e.g. rock)

3. Contamination level of sediments,

4. Amount to be dredged

5. Required accuracy,

6. Dredging site andwater depth, flow velocity, discharge

7. Distance to the placement site

8. Placement siteand water depth, flow velocity, discharge

9. Physical environment at dredging and placement siteaccessibility to the site,
10. Weatherand waveconditions,and

11. Method of placement.

The evaluation ofenvironmental performance of specific dredgerincludes the consideration of
effects of the production rate i.e. how many rd can be dredged with the selected equipment per
hour/day/week/month, on the project duration, the levels of turbidity and suspended sediment
concentrations generated relative to background levels, the proportion of total sediment lost to the
environment and the degree of contamination in the sediment

Whendredgersare evduated, all phases of the dredging operation (excavation, lifting, transportation
and placement) should be considered as an iegrated process. Typically, cutter suction dredgers
show the least effect on turbidity at the dredging sitgsee Table 1) and trailing suction hopper
dredgers produce similarly low turbidity when used without overflow. Grab dredgers atrdiling
suction hopper dredgerswhen usedwith overflow, produce significantly higher turbidity throughout
the water columnnear the dredging site than cutter suction dredgersAt the placement site, the
reverse may be true. Mechanical dredgers do not disturb the structure of the dredged materias
much as cutter suction dredgers or trailing suction hopper dredgersdo, which may fluidise
sediments by mixing them with water. Fluidisation of clays lsytter suction dredgers and trailing
suction hopper dredgersnay cause discharged material to covean excessive area when unconfined
and fluidised sediments may take some time to consolidatehus providing a source of ongoing
turbidity until consolidation has occurred.
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Consequently, suction dredgers may be preferred if the vicinity of the dredgirite §s particularly
sensitive, while a mechanical dredger may be favoured if the vicinity of the placement site is
sensitive. Dredging equipment itself leaves possibilities for technical adaptions to further increase
the environmental performance of dredgig projects (green valves, screens, curtains, animal
deflectors, etc.).

The selection of the dredger to use for a specific fairway maintenance dredging intervention is mainly
defined by the type of soil to be dredged and by the size and production ratetioé equipment.
Besides these criteria, the possibilities for transportation between the dredging and placement site
are also relevant for dredger selection. Additionally, environmental criteria are to be taken into
consideration, which is highly project pecific. In the final selection the availability of specific
equipment in the project area at the required time will be decisive.

Transporation and pdacement

In inland dredging theexcavatedmaterial is mostly transported by barges, hopper barges tucks
which, if well maintained, keep the spill at a minimum until the material reaches its final placement
site. If other equipment is used(e.g. pipelines) the impermeability of the equipment needs to be
granted and checked frequently if indicationsf leakages occur.

At the placement site measures can be implemented tmcrease the control of placement and
reduce spillage of material outsideof the predefined site. The effectiveness of these measures is
dependent on the conditions at the site and the gaacity of the placement site in relation to the
quantities and rate of supply of the materialFigure21 displaysconventional placement methods.

Spreading by controlled barge release Jetting from hopper dredger
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Direct mechanical placement Submerged diffuser with pipeline

Figure21: Conventional'controlled placerent" methods (Source:PIANC2009)

Materials that are transported hydraulically and directly placed in an open water site can cause
significant turbidity plumes when placement is uncontrolled Turbidity can be significantly reduced
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when the material is discharged close to the bottom and at low discharge velocitasd water levels
This can for instance be realised by deployirgplit hopper barges, by jetting fronopper dredgers or
direct mechanical placement or by applying diffuser (also in combination with a pipeling

Characterization of the environment and impactssessment

The severity of environmental impacts depends omhe frequency, duration, magnitude and
methodology of the dredging activity. Its influence on the composition and abundance of aquatic
flora, of benthic invertebrate fauna and age structure of fish fauna is major part of the impact
assessment and needs to b quoted on a spatial and temporal scaleln addition to thesebiological
components also hydromorphological aspectshave to be included in impact assessments. In
regardsto dredging activitiesthese includethe hydrological regimeduantity and dynamicsof water
flow, connection to groundwater bodies) and morphological conditionsiver depth and width
variation, structure and substrate of the riverbed and structure of the riparian zonéEUROPEAN
ComMIssioN2000: 34). The intensity of obliging assessmesitand entailing management practices is
always sitespecific and will varybetween projects and project phases (implementation and post
implementation).

During the implementation phase physical changes due to the dredging project will undoubtedly
arise through the presence of the dredging equipment and excavation activities, sediment removal,
altered morphology andre-suspension of sediment.

To obtain thorough baseline dataseasonal patternswith natural variations and longerm trends
have to be includedinto the impact assessment. Without doing so it may be impossible to determine
whether change were caused by dredging activitiesor not. These studies should be conducted by
qualified scientific and technical personneland should include public consultaion cycles to
eventually reduce possible user conflictsFigure 22 depicts the interdependencies between
ecological effectsand dredgingrelated activities.

Characterization of the environment in which the dredging project will occur, design of the project,
and monitoring during the work are fundamental scientific and engineering activities. Even though
models help to facilitate understanding of complex problems it is advisable to also rely on expert
judgement and recommendations, and take regulations into aount. All the above states criteria
have to be considered when appropriate management practices are identified.
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Figure22: Conceptual nodel of physical changesand ecological effectsfrom dredgingrelated activities
Identifying appropriate management practices

Management practicescan be either related to a poject or to a process. If the management practice
is projectrelated, the strategic intent of the dredging activity is faced towards a positive
environmental performance (contractofis prequalification, construction monitorig program). A
processrelated management practiceinfluences the interoperational conduct such as equipment
selection, modes of operationor institutional restrictions.

Identifyingmanagement practices which address risk association to a given project part is a strategic
task. To screen and rank them according to their effectiveness, logistical feasibility and potential cost
will supportdecisiorrmaking processes and leads to techmially elaborated solutions.

Once the Ist of potentially applicable management practicebas been reduced to thosewhich are
most likely to be feasible and capable of effectively preventing or mitigating the impact under
question, the final selection of pactices (i.e. best management practicesletermination) is male,
seeking a balance between management practideplementation and the site specific nature of the
project (e.g. spatial scale or sensitivity of the environmenBIANC2009 offers a valuable toolbox for
conducting the necessary stepgsee PIANC009: 35 847).

It is wrong to assune that applying all possible management practicet® a given project will lead to
the best protection of the environment. In fagtindiscriminate application of management practices
can actually have a net detrimental effect and can quickly render a project unaffordable and
unworkable. It may therefore hinder sustainable development and gsibsequent benefit for society.
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Monitoring ard environmental @mpliance

Monitoring can determine whether the claimed outcomes of a dredging project were carried out
according to contractual agreementor if they need corrective actionslt is important to define
baseline conditionsin advanceto assue target comparability under different scenarios or changing
natural conditions. The monitoring criteria are closely related to the requiremerdthe conceptual
design or environmental impact assessment of a project. Threshold values can help the prbjec
management to interfere in ongoing activities if intesperational feedback monitoring is executed in
accorded revievs.

Environmental legislation may demand compensatory or mitigating measures connected to large
maintenance activities but also providedinancial assistance in case of extensive budgetary strains
(cofinancing). Mitigating measures in terms of waterway maintenance are accompanying projects
which envisage the prevention of adverse ecological effects caused by human alterations to the
structural and hydrological characteristics of surface waterbodies which are likely to arise during the
construction or operation of an infrastructural asset such as loss of waterbody surface area, sound
and noise pollution, discharge and flow velocity alteratip alterations in sediment regime or the
input of hazardous substancesMitigating measures are for example, the restoration afverbanks
through riprap removal, the establishment of stagnant water zones and gratednd structures, or
the reconnection ofside arms. In thisrespect, the European fundsdo, for example, cdinance
compensatory measureswithin transport infrastructure project retained under the Trans European
Network (TEN or in order to achieve the environmental objectives set by thea#®r Framework
Directive (WFD)(see BizJAK ET AL2006 and EUROPEANCOMMISSION2012 a).

In this respect theEU'sFinancial Instrument for the Environment and Climate Acti@tLife") supports
actions in connection to the further development, implementation and magement of the Natura
2000 network 9 in particular "the application, development, testing and demonstration of integrated
approaches for the implementation of the priorised action framework$ (European Commission
2013a: 195).

6.3.2 Communication at all levels

International waterways are a complex matter as they travegsnumerous countries and touch
multiple interests. Due to this, administrations in charge of maintainingthese waterways for
navigation need to include stakeholders at various levels and fromultiple fields of expertise at all
stages of the continual improvement process.

Inclusive planning, monitoring and execution of measures is beneficial to waterway administrations
in terms of a knowledge gain from related fields of expertisét alsosupports a holistic perception of
waterways. Traditionally it facilitates a better understanding of issues related to navigation among
the involved stakeholders and increases the acceptance of measurednder such circumstances
waterway management activities are a&sier to implementand more effective f they have beenjointly
developed and the involved stakeholders take ownership of widely supported ideas.

Depending on the phase of thdairway maintenance cycle(see apter 7), different interest groups
are informed, consulted or invited to influence a decision. As an example, navigation as well as flood
protection stakeholders usually need tde informed about the monitoring resultsin order to gain an
accurate picture of current fairway conditionsinformation from hydremeteorological institutesis
acquired. Ecologists, the responsible waterway management authorities, flood protection
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representatives and financial supports need to be consultedluring the planning phase. The
navigation industry may influence decisions related to the priority of measures.

6.3.3 Integrated planning approaches

Several waterway administrations in Europe have alreadypied such integrated approaches. In
each case, the interplay between ecological and navigational aspectss well asthe integration of

relevant user groups needs to be taken into accounflhe extentto which aspectssuch as social

values g.g.landscape,recreational value) are specifically includethay vary.

Such a comprising, integrated approach cannot bgenerally considered as state of the art inall
European countries Two examples of Good Practices ardhé German Framework Conceptfor
Maintenance" and the FlemisH'Sustainable Maintenance PlarlUpper Sea Scheldt{which is inits
finalisation stage)

The ‘Framework Concept for Maintenance"”(see BUNDESMINISTERIUM FURERKEHR BAU UND
STADTENTWICKLUNZ®D10) was prepared by the GermaiVaterways and Shipping Administration (WSV)
as a response to the implementation of theeU'SWater Framework Directive into national law in
2010. The framework onceptaddresses integrated maintenance strategies.

D) FRAMEWORK CONCEPT FOR MAINTENANCE ("RAHWERKC Al federal waterways|

UNTERHALTUNG") Germany |

Problem/topic

According to the Water Framework Directive (WFD), maintainance works should not leac
deterioration or put at risk the achievement of WFD objectives. Ttrman authority integrated
environmental objectives of new legislation into operational guidelines for integrated waterw
maintenance on national level.

Objectives

1 To achieve both transportelated and environmentally motivated goals through integrativ
maintenance measures.

1 Toutilize expertise in the field of waterway engineering, navigation, hydrology, ecology,
environmental protection to create a coordinated program of measures.

Background information

The revised German Water Resources Act extended the responsibilibéshe German Waterways
and Shipping Administration (WSV) towards environmental objectives in 2010.

Description of activities

The German Waterways and Shipping Administration (WSV) addressed the need for integr
maintenance strategies by developing aextensive handbook on environmental issueselated to
federal waterways ("Handbuch Umweltbelange"This handbook consists of several guidelin
documents, conceptsand recommendations. Among othersit contains the Franework Concept
for Maintenance ("Rahrenkonzept Unterhaltung), which serves as an operational framewor
document for waterway maintenance activities of the WSV.

z
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D) FRAMEWORK CONCEPT FOR MAINTENANCE ("RAHWIERRKC Al federal waterways|
UNTERHALTUNG") Germany |

The WSV illustrated the new implications fanland waterwaymaintenance that result from the
revised Water Resources Act and the deral waterways law. Also factual and territorial scopes |
application were examined. The framework oocept analyses transportelated tasks and
environmentally motivated ones, and identifies synergies and tragdéfs between measures. The
guidelines shall ensure that maintenance measures will be beneficial to both objectives.
contains practical examples for combined measures and ways to evaludtem. Also the need to
prioritize measures due to financial constraints is addressed.

Users and stakeholders

1 Planning, prioritization and implementation of measures related to inland waterways i
within the responsibility of the German Waterways and Shipping Administration (WSV).

1 Environmental stakeholders Kederal Waterways Engineering and Research InstitieBAW
Federal Institute of Hydrologyd BfG) contributed intensiely to the development of the
framework @mncept.

1 The Federal States are responsible for the implerantation of the WFD goals, includinthe
development of River Basin Management plansThe WSV has to consider thereistated
water resource management measures. Hence, the relevant authorities are coordinati
their work.

I The document takes the needs of waterway users (transport sector) and recreational us
into account.

Key success factorsand innovative aspects

1 The framework oncept was developed specifically for waterway maintenance measures.

1 It addresses the interface between transport and environmental objectives in regards
maintenance activities and presents integrative guidelinesif measures, and gives example!
of combined measures too.

1 Legal obligations and limitations are illustrated in detail and from a practical point of view.

1 Key environmental stakeholders were integrated irthe development process of the
framework @mncept.

1 The WSV closely cooperates with authorities responsible for WFD implementation
management plans in order to successfully develop and implement the guidelines.

Time frame and status

On 1 March 2010 the revised Water Resources Act came into force. Tharfework Concept for
Maintenance was published in July 2010. Today the concept is applied in the daily work of V!
and results in integrated measures under the above described premises.

There is a constant process of updating and improving thguidelines. Th e a Rah me n k
such is not further updated. Since 2015, théiLei t f aden Umwel t bel ainig
place, where the important aspects are currentlglaborated and specifed. It is a practically
oriented guidance for implementation.
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D) FRAMEWORK CONCEPT FOR MAINTENANCE ("RAHNWERRKC All federal waterways

UNTERHALTUNG") Germany

Lessons learned

1 Aninterdisciplinary approach creates synergies and enables that manifold goals are met v
comparably little effort.

1 In order to successfully implement the goals of the WFD it is crucial that waterw
administrations closely cooperate wh authorities.

Requirements for implementation in otheMember States

The Framework Concept for Maintenance is embedded in the legal framework of Germany
oriented on the local conditions of German waterways. However, the requirements are based
obligations due to European legislation. Thushe document may be relevant to other Europea
waterway administrations, too. Especially since so far no other similar guideline exists in any ol
country of the European Union.

Member Statescan learn from the methodological approach of preparing integrative guidelin:
specifically targeted at waterway maintenance. There are practical examples of integrat
measures. Guidelines ensure a quality standard for implementation of measures.

Further information/contact

Mr. Kai Schafer

Referat BMVI/WS 14

Federal Ministry of Transport and Digital Infrastructure
RobertSchumanPlatz 1, 53175 Bonn, Germany

The 'Sustainable MaintenancePlan for the Upper Sea Scheldi$ a Flemishplan that focuses on a
specific stretch of the iver Scheldt. It comprises longerm, environmentorientated management
strategies in regards to enhanced performance of waterway infrastructure maintenance activities.

E) SUSTAINABLE MAINTENANCE PLAN FORPRERISEA Upper Sea Scheldt
SCHELDT Belgium |
Problem/topic

Currently, clear guidelines on bathymetric surveys, riverbank protection or conservat
management of the tidal nature are lacking for the Upper Sea Scheldt.

Objectives

1 To define specificobjectives and a sustainable, comprising and natufeased management
strategy within the Tntegrated Plan Upper Sea Scheldt"

1 To dedicate a section of the plan to waterwamaintenance (the "Sustainable Maintenance
Plan" in order to guarantee a higher leveof service by performing sustainable morphologic:
and nautical maintenance activities.
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E) SUSTAINABLE MAINTENANCE PLAN FORPRERLSEA Upper Sea Scheldt
SCHELDT Belgium

Background information

CE

The surrounding areas of the Sea Scheldt are enlisted as Natura 2000 areas. The water deptt
the Upper Sea Scheldt, and thus thesVel of service, is tide dependat. The maintenance plan only
coversmaintenance dredging and doesh'comprise widening nor straightening of the river.

Prior to the Integrated Plan, the main maintenance @asures carried out by the Flemiskvaterway
administration Waterwegen en Zeekanaal (WZ&) consisted of ad hoc dredging of the fairway base
on reported damage, either by the districtor third parties. The districs staff stipulated the
maintenance efforts accordingly, however clear guidelines on navigation, rivemi protection or
conservation management of the tidal nature were lacking.

Description of activities

The planensures sustainable morphological and nautical maintenancelt consists of three sub
plans:

1. A sustainable bathymetry plan: Maintainable rivesections, including targeted fairway
conditions, were defined and measures to reduce environmental impacts were outline
Considerng the guidelines of the Dutch waterway authority Rijkswaterstaat, the reference
water height (i.e. minimal water level for lich a vessel is able to navigate without runnini
aground) and the ECMTvaterwayclass (a maintainable section for each area) was definet
Wherever possible, the resulting theoretical profile is fitted into the current bathymetry, if ni
dredging works ae proposed.

Moreover, several measures will be taken into account to reduce the environmental impa
such as:

Combining dredging works with sand mining,
Optimising the sand mining locations,

Setting a maximum volume for the extracted material,

= =4 =4 =

Dredging an overdepth in areas with quick sedimentation processes.
1 A monitoring protocol to evaluate the bathymetry was also established

2. A sustainable riverbank protection plan: This study established a framework to select the m
suitable and sustainable bank protection strategy in the Upper Sea Scheldt. The ma
maintenance measure currently consists of ad hoc strengthening of the riverbanks by mee
of rip-rap, often resulting in overprotection of these riverbanks and increasing the surface
artificial substrates in the ecosystem. However, as this approach is expensive, the neeose
for a more objective, sustainable and nature based management strategy. Hence, ecolog
riverbank protection is preferred. For locations where the tidal nature is askiof eroding the
riverbank, other forms of protection are defined.

In this study sustainable bankprotection is defined by optimiing ecosystem services, whils
guaranteeing flood control and navigation. The basic principles of the decision support syst
not only encompass the protection of the most vulnerable tidal freshwater marshes agair

erosion, but also allow for natural tidal marsh development where the system is wide enou
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E) SUSTAINABLE MAINTENANCE PLAN FORPRERLSEA Upper Sea Scheldt |

SCHELDT Belgium |

Based on objective criteria (such as slope, width, current velocity) thyge of bank protection
is selected, taking advantage of the natural erosieprotection characteristics provided by tida
marshes. Hard bank protection is only selected if really required. If conditions permit,
natural undefended riverbank is preferredNature friendly bank protections (NFBP) provide &
intermediate solution. The preferable bank protection measures have been sketched for t
entire Upper Sea Scheldt. This "bank protection atlas" is compiled in a geographi
information system (ArcGISBased on a monitoring protocol the need for servicing the bar
zones is determined. Not only is this approach economically more advantageous, it @
favours the conservation goals and good ecological status for the estuarine habitats.

3. A management and cogervation plan for the tidal nature.

Users and stakeholders

1 The plan was commissioned by W&Z and prepared by consulting firms and research institu

I Stakeholders integrated in the preparation process were waterway users, dredg
companies, localgovernments, NGOs and environmental research institutes.

Key success factors and innovative aspects

Clear and integrated guidelines for navigational maintenance of the Upper Sea Scheldt have b
developed within a strategic framework on the economic dmsport) development of the river.
Environmental issues have been considered specifically.

Time frame and status

1 The development of the sustainable bahymetry plan”started in 2014. Currently, it is
undergoing environmental assessment; also constructiopermits are being evaluated. The
plan shall be in operation by 2016.

1 The development of the Sustainable riverbank protection plan'’began in 2014. Its finalization
is expected at the end of 2015.

1 The development of the rhanagement and conseration plan far the tidal nature”started in
2015. It shall be finished in 2016.

Lessons learned

No lessons learned yet, as the respective plans are not yet operative.

Requirements for implementation in otheMember States

The only requiremerg are willingness and finandal resourcesto create such integrated plans,
Member States can learn from the methodological approach of preparing an integrat
maintenance and management plan, taking into account various aspects of the fairway and
surroundings.
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E) SUSTAINABLE MAINTENANCE PLAN FORPRERLSEA Upper Sea Scheldt
SCHELDT Belgium

Further information/contact

Ms. Jannie Dhondt
Waterwegen en Zeekanaal N¥ Afdeling Zeeschelde
Lange Kievitstraat 113113 bus 44, 2018 Antwerpen, Belgium

6.3.4 Corridororiented approaches

Waterways are mostly international and cross several riparian states.ldeally, the fairway
maintenance process should thus be designed in a crodé®rder and corridoforiented way
Corresponding objectiveneed to be definedand enackd in cooperation within the implementation
process. The international river ommissions are key stakeholders in such activities (se€hapter
5.3).

A Good Practice Example with regards to a corridooriented approachis the joint fairway making
database by Croatia, Serbia, Bulgariand Romania(see Good Practice Example G on pBl1).

A further practical example for successful crodsorder project activities is the bedload stabilisation
project in the area of the village of Lobithand Spijk There Dutch and German waterway
management authorities implement joint maintenance activities to prevent erosion processes in the
RhineRiver

F) STABILIZATION OHE RHINE RIVERBED ALONG THE GERM/

DUTCH STATE BORDER The Netherlands,
Germany

. Problem/topic

The progressive erosion of sedients in the Rhine river resulted irdeepening of the riverbed and
sinking water levels. This influenafairway parameters and navigation negatively and also cause
groundwater levels to sink. Thee dynamics also made it more likely for the Rhine to overflow i
banks at high water levels, which increased flood risk. Without interventions, riverbed degraoiat
would have continued and transformed the trougbhaped riverbed into a deep and narrow channe
The situation was particularly ltallenging due to the factthat the respectivesection of the Rhine
coincides with the Dutch/German border and maderossborder project setup and implementation
necessary.

Objectives

1 To stabilize the riverbed by stopping or delaying the erosion processthe German as well as
the Dutch section of the Rhine

1 To guarantee stable shipping conditions.
1 To reduce flood risk

I Tostabilize groundwater levels

65 PLATINA 2 is ctunded by the European Union (DMOVE)- (s



Pl_thQ 2 GOOD PRACTICE MANIALINLAND WATERWAXIMTENANCE

F) STABILIZATION OHRE RHINE RIVERBED ALONG THE GERM/

The Netherlands,
Germany

DUTCH STATE BORDER

Background information

Near the Dutch village of Spijk, between Emmerich (GER) and Lolfitlh), the centre of the Rhine
river coincides with the DutcHserman state border for a distance of eight kilometres. Naturall
changes concerning the river affect both states.

In this section of the Lower Rhine, the river carries less sand and gravelthawould in a natural
state. As a result, a problematic erosion in the riverbed has formed between Rhkme 858 and
Rhinekm 862, causing a waterway depth ofmore than 5 metres in some places.

To counter this trend, both riparian states initiated the pjects "Sohlstabilisierung Spijk" anc
"Geschiebezugabe Lobith". For that purpose, the German WSV (Wasasat Schifffahrtsverwaltung
des Bundes) and the Dutch RWS (Rijkswaterstaat) agreed to cooperatively stabilize the river
and balance the bedload defiit.

Description of activities

For the "Sohlstabilisierung Spijk'd the project to stabilize the riverbed near the Dutch village ¢
Spijk - 454,000 tons of building material was transportedo the site. 200 shiploads were necessary
for the transport WSValso used a vessel equipped with a harrow to level the riverbed aft
insertion of the material. Within 16 months the entire building material was placed, using 268,0C
tons of coarse stones as top cover. The construction work was done in sections of agpnately
200 metres, starting at the lower end of the construction sector and moving upstream. The wh
process was constantly surveyed in order to evaluate the measures. The German Fed
Waterways Engineering and Research Institute (BAW) confirmedt tee project also reduced flood
risks.

In course ofthe project "Geschiebezugabe Lobithhe waterway authorities will place sediment intc
the Rhine rear the Dutch village of Lobith to balance the bed load deficit.

Users and stakeholders

1 The projects were initiated and implemented by the governmental waterway administratiol
The German Wassemnd Schifffahrtsverwaltung (WSV) and the Dutch Rijkswaterstaat (RW
The states share the costs (total: 24 million Euro) equally.

1 Representatives of other organisations and interest groups (especially environment
organisations and institutions dealing with flood protection) took part in the process

Key success factors and innovative aspects

Both Germany andhe Netherlands accept their responsibility to provide goathvigationconditions
on the Rhine. By cooperating, they have overcome legislativeorganisational and language
problemsand succeeded in planning and implementing measures on the territory of a ndigluring
state.

Time frame and status

The project objectives are contaied in the framework agreement "Grenzstrecke NL/@f 30 May
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F) STABILIZATION OHE RHINE RIVERBED ALONG THE GERM£

DUTCH STATE BORDER el
Germany
2007. On 28 May 2008 an agreement between WSV and RWS entitlédnterhaltungsarbeiten in
der gemansamen Grenzstrecke de®Rheins"("maintenance works on the common border stretch ¢
the Rhine")was signed. The document contains the rights and duties of the parties.

The stabilization of the riverbed near Spijk is already completed. The straction works of the
project "Geschébezugabe Lobith'are expected to start in 2016.

Lessons learned

Themanagingauthorities had to deal with several challenges such as:

1 Language barriers: For the translation of technichldrological language an interpreter had tc
be hired.

1 National law: Both authorities had toadapt statutory provisions and approval procedures t
enable implementation of the project

1 Quedions regarding taation: Where shall valueaddedtaxes be discharged if a working grouj
of a German and a Dutch company arks on state territory of The Netherlands in the conte)
of a project of German administration? Intensive discussion with German and Dutch {¢
authorities and tax accountants solved these questions.

Requirements for implementation in otheMember Stats

This project serves as an example for water engineering projects in border regions of otember
States. It shows that typical problems of projects touching the territories of two (or more) countri
can be solved by common objectives and good commuation.

Further information/contact

Mr. Jan Bosland

Rijkswaterstaat, Zee en Delta

Directorate Network Development/Programming Department
Visit: Poelendaelesingel 18, 4335 JA Middelburg

Mail: Postbus 556, 3000 AN RotterdamThe Netherlands
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7 The fairway maintenance process

Waterway and &irway maintenance activitiesare & contrary to structural river engineering measures
0 of a recurrentand continuous nature. Hencethese processes can be visualised in the form of a
“fairway maintenance cycle" ¢ee Figure23).

Any kind of infrastructure maintenance management is defined by a number of targets and certain
steps or modules in a circular procesteading to a constant improvement based on an analysis of
previous experience and resultgsee Chapter 6.2). For fairway maintenance the basic pross
consists of monitoring and surveying ahfrastructural fairway) conditions, an assessment of current
conditions and an estimation of possible developments as a basis for planning and optimisation of
necessary maintenance or river engineering measurédEWAD/AU02014a).

Monitoring
+ Continuous monitoring and general bathymetric survey of the
riverbed in order to identify problematic areas
« Detailed survey of shallow areas (monitoring of fords)

+ Water levels at gauges of reference (hydrology)
Information
* Continuous information on the current status of
the fairway to the users of the waterway
+ Websites, electronic navigational charts,
Notices to Skippers, SMS services etc.

Execution Planning
) . * Analysis of results from riverbed surveys
+ Execution of maintenance measures

(dredging, adjustments of the fairway) + Planning and prioritisation of measures

Lo for the maintenance of the fairway
+ Monitoring (success control) of works
* Coordination with other activities

(specifically river engineering measures)
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Figure23: Thefairway maintenance g/cle
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The steps or modules in the circular fairway maintenance process include:

1 Regular (bathymetric) surveys of the riverbedjonitoring ofhydrological conditions and fairway
marking in order to identify critical areas in the fairway (reduced depth and width or curve
radius),

1 Examining the potential of structurafiver engineeringmeasures to reduce maintenance efforts
in those critical locations which are characterized by high sedimentation rates

1 Planning andprioritization of necessary interventions (e.g. dredging measures|aeation of the
course of thefairway, marking of the fairway based on the defined targetsand the analysis of
up-to-date hydrographicsurveys

1 Communicationof measuresto stakeholders, especiallywaterway users, and including their
feedbackinto future plans,

1 Execution of maintenance works (including success contanid evaluation of effects,

9 Provision of continuous and target grougpecific information on the current state of the fairway
to the users of the waterway

Any infrastructure maintenance cycle always starts with an inventory and survey of the current
conditions. The optimal frequeng of any kind of riverbed survey is found if the additional costs for
surveys are not outweighed by the benefits of better decisions based on these additional surveys
(see Chapter 7.1, Status monitoring. The subsequent processing capacity for surveyingsudts
depends on the length of a river section and the equipment used’he time frame for result
processingmay range from one day to several weeks.

For any kind of decision process regarding the implementation of fairway maintenance measures, an
assessmert and estimation of possible condition development with and without measures is crucial.
A comparison and optimization of all technically feasible measures as a result, e.g. in the form of a
"measure decision tree", is therefore only possible if both cosémd impacts (duration) are known.
The central question in this respect: Which improvement might be attained with which type, extent
and costs of measures and for which time frame? This approach is impaciented and clearly
focuses on the improvement ofairway availability ¢ee Chapter 7.2, Planning measuresand Chapter

7.3, Executing measures

Setting priorities for measures on transport infrastructures basically involves a ranking.g.
regarding the highest negative impact on infrastructure users, the worst condition compared to a
target level of service or the highestnonetarylosses due to malfunction. Typical priorities regarding
fairway maintenanceare given to measures on shédw sections with the lowest fairway depth at low
water levels. Additional criteria may be the remaining fairway width with sufficient depth and/or the
rate of sedimentation on critical bottlenecks based on an estimation of remaining time until the
section cannot be passed gee Chapter 7.4, Evaluation of measure

In general, management and implementation of fairway maintenance on a dynamic river with
constantly changing riverbed morphology and water levala a length of a few hundred kilmetres is

in itself a very demanding task. Forskippers and navigation companies, however, the taken
maintenance approach does not matter as long as continuous fairway conditions and actual reliable
and accessible information on the current state of the fairwagre provided. With this information
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available, navigation companies can calculate with lower safety margins leading to a higher load
factor of vessels thoughout the year ¢ee Chapter 7.5, User integration and information.

This concept can be seen as guideline for integrative waterway maintenancelt is applicable in the
majority of Europeanwaterway corridors

7.1 Status monitoring

Thechoice and design of suitable (maintenance) measures @®ly as good as the data by which the
decisions are made However, manyadministrations are confronted with an insufficient knowledge
base that limits them in designing and implementing the best possible measures.

In general fairwayrelated monitoring needs to address the following elements:

1 The rivefs geometry and morpholoyg (longitudinal and vertical profile, sediment transport,
slope, etc.),

1 Water dischargeand water levels
1 Fairway marking
1 Fairwayrelated infrastructure (groynes, training walls, riap, etc.),

1 Ecological factors especiallyall quality elements of awater body according to the WFD (Annex
V) in order to assess (noi) deterioration of its status!4.

7.1.1 Geometry andmorphology:Bathymetric surveying

Bathymetric surveys are conducted by survey vessdlsat are equipped with specific measuring
devices which g¢her information on riverbed morphology (water depth, riverbed conditignstc.).
This information may be used by waterway administrations, pier and port operators, electricity
producers etc. Through bathymetric surveys they camonitor riverine erosion and sedimentation
processes which might trigger the necessity of maintenance interv@ms (e.g. removal of excess
sedimentation in the fairway, in port entrances or in the immediate vicinity of locks, protection
against scouring at river engineering struates or barrages).

There is potential in coordinatingnavigation relatedbathymetric surveyingwith sediment monitoring
that is done within ecologyrelated river basin management This would result in cost savings and
better data on both sides.Coordination of maintenance plans and River Basin Management Plans
would be a promising next step.

Measuringequipment

The basic device for bathymetriciverbed surveys is an echo sounder It uses sonar technology to
measure physical conditions underwateby directing ®und pulses vertically from thevesseldown to
the riverbed at a rate of milliseconds, measuring the distance by means of time interval between
transmittance and reception.

14 Ecological monitoring is not the focus of this Manual and is therefore omlgidressed briefly.
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The two main bathymetric systems for riverbedurveys based on echosounding technology are
singlebeam and mnulti-beam methods This data isthe basis for the calculation of riverbed isolines
that are used to displaythe riverbed and current fairway conditions.

Singlebeam bathymetric systemsare generally configured with a sonar transducer mounted to a
survey vessel, which turns an electrical signal into sound (transmitter) and converts sonar pulses
back into electrical signals (receiver)By wsing singlebeam technology only water depths dictly
beneath the survey track of the vessel can be measured. Consequently, the water depth is known for
cross or longitudinal profiles only, values in between are usually interpolatezh the basis of a
mathematical model

When transmitting in downstream direction, the vessel isusually navigatingin the middle of the
fairway, whichis normally corresponding to the thalweg of the river critical sections this
longitudinal profile can be rounded off by additional survey tracks close to the righhd left-hand
margins of the fairwayin order to gain a more detailed picture of problem area®hensurveyinga
crossprofile, the vessel moves back and forth between two fixéand-based points. As the riverbets
morphology is not fully covered bg singlebeam survey, the amount of data is lowerbut allows for
faster and cheaper data gathering and processings compared to multibeam surveying Waterway
administrations generally use singkbeam technology to gain a quick overview on shallow river
stretches ard to identify areas in need of further investigation.

Transmitter

Receiver

Return echo Acoustic signal

Riverbed

Source:via donau 2013

Figure24: Schematicoperation of asinglebeam echo sounder

Multi-beam bathymetric systemsare used n order to obtain full coverage of a riverbedlhe multk
beam sonar system has a single or a pair of transducers, which continually transmit(s) numerous
sonar beams to the riverbed in a swathor fanshaped signal pattern. This makes mulbeam
systems ideal fora complete mapping of smaller areas as this kind of bathymetry yields 100%
coverage of the riverbetd morphology.For easier data handling and processing afti-beam data can

be thinned.

2
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Figure25: Multibeam riverbedsurvey

As multlbeam surveys are more time&onsuming especially regarding the pogprocessing of results,
and are also more complex than singkbeam surveyswaterway administrations use this technology
as basis for detailed planning and monitoring of dredging works as well as complex tasks such as
searching for sunken objects or research activitie¥IADONAW AUSTRIANVATERWAZOMPANY2013).

Source:via donau/Andi Bruckner

Figure26: Multi-beam surveyvessel on the Austrian Danube
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Source:Plovput

Figure27: Comparison of singldoeam (top) and multi-beam (bottom) surveysperformed by Plovputin 2009 for
the critical section "Apatin” on theSerbian stretch of the Danube

Basic requirements forsurveyvessels are high manoeuvrability and low draughgnabling them to
access most areas of the river.

In matters of hydrographic surveyingequipment, rotating dual head sensors are advised, as they
enable projection of wider shallow water areas. Consequently,laxger area can be covered and
monitoring expenses decreased. Depending on the analysis tools, the effort for data elaboration to
displayable charts also decreases, which eventually reduces ttime of information transmission to
navigators and skippers\{IADONAW AUSTRIANVATERWAZOMPANY2011).

Regarding the accuracy of hydrographic measurements performed either by singkeby multitbeam
equipment, certain error limits should be observechiorder to obtain a sufficient quality level. In
terms of the positioning accuracy of soundings (easting/gxis and northing/xaxis), a value of +f
0.20 m is recommended. For depth accuracy-@xis), +/- 0.05 m should be achieved.

Bathymetric surveys arecomplex and require specialized equipment and wethined staff. An
innovative approach to complement these surveys may be the use of conventional vessels which are
equipped with an echo sounder. As data received from echo sounders for rda@le depth
measurement is usually not stored, a data storage device in combination with a positioning system
could be installed on board in order to enable the storage and pgstocessing of thisfloating ship
data. A pilot solution was investigated in the NEWADA dumjprt (including consideration of the

>
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commercial COVADEM application) (sS&EWADAMAUO02014d). Further investigations regarding the
implementation of such a system are currently ongoing in the research project PROMINENT.

It is a clear advantage that any shi could be equipped with the necessary tools and thus collect
depth data automatically. Both, ships of waterway administrations (e.g. marking vessels) and
navigation companies (freight or passenger vessels) are suitable for this purpose. Only water depths
directly underneath the ships are measured, but if a critical mass is reached the approach could be
a valuable source of ugo-date information on current fairway conditions. Especially countries
struggling with limited resources and equipment for precisdrequent and regular bathymetric
surveys are advised to consider thigoncept. However, costs for equipment (positioning and en
board data storage) and shigo-shore data transfer and database posprocessing are high.
Furthermore, the need to develop wayto use and provide the information remains a challenge.

Measurementschedules

Two types of measurement scheduledor hydrographic single and multibeam surveyscan be
identified: (A) periodically recurring measurements of river sections for the purpose of basic
monitoring and (B) project- or eventrelated measurements which might be more detailed and are
usually limited to smaller areas and a shorter period of tim&he schedules needo be adapted to
specificriver stretches depending on theihydromorphologicalcharacteristics.

As a basic orientation the following guidelines can b@rovided in regards to periodic and event
related measurements

A. Periodic measurements for basic moniting

These"standard measurement$ are conducted in recurrent manner, usually in temporally fixed time
slots over the year. They are dedicated to controlling and documenting the basic changeshe
morphology ofthe riverbed.

1. Regular survey of completevaterway

Crosssectional and longitudinal profiles of theentire river stretch should regularly be gathered by
single- and multi-beam surveyingin order to provide the necessary and actual basic information on
the conditions of the waterway.

The requireddistance betweensingle-beam profiles is dependent on the conditions of the respective
river stretch. Critical, i.e. shallow and/or narrow sections that are relevant for fairway availability of
course require a higher density compared to negritical sections. Characteristic sectors which
should be monitored as part of a regular survey may include movable sand or gravel bars, sections
with a rocky riverbed mouths of tributaries, river bends or bridge spans.
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Figure28: Fairway profilg(cross section)of the critical section "Apatin” on the Serbian stretch of the Danube
riverkm 1,404.00: comparison of riverbednorphologyin 2008 and 2009

2. Regular survey of critical sections

It is advisable tosurvey critical fairway sectionse(g. fords and lateral sediment accumulations) in
greater detail before recurrent low water periods (see Chapter 6.1.2 on proactive fairway
maintenance). A sufficiently long time period should be available between these surveys and actual
fairway maintenance works (should the latter be necessary). Especially dredging interventions should
be performed prior to low weer periods in order to be able to provide waterway users with sufficient
fairway parameters during the low water period. Dredging during low water periods is not effect
targeted, as enhanced fairway parameters are needed by waterway users especially dusind not

at the end or even after these nautically critical periodd.ow water periods vary depending on the
specific waterway.

In order to monitor the development of critical sections, establishing and updating a catalogue that
contains the basic informdion on those sections is advised. Such a catalogue is an essential
prerequisite for the prioritization of interventions and also facilitates coordination with further
navigational and administrational authorities iday-to-day operation.

3. Frequent checksof highly critical sections

Depending on the morphological dynamics prevailing in certain river stretcheslddional checks of
critical sections with simple equipment (standard echasounder or singlebeam) should be
undertaken in a relatively high frequeecy in order to verify changes in a continuous mannerthis
frequency can be in the range of every two weeks/every month in sectors with higher slopes and
fluctuating water levels in the upper reaches of a river to every quarter/every half year in the médd|
and lower reaches of a river where slopes are rather low and fluctuations in water levelss distinct

A frequent deviation analysis enables quick or even pagtive action and eventual reappraisal of
critical sections or the identification of new ones
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In periods with low water levels it is advisable to survey the most critical locations in a river section in
a higher frequency(i.e. weekly or monthly soundings depending on the characteristics of the river
section in question. In low water periodshis hydrographic information is essential for the users of
the waterway (skippers, shipping companies, forwarders etc.) as it yields an actual picture of the
navigational status and directly affects the decision of how many goods can be loaded per vegsel
periods with higher water levels, vessels can be loaded to 100%). Survey results will of course also
contribute to the prioritization of critical sections andrigger maintenance works (see éint 2 above).

4. Quality control of interventions

Prior to and after performance of dredging measurethe project areas should be surveyed vieulti-
beam soundingequipmentin order to assess the effectiveness of measures in detailFor dredging
interventions which last over several weeks, an intermediate hydrograplsiervey might be useful in
order to judge the dimension obed load supplyinto the dredging area and to monitor progress of
works. For a more detailed account regarding the evaluation of fairway maintenance measures, see
Chapter 74.

B. Project or eventrelated bathymetricmeasurements

1. Riverbed assessment related to dredging projects is performed to calculate the necessary
cubature to be dredged at a critical locatiorms well as to validate project success. Furthermore,
it preserves evidence for the corme handling of dredged material.

2. Longterm analyses of the development of critical sections enable cdsénefit comparison
between ongoing maintenance works anthe construction ofriver engineeringstructures for low
water regulation, like groynes and training walls The establishment of effectivity indices
facilitates this comparison.

3. Ports and port entrancesas well as areas up und downstream of locks andbridges are as
important for commercial navigation as the fairway itself and need continuous monmitay.
shallow areas are detected ttough bathymetric surveys maintenance measuresare required.
These are carried out by therespective responsible authority(e.g. waterway authorities,
hydropower companies, municipal authorities). In order to attainomparable waterway
infrastructure parameters, coordination between the involved players is crucial

7.1.2 Water levels and dischargeHydrologi@l measurements

Observationof hydrological conditions is another essential element in fairway monitoripgocesses
Water level fluctuations innatural waterways occur as a result of differences in dischargé&ea
estuaries are also influenced by tides, seasonal variations, wind setup, translation wavete. Water
level variations alsooccurd with less intensty 8 in canals with a secalled fixed canal water level.

Water levels in combination withdata from hydrographic surveysenable the calculation of fairway
depths and are therefore of crucial importancdor waterway users. The current fairway depthat a
certain location can be calculated if the current water level at aearby referencegauge and the
minimum fairway depthrelative to the respective reference water level (e.g. lowavigation and
regulationlevel) are known.This correhtion is visualized inFigure29.
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Figure29: Therelation of water levels and fairway depth

Current minimum fairway depth

Source: Xavax

Waterway administrations refer to statistical reference values for water levelt gauges when
planning maintenance activites or designing river engineering works. High water levels servéhas
base for headroomcalculation, while low water levels do for fairway depth.

For inland waterways, these reference water levels are corresponding water levels at different cross
sections which show the same annual percentage of higher and lower discharge deviation.
Dependingon the respective waterway,tlte average values are calculated over a reference period of
several decadesfor inland waterways Updates of reference water levelsneed to be performed

regularly e.g. every 10 years

The reference water levels of the riverand river sections that are addressed in this Manual are
depicted inTable3. Reference water levels of the tidal Sea Scheldt do not yet exist, bué aurrently
under development by the Belgian waterway administration.

Table3: Reference water levels ativers Scheldt, Rhine and Danube

SeaScheldt

ReferenceLow Water Level
(MLw)

For the Sea Scheldt, no
reference water level is
existing at the moment. The
Flemishwaterway
administration is currently
working on a definition.

Rhinets

Equivalent Water evel or
"Gleichwertiger Wasserstant

(Gw)

The water levels coesponding
to water levels that occur to
equivalent low discharges with
a underrange period of 20
daysalong the Rhine, over a

Danubeté

LowNavigation and Regulation
Level (LNR)

Water level corresponding to a
dischargereached or exceed
on 94% (343 days) of days per
year on average, over a
reference periodof 30 years
(currentlyfrom 1981 to 2010),

15 \WWASSERUND SCHIFFFAHRTSVERWALGUDESBUNDES2014.

16 vIA DONAD AUSTRIANVATERWAZOMPANY2013.
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SeaScheldt Rhinels Danubet6é

The Dutch waterway reference period of the
guidelines can serve as preceding 100 years.
example. MLWand MHW (see
cell below) aredefined in the
following way:

excluding periods with ice.

On canals and in the event of
shortterm water level
variations, e.g. in tidal area$’:
the water level that is not
exceeded 1% of the time,
measured over the past ten
years

In the event of longterm water
level variations,e.g. inrivers:
the water level that has not
been exceeded only once for @
consecutive period of 24 hours
in the past ten years

ReferenceHigh Water Level Highest Navigation Water Level HighNavigationLevel (HN.)

(MHW) (HNL) Water level corresponding to a

On canals and in the event of | Reference high water levels at| discharge reached or exceed

shortterm water level gauges relevant for navigation | on 1% of days per year on
variations, e.g. in tidal areas which are defined by the average, over a reference
the water level that is competent authorities and period of 30 years (currently
exceeded 1% of the time, which are valid for a specific | 1981 & 2010), excluding
measured over the past ten waterway section. These periods with ice

years reference valuesare

dependent on local conditions
and vary for different
waterways.

In the event of longterm water
level variations,e.g.in rivers:
the water level that has been
exceeded only once for a
consecutive periodof 24 hours
in the past ten years

Stream gauging is the process of measuring the water discharge at a particular point on a stream or

river. Measuring discharge (Q) directly is challenging so stream gauging is typically done by
measuring both, the water velocityV) and the cross sectional area (A). The discharge or water flow is

then calculated with the use of the equation @ V x A.

Measuringequipment

17 RIJKSWATERSTAAEENTRE FORRANSPORT ANNAVIGATIOR011.
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Water levels are regularly measuredt gauging stations.Nowadays aitomatic gauging stationsare
used most often. Theyneed electricity supplyfor constant operationwhich can be provided by a
connection to the public power supply grid or in remote regions by a solar panel. Access to the GSM
network is necessaryin order to provide uninterrupteddata transmission Nonautomatic gauging
stations record water levels without transmitting them or do not store data at dih this case alues
have to be collected manually osite.

The water velocity needed to calculate the discharge (Q in m3/s) can be measured in sel/grays.
The most popular way is the use of a water velocity or current metAnother method isthe Doppler
Meter. It usessound waves to measure the velocity of particles in the water.

Measuringschedule

Sensors of automatic water level gauges may detettte water level every minute before submitting
an arithmetic mean value for a period of 15 minutes to a water level database

Stream gauge measurements are usually undertaken manually and are not suitalide collecting
continuous data. Typically, water levels are used as substitute measurements. As the discharge of a
river is directly related to the height of the water, a rating curve can be elaborated by takiegular
spot measurements under different water level coritions. The more data points are collected the
more accurate the stream gauge rating curve will be.

7.1.3 Fairway marking: Mnitoring offairway marking

The traditional way of marking the course of the fairwa
by means of floating marks, e.g. buoys or spears, is
welkknown and established systen{see Figure30). The

marks are easily seen and interpreted under goor
visibility conditions, without the need of any choard

equipment or data transfer. This kind of marking syster
is typically monitored via visual inspection.

A disadvantage is thatlthough a real buoy with a radal
reflector is visible on the radar screen, the type (coloul
of the buoy cannot be unambiguously identified
Furthermore, deviations of the position cannot be
automatically detected.

New concepts based on surveillance of ids to

navigation (AtoNs) via Inland AIS technologfutomatic

Identification Systen) are currently under discussion. Ir
the maritime sector, AIS AtoNs are already state of tt
art. Inland AIS is a communication system betwee
ships and between ships and Isore, providing position,
identity and other navigation data of a ship. Recentl
this technology is being tested to provide information ol

Figure30: Red and green buoy with radar

reflector for marking the fairway (Source i I
Plovput) aids to navigation (AtoN), e.g. buoys as well.
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In this case, a special AIS Aids to Navigation Report messaf&l$ AtoN) transfers type, name,
position of the AtoN as well as information if thBoating markis on the required position or not (off
position). This AIS AtoN report message can be either transmitted by a specific AIS AtoN station
mounted on a buoy otby an AIS shore station. Ships equipped with an appropriate display system
like ECDIS (Electronic Chart Display and Information System) may display the information contained
in the AIS AtoN report message, e.g. as a symbol on the chart at the reported tpmsiof the AtoN.
This functionality still needs to be standardised and is not yet implemied in all ECDIS applications.

There are three basic systems of AE8ds to navigation
1. Real AlSaidsto navigation

An AIS station is located on an AtoN which phyaliy exists, e.g.which is mounted on a buoy. It
broadcasts real time data about the type, name, position and the status (e.g. on/off position) of that
buoy under all visibility conditions for all vessels equipped with AIS and electronic charts. It allows
waterway administrations to identify problems like drifting, theft or collisions wittamage caused by
vessels.

Among the dsadvantages of the system are the installation costs for AIS buaysd the data transfer
load. Furthermore, problems displaying thposition of the floating marksmay arise Thesecould be
minimised by improved standards.

2. Synthetic AlSaids to navigation

The AtoN message is transmitted from a remote AIS station to the AtoN. This system offers the same
advantages as the real AIS AtoN,ub the implementation costs are lower (no GP$&quipment
necessaryon the buoy). However, due to the additional communication link, the operating costs are
higher and additional malfunctiorrisks of the AtoN transmissions exist.

3. Virtual AlSaids to navigaton

A'virtual AISAtoN"message is transmitted by an AIS shore or AtoN station for an AtoN that does not
physically exist. The AtoN symbol or information is available for presentation on an electronic
navigationalchart, even though there is no real AtoBluch as a buoy or beacon.

This system offers the same advantages as synthetic AIS AtoRdditionally, position changes of a
buoy e.g. in cases of incidents can be implemented fastby using a virtual AIS Atolihstead ofa real
buoy. However, a precondibn for the use of virtual AIS AtoNs is the seamless availability of Inland
AIS and Inland ECDIS in Navigation Mode on all vessels, which would result in significant costs. In
case of failure of the system, no information about virtual AtoNs would be ambie. Furthermore,
amendments torelevant policeregulations would be necessaryo allow for replacing real buoys with
virtual AIS AtoNs.

The RIS Expert Group oviesselTracking and Tracing has stated that the use of AIS AtoN messages
in combination with eal buoys may have benefits for both skippers and administrations. However, it
has to be considered that not all vessels might be equipped to display AlIS AtoNs and the availability
and reliability of the AIS information cannot be guaranteed in all casetid advised to evaluate the
usefulness of AIS AtoNsn a caseby-case basis as it depends on the local situation and conditions.
Preconditions are the amendment of standards, investments in shore and-board infrastructure
and the implementation of pilotprojects.

PLATINA 2 is ctunded by the European Union (DMOVE)“ e

80



Plotino 2 GOOD PRACTICE MANIALINLANDVATERWAY MAINTENANCE

The use of virtual AIS AtoNs as replacement for real buoys is not recommended, as itot (yet)
feasible to equip the whole fleet including pleasure crafts with AIS and Inland ECDIS in Navigation
Mode. Still local tailor made solutions usingirtual Aids to Navigation might be implemented.

Within the FAIRwayproject a concept for the application of AIS AtoNs will be elaborated and shall be
followed by a decision from the RIS Expert Groups on VTT amdnd ECDIS. It is recommended to
await the outcomes before investing in one of the AIS AtoN systems.

Croatia, Serbia, Bulgaria and Romania have created a corrigwiented fairway markingdatabase.
This joint monitoring of the fairway marking signs is considered ass@mod Practice Example

Danube

G) CORRIDORRIENTED FAIRWAY MARKING DATABASE Serbia, Croatia,

Bulgaria, Romania

Problem/topic

Currently, seven countries and nine differenwaterwayadministrations are responsible for faiway
marking along the Danube. A number of river stretches are under shared responsibility, wh
makes the situation even more complex. Different approaches towards visualizing and publish
marking data as well as different standards for updating periods of coastand floating
signalization create the need to harmonize procedures related to waterway marking.

Objectives

1 To apply a corridooriented approach: Harmonizing marking information along the Danul
waterway by a common database and unique visualization stiards for Croatia, Serbia,
Bulgaria and Romania.

1 To create easyaccess to information throughjoint management and publication of the
coastal and floating signalization data on http://marking.danubeportal.com/.

1 To ensure the potential for future developmd: Extension ofthe database upstream,
integration of River Information Services, integration into additional corridmiiented systems
like the Danube Fairway Information Services (FIS) portal.

Background information

Inland waterway marking includes the preparation of marking plans, establishing waterw
marking systems and maintenance of these systems. lihe Danube stretch covered by the
marking databasethe continuous process of fairway marking (check of functionigliand location
of buoys) runs throughout the year in accorded intervals.

The marking plans are adapted annually and mapped according to a clearly defined process.
common river stretches, Serbia established a jointnaual marking plan with Croatia, wlke
Romania and Serbia had separate marking plans. Bulgaria was also able to build up a gt
cooperation with neighbaring waterway authorities in the recent years, as corrections of positi
and repair works are performed in close cooperation with neighlming waterway agencies.

Description of activities

Within the EU cdunded project NEWADA duo, a corridoriented fairway marking database was
developed, harmonizing all separate marking plans and cooperation between only two counti

81 PLATINA 2 is ctunded by the European Union (DOVE)“ R



PI_thQ 2 GOOD PRACTICE MANIALINLAND WATERWAXIMTENANCE

Danube

G) CORRIDORRIENTED FAIRWAY MARKING DATABASE ~ Serbia, Croatia,
Bulgaria, Romania

(see NEWADADUO 2014e). The national authorities are still responsible for maintenance an
development of the respective Danube stretches. All four countries, however, work or
harmonized marking plan and a cooperative fairway marking database. Each country supervi
and updates the database, prepares marking plans and publishes data. Marking signs ¢
installed and maintained by the crew in the field using a ship marking application for entry of
relevant data related to the marking signs. An office marking appliced enables online
verification of the activities performed in the field. This application also contains internal da
related to resources, inventory and cdas of activities. Thus the worfow and management can be
optimized.

Once verified, data from theoffice application is directly transmitted to the central marking
application, which is open for the publiclt offers insight into the realtime status of the whoé

marking system on the Danubeiver in the four respective countries. Data can be listed bables

or viewed on maps. It can be filtered as well. The application runs in English, Croatian, Serk
Bulgarian andRomanian. The background map is an Inland ENC, which provides the potential
future extension of the system.

Figure31: User interface of fairway marking database developed in the NEWADA duo project

Users and stakeholders

i The waterway authorities of Croatia, Serbia, Bulgaria and Romania operate the jq
database and facilitate maintenance agons.

1 Navigation authorities, skippers, forwarders, tourist navigation are beneficiaries of tl
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G) CORRIDORRIENTED FAIRWAY MARKING DATABASE Serbia, Croatia,

Bulgaria, Romania

maintenance of the marking systems.

Key success factors and innovative aspects

1 Fairway signalization was harmonized on tramational level.

1 All marking signs, buoys and coastal signs are displayei a single webbased interface. It
permits to receive afast overview and detailed information about the location of the signs.

1 Each cantry is responsible for keeping the national data up to date. The cresational
database links the national databaseshrough harmonizedstandards and interfaces.

I Coordinated updates happen on a regular basis. Backups make sure that data st:
available dso during exceptional situations like e.g. extreme weather eventhat might
dislocate signs or other equipment.

Time frame and status

The database system was developed and implemented within the EUfanded project NEWAD/
duo (201262014), which aimed at promoting the corridofapproach in waterway managemen
along the Danube (www.newadduo.eu). The system is fully functional right now. Further steps a
envisaged in a followup project. The next steps include:

1 Extension of the coverage to upstream Dabe riparian countries,

1 Further integration of dynamic marking data into th®anube Fairway Information Services
portal (e.g. position adaptions of buoys based on GPS signals and automatic d
transmission) and possibly into the Danube Waterway Maintenan@nd Management
System (WMMS),

1 Enable access via mobile application, and

I Automatic data processing and provision.

Lessons learned

1 The commitment of all (Danube) riparian states to continue and further energize thi
cooperation is crucial foithe future success ofinland waterways in the Danube regian

1 The harmonization of standards (e.g. marking signs, data standards) is one of the m
critical elementsin this process.

1 Sufficient resources for acquisition and installation of software and useratnings are
necessary. Proper user training needs to be offered. The operation of such a system need
be secured after a project ends; it requires sufficient resources.

Requirements for implementation in otheMember States

The process of establishing database can easily be transferred to other waterway corridors, ew:
if marking procedures and standards are different. Only the willingness to cooperateharmonize
data and the availability of necessary resources need to be available.

2
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Danube
G) CORRIDORRIENTED FAIRWAY MARKING DATABASE Serbia, Croatia,

Bulgaria, Romania

Further infomation/contact

Mr. lvan Mitrovic

Project Manager

Directorate for Inland Waterway8 Plovput
Francuska 9, 11000 Belgrade, Republic of Serbia
www.plovput.rs

7.1.4 Monitoring of fairwayrelated infrastructure

River engineering structures for low water regulation, such as e.g. groynes or training walls, also
require maintenance and renovation work. These hydraulic structures ensure safe navigation
conditions at low water levels and protect the river banks fromrasion (see Chapter 7.2.10
engineering measures) It has to be ensured that e.g. groynes retain their function undamaged in
order to continuously direct the watent low dischargeinto the main flow zone and thus fixing the
position of the fairway. If e.ga training wall in the concave bend of the river was damaged, helicoidal
flow would erodethe unprotected bank. The eroded material would eventually form a sand gravel

bar in the fairway downstream of the damaged site and thus endanger safe navigatidrhese
maintenance measures of hydraulic structures are also a job of the national waterway authorities.

Monitoring of the state of river engineering structures built for low water regulation purposes can be
part of a computerassisted asset management sgtem (see Chapter 7.2.2) Waterway asset
management is a multdisciplinary approachfor the development, maintenance, rehabilitation and
replacement of waterway assetsbased on a comprehensive life cycle costing approach (see
HaseLBAUERet al. 2014). The fundamental goal is to preserve and extend the service life and
availability of all waterway assets in a sustainable and cesfficient way. The comparison of possible
measures regarding river engineering structures is always based on an evaluation of therent
condition of these structures in combination withan estimate of costs and duration of measure
impact. Consequently, the main modules of a computassisted asset management system may
include condition assessment, condition evaluation, planning dnoptimisation of measures,
culminating in an automatized programme of works and contract specifications.

Damage of river engineering structures primarily occurs during floods, its scale depends on the given
extent of physical protection of thesetructures (e.g. loose rigap, ballast layer, pavement, etc.).

Condition assessmenbdf the current condition of river training structures for low water regulation can
be performed by one or more of the following methods (these can be used in combinatioider to
gain a more accurate picture of the current state of these structures, as measurement results may
complement each other):

1 Image flight: Aitbased survey of length, width and height parameters on board of an airplane
using laser scan technology,

1 Land survey: Lanéased survey of length, width and height parameters at low water levels,
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1 Hydrographic survey: Bathymetric survey of length, width and height parameters on board of a
survey vessel using mulbeam sonar equipment at medium to high wateevels.

The results of any of these survey methods are integrated in a database (asset or maintenance
management system) and can subsequently be evaluate@ondition evaluation) To this avail,
damage classes can be defined which entail a different priogétion of and different costs for
remediation measures(see Figure 32). Based on this input, the asset management system may
automatically calculate anannual programme of works which includes a priority sequencing of
measures, rough estimated costgwhich will facilitate measure planninpgand a condition prognosis

CLASSIFICATION OF STRUCTURAL DAMAGE TO GROYNES Condition grade for
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Figure32: Classification of structural damage to groynes as applied to structures on the German stretch of the
Elbe river

4

r to capital damage

Source: WSV, adapted by via donau

7.2 Planning measures

7.2.1 Choice of measures

In order to achieve fairway maintenancedargets based on a fairway maintenancestrategy, the
optimum maintenance measure for a river stretch or a critical section is identified by taking the
restricting factorsinto account d such as the available budget and personnel resourceayailable
equipment (inhouse or on the market))egal requirements, organisatinal framework, time framefor
intervention, market situation or actors involved. Thesdetermining factorsare usually very specific
and individual for eachmaintenance measure However, legal restrictions on European and national
level influence thedegrees of freedom for each mease.

With the aim to increase fairway availability, waterway authorities may choose between various
possible measures which are characterised by different costs, impact on availability, realisation
time, duration of impact, resulting costs and environmental impactPossible measures can be
visualised in the form of a decision treesge Figure33). In order to identify tke optimal measure for

2
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one section or locationall measures should be compared tthe status quo as a“zero alternative”,
i.e."no intervention” or "doing nothing'as well asto each other(NEWADAU020144a).

Regarding the listed options and with the ainof implementing the most effective and efficient
intervention, a combination of two or more measures may also be advisable. In addition, the
numerals in the listing of the various available measure options Figure 33 (decision tree) should
not suggest that they are based on each other in a sequential manner. Options may be chosen in
dependence of the desired effects of the planned intervention, i.e. the most effective and efficient
fairway maintenance measure regardipy measure costs, impact on availability, realisation time,
duration of measure impact or environmetal impact, among other things.

Decision tree measure selection: Measure impact on availability:
. ZEROALTERNATIVE 365 days 1 Awvailability fairway depth 2 5m
Doingnothing — o
= Operational measure:
=l NARROWING of fairwa @
E Y -itf:@ -
W
g =)
© Operational measure: E
SHIFTING of fairway i ]
Sl =00 3
- g
] —
. = o
w @ Maintenance measure: o &
S Dredging DEEP FAIRWAY . @@- ] N o
= 0 days " -8
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g Maintenance measure: FATEp T 9(
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Figure33: Decision tree for measure selection and resulting impact of measures on fairway availability
Zero alternative:

1. No intervention ("doing nothing")
Operational measures:

2. Narrowingof the fairway
3. Shifting of the fairway

Maintenance measures:

4. Dredging ofa deep fairwaychannel
5. Dredgingthe full width of the fairway

Engineering measures:

6. E.g. construction of groynes or training walls
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Operational measures

Operational measures(i.e. narrowing or shiftingof the fairway) may be applied in order to improve
the utilisation of the available fairway only in such cases where the target fairway depth is available
on a sufficient number of days at least in one adequately wide area of the cresectional profile of
the river. If the recommended fairway depth is not avallle on the entire width of the fairway,
narrowing the fairway to those areas with sufficient water depths together with appropriate marking
of the course of the fairway will allow a better utilisation of the physically existing availability
(Measure 2) For typical wider river sectionswhich show a higher physical availability beyond the
boundaries of the current fairway, the shifting of the course of the fairway may also be a cost
efficient option (Measure 3) However, a successful implementation of shicoperational measures
requires periodic riverbed surveys, data processing and information of the users of the water{gae
e.g.Good Practice Example, "Responsive fairway realignment and fairway informatiqm,1182).

In some river stretchege.g. on theLower Danubeor the Sea Scheldt) operational measures may be
applied in order to improve the utilization of the available fairway. These measures are usually
cheaper than maintenance dredging can be implemented more quickly andardly influence the
environment However, a sufficient number of days with adequate width and depth of the fairwiay
necessary for this approach.

The costs of marking activities primdly consist of timedependent personnel costs (e.g. vessel crew)
and distancedependent operation cost of marking vessels (e.g. fuel) as well as amortization costs of
marking equipment. The costs of operational measures are therefore mostly determined he t
length of the marking section but also throughthe monitoring interval with control and relocation of
the position of floating marks In general, they represent a less cost intensive intervention than
dredging activities and if possible, their potentlsshould beutilized.

Maintenance measures

In river sectionswithout sufficient width and depthof the fairway only physicali.e. maintenance
measures may lead to an increased availability of the fairwalRegarding decision tree measure
selection, the term "maintenance"is used here in the narrower sense of physical alterations of
waterway infrastructure by dredgingaffecting riverbed morphology within the fairway). It excludes
the maintenance (and repair) or river engineering structures like groynes training walls.
Maintenance dredging may include both sediment extraction out of the system and relocation of the
sediment within the system, provided that these dredging measures aim atastablishing the target
fairway parameters (depth and width).

The least costly measure is to dredge a deep fairway channel on a minimum necessary wietky.(
"level of service 1") within the recommended width of the fairway in order to provide a continuous
availability of a targeted fairway depth (Masure 4 in the decsion tree of Figure 33). On river
sections with a high traffic densityand no budgetary or environmental restrictions, dredging the
entire fairway widh according to international recommendations may be considered asfavourable
option (Measure 5in the decisiontree).

Based onan upto-date riverbed survey gee Chapter 7.1.1), the sedimentation aread within the
boundaries of the fairwayare identified for those critical locations where the recommended fairway
parameters or the fairway parameters for the minimunmevel of service will not be met without
interventions or where the character of the critical location might endanger the safety and fluidity of
navigation.

”
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Sediment management

There are possible synergies between relocation of sediment in the course of m@nhance and
rehabilitation activities and sedinent management that is enactedin the course river basin
management. Coordinating the planning of navigational dredging and reinsertion of material with
River Basin Management Plans elaborated based on themands of the Véter Framework Directive,
offers potential for synergies on both sides. An important first step would be to coordinate monitoring
approaches for sediment transport.

There are no examples of a fully fledged integration of sediment managemento riverbasin

management yet (Brils, 2012 in ISRBC, 2015). The International Sava River Basin Commission is

working towards a sediment management system for the complete Sava river and published first
guidelines on this i ss &¢érSusiainableSedonent Wanagementagsmmd Gui dan
the Sava River Basin as a Showcased6, | SRBC 2015).

The future Sava River Basin Management Plan is being developed by the Sava River countries and
adopted by the Sava Commission. It will, among others, cover

1 Sediment balance throughout the river system
Evaluation of the sediment quantity and quality
Measures to control erosion and sediment processes

Designated areas for capital dredging

= =2 =4 =2

Guidance for the sediment disposal, treatment and use

Engineering measurs

On river stretches which showerydynamic river morphology the duration dhe effects of dredging
measures may be insufficient. This leads to the question of more sustainable measurbtasures
with a longterm regulation effectare river training measures, which refer to structural measures
taken to improve a river (i.e. to stabilize théairway at desired parameters) and its banks. River
engineering measures have multiple objectives, including e.g. enhancing flood protectiomimizing
bank erosionor directing the flowof a river In the majority of cases, however, the main objective is to
improve navigation by maintaining certain fairway parametens periods with low water level§YOSSEF
2002). River engineering structures iter alia include groynes, training walls, or bottom sills.

Source:via donau/Zinner
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Figure34: Groyne field on the fredlowing stretch of the Danube east of Vienna (Austria)

Groynes are structures that are usually built tresversal or at an angle to the river's water flowAt
lower water levels, theyeduce the channel width and deflect the flow away from the riverbank. This
deflection leads to higher water velocity and water leveis the fairway thus improving navigation by
increasing the fairway depth.

River training and maintenance measures show interrelations with each other. In general, planning
and implementing structural river engineering measures takes longer than maintenance (e.g.
dredging) or operational measures (e.g. relocation dairway marks like buoys Also, the first are
more costly than the latter two. If e.g. dredging does not seem to improve the situation, river training
might prove to be the right option (see decision treeof measure selection, Figure 33). Also
upgrading river training may be beneficial. For example the lengthening of groynes can help to
increase water leelsin low water periods

If engineering measures are choserihen maintenance works do not become obsolete. Maintenance
is especially needed during the execution of a river engineering project, but also afterwards. River
training measures are constructd at critical river sections to enhance navigabilitgluring low
discharges. Even though engineering measures have been implemented dredging is still required in
critical spots with high sedimentation rates from time to time. If the sediment transport inraver
section is discontinued (throup e.g. impoundments) then rivdred degradation takes place. Groynes
may accelerate this proceson a local scale Here, an upstream placement of dredged sediment
may stabilize the riverbed and thus the water levelde e.g. Good Practice Example K, "Artificial bed
load supplyat Iffezheim”, p.111).

In order to also illustrate projects goying beyond the European waterway netwdHe following
exampleillustrates engineering measureon American waterways.

Example: Bolters Bar, Upper Mississippi

This project of the US Army Corps of Engineers (USACE) sholaea construction of river training
measures canreduce dredging costs and at the same time bebeneficial for multiple stakeholders
(see GORDON2004). Bolters Bar, a rivetrreach of the Upper Mississippiiver (see Figure35), is heavily
used by commercial navigation and serves as an important link betweehet Upper and Lower
Mississippi liver.

Due to high sedimentation the USACE had to dredge many sections as often as twice a year,
resulting in costs of US$ 500,000 in 2001 & well aswaiting time for vessels. Tis was caused by the
fact that & due to a three side channelsd only half of the waterwas flowingthrough the main
channel. Many standard engineering concepts could decrease the rejiee fairway dredging
measures but were not accepted bgnvironmental agecies and recreational interest groupsSa in
2002, the USACE implemented a (rather unusual) desiggking the needs of all stakeholders and
the costs into consideration: a longitudinal dike and four chevron structures were built.

Within the two yearsafter the completion of the projects, the respective rivesection did not need
any maintenance dredging measwes. The structures actually lead to an increase of fairway depth
and width. No downstream riverbed degradation occurred (s&RDON2004). Also, chevrons proved
to be beneficial for fauna and flora, esp. the aquatic life. The total project costs of US$ million
was amortized after three years as no further dredging was necessatySARMY CORPS OENGINEERS
2010).
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Source:Gordon 2004

Figure35: Innovative river engineering project at Bolters Bar in the Upper Mississimuinstructed in 2002 by
the US Army Corps of Engineers

This project on Bolters Bar demonstrated how river training measures and maintenance works may
complement each otherd in this case the latter wasnot necessary at all any moreHowever, every
case hasto be assessed individually. A project such as Bolters Bar would most likely not werky.,

on the upper stretch of the river Danube as the construction of chevrons requires a wide rivenoss
section.

Special attention in this respect shall be given tgsediment traps 8 a measure which might be
described as an intermediary between maintenance (dredging) and river engineering. Sediment
traps are troughs on the riverbed that collect downstream drifting sediments at a single location.
This reduces maintenane dredging requirements downstream of the trap as sediments are not
transported any more into critical areas. To ensure the efficiency of the sediment trap itself it has to
be dredged periodically.

Example: Upper Sea Scheldt

In the Upper Sea Scheldéngineering/maintenance pilot projects are conducted at three sites. Their
objective is to examine how dredging measures can be minimized (i.e. less volume and frequency) in
areas that are subject to quick resedimentation processes.The first two sitesare located at outer
river bends with an eroded overdeptsee Figure36). This overdepth will be filled with river sediment
and then protected against erosio either with fascine mattresses or geotubes. This reductioof
water depthwill increase the flow velocity, which will prevent sedimentation in the inner curve.
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Figure36: Cosssection ofproject area #1, Upper Sea Scheldt

The third project site is located at a bottom sill that is subject to regular sedimentation. Here the
adjacent riverbank will be raised through sand supplementation (taken from the sill), leading to the
establishment ofshallow water aeas and freshwater marches (se€igure37). Similar to the first two
sites, these measures lead to anarrowing of the river section, reulting in an increase in flow
velocity, which, in turn, shall prevent the sedimentation process of the previously dredged bottom sill.
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Figure37: Planred measures at project site #3, UppeBea Scheldt

No matter what measure or combination of measures are chosen, the objective to eliminate
navigational bottlenecks stays the same. This will have a positive impact on transport costs for
waterway users. At the same time the interests of the emvhment and all other stakeholders need
to be considered. In the best case a "wawin" situation may be created.

Environmental permits

Regarding fairway maintenance dredging measures, official notifications or licences are needed from
the competent national authorities as pertaining to water law, environmental law (including an
impact evaluation with regard to Natura 2000 areas), navigath law and (in someregions) national
park law. The authoritiesresponsible forchecking environmentalissues also have to comply to the
goals of the legislative instruments of the European Union, e.g. theal Famework Directive

>
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(WFD)The WFD requires Ember States in Article 4.1(a) (i) to "implement the necessary measures to
prevent deterioration of the status of all bodies of surface watefEUROPEACOMMISSION2000).

Another goal is to protect, enhance, (and restore) these water bodies in order ttaat the (i) good
surface water status, or (ii) good ecological potential and good surface water chemical status.
However, within the Directivethe term "deterioration of the status" of a body of surface water is not
further defined. As regardssediment management, there are a number of references to sedimein
the WFD, but all addressinghemical quality.

A court process between the Federal Republic of Germany and the German Federation for the
Environment and Nature Conservation (Bund fur Umwelt und Negchutz Deutschland e.V:)
concerning dredging in the river Weser led to a judgement of the European Court of Justice on 1
July 2015 concerning this matter (Case d61/13).

The two main conclusions of the ECJ on the Weser dredging case‘@re

1. Article4.1(a) (i) to (iii) of the Water Framework Directive must be interpreted as meaning that
the Member States are required unless derogation is granted to refuse authorization for a
specific project if it may lead to a deterioration of the status of a bgaf surface water, or where
it jeopardises the attainment of good surface water status, or of good ecological potential and
good surface water chemical stats by the date laid down by the Pective.

2. The term "deterioration of the status" of a body of sade water, as described in Article 4.1(a)
(), must be interpreted as meaning that a deterioration exists as soon as the status of at least
one quality element, according to Annex V, deteriorates by one clé@ssven if this deterioration
does not lead to adeterioration in the classification of the respective body of surface water
altogether. If a quality element according to Annex V is however already in the lowest class, any
deterioration of that respective element constitutes a "deterioration of the sta" of the body of
surface water.

Althoughthe fact which lead to theECJdecision mainlyconcernedthe development of the waterway
(i.e. capital dredging in the navigation channel), some conclusions concerning fairway maintenance
may be learned first summary and preliminary analysis in relation to navigatidy PIANC, se&NLAND
NAVIGATIOEUROPE2015):

1 According to the wording of Article 4.1(a) (i), the Water Framework Directive has a binding status
as the Member States "shall implement the necessary meares to prevent deterioration of the
status of all bodies of surface water" as determined in the river basin management plans (31).

I The prevention of deterioration and the achievement of the good status are two separate
objectives of the WFD (40, 49) andppear to be on equal footing.

1 Irrespective of longerm planning, any deterioration of the status of a waterbody must be
prevented within the RBMP and Program of Measures (5QYlember States are therefore
required to refuse authorization for a project that may deteriorate the status of a waterbody or

18 For more information, seahe Weser press release:
http://curia.europa.eu/jcms/upload/docs/application/pdf/2015 -07/cp150074en.pdf
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jeopardize the achievenent of the good status (5@51), unless the following conditiongArticle
4.7) are met:

(a) all practicable steps are take to mitigate the adverse impact on the status of the body of
water;

(b) the reasons for those modifications or alterations are specifically set out and explained in
the river basin management plan required under Article 13 and the objectives are reviewed
every six years;

(c) the reasons for those modifications or alterations are of overriding public interest and/or the
benefits to the environment and to society of achieving the objectives set out in paragraph 1 are
outweighed by the benefits of the new wpdifications or alterations to human health, to the
maintenance of human safety or to sustainable development, and

(d) the beneficial objectives served by those modifications or alterations of the water body
cannot for reasons of technical feasibility odisproportionate cost be achieved by other means,
which are a significantly better environmental option.

I The term "deterioration” is not defined in the WFD (53). The ECJ concluded that a deterioration
exists as soon as the status of at least one qualityerhent, according to Annex V, deteriorates
by one class (see above). Thus, the "one out all out” principle protects water bodies of highest
and lowest ecological status class from deterioration (6@5, 69). Note that if a quality element
according to AnneX/ is however already in théowest class, any deterioration of that respective
el ement constitutes a o0deterioration of the

1 If maintenance works have a significant impact on a quality element of a water body, the can
only be implemented as an exemption according to the WFD, (see above and Good Practice
Example J, "Instruction for the handling of dredged material of inland sediments (HABAB
2000))", p. 107.)

Preparingshortterm maintenancemeasures (tendering)

In principle, permits (water law, environmental law, navigation law, etdjave to be requested from
the authorities for every single tbdging measure in the river. An effectual notification always
includes certain regulatory requirements as to how the dredging works in question have to be
performed (e.g. defining specific months in which no dredging is allowed because of disturbance of
fauna and flora, specific water levels above/below which dredging is forbidden, or restrictions on the
amount of dredged material to be dumped in the river at once). In some cases, loagmediumterm
notifications are issued by theauthorities, whichmay cover dredging interventions over the period of
several years, based on specific regulatory requirements for the approved dredging wotksthis
case, permits for single measure do not have to be obtained.

The procedures between the choice and the actu@nplementation of measures are crucial fotheir
effectiveness. Longtime intervals and difficult procedures for procurement, eventual restrictions of
available dredging equipment and further resources, a multiple number of parties that need to be
involvedand coordinatedare all risks that have to be considered
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Concerning these things, the lihual focuseson the issue of procurement procedures (tendering).
These procedures areregulated by two EU Directivé®, which are supplemented by national
procurementlaws. Contracts exceeding a certain threshold have to follow the procedures of the EU
ProcurementDirective, while national regulationglso applyto contracts below this threshold

Following tiresholdsare in force by 2015:
1 EUR 5,186,000for works contrects (e.g. dredging works)
1 EUR 207000 for service(e.qg. riverbed surveys) and supplies contracts (e.g. equipment)

The procedures usually applied for the procurement of maintenance works are open procedures and
framework agreements. As the market is alrely limited restricted procedures are not expedient.
Negotiated procedures would cause efforts and expenses which are avoidable as the requested
works can be specified in detail beforehand.

In most European countries general annual dredging activities ararded out by private contractors
on the basis of framework agreements covering a time span of several years. Lead times for general
dredging works depend on the extentf the work (scale of construction setup, availability of
equipment) and can lastfrom several weeks to months. In addition, some waterway administrations
have their own dredging equipment available for emergency interventions, whereas other
administrations lack such equipment completely. Especially the latter group is usually confronted
with the results of a limited market of dredging companies, which may result in insufficient capability
to perform necessary dredging activities and/ceit high coss.

In 2015 via donau,the Austrian Waterway Companywvho has to deal with a limited dredging nrket,
came forward with a differentiated set of framework contracts for dredging services:

H) MULTIANNUAL FRAMEWORK CONTRACTS FOR DREDGING Danube

SERVICES Austria

Problem/topic

Annual dredging interventions for the maintenance of the fairway of th&ustrian Danube and
other areas of the waterway that are under federal responsibility totally average about 400,000
500,000 m3 of sediment. As the Austrian Waterway Company (danau) does not own their owr
dredging equipment these services have to bentirely contracted on the market. This entails
certain lead time for tendering.

Objectives

i To ensure a short lead time for the start of dredging work after a call: In the case tha
framework contract is available with a contractor and that all legadotifications for the
planned measure areon hand there shall be only maximunthree weeks between the ordet
of the service and the beginning of dredging works.

19 Directive 2004/18/EC of the European Parliament and of the Council of 31 Marci0R4 on the coordination
of procedures for the award of public works contracts, public supply contracts and public service contracts.
Directive 2014/24/EU of the European Parliament and of the Council of 26 February 2014 on public
procurement and repealindDirective 2004/18/EC has to be transposed until April 2016 into national law.
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H) MULTIANNUAL FRAMEWORK CONTRACTS FOR DREDGING Danube .
SERVICES Austria

1 To ensure stability of prices during multiannual terms of contract:'Specific maintenan
dredging works, i.e. calbff orders, are implemented on the basis of fixed prices as specifie
in the framework contract. Nonetheless, a certain price spectrum is an integral part of the
contracts, as the distance between the dredging and thplacement site(s) may vary from
call to call.

1 To ensure reliability of performance due to deliverat call: In order to ensure the
implementation of dredging measures in accordance with the terms of the contract, both t|
timely beginning of the works as well as théeadline for completion are penalized.

Background information

As the cross sectionof the Austrian Danubeis rather narrow and the river stretch is to a higl
degree fixed by river engineering structures, theourse of the fairway is normally not subjecto
change. The main nautical problem on the Austrian section of the Danube is created
sedimentation processes (predominantly gravel) within theoundaries of the fairway on the two
free-flowing sections of the river. There, 36 locations are currently atacterized as being "“critical’
for navigation. 19 of these locations show a high priority in terms of necessary maintenar
interventions.

Description of activities

The objective was to cut down on lead times after Bldde public tendering, and tocachieve a
stability of prices and performance. Therefore vidonau set up multiannual framework contracts
for 50% of the annual dredging measures, including a response time of maximum three we
between the time of order and the start of the maintenanceorks on site. Multiannual framework
contracts are set for the duration of three years with an option of prolongation for up to tv
additional years. The remaining 50% of all annual dredging works are individually tendered on
market if needed. This masure keeps the market open and counters tendencies ¢
monopolization.

Users and stakeholders

I The Austrian Waterway Company (M@nau) as consignor of dredging services.
1 Private dredging/river engineering companies as contractors.

1 Navigation andlogistics companies as users of the waterway who depend on the good stal
of the waterway's infrastructure.

Key success factors and innovative aspects

1 Precisely specified tenders for framework contracts set up for a defined river section and
characteristics, including dredging volumes, response times, prices and penalties.

i Optional prolongation of framework contracts for up to two years in case sdtisfactory
performance of contractor(s).

1 50% framework contracts and 50% individual tenders enables ahe one hand a quick
reaction in the face of detrimental sedimentation processes and on the other keeps enou
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H) MULTIANNUAL FRAMEWORK CONTRACTS FOR DREDGING Danube

SERVICES Austria

competitors in the market in order to be able to tender services parallel and in addition
those covered by a framework contracts.

Time frameand status

Tenders have been assigned for the first time in spring/summer 2015. Mulinnual contracts with
dredging/river engineering companies started in fall 2015 for the duration of three years (option
prolongation possible). Individual tenders malge assigned in case of need, e.g. after significar
sedimentation due to floods.

Lessons learned

No lessons learned yet, as the framework contractsave just started but two aspects from
previous framework contracts for dredging servicesvhich were acounted for in drafting the new
contracts, shall be mentioned

1 Tosplit up the call for 50% of dredging services via framework contracts and for 50% °
individual public tendering proved to be of value.

1 A differentiation as to the weighting of dredgingervices according to different waterway
maintenance stretches is a direct result of the experiences made in the past, i.e. differe
amounts of dredging volumes for different stretches and for different dredged materia
(gravel and fine sediment).

Requirements for implementation in otheMember States

If a similar approach is taken in otheMember Statesdepends on local market conditions and or
the availability of irhouse dredging equipment of waterway administrations.

Further information/contact

Mr. Markus Simoner

Head of Waterway Wanagement

via donau & Osterreichische WasserstralReesellschaft mbH
DonauCity-Stral3e 1, 1220 Vienna, Austria
markus.simoner@viadonau.org

Phone: +43 50 4321 & 1607

Outsourcing

In face of cutbacks in staff and availability of expertsas well as lackof or overaged equipmentat
waterway administrations, theoutsourcing of specific aspects of fairway maintenance processés
external service providers represents an option. Among the advantages of outsourcirey a

1 Outsourcing supporting processes to service providers gives waterway administrations more
time to coneentrate on their core processes
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1 The contractor usually is a specialist in his field and disposes of specific equipment dodg-
time technical expertse,

1 Certain responsibilities of waterway administrations may be shifted to the contractor who can
usually plan riskmitigation factors better as he is a specialist,

1 Recruitment and operational costs can be minimized to a large extent, as outsourcing eludes
the need to hire experts irhouse.

Disadvantages of outsourcing may include neatfelivery at appointed deadlines, sulstandard quality
output, inappropriate categorization of responsibilities, lack of customer focus (the contractor may be
catering to the reeds of multiple organisations at a time)considerabletime and effort needed by
the waterway administration in preparing contracting documents, or lack of control concerning the
processes inexternal service provision.

Before actually contracting arexternal service provider, it is advisable to specifically determine the
importance of the tasks which are to be outsourcedn principle and with regard to the fairway
maintenance cycle (see Chapter 7), the twezore processes of monitoring and executiom waterway
management may be outsourced. Monitoring refers to hydrographic riverbed surveyargl water
level measurements (hydrology)while execution relates to fairway dredging measures and
adjustments of the course of the fairway (fairway marking by @es of buoys, spears, etc.).

On the other hand, it has to be ensured thatssential resources and competencesge.g. planning,
analysis, quality control, coordination) in all steps of the fairway maintenance cycle stay in the hand
of waterway administrations. Only then will they be able to conform to their responsibilities of public
administration and to provide e targeted infrastructure parameters to the users of the waterway. It
is necessary that they are able to independently act and make decisions on the basis of neutral and
exact data gathered irhouse. Skilled staff is an important assein this respect asthey are capable

to evaluate results and activities in order to guarantee independent decisiomaking. Contracts with
serviceproviders need to comprise agreements on content and timing of information transmission to
the waterway administration in ordr to enable a common picture of the currensituation.

In the following, aspects of outsourcing with regard to the monitoring and execution steps in the
fairway maintenance cycle are described.

Hydrographic riverbed surveyingmonitoring): The general surveyof entire river stretches in order to
obtain a broad overview on the situation may be outsourced specialised private companies|f
different private companies on the market are contracted, it must be ensured that the quality of all
measurements, espedlly regarding their accuracy as to altitude {&xis) and positioning (xand y
axis) is on a high standard and that the single measurements are comparable among each other.
For waterway administrations, its essential to have reliable survey results dtand which allow for
mid- to longterm evaluations of the changes in the morphology of the riverbéased on comparable
series of data Regarding hydrographic riverbed surveys which aim at monitoring the success or
quality of fairway maintenance dredging rofairway realignment interventions, i.eriverbed surveys
before and after dredging works (including potential intermediary surveys), these should be
performed irnhouse with own equipment in order to be independent of private companies offering
different qualities of performance.In this case, it is essential that measurements are taken without
delay immediately before and after maintenance measures and that lead times are avoided, as
morphological changes in the riverbed take place on a continuous basis.
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Water level measurementgmonitoring): In many countries the water levels of surface and ground
waters are monitored by federal or statbydrometeorologicalservicesby means of gauging stations
Related information services for the public are mostly taeted at flood alerts and water level
prognosis models are usually optimised for high water leveBy contrast, hydrological information on
low water levels is essential for navigation and waterway authorities alike, as proper fairway
maintenance mainly stows its effects at low water levels and is geared towards the corresponding
reference water levels (e.g. Low Navigation and Regulation Level on the Danube, Equivalent Water
Level on the Rhine or Reference Low Water Level on the Scheldt; cf. Chapter 7.112)s thus
consistent that waterway administrations maintain their own water gauges especially for the
purposes of low water monitoring.Exact, consistent and gapless data on water levels are
indispensable for hydrodynamic levelling, i.e. for calculatirige slope of thewater table especiallyat

low water levels, which is needed faetting reference water levels on a specific river stretch.

Fairway dredgingexecution):In general, fairway maintenance dredging works may be performed by
private companies or a group of bidders on the basis of single or framework contracts. A prerequisite
in this respect is that a sound quality management and monitoring system is appliedtbg principal,

i.e. the waterway administration, which allows to ensure the desired effects of the works. Reliable
and neutral site supervision is crucial. Services in this respect can be performeehivuse or may be
contracted on the market.Outsourcingcontracts may specify separate prices for eactmaintenance
intervantion. For reasons of assuring the safety and fluidity of traffic, it is advisable to hold an in
house dredging set availablevhich enables quick intervention in cases of emergency.

The Flenish waterway administration, NV De Scheepvahas own dredgers to solve urgent problems
immediately. In Germany, the last excavator was sold in 2012; a new excavator is planned to be
bought for the North Sea. At the Rhin¢here are no framework contractsat the moment

Fairway realignment(execution): Marking of the fairway: Parallel to the description of possible
outsourcing of hydrographic services, the general, i.e. normally fixed part of fairway marking could be
outsourced to a private company. As tthe marking of critical sections, which may change rather
quickly, marking of the fairway should be keptihouse in order toascertain short reaction times.

In summing up the question of outsourcing, the waterway administrations agree that base
competendes as described above need to be kept within the administration and outsourcing is no
viable option.

Performance Contracting Lessons learned at WaaRiver

On the Waalriver, a tributary of the Rhine, the Dutch waterway administration Rijkswaterstaat
outsourced maintenance dredging measures in 2012. A private dredging company received the
acceptance of bid to conduct waterway maintenance activities until 2016. The main job is to dredge
the 78 km long stretch of the waterway, whereby minimum fairway dimeéoss of 150 x 2.8 m must

be guaranteed. In addition to the regular maintenance the contract also includes a fixed number of
different activities, e.g.emergency services, breakdown servicesr ice control

The contract between the two parties is based on a new approach called performance contracting
where the contractor has maximum freedom and flexibility as he can chose the working strategy
himself (working method, tods used, planning, etc.) The payments based on performanced in this
case the desired state of infrastructure maintenance(targeted fairway parameters) From the
perspective of the contracting authority a performance contract seems to be beneficial due to
simpler project management, lower cgis and more focus on the objective itself.
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However, multiple challenges arose at the Waal. But at the same time valualdssons could be
learned. 750 groynes were lowered. This created an uncertainty in the quantity of material that
would have to be proessed annually. Therefore the tender could not accurately calculate his bid.
Before the contract was signed, the authority informed the ctractor that some areas of the river
Waal were more eroded thanbeforehand expected and that the dredged material dd to be
reinserted primarily there. The first lesson learned is the importance that at the start of a project the
contracting authority and the contractor have the same expectations and that all relevant
information is communicated ina risk session befoe signing theagreement.

Another challenge arose concerning underground cables (phone lines, power supply lines) that cross
the river. Neither all their locations and owners are known, nor if the cable is still in use. This resulted
in a lot of extra workin regards to communication between the authority, the contractor and the
cable owners. The next question that arose was who is responsible for the removal or relocatibn
the cables (usually, if in use, cables are inserted deepénto the sediment) Unti 2015, no solution

to this problem has been found. In future, such issues have to be dealt with before requesting for
tender; and they have to be included in the contract.

Another issue occurred in 2012. Rijkswaterstaat found out that the contractor coutt cope with
the demanded performance in regards to bathymetric surveys (accuayafrequency, and updating of
"BOS Dredgingd the computer program in which all data of the Waal are recorded). Therefore the
authority stopped all payments until the probla was solved. It became obvious thai before signing
new contracts inthe future & expectations and demands of both parties should be as clear as
possible.

If other Member Stateswish to implement the same contracting method it is vital that available dat

is accurate, complete and available in the tendering phase of the project. Also, all parties have to be
willing to cooperatively tackle challenges that might arise during the project. If performance
contracts are used as a method tomitigate problems by handing over this task solely to the
contractor (which is the character of such a contract), then the focus will shift to legal issues rather
than finding operational solutions which optimal for river maintenance. About 90% of the arising
problems are (andshould be) within the realm of the contracting authority.

7.2.2 Computerassisted waterway (asset) management tools

Some waterway administrations have IT systems at their disposal which support the detailed
planning, execution and assessment dhirway maintenance measures. Depending on the targeted
level of service for fairway parametersthe necessary width and depth of the dredging area can be
determined and may be automatically displayed i computerassisted waterway maintenance
management system as a sugested dredging polygon. In a further optional step, the manual
optimization of the dredging measurgbased on changes in the shape of thautomatized dredging
polygon and target depth allows to account for individual local circumstances. The impact of the
measure may be displayed by a backfilling rate curvée. how long will it probably take for the
excavatedbed loadto fill back into the dredging area

These systems often also allow a rough estimation of construction costs of river engineering
measures such as groynesbased onthe number and geometry of these structures. They deliver
valuable data for longterm assessment of measures.

A detailed feasibility study for a multinational waterway maintenance management systéiMMS)
for the Danube corridor was drafted in the EU danded project NEWADA duo by the Vienna

”
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University of Technology (Institute of Transportation) in cooperation with the NEWAD® project
partners (Danube waterway management authoritiesyde NEWADAU02014a).

Among the possible components of a computasssisted waterway management system are:

il

Database and visualiation: Storage and display of traffic infrastructure, including the fairway,
riverbed surveying data, water gauging datas well as markings/waterway signsand river
engineering structures for low water regulation

Vessel draught and availability: Analysis of historical data and current state of possible draught
and infrastructure availability in dependence of the development of river crepmofiles (river
morphology) and water levels (discharge)

Critical sections or locations: Current status and possible future development of criti¢aé.
shallow and/or narrow) waterway sections or locationgsuch as fords andareas showinglateral
sedimentation), including resulting fairway depths.

Early warning system and fairway continuity: Alert system for critical developments in the
fairway together with development tendencies as well as duration and priority with regard to
fairway continuity.

Database wih measures and planning: Systematic input and analysis of completed as well as
planning of new operational, maintenance and river engineering measures according to costs
and effect duration.

Monitoring and benchmarking: Analysis of effect of all processeslated to waterway
management in order to ensure continuity and quality of work.

Process management and documentation: Implementation of work flows in the sense of
process management as well as documentation with the goal to retain knowledge and practical
experience.

WAMS ‘WasserstralBen Management Systeth is a computerassisted waterway management
systemin use at via donau, the Austrian waterway management comparlyat comprises many of
the abovementioned components. This Good Practice Example shatietefore be presented in
detail:

) DEVELOPMENT AND IMPLEMENTATIONCOMPUTERSSISTED Lilse |
WATERWAY MANAGEMENT SYSTEM Austria |

Problem/topic

The necessity of effective and efficient utilization of resources in waterway management is
increasing importance in the light of stagnating economic development and raised requiremel
regarding commerce, navigation, administration and ecologyue tothese, the caseby-case and
empirically based management of waterways has reached its limits

Objectives

To developa comprehensive asset management system for waterway managemeimtcluding a
step-by-step implementation as a software tool (WAM& Wassestralen Management System).

z

PLATINA 2 is ctunded by the European Union (DMOVE)“ =

100



plotino 2 GOOD PRACTICE MANIALINLANDVATERWAY MAINTENANCE

) DEVELOPMENT AND IMPLEMENTATIONCOMPUTERSSISTED ez |
WATERWAY MANAGEMENT SYSTEM Austria |

Background information

Inland waterways in Europe face a resource patchwork, low availability and effectiveness
investments leading to a declining importance compared to other modes of transport.

overcome these setbacksthe presented waterway asset management approach aims at ¢
increased availability of fairway widths and depths in days per year. Based on periodic riverl
surveys, current water levels and discharge the impact of maintenance and river engineer
works o the availability of fairway widths and depthcan be analygd. Any resulting increase ir
availability on a transport route leads to a decrease in transport costs that are considered as
benefit of the implemented measures. Innovative alert systems basesh an empirically derived
behaviaur of critical bottlenecks allow preventive measures and lead to rei@ine availability of

information for the transport industry.

The approach enables an optimization regarding individual measures on river sectionsnadl as
of investment strategies for constrained budgets, recommended fairway conditions or total co
of waterway agencies and the transport industry.

Description of activities

The components of an analytical asset management cycle are the backbonetfar implemented
modules of the developed softwar&®VAMS

1 Collection of assets Base model for fairway (different levels of service, various combinatiol
of width and depth), water levels, hydrographic riverbed surveys (cross profiles, singhed
multi-beam surveys) and waterway sections (chainage), including waterway signs ¢
marking, and subsequent display of interactive maftlata on water levels and hydrographit
riverbed surveys are imported into the system on a daily bakis

1 Assessment and prognosisAvailability of waterway sections and transport route (fairwe
parameters, continuous availability of the fairway) can be calculated for crgqa®files or for
specific river sections

1 Objective and risks, strategy and measuresOverview on measures in wataevay
management (decision tree) with different target parameters (levels of service), effe
focused planning of measures (mainly dredgingfany planned dredging measure is
documented in the systemincluding definition of dredging anglacementareas, calculation
of cubature and costs)

1 Allocation of resources, implementation and monitoring, quantification of result
Prioritisation of dredging measures based on programme of measures, implementation
maintenance measures and assessment of costand results (measure effect, backfilling
rates).

i Control and feedback Display of available fairway depths in dependence of water level
difference maps with erosion and sedimentatiorpatterns, analysis of development for
sediment volumes, availabilityf fairway parameters for specific waterway sections, etc.
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) DEVELOPMENT AND IMPLEMENTATIONCOMPUTERSSISTED e ‘

WATERWAY MANAGEMENT SYSTEM Austria
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Figure38: View of cross profile with fairway parameters (yellow rectangle) and water level information (blug

line)

Figure39: Display ofdredging polygon with automatized calculation of cubature

Users and stakeholders

1 WAMS development and implementation was achieved in a research project in cooperal
of the Vienna University of Technology (Institute of Transportatiand the Austrian Waterway
Management Companyvia donau).

1 Users are staff in waterway management organizations or authoritiget are responsible for
waterway management (fairway maintenance and marking, river engineering).

Key success factors and innovatézaspects

Availability, quality and input of basis data (riverbed surveys, water level information, etc.)
Automatized monitoring and assessment of fairway maintenance measures

Automatized calculation of fairway availability and effect of measures

= = =4 -2

Different scenarios for fairway parameters (levels of service)
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) DEVELOPMENT AND IMPLEMENTATIONCOMPUTERSSISTED ez |
WATERWAY MANAGEMENT SYSTEM Austria |

Time frame and status

The project started in November 2012 and lasted until April 20155nce then the softwarehas
been in operation atvia donau. A subsequent projectwas started in autumn 2015 and will last
until 2020. It shall integrate modules related to river engineering structures (asset manageme
system aspects with regard to low water regulation), sediment management (aspects fairv
maintenance dredging which &lp to mitigate riverbed degradation) and traffic managemer
(evaluation of AIS vessel tracks for optimising waterway maintenance measures).

Lessons learned

1 It is possible to provide a computeassisted model for waterway management (especial
fairwaymaintenance) on the basis of a decision tree and a program of measures.

1 The necessity of an extension of the software was realized during the implementation pha
The following modules/extensions are planned: sediment management, cadastre of ri\
engineaing structures for low water regulation and interplay of these structures wi
dredging measures, information management and optimization of interfaces (inclusionft
vessel tracks, synchronization with available databases, e.g. on fairway signs amarks, on
berthing places), streamlining with ifnouse process management, etc.

Requirements for implementation in otheMember States

In the course of the NEWADA duo project, the Vienna University of Technology conduct
feasibility study on the develpment and implementation of a Waterway Maintenanc
Management System (WMMS) for the entire Danube waterway NEWADADUO 2014a). The
identified requirements may also be transferred to other European waterway corridors:

1 Harmonized database with uniform stanards e.g. regarding water levels at reference wate
gauges, riverbed surveys and course of the fairway (fairway markijng)

1 Automatized assessment of results regarding measure implementation, costs and impact
fairway availability

1 Harmonization of investrent strategies and implementation of measures in most critice
bottlenecks are essential for continuous fairway availability

I Compact and accessible information on fairway availability, nautical bottlenecks and otk
relevant information for the entire legth of a waterwayshall be availablein one information
portal or website

Further information/contact

Mr. Markus Simoner

Head of waterway management

viadonau 8 Osterreichische WasserstraReesellschaft mbH
DonauCity-Strafle 1, 1220 Vienna, Austria
markus.simoner@viadonau.org

Phone: +43 50 4321 6 1607
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7.3 Executing measures

The physical execution of the required fairway maintenance activities is the core of the maintenance
cycle and the main task of waterway administrations. Thigocess offairway mantenance dredging
and fairway relocationshall be thoroughly described

7.3.1 Fairway maintenance dredging

As specified in Gapter 7.1.1, hydrographicriverbed surveys are conducted on a regular basis. Also
observations made during fairway marking operations (monitoring and repair of floatimgrks) or
notifications from other authorities, especially the navigation authority and its operational units (e.g.
navigation surveillance or navigation police), may trigger additional surveys. The latest results of
these bathymetric surveys are the start of fairway maintenance dredging interventions.

Dredging works are initiated in cases where the recommended fairwagrameters for a certain level

of service will not be met without interventions or where the critical location might endanger
navigation safety and traffic fluidity. There are also ther types of dredgingactivities in rivers, which

are not directed at establishing fairway parametersand are thus not relevant for fairway
maintenance. Consequently, they are not in the focus of this Manuarhese may includeworks to
establish certain water levels for the purposes of flood control, to create certain ecdtmily valuable
zones near riverbanks (protection of wave wash from navigation), to win sediment (gravel, sand, etc.)
for the construction industry or other commercial purposes or to positively influence the sediment
balance of a river.

Fairway maintenane dredging works should be performed on the basis of a prioritisation of critical
locations following the principle of establishing the continuity of the fairway (s€hapter 6.1.1). In
common border sections of a waterway, the members of the respectiveoss-border waters
commission have to be notified in due time about the planned intervention.

Ideally, the execution of fairway maintenance dredging works should im@delled as a core process
in every waterway authority, as it is one of the core taslof a traffic infrastructure operatingbody.
Such a core process may include the following steps:

1. Collect functional requirements: Strategic thouse guidelines and targets which pertain to
fairway maintenance are extracted from the relevant management and core processes of the
authority (strategy, goals, water supervision, waterywananagement)

2. Analy® the currentstate of the fairway on the basis of hydrographic riverbed surveys, including
river engineering structures for lowvater regulation (input: characteristic water levels, catalogue
of critical locations, results of bathymetric riverbed surveydevelopment of water levels; output:
condition analysis ofcritical locationsand of lowwater regulation structures)

3. Draft a concept of measures: Identification of locationsediment type and cubature (ms3)
necessary to be dredged as well as locatioof site where dredged materialshall be dumped
back into the iver (nput: budget, current status analysis; output: concept of dredging
measures)

4. Prepare and execute annual briefing meeting for dredging works: The aim of this meeting is to
attain consensus vith the navigation authorityas to the necessary measures for the proactive
maintenance of the fairway and to set out in writing a prioritisation of fairway dredging
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interventions (input: budget, current status analysis, hydrographic riverbed surveys; attp
prioritisation of dredging measures, meeting minutes of annual briefing meeting)

Perform context management: Communication with waterway users including intime
notification of dredging measures tdhe navigation authority(to be later published as Ntices to
Skippers), fishermen and operators of berths (input: details of planned measures; output:
specific measures for context management)

Check official legal notifications for dredging measures: There are mainly two possibilities, i.e.
valid ("permarent”) official notifications for the planned dredging measure are available
(pertaining to water, environmental, navigation and national park law) or an application has to be
filed with the competent authorities for such notifications for a single dredgingeasure. In the
second case, all relevant documents for the administrative procedure have to be compiled in
house prior to application. Documentsshould be prepared in cooperation within-house or
external lawyers (input: planned measure, catalogue of prioritization; output: application
documents for attaining legal notifications)

Carry out a notification process for attaining permitspertaining to water, environmental,
navigation and national park law (input: adication documents; output: valid legal notification
for planned measure)

Check ifa framework contract is availableif the planned dredging measureshall be performed
by a private company with whicthe waterway authorityhas a valid framework contractthen the
call-off of the measure has to be preparedn all other cases, a tender procedure will have to be
initiated (nput: valid legal notification for planned measure; output: calfff of measure for
framework contracts)

Carry out tendering procedurelf there is no framework contract available, a tendering procedure
has to be conducted for every dredging measure (input: legal notifications, tender
documentation; output: contract with seller for performing the measure)

Performhydrographic riverbed reasurementfor dredging andplacementsites: Prior to a fairway
maintenance dredging measure, the critical location to be dredged as well as the area in which
the dredged material shall be deposited into the river will have to bleoroughlysurveyed (input
demand not for riverbed surveying, output: surveying results)

Carry out briefing forthe beginning of the works: A meeting is scheduled with the contractor in
which the details for the imminent dredging measure aréinalised. Usually the navigation
authority is also present at the meetindinput: surveying results, dredging contract, including the
general and specific articles of agreement; output: signed meeting minutes of briefinBetails
include: area and chainagdriverkm) of the dredging and theplacement site(s), target depth for
dredging site, date of beginning and end of works, daily working hours, equipment deployed,
responsibility to display navigational signgelevant water gauge with reference water level and
miscellaneous issues.

Perform dredging measure and (ecological and lodéchnical) site supervision:If legal or
ecological issues occur during the fairway maintenance dredging measutbey have to be
clarified in cooperation with involved lawyers and ecologistqinput: contract for dredging
measure and surveying results prior to measure; output: partial financial statement of the
contractor).

”
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13.

14.

15.

16.

Perform hydrographic survey during or after dredging measur&enerally a hydrographic
riverbed surveyis to be performed after the end of thedredging measure for the purpose of
quality assurance and settlement of accountsThe contractor therefore has to notify the
waterway authorityin due time about the estimated end of the measure. For dredging measures
with a longer duration, an additionahydrographic surveyan be performedduring the measure
(input: hydrographic survey order form; output: surveying results)

Control service level of accomplished measure (deficiency management): The daily reports
drafted by the (ecological and local) siteupervision as well as the final hydrography survey of
both the dredging and the dumping sites are analysed. In addition, information necessary for in
house performance indicators are collected ifput: dredging contract, daily reports of site
supervision, surveying results prior, during and after measure; output: approved reports of site
supervision, if applicable: list of deficiencies)

Order rectification works (in case of necessity): Has the contractor not achieved the agreed
quality of the measure, fitshing work has to be performed on the basis of a list of deficiencies
(input: list of deficiencies, final hydrographic riverbed survey for dredging and dumping sites;
output: final financial settlement)

Document achievement of objectives and performandeadicators: The final financial settlement
by the contractor is verified and the sum is authorised for payment. Performance indicators are
calculated on the basis of final input data (input: financial settlement by contractor, daily reports
by site supervsion; output: approved final financial settlement, performance indicatots)

Source:via donau

Figure40: Dredging pontoon with visual signals (floating equipment at work, protection against wash, fairway
clear on one side) and hydraulic crane together with hopper barge for transporting dredged sediment

As to the duration of a fairway maintenance dredging measure, a distinction must be made between
the lead time before the beginning of works needed for ctracting and the duration of works
themselves In case of contracting for a single dredging measure (i.e. no framework contract with a

'
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specific contractor or contractor group at hand), the tendering process takes some weeks, and
depending on the result 6the tenderingd some additional weeks will have to be calculated between
acceptance of the bid and the beginning of works. The expected performance of fairway
maintenance dredging may be measured in cubature gnper week. This value is dependent on the
kind of sediment to be dredged, the equipment used for dredging, the characteristics of the dredging
area (e.g. dimension of the cross section, infloof bed load water current velocity etc.) and other
aspects. The usual duration of a dredging measui@e. the operational works in the fieljiranges
between one day or a few days up to several weeks or even months. Dredging measures might be
suspect to interruption due to high or very low water levels, ice formation time winter months,
technical failure,accidents, etc.

Achieving a balance between the need to dredge and adequadavironmental protectioncan be a
challenge. But in many cases measures to achieve the needed depthdthi and clearance of the
fairway can be designed in such a way as to minimise the impacts on important waterway functions
or to evenrestore ecological functions.

In the course of attaining legal permission for dredging activities, the various competentlaarities
consider wser interests and usage aspectsThe authorities usually involve officialegal experts in
judging the different effects of dredging on other uses of waterways (e.g. fishery, ecology, recreation,
nature reserve, drinking water, etc.).Thereto elated and sitespecific restrictions are usually
imposed by the competent authorities regarding the performance of maintenance dredging works.

The respective legal regulations in each country offer a certain bandwidth in which the waterway
administrations may define and continuously improve an integrated management approach. The
German Waterways and Shipping Administration (WSV) improved dredging measures by establishing
an instruction for the handling of dredged material of inland sedimentSHABAB 2000"). It gives
detailed information concerning this matter and also concerning possible contamination. Also, it
advises in terms of economic viability and ecological requirements. This Good Practice Example shall
be introduced on the following pages:

All 'ederal inland
waterways

Germany

J) INSTRUCTION FOR THE HANDLING OF DREDGED MATERI#

INLAND SEDIMENTS (HABAB 2000)

Problem/topic

Material dredged during development and maintenance works imland waterways can be
contaminated, often exceedinggeogenic or regional threshold values. Henceforth, a catalogue
criteria for the assessment and handling of dredged material needs to be provided.

Objectives

I To advise in terms of economic viability versus ecological requirements.

1 To reduce costs ofiredging measures and facilitate temporal savings.

Background information

The 'Instruction for the Handling of Dredged Material of Inland Sedémts" (HABAB) is a Germal
document displaying the legal differences between waterbody maintenaitand development

20 The term "maintenancefn this respect is related solely to the riverbed and riverbanks.
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All 'ederal inland
waterways

Germany

J) INSTRUCTION FOR THE HANDLING OF DREDGED MATERI#

INLAND SEDIMENTS (HABAB 2000)

1 Maintenance: To facilitate necessary maintenance works, no legal pérmits are needed if |
project promoter can declare his actions as maintenance works in accordance to Ger
law. Maintenance works have no severe impacts on water resoas and environmental
protection andusuallydo not alter the character and conditions of the river stretch or projec
area. However, legal permits are necessary on behalf of nature protection (but no EIA ha
be performed).

1 Development: When it comes tavaterbody development, planning procedures need to k
endorsed by the plan approval authority. Waterbody development in accordance to Gernr
law are measures and actions undertaken to restructure an inland waterway, an inla
waterway crossing, one or bbtbanks, and that affect the inland waterway as a transpol
route.

Handling of dredged materiab as a part of maintenanced is often combined with chemical and
physical examinations. The condition of the excavated alluvial sediment henceforth determines
further usage. It can be either relocated, disposed, stored terogally, treated or placed for good
(e.g. in landscaping or recultivation)In this respect project promoters need to consider th
following regulations and policy frameworks: Federal Act for the Protection of Nature, F
Directive, Birds Directive, Environental Impact Assessment Act, Waste Water Act, Waste Wa
Charges Act.

Description of activities

The most recently updatedHABAB 2000 outlines the most important steps for the successf
handling of dredged material. These include the following aspects:

Processes and pocedures: Prior to technical planning (e.g. dredging equipment, transpc
systems, recycling and treatment), several project aspects need to be taken into account:

1 Assessment of the quality and quantity of dredged materials,

Examination ofdifferent deposition sites and cost analyses,

Tackled laws and needed permissions,

Editing of comprehensible documents and notification of concerned parties,

Choice of a feasible alternativand, if necessary,

= =4 =4 A -2

Establish evidence for the site oiihtervention covering all project phases,
1 Prepare operation plans and control plans for the economic implementation.

In regards to tendering, authorities pulidhed an instruction report on Tendering in connection ta
the extraction and assessment of soisuspended load and water sampling as well daventorying
of riverbed fauna"(BUNDESANSTALT FBEWASSERKUNDED94).

Assessment of dredged material: How to dispose dredged material is a question of quality ¢
guantity of the excavated sediment. It must beassessed in respect to its physical
sedimentological, chemical, biochemical and eeoxicological character. Maintenance works, il
contrary to development works, do not require sediment assessment.
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All deral inland
J) INSTRUCTION FOR THE HANDLING OF DREDGED MATERI/ waterways

INLAND SEDIMENTS (HABAB 2000)

If material shall be depositedthe following tests haveto be conducted:

Germany

1 Physical, sedimentological and morphological examinations,
1 Pollution tests,

1 Faunal and floral examinations in the project area,

1 Biochemical and eceoxicological examinations.

So far, there are no comprising methods to assess the impaat$ sediment deposition in surface
water bodies. The following principles should therefore be taken into account:

1 Physicalsedimentological criteria:
0 An adequate granulometry of material shall be used,
1 Hydromorphological criteria:
o Deposition may notaffect the natural sediment regime of the water body,

o Deposition must not lead to constipation of autochthonous riverbeds and/or bank
sediments.

Users and stakeholders

1 The revised German Water Resources Act extended the responsibilities of the German
Waterways and Shipping Administration (WSV) towards environmental objectives in 2010.
1 Environmental experts and stakeholders were additional key contributors to the text.

Key success factors and innovative aspects

1 HABAB 2000provides detailed instructions on the handling of dredged material and take
the possible contamination of sediment into account.

9 During its introduction in 2000, procedures and benchmarks were agreedipon and
standardised on national level.

Time frame and stéus

The HABAB 200 is the revision of the HABARIocument from 1997. The 1997 version is an
updated version of the publication"Application of the guidelines concerning dredged material 1
the Oslo and the Helsinki Convention in the Federal Waterways ankipping Administratiori
(HABAKWSVY of 1992,

An extended version of the HABAB 2000 is envisaged and will deliver instructions for the hand
of dredged material not only for inland waterway authorities, such as the WSV, but for the pu
sector as well(federal and national level). It shall also contain instructions on the handling
maritime sediments in coastal areas based on théAgreement on the Handling of Dredge
Material in Coastal Areas(GUBAK 2009) The update of HABAB is challengirajso due to the
further evolvmentand raising complexity of environmental legislation.
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All 'ederal inland
J) INSTRUCTION FOR THE HANDLING OF DREDGED MATERI/ waterways

INLAND SEDIMENTS (HABAB 2000)

Germany

Lessons learned

1 Itis vital to illustrate the legal framavork conditions and to showhow dredged materialcan
be successfully handled

1 Itis proven that a consistent standrd for all German inland waterways is beneficial.

Requirements for implementation in otheMember States

The basic principleof the HABABnay be transferred to othecountries andregions The specific
proceeding however needs to be adapted to the local physical, sedimentological and
hydromorphologic criteria and respect thiegal framework andits specificlimit values.

Further information/contact

Federal Ministry of Transport and Digiténfrastructure (BMV)
P.O. BoxX200100, 53170 Bonn, Germany

Every dredging measure is part cfediment management particularly with regard to the removal of
bed load sedimentation at nautically critical locations. As to the environmental effects of famy
maintenance dredging,the distance between the dredging site and the placement sitevhere
sediment is reinserted into the riveas well as the location of the latters of importance

In freeflowing sections of natural rivers in which riverbed degradation occurs due to reduced supply
of sediments because of barrages, weirs or hydropower plants located upstream of the specific
section, it is of importance to reduce th&emoval of sediments from the section in order to mitigate
riverbed degradation. This is in line with the provisions of the EU's Water Framework Directive (WFD)
to prevent further deterioration of rivers and to protect and enhance their aquatic ecosystem status.
As the renoval of bed load from rivers is usually considered as a further deterioration of waters,
material excavated in the course of fairway maintenance measures should be reinserted into the
system. This should be donén the same river section In particular wken the material isinserted
upstream, longerdistances between the dredging site and the placement sitare more positivefor
sediment balance in the respective river stretch showing degradation, as the bed load is kept in the
system for a longer timeand at a longer distance

This procedure will only yield the desired effects, i.e. mitigating riverbed degradation, dediment
with a specific minimum grain diameter (e.g. graver sand) which is mobile and will be transported
further downstream as bedload. Coarse particles of sediment (gravel, coarse and medium sand)
move along the riverbed as bed load, while finer fractions (fine sand, silt and clay) are suspended in
water and move as suspended load. A portion of suspended sediment is in permanenthexge with
the riverbed material and takes part in morphological processes (beatkhterial load), the finest
particles pass by without any interaction with the bottom of the river (wakiad).

With reference toKLASz2015 the amount of bed load deficit compasated by dredged material
which is reinserted upstream of the dredging site can be calculated with a simple formula ($égure
41). Here, the amountof dredged material (nd per week/month/year) is multiplied by the transport

.
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distance upstream (km) and divided by the length of the section in which riverbed erosion occurs
(km). The result is the amount of compensated bed load fmper week/month/year).

dredged material [m?] * transport distance upstream [km]

compensated bed load amount [i7] =
length of section with riverbed erosion [km]

Figure41: Formula for bed load equivalence (Sourc&LAsz2015: 75)

Apart from local sedimentmanagement in the course of specific fairway maintenance dredging
interventions, mitigation of riverbed degradation is also undertaken at a larger scakeg. by means

of artificial bed load supply to river sections which are characterised by riverbed datation. Figure

42 provides a schematic overview of processes which have an influence on the bed load regime of a
river. The fluvial processes of erosion, transport, deposition and remobilisatiatich affect bed load
balance are dependent on the erosion resistance of the riverbed, the energy gradient and shear
stress, which are again influencedinter alia, by the amount ¢ discharge, the slope of the river
sediment type and densityand the specificmorphologiccharacter of the cross section.

Maintenance dredging
Artificial supply 1.—1

.

INPUT » Erosion Deposition
Transport

Tributaries

Remobilisation

based on Habersack 2011

Source:via donau,

Figure42: Schematic diagram of processes influencing theed load regime of rivers

A successful examplefor good projectplanning and executionin positively influencing bed load
regime and compensating for sediment defidg the "Artificial Bed Load Supply at Iffezheimdn the

river Rhine in Germanylt servesas a Good Practice Example also in terms of mdiisciplinary

approaches, as the project targets the objective in a corridorientated manner and uses integrated
management to reach its goals.

K) ARTIFICIAL BED LOAD SUPPLY AT IFFEZHEIM

Germany, Frane

Problem/topic

The German Rhine between km 336.0 an®38.0 is heavily affected by riverbed erosion through |
sediment deficit caused by a series of hydropower plants upstreamtbg town of Iffezheim. From
Iffezheimdownstream the rest of the Rhine is frelowing but insufficiently supplied by sediments
from areas upstream of the barrages.

Continued erosion may result in a narrowed fairway, reducing the possible payload of vess
Furthermore, operational functionalities of adjacent infrastructural constructions like locks
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Rhine |

K) ARTIFICIAL BED LOAD SUPPLY AT IFFEZHEIM -

Germany, Frane |

bridges, ports and hydraulic structures might be negatively influenced too. A main risk also
within potential environmental damages, e.g. due to negative influence on groundwateginees.

Objectives

1 To restore water levels and to stabilize them at the level of 1978 before the hydropower plé
Iffezheim was built. France and Germany committed themselves to combat riverb
degradation without building a new barrage.

1 To prevent a wate level drop by more than 50 cm relative to the Equivalent Water Ley
(EWL GIW at the gauge of Iffezheim. Otherwise, a new barrage would have to be built.

1 To ensure a navigable depth of 2.10 m below the EWL (1.70 m until June 1988) over i
entire fairway width, with a safety margin of 40 cm below this depth.

Background information

Over the last 150 years the Upper Rhine has beawrctified, regulated and partly developed fol
hydropower generation. Moreover, the construction of impoundments on the Higihd the Upper
Rhine intensified erosion of the riverbed downstream by cutting off the supply of bed lo
material. Enforced by the worsening situation downstream, nine impoundments were completec
succession between 1952 and 1977, on average one in thee years. Germany and Franc
eventually committed themselves to combat the erosion at its source or by means of alternat
solutions in a contract set up in 1969.

The controlled supply of bed material prevents new impoundments downstream of Iffezheim
well as longterm damage in water resource management. Moreover, controlled bed load supply
one of the few processes that can stop riverbed degradation without damaging the environment

The German Waterways and Shipping Administration (WSV) and Voiesgdbles de France (VNF
signed an agreement clarifying issues related to the safety of navigation, liability and cost shari
The Central Commission for Navigation on the River Rhine (CCNR) approved the approach.

Description of activities

In 1975 field experiments with bed load supply were started as water levels at the gauge
Iffezheim began to decrease steadily and artifici@rmouring was not considered a viable option
The waterway authority started to artifially supply the eroding rivdred with bed loadd a sand
gravel mixture with a granulometry corresponding to éhnatural bed material in grainsize, grain
size distribution and shape as far as possible. The positive results of the field tests led tc
GermanfFrench agreement in 1982, viich deferred the construction of a new impoundment ani
approved the method of artificial bed load supply.tAhe beginning of the measures the lowering
of the EWLincreased depth requirements. The lengthening of groynes downstream the placem
site led to a further decrease of water levels. Additionally, quantities of dumped material we
hardly related to the sediment regime of the Rhine.

Consequently, in 1995 the water levels at gauge Iffezheim displayed a decrease of 44
compared to water levels ofl978 (see Figure 44). Eventually the waterway authority started t
supply material in correlation to the discharge at Iffezheim, as exceeding mean tiame (1,250
m3/s) leads to intensified erosion and thus to an increased need for bed load supplsee Figure

~
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K) ARTIFICIAL BED LOAD SUPPLY AT IFFEZHEIM s
Germany, Frane

43). In combination with river trainingworks xtension of groynes and partial riveibed
stabilization with coarse particley, an approximation to the reference water levels of 1978 wa
achieved and even resulted in a water level increase in the last years.
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Figure43: Correlation between dumped bed load material and number of days exceeding mean discharge
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Figure44: Deviation from the initial water level at the Iffezheim

The project area starts aRhineriverkm 336.0 and ends at iiverkm 338.0, directly at the source
of the riverbed erosion, where the river develops its full sediment dislodging force again af
passing though the last hydrpower plant. A successful placement method proved to be tk
dumping of a sandgravel mixture directlyfrom selfpropelled hopper barges while moving
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downstream. At the predefined site, the hopper barge is opened slightly and the sameve
mixture is spread over a 1620 m wide and 503300 m long bottom stretch of the Rhine. The
settling of the material ismonitored by hydrographic reference surveys to make sure that tt
fairway is not impaired.

The sandgravel mixture is applied throughout the year by means of seven to ten hoparges
per day, loaded with 14@170 m3 each. On average 18300 m3 (or 320,000 tons) of sandgrawel
mixture with a diameter of @63 mm as well as 10000 m3 (or 15,000 tons) of armour stone with
459125 mm diameter are artificially supplied.

Between 1978 and 1981 most of the material (66%) was dredged material from previol
construction works in the tail bay of the Iffezheim impoundment. Lacking coarse grain, additior
material had to be supplied in form of gravel that was purchased from a gravel pit (34%). Al
1982 the sand-gravel distribution has been changed according to the fimgs of studies on the
natural bed material granularity. Without the investments in equipment, the costs of the bed lo.
supply amount to roughly EUR 6.25 million per year.

Monitoring is necessary to ensure the safety and ease of navigation, to verify thecess of the
operation, to collect data for establishing mass balances and to calculate the cost of tl
operation.

Monitoring of the controlled bed load supply includes:

1 Assessment of delivered material, i.e. the analysis of the graized distribution weight and
volume of the delivered sandjravel mixture,

1 Bathymetric riverbed surveys at the placement site and on the reach about 14 k
downstream, and

I Water level observation (36 gauges in the 14 km long river section).

Users and stakeholders

1 National waterway administrations(German WSV andFrench VNF)are in charge of the
project.

1 Navigation benefits from an increase in navigable depth.

1 Further key stakeholders, CCNR, environmental representatives etc. were/are involved in
project design and impdémentation process.

Key success factors and innovative aspects

I Grainsize distribution: The material should have the same grasize distribution as the
riverbed material. Asmall grainsize or a high fraction of sand and fine gravel results in a fa:
moving bed load and therefore an increased need for materigd.high fraction of large grains
demands a stronger dislodging force to move the material downstream.

1 Hydrographicalsurvey and measurements of discharge and water levels: The reliability a
accuracy of discharge measurements must be ensured. High accuracy in these survey:
mainly a result of experience and practical training on the equipment. While bathymet
surveys provide data related to mass changes in the riverbed, changed water leveighe

>
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same discharge is a meaningful indicator for the success of failure of the bed load supy

Data processing needs to be fast and reliable in order to react appropriately and timely
new developments.

1 No damage is done to the environment through thmeasures. In contrast, it benefits the
environment, e.g. the project prevented groundwater watkavelsto sink.

Time frame and status

In 1975 the first field experiments were conducted downstream the barrage of Gambsheifrhe
positive results of these experiments led to a Germdfrench agreement in 1982. The increase g
the navigable depth from 1.70 m to 2.10 m between Iffezheim and Karlsruhe was adopted.

The EWL was lowered. This had a negative effect on the placemenetsh. During the 1990s
water levels steadily rose until they reached the initial height measured in 1978.

Bed load supply is being enacted continuously. During the 36 years from 1978 until 2014 abc
6,810,000 m3 of sandgravel mixtures were dumped int¢he river without impairing navigation ol
environment.

Lessons learned

1 Extended river groynes downstream of the placement site caused additional bed Ic
transport. The mean water level could be maintained by lengthening the groynes at -
placement site

1 Whenwater levels decreased dramaticallythe artificial bed load supply was supplementec
by a partial riverbed stabilization using coarse particles Since 1998 about 370,000 m3 of
water building stones (with a mass of 1845 kg) have been placed betweemiverkm 337
and riverkm 352.

I The reduction of the Equivalent Water Level (EWL) in 1982 worsened the situation at
placement site.

Requirements for implementation in otheMember States

Depending onthe local situation, contracts or agreements are needed for this approach to work
other Member States If two countries are involvedboth need to show the willingness of solvin
problems in an unusual way.

Further information/contact

Wasser und Schifffahrtsamt Freiburg
Stefan Meier- Stral3e4-6, 79104 Freiburg, Germany

Asregards to the ecological effects of fairway maintenance dredgingnodern dredging strategies for
maintaining fairway parameters should be based on the following principles:

1 Theextraction of sediments (for commercial or other reasons) contributes significantly to bed
load deficit and in this wayendangers the goal of achieving the "good ecological status" or the
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"good ecological potential" of surface water bodies according to tieJ's Water Framework
Directive.lt is therefore recommended that the excavation of sediments be prevented and that
material dredged for fairway maintenance be inserted back into the riveklthough it is clear
that good environmental status in a river ats requires a "good sediment status", more
knowledge is requiredn the various linkages between sediment mangagement and WFD
objectives The European Court of Justice’s decision in the Weser case is to be seen as
benchmark for applying the WFD.

1 In case of maintenance dredging for navigation on frelowing sections of norestuary rivers
(e.g. annual dredging of fords)sediment dredged from the fredlowing stretch shouldbe put
back into the same freeflowing stretch of the river. The exact placement siteerds to be
evaluated case by casas well as whether the sdiment can/should be immobilized or not.

1 Furthermore, dredging activities should be harmonized with ecological needs, particularly
concerning discharge and seasoner aspects likespawning periodsof certain fish species This
refers e.g. to the time frame and the duration of dredging measures, to possible restrictions
concerning the number of permitted parallel interventions, and to the way how the dredged
material is reinserted into the river inan environmentally friendly way (e.g. only a certain
amount of sediment at once, only from a vessel slowly moving downstream, only at certain
water levels, etc.) (sed-igure21). These aspects need to be evaluated carefully and specifically
for each project and are to be specified ithe conditions ofthe respectivelegal permits.
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7.3.2 Fairway ralignment

If a major realignment of the fairway is foreseernthe waterway authority discusss the future new
fairway course andhe corresponding changs in fairway marking (buoys) with the operational unit of
the navigation authority (navigation surveillance or navigation police). Afegreeing on thedecision,
the navigation authority is informed about the changes anthey publisha Notice to Skippers(NtS),
informing the users of thewaterway of the planned measure and the new course of the fairway.
Decisions on fairway relocation are always based on-tgdate riverbed surveygshat show deficits in
fairway parameters.

Source:Plovput

Figure45: Fairway marking works performed by the staff of Plovput on the Serbian Danube

The mounting and removal of buoys in the field is performed by means of marking vessels which are
usually equipped with an orboard hydraulic crane for hoisting floating waterway marks. most
cases, buoysare anchored witha steel anchor. A steel rop&onnectsthe buoy to its anchor. Buoys
for fairway marking are usually also made of steel, but synthetinaterials may also be used,
enabling an easier handling of buoys because tfeir reduced weight.

The Serbian Directorate for Inland Waterways (Plovpiitas mastered the operational measure of
shifting the fairway in the highly dynamicDanube stretch "Futog" Their responsive fairway
realignment and fairway information system is considered a Good Practice Exan{pke next page)
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Problem/topic

Is it possible to apply fairway realignment activities without any dredging measures? Are th
activities sustainable? On which kind of river stretch could such activities be applied?

Objectives

1 To preserve fairway continuity (i.e. to provide sufficient depth and width of the fairway).

1 To provide dynamic information on available fairway parameters during low water periods.

Background information

Sector "Futog" (rivekm 1,267 to riverkm 1,261) is located on the iver Danube upstream of the
Serbian city of Novi Sad, just at the edge of the influence of the Iron Gate reservoir. Due to its |
morphological dynamics it is one of the most critical sectors for navigation on the Serbizambbe,
limiting fairway parameters during low water periods. In most cases, the movement of sandb
does not influence theentire river width at the same time. This enables a realignment of th
fairway.

Description of activities

In the first step hydrogaphic survey are performed. The data is stored in thdwydrographic
database and analysd in comparison to the earlier survey results, establishing a pattern of tt
local sedimentation and being able to forecast morphological developmentthe near future until

the next survey is done.

After analysis, the new fairway trajectory is designed and plotted into the layout of the sector ¢
into navigational charts, including the position of the existing and new floating navigational mai
(buoys).

In the next step the most critical cross section of the new layout is selected automatically witl
the integrated waterway information and management system. This enables calculations of
available minimum and maximum fairway depth and width at Low Ngation and RegulationLevel
(LNRL) In addition, relative fairway parameters are continuously merged with daily hydrologi
data, enabling the provision of reafime information on the available fairway parameters.

All dynamic fairway information is puldhed at the online Navigational Bulletin, the Fairwa
Information Service Portal of the Directorate for Inland Waterwa§sPlovput. Access to the porta
is free and unlimited: www.plovput.gov.rs/navigationdlulletin.
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Figure46: Layouts of the critical section Futog frora013 62015

Users and stakeholders

1 Skippers

1 National waterway authorities

Key success factors and innovative aspects

Thelongterm analysis of the rivelbed morphology and sediment backlling rates (enabled by the

application of Pl ovput s integrated fairw:
fairway realignment procedure at the critical sector Futog is feasible and ceftective.

Time frameand status

The duration ofone completefairway realignment and information provision operation lasts fiv
days, as presented irTable4 (see next page).

If needed, such a procedure can be repeated several times per year, depending on the prevai
hydrological and morphological conditions.

>
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Table4: The general timeframe of a fairway realignment cycle die critical sector

Activity Day 6
Indication of morphological changes
received by the waterway marking staff
Decision on execution of the hydrographic
survey

Execution of the hydrographic survey

Entering data into hydrographic database

Analysing and plotting the new fairway

Fairway realignment in the field

Sending the official data to the Harbor
Master’s Office

Providing the new data for the Navigational
Bulletin

Start of new fairway monitoring cycle

Lessons learned

Fairway realignment activities are applicable on morphologically dynamic river stretches v
sufficient width (in case that morphological developments do not influence tleatire width of the
river), leaving sufficient space for fairway realignment. Indar to apply fairway realignment it is
necessary to perform regular hydrographic surveys and to monitor riverbed dynamics.

Requirements for implementation in otheMember States

It is necessary to perform an analysis for each critical sector separatety arder to determine
applicability of regular fairway realignment procedures. Regular, frequent hydrographic sur
activities are a precondition for fairway realignment, enabling waterway managers to underste
the morphological processes.

Further information/contact

Mr. Ivan Mitrovic

Directorate for Inland Waterway$ Plovput
Francuska 9, 11000 Belgrade, Republic of Serbia
www.plovput.gov.rs; office@plovput.gov.rs
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7.4 Evaluation of measures

The term "evaluation" is understood in this chapter as the assessment of the effettmt fairway
maintenance measures (i.e. maintenance dredging works or repositioning the course of the fairway)
have on the availability of targeted fairway parameters (i.@epth and/or width of the fairway). It is
based on monitoring the hydranorphological changes in the riverbedsee Chapter 71), while
monitoring the ecological effectsof measures is not in the focus of thisManual. The types and
purposes of evironmental monitoringare succinctly illustated in PIANC009.

An indispensable prerequisite for any evaluation of the effects of fairwanaintenance activitiesis a
sufficient number of hydrographic riverbedsurveys Only if a certain density(i.e. number, of
bathymetric survey$ and a certain minimum quality of these measurements isvailable the
success of fairway maintenancectivities can be evaluated. Thus, both the density and the quality of
hydrographic surveys must comply with a certain minimuservice level which is sufficient to enable
an adequately accurate monitoring and evaluation ajpecific fairway maintenance measures. Only a
systematic evaluation of bathymetric riverbed surveys in combination with a detailed analysis of
factors influencing rivered dynamics will enable an assessment and optimization of fairway
maintenance measures. Hydrographic monitoring is a recurring process aisdperformed before,
during, after, and in between ofany fairway maintenance measure.

A computeraided evaluation of hydrographic riverbed surveys will allow to track the hydro
morphological development of the riverbed in a certain river section. Changdkat occurred in a river

section between different survey dates may be visualised on amap showing erosion and

sedimentation patterns Figure 47).
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Figure 47: Erosion and sedimentation patterns visualised as the difference in absolute heights above Adriatic
Sea between two hydrographic riverbed surveys of the ford Schwallenbach in the-fleeing section of the
Wachau on the Austrian Danube; blue areas = eiiog, red areas = sedimentation

An alternative computeiaided visualisation of sedimentation processes is a matranalysis;such as
it is performed on the Austrian Danube for specific critical locations (fords) in both féé@wing
sections of the Danube gee Figure 48). Here, 2D cross profiles of the riverbedvhich are available
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for every 50 m(and sometimes 25 m)from periodic riverbed surveysare evaluated in such a way
that sedimentation within the farway (depth and width) can be visualised ia percentage rateof the
2D area of the fairwayFigure 48 visualizes sedimentation for a specific critiddocation with a length
of 1.8 km on the Austrian Danube east of Vienna during the years 2001 to 2015. In the graph, the y
axis shows the chainageriverkm) for the 2D cross profiles (distance of 50 m), while the-axis
contains the values for sedimentabn in percent of the area of the fairway according to all available
hydrographic riverbed surveys for this section.

Such a matrix analysis allows to easily detect trends in sedimentation and erosion patterns over a
specific period in time and enables infeence of the characteristic "behaviour" of a certain critical
location. A matrix analysis can also be performed for the area situated below the fairway rectangle
(depth and width of the fairway)n order to track riverbed degradation processes or alteratig in the
thalweg of the river.
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Figure 48: Matrix analysis of sedimentation processes in the frétowing section of the Danube in Austria east
of Vienna for the forddPetronell Witzelsdomdin the years 2001 to 2015; yellow = 86% sedimentation of the
area of the fairway, orange = 20% sedimentation, red = more than 20% sedimentation, white = no values
available

The targeted effects of a specific fairway maintenance measure include both tteeestablishment of
defined fairway parameters and the period of time in which these parametersill be available
respectively deteriorating after implementation of the maintenance measure. The duration of a
measure's impact ends if the current values foguality criteria (e.g. the availability of infrastructure)
fall below predefined limits. The impact can be determined by calculating the time from the removal
of sediment from the fairway until the complete backfilling of the removed sedimedti.e. whenthe
backfilling rate reaches 100% gee Figure 49). The duration ofthe impact of the measurecan be
defined as the time period in whichcompared to he zero alternative ("doing nothing"gn increased
availability is given Thus, the measure with the highest impact on availability compared to necessary
measure cost per time unit must be considered as favourable.
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Due to the specific characteristics of ifferent waterway sections, such as discharge, slope or
sediment types, the backfilling rates for critical locations on different river sections show a different
behaviour. Without prejudice to the legal, economic and environmental framework for fairway
maintenance measures, the optimal timing of a dredging measure for a certain critical section may
be determined by a variation of the time of dredging and the assessment of the subsequent
backfilling behaviour.

In computerassisted waterway (asset) managemertools (see Chapter 7.2.2), the exceedance of a
specific level in the backfilling rate (e.g. 50% or 70%) may be used as a threshold for an early
warning system, triggering a notification of reduced fairway availabilior different alarm levels
different countermeasures may be defined and a dredging intervention maybe prepared in sufficient
time.
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Figure 49: Duration of a dredging measure based on the typical backfilling rate of dredged materialdtation to
the discharge in the time period

Based on an analysis of historical data of water levels and riverbed surveys for a period of 10 to 30
years, the characteristic "behaviour" of a specific critical location or section can be derived as an
empiric function of various impact parameters, such as baefdling rate (in dependence of discharge,
flow velocity and distribution of suspended load and bedlogdmpacts on aquatic flora and fauna,
as well as costs.

Regarding freeflowing sections of natural ivers which are showing riverbed degradation due to
reduced sediment transport volumes caused by weirs or hydropower plants, thlacement site for
re-inserting sediment into the river should be positioneth the same freeflowing stretchin order to
keep sediment balance mitigate further riverbed degradation by erosion. In such cases, an
evaluation of the distance between the dredging andplacement sites of specific fairway
maintenance measures is essential in order to optimise this distance with aewi to keeping
sediment longer in a specific river stretch. The general question here is how sediment management
can be improvedby re-inserting the dredged materialinto the riverand by optimising the selection of
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suitable potholes (i.e. deeper areas ofhe riverbed) in order to meet the requirements of fairway
maintenance and ecologyThe gecific aspects involvechere can beaddressed as following

1 In which way does a longer distance between dredging amdacement sites influence the
backfilling rate at the original dredging site? n which way are shallow areagositioned in
between the dredging andlumping sites affected?

1 What is the "behaviour" of dumped material in different types of potholes deeper areas of the
riverbed (re-mobilisation rate of sedment)? How long is the time span between dumping into
and erosion out of a pothole?

1 What is the effect of longer distances between dredging and dumping sites with regard to the
duration and the economic aspect of maintenance measures®hich additional expenditure of
time will be caused by longer transport distances? Which additional costs are incurred by longer
transport distances?

1 Is different/additional equipment necessary for performing fairway maintenance measures if
longer distanes are involved? How many (hopper) barges are required? Can the targeted
weekly performance (cubic metres per week) be n®eWhich poweris necessary for the used
equipment?

7.5 User integration and information

Useroriented fairway maintenance aims at pplying the best methods for transmitting relevant

information to usersand at getting the necessary information from themThis includesnot only

informing in the best way, but alsoconsulting and integrating the users in the course of the

maintenance process.It is crucial that decisionmakers in politics as well as in the waterway
administrations are willing to accommodate <custome!
three different steps of user integration (se&igure50), which shall be describedhere in detail.

Decisioninfluencing
Customers have a say ir

‘ . developing and
Consultation implementing measures

Source:via donau

Customer surveys,
: requests for comments,
Information public meetings with

Notices to Skippers, water discussion ...
level information,

dissemination of project

results, public meetings to

inform ...

Figure50: Steps of user integration
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Information

National and local fairway authorities have the obligation to inform users about issues regarding the
waterway that might influence safety and accessibilitfhe type of informationand the transmission
tools have to meet the requirements of manifold usegroups (e.g. skippers, logistic service providers,
waterway administrations, dredging companies). Information has to be accurate;tolate and easy

to access In the best caseit shall be availableon one singleonline platform per transport corridor.

River Information Services (RIS) arguitable toolsand available for most inlandwaterways. But they
differ in terms of extent and quality levelsMain elements arenotices to users. These may include
the status of inlard waterway infrastructure (fairway, tidge and lock parameter} or failures of aids
to navigation Skippers have to be informed aboutemporarily blockages of waterway sections or
other types of infrastructure,maintenance works or other projects current water leves and water
depth, ice formation and weather Such messagesare communicated to skippers viaNotices to
Skippers (NtS) The internationalNtS standard provides a standardized data formathat can be
used, both for pull-services (e.g. publishing of notices on the riternet) or for push services (e.g.
distribution by email).

In addition to information on fairway conditions, updates on maintenance activities, recent
developments and planned measures are valuable to waterway users. This makes decisions more
comprehensible and supportsacceptance by the public.

Consultation

In order to increase customer satisfaction, waterway administrations make use of consultative
instruments. Anonymous customer surveys help to evaluate their performance in connection with
regular maintenance activitis, or the provision of information etc. Another approach permits
customers to comment on proposals and to contribute ideas and suggestions to planned measures
which may be taken into account at decision stage.
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Decisioninfluencing

Waterway users and dter interested parties have a say in developing and implementing
maintenance activities. They may add a practical viewpoint to the decision, influence time schedules
and set priorities.

Figure51 illustrates the waterwaymaintenance cycle(see Chapter 7) by includingtakeholders who
may be informed, consulted or invited to influence a decision. Involvement strongly depends on the
geographic area, the administrative structure and the expected effects of the planned measure.

In everycase a crossborder and corridoswide approach is crucial. In order to determine who should
be included in which phase and to which extent, the following rulshould beapplied 6 regardless of
the stakeholders'location.

1 Inform: Share gathered data in a convenient way with everyone whosetwities are influenced
by the respectivesituation.

1 Consult: Ask for the inputs from experts, if valuable or crucial information may be provided by
them or if their interests related to the respective river stretch are touched

1 Invite stakeholders to influence decisions ifthey are dependent on the decisions a waterway
administration maydo.

In some casesa minimum level of involvementis mandatory. According to the EU's "Guidance
Document on Inland Waterway fansport and Natura 2000° (EUROPEANCOMMISSION 2012b),
maintenance dredging works which only maintain a certain state of infrastructure do not require an
appropriate environmental assessment. Nevertheless, because of changing techniques, conditions
or regularity of maintenance dredging works, an ass&sient to the extent that measures are likely to
have a significant effect on the Natura 2000 site has to be carried ouThis is usually achieved
during the process of obtaining legal permits (as to water or environmental law) for maintenance
dredging inteventions. The assessment of environmental impacts and the compliance with
European and national environmental law is undertaken by official legal experts which are
nominated by the authoritiesn charge of issuing permits.
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- Execution -Planning
Inform Consult
- Navigation - Ecologists

- Flood protection
- Financial support

- Inhabitants, Tourists

Consult
- River engineers
- Ecological monitoring

Influence decisions
- Navigation

Target

-Monitoring (Monitoring
Inform

- Navigation

- Flood protection

Consult
- Hydro-meteorological institutes
- Navigation (e.g. floating ship data)
- Hydropower plants

Source:via donau

Figure51: User integration in thevaterwaymaintenance process

7.5.1 User information

In regards to user integration the German Electronic Waterway Information System (ELWIS) is
considered a Good Practice Example. It isv@ell-proven hternet, e-mail and text message service
that has been successfully used by skippers and other groups for many years.

'
M) ELECTRONIC WATERWAY INFORMATION SERVICE (ELWIS) waterways

Germany |

Problem/topic

In order to plan and perform efficientvoyages, skippers are in need of ufp-date information on
nautical, trafficrelated and logistical aspects. Waterway administrations collect and generate su
data, but in many cases there is no single platform where this data can be accessed. On
contrary, different tools are in use for different purposes.

Objectives

1 To develop a consolidated portal that enables skippers and further user groups to quic
and easily access tailored information useful for voyage planning.

1 To increase efficiencysafety and environmental soundness of inland navigation by providit
up-to-date information.

1 To fulfil the requirements of Regulation 416/2007EC concerning the technical
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National inland

M) ELECTRONIC WATERWAY INFORMATION SERVICE (ELWIS) waterways

Germany

specifications for vessel tracking and tracing systems (Notices to Skippers)

Background information

ELWIS (Electronic Waterway tmfnation Service) has been thenternet service of the German
Waterways and Shipping Administration (WSV) since 1999. It provides data for all Gerr
waterways, but also Notices to Skippers (NtS) fronelected additional countries. An enail and
short message service (SMS) has been installed. The use of ELWIS is free of charge and de¢
accessible to all fairway users and interested parties.

Description of activities

ELWIS offers data relevant for ndical and operational purposes via internet, SMS andreail,
supplementing traditional information methods (e.g. journal of nautical information). The onli
service consists of static and dynamic internet pages, e.g. for water levels, water level foréza
ice situation reports, Notices to Skippers in 10 European languages, traffic manageme
information, classification of inland waterways, and regulations and notes on shipping lav
Various authorities in charge keep the information up to date.

The ELWS subscriptionis independent from access toriternet browsers. According to individuall
indicated interests, regular or eventontrolled updates are sent automatically via-eail or SMS.
Customers may subscribe to relevant information updates on the aledescribed services.

In order to improve the exchange of internationally standardizédtS a dedicated web service was
introduced. This standardized data exchange is currently applied between Germany, Austria
Slovakia, and tested in cooperation with Hhgary and the Netherlands. An extension is planned &
soon as the NtS web service has been implemented in other countries.

Users and stakeholders

1 Skippers
1 Landbased users, e.g. logistics service providers

1 Traffic and waterway authorities

Key succesdactors and innovative aspects

1 The German WSV assigns a high priority to keeping the system up to date and provii
current high quality information. This task requires a lot of resources. The high use
numbers confirm that this effort is very much apgciated.

1 ELWIS does not only provide information on NtS but alsbares a vast variety of related
information services such as information on applicable legislation.

1 The WSV fosters the further development of tHétS standard in Europe; German experts ar
very active participants of the expert group. Under their lead the wsérvice interface
specifications were created and implemented for the first time. Now it is the basis for ti
amendment of the Commission Regulation.
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National inland

M) ELECTRONIC WATERWAY INFORMATION SERVICE (ELWIS) waterways

Germany

Time frame and status

Existing shce 1999, ELWIS has been used intensely. In 2014 about 4.9 million users retrievi
nearly 29 million pages. About three million-mails were sent to recipients of ELWIS subscription
The NtS web service is accessed approximately 600 times a day.

Presentlythe WSV is investigating the implementation of a vertical bridge clearance service wit
Notices to Skippers.

Lessons learned

Bymeans of a comprehensive systerthe user needs can be met in an optimal way.

Requirements for implementation in otheMember States

All relevant information should be provided to the different waterway users on a single platfor
The user interface must be convenient and should also comprise mobile devices.

The RIS Directive needs to be implemented in thespective Member $ate as a basis for the
availability of the required data.

The platform service provider needs to have easy access to relevant, accurate and regul
updated information. This implies clarification of availability, accessibility andopection of data
with public and private bodies.

For crossborder data exchange, additional harmonization of data content, format, interfaces al
structure has to be pushed.

Further information/contact

ELWIS is provided by the German Waterways and SlmgpAdministration (WSV).

Access:www.elwis.de

In the Danube corridor, thee exists themore recently established Fairway Informatio8ervices(FIS)
portal. It provides comprehensive information to the userabout, e.g., all the bottlenecks on the
Danube flowing through seven countries from Austria to Romania.

N) BOTTLENECK INFORMATION ON THE DANUBE FAIRWAY

AT, SK, HU, HR, RS

INFORMATION SERVICES PORTAL BG. RO

Problem/topic

The Danube river is the mosinternational river in the world Ten riparian statesare responsible for
waterway management.It is crucial that waterway users have ufp-date information on the
fairway status, as this is the basis on which they decide how much cargo may be loaded oat:
vessel. In this respect, fairway depth at critical river sections is the most important informatic
The Danube Rirway Information Services (FIS)portal contains a joint and coordinated
representation of bottlenecks in the fairway of Danubsver and other fairwayrelated information
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Danube
AT, SK, HU, HR, R{
BG, RO

N) BOTTLENECK INFORMATION ON THE DANUBE FAIRWAY

INFORMATION SERVICES PORTAL

from most riparian countries.

Objectives

To provide me web portalfor the users of the waterway in all relevant Danube languagedhis
portal shall containinformation about fairway bottlenecks, water level information (incl. forecast
Notices to Skippers, ice messages, waterway objects (e.g. bridges, ports, locks), authorities
most important downloadable information from river administrations.

Backgraund information

In the freeflowing sections of the Danuberiver the sediment transport changes the riverbec
dynamically. Those changes influence the available fairway depth in bottleneokbich can lead to
restrictions for navigation with regard to thevailable fairway parameters. Through FIS the use
now have guidance about the available actual water depth in bottleneck areas and they do |
need to calculate themselves for each eroute bottleneck during the voyage planning.

Data on current water leels and hydrographic surveying resultmay be maximum one year oldf i
no relevant hydrological event occurred meanwhile

The website provides a list about the most relevant bottleneckem Austria to Romania. Details
of each may be downloadedin PDF fomat). It contains a general plan about the surveying
information referenced to lownavigation and regulationlevel (LNRL)or gauge zero of reference
water levels.
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Figure52: Representation of critical locationslongthe Danube Detailed informationabout each single
bottleneck may be viewedn an info boxand downloaded
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N) BOTTLENECK INFORMATION ON THE DANUBE FAIRWAY

AT, SK, HU, HR, R

INFORMATION SERVICES PORTAL BG. RO

Description of activities

The minimum actual water depth is calculated based on the difference between the actual wa
level and the low navigation and regulationlevel at the reference gauging station, and the
available minimum relative water depth, which is a referenced value to the lowavigation and
regulation level. The result shows the available water depth above the highest point on t
riverbed in the area.

As one value is rather limited information about the area of a bottleneck, a general planPDF
format is attached for downloadcontaining the latest availableriverbed survey informatiorfor the
specific location

Users andstakeholders

1 The web portal was developedor usage by skippers, shippers, logistical users and othe
interested parties.

1 RSOE (Hungaryyas the developerof the FIS portal. fie Danube river administrationsfrom
Austria down to Romanigrovided data

Keysuccess factors and innovative aspects

This visualization is a summary of the information on bottlenecks from seven riparian countri
This makes voyage planningnore comfortable forwaterway users.Visualization of bottlenecks
and database structure was harmonized.

Time frame and status

The portal was developed within the scope of th&U cefunded NEWADA (2002012) and
NEWADA duo (2012014) projects. The bottleneck information was specified dungy the run of
the NEWADA duo project.

In the future the information regarding the bottlenecks in all countries shall be automatized |
much as possible.

Lessons learned

1 The development of the bottleneck web service was a success, but it will need to laated
to serve the needs of all administrations/countries.

1 The display of bottleneck informationif table form and a PDF of the latest available
hydrographic surveywill need additional harmonization.

Requirements for implementation in otheMember Staes

Harmonized data input and display (uo-date hydrographic surveying measurement not olde
than one year and related water level measurements at reference gauges), technical backgroun
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Danube
AT, SK, HU, HR, RT

N) BOTTLENECK INFORMATION ON THE DANUBE FAIRWAY

INFORMATION SERVICES PORTAL BG, RO

Further information/contact

Ms. Barbara Kéri

viadonau 8 Osterreichische WasserstraReesellschaft mbH
DonauCity-Stral3e 1, 1220 Vienna
barbara.keri@viadonau.org

+43 50 4321 1635

The Austrian Waterway Management Company (\danau) delivereda Good Practice Example in
regards to user information. Their Navigability Analys of the Danube"is based on longerm
statistical analyses of hydrographic measurements and is aimed at supporting the shipping industry
and the logistic sector by supplying information concerningtatistics about the available vessel
draughtfor the transport of different types of goods on the Danube river

Danube

O) NAVIGABILITY ANALYSIS OF THE DANUBE T |

Problem/topic

Longterm statistical analyses of water levels deliver valuable information to waterway users fr
the navigation andshipping industryas well asthe logistics sector.

Objectives

1 To offer waterway users a tool to plan their transports in line with the statistically mc
probable fairway conditiondor the transport of different types of goodshroughoutthe year.

1 To enable the shipping industry and the logistics sector to include inland waterway transp
in their transport chains whenever it is most likely to be economically viable.

Background information

Although the organizational structures changedover time, time series of hydrologica
measurements have been archived systematically since decadas via donau The navigability
analysis includes daily measured water levels since 1981. BHiuge amount of data was analysd
for the tworeference gaugesof Pfelling (Germany) and Wildungsmauer (Ausiria

Description of activities

Data of water level measurements collected ev the last 34 years were analysd in order to
derive statistical indicators with relevance for inland waterway transport. In ordercalculate the
available draughts retrospectively current rating curves were used to calculate the discharge ¢
subsequently the available fairway depth. Exemplary results of the analysis are:

1 The range of water levels in the course of the year from 188 2014, showing the longterm
daily minima and maxima and thus indicating the probability of high or low water levels.

1 The probability of different draughts available for each month showing that in spring a
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Danube

O) NAVIGABILITY ANALYSIS OF THE DANUBE ST |

summer the probability of a draught of 2.5 nfairway depth is higher while in autumn anc
winter the probability is lower.

9 Tables indicating the duration of an available draught below several thresholds to ideni
months and years favarable for navigation.

Users and stakeholders

1 The AustrianWaterway Management Companyié donau) gathers and stores hydrographic
measurements since decades and decided to prepare the dat® suit the interests of
waterway users.

1 Results are presented to interested companie§.e. producers of bulk cargpin consderation
of their specific types of goods and their characteristic stowage factors.

Key success factors and innovative aspects

Following points have ensured that the navigability analysis on the Austrian Danube stretct
appreciated by the users:

1 Desciiption of theoretical background (maximum vessel load considering volume and wei
as limiting factors).

1 Clear presentation of results using charts and figures with short explanatory texts on how
read and interpret the graphs.

I Customized arrangement ofesults and faceto-face presentation to interested (future) users
of the waterway.

Time frame and status

The program started in 2013. Regular updates are performed continuously.

Lessons learned

Representatives of the navigation industry and théogistics sector appreciate the navigability
analysis and consider the results useful for their purposes.

Requirements for implementation in otheMember States

For the implementation of such analyses in othéflember States the following requirements have
to be met:

1 Gapless, daily hydrological measurements.

1 Information on volumes of cargo holds and maximum loading capacity (tonnage)
commonly used ships on the respective river.

1 Current water level rating curves and bathyetric surveys.

2
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Danube

O) NAVIGABILITY ANALYSIS OF THE DANUBE

Austria

Further information/contact

Mr. Ulf Meinel

Transport Development

via donau & Osterreichische Wasserstralen Gesellschaft mbH
DonauCity-Straf3e 1, 1220 Vienna, Austria

ulf. meinel@viadonau.org

Phone: +43 50 4321-1625, Mobile: +43 664 80842 1625

7.5.2 User integration

In regards to user integration in the waterway maintenance process, the French waterway
administration Voies navigablesde France (VNF) established a Good Practice Example. They
integrate users on national and local level by organizing regular user committees.

~ National inland |
P) REGULAR USER COMMITTEES ON NATIONAL AND LOCAL | waterways

France |

. Problem/topic

There is abig potential in regards to improvement of user integration in the planning ar
implementation process of maintenance activities of European inland waterways. On the ¢
hand, effective and stable possibilities for users to express their needs have to biéeced, on the
other hand, information on maintenance activities, future projects and recent developments ha
to be provided in a convenient and targegroup oriented way.

Objectives

1 To establish regular user committees. These meetings keep waterwaerssinformed about
recent activities and actual nautical conditions from an early stage on. More important
they ensure a serviceoriented approach towards maintenance activities and infrastructur
projects by offering the users an occasion to expressein needs.

1 Toensure structured user involvement by a legally binding procedure.

Background information

Voies navigablesie France (VNF) is legally obliged to organize quarterly national user committe
Local user committees must be held at least twice a year for each of the seven local branch
Specific information and discussion events on larger projects complement tleeactivities.

Since April 2009 VNF is entitled to determine maintenance and improvement periods during wh
navigation may be restricted or prohibited. These steps demand for extensive information of ¢
discussion with waterway users.
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National inland

P) REGULAR USER COMMITTEES ON NATIONAL AND LOCAL | waterways

France

Description of adivities

National user committees are organized quarterly. One of the four is dedicated to regu
maintenance works. The approved protocols are published on the VNF website after each meef
Decisions of the VNF board on maintenance and improvement w®rare published in the official
bulletin for French waterways.

Local user committees take place at least twice a year for all seven local branches of VNF
follow local working procedures. The first meeting is organized prior to the tourist season ¢
focuses on nautical conditions and the services and activities provided in the last year. During
second meeting in the last quarter of the year, planned works for the upcoming year are presen
and envisaged projects for the year after that are discued. The local committees propose topic!
that shall be discussed at national level and point out projects which may require actions frc
VNF. Provisional dates are announced at the beginning of the year. An invitation and the age
have to be sent out at least two weeks prior to the meeting. No longer than four weeks after t
meeting, the transcripts have to be sent out. The participants may object to the contents witl
two weeks. Afterward this time slot VNF publishes the proceedings its website. They contain ¢
list of the topics that were discussed as well as actions expectébm VNF, including a locatior
and deadline.

In addition to the national and local user committees, large projects issue to targeted informati
and discussilm events. Both, the internal coordination meetings and the participatol
opportunities follow a sequence, which allows VNF to build on the outcomes of the previ
meetings.

Users and stakeholders

1 VNF organizes local and national committees and specifinformation and discussion
events.

1 The participants of these committees and events include representatives from freig
business (shippers union, skippers union, shipping companies union, inland ports Fren
federation), t ourism industry, environmental sakeholders, transport ministry and/or other
specific local interest groups & each year, organizations attending the committee confirr
their representative

Key success factors and innovative aspects

1 A standardized participatory sheme assures that VNEustomers' opinion is heard regularly.
Through this institutionalization customers are taken seriously and participate readily.

1 The agreed rules of procedure include a timely naotification of events, the issuing and revis
of the proceedings, as well ashe publication of the results.

1 Among others, one of the purposes of those local committees is to set up a provisio
maintenance & restoration schedule in compliance with neighbdog fairways authorities
(nonFrench, or out of the VNF networ eg IW irtluded in seaports domain).

>
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National inland

P) REGULAR USER COMMITTEES ON NATIONAL AND LOCAL | waterways

France

Time frame and status

Standardized participatory schemes are implemented at national and local level sin2609

National & local users committees practically started running on apr2009 in compliance with a
national act dated dec 16", 2008. This act referred specifically to the planningf maintenance &
improvement works on the French IW network, but VNF took the advantage of this opportunit,
set up a national & some local uses consultation committees. Each local committee is in charg
of setting up a local committee, as well as its internal rules and yearly provisional agenda. Lc
committees topics may be discussed at the national committee, on their own request

Lessonslearned

Local committees deal with very practical matters (locks working schedules, canals depth, bal
condition, equi pments in ports or along ri
more with general topics : VNF maintenance & restorationt r at egy, user s
results & conclusions, etc. (differs however from VNF regular board meetings). Those |
committees efficiency | eans very much on V
or remarks, even if answers are neglive (impossible to carry out such works, budget unavailabl
etc.).

Requirements for implementation in otheMember States

It is noted that local user committees should reflect the geographic characteristics of the inla
waterway infrastructure and tle interests of users connected to it.

Besides a fixed number of representatives from freight and tourism industry and according to 1
topics on the agenda additional participants should be selected carefully.

Depending on the state specific decisiomaking structures, authorized representatives should b
present in order to come to solid agreements.

Further information/contact

Mr. Eloi Flipo

Head of Cargo Transport Department

Voies navigables de France (VNF)

175 rue Ludovic Boutleux, 62400 BéthunefFrance

The Netherlands integrate users in the maintenance process too. By conducting regular user surveys
they get feedback on the nautical services. This enables the authority to better address the needs
and preferences ofinland waterwayusers (see nextpage)
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National Dutch

Q) USER SURVEYS ON SERVICES OF THE NATIONAL WATERV zicruays

ADMINISTRATION The Netherlands

Problem/topic

The Dutch Waterway Administration RijkswaterstaiRWS) wants to enhance their performance
provide a better service, improve their corporate image, and increase their knowledge. To achi
this, RWS started measuring satisfaction of the public and users in regards to their products &
services.

Objecives

1 To obtain management information in e.g. the underpinning of investments.

1 To analy® trends, impacts on the corporate reputation, and to see whether policy goals (su
as the ambitions of the business plan "OP2015"are achieved.

1 To increase customewalue by taking user feedback seriously and enabling them to expre
wishes, and to measure user support.

Background information

User enquiries and surveys are beneficial tools. They provide insight into customer value, a
monitoring of policy vision, and can give advice about adjustments of policies.

Description of activities

g =

1 Within the user surveys on RWS services, following activities il e
are conductedUser satisfaction survey (GTO): Onlineface-
toface questionnaires show the satisfaction of the public S ks RviEgenndKiEo TSk
with the products and services provided by RWS.

1 Digital customer panel: Online questionnaires measure the
same group of people over a longer time period, e.g.
residents along the Adnotorway

1 Stakeholders participate in stakeholder platforms and are
enquired about projects (e.g. the renovation of bridges).

i Focus groups: e.g. traffic safety orhe o¢cutbacks and
efficiency progrand.

Figure53:
Gebruikstevreidenheid
sonderzoek Binnenvaart

1 Traffic suveys andinvestigatiors of influenced areaetc. are
conducted.

1 User councils are held locally: at least twiche a year (nhational user committee: 4 times a yes

1 RWS publishes reports, factsheets, leaflets and gives advice to the useRVS created the
business plan "OP2015!" A national user analysis is published annlig. Each month the fact
sheet "What does the audience thinkd$ released.
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National Dutch

Q) USER SURVEYS ON SERVICES OF THE NATIONAL WATERV waterways

ADMINISTRATION The Netherlands

Users and stakeholders

1 Stakeholders are residents and other interested groups, local and other public authoritie
contractors and users

1 Users include the users of the three infrastructure networks: main roads, main fairwa
railways and sea portRijkswaterstaat acquirs knowledge about user behavior anc
collaborates with local authorities. Behavioral effects and public support for measures crea
the framework for new research.

The different public stakeholders in the process have differefdrms of use of the survey data:

RWSBoard: Results ambitions Business Plan (OP2015), Annual National User Analysis, mor
fact sheet ' What does the audience think®d

Board staff: Users CouncilStakeholder collaboration (ANWB or Schuttevaer)
Regions: Evaluations of behaviour, planning obltaboration with local authorities

Dedicateddepartments: Measure specification based on information of user behavious, cratiion
new researchframeworks.

Key success factors and innovative aspects

1 As the management is involved, they are directigformed and the results can subsequently
lead to better management decisions.

1 Through these surveys, a multiannual program can be established that is tailored to the ne¢
and interests of different users and stakeholders.

Time frame and status

It is acontinuous program that has started in the yed000 an is evaluated regularly.

Lessons learned

Many lessons are learned through the evaluation of the program and the willingness to me
adjustments.

There is a broad variety of stakeholders and users;.ge: road, inland navigation, passenge|
navigation, sea navigation and recreational boating. Every group needs a different approact
surveying and communication. Therefore regular evaluation and adjustment is necessary usieg
different forms of survejng.

Requirements for implementation in otheMember States

For a successful implementation in otheMember States the management of the respective
waterway administration needs to be confident of the benefits and has to facilitate such surveys.

Participation has be organiszed and managed; different user groups may use the survey dati
different ways.
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National Dutch
Q) USER SURVEYS ON SERVICES OF THE NATIONAL WATERV waterways

ADMINISTRATION "~ The Netherlands

Further information/contact

Mr. Jan Bosland

Rijkswaterstaat, Zee en Delta

Directorate Network Development/Programming Department
Visit: Poelendaelesingel 18, 4335 JA Middelburg

Mail: Postbus 556, 3000 AN RotterdamThe Netherlands

139 PLATINA 2 is ctunded by the European Union (DMOVE)- (=]



pl(]tmo 2 GOOD PRACTICE MANIALINLAND WATERWAXIMTENANCE

8 Synopsis and recommendations

Based on the experiences made in practical implementation, the following aspects may serve as
guidelines forefficient and effective fairway maintenance:

8.1 Fairway maintenance

Regular fairway maintenance ign essential tool to prevent deterioration of fairway parameters and
fairway infrastructureand must be seen on the same level of importance as structuréngineering)
interventions. Especially when measures are prioritized on corridor level, maintenance needs to be
taken into account to a much higher degree. The importance of fairway maintenancwist be
communicated to decision makers and stakeholders more intensely.

The fairway maintenance strategyapplied by the responsible bodies shall béntegrative and
sustainable as described in Gapter 6.1, and take the various functions of a river into accountif

particular ecological needsand flood protectior). This includespro-active interventions and the

provision of acontinuous fairway channebf sufficient depth and widthat a defined low navigation
reference water ével Implementing such a strategywill contribute to averting bottlenecks and
emergency interventionsreduce negative effects on ecology, cost and threliability of the waterway
transport infrastructure.

8.2 Fairway maintenance cycle

Successful waterwaymaintenance requires multiple stepsmonitoring the status of targeted fairway
parameters and infrastructure, planning andexecuting maintenance measuresand informing the
users of the waterwayin the best suitable manner(fairway information services)These steps are
described in thefairway maintenance cyclésee Chapter7). As an overall goal, the time between the
identification of the requiremen for a fairway maintenance measure and its implementation should
be shortened. To do so, he effectiveness (resultoriented), efficiency (costoriented) and
environmental soundness of each athese activitiesshould be further enhanced.There issignificant
potential for improvement of these elements and their interplaywithin this processin most of the
European countries

As a general statement the fairway maintenance cycle should be considered as eontinuous
improvement processwith consolidatin through standardization (see Bapter 6.2). Monitoring and
evalulating the (short and longerm) effects of measures also play a key role.

The basisfor such an improved fairway maintenance cycle is solid decision basis of higkyuality
data that enables to identify the most suitable measures. In this respect, there is significant need for
improvementin several European countries.

Monitoring and evduating measures and their effects are key activities in the improvement process.
Suitable performance indicators and longerm data series are prerequisites for this approaciihese
aspects need to be reflected for the respective waterways or their sect
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8.3 M aintenance m easures

Limited resources require aprioritisation of maintenance measures(see (apter 7.2). The type,
extent, cost, duration andscheduling of measures is dependent on theelevant targets, pursued
maintenance strategyand available resourcesThe absolute prerequisite for a sustainable process is
a solid data basis enabling efficient decision making and cleaommunicatons of plars and results.
ed.

Maintenance dredgingcan not be completely substituted. Howevempperational measures (i.e.
shifting the course of the fairway andér narrowing of the fairway) argpowerful alternatives to
maintenance dredging.On rivers or riverstretches showing a sufficient width of cross sectionshey
need to be considered as viable option- they have a lower impact on the riveare usually cheaper
and easier/faster to implement The prerequisite for such measures is a solid and high quglidata
basis in order to identify and define the appropriate actions.

Furthermore, structural (river engineering)measures must be taken into account when developing
maintenance measures, and vice versaRiver engineering measures may have a great impaan
site-specific conditionsand reduce maintenance efforts Future studies should investigate ways on
how to improve theinterplay between these twoapproachesand how an adjustment of one or both
enhances the situation.However,due to the constant hydremorphological changes in the riverbed of
natural rivers,basis maintenance dredging works caalso not be totally avoidedby river engineering
measures.

Corresponding to arintegral and holistic management of water resourceisased on river catchment
planning, measures in the context of inland waterway maintenance must lkeeacted in accordance
with the environmental law, in particular with the demands of th&ater Framework Directivé\WFD)
The implementation level of this European égislation is the national onethe environmental impact

of maintenance activitiesis assessed in course othe official national approval procedures following
water, navigational and environmental law To evaluate if maintenance measures have negative
effects on water quality elements is task of external experts and done within the legal approval
process. In case such negative are expected, measures are still possible if gxemption criteria of
Art. 4.7 of the WFD are metNational authorities shouldbe bound under the national law to apply
these criteria prior to authorising projects.

As maintenance activities are usually smaller, but enacted on a longer, regular term, evaluation of
each measure is as- generally speaking- not appropriate; framework agreementsshould be found.

In the majority of cases, maintenance measures do not to hawas strong an influence on the status

of a water body as structural measuresand thus usuallydo not entail severeconflicts with the Water
Framework Directive As he integrated strategy illustrated in this manuakims to identify the
measure that is most benefitial to transport as well as environmental goalspme navigationrelated
measures can even improve the ecological situation.

No general recommendation regaling the relocation of dredged material can be given.A case by
case approach shall be applied respecting that sediment dredged from a free flowing stretch should
be put back into the same free flowing stretch of the river in order to preserve its sedimératiance.
The (if available) applicable sediment management plan might foresee not to reinsert the dredged
sediment, which can be possible if it does not cause negative impacts on the sediment balance of
the river stretch.
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Whether reinserted sediment canor should be immobilized, e.g. by putting it back into groin fields,
depends on the specific location and desired effects; this should also be decided on césecase
basis. In general, the link of maintenance activities and sediment management within RivBasin
Management plans should be enforced.

8.4 Corridor -oriented approaches

Avariety ofcorridororiented maintenance approachess existing(see Ghapter 6.3.4). Theseshould
be further elaborated, e.g. asregards to joint definition of targets(see Gapter 5.3), harmonized
standards and data analysis coordinated planning, execution and monitoring/evaluation of
measures.

A cooperative approachis needed betweennational waterway management authorities, competent
ministries (e.g., transport, environment),international river commissbns and river protection
commissions as well as different groups of stakeholder€@n thenational as well asEuropean level,
appropriate structures should be provided for supporting these coordination efforts.

8.5 Waterway management authorities

Currently, mary public activities areoutsourcedand handed over to private companieddiowever, the
capability todecide independentlyand act accordingly in order to safeguard public dutidsas to be
secured at waterway administrations This requires adequate financial resources, upto-date
equipment, sufficient and skilled staff as well as a neutral decision basis of precise and targeted
data which is available irhouse.

Concerning dredging interventionglexible multiyear framewak contracts, as described on pag®4,
might prove to be a good intermediate solutioto balance public duties and outsourced tasks

8.6 User integration and information

Communication withaffected stakeholders and discussiorof their views need to be designed in a
structured process.In every case, inputs shall be evaluated and the results communicatedlso as
regards user integration, the principle of proportionality must be taken into @aunt: fully fledged
participation processes for single maintenance measures are usually not appropriate.

In addition to securing the targeted fairway infrastructure parameters, providinfgirway and
infrastructurerelated information to users of the watevayd such as skippers, shippers and logistics
companiesd is a key element of an integrated maintenance approactmproved and more detailed
information on critical locationsenables better use of the available fairwaparameters Thus, sich
information has to be upto-date, focussed anddesigned in auserfriendly way to enablethe use of
its full potential. Also information activitiesshould be subject to continuous improvement.
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9 Outlook and f urther topics of interest identified by
the expert group

Within PLATINA, no further activities of the European Group of Expertare planned. Howeveras
this exchange procesavas consideredvery valuable andwas highlyappreciated by the participants
and the broader audience adressedit should be continued especially as many topics were
identified to bein need offurther discussion.

In particular, a supplementary manual focusing omaintenance oflock facilities, weirs and bridges
(also_covering canalsyshould be prepared. Furthermore, the concept i Gobdldvi gat i on
needs substantiation. A further key topic refers tthe interplay of maintenance and ecologgnd how
mutual benefits can be leveraged.

The following listwas identified in course of the expert group work angrovides an overviewof the
topics that are in need of further discussion:

1 Maintenance oflocks, weirsand bridges

Fairwayrelated infrastructure itemsd mainly locks weirs and bridges- are essential elements of
the waterway networkThus, appropriate maintenance of these elementss key to competitiveness
of waterways As they have different characteristis (to the fairway and to each other)separate
analysis and specific guidace is needed Especially maintenance of locks will be a main topic in the
coming years.

1 Elementsandimpement at i on of t he téalousdd Nasvd)eg act h aopnt eSr

The TENT Guidelines(Art. 15) require Member States to ensure that rivers, canals ahlakes that
are part of the TENI corridors are maintained so as to preserve a "Good Navigation Statugiile
respecting the applicable environmental lanHowever, the elements thatlefine such a status, the
steps needed to operationalize and effectively monitor it on the various waterways of Eurbpee
not been specified. This issue is taken u pstudyygonteacted B dhe d
European Commissiorrunning from January2016 & December 2017 Its results are expected to
provide key inputto this issue.

1 Environmental aspects of fairway maintenance measures

Navigational maintenance measuresd which always have to be enacted in compliance with the
existing environmental law influence the ecological situationof a river. These influenceslepend
strongly on the specific site conditions. In addition to research on how negative effects of
navigaional measures can be minimized and positive ones can be further enforcedspecial
consideration ofthe application of environmental law (especiallgf the WFDand its exemption$ in
practice, on national scale, is requiredThis, for instance, refers toexperiences on the issue of
quality elements and status deterioration and ohow to apply theexemptionconditions as outlined

in WFD Art. 4(7)Furthermore, identification of more suitable measures and the needed conditions
are issues to further investigée.

Addressing thesequestions would most probably contribute to a better design of measures,
avoiding delaysn their implementation and create more security by supporting their
implementation in accordance withexisting environmental legislation.
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Furthermore, the relation of waterway maintenance activities and sediment management is a
promising topic. In particular, harmonized monitoring approaches for sediment transport and links
of maintenance dredging andsediment management activities & plans and Riwer Basin
ManagementPlans are of interest. This also includeshe handling of different sediment typesthe
use of dredged material and the optimised timing and location of dredging and disposatasures.

1 Interplay between structural (engineering) measuresnd regular maintenance activities

As structural interventionson a river (e.g.groynes) influence the need for and effects of
maintenance measures (e.g. regular dredging)and vice versa, further investigation of this
interaction is advised.Improved desgn of structural measures could reduce the need for regular
maintenance activities, whereasadvanced maintenance conceps can reduce the need for capital
interventions Designing measureghat make use of this interplay in an optimizeevay can improve
the fairway situation and on the same time reduce intervention efforts. This results not only in cost
savings, but is in particular benefitial to the other functions of a river. Especially regarding
environmental functions, less and softer interentions contribute to an improved ecological
situation. The various possibilities for such improvementseed to be further investigated.

1 Improved technologies and methods for measurement, analysis and forecast

A more detailed investigation of theype and quality of data needed for effective waterway
managementin relation to specific river (sectionsls advised.Some waterway administrations have
a comparably large amount of data available, whiabffers possibilities to conduct specific analyses
and deelop additional services. These possibilities slld be exploited more efficiently on national
as well as crosshorder level.

Furthermore, improved methods fowater discharge modeling andvater level forecast should be
developed.These aspectsprepare the grounds for effective decision takingnd longterm analysis
and assessment of measuresImproved water level forcast is also of particular interest for the
navigational usersof the waterway to support them in optimizing the draught of vessalds speciic
trips.

1 Transnational cooperation in training of staff

The work on the expert group has again shown the importance and surplus value of exchange
between waterway administrations from various countriesStructured discussion of experiences
from practise and sharing of knowledge has proven to be benefitial to all participants, not only
within a waterway cooridor, but beyond. Such a platform should be continued, but is not the only
possibility to foster exhange. Several participants have pointed out the importance of
transnational cooperation in training of staff (e.g. exchange programmes). Some bilateral initiatives
are existing, but cooperation in this field could be significantly improved and bettenstiured.

I Targetgroup oriented information design

The different user groups of a waterway have different needs towards information content and
design. Even within the group of navigational users, the requirements are varyiAg.targeted and
high-quality information can significantly contribute to better exploiting the potential of the exisiting
fairway conditions, this aspect has to be seen as a further key element of optimized waterway
maintenance. Further development of ontent, frequency and quality ofNotices to Skippers,
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surveying trackplots, fairway marking and signalling, water level forecasts, bridge clearance,
historical data and prognosis, floating ship data etds necessary.

1 Coordination of players in the planning process

As is it the case wi structural interventions, different stakeholder groups are affectedithin the
various stages of the maintenance processStakeholder consultation is part of the permitting
procedures for maintenance activities and must follow the applicable legdtamework. To which
grade theseprocesss are extended should be considered carefully, while keeping proportionality,

efficiency and capability to act in mind. Ways to improve effectiveness of these processes should
be examined.

Furthermore, improved methds for efficient capacity planning for maintenance (including-touse
provision vs. contracting) should be investigated

I Financing models for maintenance

Also cities and regions profit from a successful inland navigation sector. Thus, they take interast i
sharing the costs for maintenance operations on locks, weirs and the fairway. It wbbe benefitial

to investigate (short and long termY¥inancing models between the national, regional and local
authoritiesin this respect.
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http://wwf.panda.org/?63020/Free -flowingriversEconomicluxuryor-ecologicatnecessity.
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11.1 Glossary

ADN 8 Regulation annexed to the European

Agreement concerning the International Carriage of
Dangerous Goods by inland Waterways (UNECE
document)

AGN & European Agreement on Main Inland
Waterways of International Importance

Alluvial o) Something made of
gravel/mud/silt/sand deposited and formed by
rivers or floods

Aluvium 6 A finefyrained deposit, composed
mainly of mud and silt, deposited by a river

Apron & Layer of stone, concrete or other material
to pr ot ec stomaganstscouwingur e 0

Aquatic dredged material placementd Dredged

material placement options under which the
dredged material is submerged under water and
remains water

Aquatic habitatd Submerged water communities in
the sea, rivers, or lakes

Automatic Identification System (AIS) Automatic
communication and identification systenintended
to improve the safety of navigation by assisting in
the efficient operation of vessel traffic services
(VTS), ship reporting, shifp-ship and shipto-shore
operations

Backwater & Water held back in a channel or
stream by a dam ballasting intaking ballast water
to enable the vessel to clear a bridge, increasing
the draught

Bank protection & (Engineering)works to protect
the bank from eroding

Bar & An elevated region of sediment (sand or
gravel) that has been deposited by the flaw

Barrage 8 A facility for damming a river to control
its water level

Barge 0 A vessel without its own motor, it is
towed/pulled by a tugboat.
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Basel Conventiond Convention @ the control of
trans-boundary movements of hazardous wastes
and their deposits (1989)

Bathymetry 6 The study of underwater depth of
water bodies, topography of a water body

Bed erosiond The deepening of a streanfriver by
erosion of its bed

Bed load 6 The weight or volume ofsediment
rolled or moved by a stream along its bed in a unit
of time.

Bed profile & A curve indicating the elevation and
shape of a river bed; may be a longitudinal curve or
a transverse curve at a crossection.

Belgrade Conventiond Convention regarding the
regime of navigation on the Danube; signed in
Belgrade on 18 August 1948; see Danube
Commission

Bend radiusd Radius of curvature of the fairway

Bottleneck 8 A section of the waterway with
restricted  fairway  parameters, due to
morphological, hydrological or traffic density
related reasons

Bulk & Unpacked cargo that is discharged via
grabbers, diggersor similar machinery (e.g. coal,
ore, grain)

Buoy & A floating devie that marks the fairway
allowing ships to navigate safely

Calibration & Comparing accuracy of an
instrument s measur emen
setting attributes and computational parameters
so that a model properly represents the situation
being analysed

Canal 8 Artificially created waterway or channel,
mainly for the passage of vessels

Catchment area of the river (drainage area,
drainage basin) 8 Includes the whole drainage
area of a river and its tributaries, overground and
in the ground
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CCNROJ Central Commission for Navigation on the
Rhine Central

Central Danubed Navigable stretch of the Danube
River between the Iron Gate (km 931) and the
Hungarian port of Gonyt (km 1,794).

CEVNIJ European Code for Inland Waterways,
document of the UNEE

Chevron & Ushaped river engineering structure
with blunt nose and open end facing downstream
the current is diverted along both sides of the
structure.

Container 8 Standardized transport unit

Container vesseld A notor cargo vessel that has
been constructed specifically for transporting
containers.

Convoy d A formation consisting of one motorized
and one or more nommotorized vessels (towed
convoy, a pushed convqy or a sidebyside
formation).

Qest level 8 The level of the top ofa hydraulic
structure (e.g. gnoyne, sill, guiding bund,
embankment)

Qritical sector'section d Part of the fairway where
no sufficient depth/width/vertical clearance is
guaranteed and available

Qosssection, profle 6 a plane, generally
perpendicular to the centerlineof the river or the
fairway.

Dam 8 Amassive wall or structure erected across a
valley or river for impounding water

Danube Deltad The second largest river delta in
Europe; has a high level of nature protection

Danube River Protection Conventiond An
international convention for cooperation on
transboundary water management in the Danube
River Basin; signed on 29 June 1994 in Sofia and
entered into force in 1998.

DC & Danube Commission; an international
intergovernmental organization established by ¢h
Convention regarding the regime of navigation on
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the Danube signed in Belgrade on 18August
1948; since 1954 its seat is in Budapest; official
languages are German, Russian and French.

Depth contourd Aline on a map connecting points
of equal depth below the hydrographic datum

Design High Navigation Level (DHNL) Design

navigation level determined with the D hydraulic

model associated with the 1% duration of
discharges over the30-year period

Design Low Navigation Level (DLNLP Design
navigation level determined with the D hydraulic
model associated with the 94% duration of
discharges over the30-year period

Dike (or dyke)d An embankment or a levee for
confronting water especially along riverliks to
prevent flooding of lowlands

Discharge (Q)d The volume rate of water flow,
including any suspended solids (e.g. sediment),
dissolved chemicals and/or biologic material which
is transported through a given crossectional area
(Q= AxV, where Ad cross sectional area (m2) and
V is the mean velocity of water (m/s))

Discharge regime 0 Characteristics of the
discharge of a water body governed by factors such
as climatic conditions or characteristic regional
features of the catchment area

Draught (draft) 8 The vertical distance between the
lowest point of the hull or the keel and the
maximum draught line

Dredger 6 Device, machine, or vessel that is used
to excavate and remove material from the bottom
of a water body dredging excavation of sediment
from the riverbed with floatingequipment

Dredged material 8 Material excavated from the
riverbed

Drought 8 Continuous dry weather that is without
significant rainfall

Dry dockd An enclosed basin from which the water
can be pumped out (a ship getsvaterborne into
the dock, the dock gates close, water is removed,
the ship stays on docking blocks for repairs or
cleaning)
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Duration curve d A curve showing frequency with
which given values are equ#dd or exceeded
during a certain period

ECDIS) see:Inland ECDIS

Echo sounder 8 An instrument for measuring the
depth of water by recording times for sounds to be
echoed back from the rivelbed.

ECMTO A classification scheme of European inland
waterways (ranging from dVll) created by the

European Conferace of Ministers of Transport

(ECMT; French: Conférence européenne des
ministres des Transports, CEMT) in 1992.

EFIP 6 European Federation of Inland Ports;
comprisingnearly 200 inland ports in 19 countries
of the European Union, Switzerland andhe
Ukraire.

EIAS Environmental Impact Assessment

Electronic Navigational Chart (ENG) Database,
standardized as to content; structure and format,
issued for use with ECDIS on theuthority of
Government authorized hydrographic offices
contains all the chartinformation necessary for
safe navigation and may contain supplementary
information in addition to that contained in the
paper chart (e.g. sailing directions) which may be
considered necessary for safe navigation

Embankmentd A levee, an artificial bank aised
above the immediately surrounding land to redirect
or prevent flooding by a river, lake or sea

ENI& European Navigation Identifier

ESPOOO Convention on Environmental Impact
Assessment in @rans-boundary Context (UNECE)

EWLG Equivalent Water Leel.

Etiage Navigable et de Régularisation (ENR) or Low
Navigation and RegulationLevel (LNRL) 6 Water
level derived from the rating curve, defined for all
navigable sections of the river, defined by the 94%
duration of discharges over the 3§ear period,on
days without ice (defined by the Danube
Commission)
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EUSDR Strategy of the EU for the Danube Region
(Danube Strategy) macro regional strategy of the
EU gathering 9 EUMember States and 5 non
Member States

Fairwayd The part of the waterway withtargeted
depth, width and vertical clearance which enables
continuous navigation (definition applied in this
document;see CCNR 206)

Fairwaychannel 8 The navigable crosssection of
the fairway with the minimum width and depth
necessary for continuous naigation.

Fairwayaxis 8 Centerline of the fairway

Fairwayparameters 0 That is, depth and width of
the fairway, vertical clearance and bend radius

FFH Directived Flora Fauna Habitats Directivés a
EU directive in relation to wildlife and nature
conservation. Its aim is to protect the approx. 220
habitats and 1,000 species listed in its Annex. The
directive is a basis for the Natura 2000 network.

FIS (Fairway Information Systemf Geographical,
hydmological and administrative  information
regarding the waterway (fairway)

Floatingcrane 8 Crane installed on a floating unit

Floating equipment & Hoating structures carrying
machinery used for work on waterways or in
harbors (dredgers, elevators, derriks, cranes,
etc.).

Flood control 6 Regulation of flood waters to
prevent or minimize inundation of valuable
property or land

Flood probability & The likelihood that a flood of a
given magnitude will be equaled or exceeded in a
given period;the annual ex@edence probability of
a 10-year flood is 10%, an annual exceedence
probability of 1%equalsa 100-year flood

Floodplain (flood plain)& An area of land adjacent
to a stream or river that stretches from the banks
of its channel to the base of theenclosing valley
walls and experiences flooding during periods of
high dischargeevents.
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Ford 8 A shallow sector of the river that stretches
across the whole width of the river

Freeflowing riverd Sections of natural rivers which
are not impounded due to barrages such as
hydropower plants or lock facilities and where
water levels can be subject to considerable
fluctuations.

Gaugezero 8 Hevation of the gauging station with
respect to the meansea level

Gauging station 6 Equipment for measuring the
water level ofsurface water bodies

Geodeticsurvey 6 A survey that takes figure and
size of the earth into account, used to precisely
locate horizontal and vertical positions suitable for
controlling other surveys

Granulometric riverbed improvemen® The use of
coarse gravel to cover lower zones of the riverbed
in order to halt riverbed degradation

Granulometry (of the sedimentp Size of particles
of sediment forming the riverbed

Gravel 8 Unconsolidated rock fragments that have
a general particle size range and include size
classes from granuleto bouldersized fragments

Green buoy d Green floating navigation sign that
marks the left boundaryof the fairway

Groyne (groin)d A river enginering structure built
at the angle to the river centerline todeflect the
flow into the fairway esp. during lowwater
conditions.

Guide bund 8 A transverse river training structure
aiming to narrow the riverbed and to divert flow
into the fairway in orderto maintain sufficient
depth by increasing the natural sediment transport
capacity.

HautANiveau Navigable (HNN) or Higlst
Navigation Level (HNL$ Water level derived from
the rating curve, defined for all navigable sections
of the river, defined bythe 1% duration of
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discharges over the 306year period, on days
without ice (defined by the Danube Commissian)

Hopper barge 8 An open vessel with a hinged
bottom for transporting and dumping dredged
material.

Hull 8 Watertight body of a ship or boat

Hydraulic modeling & Application of specialized
software packages in order to determine and
predict flow velocity patterns o& river.

Hydrographic surveyd A survey of the riverbed with
specialized equipment in order t@analysechanges
of the riverbed andavailable water depth

Hydrography 6 A branch of applied sciences
dealing with the measurement and description of
the physical features of oceans, seas, coastal
areas, lakes and rivers, as well as with the
prediction of their change over time, for the
primary purpose of safety of navigation and in
support of all other marine activities, including
economic development, security and defense,
scientific research, and environmental protectian

Hydrology 6 The study of the movement,
distribution, and quality of water, including the
hydrologic  cycle, water resources and
environmental watershed sustainability

Hydromorphologyd Physical characteristics of the
river, including the riverbed, banks, connections
with the landscape, including longitudinal
continuity andhabitat continuity.

ICPDR 0 International Commission for the
Protection of the Danube River; a transnational
body established to implement the Danube River
Protection Convention.

Inland Electronic Navigational ChaiIENC)0 see:
Electronic Navigational Chart

IHO & International Hydrographic Organization;
established in 1921 as the International
Hydrographic Bureau (IHB) with 18 nations as
members;the headquarters arein Monaca

Impoundment & Riversection that liesupstream of
a barrage (e.g. hydropower plantand is influenced

.
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by alterations in flow velocity and depth due to the
barrage

Infrastructure costs 8 Costs of constructng and
maintaining (vaterway) infrastructure.

Inland AIS 0 Inland Automatic Identificathn
System a tracking and tracing system for inland
navigation

Inland ECDIS & A standardized system for
displaying electronic navigational charts for inland
waters and associated informationwhich displays

selected information from proprietary electronic
navigational charts for inland waters and optionally
information from other sensors of the craft

ISRBC 0 International Sava River Basin
Commission; the first constitutional session was
held in 2005, the permanentsecretariat started to
work on 9 January 2006 the headquarters arein
Zagreh

IWW?3 Inland waterway: rivers, lakes, canals.

|

Joint Statement 6 Joint Statement on Guiding
Principles for 6 Bvelopment of Inland Navigation
and Environmental Protectionin the Danube River
Basing, developed by the ICPDR the DC and the
ISRBC.

H

Keel & The longitudinal structure along the
centreline at t he
which the rest of the hull is built

|

Load factord Percentageof the maximum possible
loading of the cargo vessel

Lock (navigation lock) & Hydraulic system to
overcome differences in height along a waterway,
in which vessels may be raised or lowered by filling
up or emptying out one or more lock chambers

Lock chamber & A rectangular space located
between gates of a lock in which vessels may be
raised or lowered during locking

bottom
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Longitudinal dike (training wall)d A rock structure
parallel to the river center line to confine the flow
in the fairway

Low Navigation ad Regulation Level (LNB 6 See:
Etiage Navigable et de Régularisation (ENR)

Lower Danubed Navigable stretch of the Danube
River between the lIron Gate hydropower and
navigation system (km 931) and the estuary of the
Danube River into the Black Sea (inafling the
Sulina Canal and the Kilia Arm)

Maintaining & To keep in a condition of good repair
or efficiency

Marking plan 8 Plan of the position and other
attributes of the all floating and coastal signs for a
certain fairway or a stretch of the fairway

Mean discharged Average quantity of water that

flows through a certain crossection of the river

per unit of time on average over a certain period of
time (m3/s).

Mean High Water (MHWY Mean of multiyear
maximum water levels, the average water level
measured at a water gauge over a specific period
of time.

Mean Low Water (MLW)3 Mean of multiyear
minimum water levels

Mean Water Level (MWLY Mean water level over a

multi-year period
of a vessel 0s hul I, on

Mobile craned A aane that is not fixedand can be
moved or driven

Morphological modelling 6 Application of
specialized software packages in order to
determine and predict morphological changes of
the riverbed

Morphology (of the river bed)d Describes the
shapes of river channels and how they change over
time.

Multbeam & Specialized equipment for
hydrographic surveys used for precise 3D imaging
of the riverbed
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NAIADESS An EU action programme suppoirig
inland waterway transport

Natura 2000 & A network of protected areas
designated under the EU Habitats andBird
Directive.

Nautical conditionsd How suitable the waterway is
throughout the year and whether available water
depth is suited for commercial navigation

Navigable watersd Waters of sufficient depth and
width for navigationof specified sizes of vessels

Notices to Skippers (NtSP Information messages
that can be sent by or on behalf of a&ompetent

authority to (inland) ships relating to situations or
events that may impact the navigatioal status of

the fairway.

PIANC oWorld Association for

Transport Infrastructure  (former
Association of Navigation Congresses)

Waterborne
Permanent

Polluter pays principled Principle recommended by
the OECD and the EU that the polluter should carry
the costs of measures required to compesate for
or clean-up pollution.

Pushed barge & \essel designed or specially
equipped to be pushed (see: barge)

Pushed convoyd Group of vessels, one at least of
which is placed in front of the motorized vessel
propelling theconvoy and is known as gusher.

Quayd Astone or metal platform lying alongside or
projecting intothe water for loading and unloading
ships.

Quay walld Constructed vertical or almost vertical
wall to hold waterside cranes

GOOD PRACTICE MANALINLAND WATERWAXIMTENANCE

Radar reflector (active)d An electronic system tlat
responds to a received radar pulse by transmitting
a similar radar pulse; target detection is improved
because the actively transmitted pulse is generally
more powerful than would be the case with passive
reflection.

Radar reflector (passive)d A device mounted on
navigation signs or small crafts that provides a
strong radar signature without consuming energy

Red buoyd Red floating navigation sign that marks
the right boundaryof the fairway

Revetmentd See: embankment

RhineDanube Corridor50One of the multimodal
TransEuropean transport Network corridors (TEN
7

Riparian countryd Country adjacent to a river (e.qg.

Danube riparian countries are Germany, Austria,
Slovakia, Hungary, Croatia, Serbia, Romania,
Bulgaria, Moldova, Ukraine, Russia).

Riparian zone (riparian area)d The interface
between land and a river or stream

Riprap (rip rap, riprap) 8 Rock armour, rubble, or
other material used to armor shorelines,
streambeds, bridge abutments, etc. against scour
and water or ice erosion.

RIS & River Information Services,harmonized
information services to support traffic and
transport management in inland navigation,
including interfaces to other transport modes.

RIS Directived RIS Framework Directive of the
European Union (2005/44/EC)

River basin & The land area that is drained by a
river and its tributaries

Riverbed & The bed or channel in which a river
flows; the bottom of a river.

rkm & river kilometer, the measure of distance in
kilometres along a river from its mouth

SEAS Strategc Environmental Assessment
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Sediment loadd The amount of sediment passing
a crosssection of a river in a specified period of
time.

Sediment transportd Movement of eroded soil and
rock particles in water flow

Shipper 8 Contracting body of a transport

Sill (bottom sill) 6 An underwater structure
constructed perpendicular to the fairway axito
prevent riverbed erosion

Siltation 6 Pollution of water by fine particulate
terrestrial clastic material, with a particle size
dominated by silt or clay

Singlebeam & Specialized equipment for
hydrographic surveys, used for surveying of cress
sectional or longitudinal profiles

Squat d Level to which a ship sinks while it is in
motion compared to its stationary condition on
waterways

Stakeholder & A person, organzation or a
subgroup of an organization that have a common
interest in a project or activity

Stakeholder's participation d Ability and enabled
possibility of stakeholders to participate in the
planning and implementation of (infrastructure)

projects (on the river).

Standby costs & Costs for keeping a ship on
standby (excl.operational costg.

Stern & Rear part of a ship

Strategic traffic image 0 Information affecting
decisions of the users of River Information
Services, displaying all relevant vessels ime RIS
area, including their characteristics, loads and
positions.

Sustainabilityd Utilization of a renewable system in
a way that this system is maintained as far as its
important characteristics are concerned and its
stock level may be regenerated ia natural way

t 8 Ton, a unit of weight equal to 1,000 kg.
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TENT & The EU's Tranguropean Transport
Network (TENI) guidelines in regulation No
1315/2013.

Thalwegd A line connecting the lowest points of
successive crosssections along the course of a
valley or river.

tkm (tonkilometer) 8 Unit of measure of goods
transport which represents the transport of one
ton over one kilometre.

Towed convoyd Group of vessels towed/pulled by
one or more motorized vessels

Tracking and Tracing Systend Part of the RIS;
process of monitoring and recording the past and
present whereabouts of a ship shipment, as it
passes through different handlers on its way to its
destination, through a network; tracing refers to
where the product has been, while tracking refers
to where it is going next

Training walld Longitudinal dike

Transponder 8 Wireless communication display or
control device that accepts incoming signals and
automatically responds to them (combination of
the verbs "transmit" and "respond-’)

UNECE United Nations Economic Commission for
Europe

Upper Danubed Navigable stretch of the Danube
River between Kelheim in Germany (km 2,414) and
the Hungarian port  Gonyu (km 1,794)

Vertical clearance vertical clearance or distance
between high navigation level or max regulation
level and lowest part of the bridge construction in
the navigation opening

Vessel & Inland waterway craft, including small
craft and fery boats, as well as floating
equipment

Vessel Traffic Services (VT8)Shoreside systems
which range from the provision of simple
information messages to ships, such as position of
other traffic or meteorological hazard warnings, to
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extensive managementof traffic within a port or
waterway

Water gauge (station)d See: gauging station

Water level (or gauge height or stagep Water
height at a certain point in the crossection of a
water body

Water level forecastd Estimation of water level in
the near future.

GOOD PRACTICE MANALINLAND WATERWAXIMTENANCE

Waterwayd Any navigable water body

Weir 8 A dam across a stream of a river, with the
purpose of the production of electrical energy by
backing up or diverting water flow

WFD 8 Water Framework Directive EU Directive
(2000/60/EC) which harmonizes the legal
framework for water policy within théJnion

PLATINA 2 is ctunded by the European Union (DMOVE)- =

158



- PLATFORM FOR THE INHMENTATION OF NAESDII
platina 2

11.2 List of f igures

Figure 1: Terminology usef fairway parameters..........cccuvviiiiiiiiiireeeeeeeeeeeeeeeeeeeeeee e 8
Figure 2: Maintenance works and groyne adaption on the Austrian stretch of the Danube
(freeflowing sections Wachau and east of VIeNnNa)..............ceuveeoiiniiccniiiiiiiiiieeee e 9
Figure 3: Fredlowing waterway sections addressed in this Manual.......................eeeee. 13
Figure 4: AGN contracting parties and signatory states (as of October 2014)............... 20
Figure 5: Waterway classes according to ECMT/UNECE (2010).......ccccoeeeeiiieiiicmeeeneen. 21
Figure 6: Longitudinal waterway profile of the Rhine............ccccovviiiiieee e 24
Figure 7: System attributes of integrated/aterway management............cccceeeeeerriiieennnnns 28

Figure 8: The principle of continuous fairway availabilitanslated into prioritisation of
proactive farway maintenance intervention according to a defined minimum level of service

(LEVEI OF SEIVICE L)oot emmee ettt ee et e e e e e e n e e e e es 30
Figure 9: Frequency oéxceedance of characteristic amounts of discharge at the Hainburg
LTI <] 0 = 10 [ [P 31
Figure 10: Continuous quality improvement withDRCA (plardo-checkact) ...................... 32
Figure 11: Standardised structure for performance indicatQrs.........c.cccvvvvvvvvvieeeneeeennn. 34

Figure 12: Performance indicators for the availability of core waterway infrastructure..35
Figure 13: Interdependency of performance indicators and levels of service using the

example of minimum fairway parameters............ccccvviiiiiiieeeicccc e 36
Figure 14: Steering of sustainable performance with the help of performance indicata6
Figure 15: Basic concept of inland waterway management and maintenance.............. 38
Figure 16: Quantities for dredging needed for achieving different LoS for fairway widt#0
Figure I7: Multi-disciplinary use of waterways.............cccooeiiiiiiiceeiiiic e 45
Figure 18: The protected sites of the EU Natura 2000 Network..........ccccoeeeiieeiiicceeneeeen. a7
Figure 19: Schematic diagram of trailing suction hopper dredger (left) and cutter suction
Aredger (FGNL) ..o e e rmmn e 52
Figure 20: Schematic diagram of mechanical dredgers: grab dredger (top left), backhoe
dredger (top right), bucket ladder dredger (bottom left)..............cc e, 53
Figure 21: Conventional "controlled placement” methods (SourédANC2009)............... 56
Figure 22: Conceptual model of physical changes and ecological effects from dredging
FEIAEA ACHIVITIES. .. e ieeeieiiiitie ettt e e et e e e e e ettt e e e e e e e amme e e e e e e nnneeeeees 58
Figure 23: The fairway maintenancCe CYCIE.........uuiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeees e 68
Figure 24: Schematic operation of a singleeam echo sounder..............cccccvvvvvvvieeenn 71
Figure 25: Multdbeam riverbed SUIVEY............oouiiiiiiiiiieeee e 72
Figure 26: Multibeam survey vessel on the Austrian Danube..........cccccceiieiiiiiccceeneeeneen. 72
Figure 27: Comparison ofisgle-beam (top) and multbeam (bottom) surveys................. 73
Figure 28: Fairway profile (cross section) of the critical section "Apafin"

Figure 29: The relation of water levels and fairway depth..............ccccviiiiieeeiiiees 77
Figure 30: Red and green buoy with radar reflector for marking the fairway.................. 79
Figure 31: User interface of fairway marking database developed in the NEWADA duo
610 1T o 82

Figure 32: Classificatiorof structural damage to groynes as applied to structures on the
German stretch Of the EIDE FVEL......... e e a e 85


file://///VIA-TG-STOR01/Techgatedaten/03-Projekte/PLATINA%20II/04_Execution/01_WPs/WP4/SWP_4.3/01_Deliverables/Good%20Practise%20Manual%20and%20Benchmarks%20on%20Waterway%20Maintenance/20160224_PLATINA%202_Manual%20on%20Maintenance_draft.docx%23_Toc444163354

pl(]tmo 2 GOOD PRACTICE MANIALINLAND WATERWAXIMTENANCE

Figure 33: Decision tree fomeasure selection and resulting impact of measures on fairway

AVAIIADIIILY.......ooiiiieieee e e ———— e e e e e e e e e e e 86
Figure 34: Groyne field on the freowing stretchof the Danube east of Vienna (Austri®§9
Figure 35: Innovative river engineering project at Bolters Bar in the Upper Mississippi90

Figure 36: Crosssection of project area #1, Upper Sea Scheldt.............ccooiviiiieecinenen. 91
Figure 37: Planned measures at project site #3, Upper Sea Scheldt........................c.e 91
Figure 38:View of cross profile with fairway parameters (yellow rectangle) and water level
INFOrmMation (DIUE TINE)......ooi e e 102

Figure 39: Display of dredging polygon with automatized calculation of cubature.......102
Figure 40: Dralging pontoon with visual signals (floating equipment at work, protection

against wash, fairway clear on one side) and hydraulic crane together with hopper barge for

transporting dredged SEAIMENT............oiiiiiiiiiiii e e e e e 106
Figure 41: Formula for bed load equivalence (Sourd€.ASz2015: 75)......cccceeeerriiiunnnnen. 111
Figure 42: Schematic diagram of processes influencing the bed load regime of riverd11
Figure 43:Correlation between dumped bed load material and number of days exceeding

MEAN AISCRAITE.....c.iiiiiieeeeeee e eeee e ———r e e e e e aeeeaaaeaas 113
Figure 44: Deviation from the initibwater level at the Iffezheim............ccccccooiiiiiieees 113
Figure 45: Fairway marking works performed by the staff of Plovput..............ccccoooce 117
Figure 46: Layouts of the critical section Futog from 2082015 ...........cccccvvvvvvvivvnienne.. 119

Figure 47: Erosion and sedimentation patterns visualised as the difference in absolute
heights above Adriatic Sea between two hydrographic riverbed surveys of the ford
Schwallenbach in the fredlowing section of he Wachau on the Austrian Danube; blue
areas = erosion, red areas = SEAIMENTALION..........oveuv e eeeee et e e e eeeme s 121
Figure 48: Matrix analysis of sedimentatioprocesses in the freeflowing section of the

Danube in Austria east of Vienna for the

720 1 PO UEERRRRRR 122
Figure 49: Duration of a dredging measure based on the typical backfilling rate of dredged
material in relation to the discharge in the time period............ccccovviiiiiiiiceeee e, 123
Figure 50: Steps Of USer INTEGration..........ccuuviiiiiiiiee e 124
Figure 51: User integration in thevaterway maintenance ProCess............ooccvvvvvreeeeeenne. 127
Figure 52: Representation of critical locations along the Danube. Detailed information
about ead single bottleneck may be viewed in an info box and downloaded.............. 130
Figure 53: Gebruikstevreidenheigonderzoek Binnenvaart.............ccccceeeeiiiiieenseiinnnee 137
Figure 54: Maintenance dredging on thAustrian Danube...............ococviiiiiiieeeiiieeeeeeenn 164

Figure 55: The surveying vessel leads the way to the exact placement spot (left), the hopper

barge is openedo release the material (Hght)........ccccoooiiiiiiiiiii e 165

PLATINA 2 is ctunded by the European Union (DMOVE)“ e

160

ford

e


file://///VIA-TG-STOR01/Techgatedaten/03-Projekte/PLATINA%20II/04_Execution/01_WPs/WP4/SWP_4.3/01_Deliverables/Good%20Practise%20Manual%20and%20Benchmarks%20on%20Waterway%20Maintenance/20160224_PLATINA%202_Manual%20on%20Maintenance_draft.docx%23_Toc444163406

plotino 2 GOOD PRACTICE MANIALINLANDVATERWAY MAINTENANCE

11.3 List of t ables

Table 1: Environmental conduct of standard dredging equipment.......................ccceeeees 54
Table 2: Possibilities of different dredger types..........ooooe e 54
Table 3: Reference water levels at rive Scheldt, Rhine and Danube..................cccooieet 77
Table 4: The general timeframe of a fairway realignment cycle at the critical sector...120
Table 5: List of expert group participants sorted alphabetically by surname............... 162
Table 6: Other participants, sorted alphabetically by surname...........cccccceeeeiiiicneeenn.. 163

161 PLATINA 2 is ctunded by the European Union (DOVE)“ I



| PLATFORM FOR THE INHMENTATION OF NAESDI|
platina Z

11.4 Expert Group p articipants

Table5: List of expert group participants sorted alphabeticallyy surname

Name & Surname Organisation Country

Mr. Martin Boros Waterborne Transport Slovakia
Development Agency

Mr. Jan Bosland Rijkswaterstaat The Netherlands

. Waterways Directorate of the .

Mr. Jan Bukovsky Czech Republic The Czech Republic

Mr. Roman Cabadaj |\ aterbome Transport Slovakia
Development Agency

Ms. Jannie Dhondt Waterwegen en ZeekanadllVv Flanders/Belgium

Mr. LionelDiéval Voies Navigables France France

Mr. Eloi Flipo Voies Navigables France France

Mr. Thomas Hatrtl via donau - Osterreichische| Austria
WasserstralRenGesellschaft mbH

Ms. Petra Herzog WSV Mannheim Germany

Mr. Dusko Isakovic Internqtlopal Sava RiveBasin Sava River Commission
Commission

. . .| International River Basin . -

Mr.g el Miklok o v i te a.tlo. al Sava River Basi Sava River Commission
Commission

M. Ivan Mitrovic Plovput- Directorate for Inland Serbia
Waterways

Ms. Jasna Muskatirovic Plovput- Directorate for Inland Serbia
Waterways

Mr. Horst Schindler Danube Commission Danube Commission

Ms. Zuzana Sebestova Waterborne Transport Slovakia
Development Agency

Mr. Romeo Soare River Administration of the Lower Romania

) Danube (AFDJ)
. Vlaamse overheid, Departement :
Mr. SimTurt Mobiliteit en Openbare Werken Flanders/Belgium
Mr. Eddy Vervoort De Scheepvaart Flanders/Belgium
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Name & Surname ‘ Function Organisation Country
viadonau -
Ms: Gudrun Expert Group Coordinator: Osterreichische Austria
Maierbrugger PLATINA 2 WP Leader Wasserstralien
Infrastructure Gesellschaft mbH
via donau-
Mr. Andreas PLATINA 2 Project Osterreichische Austria
Back Coordinator Wasserstral3en
Gesellschaft mbH
via donau-
Mr. Michael PLATINA 2ZSteering Osterreichische Austria
Fagenbauer Committee Member Wasserstraf3en
Gesellschaft mbH
via donau-
. Osterreichische .
Ms. Katja Rosnher| PLATINA 2 Team Member Austria
Wasserstral3en
Gesellschaft mbH
via donau-
Mr. Benjamin | o, 1 1NA 2 Team Member] OSterTeichische Austria
Ogungbemi Wasserstralien
Gesellschaft mbH
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11.5 Summary of site visits taken by the PLATINA 2 group of
experts

The expert group convened at three different workshops to discuss relevassues regarding
maintenance, to review the draft versions of the manual and to exchange exignces during orsite
visits.

11.5.1 Danube: Bad Deutsch Altenburg, Austria

Host: viadonau, 15 Oct. 2014

Topic: implementing structural measures to reducmaintenance efforts
At the first constitutional workshop, the group of experts visited the dredging site at the ford Bad
Deutsch Altenburg, situated in the frelowing section of the river Danube east of Vienna. This river
stretch is characterised by high flow velocities andoarse sediment. The sediment regime is
disturbed by numerous hydropower plants. The hydropower plant operator is obliged to provide
residual (missing) sediment to stabilize the river bedl'he waterway administrationvia donau is
working on a project degin to reduce necessary dredging interventions to a minimum by
implementing long term engineering solutions in the river (e.g. optimization of groynes and training
walls, removal of riprap, reconnection of side arms). Specific requirements are posed by ltwation
of the site in a national park (Danube floodplains). The sediment dredged at shallow sections is
loaded onto hopper barges, transported upstream and released back into the river at specified sites
to stabilize the sediment regime.

Figure54: Maintenance dredging on the Austrian Danube (© Robert Tégel/danau) (left); the PLATINA 2
group on the Serbian Danube (© Luka Krivokuca/PLOVPUT) (right).

11.5.2 Danube: Belgrade, Serbia

Host: Plovput, 20 March 2015

Topic: implementing stuctural measures and maximising possibilities of fairway
realignment to reduce maintenance efforts
During the second study visit, a surveying vessel of the Serbian waterway administration (Plovput)
took the participants to a critical section for navigato cal | ed oO0Pr el i vftowingl ocat ed
stretch upstream of Belgrade. Here, the Danube has a sandy riverbed and is morphologically very
dynamic which creates numerous critical sections. Due to restricted budgetary resources, Plovput
prefers to realgn the fairway (by resetting the buoys) to optimise the available depth and width,
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rather than to conduct repetitive dredging activities on locations with low bafiking rates. A main
element in this process is the corrideoriented fairway marking dathase that has been established
in cooperation with partners from Croatia, Romania and Bulgaria (see Good Practice Examplp.on
81). It provides a wekbased overvew of all current marking signs, including coastal signs and buoys
in use and enables quick updates and little reaction times.

Thus implementing this database, malfunctions and updating of marking system can be performed
fast and efficient.

The visitedriver stretch consists of the main channel and a sidarm, whichare divided by an island.
As the side arm is slightly shorter and wider than the fairway, skippers often prefer to take this
shortcut although fairway markings try to prevent the unauthorizeside-arm passage. This often
results in groundings (river bed collisions) as the side arm is too shallow. Establishing a physical
connection between the island and theiverbankto prevent passages of the side arm is not possible
due to nature protectionrequirements. Thus, the section is currently dredged if necessary, but a
more sustainable approach will be needed in the future. Plovput presented an approach that
envisages increasing flow velocities in the left and right bank area of the sidearm by irs&y a
chevron close to the island and another one further upstream where anotherrghbar reaches into
the channel At the same time, these structures would enable a controlled sedimentation process in
dedicated areas

11.5.3 Rhine: Iffezheim & Gambsheintzermany & France

Host: WSV & VNF, 17 Sept. 2015

Topic: Atrtificial bedload supply
Iffezheim is the last hydropower plant on the Rhine before it flows downstream into the North Sea.
The freeflowing stretch downstream of Iffezheim is lacking sediment andak experienced riverbed
degradation for many decades. In order to avoid the construction of another barrage and to support
a more natural and ecologically valuable river, a sediment management programme was set up (see
Good Practice Example op. 111). Graveld corresponding to the grain size composition of the
original bedload materiald is placed into the river. In order to maintain the minimum fairway depth,
the placement site has to be chosen carefully. Surveying vessels accompany the loaded hopper
barges and confirm the exact spot. Sometimes the artificial bed load is dropped at once, at other
times while in motion. After placement, the morphology of the riveth is surveyed again. Depending
on the river discharge, multiple trips per day might be necessary.

Figure55: The surveying vessel leads the way to the exact placement spot (left), the hopper barge is opened to
release the materal (right) (© Katja Rosner, vialonau).
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Topic: Fish passes at locks
Iffezheim and Gambsheim are hydropower plants situated on the River Rhine. Grounded on the
European Water Framework Directive, waterway administrations and lock operators increased their
efforts to support natural fish migration around artificial and natural barriersn this regard a vertical
slot fish passage facilitywas built in Iffezheim in 2000consisting of several pools that support fish to
overcome the large height difference and also allow them to rest in less turbulent cornetdowever,
the velocity of water falling over the steps must remain great enough to serve as attraction flows for
fish to the ladder. Three entrances were constructed from where the attraction flows are distributed
over the whole river width. 2014 was an exceptional year as over 50,000 fish travelled through the
fish pass by September. Prior to that, only about 25,00figrated through it each year. The reason
for the sudden increase in 2015 still has to be evaluated. The fish pass is constantly improved and
the knowledge gained has also been used for constructing the fish pass in Gambsheim in 2006.

Topic: Lock managemen
A GermanFrench treaty signed in 1969 enabled the construction of the Gambsheim lock which is
operated by the Fench waterway administrations (Voies Navigables Francdt is the largest
navigational river lock in France with a length of 270 m and a widiof 24 m. A modern traffic
management system has been installed recently which is also used for disaster control. Action plans
for emergency situations, such as the leakage of dangerous goods, accidents or floods have been set
up. The station at Gambsheinalso operates twopolders, whichmay only be flooded and emptied
according to the legally binding agreements with Germany.
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