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ABSTRACT: The lock complex at Terneuzen is the most important gateway to the ports of Terneuzen and 
Ghent and provides a shipping link between the Netherlands, Belgium and France. The project team New 
Lock Ghent-Terneuzen of the Flemish-Dutch Scheldt Commission currently works full-speed in preparation 
for a new, large lock within the existing lock complex. On completion the new lock will rank among the ten 
largest locks in the world. 

 

1 INTRODUCTION 

The lock complex at Terneuzen is located in the 
Scheldt estuary (see Figure 1). The Scheldt estuary 
plays a crucial role in the relations between the 
Netherlands and Flanders. In long-term perspective, 
the flood protection, the robustness of the natural 
structures, and the maritime accessibility of the 
Scheldt ports of Antwerp, Ghent, Terneuzen and 
Vlissingen are important aspects of policy. 

2 BACKGROUND INFORMATION 

2.1 Existing lock complex 
 
The canal between Ghent and Terneuzen is a 

major shipping connection for inland navigation, as 
well as for maritime vessels.  

 

 
 

Figure 1: Location of the New Lock Terneuzen on 
the Canal Ghent-Terneuzen (between Flanders 
and the Netherlands). 
 
It concerns a waterway of CEMT class VIb. The 

canal is 32 km long, of which 15,4 km is located on 

Flemish (Belgian) territory and 16,6 km on Dutch 
territory. The canal was built between 1823 and 
1825. Two locks were built near Terneuzen 
(respectively 8m and 12m wide). Afterwards, the 
locks have been improved and enlarged several 
times. 

 
The Canal Zone Ghent – Terneuzen is part of the 

Le Havre – Hamburg range, which can be seen as 
the major gateway of the European Union. Along the 
canal, the port of Terneuzen (Netherlands - part of 
Zeeland Seaports) and the port of Ghent (Flanders) 
are located. The canal is also part of the inland 
waterway network within the North Sea – 
Mediterranean Core Network Corridor of the Trans-
European Transport Network. It therefore constitutes 
a crucial part of the envisaged high capacity inland 
waterway connection between Paris and 
Amsterdam. 

 

 
 
Figure 2: The existing lock complex at Terneuzen. 
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The canal is accessible through a lock complex 
situated in Terneuzen on Dutch territory. This 
complex currently consists of three locks (see Figure 
2): the East Lock, the West Lock and the Middle 
Lock. On the picture (from left to right, thus form West 
to East) the West Lock, the (old) Middle Lock and the 
East Lock are shown. 

 

 
 
Figure 3: Construction of the West Lock in 1967. 
 
The West Lock was first used in 1968 (see Figure 

3). The dimensions of this lock are 290 m long, 40 m 
wide, a (maximum) draft of 12.5 m. The lock has a 
lock threshold of 13.5 m. In this lock Panamax-ships 
(after lightering) with a maximum of 80,000 
deadweight tonnage can be locked. 

 

 
 
Figure 4: Photograph (around 1950) of the (old) 
Middle Lock.  
 

 
The Middle Lock is the oldest existing lock in the 

complex (see Figure 4). The Middle Lock was 
constructed in 1910 and has been renovated in 1983-
1986. In this lock, ships up to 10,000 DWT can be 
locked. 

 
The East Lock also dates from 1968. This lock is 

much longer than the Middle Lock, but also less 
deep. The East Lock is only used by inland barges. 

 

 
 
Figure 5: Sea-going ship entering the West Lock. 
 
On a yearly basis some 65,000 ships are passing 

the lock complex at Terneuzen (see Figure 5). This 
number splits up in 55,000 inland vessels and 9,000 
sea-going ships. Calculating in deadweight 
tonnages, the inland vessels and sea-going vessels 
take each half. The maximum vessel dimensions 
(92,000 DWT) allowed on the canal from Terneuzen 
to Ghent are: 265 m (length) x 37 m (width) x 12.5 m 
(depth in sailing up).  
  

2.2 Maritime accessibility 
 
More and bigger maritime and inland vessels pass 

through the locks at Terneuzen. Therefore, in 2006 
an investigation was started into the effects of this 
increase on the current and future accessibility of the 
Canal Zone. This study showed that the maritime 
accessibility will form such a bottleneck that, if it is not 
resolved, this will limit to a large extent the further 
development of the Canal Zone. It also appears that 
the increase of inland shipping due to the 
development of the Seine-Scheldt connection could 
result in an even larger increase in delays. 

 
Companies in the canal zone between Gent and 

Terneuzen which make use of water transport have 
to deal with increasing transportation costs, because 
of congestion and the limited lock size of the current 
locks at Terneuzen. A new lock will contribute to the 
competitiveness of these companies, because of an 
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increasing reliability and shorter transport times, 
which result in a reduction of transportation costs. 

 
Hence the New Lock Terneuzen will satisfy three 

main purposes. First of all, the new lock will enable 
larger ships (Neo-Panamax class) to access the 
maritime zone on the Canal Ghent-Terneuzen. As a 
second objective, the new lock will increase the 
capacity for inland navigation. Finally, the robustness 
of the maritime access is improved by doubling the 
maritime lock in the complex. These three purposes 
will also create a driving force in the economic 
development of the surrounding industrial and 
commercial areas. 

 
2.3 Great economic importance 
 
The seaports of Ghent and Terneuzen are of great 

economic importance. Not only for the Flemish-Dutch 
area along the Canal Ghent-Terneuzen, but also far 
beyond (see Figure 6). Transshipment attracts firms 
and so the ports of Ghent and Terneuzen have 
become the “engines” for employment. For each ton 
of goods, the value-added in the port of Ghent is 
more than double compared to the value for the port 
of Antwerp. The value-added per ton in Terneuzen is 
even about five times higher than in Rotterdam. 

 

 
 
Figure 6: Economic importance of the Canal 
Ghent-Terneuzen. 
 
From an economic perspective, the current 

accessibility can be deterring for industrial and 
logistic companies to establish new facilities along 
the canal or in the ports of Ghent and Terneuzen. In 
addition the increasing waiting times for ships can 
exert a negative influence on the environment, due to 
the noise and air pollution caused by waiting ships. 

 
2.4 Mission and main project goals 
 
On the next picture the project area is delimited 

with a red line (see Figure 7). Adaptations to the 
Canal Ghent-Terneuzen are not part of the current 

scope of the project. The design of the new lock takes 
in consideration the future situation when the canal 
towards the port of Ghent is broadened and 
deepened. 

 

 
 
Figure 7: Outer boundaries of the project area. 
 
In short, the project New Lock Terneuzen fulfills 

three main project goals: 
1. Upscaling allowable dimensions for sea-going 

vessels; 
2. Capacity extension and reduction of waiting times 

at the lock complex; 
3. Amelioration of the robustness (including future-

proof design choices) of the lock complex. 
 
In order to fulfill these three project goals, the 

principal mission of the project team is twofold: 
1. To prepare a realization decision within the Dutch 

MIRT-framework (MIRT = multi-annual 
investment program in infrastructure, spatial 
projects and transport). 

2. To prepare procurement ready contract 
documents. 

 
Therefore the project elaborates a “proof of 

concept”. In this “proof of concept” the following main 
project criteria are investigated: 1) affordability, 2) 
licensability and 3) constructability.  
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2.5 Sense of urgency and planning 
 
It is necessary to improve the maritime access to 

the Canal Zone. In the exploration phase different 
solutions were developed and evaluated. Since 2012 
the project is occupied with the so-called plan 
development phase. The project team New Lock 
Terneuzen of the cross-border Flemish-Dutch 
Scheldt Commission currently works full-speed in 
preparation for a new, large lock within the existing 
lock complex. The project is in the plan development 
phase until the end of 2015.  

 
2.6 Tendering procedure 
 

All studies and procedures have to be completed by 
the end of 2015. Then the tendering procedure can 
start. The construction contract will take the form of a 
Design & Construct contract format. The overall, 
direct and indirect project costs for the construction 
of the new lock are estimated at 920 million euros. 

 
The plan development phase should lead to a 

project decision, which can be established by the 
Dutch Minister of Infrastructure and Environment. It 
was agreed that the Dutch procedures are followed 
in the form of the Infrastructure Act procedure (see 
Figure 8). 

 

  
 
Figure 8: Spatial integration of different areas. 
 
After the necessary tendering procedures and 

political decision-making follows the construction of 
the new lock in order to allow the first ship that can 
sail through before the end of 2021. The project 
decision to start the realization of this project can only 
be made after the conclusion of a new treaty between 
the Netherlands and Flanders. 

 
After the signing of a new treaty by both the 
responsible ministers of the Netherlands and 
Flanders, the procurement process will start 
according to which the contractor for the construction 
of the new lock will be chosen. The award will likely 
take place in 2016. The construction of the lock will 
take four to five years to complete. 

3 CHALLENGING COMPLEXITY 

3.1 Aspects of complexity 
 

There are different aspects which make this project 
complex. In this paper threesome illustrative 
examples are described: 

 
The new lock has to provide for different functions 

(the passage of sea-going vessels and inland 
vessels, the passage of crossing road traffic, flood 
protection, limitation of salt water intrusion from the 
Western Scheldt to the Canal Ghent-Terneuzen, and 
so on). Therefore the existing complex is used by 
many different stakeholders and users. These 
stakeholders set all kinds of constraints, needs and 
nice-to-haves. For the project team, it is very complex 
to propose a well substantiated and easily 
understandable assessment and evaluation of those 
stakeholder requirement and to fit the best possible 
solutions for all needs, within the boundaries of 
planning, budget and quality. 

 

 
 
Figure 9: Example of a spatial scenario in the 
Environmental Impact Assessment. 
 
The new lock has to be constructed with minimal 

hindrance, disturbance and delay for all users of the 
lock complex and the direct environment of the lock. 
In order to remain accessibility of the ports 
Terneuzen and Ghent, the West and East Locks 
must remain operational during the construction of 
the New Lock in the middle of the lock complex. This 
is not an evident situation because these two locks 
have to digest also the shipping traffic which currently 
passes the present Middle Lock. Moreover it is 
complicated with the attention for minimal hindrance 
for the crossing road traffic. All these combinations, 
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which will occur during the different phases in the 
construction process, make this aspect of the project 
very complex. 

 
In the existing complex there is a big lack of (free) 

space (see Figure 9). Therefore the design of the 
new lock is a continuous effort of fitting and 
measuring. Usable construction methods will 
probably be limited to wet excavation (dredging) and 
wet building sites and pits. These elements make the 
available construction methods and the construction 
yard logistics very complex. 

 
3.2 Challenging features 
 
Even if this project is looked upon from different 

angles, the challenging nature of this project always 
comes forward. Threesome of the most important 
challenges can be proposed as follows: 

 
The project involves large volumes. For instance, 

the volumes of earthworks amount to more than 8 
million cubic meters. The overall scale of the project 
results in the situation that almost every issue in the 
design and/or construction phase very quickly 
becomes a large problem. 

 
The project has applied for a subsidy from the 

European Commission as part of the CEF-framework 
(Connecting Europe Facilities). As a consequence 
there are strict deadlines in order to make use of the 
awarded subsidy. These deadlines involve high 
pressure to shorten the time periods for the design 
and construction phase. Delivering the necessary 
quality in preparation activities under this high time 
pressure has shown to be very challenging.  

 
The project requires the know-how and 

experience of many different areas of expertise. To 
name but a few: spatial integration, environmental 
procedures, archeological fieldwork,… over more 
engineering fields of knowledge (geotechnical 
investigations, foundation techniques, hydraulics, 
road design,…) to the soft skills of process-related 
disciplines, as project management, risk 
management, stake-holder management,… The 
most challenging of all these points of view is 
combining them into to one complete, correct and 
consistent set of design choices. 

 
3.3 Functions of the new lock 
 

Important functions of the new lock in Terneuzen 
include the passage of sea-going and inland vessels, 
the passage of crossing road traffic, flood protection, 
etc. The functional requirements deriving from all 
those functions require the knowledge and 

experience in a lot of different areas and topics, such 
as hydraulics, hydrodynamic forces, geotechnical 
investigations, nautical issues, and so on. Many 
different aspects of the new lock must be studied, for 
instance, all hydrodynamic forces on vessels and 
structures, the necessary drainage capacity, the 
dimensioning of the leveling system, the limitation of 
salt water intrusion form the Western Scheldt to the 
Canal Ghent-Terneuzen, etc. Thereby the project will 
strive to maximize the final solution liberty for the 
construction consortium, without losing sight of the 
use of proven technology as a base warranty for the 
required reliability and availability. 

 
3.4 Twelve variants to one 
 

The technical design is developed in three 
successive rounds of design, running from 
December 2013 to August 2015. During this period, 
on the basis of assessment frameworks a funneling 
process takes place, going from twelve promising 
variants through three viable ones up to one 
preferred variant. The third, and last round of design 
is dedicated to possible refinements of the design in 
order to establish an optimized preferred variant. In 
the design process, customer requirement 
specifications, technical criteria, impact studies and 
cost estimates play an important role. The (technical) 
description of the preferred variant will take the form 
of functional specifications. 

 
With the preferred variant as a framework, 

optimization efforts will be made in the period Feb. 
2015 till August 2015 for all parts of the design. 
These efforts will result in more detailed design 
choices and specifications for the construction 
contract. 
 

3.5 Bundling Flemish and Dutch knowledge 
 
The preparation of this project is a collaboration 

between the Netherlands and the Flanders region in 
Belgium. The project organization is part of the 
Flemish-Dutch Scheldt Commission. The plan 
development phase of the project New Lock 
Terneuzen is complex. Besides the strong 
multidisciplinary character on technical content, the 
cross-border character plays an important role. This 
results in a control of the project that is unlike 
customary projects in Flanders and also in the 
Netherlands. Yet this project is strongly leaned on the 
methods, which were previously developed at 
Rijkswaterstaat, and available knowledge in 
Flanders.  

 
The Netherlands and Flanders are 

countries/regions with the most (sea-) locks in the 
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world. Both countries have a strong reputation in 
hydraulic structures, dredging works and port 
construction. They are seen in the world as experts 
on the area of lock construction. Because of this, 
Flemish and Dutch experts are asked due to their 
knowledge and experience to make contributions to 
lock projects all over the world. This allows the use of 
state-of-the-art knowledge and technology in a best-
of-both-worlds approach. 

4 DESCRIPTION OF THE PREFERRED VARIANT 

4.1 Horizontal measurements of the new lock 
 
The horizontal measurements of the New Lock 

Terneuzen are determined by the normative ship, a 
lightered Neo Panamax. The dimensions of this ship 
are 366 m in length (LOA: length over all), 49 m in 
width (maximum width excluding protrusions) and 
14.5 m in depth (freshwater draft – after ligtering). 

 
The length and width of the new lock chamber 

were given as a starting point in the policy decision 
at the beginning of the plan development phase. The 
dimensions are confirmed in the Project Board 
meeting of December 2014 as 427 m length between 
the gates #1 and #3 as well as between the gates #2 
and #4. The distance between the dock sides of the 
gates in a lock head is set at 25 m. The largest length 
between the inner sides of the outer gates is 452 m 
and the minimum length between the inner sides of 
the inner gates amounts to 402 m. In addition, the 
Project Board has decided that the width between the 
chamber walls will be 55 m. This leads to the 
following figure for the horizontal measurements of 
the new lock (see Figure 10). 

 

 
 
Figure 10: Principal horizontal measurements of 
the new lock Terneuzen. 
 
The useful length of the lock will be shorter during 

exploitation because the impact of the leveling 
process through the lock gates requires a leveling 
zone at the front of the ship. This zone amounts 25 
m. As a result a maximum effective length of 427 m 
is obtained between the outer gates. During 
exploitation, the useful width of the lock will be 

probably less than 55 m due to the expected 
presence of fendering in the lock. The useful width 
will be at least 52 m. 

 
The normative ship will enter the lock chamber 

with tug assistance, with tugboats in the front and at 
the back of the ship. The normative ship undergoes 
the lockage operation with some minor operational 
constraints with respect to the tugboats that whether 
or not are able to join the ship in the lock during the 
lockage process (e.g. additional mooring lines,...). 
Depending on the final construction of the lock gates, 
vessels of 306 to 356 m can be accompanied with 
their tugboats at the back during the lockage 
operation. However, the tugboats in the front should 
be locked together with the ship in all cases. 

 
4.2 Location of the new lock 
 
The location of the preferred variant of the New 

Lock Terneuzen is situated in the existing lock 
complex (see Figure 11). The new lock will be located 
between the existing West Lock and the East Lock. 
The orientation of the new lock location is northwards 
towards the river Western Scheldt. The front walls of 
the southern lock head of the new lock and the West 
Lock are in line. By connecting the southern walls of 
the inner heads of both locks an access of both locks 
as symmetrical as possible is obtained. Moreover, in 
this position the passing road traffic with both 
southern bridges closed can be routed in a 
substantially straight line over both lock heads. 

 

 
 
Figure 11: Location of the new lock. 
 
The new lock is located in west direction as far as 

possible to minimize the impact on the current use of 
existing space and thus expropriation of some 
inhabitants of the Schependijk on the eastern bank of 
the access channel to the East Lock. Also the 
southern approach to the East Lock calls for a most 
westerly location of the new lock, especially during 
construction. The Middle Lock will be removed in 
favor of the northern approach to the new lock. 
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4.3 Orientation of the new lock  
 
In the design phase, an orientation of the axis of 

the new lock rotated 5 degrees clockwise relative to 
the axis of the existing West Lock has proven as most 
optimal from a nautical point of view.  

 
The orientation of the axis of the new lock is 

important for the smooth and safe entering and 
leaving of ships on both sides of the complex with the 
new lock in place. Also the impact of the orientation 
angle on landscaping, flood protection and road 
design, has shown that an orientation of 5 degrees is 
the most feasible solution and therefore 
recommended. 

 
4.4 Depth of lock chamber and access channels 
 
The lock chamber, the outside lock head and the 

access channel in the outer harbor are designed for 
the locking of tide-independent vessels up to 12.5 m 
draft. This leads to a contract depth of NAP -16.44 m 
(NAP: Normaal Amsterdams Peil; Amsterdam 
Ordnance Datum) as a basis for the design. The 
contract depth is the level that is available in all cases 
for the passage of ships (see Figure 12). Depending 
on the dredging tolerances, maintenance buffer, etc., 
the actual bottom level is always lower than the 
contract depth. For hard constructions, all 
components must be below this level, including any 
tolerances. 

 

 
 
Figure 12: Contract depth for outside lock head, 
access channel outer harbor and lock chamber for 
tide-independent passage of ships (in Dutch). 
 
The contract depth of the inside lock head is also 

NAP -16.44 m, where the threshold of the inside head 
on the canal side is determined at NAP -14.12 m. The 
depth of the bottom of the lock chamber is set at NAP 
-17.00 m. With these depths, ships with a tide-
independent draft of 12.5 m, at the lowest water level 
of LAT (Lowest Astronomical Tide, Terneuzen NAP -
-2.69 m), can be locked in the new lock. Ships with a 
draft of 14.5 m, can also be locked in the new 
situation, tide-dependent from a minimum water level 
of NAP -0.44 m. 

 

4.5 Lock gates 
 
In the design phase, it was decided to apply 

straight rolling gates, where there are two high gates 
in the lock head at the outside and two low lock gates 
will be placed in the inner lock head. Rolling gates 
have a high availability, are robust and are used in a 
lot of major lock projects in the world. 

 
The configuration of two high gates on the outside 

lock head and two lower gates on the inner lock head 
is favorable with regard to availability (passing 
shipping) and reliability (flood protection). 

 

 
 
Figure 13: Primary flood protection (purple line) 
crossing the lock heads. 
 
The flood retaining wall runs over the two high 

gates on the outside head, but also across the lock 
chamber and the two low gates on the inner head 
(see Figure 13). The gate heights are determined 
based on a design water level which takes into 
account sea level rise. The additional margin for sea 
level rise is larger for non-replaceable parts (e.g. 
foundations of the lock heads,…) in comparison with 
replaceable parts (e.g. surrounding dikes,…). In both 
climate scenarios the target year is 2120. 

 
During the locking cycle, the lock gates are 

opened and closed by moving them in and out of the 
lock gate recesses on the east side of the new lock. 
The gates are supported by rolling wagons which 
move over tracks.  

 
The gates are moved by a wire-rope winch 

system, driven by electrically powered motors. These 
operating machinery will be constructed underground 
in basements, on the rear side of the lock gate 
recesses, because of the lack of space. The 
structures for the road traffic will run partly above 
these cellars. The lock gate recesses will be 
constructed in order to allow maintenance in all four 
recesses (see Figure 14). 
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Figure 14: Gate docks accessible for variable or 
major maintenance operations. 
 
In both lock heads, there will be always one of the 

two lock gate recesses available for variable or major 
maintenance With regard to the unavailability due to 
the maintenance of the lock gates, this configuration 
provides the least disruption to shipping and thus the 
highest degree of availability. 

 
4.6 Bridges 
 

 
 
Figure 15: Bascule bridge and loading/clearance 
gauges. 
 
The road over the new lock is performed by 

bascule bridges, on each lock head one bascule 
bridge. By applying two bascule bridges this results 
in a robust road connection. If one of the bridges is 
opened, then the other one is still available. The 
bascule bridges on the outer and the inner head are 
both positioned on the outside of the outer lock gates. 
As a result, the probability of collision is the smallest. 

 
The flow of traffic and road safety are good in 

applying this bascule bridges (see Figure 15). The 

roadway deck for the road traffic is situated between 
the truss structures of the bascule bridges (see 
Figure 16). The bicycle and pedestrian paths are 
located to the outer sides of the truss structures, in 
order to establish some savings on construction 
weights. The vehicle barriers on the bascule bridges 
are placed between the main road and the bicycle 
paths. Pedestrian and inspection paths on the 
bridges are separated from the bike paths by line 
markings. 

 

 
 
Figure 16: Truss structures of the bascule bridge. 
 
The bascule bridges are in the open position at an 

angle of approximately 86 degrees. The bascule 
bridges span the width of the lock chamber in one 
bridge leaf. The length of the bridge leaf of a bascule 
bridge is approximately 65 m. The length of the tail is 
approximately a third of the overall bridge leaf. The 
total width of a bascule bridge is about 17.0 m (see 
Figure 17). This is determined by the road profile of 
the main carriageway, which includes two traffic 
lanes, each circa 7.40 m wide, space for traffic 
barriers and the main structure of the bridge of 2 * 
1.75 m and additional space for pedestrian and 
cycling traffic 2 * 3.10 m (including inspection areas). 

 

 
 
 
Figure 17: Cross-section of a bascule bridge. 
 
The bascule pits are located on the east side of 

the new lock beneath the main road and next to the 
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lock gate recesses. In the bascule pit, the bridge tail 
including counterweight and mechanic installations 
of the bridge are accommodated (see Figure 18). The 
trunnion of the bascule bridge is relatively far from the 
lock chamber walls. This is to prevent damage to the 
bridges during the lockage of ship (because of 
protruding parts of ships by swell and wind). 

 

 
 
Figure 18: The cellar of a bascule bridge. 
 
Bascule bridges are commonly used all over the 

world and therefore are a proven technology. 
Bascule bridges of this size, however, require heavy 
mechanical devices. Additional safety locking 
devices are required in the open and closed position 
to convey the wind loadings on the bridge leaf to the 
bearings of the bridge. 

 
4.7 Flood protection 
 
The outer access channel borders directly on the 

Western Scheldt. This means that there is tidal 
movement. The outer access channel and hence the 
New Lock Terneuzen fall within the designated area 
of primary flood protections. These parts of the new 
lock must therefore meet the applicable legal 
standard for primary barriers of the flood defense 
networks. The connections between existing 
structures and the new lock must also comply with 
the applicable legal standards for flood protection. 

 
4.8 Crossing road traffic 
 
All the crossing traffic over the lock complex must 

be able to safely and smoothly pass the new lock. A 
compromise is elaborated between the road safety 
(through lower speeds and layout of the traffic lanes 
and their surroundings) and traffic flow (by design of 
the crossings).  

 

The shortest route across the southern lock head 
of the East Lock and the northern lock heads of the 
new lock and West Lock takes precedence (see 
Figure 19). The design of the road system assumes 
a maximum speed of 50 km/h. The design speed will 
possibly be lower in the road corners. Where 
possible, curb extensions will be used. For a smooth 
and safe traffic, dynamic traffic signs will be 
implemented. 

 

 
 
Figure 19: Crossing road traffic over the lock 
complex. 

 
4.9 Industrial automation 
 
A key challenge in the design of the new lock is 

the error-free operation of all aspects of industrial 
automation. The scope of the industrial automation is 
widespread. It includes, inter alia, the hardware and 
software, which is necessary for the operation and 
control of all movable parts of the lock and the 
bridges.  

 

 
 
Figure 20: Context diagram (in Dutch) for 
industrial automation and supporting installations. 
 
The entire locking process must be operated and 

controlled both locally and remotely. In addition, 
adaptations of all communication and camera plans 
will be needed to include the new lock. In the field of 
security, design choices are to a large extent 
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determined by different standards and directives 
(e.g. the Machinery Directive 2006/42/EC,…).  

 
All these adjustments and new support systems 

must not only function well by themselves, but must 
above all be connected to the existing systems in the 
lock complex. For this purpose, the foundation is laid 
in a thoughtful and reasoned system architecture 
(see Figure 20). On the basis of this system 
architecture, all the components are designed and 
tested in the factory and on site, after which the 
system integration can take place. 

5 SUPPORTING TECHNICAL STUDIES 

In the next section of this paper some supporting 
technical studies will be mentioned. These technical 
studies are required in order to obtain all necessary 
information for making the best design choices. 

 
5.1 Hydraulics – leveling system 
 
A first (major) hydraulic aspect is the choice of the 

leveling system. 
 

 
 
Figure 21: Design choice between butterfly valves 
(left side) and lifting gates used as valves (right 
side). 
 
For such large locks, it is common to conduct 

leveling by hydraulic valves (see Figure 21) in the 
lock gates or by using culverts. There are several 
assessment criteria which determine the final choice 
of the leveling system: construction and exploitation 
costs, space requirements, maximum leveling 
duration, etc. The main reason to choose for leveling 
by hydraulic valves are the lower costs of this system. 

 
 
 

5.2 Hydraulics - drainage 
 
A second hydraulic aspect is the realization of the 

drainage function. At times of high water levels, 
draining is necessary to discharge upstream 
quantities of water and thus to keep the water level 
on the Canal Ghent-Terneuzen under control. The 
maximum required draining capacity is about 250 
cubic meters per second (at the level of the lock 
complex). 

 

 
 
Figure 22: Drainage at the West Lock. 
 
Based on different investigations, it was decided 

no separate means of drainage will be constructed. 
The drainage will therefore be done through the 
existing locks. This can result in obstruction for 
shipping in case of high canal levels and therefore 
the need of high drainage capacity. 

 
5.3 Prevention of salt water intrusion 
 
Another important aspect of the design of the new 

lock is the reduction of salt intrusion from the Western 
Scheldt (in connection with the North Sea) to the 
Canal Ghent-Terneuzen. Due to the passage of ships 
through the lock chamber the water of the Western 
Scheldt and the water of the Canal Ghent-Terneuzen 
are intensively mixed (see Figure 23). 

 
Limiting salt intrusion is important to meet the 

standards of the European Water Framework 
Directive. Salt intrusion must stay within levels of the 
policy agreements for this canal. These levels are not 
expected to be exceeded before 2040. Several no-
regrets options (temporary salt threshold, air-water 
bubble screen systems, salt intake, and so on) were 
studied. Only the construction of a temporary salt 
threshold was decided at this time.  
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Figure 23: Water exchange at the West Lock. 
 
Some measures to reduce the salt intrusion 

require a significant consumption of energy and still 
show limited results. Available technologies in this 
area are evolving rapidly. The innovations in the 
available technology are currently being tested in 
other projects. Nonetheless continuous monitoring of 
salt intrusion will be implemented. When necessary, 
appropriate measures will be taken to reduce salt 
intrusion within acceptable levels. 

 
5.4 Ground surveys and area data 
 
The design of the new lock must be based on a 

good insight in the relevant parameters of the 
surrounding environment. Therefore several ground 
surveys have been conducted (see Figure 24).  

 

 
 
Figure 24: Map of drillings and cone-pressure test 
(left side) and potential areas for unexploded 
ordnance (right side). 
 
The picture above gives an indication of the 

number of geotechnical and environmental drillings 
and specific cone-pressure tests. The other picture 

delimits the zone for further exploration concerning 
unexploded ordnance. Both are examples of the 
numerous ground surveys which have been 
performed. The results of these surveys become 
more important as the overall design of the new lock 
gets more into details and specific construction 
methods are studied. 

 
5.5 Exploitation and maintenance 

 

 
 
Figure 25: Placement of cranes for maintenance  
 
In this lock and bridge project, the preparation 

activities not only look at design and construction, but 
also at the exploitation and maintenance phase (see 
Figure 25). The costs for exploitation and 
maintenance are included in the life cycle costs.  

 

 
 
Figure 26: Maintenance on the West Lock. 
 
The lifespan of constructive lock components, 

such as for example the lock chamber, is 100 years. 
The lifespan of moving parts and industrial 
automation can be much shorter. The considerations 
about life cycle costs are an important criterion in 
making optimal design choices, for example the 
choice of protecting the lock gates just by painting or 
by using a special aluminum coating. The exploitation 
and maintenance procedures for the new lock will 
take benefit from the experiences and best practices 
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for the management and maintenance of the other 
current locks in the complex (see Figure 26). 
 

5.6 Integrated safety and security management 
 
Accidents (or incidence of errors) often occur 

because multiple risk factors (could) come together, 
and because barriers to risks and faults are missing, 
do not work or fail completely. A proactive safety 
culture means that barriers to risks and faults can be 
raised because risk factors are identified early and 
managed properly. In addition, such barriers must be 
maintained, and possible failure of barriers be 
noticed at an early stage. To set up processes from 
this point of view lays the foundation to avoid 
mistakes similar to the occurrence of defects in other 
quality processes. Therefore the safety and security 
management system must be approached as quality 
process. The safety and security management 
system will be tested once a year is by an 
independent auditor. 
 

5.7 Sustainable development 
 
Within the existing policy frameworks in Flanders 

and the Netherlands, the sustainability of new 
infrastructure projects is an important policy 
objective. Several aspects of sustainability are 
addressed in the design of the new lock: efficient use 
of energy, use of sustainable materials, reduction of 
CO2-emissions ... Specifically with regard to the 
economical use of energy, the target is to make an 
energy-neutral design. Additional installations (e.g. 
solar panels, water turbine generators, ...) will be 
studied for this purpose. It is important that additional 
investments in local sustainability are not sub-optimal 
with respect to investments with higher and more 
sustainable return-on-investments in other locations. 

 
5.8 Construction phases 
 

 
 
Figure 27: Investigation of construction phases. 

 
 
 

The construction period is set very tight in order to 
receive the maximum of allowance and to reduce the 
hindrance for the environment as much as possible. 
Therefore a tight control on the progress of the 
construction activities will be needed. During this 
preparation phase already, different possible stages 
for the construction period are being studied and 
elaborated. The final phasing however, will be 
chosen by the contractor, depending on his available 
material, resources, knowledge and experience. 

 
5.9 Construction methods 
 
On the next picture (see Figure 28), the open pit 

during the construction of the East Lock in 1968 is 
portrayed. This method has resulted in a lot of 
damage in the town of Terneuzen at the time of 
construction.  

 

 
 
Figure 28: Construction of the East Lock in open 
pit in 1968. 
 
The construction methods for the new lock are 

expected to be proven practices, to avoid risks by 
using inadequate methods. In the preparation of the 
contract, different methods are considered, but none 
are excluded because of unacceptable risks. As from 
the insight of the design team, it is expected that the 
lock heads will be constructed in the dry, and the lock 
chamber will be constructed in the water. 

 
5.10 Removal of the (old) Middle Lock 
 
A very special aspect of the construction activities 

will be the removal of the (old) Middle Lock. (see 
Figure 29). There are some important risks involved 
due to the age, the construction elements and the 
location of the Middle Lock in the middle of the 
complex. Moreover, the removal of the Middle Lock 
will probably be part of the critical path in the 
construction planning due to the uncertainties of the 
construction. 
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Figure 29: (Old) Middle Lock (construction method 
illustrated in the inset picture). 

6 LESSONS LEARNED FROM DESIGN PHASE 

The actual design activities have started in 
December 2013. For the design and specification 
activities the Flemish-Dutch Scheldt Commission has 
contracted the advisory services of a private 
consortium of consultancy offices in engineering and 
environmental procedures. The role of the project 
team of the Flemish-Dutch Scheldt Commission 
focuses primarily on feasibility of stakeholder 
requirements, system integration and the validation 
and verification of the research results and design 
proposals of this consortium. At this moment, the 
activities of the consortium are being finalized. The 
third round of design will conclude in August 2015. 
Based on the progress of the design process from 
December 2013 up till now, some lessons learned 
can be listed: 

 
• A very good overview of the relevant 

parameters of the existing structures on location is 
crucial for starting the design process in the right 
direction. These parameters include some evident 
data, for example geotechnical parameters of the 
construction site and surroundings. But it may also 
include less available data, as for example the 
spreading salt water into the aquifers in the 
surroundings of the lock complex. Collection of these 
data takes a lot of effort. Moreover, the quality check 
on the available data can be even more tough and 
tedious. 

 
• It takes a lot of time to collect all need-to-

haves and nice-to-have wishes from the relevant 
stakeholders. After the collection of these raw input, 
each need or wish should be analyzed and converted 
to a SMART customer requirement, which is feasible. 
During feed-back conversations with stakeholders 
new or adapted requirements pop-up continuously. If 
the customer requirements specifications is not 

stabilized, then it is very hard to execute a stable 
design and specification process. It even is harder to 
get customer requirements, design choices and 
system specifications approved by the Project Board. 
Structured design proposals (connecting customer 
requirements and system requirements) are crucial 
in achieving a controlled decision process. 

 
• Systems Engineering is without doubt a very 

suitable and successful design methodology. This 
methodology is applicable to establish structured and 
high-quality design processes and specification 
processes. It helps to avoid faults in the design or 
blank spots in the different specifications. But quality 
comes at a cost. Systems Engineering requires 
considerable efforts, time and manpower. It is 
important to convince the Project Board that these 
costs are by far compensated by the expected costs 
of design faults of blank spots in the contract 
specifications. 

 
• Specifying a system for the market means 

also creating design freedom in order to stimulate the 
competition and creative cost effective solutions. At 
the same time the system should be available and 
reliable by using proven technology. Balancing these 
tentatively contradictory goals is a challenge. It can 
be very hard to make the decision between striving 
to maximize the final solution freedom for the 
construction consortium and not losing sight of the 
use of proven technology as a base warranty for the 
required reliability and availability. The question that 
constantly comes up: at this point in the design 
process, should we go further into detail or not? 

 
• Part of the answer to the above question lies 

in the consistent way of risk-driven work processes. 
The database of potential project risks and design 
issues should be a daily support tool and not an end 
in itself. Do not focus only on the risks but especially 
keep the accompanying control measurements on 
the visor. Making use of risk-driven work processes 
should also underline the importance of using 
probabilistic time schedules and cost estimates. 
Deterministic time schedules and cost estimates are 
made more realistic by incorporating (e.g. relying on 
Monte-Carlo simulations) the effects of the most 
important project risks. 

 
• Integration of the results of the different 

design processes is crucial for the overall quality of 
the design and system performance at any stage in 
the preparation phase of the project. The 
decomposition of functions, objects, aspects,… 
make the complexity of the project scope digestible. 
But these decompositions may also be tempting to 
introduce some tunnel vision in parts of the design 

http://www.pianc.org.ar/sr2015


“SMART RIVERS 2015” 

Buenos Aires, Argentina, 7-11 September 2015 

 

 

SMART RIVERS 2015  (www.pianc.org.ar/sr2015) Paper 126 - Page 14/14 

processes. Given the fact that stove pipes will occur, 
you will need integration measures in place. 
Therefore it is important to study and describe the 
internal and external interfaces and/or focus on the 
different aspects (capacity, reliability, availability, 
safety, maintainability, sustainability,…), all of which 
concatenate the system performance within the 
project scope. Making context diagrams can be very 
useful to keep seeing the proverbial forest through 
the trees. Moreover context diagrams elicit the real 
scope of the project. 

 
• All members of the project team should at 

least have a sufficient basic understanding of the 
chosen design methodology (in this project, Systems 
Engineering). In Systems Engineering, for instance, 
it is important to understand the clear difference 
between a design process and a specification 
process. Therefore, Systems Engineering or any 
other design methodology should not be regarded as 
an exclusive toy of the technical members of the 
project team. 

 
• The extent of the design mission is easily 

underestimated. It can be helpful to decompose the 
estimated work to be done in work packages in a 
work breakdown structure. It is appropriate to include 
enough spare time, free budget and manpower to 
execute these work packages with sufficient quality. 
Things will go wrong. Short planning results in 
shifting quality control responsibilities from supplier 
(e.g. consulting companies,…) to principal (e.g. the 
ordering project team). 

 
• Keeping track of the design information in 

complex projects with hundreds of requirements and 
frequent changing circumstances requires adequate 
tooling. Adequate means that the complexity of the 
tooling should be less than the complexity of the 
project. Moreover the tooling should reflect the actual 
design process and not the underlying theory. 

 
• Ready knowledge about the design of locks 

on this scale is rare - even in the private market 
players. The preparation of this project is a 
collaboration between the Netherlands and Flanders. 
Both countries have a strong reputation in hydraulic 
structures, dredging works and port construction. 
This context has allowed the use of state-of-the-art 
knowledge and technology in a best-of-both-worlds 
approach. 

7 CONCLUSIONS 

The project team New Lock Ghent-Terneuzen of 
the Flemish-Dutch Scheldt Commission currently 
works full-speed in preparation for a new, large lock 
within the existing lock complex (see Figure 30). In 

this paper some background information and design 
challenges of the project are described.  

 

 
 
Figure 30: Artist’s impression of current design. 
 
This paper also illustrates the complexity and 

challenging features of this project. The description 
of the design choices for the main characteristics of 
this new project in the current preferred variant is 
included. The paper also gives some concise 
information about some of the supporting technical 
studies, which deliver the necessary data and 
information for making optimal design choices in the 
preferred variant. 

 
The paper concludes with some important lessons 

learned from the design and specification processes. 
As the plan development phase of this project is a 
collaboration between the Netherlands and the 
Flanders region in Belgium, these lessons learned 
are deducted from the point of view of a best-of-both-
worlds approach. 
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