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A long-reach excavator unloads sediments placing them over a 

vibrating sieve, after which the high-density material is pushed 

through a pipeline to the additive mixing unit. In this way, dredged 

material is reused and is engineered to build dykes (see page 5).  
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EDITORIAL
50 years ago the idea of an organisation that would represent the 

private dredging industry became a reality. A group representing 

38 private dredging companies from 12 countries incorporated 

themselves as the International Association of Dredging 

Companies, the IADC. The aims of this new branch organisation 

were clearly defined: to encourage fair trade practices, sound 

tendering procedures and open markets and to encourage the use 

of standard conditions of contract, standardisation of soil 

investigations and environmental awareness.

Six years later Terra et Aqua Journal was conceived and became 

the flagship of the IADC’s communication efforts, profiling the 

most important projects and research going on in the industry. 

The association is now world renown, well respected and 

comprises more than 100 affiliated members working all around 

the globe. The IADC and Terra continue to pursue the original ideals and values established  

a half century ago, providing a broad range of information about dredging in every shape and 

form to a wide audience of interested parties. 

Nowadays education and the dissemination of information are the bulk of all the IADC’s 

activities – be it seminars, webinars, books or Terra. In a matter of speaking, the IADC has 

become a research library for all those whose lives are touched by dredging and maritime 

construction. And that adds up to billions of people. Not only people who work in the industry 

and related businesses, but also stakeholders, representing government agencies and port 

authorities, land developers, environmentalists and ordinary citizens. The demands of modern 

dredging and maritime construction projects are complex. To explain to stakeholders these 

complexities has become a core function of the IADC.

Over the decades, IADC members have expanded into various realms of port development, land 

reclamation for all sorts of purposes from airports to residential areas, and offshore installations 

for oil and gas as well as wind. Large projects have burgeoned into mega-projects; the hopper 

capacity of trailing suction hopper dredgers has grown from 7,000 cubic metres to 33,000 cubic 

metres and the total installed power of cutting suction dredgers from 200 kW to almost 30,000 

kW for the newest super-cutters. R&D investments in a spectrum of technologies remain the 

highest priority. 

Every aspect of the industry has matured. From hi-tech ships to highly educated personnel. To 

appreciate the breadth of the members’ maritime experience – and to celebrate the 50th 

anniversary of the IADC – a photographic book will soon be published, “Beyond Sand and Sea – 

50 Years of Maritime Masterpieces”. The photos from the book shown here represent five 

projects executed in five different decades.

The IADC members continue to confront the maritime challenges of our modern world. And 

Terra et Aqua continues to be part of this effort as is evident in the subjects covered in this 

issue: the work at Vlassenbroek, Belgium which addresses the threats of climate change and 

rising sea levels; FaunaGuard, a new tool that provides environmentally friendly methods of 

dredging whilst protecting underwater animals; and an economic evaluation of the advantages 

of reclaiming land in an overpopulated world.

Such is the state of the art of dredging in 2015 – energetic, innovative and focussed on the 

future.
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ABSTRACT

After the 1953 and 1976 North Sea floods, a 

flood defence plan, called the Sigma Plan, 

was conceived to protect the Flemish part of 

the Scheldt estuary against future storm 

surges. The plan is governed by Waterwegen 

en Zeekanaal NV (W&Z), a Flemish 

government agency and since 2005 aims to 

combine flood defence with strengthening 

the river’s ecology through the creation of 

flood control areas. Maintaining the 

navigability of inland waterways is also a key 

task of W&Z, whereby a huge amount of 

sediments are produced. 

W&Z set up a pilot project in Dendermonde, 

involving the construction of a compartment 

dyke of a flood control area using dredged 

material from the River Scheldt without 

intermediate storage between the dredging 

and the construction process. Jan De Nul 

Group and its environmental subsidiary 

Envisan set out an extensive testing campaign 

to develop engineered sediments for use in 

the construction phase. This involved the 

testing of specific additives on the 

geotechnical characteristics of the dredged 

material. Based on the results of the 

geotechnical dyke model and an economical 

appraisal, a specific combination was 

identified for large-scale use. 

After being mechanically dredged and 

transported by barges to a location near  

the flood defence works, the sediments  

are pumped ashore to the mixing plant.  

The dredged material is delivered to a 

pontoon equipped with screens and a set  

of piston pumps able to push the relatively  

dry sediment approximately 600 m to the  

mixing plant.

To ensure that the dyke exhibits the 

performance as intended in the design 

calculations a Quality Assurance / Quality 

Control (QA/QC) programme is installed. 

Multiple field tests are executed during 

construction to determine strength and 

permeability of the engineered sediments  
in the dyke body. 

INTRODUCTION

Waterways are increasingly important for 

social and economic activities. Therefore they 

need to be maintained in a proper way. 

However, traditional dredging methods and 

placement of sediment have become a thing 

of the past. Large amounts of sediments are 

produced by maintenance dredging. Annual 

monitoring of the quality of the sediment in 

the Scheldt estuary shows that at least 80% is 

chemically suitable for reuse in infrastructure 

works. In practice, however, the poor 

geotechnical quality is often regarded as a 

bottleneck. As a result large quantities of 

dredged material are still disposed in landfill 

sites, entailing significant costs and often 

causing social resistance. This can be avoided 

by enhancing the knowledge about 

techniques that allow a beneficial reuse of 

sediments. The environmental impact of both 

dredging activities and large infrastructure 

works, such as the construction of flood 

control areas, can be reduced significantly 

when combined. 

THE SIGMA PLAN
Waterways and Sea Canal (W&Z) is a 

government agency, responsible for 1,000 km 

of navigable waterways and much of the land 

on their banks in the region of Flanders, 

Belgium. The proximity of the North Sea also 

presents potential flood risk. After the 

disastrous 1953 and 1976 North Sea floods, 

a flood defence plan called the Sigma Plan 

was conceived to protect the Flemish part of 

the Scheldt estuary against future storm 

THE USE OF ENGINEERED SEDIMENTS 
FOR DYKE CONSTRUCTION IN THE FLOOD 
CONTROL AREA OF VLASSENBROEK 

J. VAN NEDERKASSEL, S. VAN ZELE, B. VAN RENTERGHEM, T. VERMEERSCH AND H. QUAEYHAEGENS

Above: Close up of a long-reach excavator placing 

sediments over a vibrating sieve. The sieved material  

is then pumped through a pipeline to the sediment 

reprocessing plant where the “engineered sediment”  

is mixed. 

The Use of Engineered Sediments for Dyke Construction in the Flood Control Area of Vlassenbroek  5
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INNOVATIVE ANSWER
In civil construction a widespread technique is 

to stabilise and solidify soft soils with additives 

such as lime, fly ash or cement. It is not 

uncommon that contaminated sediments are 

stabilised and solidified prior to final disposal 

in a landfill. Jan De Nul Group came up with 

the innovative solution to bring the dredged 

sediments ashore using high density pumps 

and to create engineered sediments from the 

soft not-suitable sediments by applying and 

optimising the stabilisation and solidification 

methodology.This technology, as applied to 

the Vlassenbroek pilot project, has the 

following advantages:

-  No transport water and associated 

environmental permitting for water 

treatment is necessary.

-  The dyke body can be built up with a high 

proportion of sediments, minimizing external 

supply and associated transport.

-  Workability, shear strength and bearing 

capacity of the sediments are quickly 

improved.

-  Permeability of the sediments is decreased 

because of physical and chemical binding.

-  Risk for internal slides is reduced as only one 

type of dyke material is used.

-  Internal settlements are reduced as no 

dewatering takes place and the solidified 

material gets its final shape in a couple of 

days to weeks.

PILOT PROJECT ACTIVITIES
The Vlassenbroek pilot project execution can 

be divided in four work stages:

1.  Design phase

2.  Construction phase

3.  Quality control

4.  Post-construction testing

Stage 1: Design Phase
Design requirements
The overflow dyke has to be 800 m long with 

20/4 slopes. Crest width should be 7.0 m 

wide and 4.5 m above ground level. The total 

volume of the dyke body is estimated to be 

100,000 m³. The design requirements for  

the overflow dyke are equal to those for a 

conventional dyke in tidal conditions. The 

different failure mechanisms (see Figure 6) 

that have to be addressed are:

-  Macro stability of the dyke slopes: formation 

of slip planes between dyke body and 

subsoil caused by uplifting phenomena.

outlined, providing the contractor with  

non-contaminated sediment with a fine 

granulometry that lacks the necessary 

geotechnical characteristics for untreated 

application in infrastructure works. The 

overflow dyke, as secondary flood defence 

structure, was selected to implement the  

pilot project. 

To encourage the innovativeness of the 

market, W&Z set up a Design/Build project 

through an open procedure in which the 

client specifies certain requirements but the 

contractor is free to pursue unique solutions. 

In this case, in addition to price, the amount 

of dredged material being reused and the 

technical and environmental quality of  

the bid were assessed in the course of the 

procurement procedure to select the most 

economically advantageous tender. 

Bidders were asked to develop and implement 

a method to dredge, transport and reuse 

dredged material to construct the overflow 

dyke within a framework of strict boundary 

conditions. The shape of the overflow dyke 

was prescribed as well as the minimum 

requirements in relation to the impermeability 

and micro as well as macro stability. After 

being dredged the material was to be 

transported either via the waterway or 

through pipelines to the construction site for 

immediate application. Intermediate storage 

was excluded to minimise the environmental 

impact of the construction works.

surges. The implementation of the Sigma Plan 

is one of the key tasks of Waterways and Sea 

Canal. Since 2005 flood defense is combined 

with strengthening the river’s ecology through 

the creation of flood control areas (FCA). To 

construct new embankments around the first 

series of flood control areas approximately 2.5 

million m³ of construction material is needed.

FLOOD CONTROL AREA 
VLASSENBROEK
The Vlassenbroek polder in Dendermonde is 

currently being developed into a flood control 

area (Figure 1). The northern part of this,  

102 hectares wide, will be a tidal area with a 

controlled, reduced tide. With the rhythm of 

ebb and flow, water will flow into and out of 

this area via sluices twice a day, creating a 

unique tidal nature area with mud flats and 

salt marshes. The southern part of the flood 

control area, 138 hectares wide, will only 

flood when extreme storm surges occur 

(roughly once every 50 years). A typical 

wetland ecosystem will develop in this area. 

Both areas are separated from each other by 

an overflow dyke and surrounded by primary 

dykes (Figures 2-5).

THE VLASSENBROEK PILOT PROJECT
Waterways and Sea Canal (W&Z) launched  

a full-scale pilot project comprising the 

simultaneous execution of maintenance 

dredging and dyke construction including 

100% reuse of the dredged sediment. The 

section of the Scheldt to be dredged was 

Figure 1. Drawing of the location of the Vlassenbroek Flood Control Area (FCA).  

Insert, map of Belgium; the black dot is Dendermonde.



-  Micro stability of the dyke slopes: formation 

of slip planes in the dyke body caused by 

infiltrating water.

-  Piping: erosion of subsoil caused by ground 

water flow carrying ground particles under 

dyke body. 

Stability has to be determined for both the 

construction phase as well as for the final 

situation. A minimum safety factor of 1.1 is 

required for undrained scenarios during 

construction; for the drained scenario upon 

completion a minimum safety of 1.3 is 

required. 

Boundary conditions for the stability as well  

as permeability of the overflow dyke are 

governed by normative water levels that 

might occur in the flood control area of 

Vlassenbroek during storm events (see  

Figure 7). One of the storm events that has  

to be addressed for the calculation is the 

unlikely event in which the reduced tidal area 

is operating normally (water can flow in and 

out through the sluices connected with 

Scheldt) and the controlled flooding area has 

continuously high water for 7 consecutive 

days (outgoing sluice is closed).

Settlement at the location of the overflow 

dyke had to be checked and incorporated in 

the design.

 

Stability calculations
The flow scheme shown in Figure 8 is 

followed during the design calculations. 

Stability calculations are performed with 

SLOPE/W software and seepage modelling is 

performed with SEEP/W. Input parameters for 

subsoil and dyke material are gathered from 

laboratory and field investigations.  

The results of the transient seepage modelling 

show that the water flow in the overflow 

dyke is negligible in all scenarios. For example, 

in the worst case event with seven days of 

continuous high water in the controlled tidal 

area and the controlled flooding area empty, 

the water flow in the overflow dyke is  

1.49E-07 m³/s/m dyke. 

The modelled water table is subsequently 

used in the stability calculations to determine 

the critical circular and non-circular failure 

mechanisms via the Bishop method. Given the 

fact that a 3.5-m wide service road will be 
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Figure 2. Vlassenbroek, before flood control works.

Figure 3. Flood Control Area (FCA) at high tide.

Figure 4. FCA at storm tide.

Figure 5. FCA at extreme storm tide.
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All calculated safety factors are higher than 

the minimum design requirements.

 

Another failure mechanism that is addressed 

is piping. Piping can induce dyke sagging and 

finally lead to slope failure. The method of 

Sellmeijer is used and takes into account the 

granulometry and permeability of the water-

bearing soil layer. The result show that the 

calculated critical water level difference from 

which piping can be expected (16.6 m) is 

much higher than the maximum water level 

of 5.0 m that can occur. 

Settlements in the subsoil are calculated using 

Sanglerat’s method. Subsoil parameters are 

obtained from CPT soundings. Density of the 

dyke material is set to 16.5 kN/m³. Settlement 

of the subsoil is estimated to be 16 cm. Given 

the sandy nature of the dyke material no 

significant settlements in the dyke material 

itself are expected.

constructed on the crest of the overflow dyke, 

a traffic load of 15 kN/m² on top of the dyke 

was taken into account in the calculations.

After the last construction stage, a minimum 

safety factor of 2.08 is calculated (Figure 9). 

For the completed dyke, under highest water 

conditions, a minimum safety factor of 1.36 

against circular and non-circular failure 

mechanisms at the controlled flooding area 

side is obtained (Figure 10).

Another important consideration in the  

design is the stability analysis during rapid 

drawdown. The stabilising effect of the water 

on the reduced tidal area side is then lost, but 

the pore-water pressures within the dyke may 

remain present for a certain period. This can 

have a negative effect on the stability of dyke 

slope at the reduced tidal area side. For the 

overflow dyke, the rapid drawdown 

calculation gives a safety factor of 1.91.  

Preparatory site investigation
To gain insight into the sediment and subsoil 

quality, a preparatory investigation of these 

materials is essential. Extensive sediment 

sampling over the 2.5-km-long section to be 

dredged on the Scheldt is performed. During 

the fieldwork, the regulatory guidelines, in the 

form of codes of good practice, are followed. 

The results of the geotechnical investigation 

are summarised in Table I and Figure 11. From 

a geotechnical point of view the in-situ 

sediment has a fine sandy loam texture that 

lacks the necessary geotechnical characteristics 

for untreated application in infrastructure 

works. For that purpose, the sediments should 

be dewatered and/or strengthened. The 

sediment is non-contaminated and can be 

reused as construction material under the 

Flemish legal framework for reuse of waste 

materials. 

A detailed identification of the subsoil is a 

vital element in the proper understanding of 

the geotechnical characteristics of the material 

at the construction area. Therefore, multiple 

boreholes were drilled up to 15 m deep in the 

subsoil. At each location a minimum of five 

undisturbed samples were taken equally 

spread over the drilled profile. 

Tests and analyses that were performed on 

these samples include: particle size 

distribution, soil consistency/water content, 

organic content, settlement and consolidation 

characteristics via the oedometer test and 

determination of shear strength characteristics 

using the laboratory vane apparatus. These 

 Slip plane at GGG side

Micro(in)stability  

Slip plane at GOG side 

Piping

Figure 6. Four different failure mechanisms addressed in the design.

Figure 7. Example of water level variations checked in the design.
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development. In a second step a more 

in-depth testing procedure is followed to 

come down to the most suitable additive(s) 

results with regard to strength and 

permeability. The laboratory investigations are 

checked with the stability calculations and 

further optimised (Figure 13). 

 

The quick screening procedure focused on the 

strength development in function of four key 

parameters: 

-  type of additives

-  dose of additives

-  influence of water content

-  hardening time

Tested additives include: cements, quick lime, 

fly ashes, bottom ashes, granulated blast 

furnace slags and sodium silicate. Besides 

geotechnical properties also correct 

certification and cost effectiveness were taken 

into account as a decision factor in additive 

selection. In the laboratory tests specimens are 

obtained by mixing the sediments and 

additives to a homogenous mass. These 

mixtures are stored in air-tight plastic 

recipients. After 7, 14 and 28 days hardening, 

the undrained shear strength of the mixtures 

is determined using the motorised laboratory 

vane apparatus (Figure 14). 

Soil study: 
Soil composition,  

foreland, hinterland

Determine geometry 
and water level 

Determine seepage 
line, leak length

and seepage length 

Piping sensitive 
composition?

 

Evaluation  
observations

 

Heave or piping
 

Heave diagram

Piping diagram

 

Figure 8.  

Flow chart  

for the dyke 

design.

Figure 9. Safety factor for 

critical slip surfaces at 

controlled flooding area 

side during construction 

(undrained calculation).

 

Figure 10. Safety factor for 

critical slip surfaces at 

controlled flooding area 

side during high water 

levels (drained calculation). 

data were supplemented with field tests such 

as cone penetration testing (CPT) and hand 

vane tests. Based on the soil survey, a 

stratification is produced over the entire dyke 

section (see Figure 12) and the necessary 

calculation parameters for the stability 

calculations are determined. 

Engineered sediments
To improve the geotechnical properties of the 

dredged sediment, the material has to be 

amended with suitable additives. A wide 

range of additives is available including 

hydraulic and pouzzolane binders. Owing to 

environmental, geotechnical and economical 

restriction, however, only a few are suitable. 

In an extensive laboratory study various types 

and combinations of additives are mixed with 

the sediments and strength and permeability 

of the mixtures are analysed. From the 

stability calculations it became clear that the 

minimum strength and maximum permeability 

requirements for the dyke material are as in 

Table II. From an operational point of view 

(bearing of earth-moving equipment) these 

values must be met after a few days. 

In a first step, a quick screening procedure is 

drawn up to select the additives with 

promising results with regard to strength 



Figure 15 shows for a range of additives the 

dose in function of the water content to 

obtain the required 35 kPa undrained shear 

strength. It is clear that the water content and 

additive dose play an important role. Also the 

exact composition of the additive mix has an 

important effect on the developed strength. 

This is also shown in Figure 15 where the 

hydraulic binder (cement) in additive blends  

1 and 2 is the same, but where the type of 

pouzzolane (two different types of fly ashes)  

is altered.

Based on the quick screening results, a blend 

of Portland cement and fly ashes with high 

reactive silica content is selected as the best 

performing additive. In a next step the dose  

of this additive is optimised with regard to 

strength and permeability. The engineered 
sediments should develop sufficient strength 

after one week to support heavy earth moving 

machinery. The permeability should be no 

higher than the required 1.0E-07 m/s.

Figure 16 shows the evolution of the strength 

in function of the additive dose and the 

hardening time for sediments with a typical 

water content of 52%. Observations show that 

a threshold exist after which the strength starts 

to increase exponentially. Follow-up of the 

strength until 91 days shows that 95-99% of 

the maximum strength is reached after 28 days.

In a last step, CU tri-axial tests and 

permeability tests are performed in an 

accredited laboratory on engineered 
sediments prepared with the optimal dose of 

the best performing additive. CU tri-axial test 

are performed according to British Standard 

BS 1377-8. Saturation of the samples is 

conducted at a back pressure of 300 kPa. 

Consolidation is executed at 50, 75 and  

100 kPa. In a last step, an anisotropic load  

is applied to the samples until failure. 

Cohesion and internal angle of friction are 

determined by plotting the corresponding 

Mohr’s circles of effective stress. Cohesion 

varies between 5 and 8 kPa and internal angle 

of friction between 35 and 39 degrees. Both 

geotechnical parameters meet the minimum 
requirements set out in the stability calculations.

Permeability tests are performed according to 

Standard ISO 17892-11. Samples are first 

saturated by applying a hydrostatic back 

pressure of 300 kPa and are then tested at a 

relevant stress level of 50 kPa. The hydraulic 

conductivity for the optimal mixtures varies 
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Table II. Required design properties for 
engineered sediments.

Parameter Value Unit

Cohesion c  4 kPa

Angle of friction φ 25 °

Undrained shear strength 
cu

35 kPa

Water permeability k 1.0E-07 m/s

Table I. Results of the geotechnical 
investigation.

Parameter Value Unit

Dry matter (DM) content 65.8 %

Water content 52.3 %

Density 1.65 ton/m³

Organic Matter 3.7 % DM

Particle size distribution   

sand (63µm - 2mm) 61.5 %

silt (2µm - 63µm) 24.4 %

clay (<2µm) 14.1 %

Plasticity index (Ip) 11.5  

Undrained shear strength 
(cu)

0 kPa

Figure 12. Stratification of the subsoil at the construction area.

0 10 20 30 40 50 60 70 80 90 100

Clay (< 2 µm)    

Sand (2000-63µm) Loam (63-2µm)  

Sandy loam

Figure 11. Average geotechnical 

characteristics of the dredged 

material.



between 6.3E-09 and 3.6E-08 m/s, which is 

well below the required 1.0E-07 m/s.

Stage 2: Construction Phase
Unloading platform
The sediments are dredged using a backhoe 

dredger and transported by elevator barges to 

the unloading area. The unloading platform is 

designed to unload, screen and transport 

sediment delivered by barges (Figure 17).  

The unloading is done by a long reach 

transshipment crane, mounted on a pontoon. 

The crane discharges the sediment into a 

vibrating screen with mesh which extracts the 

large debris. After passing the screen, the 

sediment arrives in a dispenser which feeds 

the sediment to two high density pumps. 

The latter push the sediment into pipelines 

towards the mixing unit. The high density 

pumps are driven by hydraulic aggregates, 

which are mounted on the pontoon.

Depending on the type of material, overall 

unloading capacity is between 80 and 130 m³ 

per operational hour. Each high density pump 

is connected to a 580 m long 250 mm 

diameter pipeline. This pipeline is conceived to 

withstand pressures of up to 80 bar.

Mixing unit
Once pushed through the pipeline, the 

sediments arrive in the mixing unit (Figure 18). 

The mixing takes place in two parallel 

continuous ploughshare mixers which create a 

continuous whirling in the mixing chamber. 

The incoming volumetric flow of sediments is 

measured and the dosing of additives from a 

silo is adjusted to this flow by means of 

calibrated frequency driven dozing screws. 

When the mixture reaches the outlet of the 

continuous mixer it is transformed into a 

homogenous mass. These engineered 
sediments fall into 45 m³ hoppers before 

being loaded into Volvo A25 dump trucks and 

transported towards the dyke construction 

area.

Dyke construction
At the dyke footprint, a 0.5-m-thick turf layer 

is stripped first. Two temporary bunds are 

built with the excavated material (Figure 19). 

A first layer of engineered sediments is then 

spread between these bunds.

 

The engineered sediments start hardening in 

place and as soon as they reach their desired 

strength an excavator again creates small 

temporary bunds, but this time from the 

hardened engineered sediments. A sub-

sequent layer of engineered sediments can be 

placed on top of the first layer (Figure 20).

The same methodology is applied for the 

subsequent layers (Figure 21) until the design 

height of the overflow dyke is reached. Once 

the overflow dyke has reached the design 

height and strength the raised dyke is profiled 

using a low-impact Caterpillar D5 bull dozer, 
equipped with GPS instrumentation (Figure 22).

Vegetation cover
In order to protect the slopes of the newly 
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Figure 14. Engineered sediments during hardening and the laboratory vane apparatus.
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testing procedure.
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constructed overflow dyke against erosion 

caused by rainfall and to integrate the dyke 

into the landscape, a vegetation cover on the 

dyke slopes was installed. A hand-seeding 

experiment led to the conclusion that a 

classic-sowing technique, in which the dyke 

surface is roughened, seeded and finally 

rolled, would not result in a fast sprout of the 

grass seeds. Dry weather conditions and harsh 

subsoil characteristics such as low permeability 

and high alkalinity prevent fast germination. 

Therefore, sowing of around 35,000 m² of 

dyke slopes was realised by hydro-seeding. 

The seed mixture dosed at 300 kg/ha is mixed 

with water, an acidifier, mulch and binders. 

By using a binder based on starch, the seed 

sticks to the dyke slopes. Another polymer 

serves as a water retaining agent, while the 

mulch improves the fertility of the surface. 

Figure 23 shows the completed overflow dyke 

with the realised vegetation cover.

Stage 3: Quality Control 
The main purpose of the quality assurance 

and quality control (QA/QC) is to ensure that 

the design requirements are met throughout 

the execution of the project. The QA/QC plan 

accounts for the quality of the incoming 

materials and processes as well as the 

performance criteria of the engineered 
sediments considering the boundary 

conditions of the project.

Process monitoring
The preparatory investigations revealed that 

the geotechnical quality of the dredged 

sediments can influence certain process 

parameters such as pumpability of the material, 

and accuracy of additive dosing and mixing.
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Figure 16. Shear strength in function of dose and hardening time. Horizontal line indicates minimum required strength.

Figure 17. A specially designed discharge pier accommodates the high tidal amplitude and strong currents at 

the site. A long-reach excavator unloads sediments from a barge and places them over a vibrating sieve.  

The high-density, sieved material is then pushed through a pipeline towards the mixing unit.  

Figure 18. Sediment-additive mixing unit where the 

sediments are ‘engineered’.

Figure 15. Additive dose in function of water content for different additive blends.



Although the preparatory site investigation 

also reveals that heterogeneity in the dredged 

sediments is limited, the decision was taken to 

regularly check geotechnical quality of the 

dredged sediments. In the case that the 

analytical results show a deviation in sediment 

characteristics, anticipative actions can be 

taken by adjusting the relevant process 

parameters.

Representative material samples are taken 

from every barge arriving at the unloading 

platform and checked in the laboratory for dry 

matter content, particle size distribution and 

organic matter content. Material testing 

during the works confirms the findings of the 

preparatory investigations: dredged sediment 

heterogeneity is limited and process 

parameters are hardly influenced.

Performance testing
The most relevant aspect to be monitored is 

the stability of the dyke material. Therefore 

procedures are drawn for testing the strength 

and permeability of the dyke material. 

A quick way to determine strength 

characteristics of the engineered sediments in 

the field is measuring the undrained shear 

strength by means of the hand vane tester 

(Figure 24). During the works the vane shear 

strength is measured after placement of each 

layer engineered sediments in the dyke 

profile. Measurements are done on a uniform 

grid of 20 x 20 m. At each grid point 

measurements are done at the surface and at 

every metre in vertical direction. Vane shear 

results are corrected for plasticity, anisotropy 

and rate effects according to the formula of 

Bjerrum (Van ’t Hoff and van der Kolff 2012).

Field vane tests show that the average 

undrained shear strength was 76 ± 29 kPa at 

the surface and 55 ± 20 kPa in the depth.  

The higher strengths at the surface may be 

explained by natural drying and compacting 

of dyke material by earth moving machinery.

To validate the field tests, undisturbed 

samples are taken to determine the cohesion 

and angle of friction by means of CU tri-axial 

testing in an accredited laboratory. The 

cohesion varies between 8 and 30 kPa and 

the angle of friction between 34 and 40 

degrees. The variation in cohesion is 
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Figure 22. Profiled overflow dyke.

Figure 21. Construction of subsequent layers of Engineered Sediments and temporary bunds.

Figure 20. Construction of first layer Engineered Sediments and temporary bunds.

Figure 19. Construction of temporary bunds from stripped turf layer.

Table III. Comparison of strength parameters in different phases of the project.

Design parameter Design requirements Preparatory 
investigation

Quality control 
execution phase

Shear strength 35 kPa 33-44 kPa 55 ± 20 kPa

Cohesion 4 kPa 5-8 kPa 8-30 kPa

Angle of friction 25˚ 35-39˚ 33-40˚

Table IV. Comparison of permeability measured in different phases of the project.

Design parameter Design requirements Preparatory 
investigation

Quality control 
execution phase

Permeability 1.0E-07 m/s 3.6E-08 - 6.3E-09 m/s 8.3E-08 - 1.6E-09 m/s



well below the maximum requirement set out 

in the stability calculations (see Table IV).

Stage 4: Post-Construction Testing
Three months after completing the 

construction of the dyke a test programme 

was started to check whether the overflow 

dyke meets the contractual requirements. The 

programme involves cone penetration testing 

and borehole drilling followed by laboratory 

testing.

Cone Penetration Test
A good in-situ technique to check the 

homogeneity of the dyke material is cone 

penetration testing (CPT). This test has the 

advantage of providing an immediate 

continuous profile. Soundings are conducted 

with a hydraulic 200 kN-penetrometer 

mounted on a crawler. Cone-tip resistance 

(qc) and cone-tip friction (fs) are recorded 

every 2 cm over 7 metres depth. Soundings are 

carried out every 50 m across the dyke crest.

A typical CPT result is shown in Figure 26. The 

peak in cone tip resistance in the upper 0.5 m

can be ascribed to a gravel road that is build 

up on top of the dyke. Underneath the cone-

tip resistance drops to around 500-700 kPa 

and stays in this range for 3 to 4 metres.  

This indicates a good homogeneity of the 

engineered sediments layer. The increase in 

strength around 5 metres is associated with 

the subsoil on which the overflow dyke is 

placed.

The undrained shear strength cu can be 

derived from the cone tip resistance (Burgos 

et al. 2007; Van ’t Hoff and van der Kolff 

2012). A frequently used correlation to derive 

cu from a CPT measurement is:

cu =
 

qc

Nc

Where Nc is an empirical factor that usually 

varies between 10 and 15. This correlation is

calibrated by vane shear tests on undisturbed 

soil samples taken during the post-

construction phase testing programme.  

In this case, Nc = 13.5 has been adopted. The 

stability calculations require the dyke material 

to have a minimal undrained shear strength of 

35 kPa, which corresponds to a cone tip 

resistance of 473 kPa. Figure 27 shows the 

median of the values for each depth.

drop in the water level during a certain time 

interval is measured. Measurements are 

according to the ASTM D3385-03 standard 

test method. Field permeability ranges from 

1.0E-08 to 8.3E-08 m/s. To validate the field 

tests, undisturbed samples are taken to 

determine the permeability in an accredited 

laboratory. 

  

The quality control results show that the 

permeability of the engineered sediments is 

associated with that in undrained shear 

strength. The quality control results show that 

the strength of the engineered sediments is 
well above the minimum requirements set out 

in the stability calculations (see Table III). 

The double ring infiltrometer is a simple 

instrument to measure the vertical 

permeability of the dyke material (Figure 25). 

Two rings are partially inserted into the dyke 

material and filled with water, after which the 

Figure 24. Hand vane for shear strength testing.

Figure 25. Double ring infiltrometer for permeability 

testing.

Figure 23. The completed overflow dyke in autumn 2013, covered with vegetation for protection against erosion.
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below the maximum requirement set out in 

the stability study. Two cu tri-axial test values 

indicate insufficient strength, but the cohesion 

and cu measured with the lab vane apparatus 

at all depths do meet the requirements.

EXTENSION GRANTED
In February 2014 Jan De Nul Group was 

granted an extension to the contract. The 

principal – Waterways and Sea Canal –  

asked the JDN Group to apply the same 

technologies to construct a primary flood 

defence dyke close to the village centre of 

Vlassenbroek (Figure 28). This 700-m long and 

6-m high primary dyke will protect the village 

from the water that flows into the flood 

Boring samples
Five sampling locations are chosen on top of 

the overflow dyke crest. At each of these 

locations, drillings up to 5 m deep are 

performed and at 4, depths samples are taken 

from the dyke material. Table V shows the 

results for the strength and permeability 

parameters. The vertical permeability is well 

0

1

2

3

4

5

6

7

0 5000 10000 15000 20000

de
pt

h 
(m

 b
gl

)

qc (kPa)

0

1

2

3

4

5

6

7

0 1000 2000 3000 4000 5000

de
pt

h 
(m

 b
gl

)

qc (kPa)

minimal required median

Figure 28. Vlassenbroek primary flood defence dyke construction site.

Figure 26. (left) Typical cone tip 

resistance measurement in post-

construction CPT tests.

Figure 27. (right) Average cone tip 

resistance versus required values.

Table V. Post construction testing results.

Depth
(m bgl)

c Tri-axial test
(kPa)

cu Tri-axial test
(kPa)

cu Lab vane test
(kPa)

Permeability
(m/s)

1.00 – 1.50 17.0 102.8 54.9 5.83E-09

1.75 – 2.25 6.5 31.6 56.7 3.46E-08

2.50 – 3.00 5.2 23.3 39.2 2.19E-08

3.25 – 3.72 9.3 37.7 54.2 5.26E-09
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control area. The dyke will be built with 

dredged material of similar environmental and

geotechnical quality. A small-scale laboratory 

investigation validated the results of the

extensive stabilisation tests performed in the 

design phase for the construction of the 

overflow dyke. As such, the same blend of 

additives will be used to enhance the quality 

of the sediments.

After successfully completing the preparatory 

works (site investigation, lab testing and 

stability calculations) the execution works 

started in august 2014. Lessons learnt during 

the first pilot project are currently being 

usefully applied on the extension project 

which makes that the project runs on 

schedule and is expected to be completed in 

summer 2015.
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CONCLUSIONS

The full-scale Vlassenbroek pilot project 

comprises the simultaneous execution of 

maintenance dredging and dyke 

construction including 100% reuse of the 

dredged sediment. By combining these 

works greater efficiency could be gained. 

Beneficial reuse of sediments avoids 

disposing large quantities of material in 

landfill sites, entailing important costs and 

often causing social resistance.

Additional efficiency gains could be 

obtained by applying an innovative work 

methodology which encompassed 

dredging, transporting, processing and 

reusing the dredged material as 

engineered sediments to construct the 

overflow dyke. By optimally planning and 

adjusting this sequence of activities 

considerable savings in time, space and 

cost could be achieved:

-  On time delivery of dredged sediments 

reduced idle time of the onshore part of 

the operational chain. Transport of the 

dredged material took place over water 

which saved thousands of truck 

transports by road. High tidal ranges and 

currents were addressed.

-   Dredging and pumping the sediments 

at in-situ density eliminates a 

dewatering step, as such intermediate 

storage could be excluded and 

environmental impacts limited.

-   After processing the sediments in the 

mixing unit the material was 

immediately applied at its final location 

in the construction works. No external 

supply of dyke material was needed.

Laboratory testing followed by full-scale 

field trials demonstrated that the 

requirements in terms of stability and 

permeability could be achieved. The use of 

high-density pumps and a well-controlled 

processing plant eliminated the need for 

rehandling and intermediate storage of 

the solidified material.

The applied technique opens the door for 

a new approach in the application of fine 

sediments in large scale infrastructure 

works. By effective selection of additive 

and application dose, unsuitable 

sediments are turned into useful 

construction material within days and with 

a minimum handling at a cost effect rate.



ABSTRACT

Regulators, funding agencies and proponents 

worldwide are imposing increasingly strict 

environmental regulations to minimise the 

potential impact of marine construction 

activities, and more specifically, the 

underwater sound generated by such 

activities. Marine fauna may be adversely 

affected by marine construction as a result of 

physical interaction with construction 

equipment and/or exposure to high levels of 

underwater sound. Physical interaction can 

cause injury or death, exposure to high sound 

levels may cause physiological effects (e.g., 

permanent or temporary hearing threshold 

shifts), behavioural effects or masking. 

To minimise the potential impact of marine 

construction projects on marine fauna 

worldwide Van Oord and SEAMARCO have 

developed the FaunaGuard, an Acoustic 

Deterrent Device, to safely and temporarily 

deter various marine fauna species from 

marine construction sites with specialised 

underwater acoustics. The underwater 

acoustics that are implemented in the 

FaunaGuard have been designed and tested 

scientifically for specific marine fauna species, 

or species groups. A variety of signals is 

already available or under development, i.e., 

for various species of marine fish, mammals 

and reptiles. A number of practical 

applications are described. The FaunaGuard is 

a successful member of a broader family of 

environmental Guards (FaunaGuard, 

PlumeGuard, ReefGuard).

INTRODUCTION

Regulators, funding agencies and proponents 

worldwide are imposing increasingly strict 

environmental regulations to minimise the 

potential impact of marine construction 

activities, and the sound generated under water 

by such activities. 

Marine fauna may be adversely affected by 

marine construction works as a result of physical 

interaction with construction equipment and/or 

exposure to high levels of underwater sound. 

Physical interaction can cause injury or death, 

exposure to high sound levels may cause 

masking, physiological effects (e.g., temporary 

or permanent hearing threshold shifts), 

behavioural effects or masking. 

Legislation for underwater sound, as it 

emerges internationally (e.g., following the EU 

Marine Framework Directive), increasingly 

takes an ecosystem-based approach aiming to 

keep sound levels in a sensitive habitat within 

acceptable levels. The philosophy is not to 

scare animals away from their known foraging 

and breeding grounds, but to allow human 

activities in that habitat only when impact 

remains below maximum acceptable levels. 

This triggers mitigating measures, such as air 

bubble screens, that focus on reducing the 

propagation of sound energy from the source. 

When dealing with temporary high energetic 

activities producing high peak levels of 

underwater sound, sound suppressing 

mitigation measures might no longer be 

effective at acceptable cost. In order to 

protect marine fauna from Temporary 

Threshold Shift (TTS) and Permanent 

Threshold Shift (PTS), Acoustic Deterrent 

Devices (ADDs or pingers) still remain a viable 

option in order to temporarily deter the 

animals away to a distance where underwater 

sound levels have dropped to safe values.

Many ADDs and pingers are commercially 

available. An issue around such devices 

remains that their effectiveness is often not 

scientifically validated. As an alternative to 

existing approaches Van Oord and 

FAUNAGUARD: A SCIENTIFIC METHOD FOR 
DETERRING MARINE FAUNA 

H. VAN DER MEIJ, R. KASTELEIN, E. VAN EEKELEN AND M. VAN KONINGSVELD

Above: Schools of fish are typically encountered at 

marine construction sites. FaunaGuard, an Acoustic 

Deterrent Device, can safely and temporarily deter 

various marine fauna species from these sites using 

specialised underwater acoustics.  

Faunaguard: A Scientific Method for Deterring Marine Fauna  17



SEAMARCO have developed the FaunaGuard, 

an Acoustic Deterrent Device to safely and 

temporarily deter various marine fauna species 

from marine construction sites with specialised 

underwater acoustics. 

The underwater acoustics that are 

implemented in the FaunaGuard have been 

designed and tested scientifically for specific 

marine fauna species or groups of species. A 

variety of signals is already available or under 

development for modular application to 

various species of marine fish, mammals and 

reptiles. The most recent module added to the 

FaunaGuard (2014) has been designed for the 

harbour porpoise (Phocoena phocoena). 

This article describes important aspects of 

marine fauna and (anthropogenic) underwater 

sound, the philosophy behind the 

FaunaGuard, its infrastructure and signal 

library and its application scope. 

MARINE FAUNA AND UNDERWATER 
SOUND
Sound can be described as a moving wave in 

which particles of the medium are forced 

together and then move apart. This creates 

changes in pressure that propagate with the 

speed of sound. The speed of sound in water 

is more than four times higher than the speed 

of sound in air because the medium ‘water’ 

supports the propagation of sound better 

than the medium ‘air’. In water, the 

attenuation is less than in air.

Sound is produced under water by natural 

and anthropogenic sources. Natural sources of 

sound can be vocalisations of marine life, e.g., 

the elaborate songs of humpback whales or 

the snapping of shrimp. Wind, rain, waves, 

and subsea volcanic and seismic activity all 

contribute to ambient sounds in bodies of 

water. Anthropogenic sound comes from 

construction of marine infrastructure 

(including dredging) and industrial activities 

such as drilling or aggregate extraction, 

shipping, military activities using various types 

of sonar, geophysical exploration using seismic 

surveys, and a variety of other activities.

As sound propagates very well under water, 

many marine species use it for a variety of 

purposes. Both fish and marine mammals 

communicate with underwater sound. Some 

whales even communicate over distances as 

large as hundreds of kilometres. Marine fauna 

also uses sound for navigation, finding prey 

and detecting predators.

HAZARDS OF ANTHROPOGENIC 
SOUNDS
Anthropogenic sound interferences can have a 

variety of effects on aquatic life (see Figure 1). 

Once sounds of anthropogenic origin are loud 

enough to be in the audible range of marine 

fauna, they may first mask biologically 

important signals such as communication calls 

between animals. When sound levels increase, 

the severity of the response also increases 

ranging from subtle, such as a startle 

response, to strong behavioural reactions, 

such as complete avoidance of an area. When 

sound levels received by marine fauna are 

even higher, they can affect hearing either 

temporarily or permanently and extremes can 

lead to injury or even death. The latter, 

however, occurs only when animals are very 

close to a very high intensity sound source. 

Like many other activities, dredging and 

marine construction activities produce 

underwater sound. The Central Dredging 

Association (CEDA) has published a position 

paper on this topic and encourages the 

development of a standardised monitoring 

protocol for underwater sound, to facilitate 

evaluations of reasonable and appropriate 

management practices to reduced underwater 

sound production during dredging (CEDA, 

2011).

FAUNAGUARD PHILOSOPHY
The philosophy of the FaunaGuard, developed 

by Van Oord and SEAMARCO, is to make 

optimal use of the behavioural effects induced 

by specific sounds with different species or 

species groups. By deliberately making an area 

in and around a dredging or marine 

construction site (temporarily) unattractive to 

marine fauna, more serious effects related to 

high peak energy events may be prevented. 

As such the FaunaGuard aims to utilise mild 

behavioural effects (moving from an area) just 
before construction, to prevent more serious 

physiological effects on marine fauna during 

construction. 

The careful use of underwater sound has 

some additional advantages. Traditional 

mitigating measures rely on visual 

observations, e.g., by Marine Fauna Observers 

(MFOs), or physical contact, such as turtle 

deflectors and physical relocation. Both 

methods, though effectively used in practice, 

have limitations:

•  Visual observations are less effective when 

marine fauna are not at the water surface, 

when turbidity levels are higher or visibility 

is low in general (such as during bad 

weather or at night). 
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Figure 1. Ranges of effects of 

sounds on Marine Mammals 

(Courtesy of SEAMARCO).
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SEAMARCO B.V. (Sea Mammal Research 

Company Inc.) which specialises in applied 

acoustic research with marine fauna. He is 

(co)author of many publications, in diverse 

disciplines such as anatomy, physiology, 

behaviour, acoustics, biomechanics, 

sensory systems, animal medicine, animal 

welfare and psychophysics. 

ERIK VAN EEKELEN 

graduated in 2007 as an MSc from Delft 

University of Technology, the Netherlands, 

on the subject of the environmental 

impacts of dredging plumes from TSHDs. 

He then joined Van Oord’s Environmental 

Engineering Department, working on a 

wide variety of environmental aspects of 

their dredging and maritime construction 

projects, such as Eco-Design, turbidity 

management and protection of marine 

fauna both in the Netherlands and abroad. 

MARK VAN KONINGSVELD 

received an MSc (1998) and subsequently 

a PhD degree (2003) in Civil Engineering 

from the University of Twente, Enschede, 

the Netherlands. His PhD research, 

executed at WL|Delft Hydraulics, later 

Deltares, focussed on Matching Specialist 

Knowledge with End User Needs. After 

several years working at Deltares he joined 

Van Oord (2008) where he is currently the 

manager of the Environmental Engineering 

Department. He aims to proactively provide 

clients with state-of-the-art solutions. 

•  Methods that rely on physical contact (like a 

turtle deflector or re-location of species by 

divers / nets) may still cause stress and 

impact to the fauna. 

•  Physical devices may adversely affect the 

efficiency of dredging operations or even 

cause safety issues.

A modern alternative mitigation technique is 

to make use of Passive Acoustic Monitoring 

(PAM) to acoustically detect the presence of 

marine mammal species such as whales and 

porpoises. The use of PAM systems alone is 

often insufficient, as it is difficult to discern 

between different species as well as to 

establish the exact location of the detected 

animal in relation to the position of the PAM. 

Last but not least it is good to realise that 

PAM systems can only work when animals 

vocalise.

The FaunaGuard is an Acoustic Deterrent 

Device (ADD), albeit one with customised 

hardware specifications to allow for the 

emission quite specific signals at the 

appropriate levels of intensity. ADDs, as they 

are available on the market, vary greatly in 

source level, spectrum (and thus the effective 

range), duty cycle, proven effectiveness and 

durability. The most innovative aspect of the 

FaunaGuard is the fact that it deters marine 

fauna with species specific or group specific 

(safe) acoustics that are tested scientifically for 

their effectiveness. This means that the 

acoustic signals that are emitted by the 

FaunaGuard have been specifically selected 

(frequency spectrum, loudness, temporal 

structure, duty cycle) for specific species of 

marine fauna. The tailor-made sounds enable 

a more focussed deterring approach, which 

minimises impacts on the target species, as 

well as on other species, and improves the 

likelihood for fauna to survive.

FAUNAGUARD HARDWARE
The FaunaGuard consists of sound-emitting 

equipment and sound-receiving equipment (to 

allow users to check that the device is 

working). In principle each FaunaGuard 

module is purpose-built for a target species, 

although it is possible to combine several 

modules into one device.

The FaunaGuard randomly emits sounds that 

are all designed to fit specific requirements for 

the target species. The different sounds are 

based on the hearing range and sensitivity of 

the species (frequency spectrum) and the 

reaction threshold levels, based on known 

literature and extensive behavioural response 

experiments. 

The frequency spectrum of the deterring 

sounds of the FaunaGuard have been 

designed to be within the functional hearing 

range of the target animals, and within the 

range of best hearing, so that the sensation 

level (number of dB above the hearing 

threshold for a particular frequency) is as high 
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Figure 2. Sounds tested on sea turtles at Rotterdam Zoo (Courtesy of SEAMARCO).
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as possible (thus creating a deterring range 

that is as large as possible). 

Furthermore, if possible, the signal duration 

and frequency spectrum takes into account 

the species directional hearing abilities, as to 

assure that the species know where to move 

away from (i.e., in which direction to go to 

minimise the sound level).

For almost all animals, sounds with 

complicated spectra have a greater deterring 

effect than pure tones. Therefore, the 

FaunaGuard emits a variety of complex 

sounds such as sounds with harmonics, 

sweeps, and impulsive sounds. In addition, 

sounds have various durations and are 

emitted with random inter-pulse intervals, to 

reduce the habituation process. 

The higher the level of the sounds emitted, 

the greater the effective range of the 

FaunaGuard. To allow sounds of high level to 

be produced, a transducer is selected that 

has: 

•  a high output level in the desired frequency 

range (i.e., in the hearing range of the 

target species), and

•  omni-directionality for the higher 

frequencies (for this purpose a ball 

hydrophone is used, transmitting the 

sounds in 3 dimensions).

The sound level emitted by the FaunaGuard 

can be adjusted depending on the required 

effective range. Additionally, for the safety of 

the animal’s hearing the sound level is slowly 

ramped up after the FaunaGuard is activated. 

It takes 5-10 minutes to reach the maximum 

output level. This gives marine fauna time to 

swim away before maximum output of the 

FaunaGuard is reached.

FAUNAGUARD TESTED SOUNDS
Since 2010, Van Oord has commissioned 

SEAMARCO to test and compose the 

FaunaGuard modules for different species of 

marine fauna. The following behavioural 

response experiments have been performed 

under laboratory conditions at the 

SEAMARCO facilities in Wilhelminadorp, 

Rotterdam Zoo and the Arsenaal Aquarium in 

Vlissingen, all located in the Netherlands.

Responses to sound and light stimuli 
by Atlantic green turtles (Chelonia 
mydas) and Hawksbill turtles 
(Eretmochelys imbricata) in a pool at 
Rotterdam Zoo, 2010
A study on the effects of sound and light 

stimuli on the behaviour of Atlantic green 

turtles (Chelonia mydas) and Hawksbill turtles 

(Eretmochelys imbricata) was conducted in an 

indoor pool at Rotterdam Zoo, the Netherlands 

(see Figure 2). The pool was set up in the 

quarantine area of the zoo’s aquarium 

department which is not open to visitors and 

therefore relatively quiet. The turtles were kept 

in pairs in an oval pool (7.6 m (l) x 5 m (w) x  

1 m (d)). Two 1-m-long male Atlantic green 

turtles (Chelonia mydas) and two 1-m-long 

Hawksbill turtles (Eretmochelys imbricata) were 

subjects for this study. 

The FaunaGuard experiment at Rotterdam 

Zoo produced several signals that triggered a 

clear behavioural response with the turtles in 

the test facility. The experiment furthermore 

produced a number of helpful lessons learnt 

regarding the type of signals that were 

effective, which aspects to take into account 

when deterring turtles and the optimal signal 

duration in order to elicit a behavioural 

response. 

Differences were observed in responses to 

sound between individuals in the pool. Owing 

to the small sample size, it cannot be 

determined if these differences were 

individual, age related, or species specific. 

When the turtles were in a sleep phase, they 

were very difficult to “wake up”. As a result, 

the exposure level required to elicit 

behavioural responses in turtles needs to be 

high. However, above a certain level, it is the 

spectrum which determines whether a turtle 

responds to a sound. Responses were mainly 

seen to sounds below 1 kHz. This is in 

agreement with the literature about the 

frequency range of hearing in turtles. Typical 

Figure 4. Shark and fish 

pilot study at  

 ‘The Arsenaal’ in 

Vlissingen, the Netherlands 

(Courtesy of SEAMARCO).

Figure 3. Fish tests at SEAMARCO Institute in Zeeland (Courtesy of SEAMARCO).



performed in a public aquarium (Figure 4). If 

the sharks would react to the emitted sounds, 

a larger study was envisioned. 

Four shark species, one stingray species, and 

three bony marine fish species were exposed 

to the sounds of the fish module of the 

FaunaGuard (duration of sounds: 10 seconds, 

once every 5 minutes). The sharks often 

showed a change in swimming pattern after 

exposure to the sounds (during and often 

after signal presentation). The sharks reacted 

relatively strongly to three signal types (square 

waves, white noise and down-sweep) and 

strongly to one signal type (down-sweep). 

Also, the sharks reacted relatively strongly to 

several of the high frequency down-sweeps. 

Most of the shark species reacted to the high 

frequency sounds with a slightly higher activity 

level and a change in swimming pattern. 

All bony fish species reacted to the 

FaunaGuard sounds (Sea bass and Yellowtail 

Kingfish reacted both equally strong to the 

sounds, and they reacted stronger than Cod). 

None of the bony fish species reacted to 

sounds above 1 kHz. Whether the sharks 

reacted to the FaunaGuard sounds directly, or 

to the response of the bony fish to the 

FaunaGuard sounds indirectly, could not be 

established conclusively. However, sharks at 

sea are likely to follow fish (their prey) that 

behave abnormally (such as during flight), and 

this response may lead them to follow the fish 

and thus out or harm's way. When an 

opportunity arises this aspect will be 

investigated in greater detail.  
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20 sounds on the fish in the facility could be 

made. Ten of the 20 sounds were very 

effective in causing behavioural responses in 

the fish. These responses were classified 

according to type and duration. The sounds 

that caused little or no effect were outside the 

most sensitive hearing range of most fish 

species and outside the resonance frequency 

range of the transducer (meaning that they 

were produced at a lower source level). These 

10 sounds produced by the FaunaGuard have 

been replaced by other, more effective, sounds.

 

Responses of 4 shark species, 
stingrays and 3 bony marine fish 
species to underwater sounds 
produced by the FaunaGuard, 2012
The effectiveness of the FaunaGuard on bony 

fish (Teleosts; skeletons are made of bone) 

has been shown qualitatively during several 

field deployments at marine construction 

projects in Sweden and Brazil in 2011 and 

2012. The exact effectiveness was established 

in studies under laboratory conditions in a 

pool at SEAMARCO (2011) (see Figure 3). 

Next, the effectiveness of the FaunaGuard Fish 

Module on sharks (Elasmobranchs; skeletons 

made of cartilage; sharks, rays and dogfish) 

was studied.

Because sharks are more dependent on their 

electro-magnetic and olfactory senses, the 

likelihood of them reacting to sounds was 

expected to be smaller than for bony fishes. A 

pilot study on whether behavioural responses 

from sharks could be elicited with sound was 

behavioural responses were an increase in 

activity and a change in swimming pattern.

Even though the experimental setup had 

some limitations (relatively small basin size, 

limited size test population), the overall results 

are useful. Additional tests are planned to 

further refine the signals found so far, apply 

these under various field conditions and test 

them on more sea turtle individuals.

Responses of captive North Sea fish 
species to underwater sounds 
produced by the FaunaGuard, 2011
The FaunaGuard Fish Module was designed to 

produce (safe) sounds to deter fish from areas 

where harmful sounds are about to be made. 

Though qualitative evidence from deployment 

on a dredging project in Sweden suggests 

that the FaunaGuard effectively deters fish, no 

scientific data on the behavioural responses of 

fish to the sounds produced by the 

FaunaGuard was available. 

Therefore the behavioural responses of two 

captive marine fish species to sounds 

produced by the FaunaGuard were observed, 

recorded and quantified (see Figure 3). The 20 

sounds of the FaunaGuard Fish Module were 

tested on five schools of sea bass 

(Dicentrarchus labrax) falling into three size 

classes and on three schools of thicklip mullet 

(Chelon labrosus) of one size class.

Although the two fish species responded 

slightly differently to the sounds, several 

generalisations on the effectiveness of the  

Figure 5. Harbour 

porpoise behavioural 

response study at 

SEAMARCO Institute in 

Zeeland, the Netherlands 

(Courtesy of 

SEAMARCO).



The effective distance was far enough to 

prevent Permanent Hearing Threshold Shift 

(PTS) in harbour porpoises caused by pile 

driving sounds. 

FAUNAGUARD PRACTICAL 
APPLICATIONS
In order to deter marine fauna from its marine 

construction sites, Van Oord has applied the 

FaunaGuard in different projects worldwide. 

Key to effective deployment is the careful 

design of a management framework in which 

a mitigating measure such as the FaunaGuard, 

can be embedded. Garel et al. (2014) illustrate 

the applicability of the Frame of Reference 

(FoR) approach in the design of such 

management frameworks for offshore 

renewable energy projects. 

The FoR approach was developed to help 

researchers from various fields of expertise to 

use one generically applicable method to 

embed their results in a practical decision 

context (Van Koningsveld et al., 2003; Van 

Koningsveld and Mulder, 2004; Van 

Koningsveld et al., 2005). The approach is 

characterised by the coherent definition of 

clear objectives at strategic and operational 

(or tactical) levels and an operational phase 

where indicators are defined to verify whether 

or not these objectives are met. A simple 

example that involves the deployment of a 

FaunaGuard is discussed below (see Table I). 

Let’s assume that a virtual offshore wind 

energy project in Europe is considered, for 

Behavioural response study of 
porpoise on underwater sounds 
produced by the FaunaGuard,  
March – May 2014
To estimate the mean received behavioural 

threshold level of harbour porpoises for the 

sounds of the FaunaGuard Porpoise Module, 

and establish an acoustic dose-behavioural 

response relationship, a porpoise in a pool 

was exposed to the sounds at seven mean 

received Sound Pressure Levels (SPLs). Two 

behavioural parameters were recorded during 

control and test sessions: the number of 

respirations (stress indicator) and the animal’s 

distance to the transducer. The experimental 

setup that was used to test this is shown in 

Figure 5.

The number of respirations differed 

significantly between control and test sessions 

at mean received test levels of 104 dB re 1µPa 

and above. The porpoise’s distance to the 

transducer was significantly greater during 

test sessions than during control sessions 

when mean received levels in test sessions 

were 86 dB re 1µPa and above. The results 

show that harbour porpoise will respond to 

the FaunaGuard by swimming away from it. 

The FaunaGuard Porpoise Module is effective 

at deterring harbour porpoises, in part owing 

to the high frequency sounds it produces. This 

allows the porpoise to localise the sound 

source more easily. To calculate the deterring 

distance or effective range of the FaunaGuard 

for harbour porpoises at sea, information on 

the Source Level, the behavioural threshold 

level for distance established in the present 

study, and modelled information on the local 

propagation conditions and ambient noise 

need to be combined. For a specific 

construction site in the North Sea (Eneco 

Luchterduinen wind turbine park), TNO has 

calculated the effective distance (~1.3 km). 
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Figure 6. FaunaGuard in 

Norrköping (Sweden) 

hanging off the drilling and 

blasting barge before 

deployment.

Table I. Example of Frame of Reference (FoR) approach on one effect (impact on mammals) of wind energy projects.

Environmental 
issue

Strategic 
objective

Tactical 
objective

Quantitative 
State concept

Benchmarking 
desired state

Benchmarking 
current state

Intervention 
procedure

Evaluation 
procedure

Harbour 
porpoise 
protection

To preserve  
the regional 
harbour 
porpoise 
population 
given the 
planned 
construction 
activity

To prevent 
individual 
porpoise being 
present in the 
area with high 
risk for 
Permanent 
Hearing 
Threshold Shift 
(PTS)

Number of 
individuals 
within 1000 m 
from source  
15 min. prior to 
start of piling 
activities

No individuals in 
1000 m radius 
15 min. prior to 
start of piling 
activities

Observed 
number of 
individuals in 
1000 m radius 
15 min. prior to 
start of piling. 

If observed 
number of 
individuals 
exceeds the 
benchmark, 
activate the 
FaunaGuard.

Observations 
may be a 
combination of 
MMOs and 
PAMs

If intervention 
procedure does 
not achieve the 
benchmark 
adapt the setup 
(change signal, 
adjust loudness, 
increase number 
of devices).
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modelling). Based on the above described 

research and practical experience, the 

FaunaGuard (porpoise module) has been 

accepted by the regulatory agency of the 

Dutch government and has been employed 

during the construction of the Eneco 

Luchterduinen Wind Farm.

which the Environmental Impact Assessment 

(EIA) has reported the following 

environmental concern: “Mammals: Harbour 

porpoises (Phocoena phocoena) are abundant 

in the area and may suffer hearing injuries 

and death as a result of the emission of 

underwater sound from devices and vessel.” 

One might select “to preserve the regional 

harbour porpoise population given the 

planned construction activity” as the strategic 

objective for the management framework for 

Mammals. As a subsequent tactical objective 

one might choose “to prevent individual 

porpoise being present in the area with high 

risk for Permanent Hearing Threshold Shift”. 

Let’s say that research for the EIA has shown 

that the zone with Permanent Hearing 

Threshold Shift (PTS) risk is a circle with a 

radius of 1000 m around the sound source. A 

common first step would then be, to assess 

the number of individuals that are present in 

the area and compare that number with the 

benchmark value. For this either Marine Fauna 

Observers (MFOs) or Passive Acoustic 

Monitoring (PAM) or a combination of these 

two may be utilised. A management measure 

could be that piling should not start as long 

as there are still porpoise present in the area. 

Properly implemented this framework should 

prevent any harbour porpoise suffering PTS. 

However, as discussed above under 

“Faunaguard philosophy”, MFOs and PAMs 

alone are not always sufficient. An additional 

management measure could be to activate 

the FaunaGuard and make the area of 

potential risk temporarily unattractive to 

porpoise. 

As the FaunaGuard provides an evidence 

based approach, theoretically other measures 

could be omitted. It is good practice, 

however, to establish at the start of each 

project that the anticipated effectiveness and 

effective range are indeed achieved. Once this 

is confirmed other monitoring efforts may be 

reduced. The reasoning described in the 

above example has been applied to several 

practical applications. First field application of 

the FaunaGuard was in Norrköping, Sweden 

(Figure 6), where drilling, but mainly the 

blasting, activities were possibly a hazard to 

the fish and a threat to the fishing industry 

within the fjord. By introducing low frequency 

specialised sounds from the FaunaGuard (fish 

module), the impact on fish in the blasting 

area was minimised. Owing to minimal 

preparation time, SEAMARCO had included 

sounds in the fish module of the FaunaGuard 

that were chosen based on literature study 

and experience. During the project the 

effectiveness of the FaunaGuard was 

confirmed with observations made on site. 

After the project finished the FaunaGuard was 

shipped to the SEAMARCO facilities for 

service and for further testing of the fish 

module.

After the field application in Sweden and the 

lab tests for the fish module, drilling and 

blasting operations in a more tropical region, 

Brazil (Figure 7), called for an addition in 

species representation: the dolphin module 

was added to the FaunaGuard. Because of the 

limited information about the responses of 

dolphins (toothed whales) to sounds, the 

sounds produced by the dolphin module are 

based on studies with harbour porpoises. 

Many studies have been conducted on this 

species in relation to the development of 

pingers to deter the porpoises from gill nets 

(Kastelein et al., 1995-2014). In Brazil, the 

FaunaGuard has been applied for drilling and 

blasting operations on two projects in 

different regions. The successful application 

was confirmed on site and even reported in a 

technical certificate from the Brazilian Institute 

of the Environment and Renewable Natural 

Resources (IBAMA) stating that “… the use of 

a probe for scaring off fish and dolphins, is 

worthy of note, for it has proved to be very 

efficient in scaring fish before detonations”. 

The latest research and successful application 

for harbour porpoises has been performed 

during the construction phase of the Eneco 

Luchterduinen Wind Farm (a partnership 

between Eneco and the Mitsubishi 

Corporation) in the Dutch North Sea (Figure 

8). In this case the FaunaGuard has been used 

as a mitigation measure to deter harbour 

porpoises sufficiently far away (about 1 km) 

from piling activities to prevent permanent 

hearing threshold shift (PTS).

For this measure to be acceptable to the 

regulator, its effectiveness had to be validated 

by means of behavioural response study. The 

effective range of the FaunaGuard should be 

larger than the distance at which piling can 

cause PTS (based on sound propagation 

Figure 8. Installation vessel Aeolus at work during the 

construction phase of the Eneco Luchterduinen Wind 

Farm in the Dutch North Sea.

Figure 7. FaunaGuard transducers and hydrophone in 

São Francisco do Sul, Brazil.
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CONCLUSIONS
 

The FaunaGuard is an Acoustic Deterrent 

Device (ADD), albeit one with customised 

hardware specifications to allow for the 

emission quite specific signals at the 

appropriate levels of intensity. It makes 

optimal use of the scientifically confirmed 

behavioural effects induced by specific 

sounds with different species or species 

groups. 

By deliberately making an area in and 

around a dredging or marine construction 

site (temporarily) unattractive to marine 

fauna, more serious effects related to high 

peak energy events may be prevented. As 

such the FaunaGuard utilises mild 

behavioural effects (moving from an area) 

just before construction, to prevent more 

serious physiological effects on marine 

fauna during construction. 

As the FaunaGuard provides an evidence 

based approach, additional monitoring and 

mitigating measures may be reduced after 

the predicted effectiveness and effective 

range have been confirmed for a specific 

project site. Several field applications have 

been described to illustrate the approach.

Van Oord will continue to further develop 

the FaunaGuard (hardware as well as 

signal library) in collaboration with 

SEAMARCO and other marine fauna 

specialists worldwide. Additional laboratory 

studies are foreseen to improve and extend 

the signal library. 

Further field verification tests are foreseen 

to better understand how site conditions 

influence the FaunaGuard’s effectiveness. 

The rugged ness of the equipment, a 

requirement for offshore conditions, will 

be improved. Practical applications will be 

used to improve the environmental 

management framework in which the 

FaunaGuard is used. 
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MARCO GATTO

DOES RECLAMATION PAY?  
ASSESSING THE SOCIO-ECONOMIC EFFECTS 
OF RECLAMATION PROJECTS
ABSTRACT

Whilst land reclamation receives increasing 

attention as a feasible urban solution for 

coastal development, conclusions on the social 

and economic effects of reclamation projects 

are not clear. A straightforward evaluation of 

these impacts is not easy to achieve, mostly 

because effects are wide ranging, 

heterogeneous and difficult to measure in the 

long term. A comprehensive assessment of 

different welfare effects can however be 

fostered based on specific appraisal techniques. 

Following a cost-benefit analysis approach, 

the article illustrates a framework for the 

evaluation of reclamation projects. It 

addresses the most important elements to 

consider in project appraisal, offers an 

overview of the different types of effects 

generally recognisable and shows how an 

integrated monetary valuation of the project 

can eventually be estimated. 

Two case studies are then analysed using the 

proposed model: a port development project 

(Maasvlakte 2, Rotterdam, the Netherlands) 

and a beach reclamation project (Amager 

Strand, Copenhagen, Denmark). The core 

conclusion drawn from the case studies is that 

reclamation projects may cause relevant 

impacts also outside the sector for which they 

are specifically implemented. In many cases, 

economic, strategic, environmental and other 

social effects directly or indirectly related to 

reclamation projects are substantial. The 

report indicates that a thorough identification 

and measurement of project effects is 

fundamental for clarifying the comparative 

advantages that reclamation offers with 

respect to alternative spatial-development 

plans. Comprehensive and consistent 

evaluation of the impacts on society can 

contribute to better consideration of 

reclamation as an urban solution and an 

investment opportunity for both private and 

public stakeholders.

The research for this article was commissioned 

by the IADC and was guided by Dirk Katteler 

and René Kolman with support from Karsten 

Mangor (DHI), Tiedo Vellinga, René van der 

Plas, Frank Hoevenaars (Port of Rotterdam 

Authority) and Adrian Saly (Amager 

Strandpark I/S). The photos of Amager Strand 

are used courtesy of Amager Strandpark I/S 

and Adrian Sally.

INTRODUCTION

Port cities have long struggled to accommodate 

urban growth given the difficulties of finding 

space within geographically constrained and 

densely populated coastal areas. However, 

thanks to innovative dredging techniques 

introduced over the last few decades, land can 

nowadays be reclaimed under advantageous 

economic conditions (Kolman, 2012). Having to 

cope with pressing urbanisation trends, port 

cities have a lot to gain from the more 

competitive costs of reclamation. 

Reclaimed waterfront areas can make 

strategic spatial development plans feasible in 

overcrowded areas and be used to 

accommodate the demand for new housing, 

employment, transport and other urban 

facilities. This enables cities to allay congestion, 

enhance urban services and so remain 

attractive locations for both people and 

businesses. These functions are of relevance 

for the entire community, since these 

enhancement have positive returns not only 

for investors and users, but for the quality of 

life and competitiveness of the entire city. 

Nonetheless public and private stakeholders 

have expressed concern about the impacts of 

reclamation projects. In addition, a lack of 

knowledge about how such effects can be 

Above: Public investments in the improvement of the 

Amager Strand, Copenhagen, Denmark have created a 

recreational area that enhances the local urban region, 

both increasing revenues from tourism and improving 

the quality of life for residents in the area.
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impacts resulting from a project. Being 

based on a broad welfare-economical 

approach, CBA lets positive and negative 

effects be identified and weighed for 

potentially all relevant groups in society. 

-  CBA entails the assessment of project effects 

in a common unit of measurement, i.e., 

money. This allows weighing heterogeneous 

effects against each other, effects that are 

not immediately comparable. 

-  CBA illustrates how a project’s costs and 

benefits are distributed across different 

social groups. This helps define the financial 

contribution to be given by public and 

private stakeholders, or to determine a fair 

compensation to parties that experience a 

project’s negative consequences. 

In view of the above, CBA appears well suited 

for investigating the effects and the welfare 

value of reclamation projects. To do this 

means looking at the impacts reclamation 

projects produce not only for the specific 

sector for which land is being provided, but 

for the whole socio-economic context that is 

influenced by the project. 

Note as well that what produces value for 

society are not the reclamation activities 

themselves, but the type of services and 

infrastructures developed on reclaimed land. 

Reclamation activities provide the basic input 

– land – to the project. But the focus of the 

analysis should be the spatial development 

plans reclamation makes possible and the 

impacts that generate directly and indirectly 

from such plans (Figure 1). After examining 

current literature on CBA (Eijgenraam et al., 

2000a, 2000b; Pearce et al., 2006; EC, 2008), 

the steps leading to a socio-economic 

evaluation of reclamation projects are 

described below (Figure 2). The first step of 

the analysis starts with the formulation of the 

CBA, i.e., by elaborating key information 

necessary throughout the appraisal work. 

The second step looks into the services that 

are ultimately delivered on the reclaimed land 

and helps understand what activities will take 

place after the reclaimed area is developed 

and hence which type of markets and 

stakeholders will be directly affected by the 

project. The project’s impacts will depend on 

the effective consumption of these services. 

Therefore, how the demand for project 

evaluated in practice is an important 

deficiency, since it is often in the light of 

social or indirect impacts that reclamation 

projects have comparative advantages over 

other plans that compete for public 

investments. Considering the full socio-

economic value of reclamation projects should 

be a fundamental step for guiding investors 

and public bodies towards efficient choices on 

resource allocation.

The aim of this article is to contribute to a 

better understanding of the different types of 

socio-economic effects produced by 

reclamation projects and hence to lead to a 

more appropriate assessment of the overall 

value of reclamation-based investments. 

However, when dealing with the socio-

economic implications of reclamation projects, 

the impacts can vary substantially by nature, 

magnitude, social significance and time of 

occurrence. This complicates the evaluation of 

a project’s consequences on social welfare, 

given that weighing heterogeneous effects 

against each other is difficult. 

Relevant issues that need to be addressed are: 

-  How can the socio-economic effects of 

reclamation be defined, identified and 

possibly measured? 

-  How are costs and benefits distributed 

amongst several stakeholders? 

-  Can costs and benefits be comprehensively 

weighed, so as to assess whether a 

reclamation project is profitable from a social 

point of view?

This article shows how reclamation projects 

can be evaluated following a Cost-Benefit 

Analysis (CBA) approach beginning with the 

presentation of the CBA analytical framework. 

Thereafter follows reviews of two projects: 

Maasvlakte 2, a major port development 

project at Rotterdam, the Netherlands; and 

Amager Strandpark, a beach reclamation 

project in Copenhagen, Denmark. 

COST-BENEFIT ANALYSIS OF 
RECLAMATION PROJECTS
Economic project assessment evaluates 

important information on an investment or 

policy plan and its social and economic 

consequences. It represents core tasks with 

respect to decision processes regarding 

investment projects, as it allows making 

resource allocation choices on the base of 

relevant economic factors. Cost-Benefit 

Analysis (CBA) is arguably the technique most 

commonly used for economic project 

assessment. The various advantages generally 

ascribed to CBA are:

-  It promotes the assessment of all social 

Figure 1. Flow from reclamation of land to project impacts.

Input

Land 
Reclamation

Output

Development of 
infrastructure/ urban 

amenities

Impacts

Direct and
Indirect effects

Step 1: CBA Formulation (define project alternative and base case)

Step 3: Identification of the project effects

Step 5:  Final assessment: discounting costs and benefits and calculation of  
the net present value of the project

Step 2:  Analysis of supply/demand of the services developed through the  
project (quantities and corresponding prices)

Step 4: Quantification (monetary valuation) of project effects

Step 6: Sensitivity analysis

Figure 2. The stages in cost-benefit analysis.
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services will develop over time must be 

determined in advance. 

On the basis of this information, and the 

prospected market dynamics, step 3 focuses 

on the analysis of the socio-economic effects 

the project generates over its entire life span. 

At this point in the evaluation, all agents or 

groups of stakeholders influenced by the 

project are identified. For each group, the 

effects are described and quantified in their 

physical dimension.

 

In step 4, the project effects are translated 

into corresponding welfare changes. In other 

words, the physical effects previously 

determined are valuated in monetary terms on 

the basis of the willingness-to-pay (WTP) that 

firms and households have for each effect.  

If possible, existing markets are considered 

where the WTP is reflected by market prices 

or can be observed from the behaviours of 

suppliers and customers. Otherwise, when an 

effect is related to a good for which a market 

does not exist (e.g., air pollution, noise, travel-

time and such), specific valuation methods 

such as surveys, experiments, and so on, need 

to be used (see EC, 2008; Pearce et al., 2006).

In step 5, a cost-benefit set-up is produced by 

considering the stream of negative and positive 

effects (costs and benefits) over the entire 

investment horizon. As the effects involve 

different time scales, they are all discounted to 

a unique moment in time, so as to calculate 

the project Net Present Value (NPV). 

The outcome of economic appraisal of 

projects is usually characterised by some 

degree of uncertainty, often as a result of the 

Table I. Classification and short description of project effects. 

Welfare effects

Direct effects

•  Operator
Profit earned through service provision by the project operator 

(business case).

•  Users

Users benefit from increased quality/quantity of services delivered by 

operator (consumer surplus): e.g. from lower generalised transport 

costs, improved production outputs, better environmental/

recreational services, etc.

•  Third parties

Effects for people not directly involved in the project:  

e.g. pollution and other environmental externalities experienced by 

residents. 

Indirect effects

•  Transport network

Consequences stemming from the traffic induced by the project: 

scale-economies and/or congestion in transport network, pollution, 

etc.

•  Strategic effects

Impacts indirectly produced on the local economy. Infrastucture 

investments can contribute to attract new firms or workers. As the 

market expands, competitive advantages may generate as 

consequences of scale economies, knowledge spillovers, labor 

pooling, etc.

•  Employment

New jobs can be created in a situation characterized by the presence 

of structural unemployement. Effects on employment typically 

involves low-skilled workers. 

Figure 3. Projected total throughput in 2030 – Port of Rotterdam (Source: PRA, 2011).

0

100

200

300

400

500

600

700

800

210

85

135

2010

= LIQUID BULK = CONTAINERS AND BREAKBULK= DRY BULK

x m
illio

n t
on

ne
s

2030
LOW

GROWTH

2030
EUROPEAN

TREND

2030
GLOBAL

ECONOMY

2030
HIGH OIL

PRICE

225
75

175

240

100

310
360

120

270

225

85

265

MARCO GATTO 

obtained a MSc in Regional and Transport 

Economics at VU Amsterdam (2013). 

During 2014, in relation to the thesis for 

his second MSc (Environmental and 

Natural Resource Economics, University of 

Copenhagen), he did research under the 

guidance of the IADC on the socio-

economic impacts of reclamation projects. 

Currently he is an intern at COWI Denmark 

helping coordinate the assessment of an 

EU project on climate change mitigation.



difficulty of deriving reliable cost-benefit 

estimates over relatively long periods of time 

as well as the general difficulty of forecasting 

how a situation develops after a project is 

implemented. Hence, in step 6 a sensitivity 

analysis is usually conducted by examining 

how the NPV responds to changes in the 

value of key variables or of factors presenting 

high uncertainty. 

Following the framework for the evaluation  

of infrastructure projects of Eijgenraam et al. 

(2000a, 2000b), project effects are 

distinguished in two broad categories: direct 

effects and indirect effects. Direct effects are 

examined by looking at the parties and 

stakeholders that are directly affected by the 

project, while indirect effects are classified 

into different typologies. Table I gives an 

overview of the various categories of effects, 

providing compact definitions along with 

intuitive examples.

Direct effects are “those arising from the 

construction, use and presence of project 

services” (Eijgenraam et al., 2000a). Different 

types of stakeholders are directly influenced 

by the project: 

•  Operator. In the first place, a reclamation 

project involves investors/landowners and 

suppliers of the project services. Albeit these 

functions can be executed by different 

agents, for simplicity the term “operator” 

will be used to represent them all together 

as single stakeholder, whose objective is to 

maximise the return from the investment 

project. From the operator point of view, 

the stream of costs is weighed against 

revenues, resulting in the (net) operating 

profit. 

•  Users. The provision of new/better services is 

at the core of infrastructure development 

projects.  The users of services are normally 

those enjoying the larger benefits from 

investment projects. By investing in 

infrastructure, the service supplier (operator) 

might be able to sell more project services 

and/or more efficiently. This will lead to a 

welfare improvement, which is typically 

measured as “Consumer Surplus”. As the 

unit price of a service decreases, for 

instance, users benefit by paying relatively 

less than what they would pay in the base 

case. On the other hand, if the producer 

continues to sell at the same price, the 

producer retains the unit cost reduction and 

earns extra-profit (Producer Surplus). 

•  Third parties. These are agents other than 

the operator and the users of the services. 

Third parties may be directly influenced by 

the construction, use or presence of the 

infrastructure even though they are not 

involved in the project operations or are not 

using the services. Third parties can be 

residents, who experience negative project 

effects in the form of pollution, noise and/ 

or positive effects in the form of increased 

housing values. 

Indirect effects are represented by “the 

consequences of a project that are not directly 

related to the project, but which instead flow 

from the direct effect” (Eijgenraam et al., 

2000b). Indirect effects are commonly seen  

as advantages that spread from the project 

service sector through the rest of the 

economy by means of market transactions.  

It is important to note that indirect welfare 

Figure 4. Historical developments of the Port of Rotterdam. 

Figure 5. Left, the MV2 Masterplan.  

Figure 6. Below, Aerial view of 

Maasvlakte 2 under construction.
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project contribution to the welfare of the 

region or country.

MAASVLAKTE 2
The Port of Rotterdam is the largest port in 

Europe. In 2012, its total throughput reached 

440 million tonnes per annum and a market 

share of almost 38% in Northwest Europe 

(PRA, 2012). The Port has a very strong 

position both as global hub and industrial 

cluster and handles very large volumes of 

cargo across all main sectors (containers, dry 

bulk, liquid bulk). The Port of Rotterdam 

Authority (PRA), a government corporation 

jointly owned by the Municipality of 

Rotterdam and the Dutch State, is the 

manager, operator and developer of 

Rotterdam port and industrial area. Facing 

increasing volumes of cargo, PRA decided to 

further develop the port complex. 

Along with an intensification of activities in 

the existing port, a 20% expansion of the 

port area was considered necessary to fully 

meet handling capacity demand for the next 

30 years (PRA, 2011). Maasvlakte 2 (MV2) is 

the answer PRA designed to implement such 

expansion. The project consists of reclamation 

of 2000 ha in front of the existing port. Half 

of the area is for commercial use, offering 

allocable sites for three main sectors: 

container handling, chemical industry and 

distribution. 

The general objectives of the project are: to 

overcome capacity constraints in the existing 

port to confront an expected increase in cargo 

flows; and to limit the exposure of people to 

environmental externalities related to port 

activities. Considering factors such as 

economic growth, volume of world trade, oil 

changes arise only in particular situations, 

e.g., in the presence of market failures 

(Eijgenraam et al., 2000a, 2000b). The 

impacts generally included in CBA as indirect 

effects are: 

•  Network effects. These are especially 

relevant for transport infrastructure projects 

such as port development. Transport 

infrastructures are typically part of a broader 

network and represent a part such as a line 

connection between two places or a hub 

that is connected with multiple routes.  

As a transport infrastructure is developed, 

the induced traffic (i.e., the extra volume of 

goods or passengers using the new 

infrastructure) will flow either downstream 

or upstream the network to reach the final 

destination, producing consequences on the 

whole network to which it is connected. 

Depending on how the existing network 

capacity can accommodate the extra 

volume, network effects will be either 

positive or negative: positive, if the extra 

volume leads to a better or more efficient 

utilisation of the existing capacity; negative, 

if congestion emerges.  

•  Strategic and locational effects. Efficiency 

improvements generated through new 

infrastructures help increase the 

competitiveness of an economic system, 

with positive consequences on investment 

inflow and international trade. In some 

cases, infrastructure projects generate 

location advantages for businesses, 

contributing to attract new activities and 

investments from elsewhere. The inflow of 

new players can have positive consequences 

on the local economic system. 

•  Employment. During and after the 

implementation of a project, new workers 

are needed in the activities directly or 

indirectly related to it. If there is full 

employment, the increase in job demand is 

fulfilled by shifting workers already 

employed in other companies or regions 

(redistribution), which means no additional 

employment is created. On the other hand, 

in the case of structural unemployment a 

positive effect might result from the project.

 

The analyses of the case studies proposed in 

the next section are meant to give insights 

into the types of effects resulting from 

projects with different purposes, as well as 

into the possible outcomes of an economic 

evaluation of reclamation projects. 

CASE STUDIES
In order to illustrate how the CBA 

methodology can be used to evaluate actual 

projects, two cases studies are analysed here: 

one for a port development project and one 

for a recreation project. These were selected 

by considering the main space-related needs 

in coastal cities which are the most important 

drivers of reclamation activities. The analysis 

of the case studies is done on the basis of the 

framework described above. However, the 

evaluation is structured following two distinct 

types of analysis: the financial analysis and the 

socio-economic analysis. 

Such analyses evidence different point of 

views which can be taken in project appraisal. 

The financial analysis is made on behalf of the 

owner/operator of the infrastructure and 

therefore uses the cash flow expected from 

the project to calculate the financial return on 

the investment. The socio-economic analysis 

considers all the effects for all relevant 

stakeholders in society, so as to determine the 

Figure 7. Cash-flow Maasvlakte 2 - Port of Rotterdam (Source: PRA).
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prices and environmental policy, PRA assumes 

four different economic scenarios for 

forecasting the development of cargo flows. 

As shown in Figure 3, both container/break-

bulk and liquid-bulk appear to be the main 

growth markets. In the container sector, in 

particular, thanks also to the possibility that 

MV2 would offer to handle the largest ships, 

container handling could possibly pass from 

25% to over 40% of total freight. 

New space in the port complex is therefore 

required to meet the increasing demand of 

cargo handling services and chemical 

industrial functions. According to the 

prospected market developments, PRA 

expects the 1000 ha of MV2’s commercial 

area to be developed based on the following 

pattern of land use (Figures 4 and 5): 

container handling (60%), chemical industry 

(30%), distribution (10%). 

To reduce the risk of the investment, PRA will 

phase construction and investments out over 

30 years’ time, trying to adapt land use and 

investment decisions to future market 

conditions. The first phase of construction was 

completed in 2013. This entailed elements 

such as the seawall and other basic 

infrastructures (roads, quays, rail tracks, and so 

on), and 400 ha providing space for three new 

container terminals. Following the effective 

demand for new port sites, other plots will be 

gradually developed in the period until 2030. 

The project also involves accompanying 

measures such as compensation for project-

related natural losses and interventions in the 

transport network directed towards a more 

efficient and clean hinterland transport 

system. Together with the strict environmental 

requirements imposed by PRA on settling 

companies, such measure contribute to make 

the port economy more sustainable, and 

should prevent a deterioration in the quality 

of life in the Rotterdam region. 

Financial analysis 
The financial analysis of the project looks at 

the effect that MV2 has on PRA as the 

investor and owner of the new port area. 

Such analysis focuses on MV2’s cash-flow 

forecasts to determine the expected financial 

return that PRA obtains from the investment. 

The effect for PRA is represented by the net 

profit (or financial NPV) earned by the 

Authority over the investment horizon, 

integrated with the expenses that are avoided 

with respect to the base case (investments in 

existing port, maintenance of the original 

seawall and so on). 

The distribution of costs and revenues from 

MV2 for the period 2006-2040 reflect the 

estimates that PRA made in the 2003 business 

case for MV2. On the cost side (negative 

quadrant) are the investment, maintenance 

and operating costs. All together these add 

up to € 2.9 billion. On the revenue side 

(positive quadrant) is the income PRA receives 

from port dues, rents and wharfage. For each 

year, the difference between costs and 

revenues is summarised by the annual cash-

flow (black line). Applying a certain discount 

rate, the annual cash-flows can be discounted 

to a base year so as to derive the Net Present 

Value that MV2 has for PRA only. 

Figure 7 shows that, as expected, the cash-

flow develops over time from quite negative 

values, which are the result of the 

considerable investments for the initial 

construction, to positive values, which PRA 

starts obtaining as commercial sites become 

operative. 

Revenues grow especially after 2020, the 

period where the container sector is expected 

to get closer to full market potentials. 

Investment costs appear distributed over more 

than 20 years, reflecting the phased plan for 

construction designed by PRA. PRA does not 

disclose information on revenues, applied 

discount rate, and NPV, so it is not possible to 

consistently analyse the financial return from 

the project. Although PRA is confident that 

revenues will greatly outweigh the costs of 

MV2, forecasts on future market demand 

have recently been revised downward, 

reducing the expected financial profitability of 

the project. In the light of this, the assumption 

is that MV2 has a (moderate) positive affect 

for PRA. 

Table II. Socio-economic effects of MV2.

Welfare effects Sign/magnitude

Direct effects

•  Operator Positive profit for port operator (PRA). +

•  Users

Welfare surplus from savings in generalised 

transport costs (container and chemical 

sectors).

++

•  Third parties

Negative externalities from rising port 

activities (pollution, noise, sound….); costly 

natural compensation.

Indirect effects

•  Transport network

Scale economies and/or congestion 

occurring in the national hinterland network 

(depending on capability of transport 

infrastructure to accommodate extra cargo 

flows to/from the port.

+/–

•  Strategic effects

Improved accessibility and locational 

attributes attract new firms and workers 

into the local economy. Competitive 

advantages are expected from knowledge 

spillovers, labour pooling, and so on in the 

maritime and chemical industries.

+

•  Employment
Small impact on national employment, 

mostly involving low-skilled workers.
+

Note: The table shows the direction (positive or negative) and magnitude of the different types of effects.  
As for magnitude, effects are distinguished as: moderately positive or negative (+ or –); very positive or  
negative (++ or --); and uncertain (+/-).
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improves the business climate, favouring 

new investments and attracting new 

companies. In perspective, the attraction/

expansion of a specialized, skilled workforce 

(sustained also through public investments 

in urban development and quality of life) 

can prove strategic for future regional 

specialization in the maritime and port 

industry, and hence further economic 

development of Rotterdam and Rijnmond. 

•  Employment. According to CPB (2001b), the 

local labour market is characterized by 

structural unemployment of low-skilled 

workers, which is arguably the result of a 

problem in the supply side – companies are 

willing to hire, but low-skilled workers do 

not have the required competences. Hence, 

the labour demand induced by MV2 could 

face the same sort of problem, in which 

case workers from other region will mostly 

be working at MV2 and its spin-off activities 

(only redistribution of workers across 

regions).  Despite the weak impact on 

employment, MV2’s macro-economic 

consequences remain positive. 

The study from CPB provides a thorough 

investigation of the project effects, but their 

measurements may not be fully consistent 

with the changes occurred in reality in 

relevant project-related factors (demand for 

space, PRA pricing strategy, utilization of the 

existing port, market developments, etc.). For 

this reason, the present evaluation is limited 

to a qualitative analysis of the MV2 welfare 

effects. Table II provides an overview of the 

various impacts, along with their direction and 

relative magnitude. For the port operator, the 

net effect is specified on the base of PRA’s 

internal business case, while for the other 

effects it is inferred from CPB (2001a, 2001b). 

Conclusions about MV2
The possibility to create new space within the 

Rotterdam port complex is expected to bring 

about multiple benefits both locally and 

nationally including:

-  Better positioning in the market. By 

expanding and developing industrial and 

transport facilities, PRA is able to overcome 

space shortages and realize profitable 

investments, seize the opportunities from 

future market developments in sea 

transport, and gain strategic advantages 

with respect to competing European ports. 

Socio-economic analysis (CBA)
Socio-economic analysis takes into 

consideration all effects generated by MV2 

that are relevant to Dutch society. Given that 

the local and national governments have 

strongly supported the project politically, and 

also in part financially, a national point of 

view is taken for the CBA of MV2. As the 

users of cargo or chemical products are 

located for a large part abroad, this implies 

disregarding the substantial forward effects of 

the project, spreading beyond national 

borders. 

Users
Users of project services are fundamentally 

companies demanding container handling 

services and related logistic operations and 

users of chemical products. In the container 

sector, considerable capacity shortage would 

occur if MV2 were not developed (base case), 

resulting in increasingly congested, inefficient 

and overall costly terminal operations. Hence, 

the welfare effect of MV2 on users of 

handling services is given by the change in 

economic surplus resulting from the avoidance 

of such a potential bottleneck. 

In the chemical sector, on the other hand, 

customers of settling companies would enjoy 

cost advantages because transportation of 

chemical products (raw materials, intermediate 

inputs, end products, ...) to Dutch users is 

cheaper from Rotterdam than from other port 

locations (without MV2, companies divert to 

Antwerp, Terneuzen, and so on, which implies 

higher transport costs for Dutch   recipients). 

However, CPB (2001a, 2001b) argues that 

potential Dutch users could be reached 

comparably well also from competing ports, 

suggesting that transport benefits for Dutch 

users are likely to be relatively small. Cluster 

benefits may also emerge in the port’s 

chemical industry as companies enjoy the 

advantages of being in close proximity to each 

other. Taken together, location advantages in 

the chemical sector seem limited compared to 

those in the container sector (CPB, 2001b). 

MV2, mainly through savings in transport 

costs, is expected to positively contribute to 

sectors other than container/distribution and 

chemical (e.g., offshore decommissioning, 

direct reduction of iron, distribution and 

empty depots).

Third parties
The intensification of port activities that takes 

place through MV2 also affects parties that 

are not users or suppliers of project services. 

In a national CBA, this category of 

stakeholders basically refers to local residents 

or Dutch citizens negatively influenced by 

activities related to the construction, presence 

and use of MV2. The Environmental Impact 

Assessment provides the most information on 

MV2’s external effects. Important to consider 

are the consequences the project has on: 

landscape (view of industrial plants), 

recreational services (destruction/creation of 

beaches and other recreational areas), nature 

(coastal ecosystem services), and environment 

(air, water, sound, pollution). In total, external 

effects should be relatively low (CPB, 2001b), 

partially because of the large distance 

separating MV2 from urban and residential 

settlements.

Indirect effects
As a large-scale infrastructure project, MV2 

entails considerable indirect effects on the 

Dutch social welfare:

•  Network effects. As the port expands, 

increasing amounts of cargo will distribute 

from the port to the hinterland. Capacity is 

available across most network connections, 

so that increasing cargo flows can even 

result in scale economies for the 

infrastructure operators, and more frequent 

and efficient transport services for network 

users. Capacity shortage could instead 

emerge on the most used links (A15 

highway, Betuweroute freight railway, etc.), 

with congestion and other negative 

consequences possibly arising. A gradual 

shift from road to transport modes with a 

lower environmental impact such as rail, 

barge and (for chemicals) pipelines is also 

predisposed for the future (see Figure 6). 

Overall, it is uncertain whether the 

hinterland network will be influenced 

positively or negatively. In any case, network 

effects can be considered of relatively small 

consequence, given that without MV2 

transportation of cargo would take place 

anyway and might cover longer origin-

destination distances (CPB, 2001b).

•  Strategic and locational effects. Thanks to 

port development, the Dutch economy, and 

particularly the Rijnmond region, becomes 

more accessible and competitive. This 



-  Improved logistic and productive services 

through port capacity expansion. Direct 

users of the port facilities benefit from more 

efficient operations, and from avoiding the 

costs possibly caused by port capacity 

constraints (congestion, costs of diverting to 

more distant ports, etc.). Since demand for 

infrastructure is expected to grow over time, 

avoiding future bottlenecks through 

anticipated investment is largely beneficial 

for the users of the infrastructure.

Outside the port sector, moreover, 

reclamation-based port development can 

contribute to broader social welfare by 

increasing accessibility and competitiveness of 

the local and national economies. The induced 

pressure on the hinterland transport network 

does not necessarily lead to less efficient 

inland logistic services, as potential 

bottlenecks can effectively be averted through 

timely interventions. 

Environmental impacts, often considered a 

critical issue with respect to port expansions 

policies, also appear less of a concern as 

reclaiming land means expanding the port 

seawards, which reduces inhabitants’ 

exposure to negative effects from port 

operations while allaying industrial 

intensification closer to urban and residential 

areas. 

AMAGER STRAND BEACH 
RECLAMATION PROJECT
Copenhagen, capital city of Denmark, ranks 

amongst the best world capitals for quality of 

life. The local government is keen to further 

enhance the urban living environment and has 

set ambitious policy plans for the years to 

come. Guaranteeing accessibility to quality 

recreational areas is amongst the 

government’s priorities as leisure activities are 

seen as a key contributor to residents’ health 

and well-being (Figure 8).

Amager Strand, a 25-ha beach located about 

5 km from Copenhagen city centre along the 

shores of the Øresund Strait, was originally 

created in the 1930s. Unfortunately the beach 

never really attracted people for recreation 

other than nearby residents. This was primarily 

because of the beach’s shallow shore face, 

which resulted in low sand and water quality 

and the onshore presence of grass roots. 

Moreover, the beach continuously experienced 

losses caused by tides and waves from the 

Øresund. Replenishment works were 

periodically needed to prevent beach erosion. 

In the 1980s, local clubs and associations 

formed a working committee that developed 

the idea of a new beach park. Responding to 

the community’s demand, local politicians 

finally decided to develop a new beach park 

in that area.

The beach development project was 

implemented in 18 months during 2004-2005 

at a total cost of € 26.9 million. The 

investment was jointly financed by two 

municipalities and the Copenhagen Region.  

A public company, Amager Strandpark I/S, 

was founded to administer the entire beach 

area. The project comprised reclamation of a 

34-ha island in front of the old beach and the 

creation of a 35-ha artificial lagoon located 

between the two components (Figure 9).  

The beach landscape was designed so as to 

combine higher beach quality standards 

(obtained through increasing recreational 

opportunities, safety, water and sand quality, 

facilities, accessibility, and so on) with natural 

sustainability (Mangor et al., 2011). As for the 

latter, littoral transport is minimised through 

creation of a stable beach profile and the 

installation of terminal structures, which make 

replenishments no longer necessary for 

preventing beach erosion. 

Figure 8. Map of Copenhagen (DK) and location of Amager Beach Park (Amager Strandpark).

Figure 9. Map and aerial view of Amager Strandpark (Amager Beach Park).



Figure 9. Various recreational activities at Amager Beach Park near Copenhagen (Courtesy of Amager Strandpark I/S and Adrian Sally).

set to 30 years following the EC (2008) 

guidelines for CBA of parks and forests. 

Financial returns are of course not to be 

expected from the project, given that access is 

free for visitors. As is normally the case for 

public goods, tax revenues are instead used 

by local governments for developing and 

maintaining the beach park. The financial 

burden for the community is reflected by a 

negative NPV of around € 43 million.

Socio-economic analysis (CBA)
The economic analysis looks into all the 

effects Amager Strand generates on the 

society, which essentially comprises the 

inhabitants of Greater Copenhagen. Beyond 

the monetary transactions that were examined 

in the financial analysis, the beach project 

contributes to local welfare by providing 

recreational services to visitors (users). 

 

The resulting use-values are related to the 

consumption of “goods” such as open space, 

natural landscape, outdoor recreational 

activities and so on. Such goods do not have 

a market value, so a non-priced effect is 

involved here (Table III). 

Non-users (third parties) could also enjoy from 

the presence of the new beach in their city/

region even without visiting it. Residents may 

derive satisfaction for example from the mere 

possibility of visiting the park that is acquired 

by themselves (option value), by others 

(altruism), and by future generations (bequest 

value), see Pearce et al. (2006). The area 

surrounding the beach may be positively 

influenced as well, e.g., because of the impact 

the beach development has on house values. 

Lundhede et al. (2013) have found that a 

standard house located closer to Amager 

Strand is worth on average around 25% more 

than other properties in the same district. 

Indirect effects from the beach reclamation 

seem to be rather inconsistent, since the 

recreational and service facilities including: a 

small marina, bathing structures, free parking 

space, lifeguards, restrooms and showers, 

picnic sites, and services such as restaurants, 

cafes and mobile vendors. As it was designed, 

the new beach does not provide flood 

protection and ecosystem services locally. 

Financial Analysis
From a financial point of view, the beach 

reclamation project involves only public 

monies. Local government directly financed 

the construction of the park. Net of the 

revenues collected through concessions and 

rents, total operating costs amount on 

average to € 1.07 million per year. By 

integrating the stream of investment and net 

operating costs with the costs avoided by not 

needing sand replenishment (ca. € 13,400 

spent every two years), the cash-flow can be 

easily discounted to determine the (financial) 

NPV of the project (Figure 11). 

An intermediate value for the discount rate 

(5%) is chosen based on Danish standards 

(Doubgaard, 2004), while the time horizon is 

Overall, Amager Beach Park now encompasses 

the old beach (approx. 25 ha), a new artificial 

island and the lagoon. With the construction 

of the artificial island, about 3.5 km of 

additional quality sandy beach became 

available to visitors. Since its implementation, 

the project has been well received by local 

dwellers. The beach company reckons that the 

flow of visitors has increased more than  

1 million units per year, making Amager 

Strand the first beach in Copenhagen for a 

great number of visitors. The new area (the 

island plus the lagoon) offers numerous 

recreational opportunities to visitors such as 

fishing, swimming/diving, rowing and 

kayaking, kite/wind surfers, skating, jogging 

and various ball games (Figure 10). 

Both high water quality standards and safe 

swimming are ensured by a moderate wave 

and tidal exposure and by sufficiently deep 

water around the reclaimed area. A natural 

beach environment was reproduced on the 

island through the creation of winding paths, 

broad sandy beaches and low dunes. 

Moreover, the island is equipped with 

Input data for NPV calculation

COSTS

Investment costs € 26.9m

Net operating costs AmagerStrand I/S per year € 1,07m

BENEFITS

Avoided replenishment (every 2 years) € 13.400

Average N. of visitors per year 1.000.000

Average Consumer Surplus per visit € 4

Average Consumer Surplus per year € 4m

Investment horizon 30 years (2005-2034)

Discount rate 5%

Figure 11. Financial vs. socio-economic Net Present Value (in euros) of Amager Strandpark beach reclamation project 

(CS=4, discount rate 5%). (Source: Amager Strandpark I/S (costs inputs and number of visitors).
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results when the welfare benefits for visitors 

are added to the financial components.

Given the quality of the beach and of its 

facilities, the visit-CS value chosen is relatively 

low compared to the € 2-37 reference range 

previously indicated. To derive more 

meaningful conclusion on this case study, 

however, the NPV calculation is repeated 

using different values of both the discount 

rate and the individual consumer surplus per 

visit (Figures 12 and 13). Apart from the 

various observations that can be made on the 

elasticity of the NPV, an important conclusion 

emerging from the sensitivity analysis is that 

the NPV results positive in all scenarios but the 

one with a very low visit-CS. Therefore, the 

conclusion of a positive socio-economic 

impact of the beach development project 

appears robust to changes in relevant 

parameters.

Conclusions about Amager
This case study well exemplifies a situation 

when a reclamation-based investment project 

contributes to enhancing quality of life in an 

urban situation. In addition, other interesting 

issues can be deduced from the evaluation of 

this case study:

•  Project effects can be highly relevant for 

society even though they do not involve 

market transactions. 

•  Non-market valuation methods are key 

instruments for a meaningful evaluation of 

the welfare impacts of public goods such as 

recreational resources and green 

infrastructures. 

•  When non-priced, unquantifiable effects are 

substantial, investments may have benefits 

for society even if they are not financially 

sustainable. In such cases, governments are 

called upon to ensure an optimal provision 

probability) with which people visit the beach 

is indirectly proportional to the costs they 

incur to travel there. 

Despite the relatively broad range of values 

for Consumer Surplus (CS) based on the 

benefit transfer technique resulting from  

the literature most findings range between  

€ 2-37. For the determination of the NPV,  

an arbitrary value of (€ 4 per visit will be 

considered; multiplied by 1 million (the 

average visitors per year), this leads to an 

annual welfare return of about € 4 million.  

In respect to the other input variables, an 

intermediate value for the discount rate (5%) 

is chosen based on Danish standards 

(Doubgaard, 2004), whilst the time horizon is 

set to 30 years following the EC (2008) 

guidelines for CBA of parks and forests. 

Figure 11 shows that the socio-economic 

value of the project breaks even 14 years after 

the initial investment was made, and 

corresponds to a positive NPV of about € 17.5 

million. The figure shows clearly that a very 

different picture of the project profitability 

project required a relatively small investment 

and involves very little economic activity. The 

local road traffic has not been particularly 

affected by the increase in visitor flows, as 

these use mostly transport modes other than 

cars (bicycles, public transport). No significant 

effect on the regional economy and 

employment are to be expected for such a 

marginal project. 

As indirect effects are assumed to be 

irrelevant, the estimation of the project NPV 

can focus on direct effects only. Non-use 

values connected to recreational areas are 

amongst the most difficult to estimate. 

Therefore, the effects on third parties will not 

be included in the NPV calculated for this 

project. With respect to users’ welfare, the 

“travel cost method” is the methodology 

most commonly used to determine the use 

value of non-market goods. Since there is no 

entrance-fee to access public parks, the cost 

of travel to a site (cost of transportation, time 

and such) is used as a proxy for the price of 

visiting that site. The idea behind the travel 

cost method is that the frequency (or 

Figure 12. NPV Amager Strand respectively to 3%, 5%, 7% discount rate (CS=€ 4). Figure 13. NPV Amager Strand respectively to 4, 8, 2 CS (€/visit) (discount rate=5%).

Table III. Socio-Economic Effects of Amager Strandpark.

Welfare effects Sign/magnitude

Direct effects

•  Operator Negative profit for beach administrator – –

(Amager Strandpark I/S)

•  Users
Welfare surplus from consumption of 

recreational services.
++

•  Third parties
Non-use values enjoyed by local residents 

(option value, altruism, bequest value).
+

Indirect effects Not relevant
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Port of Rotterdam Authority (2011). Port 

Vision 2030. Available at:  

http://www.portofrotterdam.com/en/

brochures/port-vision-2030.pdf.

Port of Rotterdam Authority (2012). Annual 

report 2012. Available at:  

http://www.portofrotterdam.com/en/ 

Port-authority/finance/annual-report/

Documents/annualreport-2012.pdf.
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Practice 1, 287.

Merk, O. and Notteboom, T. (2013). The 

competitiveness of global port-cities: the case 

of Rotterdam and Amsterdam – the 

Netherlands, OECD Regional Development 

Working Papers, 2013/08, OECD. Available 

at:http://dx.doi.org/10.1787/5k46pghnvdvj-en.

Pearce, D., Atkinson, G. and Mourato, S. 

(2006). Cost-benefit analysis and the 
environment: recent developments. 
Organisation for Economic Cooperation and 

Development (OECD), Paris, France.

of public goods through a direct 

involvement in the investment funding. 

•  As demonstrated with the sensitivity 

analysis, the assumptions made on critical 

factors strongly influence the final results of 

the appraisal. A thorough examination of 

the most relevant aspects concerning an 

investment project is therefore necessary. 
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CONCLUSIONS

The article discusses how CBA 

methodologies can be useful for evaluating 

reclamation projects. The main expectation 

was to contribute to a more appropriate 

assessment of the socio-economic 

performance of reclamation projects by 

using CBA. 

The article has shown that investing in 

reclamation can be socially beneficial even 

if the project generates meagre financial 

returns. The benefits for users, economic 

spill-overs, as well as the impact on the 

local quality of life, support the 

implementation of the project more than 

simply the dividends that may be provided 

to private investors. These effects must be 

carefully considered when assessing the 

economic legitimacy of reclamation 

projects 

The socio-economic benefits of reclamation 

projects are broadly speaking, a strategic 

instrument for coastal development 

because land reclamation offers the 

possibility to undertake spatial plans 

potentially anywhere within congested 

coastal regions. By solving the problem of 

space scarcity, port cities can unlock local 

investments and exploit opportunities for 

unleashing strong economic potentials, 

creating sustainable urban systems, and 

increasing well-being and quality of life for 

the broader society.  

Through land reclamation along the coast 

important interventions can be realised to 

support existing infrastructures, whilst 

avoiding the drawbacks that could instead 

result from expansion plans made on land 

in more peripheral areas. The increase in 

accessibility and competitiveness achievable 

through infrastructure developments can 

drive new investments, enhance the local 

business environment, and prepare the 

ground for further sectorial specialisation, 

technological innovations, and diffusion of 

specific skills and knowledge across 

companies and workers. 

The flexibility of land reclamation projects 

at the coast offers great opportunities to 

urban planners to enhance the quality of 

the environment of the served population. 

New seafront land can be created in the 

proximity of the city core or of industrial 

areas where connections to existing 

transport networks and urban 

agglomerations are easier to achieve. 

Disregarding environmental and other 

external effects may cause underestimation 

of the value of land reclamation, with the 

risk that investors prefer cheaper but less 

sustainable projects on existing land. 

All in all, environmental, strategic and 

other social effects deserve particular 

attention when considering reclamation 

projects. The existence of beneficial 

impacts on society, moreover, justifies an 

active role of the governments. 
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enough, but international contracting can, as the book explains, easily 

turn into a nightmare. To address this challenge, to avoid the blame 

game and court proceedings, to ensure that no laws, regulations or 

policies are violated requires careful study of the particular operation. 

A number of case studies are used to examine the challenges of 

international contracting including the BP oil disaster and the 

Amsterdam metro. 

The contracting cycle from tender to final payment, the issues arising 

from suppliers and subcontractors and collaborative models are all 

examined as well as project and risk management, ranging from 

letters of intent to different legal systems and cultural differences. 

The book was supported by, amongst others, the head of legal affairs 

at Ballast Nedam and the director of human relations at Boskalis as 

well as the staff of TiasNimbas Business School in Tilburg and the 

Eindhoven University of Technology both in the Netherlands.  

For further information:
http://www.worldscientific.com/worldscibooks/10.1142/p894

DREDGING AND PORT 
CONSTRUCTION: INTERACTIONS 
WITH FEATURES OF 
ARCHAEOLOGICAL OR HERITAGE 
INTEREST
Published by PIANC. 2014.132 pp.

Cultural heritage sites are found not only on 

land but underwater as well. They can 

include evidence of submerged prehistory, 

i.e., of prehistoric landscapes when sea level 

was lower; signs of coastal communities that have been subsumed by 

the sea; maritime items relating to human exploitation of the sea as 

well as aviation objects relating to the advent of fixed wing-aviation in 

the early 1900s to the mid-20th century. This marine heritage is a 

valuable, fragile, finite and non-renewable resource. It can be 

physically impacted by dredging and port construction. Internationally 

statutory protection for underwater cultural heritage varies from 

country to country and the need to consider these impacts is often 

poorly understood.

This report is the work of PIANC EnviCom, the environmental 

commission within the broader maritime organisation, and is based on 

an Envicom workshop which identified the need for technical 

guidance for international good practice in areas of archaeological 

and heritage sensitivity. This guidance document is informed by the 

outcomes of the workshop, including case studies presented by 

leading experts in the field. The advice offered is relevant to any 

group or individual involved in planning dredging and port 

construction projects including regulatory and planning authorities, 

archaeological and heritage curators, developers, port authorities and 

harbour commissioners, contractors, archaeological consultants/

contractors and all other stakeholders. Case studies are presented  

in the appendices. 

For further information: 
www.pianc.org -> publications

INTERNATIONAL CONTRACTING: 
CONTRACT MANAGEMENT IN 
COMPLEX CONSTRUCTION 
PROJECTS
BY JOHN VAN DER PUIL AND ARJAN 
VAN WEELE
Published by Imperial College Press, London, 
UK. 2014. 490 pp. ISBN 978-1-908979-50-6. 
Hardcover: US$145. E-book: US$109.

More and more clients are requesting 

integrated solutions from a life-cycle perspective. Contractors are then 

called upon to assume more responsibilities and risks. Tendering for 

mega-projects has thus become a complex endeavour and the 

resulting contracts reflect this complexity. Local contracting is difficult 

ONLINE AND INTERACTIVE:
FACTS ABOUT ENVIRONMENTAL EQUIPMENT

Environmental dredging is based on precision techniques which 

aim to achieve a high concentration of dredged sediment with 

the lowest possible turbidity. They try to remove accurate thin 

layers so that the least possible quantities of contaminated 

material are dredged because secure disposal of contaminated 

material can be difficult to find. To do this, special 

‘environmental dredgers’ have been developed. These are often 

modifications of cutter suction hoppers, backhoes and grabs. 

Although environmental dredging projects are generally smaller 

in scale than navigational or capital dredging, their long-lasting 

environmental implications give them an intrinsic value and the 

need for remediation sediment is recognised throughout the 

world despite its often high costs. Stakeholders realise that for a 

truly sustainable world the contamination caused by residual 

chemicals and industrialisation must be addressed and the 

development of specialised equipment for remedial dredging is 

often the only sufficient answer.

Facts About is a series of concise, easy-to-read leaflets which 

give an effective overview of essential facts about specific 

dredging and maritime construction subjects. Each leaflet

provides a kind of 'management summary' for stakeholders 

who need a quick understanding of a particular issue. These 

leaflets are part of IADC's on-going effort to support clients, 

consultants and others in understanding the fundamental 

principles of dredging and maritime construction.

TO SUBSCRIBE: please fill out the form at 

http://www.iadc-dredging.com/en/84/dredging/facts-about/.

BOOKS / PERIODICALS REVIEWED 
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SEMINARS / CONFERENCES / EVENTS
IAPH HAMBURG 2015
29TH WORLD PORTS CONFERENCE
JUNE 1-5, 2015
CONGRESS CENTER HAMBURG (CCH), GERMANY

The 29th IAPH World Ports Conference will take place under the theme 

of “smartPORT Hamburg”. The specialised conference will deal with 

the world of economic and climate change. The following subjects are 

being addressed:

-  smartPORT logistics: technical innovations, land restructuring, 

expansion of the transport route network and modern 

communication paths combined with high data transparency 

-  smartPORT energy: innovative mobility concepts, renewable energy 

sources and the interlinking of energy-generating plants and 

consumer plants to promote the efficient use of resources 

-  Law and global trade: viewing trends and challenges and the 

advantages of global technical standardisation vs national legal 

systems

-  Liability in ports: evaluating if the international maritime convention 

system is sufficient to protect ports in the event of shipping accidents 

50TH SEMINAR ON DREDGING AND RECLAMATION 
JUNE 22-26, 2015 
UNESCO-IHE, DELFT, THE NETHERLANDS

Aimed at (future) decision makers and their advisors in governments, 

port and harbour authorities, off-shore companies and other 

organisations that have to execute dredging projects, the 

International Seminar on Dredging and Reclamation has been 

organised by the International Association of Dredging Companies 

(IADC) in various locations since 1993.

Often presented in co-operation with local technical universities, the 

IADC Seminar has provides a week-long Seminar especially 

developed for professionals in dredging-related industries. These 

intensive courses have been successfully presented in The 

Netherlands, Singapore, Dubai, Argentina, Abu Dhabi, Bahrain and 

Brazil. As is appropriate to a dynamic industry, the Seminar 

programme is continually updated. In addition to basic dredging 

methods, new equipment and state-of-the-art techniques are 

explained.

The Seminars reflect IADC’s commitment to education, to 

encouraging young people to enter the field of dredging, and to 

improving knowledge about dredging throughout the world.

 
Highlights of the programme
To optimise the chances of the successful completion of a project, 

contracting parties should, from the start, fully understand the 

requirements of a dredging project. This five-day course strives to 

provide an understanding through lectures by experts in the field 

and workshops, partly conducted on-site in order to give the 

“students” hands-on experience. Subjects include:

•  overview of the dredging market and the development of new 

ports and maintenance of existing ports; 

•  project phasing (identification, investigation, feasibility studies, 

design, construction, and maintenance);

•  descriptions of types of dredging equipment and boundary 

conditions for their use;

•  state-of-the-art dredging and reclamation techniques including 

environmental measures;

•  site and soil investigations, designing and estimating from the 

contractor’s view;

•  costing of projects and types of contracts such as charter, unit 

rates, lump sum and risk-sharing agreements;

• design and measurement of dredging and reclamation works; and

• early contractor involvement.

An important feature of the Seminars is a trip to visit a dredging 

project being executed in the given geographical area. This gives the 

participants the opportunity to see dredging equipment in action 

and to gain a better feeling of the extent of a dredging operation.

Each participant receives a set of comprehensive proceedings with 

an extensive reference list of relevant literature and, at the end of 

the week, a Certificate of Achievement in recognition of the 

completion of the coursework. The Seminar starts Monday, June 22 

at 8:45 hrs and ends Friday, June 26 (date to be confirmed) at 17:30 

hrs. Please note that full attendance is required for obtaining the 

Certificate of Achievement.

Costs
The fee for the week-long seminar is € 3,100.- (inclusive VAT).  

The fee includes all tuition, seminar proceedings, workshops and  

a special participants’ dinner, but excludes travel costs and 

accommo dations. Assistance with finding hotel accommodation can 

be given.

 

This Seminar in Delft marks the 50th such event presented by the 

IADC. A similar Seminar is planned for October 2015 in Jakarta, 

Indonesia.

For further information contact:
Mr. Jurgen Dhollander

PR & Project Manager

International Association of Dredging Companies

Email: dhollander@iadc-dredging.com
Tel: + 31 70 352 33 34
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and other maritime incidents and if the currently ratified conventions 

and the liability sums contained therein provide sufficient coverage 

-  Port financing and pricing in different countries: between theory and 

practice, examining public-policy discussions, the role of stakeholders 

and long-term and project-related financing models that have proven 

successful 

-  Cruise Shipping:  meeting the challenges of the phenomenal growth 

of the cruise industry. 

For further information:
Mrs Sabine Stüben

Tel:  +49 40 42847-2208

• E-mail: sabine.stueben@hpa.hamburg.de  

Mr Christian Pieper

Tel: +49 40 42847-2622

• E-mail: christian.pieper@hpa.hamburg.de

WEDA/TAMU DREDGING SUMMIT AND EXPO 
JUNE 22-25, 2015 
WESTIN GALLERIA HOUSTON, TEXAS

The Western Dredging Association (WEDA) and Texas A & M University 

will host its 2015 Dredging Summit and Expo June 22-25, 2015 at the 

Westin Galleria Houston, Texas. This is a chance to visit the Houston 

Ship Channel – one of the busiest waterways in the United States, in 

addition to the environmental restoration projects in Galveston Bay. 

The theme of this year’s conference, “Dredgers, The Environment and 

Commerce,” will focus on the people and organisations that make 

dredging happen as well as the environmental and commercial impacts 

of dredging. Included in the dredging conversations will be the critical 

economic need for dredging, the importance of enhancing the marine 

environment, trends in dredging technology and safety and historical 

dredging developments. 

Topics will include, but are not limited to: History of Dredging 

Milestone Projects (Last Millennium); Dredging Research, Budgeting & 

Cost Estimating, Development of Cargo Carrying Ships, Dredging for 

Flood Control

• Geotechnical Aspects

• Market Trends 

• Navigation Channel Depths

• Surveying & Mapping

• Dredging for Beach Nourishment

• New Dredging Equipment

• Dredge Safety Issues

• Environmental Cleanup Sites

For additional information, including conference registration, 

exhibition booths reservations & sponsorships contact:

Email: info@westerndredging.org
https://westerndredging.org/index.php/events/dredging-summit-expo

9TH INTERNATIONAL SEDNET CONFERENCE
SEPTEMBER 23-26, 2015    
KRAKOW, POLAND

The annual SedNet Conference will be hosted and co-organised by the 

Faculty of Geology, Geophysics and Environmental Protection, AGH 

University of Science and Technology.

Sediments – unseen or unnoticed most of the time – have a variety of 

impacts on human activities and vice versa, particularly along rivers. If 

the river is used for shipping, too much sediment may become an 

obstacle. The foundations of bridges may become unstable if too little 

sediment is available, creating a safety risk. After flooding, sediments 

are distributed over flood plains and with increased construction in 

natural flood plains these sediments add to the clean-up efforts and 

may become a health issue if contaminated. Even more dangerous are 

the mud and debris flows that can occur during larger floods. SedNet is 

dedicated to solving societal challenges as regards working with 

sediments.

The following topics will be addressed: Sediments and society; valuing 

sediments and their services; sediment quality and perception; 

understanding sediment fluxes and budgets on a river basin scale; 

restoring sediment continuity (WFD); best practices in sediment 

management; dredged material management in rivers and lakes; 

building with dredged material; sediment management in mountainous 

regions; sediment in historical and recent mining areas; and sediment 

issues in Poland

For further information contact:
Marjan Euser

Email: marjan.euser@deltares.nl
www.sednet.org

 
PIANC USA/COPRI/ASCE DREDGING 2015 
OCTOBER 19-22, 2015
HYATT REGENCY, SAVANNAH, GEORGIA

The PIANC USA and the Coasts, Oceans, Ports & Rivers Institute 

(COPRI / ASCE) Dredging 2015 Conference with the theme “Moving 

and Managing Sediments" will take place on the riverfront in 

Savannah, Georgia, October 19-22, 2015, in the Downtown Historic 

District. The format will include plenary sessions, concurrent technical 

sessions, short courses, tours, and a large industry exhibit hall.   

For further information:
Ms. Kelly J. Barnes, PIANC USA Deputy Secretary 

USACE, Institute for Water Resources

• Email: Kelly.J.Barnes@usace.army.mil
Tel: +1 703 428-9090

http://goo.gl/Z8wIc "Securing the Nation's Future through Water"

www.pianc.us
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