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CovER

With both the number of post-Panamax vessels and the demand for Canal transits increasing, the Panama Canal Authority 

is building new, larger post-Panamax locks. Shown here, the excavation of Pacific Zone 2-South with, left, the Canal and 

transitting vessels visible (see page 3).
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eDItoRIAL
More and more the leading dredging companies are involved in more than dredging. What does 

that mean? It means that they have been expanding their capabilities and equipment, their 

personnel and services to meet the demands of diverse clients with diverse needs. The modern 

international dredging companies offer dredging “plus”. But are clients taking advantage of this? 

No, not always, not enough, not if they are using traditional procurement systems.

Anyone who has been involved in major infrastructure projects realises that these projects 

require an extraordinary amount of time, research and investment as well as communications 

efforts, before the first cubic metre of material is dredged: Design, environmental impact 

assessments, permitting, public relations – so many different demands from so many different 

directions. 

Yet the traditional procurement process does not take this into account in a consistent, cost-

effective, efficient system. And a significant part of this inefficiency is because contractors are 

not brought into the process until after many key decisions have been made. Clients and 

consultants are asked to make design decisions with insufficient information as to the available 

technology, equipment and potential innovative solutions. But slowly a door is opening to an 

alternative system, an innovative process called Early Contractor Involvement. At the recent 

Forum on ECI held in London, contractors, consultants and clients brainstormed together to find 

a new way forward which allows clients and consultants to take advantage of the technical 

expertise of contractors, to create transparency in the working relationships whilst still preserving 

the competition necessary to achieve a Best Value solution. Using contractors’ knowledge early 

on benefits all three parties, as well as ultimately the public whose taxes may be paying for the 

port expansion project or beach reclamation and coastal protection. A report of this 

groundbreaking conference can be found on page 25.

One way in which the international dredging contractors already 

transfer their expertise is through the IADC Seminar for 

Dredging and Reclamation. Over the years, the seminar has 

been updated to reflect the newest approaches to dredging, 

tendering and contracts. With its outstanding lecturers, the 

seminar is scheduled to take place again in Singapore in 

October (see page 32). Participants are always treated to a site 

visit which gives them an opportunity to see high-tech 

equipment in action.

And here in the pages of Terra you will discover how this 

expertise is being applied to some of the major projects and 

issues of our times. This month the effects of the boom in port 

expansion and larger ships is considered by taking a look at “dredging for the new locks being 

built at the Panama Canal”, the challenges of global warming are being confronted by the 

“Building with Nature” pilot studies for coastal protection and replenishment in the Netherlands, 

and the loss of wetlands is addressed in the IADC Award-winning paper which “evaluates 

alternatives to improve dredging efficiency and cost-effectiveness for inland marsh restoration 

projects” in Louisiana. Clearly the need to meet the challenges of modern infrastructure 

demands has caused the international dredging companies to transforms themselves, to seek 

unusual, pioneering strategies like Early Contractor Involvement, as well as innovative, state-of-

the-art technologies.  

Koos van Oord
President, IADC

Koos van Oord
IADC, President
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ABSTRACT

During the last 20 years maritime traffic 

industry has changed tremendously.  

The exponential increase of cargo traffic 

between the different continents has led to 

the fact that shipping lines have been building 

vessels with larger dimensions. The actual 

Panama Canal and its locks are designed for 

vessels with maximum dimensions of 294.1 m 

(965 ft) long, 32.3 m (106 ft) wide with a 

maximum draught of 12.40 m (39.5 ft), the 

so-called Panamax vessels. Vessels that surpass 

these dimensions, the so-called post-Panamax 

vessels, can actually not transit the Canal.

As a result of the increased number of post-

Panamax vessels and the increasing demand 

for Canal transits (according to market studies 

a gradually increase of 40% in demand for 

Canal transits up to 19,600 a year by 2025  

is expected), the operator of the Canal, the 

Autoridad del Canal de Panamá (ACP), 

decided to give priority to increasing the 

Canal’s capacity as well as the possibility for 

post-Panamax vessels to transit the Canal.

Under the expansion programme, the ACP 

called for 9 international tenders representing 

a total value of US$ 4.190 billion. This article 

elaborates on the execution of the “North 

Entrance Dredging of the Pacific Access 

Channel for the New Third Set of Locks”  

and, more specifically, on the challenges  

faced during the drilling and blasting 

operations required to execute the works.

INTRODUCTION

Since the first vessel SS Ancon officially transited 

the Panama Canal on August 15, 1914, a total 

of more than one million vessels have transited 

the Canal, approx. 14,000 vessels a year of 

which 13,000 are Ocean-Going Commercial 

Vessels. 

During the last 20 years maritime traffic 

industry has changed tremendously.  

The exponential increase of cargo traffic 

between the different continents has led to 

the fact that shipping lines have been building 

vessels with larger dimensions. This tendency 

counts for all types of vessels, from oil tankers, 

to bulk carriers, from cruise vessels to, of 

Above: A vessel going through the Pedro Miguel Locks. 

As a result of the increased number of post-Panamax 

vessels and the increasing demand for Canal transits, 

the Panama Canal Authority (ACP) has decided to build 

new post-Panamax locks on the Pacific and Atlantic 

coasts. 

DReDGInG FoR tHe PAnAMA cAnAL’s  
neW LocKs At tHe noRtH entRAnce  
oF tHe PAcIFIc Access cHAnneL

steFAn Moens AnD stIJn VeRPLAnKen 

course, container vessels. While in the mid-

1970s the maximum capacity of container 

vessels was approximately 2,000 TEU (Twenty-
foot Equivalent Unit), this capacity has today 

been increased to more than 14,000 TEU.

However, the actual Panama Canal and its 

locks (Gatun Locks, Pedro Miguel Locks and 

Miraflores Locks) (Figure 1) are designed for 

vessels with maximum dimensions of 294.1 m 

(965 ft) long, 32.3 m (106 ft) wide with a 

maximum draught of 12.40 m (39.5 ft), the 

so-called Panamax vessels. Vessels that surpass 

these dimensions, the so-called post-Panamax 

vessels, can actually not transit the Canal.

As a result of the increased number of post-

Panamax vessels and the increasing demand 

for Canal transits (according to market studies 

a gradually increase of 40% in demand for 

Canal transits up to 19,600 a year by 2025 is 

expected), the operator of the Canal, the 

Autoridad del Canal de Panamá (ACP), 

decided to give priority to the increase of the 

Canal’s capacity as well as to the possibility 

for post-Panamax vessels to transit the Canal. 

These targets are included in the ACP’s 

Master Plan for the coming 20 years.

This Master Plan stands for an expansion 

programme that will double the capacity of 

Dredging for the Panama Canal’s New Locks at the North Entrance of the Pacific Access Channel  3
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the Canal and allow post-Panamax vessels up 

to 12,000 TEU. It was approved by the 

Panamanian Cabinet and by the National 

Assembly in July 2006. The political decision 

was endorsed by the positive outcome of a 

national referendum held on October 22, 2006.

The total expansion programme consists of  

4 major components:

•	 	Post-Panamax	Locks:	Contruction	of	post-

Panamax locks on the Pacific and Atlantic 

sides, allowing vessels with maximum 

dimensions of 366 m (1,200‘) long and  

49 m (160’) wide, having a maximum 

draught of 15.2 m (50’).

•	 	Pacific	Access	Channel:	Excavation	of	 

the northern approach channel towards  

the new Pacific post-Panamax locks 

complex. Approximately 49 mio m³ along 

the 6.1 km northern approach channel is  

to be excavated.

•	 	Improvements	to	existing	Navigational	

Channels: Dredging of the existing channels 

(at the Atlantic and Pacific side) to enable 

the safe navigation of post-Panamax vessels 

through the expanded Canal.

•	 	Improvements	to	Water	Supply:	Increase	

Gatun Lake’s maximum operating level by 

45 cm to improve Canal Water Supply and 

draught dependability.

Under the expansion programme, the ACP 

called for 9 international tenders representing 

a total value of 4.190 billion US$: 
•	 	Excavation	of	Pacific	Access	Channel	Phase	1	

(PAC-1) – awarded July 17, 2007: Levelling 

of Paraiso Hill from 136 meters to 46 meters, 

meaning the excavation of 7.3 million m³.

•	 	Excavation	of	Pacific	Access	Channel	Phase	2	

(PAC-2) – awarded November 27, 2007: 

Excavation of 7.4 million m³ of material, the 

3.5 km diversion of the Cocoli River and the 

relocation of 1.3 km of the Borinquen Road.

•	 	Excavation	of	Pacific	Access	Channel	Phase	3	

(PAC-3) – awarded December 18, 2008: 

excavation of 8 million m³ of material from 

Paraiso Hill, bringing down the level from 

46 m to 27.5 m.

•	 	Excavation	of	Pacific	Access	Channel	Phase	4	

(PAC-4) – awarded January 7, 2010: 

Excavation of 26 million m³ of unclassified 

material, construction of a new 2.3 km 

Borinquen dam that will separate Miraflores 

Lake from the new channel.

•	 	Dredging	of	the	Pacific	Entrance	Navigation	

Channel – awarded on April 1, 2008: 

Widening the existing Pacific Access Channel 

to a minimum of 225 m and deepening to 

15.5 m below mean low water level. Total 

dredging quantity of 8.7 million m³.

•	 	Dredging	of	the	Gatun	Lake	North	Access	

Channel – awarded June 4, 2010: Dredging 

a section of the Gatun Lake Access Channel. 

Total dredging quantity 4.6 million m³.

•	 	Dredging	of	the	Canal	Atlantic	Entrance	 

– awarded September 25, 2009: Deepening 

of the Atlantic Approach Channel to the 

New Set of Locks to 15.5 m below mean 

low water level. Widening (from 198 m  

to minimum 225 m) and Deepening the 

existing Atlantic Entrance Navigation 

Channel up to 16.1 m. Total dredging 

quantity of 17.1 million m³ and an additional 

dry excavation quantity of 815,000 m.

•	 	Design	and	Construction	of	the	Third	New	

Set of Locks on Pacific and Atlantic sides – 

awarded July 15, 2009. 

•	 	Dredging	of	the	New	Pacific	Access	

Channel North Approach – awarded  

August 16, 2010: This will link the new 

locks on the Pacific to the Culebra Cut.

Figure 2. Overview of the Excavation Zone 2-S:  

Liebherr 984 and Hitachi ZX870 excavators loading the 

Volvo A-40 dump trucks under the Puente Centenario. 

Figure 1. Map of  

the Panama Canal and  

the location of the Locks. 
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Pacific Access Channel North Approach Project 
entails the dredging of the Pacific Access 

Channel North approach, which will link the 

new locks on the Pacific to the Culebra Cut. 

An area of approximately 26 ha needs to be 

excavated from the existing level of 27.5 m PLD 

(Project Level Datum) down to 9.14 m PLD.  

A total quantity of approximately 4,000,000 m³ 

needs to be removed. 

The materials to be dredged range from weak 

to medium-hard rock type Cucaracha, to hard 

rock formations type “Pedro Miguel” and 

“Basalt”. The hard rock formations form 

approximately 75% of the total volume and 

need to be blasted before excavation. These 

blasting operations are very sensitive since the 

project area is located in the vicinity of 

residential areas and the Centenario Bridge 

and is adjacent to the Canal, where the traffic 

may never be interrupted.

All excavated materials need to be disposed  

of in 4 disposal areas: the onshore disposal 

areas Escobar, W4 and W5 and the offshore 

disposal area Peña Blanca, located in the 

Gatun Lake. The preparation of the disposal 

areas, including construction of dykes, is 

included in the scope of work (Figure 2).

cHALLenGes
Rescue of local fauna and flora
As defined in the Environmental Impact 

Assessment Studies of the Expansion 

Programme, the project requires a strong 

commitment from the contractor to protect 

and preserve the environment. ACP together 

with Panama’s National Environmental 

Authority (ANAM) constantly supervises the 

environmental measures taken by the 

contractor during the execution of the project. 

Excavation sequence
Since the area to be excavated is connected 

with the existing Canal, the project will be 

executed by a combination of dry equipment 

and wet dredging equipment (Cutter Suction 

Dredger and Back Hoe Dredger). The 

challenge is to optimise the methodology and 

working sequence in order to offer the most 

economical execution method. Jan De Nul 

chose to execute a maximum quantity of 

material with dry equipment. The wet 

dredging equipment will be employed at the 

end of the project to excavate the remaining 

link (dykes) between the excavated area and 

the actual Panama Canal.

Soil conditions
At the tender stage ACP provided soil 

information including Cone Penetration Test 

(CPT) Results and Borehole information 

collected in the period between 1940 to 

1971. The geological information from these 

CPTs and Boreholes indicated the presence of 

3 different types of soil and rock formation, 

namely Cucaracha, Pedro Miguel and Basalt. 

In order to get more detailed information 

about the geology of the excavation area an 

additional borehole campaign was performed 

by the interested Tenderers. 

Based on this additional information Jan De 

Nul Group made its own evaluation of the 
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Jan De Nul Group was awarded the contracts 

for the Dredging of the Canal Atlantic Entrance 

and the North Entrance Dredging of Pacific 

Access Channel North Approach (PAC-0). 

Furthermore, Jan De Nul NV is partner in  

the Consortium Grupo Unidos por el Canal S.A. 
(GUPC) for the largest contract of the expansion 

programme (representing approxi mately 60% 

of the overall budget), namely the Design and 

Construction of the New Third Set of Locks on 

Pacific and Atlantic Side.

This article elaborates on the execution of  

the “North Entrance Dredging of the Pacific 

Access Channel for the New Third Set of 

Locks”, and more specifically on the drilling 

and blasting operations required to execute 

the works.

tHe PenAc PRoJect
The PENAC project or Pacific Entrance North 
Approach Channel or Dredging of the New 

Figure 3. Aerial view of the Pedro Miguel Locks 

bordering South to the Project Area. 
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geology and prepared a detailed geological 

map on which the excavation sequence and 

related modus operandi were determined. 

Four different soil types were identified: 

Basalt, Cucaracha, Pedro Miguel and Pedro 

Miguel Weak. Two of these soil types require 

blasting operations prior to excavation, 

namely the Pedro Miguel and the Basalt 

formation.

Drilling and blasting operations
Viewing the location of the areas where 

blasting operations should be performed 

(adjacent to existing Canal, Pedro Miguel 

Locks, under the Centennial Bridge and in the 

vicinity of the residential area Paraiso), these 

operations will require intensive monitoring 

(Figure 3).

The Canal traffic has an overall priority above 

all construction works and may not be 

stopped or interfered with.  

 

Furthermore, to meet the maximum allowable 

limits with regards to vibrations and noise 

generated by the blasting operations and the 

required fragmentations would prove to be a 

challenging task.

Weather conditions
The dry excavation operations started mid-

November 2010, exactly 90 days after 

Contract Award, in the middle of the rainy 

season. The absence of any hauling roads, the 

unavailability of suitable material to construct 

these roads, combined with an unprecedented 

precipitation in December 2010 of 1100 mm 

were a major point of concern (see Figure 4). 

Additionally, all water flowing from 

surrounding hills on the West side of the 

excavation area needed to be collected and 

drained off to the channel without hindering 

the excavation operations. Drain failure  

would entirely flood the excavation pits  

2-N and 2-S. 

PRoJect APPRoAcH / eXecUtIon
Four Excavation Zones
In order to maximise the dry excavation 

volume to the final design level, the area is 

divided in 4 different excavation zones:  

1, 2-N, 2-S and 3 (see Figure 5).

The following excavation sequence was 

determined:

1.  Dry excavation till final design level  

( +9.14 m PLD) of Zone 2-N and 2-S

2.  Dry excavation a layer of approx. 9 m  

(+ 18.5 m PLD) of Zone 1 and 3

3.  Dredging the remaining layer of approx.  

Figure 6. Overview of the excavation of Zone 2-South. The Canal is left with transitting vessels visible.

Figure 4. One of the flooded excavation areas. 



-  W5, at a hauling distance of 4 km:  

a capacity 2,800,000 m³ for all types of 

excavated material

-  Escobar, at a hauling distance of 1 km:  

a capacity 2,300,000 m³ for all types of 

excavated material

-  Peña Blanca: a marine disposal area at the 

Gatun Lake that will be used to dump the 

material dredged by the Backhoe Dredger  

Il Principe). Sailing distance 36 km.

Because the Escobar disposal area is the 

nearest to the excavation/dredging area, this 

disposal area is used as the reclamation area 

for all material dredged by CSD Marco Polo.  

In order to prepare this area a containment 

bund is to be constructed to contain the 

material (Figure 7). Since the construction of 

this bund requires 550,000 m³, the total 

remaining reclamation capacity is reduced to 

1,750,000 m³.

Taking into consideration an estimated 

bulking factor of 20% for the dredged 

material, this implies that only a volume of 

approximately 1,300,000 m³ can be dredged 

and reclaimed in this area.  

 

The excavated material by dry equipment will 

be disposed of in disposal area W4 and W5 

and will be used to construct the containment 

bund of the Escobar disposal area.

Dredging for the Panama Canal’s New Locks at the North Entrance of the Pacific Access Channel  7

9m (from +18.5 till +9.14 PLD) by means  

of CSD Marco Polo and BHD Il Principe.

In order to excavate Zones 2-N and 2-S till the 

final design level, these areas need to be 

separated from the Canal Waters by a dyke 

and sufficient protection against water ingress 

for the Canal is required (Figure 6). The dyke 

between the Canal and the dry excavation 

areas exists of the material in Zone 3. 

For the safety of the people and equipment in 

the excavation pit, 18 m below the canal, and 

to withstand the 18 m of water pressure on 

one side of the dyke, the engineering 

department of Jan De Nul Group calculated 

that the dyke should have a slope gradient of 

1:4 in the Cucaracha material and a 1:2 slope 

in the Pedro Miguel material.

To optimise safety, 5 inclinometers have been 

installed in the dyke (Zone 3). This allows 

constant monitoring of possible settlements 

and/or slides in order to evacuate people and 

equipment on time.

Four disposal areas
Four disposal areas have been provided by  

the ACP: 

-  W4, at a hauling distance of 2 km:  

a capacity 620,000 m³ for hard rock material

Figure 5. Project area divided in 4 zones: Zone 1, Zone 2-, Zone 2-S and Zone 3.

Zone 1
Zone 2 – N

Zone 2 – S
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Excavation of Zone 1 and Zone 3 
Zone 1 consists of Cucaracha material. 

Cucaracha material is weak to medium hard 

rock (UCSmax = 8 Mpa). This material does 

not require drilling and blasting operations and 

can be excavated or dredged immediately. 

The volumes dredged by means of the cutter 

suction dredger are pumped in the Escobar 

Disposal area and are therefore limited to  

the capacity of this disposal area (Escobar 

disposal area had a limited total capacity of 

2,300,000 m³, of which 550,000 m³ is already 

spent for dyke construction). Therefore the 

volume excavated directly by means of dry 

equipment will be maximised.

the Gatun Lake reached alarm levels causing a 

closure of the Panama Canal during the first 

week of December for the first time in two 

decades.

Because of the adverse weather circumstances, 

multiple problems to prepare suitable hauling 

roads were encountered. Basalt was being 

ripped in order to install the much needed 

hauling roads and an extraordinary amount of 

time and energy was spent on constructing 

these roads.  

Once suitable hauling roads were constructed, 

the excavation production increased 

considerably, reaching a daily production of 

up to 15,000 m³.

Excavation of Zone 2-North and  
Zone 2-South
Zone 2-North (Zone 2-N) and Zone 2-South 

(Zone 2-S) represent a total volume of 

2,000,000 m³ (50% of the total volume to  

be excavated). Most volume in these zones,  

a total of 1,300,000 m³ out of 2,000,000 m³, 

is Basalt and Pedro Miguel rock formation 

implying drilling and blasting operations.  

The Pedro Miguel formation is a hard rock 

(UCSmax = 30-40 Mpa) and Basalt is very  

hard rock (UCSmax = 30-40 Mpa).  

 

The rest of the volume consists of Cucaracha 

and Pedro Miguel Weak formation  

(UCSmax = 8 Mpa).

In order to excavate these zones a fleet of dry 

equipment was mobilised including: 

-  2 excavators Liebherr 984

-  2 excavators Hitachi ZX-870

-  Excavator Hitachi 470

-  Excavator Caterpillar 336

-  20 Volvo A-40 Articulated Dump Trucks.

-  5 bulldozers Caterpillar D6 and D8

-  2 graders Volvo G-940

-  2 wheel loaders CAT-988

Excavation operations started in mid-November 

(Figure 8). Initially, the disposal areas had to be 

cleared and grubbed: All vegetation had to be 

removed and all wildlife encountered had to be 

relocated. 

The actual excavation operations started one 

week later (Figures 9 and 10). Owing to the 

unprecedented rainfall during the months of 

November and December 2010, the level of 

Figure 8. Bird’s eye view of excavation area next to the existing Panama Canal and under the Puente Centenario 

(Centennial Bridge).

Figure 7. Design of Escobar disposal area dyke.
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Blasts cannot be performed when a vessel is 

passing by at a distance of less than 450 m  

or when a ship is moored at the tie-up station 

of Cartagena which is situated at a distance 

of less than 450 m from the blasting area in 

Zone 2 South. Furthermore, blasting 

operations can only be performed in the time 

frame from Monday to Friday from 7 AM to  

6 PM in order to avoid disturbance to the 

nearby community of Paraiso. 

Vibration levels
Apart from the working time frames, ACP 

also imposed limitations on vibration levels 

during the operations in order to avoid 

damages to nearby structures. In the contract, 

the limitations of the vibration and air blast 

overpressure levels are set out according to 

USBM (United States Bureau of Mines). 

In the Contract the following areas of  

concern with their specific limits of peak 

particle velocity during basting operations  

are mentioned:

(a)  the face of the final slopes and benches; 

the existing Miraflores and Pedro Miguel 

lock structures; the Centennial Bridge 

and other nearby structures, shall not 

exceed a value higher than 25 millimetres 

per second (1 inch per second);

DRILLInG AnD BLAstInG
Blasting is a key activity of the PENAC project. 

About 2,000,000 m³ of rock (Basalt and Pedro 

Miguel formation) need to be blasted, enabling 

the removal of the hard material later. 

Purpose
The first purpose of blasting is to fracture the 

rock for excavation and transport. In order to 

excavate the blasting material by means of  

dry or wet excavation equipment, 99% of the 

blasted material must have a diameter of < 1m. 

Secondly pre-splitting and approximation 

blasting are used to create the final slopes.  

The contractual tolerance of the final slopes is 

30 cm. Accurate blasting with a specially 

designed grid is needed to allow the excavation 

equipment to stay within these tolerances. 

Limitations for the blasting operations
Time frame
The drilling and blasting operations are perfor-

med in sensitive areas (adjacent operational 

Panama Canal, nearby residential areas and 

Centennial Bridge). Therefore, in order to 

avoid disturbance and/or damage to existing 

constructions, stoppage of ongoing operations 

from Jan De Nul or other contractors, the 

planning of the operations is from the utmost 

importance and is followed up by project team 

and ACP representatives on a daily basis. 

A 250-tonne Liebherr 9250 excavator was 

mobilised to Panama by Jan De Nul to optimise 

the land dredging in Zone 1. This equipment is 

equipped with a specially designed and manu-

factured, 14.8 m long boom and 9.45 m long 

stick. This boom and stick allow the excavator 

to excavate a maximum layer of 10.0 m.  

The remaining layer of 8 to 9 m will need to  

be dredged by the Cutter Suction Dredger 

Marco Polo and Backhoe Dredger Il Principe. 

Upon completion of the dry dredging activities 

the CSD Marco Polo will dredge the lower 

layers of the Cucaracha material. This material 

will be pumped through the floating pipeline 

and landlines over a distance of more than  

1 km to the Escobar disposal area.  

The encountered height difference between 

dredging level and disposal area is 50 m.

The lower layers of the hard rock formations 

Pedro Miguel in the Zone 3 will be dredged 

by means of the BD Il Principe, assisted by a 

float-top 3000-tonne barge and the self-

propelled split-hopper barge La Concepción.

The float-top barge will transport all dredged 

material to disposal area W4. The split-hopper 

barge will discharge in the offshore disposal 

area Peña Blanca located in the Gatun Lake 

(sailing distance 36 km).

Figure 9. Overview of the excavation of Zone 2-North and Zone 2-South.

Figure 10. Close up of excavation Zone 2- South,  

18 m below the existing Canal. 
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The blast vibrations (peak particle velocity, PPV) 

are monitored by seismographs (Figure 11). 

The seismographs are installed at the structures 

of concern to monitor the blast vibrations 

(Figure 12).

Planning and design 
Based on the diameter of the drilled boreholes, 

type and quantity of explosives, the position  

of the boreholes and the vibration formula  

Jan De Nul designed the drilling and blasting 

pattern for each area.

There are 3 types of drilling and blasting 

operations to be executed in the PENAC 

project: 

-  underwater drilling and blasting;

-  dry drilling and blasting in benches of 9 m;

-  dry drilling and blasting in benches of 18 m; 

Underwater drilling and blasting
The underwater drilling and blasting 

operations were performed in the outer slope 

towards the Panama Canal of the working 

area.

The ACP provided the drilling and blasting 

pontoon Thor for 2 months from 1 December 

2010 until 31 January 2011. The pontoon is 

equipped with 4 drilling rigs working 

simultaneously. The drill diameter is 6.5 inch 

(Figure 13). Additionally, the ACP provided 

Where: 

v is the maximum expected peak particle 

velocity

k and n are related to the ground 

characteristics, blast design, delay time, … 

and are determined by small test blasts in  

the field and by experience.

Ds = Scaled distance: 

   Ds = d / W ½ 

   d = distance to the nearest structure

   W =  maximum charge per delay (A delay  

is the time between the detonation  

of 2 different charges.)

For the PENAC project the parameters of the 

model, determined by Jan De Nul and MESSA 

based on measurements of previous blasting 

operations with the pontoon Thor in the area, 

are: 

k = 500 and n = –1.2

Consequently the following formula is used 

during the project:

v = k*(Ds) n => v = 500*(Ds)–1.2

The contractual limit for the air blast 

overpressure is 0.02 psi. Too high air blast 

pressure will provoke broken windows.

(b)  the housing complexes at Paraiso and 

ACP’s facilities at Pedro Miguel; existing 

buildings nearby the excavation area shall 

not exceed a value higher than 12.7 mm 

per second (0.5 inches per second).

The peak particle velocity (PVV) is related to 

the frequency. With higher frequencies higher 

PPV are allowed according to USBM rules. 

Lower frequencies (<40 Hz) generally generate 

more damage, because the vibrations can be 

amplified by the natural or resonant frequency 

of the structure (4-12 Hz). Furthermore, the 

ground displacement is larger with low 

frequencies creating larger strain stresses. 

Following empirical formula is used to predict 

the vibrations: 

v = k*(Ds) n 
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cartridges (3.2 kg each) per hole or an average 

charge of 118.4 kg per hole were used. 

The most adjacent structure is situated at a 

distance of 230 m. Based on the prediction 

formula, the PVV at the closest structure is: 

v = 500*(239/118.41/2)–1.2 = 12.4 mm/s

Since this value was close to the limit of  

12.7 mm/s, a test blast was performed with  

a reduced charge to verify the predictions.  

The test showed that the predictions were on 

the safe side and the second test blast with 

the complete charge was performed.  

The results of the measured PVV (with a  

result of 10.4 mm/s) were less than the 

predicted value and stayed far below the 

accepted values. 

Furthermore a powder factor (explosives  

(kg) / volume of rock (m³)) of 0.75 kg/m³  

was chosen to come to the required 

fragmentation. This information was based  

on the experience from the involved parties. 

The last step in the drilling and blasting 

process was to determine the spacing 

between the different boreholes. Based on 

the powder factor and the vibration limits a 

drilling pattern of 3.25 m by 3.25 m was 

performed. 

100,000 pounds (45,454 kg) of explosives 

(Emulsion Cartridges with diameter of 3.5/8 

inches) to perform the blasts. All operations 

were performed by ACP crew. Jan De Nul’s 

Subcontractor MESSA was responsible for the 

design and the supervision of the operations.

The outer slope consists of Cucaracha, Pedro 

Miguel and Pedro Miguel Weak formation. 

The blasting operations were only performed 

in the hard rock formation of Pedro Miguel. 

The total distance of the outer slope area is 

1.5 km of which only 450 m consists of Pedro 

Miguel formation. Based on these factors, a 

drilling and blasting methodology was 

determined for this area: one blast per volume 

over a length of 30 m. 

Using the experience of Jan De Nul, ACP and 

MESSA, a layer of stemming material with a 

thickness of 1.8 m was placed on top of the 

explosives. Stemming material is gravel used 

to make a plug in the borehole on top of the 

explosives in order to avoid that the blast 

energy would escape. To make sure that the 

rock formation at the bottom is blasted 

completely and sufficiently fractured an 

additional sub-drilling of 2 m under the design 

level was performed.

An average borehole consisted of a depth of 

14.8 m. The Emulsion cartridges are 0.4 m 

large so either an average number of 37 

All 15 blasts were performed within 1.5 months 

without problems. A total 4,484 meters were 

drilled. The total amount of explosives used 

was 29,033 kg to blast a rock volume of 

34,886 m³. This gave an overall powder  

factor of 0.83 kg explosives/m³ of rock, which 

is a bit higher than the originally foreseen 

powder factor. The fractured material will  

be removed by means of the BD Il Principe 

early 2012.

Dry drilling and blasting in benches of 9 m
Zones 2 North and 2 South are excavated by 

means of dry equipment. In Zone 2 North the 

Pedro Miguel formation and in Zone 2 South 

the Basalt formation needs to be blasted.  

The excavators usually excavate the material  

in benches of 4.5 metre. However, the cost 

for blasting in 4.5 metre is too high (more 

Figure 13. Drill pontoon Thor working in the outer slope. Insert, Thor close up.

Figure 14. Pentex  

booster to detonate  

the Emulsion-ANFO. 
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blasting, smaller drill holes, more explosive 

devices,…). Therefore it was decided to opt 

for blasting benches of 9 metre. 

A thorough survey of the rock structure and 

characteristics (fissures, homogeneity, rock 

strength) is primordial in order to be able to 

determine the methodology, the planning and 

the drilling and blasting pattern. Hard to 

predict are the physical and mechanical 

characteristics of the rocks. Not a single 

prediction model is entirely accurate. Luckily, 

blast software is available which helps to 

design the blasting patterns. Still, an 

experienced blaster is indispensable to 

interpret the parameters correctly. 

Blasting in benches of 18 m
The Pedro Miguel formation in the dyke  

(Zone 3) is to be blasted in 1 time in 18 m, 

because the area will be underwater once the 

first metres are excavated. This area stays in 

connection with the Canal. The design shall 

be the same as the 9 m benches, with one 

exception: The charges will be divided in 2 

(double deck) by means of stemming material 

in the middle of the hole to reduce the charge 

per delay.

RocK cHARActeRIstIcs 
Rock is a general term for hard material.  

To prepare a good blasting pattern it is 

important to include the correct characteristics 

for the material to be blasted in the design 

and to choose the correct explosives. The 

most important characteristics of the rock 

influencing the blasting result include: 

-  tensile and compressive strength,

-  density and 

-  seismic velocity (acoustic velocity).

Tensile and Compressive Strength
Most types of rock have a compressive 

strength which is 8 to 10 times greater than 

the tensile strength. The explosives must 

produce enough energy to surpass the rocks’ 

compressive and tensile force (see Table I).

Density 
High density rock is normally harder to blast 

than low density rock, because high density 

rock is heavier to move during detonation. 

Seismic Velocity 
The seismic velocity is the speed of a wave 

going through a medium. The seismic velocity 

(acoustic velocity) of the various types of rock 

varies from 1500-6000 m/s. Hard rock of high 

seismic velocity will crush more easily, 

especially when explosives having a high 

velocity of detonation are used (see Table II).

The Basalt formation to be excavated in the 

project area has more or less the same 

parameters as granite mentioned in the 

different tables. Whereas this formation 

contains some silt fragments as well as some 

fault lines mostly oriented from north east to 

south west, it is generally a high density rock 

formation. 

The Pedro Miguel formation is softer and can 

be categorised as a cemented claystone. More 

cracks are present and the density is lower 

than the basalt.

cHoosInG tHe eXPLosIVes
Different types of explosives are available on 

the market. Depending on the rock 

characteristics and the blast design the most 

effective type of explosive had to be chosen. 

The characteristics of explosives that have 

been taken into account are described below.

Sensitivity
This characteristic defines the ability of the 

explosive to propagate a stable detonation 

through the entire length of the charge.  

The critical diameter (below this diameter  

the explosive will not detonate reliably) is an 

indication of the sensitivity: the higher the 

sensitivity the smaller the critical diameter. 

Water resistance
Some explosives (e.g., ANFO, a mixture of 

Ammonium nitrate fuel oil) have very poor 

water resistance and cannot be used if the 

boreholes contain water. Other explosives 

(e.g., emulsions, nitrates with oxidisers in a 

water oil mixture) are well resistant to water 

and can withstand long periods in water. 

There are 2 types of water resistance: internal 

and external. Internal water resistance is water 

resistance provided by the composition of the 

explosive itself. External water resistance is the 

water resistance provided by the packaging or 

cart ridging in which the explosive is placed. 

In any case, the time exposed to water should 

be kept to a minimum for each explosive. 

 
Pressure tolerance
When boreholes are deeper than 5 m, 

hydrostatic pressure occurs. Additionally, 

dynamic pressure may occur from detonation 

in adjacent boreholes. When the pressure 

becomes too high the explosives become too 

dense and refuse to detonate.

Fumes 
The released amount of toxic gasses when 

blasting is to be minimised. The most common 

Blast direction

Bottom charge (BCL)

Bench height (H)

Spacing (S)

Stemming (Ho)

Burden (B)
Hole length (L)

Column charge (CCL)

Sub drill (U)

Figure 15. Blast  

design parameters. 
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gases considered in fume class ratings are 

carbon monoxide and oxides of nitrogen. 

Commercial explosives are made to get the 

most energy out as possible while minimising 

these gases. This is done by balancing the 

oxygen in chemical reaction of the explosive. 

Thermal stability
Temperature fluctuation influences the 

sensitivity of the explosives. If temperature 

rises too high, the explosives may deflagrate. 

If temperature drops too low, the explosives 

lose sensitivity. 

The Performance Properties of the explosives 

are: Sensitivity, velocity, detonation pressure, 

density, and strength.

Sensitivity 
The sensitivity of an explosive product is 

defined by the amount of input energy 

required for the product to detonate reliably. 

In commercial use the explosives have low 

sensitivity and they need a booster/primer, 

detonator or detonating cord to be detonated. 

Velocity 
The detonation velocity (VOD) is the speed of 

which the detonation runs through the 

explosive. The higher the VOD the more shock 

wave energy is created (more energy released 

in the same time) and the heave energy will be 

lower. These explosives are ideal for very hard 

rock (Granite). For weaker rock more heave 

energy is needed since the shock wave energy 

is partially absorbed by the softer rock mass. 

Detonation Pressure
The detonation pressure is the pressure 

associated with the reaction zone of a 

detonating explosive. In hard and competent 

rocks the fragmentation is done more easily 

with high detonation pressure explosives, 

owing to the direct relationship that exists 

between detonation pressure and the 

breakage mechanisms of the rock.

Density
The density of an explosive is important 

because it determines the total weight of 

explosives which can be loaded in the 

borehole with a specific diameter. Based on 

this the Powder factor (Explosives (kg) / cubic 

meter of rock (m³)) can be determined and 

the drilling pattern adjusted.

Explosives for PENAC Project
In the PENAC project Emulsion and ANFO 

(Ammonium fuel oil) were chosen as the 

explosive. Since they are primer sensitive 

explosives (they need a booster to be 

detonated), it is a safe product to work with, 

because there is no risk of accidental 

detonation by friction or impact.  

Only the high energy of a booster (PETN: High 

explosive) will detonate the ANFO (Figure 14). 

The emulsion is water resistant and mixed 

with the ANFO it reaches high detonation 

velocities up to 5,200 m/s. 

eXecUtIon oF BLAstInG 
oPeRAtIons
From blast experience throughout the years, 

numerous empirical formulas and models have 

been developed. Despite the existence of 

formulas and models, experienced blasting 

staff is required to apply these rules optimally. 

Still “Trial and Error” is part of the start-up 

process.

In the case where a bench height of 9 m is 

required, the borehole diameter is determined 

by following formula in Table IV.

Based on this formula the diameter of the 

borehole should be 4.5 to 5.5 inch. For  

the PENAC project, a borehole diameter of  

5 inch and an emulsion-ANFO mixture of 

70%-30% were chosen. Variation of 

parameters with strength of the rock based 

on the diameter (in cm) of the blast hole is 

shown in Table V.

The burden (distance between the first blast 

hole and the free face) for the onshore blasts 

is determined to be 4.5 m (≈35*D = 4.44 m). 

The spacing or the distance between holes is 

determined to be 5.5 m (≈43*D = 5.46 m). 

Figure 16. Electronic detonating system. 

Figure 17. The Furukawa drill: Two such mobile drills were used.
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detonators and the boosters along the holes. 

The blaster connects the electronic detonators 

with the booster and lowers them into the 

blast hole. The operator of the truck is 

informed which charge is needed for each 

hole. The correct amount of explosives is 

prepared in the truck and then the truck starts 

pumping the explosives in the hole. 

As well a visual verification is done by the 

blast master to prevent mistakes in the 

charging of the holes.

The next team follows to put the stemming 

(Gravel stones). This is the last but very 

important step for the loading. If the 

stemming is not correctly put, the gravel will 

be blown out of the hole. This creates flyrock 

and the energy of the explosion is lost.

When the holes are stemmed, the blaster 

reads the barcodes on the electronic 

detonators and gives them the correct delay 

times. The electronic detonators are 

connected to the wire and the whole blast 

connection is checked on the control box. 

For safety reasons, the blast area is evacuated 

and the roads are closed in a radius of 500 m. 

All operations by all contractors are stopped. 

When the area is cleared, the final process 

can start. The ACP Contracting Officer 

Representative communicates with ACP Canal 

operations to avoid any disturbance with the 

canal traffic. The moment that all ships are 

clear and the canal operations give their 

The stemming was determined to be 0.7 

times the dynamic burden or more. For the 

blasts of 9 m benches, 3.20 m of stemming is 

used. This stemming is very important to keep 

the energy of the blast inside the blast area, 

to avoid flyrock, air-blast overpressure, too 

high vibrations, and so on. One metre sub-

drilling is required to make sure that 

everything is blasted to the desired level. 

Blasts of 30,000 m³ are performed 2 times  

a week (Figure 15).

An electronic detonating system (Figure 16)  

as initiation system or detonator was chosen. 

Electronic detonators are very accurate and  

no or very few misfires happen. The blast 

sequence (delays between the different 

detonations) is programmed in the detonators. 

This sequence is important to maximise the 

fracturing and minimise the vibrations. 

Once the blasting pattern is set, the drilling 

works start by means of 2 mobile drilling rigs 

type Furukawa HCR 1500 (Figure 17). The 

drilling speed is about 35-40 m/h.  

 

The drilling, using both rigs, takes about  

3 days for 1 blast of 30,000 m³. In total, about 

130 holes of 10 m deep are drilled for 1 blast.

When 80% of the drilling holes for the blast 

are ready, the installation of the explosives 

starts. A truck filled with explosives arrives on 

site (Figure 18). The truck contains 3 reservoirs: 

one for ANFO, one for Emulsion, and one for 

water and a safe locker for the boosters and 

detonators.

After an initial meeting, a team of 10 to 12 

people starts to divide the electronic 

Figure 18. The explosives truck.

Table I. Compressive and tensile strength of rock materials.
Type of rock Compressive strength (kg/cm2) Tensile strength (kg/cm2)

Granites 2,000 – 3,600 100 –    300

Diabase 2,900 – 4,000 190 –    300

Marble 1,500 – 1,900 150 –    250

Limestone 1,300 – 2,000 170 –    300

Shale 300 – 1,300

Sandstone, hard 3,000 300

Table II. Density and seismic velocity of rocks.
Type of rock Density (kg/dm3) Seismic velocity (m/s)

Granite 2.7 – 2.8 4,500 – 6,000

Gneiss 2.5 – 2.6 4,000 – 6,000

Limestone 2.4 – 2.7 3,000 – 4,500

Dolomite 2.5 – 2.6 4,500 – 5,000

Sandstone 1.8 – 2.0 1,500 – 2,000

Clay mudstone 2.5 – 2.7 4,000 – 5,000

Marble 2.8 – 3.0 6,000 – 7,000

Diabase 2.8 – 3.1 4,000 – 5,000



approval a first horn signal is given. After a 

second check for safety, the blast master arms 

the electronic detonators.

After 5 minutes the second horn signal is 

given. One minute later the blast master 

pushes the button for detonation (Figure 19). 

Only 5 minutes later the blaster can go back 

into the blast area (when toxic fumes are 

gone) and check if all holes were detonated.  

If every hole is safe, dry excavation equipment 

can start digging.
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Figure 19. The blast and the results, in insert, nice small rocks.
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Table III. Properties of Ammonium Nitrate Fuel Oil (ANFO).

2127

2527 

2132

2532

2142

2542 

2152

2552

2162

2562

2172

2572

2181

2582

Emulsion (%)

ANFO (%)

25%

75%

30%

70%

40%

60%

50%

50%

60%

40%

70%

30%

80%

20%

Density (g/cc) 1.17 1.23 1.30 1.32 1.30 1.28 1.26

VOD ft/s (1000s) 13 13 13.5 16 16.5 17 17.5

m/s (1000s) 4 4 4.1 4.9 5 5.2 5.3

Water Resistance Poor Fair Good Good Exec Exec Exec

REE§ RWS 114 117 118 119 114 110 106

RBS 159 171 184 187 176 168 159

Minimum Diameter (Inches) 5” 5” 5” 4.5” 4.5” 4” 3.5”

Table IV. Empirical relation of borehole diameter and bench height.
Design parameter Empirical PENAC 9 m bench

Borehole diameter D = 0.001 – 0.002 H 4.5 in (11.43 cm) – 5.5 in (13.97 cm)

Table V. Emperical relation between drill diameter and burden and spacing.
Design parameter Low Medium High Very High 

Burden B 39 x D 37 x D 35 x D 33 x D

Spacing 51 x D 47 x D 43 x D 38 x D

CONCLUSIONS 

The execution of the PENAC project or 

“Pacific Entrance North Approach Channel” 

or “Dredging of the New Pacific Access 

Channel North Approach Project” requires  

a whole variety of activities – excavation, 

drilling and blasting, dredging operations, 

dyke construction…. Especially the extensive 

blasting operations were challenging and  

a great deal of technical expertise was 

necessary. Broad experience was built up  

in a very short period. 

Additionally, the project is subject to the 

demanding restrictions of the nearby 

operational Panama Canal, the communities 

and neighbouring contractors. This all 

requires detailed preparations, thorough 

planning, and adequate mobilisation strategy 

and the appropriate equipment choice. 

Together with the good co-ordination 

amongst all partners and the different 

departments (engineering, survey, civil 

construction, dredging and technical 

departments), the project team has taken  

on the challenge successfully and at this 

moment the project is more than one  

month ahead of schedule, on track for  

an early completion in November 2012.



ABSTRACT

Two governance aspects of modern coastal 

engineering which seem to be of importance 

to many coastal projects all over the world are 

considered here. Reflections on these two 

aspects are related to the context in which 

projects take place. The first is the fragmen-

tation of decision-making and funding.  

 

These types of projects usually involve many 

actors who need to collaborate in one way  

or another. In order to understand how these 

collaborations are constructed, the way in 

which the formation of coalitions of govern-

ments, NGOs and stakeholders at multiple 

scales must be examined. The question is: 

what are the characteristics of such coalitions? 

To do justice to this context, two cases of  

the Building with Nature (BwN) innovation 

programme are presented. First, a number  

of governance-relevant characteristics of the 

BwN programme are introduced. The two 

cases are then described, and in the last 

section some general lessons learnt from  

them are formulated. The cases do not form  

a representative basis for the conclusions,  

but the narratives serve as illustrations of 

governance aspects in the BwN programme  

as a whole.

The second aspect is the growing sense of 

uncertainty actors experience as a result of  

the longer time horizons of projects and as  

a consequence of the integration of a growing 

number of functions to be served by the 

projects (including ecological ones). The 

question is: how to deal with this uncertainty? 

The cases presented in this paper were 

studied in the innovation programme Building 

with Nature, which runs from 2008 till the 

end of 2012. It is funded from different 

sources, amongst which the Subsidieregeling 

Innovatie keten Water (SIW), sponsored by the 

Netherlands Ministry of Infrastructure and 

Environment, and contributions of the 

participants in the EcoShape consortium.  

The programme receives co-funding from  

the European Fund for Regional Development 

and the Municipality of Dordrecht.  

The authors express special thanks to their 

colleagues Anneke Hibma and Huib de Vriend 

of EcoShape for their helpful comments and 

corrections.

Above: The Sand Engine pilot project (seen here in  

April 2011) is part of the Building with Nature 

programme. It is located on the North Sea coast of  

the Netherlands and will form a 21.5 million m3 artificial 

sandy peninsula connected to the shore and rising 

above high water.

INTRODUCTION

The place is Hindeloopen, a small town on  

the IJsselmeer coast in the North of the 

Netherlands. It is April 2011. There is a tense 

atmosphere in the room. Inhabitants reiterate 

their objections to the sand nourishment. 

Their spokesperson presents a formal protest 

letter. They have seen too many failing 

interventions to improve the coast. They do 

not want to gamble on the risk of another 

failure. They depend for their livelihood on 

recreation and new sand may destroy 

swimming and surfing conditions. They call 

upon the authorities not to issue the required 

permits for the sand nourishment. 

The representative of the Building with Nature 

consortium emphasises that measures are 

needed because the coast must be prepared 

for water level rises in the future. That doing 

nothing is not an option for the long term.  

He assures them that nothing will be done 

against the wishes of the community.  
He invites the audience to join him in 

designing feasible strategies and to this end  

he puts maps of the coastal zone on the table. 

Hesitantly the first participants begin to 

indicate where earlier interventions took place 

and what has gone wrong. One tells of old 

IMPLeMentInG “BUILDInG WItH nAtURe” 
In coMPLeX GoVeRnAnce sItUAtIons
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sand shoals and failed nourishments and 

breakwaters that have disappeared in the 

waves. The local kite surf teacher and the 

harbourmaster prove to possess a wealth of 

experiential knowledge on prevailing wave  

and wind regimes and on sediment transports. 

These are compared to model results. 

By doing this the conversation develops into a 

more and more enthusiastic exchange about 

the coast. Both the professional and the local 

experts enjoy sharing their knowledge and 

learn from each other. After two hours the 

atmosphere has improved so much that 

appointments can be made. The BwN 

representatives promise to make a plan for a 

coastal experiment, based on the outcome of 

the meeting, which will be discussed with the 

local community again. 

This brief real-life history illustrates the 

importance of governance in the planning and 

design of coastal projects in modern societies. 

Citizens want to have a say in interventions 

that influence their personal environment. 

They often have relevant knowledge and 

experiences and planning processes 

dominated by professional experts are not 

automatically trusted any longer. Also civilians 

do have resources (for example, political 

lobby, use of media and the conduct of legal 

proceedings) to slow down projects or even 

block implementation. And, last but not least, 

the absence of unequivocal political control 

on projects has become a general governance 

characteristic, as a result of the involvement 

of multiple authorities and the fragmentation 

of decision-making, regulations and financing 

arrangements. 

Planning and design processes of infra-

structural works are therefore often messy, 

with unexpected turns and changes. Project 

initiators need to involve themselves in local 

networks and to give due attention to  

sound communications and interactions. The 

Hindeloopen project, for instance, involves 

many governmental parties and NGOs and is 

financed by five contributors. 

tWo GoVeRnAnce AsPects oF 
MoDeRn coAstAL enGIneeRInG
This article considers two governance aspects 

of modern coastal engineering which seem to 

be of importance to many coastal projects all 

over the world. The first is the fragmentation 

of decision-making and funding. These types 

of projects usually involve many actors,  

who need to collaborate in one way or 

another. In order to understand how these 

collaborations are constructed, how coalitions 

of governments, NGOs and stakeholders at 

multiple scales are formed must be examined. 

The question is: What are the characteristics 

of such coalitions? 

The second aspect is the growing sense of 

uncertainty actors experience as a result of 

the longer time horizons of projects and as a 

consequence of the integration of a growing 

number of functions to be served by the 

projects (including ecological ones). The 

question is: How to deal with this uncertainty? 

Reflections on these two questions are related 

to the context in which projects take place. 

Decision-making depends on local culture and 

the political situation and uncertainties are 

related to the complexity of a project.  

To do justice to this context, the experiences 

of two cases of the Building with Nature 

(BwN) innovation programme are presented. 

First a number of governance-relevant 

characteristics of the BwN programme are 

introduced. Then two cases are described and, 

in the last section, some general lessons learnt 

from them are formulated. The cases do not 
form a representative basis for the conclusions, 

but the narratives serve as illustrations of 

governance aspects in the BwN programme  

as a whole.

GoVeRnAnce AsPects oF tHe 
BUILDInG WItH nAtURe 
InnoVAtIon PRoGRAMMe
Current coastal engineering practice is 

dominated by a paradigm which is 

characterised by separation of ecological and 

socio-economic functions and by choices for 

hard infrastructures like dams, dikes, harbour 

fronts and dredged canals in ecosystems 

under pressure. This often leads to sub-

optimal solutions which fit poorly with the 

dynamics of the natural system. Nature itself 

plays a secondary role in the design process, 

at the expense of long delays during project 

initiation and preparation. 

A shift of this paradigm is needed.  

The challenge is to find cost-effective and 

sustainable (green) development strategies. 

Approaches which work with nature – rather 

than against it. The urgency of this quest is 

being recognised in many countries and much 

experimentation and innovation is going on.

The Dutch €30 million Building with Nature 

Innovation Programme (www.ecoshape.nl) 

aims to take advantage of the opportunities 

offered by nature and is grounded in modern 

scientific insights as, for instance, eco-

engineering. BwN promotes solutions that 

reconcile the needs of society with the 

concerns for the environment. An integrated 

ecosystem-based approach and stakeholder 

involvement from the early stages of project 

development onwards are essential features. 

This ecosystem-based approach boils down to:

1.  understand system functioning (“read” the 

ecosystem, the socio-economic system and 

the governance system), 

2.  plan a project or activity taking the system’s 

present and envisaged functions into 

account (combining functional and 

ecological specifications), 
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experiment in the northern Province of 

Friesland consists of three very small pilots. 

Table I presents a number of characteristics.

FRIsIAn coAst PILot stUDY
Context
The IJsselmeer Lake receives water from a 

delta branch of the River Rhine and discharges 

this under free flow into the Wadden Sea. In 

1932, this freshwater lake was created by the 

construction of an artificial dam (see the 

separation of the North Sea and IJsselmeer 

Lake in Figure 2) that separated the – then 

saline – tidal embayment from the sea.  

The objectives then were threefold: to create 

new land for food production, to increase 

safety against flooding by shortening the 

coastline by a factor of 10 and to create a 

freshwater reservoir.

As a result of the reports of the Intergovern-

mental Panel on Climate Change (IPCC) on 

climate change, the Netherlands Government 

commissioned a study into the question of 

whether the current national water and flood 

protection systems are sufficiently robust for 

the next 100 years (Delta Commission 2008). 

This study concluded that one must prepare 

for a maximum sea-level rise of 1.30 metres in 

the next century. And as fresh water needs 

are expected to increase in the future, the 

reservoir function of IJssemer Lake must be 

reinforced. All in all the commission advised 

to prepare for a lake level rise of 1.50 m by 

the year 2100. This conclusion was accepted 
by the Netherlands Government as a 

sustainable, forward-looking strategy. But it 

led to strong criticism from the authorities and 

inhabitants of communities along the lake. 

The coast of the Frisian IJsselmeer Lake has 

adapted a relatively constant level since its 

closure in 1932. If the lake level were to rise 

at once to the proposed height, valuable 

historic cities bordering the lake would face 

flooding threats. Industrial sites, recreational 

facilities and valuable natural areas that have 

developed since the closure would disappear. 

Moreover, such a rise of water level would 

affect the groundwater flows and drainage of 

the surrounding polders. And finally, people 

felt a sense of injustice, as the costs of water-

level rises would bear on the regions of Frisian 

coastline whilst the benefits of more freshwater 

would go to other parts of the country.

3.  determine how natural processes can be 

used and stimulated to achieve the project 

goals and others (using the power of nature), 

4.  determine how governance processes can 

be used and stimulated to achieve the 

project goals (using the power structures  

in place), 

5.  monitor the environment during execution, 

analyse the results statistically, make risk-

assessments and – if necessary – adapt the 

monitoring programme and/or the project 

execution (monitoring and adaptive 

management), and 

6.  monitor the environment after completion, 

so as to assess the project’s performance, 

to learn for the future (experience 

harvesting, knowledge development) and,  

if necessary, to adjust the project design. 

The Building with Nature Programme aims  

to deliver: 

(i)   hands-on experience from pilot 

experiments,

(ii)  knowledge on governance, ecological, 

engineering and monitoring aspects of 

building with nature and
(iii)  practice-oriented guidelines on “Eco-

dynamic Development and Design” (EDD). 

Figure 1 provides an overview of typical 

Building with Nature solutions for a variety  

of marine and riverine environments.

Part of the research activities of the Building 

with Nature programme concerns decision-

making and dealing with uncertainty.  

One objective is to monitor the progress of 

the adoption of Building with Nature ideas 

amongst authorities and experts in the 

Netherlands. This is done via analysis of 

documents (reports, media, interviews, etc.) 

and by means of interviews. Also, use is made 

of logs of people involved in the Building with 

Nature programme, itself. The presentations 

and analyses of the following case 

descriptions are based on preliminary results 

of this monitoring. 

The two cases
The two cases (see locations on Figure 2) are 

selected because they both implement sand 

nourishments on the shore face. The sand is 

moved to the coasts using natural processes, 

i.e., wind, waves, currents and trapping by 

vegetation. The objectives of both experimental 

approaches are: flood safety, maintenance of 

an eroding coast, development of ecological 

values and recreation. Because of the 

multifunctional and experimental nature, 

complex decision-making and legal procedures 

are part of the experiments and project 

managers have to deal with uncertainties 

about how the experiments evolve in time. 

Although both cases share the same 

objectives, there are big differences between 

the two. The most important is the difference 

in scale. The Sand Engine Delfland in the 

Province of South Holland is one very large 

intervention whilst the sand engine 

Figure 1. Examples and positioning of Building with Nature in tidal and non-tidal environ ments and on a scale of 

human versus ecosystem dominance.
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(Wetterskip Fryslan) and the director of the 

NGO It Fryske Gea. Wetterskip Fryslan covers 

the entire area of the Province of Friesland;  

It Fryske Gea manages designated nature 

protection areas and culture heritage of the 

province. Driven by the wish to be innovative 

and to push innovation and regional 

economies, these three supra-local authorities 

formed a coalition with BwN. Influenced by 

the thinking about climate adaptation, they 

understood that complex planning issues 

might arise in the coming decades, which 

would call for new approaches. 

Usually such a long time horizon is not part  

of an authority’s considerations. One of the 

strategies applied was to let them philosophise 

about the potential role of BwN in a video that 

was put on YouTube. This video turned out to 

be an important motivating factor during 

encounters and meetings. It showed the 

political superiors in favour of the BwN 

experiment and experts and policy-makers 

saw this as a legitimisation for their own 

support. The video prepared the ground for 

BwN to connect to other relevant actors and 

resources and it can be considered the 

entrance ticket to the deliberation process 

with stakeholders to specify the exact location 

and details of the pilot and the formal 

procedures in order to meet regulations.

experience and partly to demonstrate a 

constructive attitude to the national 

Government, even though the underlying 

goals were opposite. A paradoxical situation 

emerged: The BwN pilot study was supported 

by the national Government with the aim of 

facilitating raising the lake level, whereas the 

regional authorities participated in the study 

with the goal of stopping the rise.

Initially the BwN representatives sought 

support among Frisian officials and local 

experts. The civil servants were interested in 

participation, but without a regional coalition 

of authorities and decision-makers in favour 

of the idea they hesitated to become an active 

advocate for BwN. As civil servants they 

perceived their role as that of executing 

existing policies and priorities and not 

introducing new ways of thinking. On top  

of that there was always the looming conflict 

with national authorities. This made the 

initiator of the BwN pilots reconsider his 

strategies and seek a coalition that would 

signal the need for change at a convincingly 

influential level. 

He contacted a group of authorities that now 

can be considered “champions” for building 

with nature: The deputy of the Province of 

Friesland, the chair of the Water Board 

Clearly, what was considered a sustainable 

strategy at a national level conflicted with 

images of sustainable futures at provincial and 

municipal levels.

Coalition formation
Faced with this context of conflict, the Building 

with Nature (BwN) programme was asked by 

the national Government to initiate a pilot study 

along the Frisian coast. The Ministry wanted to 

send a positive signal to the region and at the 

same time wanted to investigate whether 

indeed an adaptation of the coasts to a slowly 

rising lake water level would be possible. 

With this request, representatives of BwN 

approached the Frisian governments to seek 

collaboration. During talks it became clear 

that the interest to participate amongst 

regional parties diametrically opposed those 

of the national Government. Local actors saw 

the urgent need to join the policy processes 

and political deliberations about the lake, but 

the goal was to stop plans to raise the lake 

level. Frisian parties realised that they had 

neglected the management of the lake and 

consequently did not know what the actual 

management issues were. 

Participation in the BwN pilots was considered 

important, partly to enhance knowledge and 

Table I. A Comparisom of Some Characteristics of the Two Cases.

 Sand Engine in South Holland Sand Engine in Friesland

Location On the North Sea coast of the Province of South Holland. In the Province of Friesland, on coast of the IJsselmeer Lake  

(a former embayment turned into a lake by a closure dam 

built in 1932) in the north of the Netherlands.

Context To compensate for the on-going erosion of the North Sea 

coast, as an alternative to smaller, more frequent nourish-

ments. The sand engine will act as a sand source for several 

decades.

The water level in the lake is expected to rise as a result of 

sea-level rise and may undergo larger variations resulting 

from its function as a freshwater reserve. This may affect the 

coastal wetlands and the economic functions vested in them.

Dynamics North-going tidal and wave-driven residual currents and 

predominantly south-westerly winds and waves. 

Predominantly south-westerly wind and waves. 

Intervention 21.5 million m3 shore face nourishment in the form of a 

peninsula that extends about 1 km into the sea (Figure 5).

Three pilots, each including a nourishment of 20,000 m3 sand 

200 m from the shore. In pilot 1, a semi- permeable row of 

piles is built to promote sedimentation (Figure 3).

Features •		Is	an	alternative	to	smaller,	more	frequent	nourishments

•		Avoids	repeated	ecological	disturbance	and	enhances	

ecological quality

•		Creates	new	recreational	opportunities

Maintains the shallow foreshore with the purposes of:

•		augmenting	the	natural	dynamics

•		avoiding	dike	strengthening

•		creating	new	recreational	opportunities

Planning First ideas before 2000; construction 2011;  

functioning: several decades

Initiation and initial negotiations 2009;  

implementation 2011-2012; functioning: 3-4 years
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require knowledge from different sides, 

because they are relatively unknown territory: 

The creation of foreshores using natural 

processes. The coast is morphologically in 

balance and there is no tide, just waves. It was 

therefore decided to nourish sand just off the 

coast and to use the energy of the waves to 

transport the sand to the coast (Figure 3). 

An important role is played by the growth  

of vegetation, such as reeds and water plants, 

that can fix the sand that comes onshore. But 

how and when the sand will deposit and how 

and when vegetation will develop is to a large 

extent unknown. 

In the planning process, morphological and 

ecological processes were studied. Also, the 

impact on nature values was predicted and a 

carefully designed monitoring plan was made.  

 

For implementing and monitoring the pilot, 

knowledge from morphologists, ecologists, 

monitoring experts, policy makers, governance 

experts, dredging contractors and others was 

needed. Because of the importance of the 

pilots to the development of strategies for the 

IJsselmeer in light of climate change, climate 

scientists and strategists from other govern-

ment agencies (provinces, munipalities, water 

boards) showed intense interest. 

The exchange of knowledge between these 

experts was facilitated by a so-called 

Community of Practice (CoP). The purpose  

of forming this group was to enhance the 

professionalism of the participants through 

discussion about professional practices. 

Participants represent a great diversity of 

knowledge fields, but they share the same 

practice, namely the development of new 

coastal management strategies. 

The CoP consists of twenty people from 

governments, NGOs and the private sector.  

It meets once every three months for a whole 

day. The first pilot on the Frisian coast has 

been subject of a CoP meeting. The result of 

critical reflection was that more attention had 

to be spent to communication with people in 

the area. 

tHe DeLFLAnD sAnD enGIne, 
PRoVInce oF soUtH HoLLAnD
Context
The Delfland Sand Engine is the most well-

known and largest experiment in the 

Netherlands that has been developed and 

designed in line with the Building with Nature 

principles. The EcoShape–Building with Nature 

consortium has played an expert advisory role 

in the partnership. 

The Province of South-Holland, in cooperation 

with the Ministry of Infrastructure and Environ-

ment, took the initiative of preparing and 

implementing a pilot mega-nourishment on 

the Delfland coast, in order to gain experience 

in coastal development using building with 

nature. The Delfland coast between Hoek van 

Holland and Scheveningen is an eroding coast 

for which frequent nourishments are needed 

to maintain the shoreline. 

The Sand Engine is a 21.5 million m3 artificial 

sandy hook connected to the shore and rising 

above high water (Figure 5). Waves, wind  

and currents will gradually distribute the sand 

along the coast and over the shoreface. 

The primary objective of the pilot project “Sand 

Engine” is to combine longer-term safety with 

more room for nature and recreation. It was 

long known and recognised on the political 

agenda that the residents of the southern part 

of the Randstad, a conurbation that includes 

Rotterdam and the Hague and is the most 

In addition, the interests of a local entities 

needed to be served. It Fryske Gea wanted  

to revitalise its natural coasts by initiating the 

dynamics of sedimentation and new ecological 

successions. The coasts were paralysed after 

the damming of 1933 stopped the tidal 

motion. The recreational entrepreneurs of 

Hindeloopen saw possibilities to improve 

conditions for swimmers and surfers. And the 

Water Board was interested because the 

creation of a shallow foreshore could become 

a less costly alternative to dike reinforcement. 

A coalition of regional Frisian parties was 

formed on the basis of these various motives 

and this group decided to support the 

implementation of a BwN pilot project. 

Financing (2 million euros) was arranged 

through contributions from all parties with 

additional grants from national funds.  

A condition for support was that the pilots  

be set up as experiments. In the press and in 

information meetings emphasis was put on 

the experimental nature of the pilot projects. 

By doing so the political importance of new 

interventions on the coasts was downplayed. 

Because of this, the experiments were set up 

on a relatively small scale.

Dealing with uncertainty
The pilot projects along the Frisian coast 

Figure 2. Satellite image of the Netherlands with locations of the two case sites. 



densely populated area of the Netherlands, 

experienced a considerable shortage of these 

amenities. A secondary aim was to innovate 

and to develop knowledge (Van Dalfsen and 

Aarninkhof, 2009).

In the initial phase, 13 different variations were 

considered. These were reduced to 4 in the 

exploratory phase, each with a construction 

volume of 20 million cubic metres: 

(1)  an elongated underwater nourishment 

along the Delfland coast with three 

variations off Ter Heijde, each with a 

height of about 3 m above mean sea level; 

(2)  a delta-shaped peninsula; 

(3)  a streamlined sandy hook and 

(4)  a small island (Mulder and Stive 2011, p 3). 

The main aspects considered in the assess ment 

were coastal safety, nature, recreation, other 

functions and innovations and feasibility. 

Modelling the dynamic character of the Sand 

Engine and its continuously changing form 

involved significant uncertainties. Yet, a choice 

could be made between the alternatives.  

A sandy hook to the north of Ter Heijde, off 

the Solleveld dune reserve, was the alternative 

that had the best scores in the Environmental 

Impact Assessment.

When, finally, on 17 January 2011, the new 

vice-minister Mr. Atsma officially signaled the 

start of the construction, several years had 

passed and the project had become quite 

high profile. 

Coalition formation
The discussion regarding coastal expansion 

between Hoek van Holland and Scheveningen, 

the Delfland coast, was initiated 30 years ago 

by Dr Ronald Waterman, a coastal expert and 

Member of the Parliament of the Province of 

South-Holland. Dr Waterman developed over 

the years into a passionate Building with 

Nature advocate, who managed to get this 

idea on the political agenda. 

In 2003, a resolution was passed in the 

national parliament that demanded an 

exploration of the potential of a multi-

functional expansion of the coast. At that time 

the Province already had an explicit policy; 

seeking to push nature and recreation in this 

area. Several actors then accepted the idea of 

a seawards coastal strategy. In 2006 an 

advisory committee presented its report on 

these issues to Mrs. Lenie Dwarshuis, a 

member of the governing board of the 

Province of South Holland. The embryonic idea 

for the Sand Engine was outlined in this report. 

Meanwhile a Member of Parliament of the 

national Government, Mrs. Tineke Huizinga, 

also became an advocate of this innovative 

coastal management strategy. When appointed 

in 2007 as Vice-Minister of Public Works and 

Water Management, she became responsible 
for coastal safety. This enhanced the momentum 

for the Sand Engine. An essential and powerful 

coalition was smoothly formed between the 

Cabinet and the Province, thanks to the 

personal engagement of Ms. Dwarshuis. This 

laid the foundations for the further exploration 

and planning activities described above. 

From this moment on the Sand Engine was a 

rollercoaster that was relatively unstoppable. 

A coalition was formed between the State, 

the Province, the Hoogheemraadschap van 

Delfland water board, the drinking water 

company Dunea, the World Wildlife Fund,  

the Association of Life and Coast Guards 

(Reddingsbrigade), the relevant municipalities 

and EcoShape–Building with Nature. Thus the 

EcoShape Foundation became a member of 

the project partnership. 

The general attitude was that almost certainly 

the Sand Engine would go through, although 

details would be discussed with stakeholders. 

The formal and public procedures with regard 

to the Environmental Impact Assessment (EIA) 

were executed quickly and smoothly. Still some 

concerns and also some comments emerged in 

public and consultation meetings. In the end 

no real procedural obstacles emerged, 

although some of the issues continued to be 

discussed in political and societal arenas. 

Amongst these issues, swimming and 

recreation safety during construction and 

afterwards came to the fore. Municipal 

councils pushed the discussion towards the 

safety measures required to guarantee 

swimming and recreational safety. In response 

to this, an Integral Safety Plan was issued in 

2010 and discussed with municipal councils  

in 2011. During construction and after 

construction the effects will be monitored and 

modelled frequently and safety measures will 

be updated continuously. The decision to 

allocate and train additional lifeguards for  

this area is also a result of this discussion. 

Moreover, a protocol has been formulated 

and published that makes explicit which actor 

is responsible for which issue. 

Figure 3. As part of the pilot study on the Frisian IJsselmeer coast, a semi-permeable row of poles was constructed. This row must mitigate wave energy so that sand can deposit 

at the location of the Sand Engine. Insert, close-up of the poles being placed.
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though of course the State was keen to know 

what the savings on (also uncertain) regular 

coastal defense efforts would be. 

Also the development of the ecosystem 

quality proved hard to predict. One of the 

factors of uncertainty concerned mud 

accumulation in the expected lagoon.  

The mud content in the deposited sand will 

also affect its susceptibility to wind blown 

transport. The speed at which this wind-

blown sand will spread over the shore and 

stimulate dune and nature formation proved 

hard to predict. Also the issue arose of an old 

offshore mud deposit, where 40 years ago 

contaminated mud from Rotterdam harbour 

was dumped. In combination with the Sand 

Engine this might affect groundwater and 

drinking water quality. 

In the Netherlands, the public-at-large is invited 

to give official comments on plans that are 

subject to an environmental impact assessment 

(EIA). Careful examination of these comments 

on the Sand Engine indicates that a large part 

(50%) of the general public (18 out of 36 

reactions) is very concerned with the effects  

on the current recreational conditions (e.g., 

swimmer safety; loss of current surfing 

conditions). 

Only 2 reactions were more or less positive 

about new opportunities. Hence one can 

conclude that the public is not quite interested 

in new recreational opportunities or new nature. 

Safeguarding vested interests and existing 

opportunities is more important to them.

Furthermore, the outcomes indicate that 

people demand the same level of certainty  

as without the project (Van den Hoek 2011).  

The Dutch EIA system includes a committee 

(Committee EIA) that judges EIA reports. Not 

surprisingly, the Committee EIA for the Sand 

Engine concluded in 2010 that the level of 

uncertainty of the project was extremely high 

and judged that there was a tendency 

amongst the proponents to take a too 

optimistic position.

DIscUssIon AnD PReLIMInARY 
GUIDAnce
From the pilot projects in the IJsselmeer and 

on the Dutch coast one of the lessons learnt is 

that it is not that easy to translate innovative 

add new ones in order to get the public’s 

attention and to mobilise support. The 

swimming and recreational safety issue is one 

of arguments put forward. The action group 

also started a discussion on the presence and 

risks of explosives that were dumped nearby.  

 

Although sonar soundings did not prove the 

presence of such material, this did not stop 

the discussion. The local action group keeps 

trying to reverse the decisions through 

organising passionate actions that raise  

media attention and, indeed, sometimes  

their arguments are discussed in provincial 

and national parliaments. 

Uncertainties
The issue of uncertainties inherent to “building 

with nature” is of special interest to BwN 

projects and of relevance to governance. 

Discussions with regard to regulatory 

technicalities concerning decision-making  

on the Sand Engine highlight the fact that 

building with nature comes with less well-

defined borders in space and time. 

A number of uncertainties played a role during 

exploration, planning and execution of this pilot 

project. Using numerical simulation models, 

estimates were made of how the mega-

nourishment is going to behave. However, a 

model is a schematic representation of reality 

and weather is unpredictable, especially the 

number and intensity of storms. Here the 

limitations of modeling became evident. 

The expected dynamics with regard to shape 

and beach development remain uncertain. 

Hence it remains uncertain how effective the 

Sand Engine will be for coastal defense, 

Of course, there were minor contextual issues 

to settle. For instance, with the recreation, 

hotel and catering sector. One of the issues 

was that the beach width should not become 

too large. If the sea is too far away, that 

would be bad for business. A somewhat 

tougher issue was introduced by a group  

of kite surfers, who perceived a regulatory 

threat: If the Sand Engine indeed creates 

additional nature, the area may be designated 

as a nature conservation area and then be 

closed for other activities. This issue also 

caused concern amongst others, because the 

dynamic nature of the Sand Engine totally 

misfits static conservation requirements. After 

careful consideration a decision was taken 

that the Sand Engine area would be explicitly 

separated from a nearby Natura 2000 area. 

Meanwhile, the principal government actors 

involved, the State and the Province, reached 

an agreement with regard to the allocation of 

costs. The bill was allocated: €58 million to be 

paid by the State, €12 million by the Province. 

One element in these financial deliberations 

was the question of who was going to pay for 

the maintenance and management of the new 

100 ha of nature expected to develop from 

the dynamic nature of the Sand Engine. 

The decision was made that the Province will 

delegate the task, as customary, to the 

association Stichting Zuid-Hollands Landschap. 

Some efforts were also made to raise 

co-funding from other parties that were 

believed to benefit from the Sand Engine.

Yet even today an action group promoting 

stoppage of the project is busy. This group 

continues to recycle old issues and sometimes 

Figure 4. The Community of Practice (CoP) on a field visit to the coast in the rain.
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illustrated by our pilots. If this is done 

carefully, political salience may be achieved.

Another lesson learnt is that the development 

of regional plans in most cases includes 

multiple scales of governance, hence multiple 

playing fields to act upon. One may be 

tempted to connect to the smallest scale 

necessary for implementing the project.  

Such a strategy, however, normally includes 

multiple interests and often stakeholders  

that are influential in local arenas and local 

decision-making. The threat of getting 

trapped in short-term interests and local 

political dealing is significant. 

Often a combination of top-down and 

bottom-up assembling efforts is needed, 

certainly in situations in which BwN and its 

characteristics have played no role so far. 

Often a top-down coalition enables 

communicating urgency and salience, thus 

providing an entrance ticket for the BwN 

manager to the bottom-up integration 

process. At least for the pilot cases presented 

above, these guidance lessons for “building 

with nature” in complex governance contexts 

and processes seem to apply.

An important issue proved to be the imprecise 

spatial and temporal scales of BwN designs, 

thus the necessity to deal with uncertainty. 

This requires governors, NGOs, stakeholders 

to step out of their “comfort zones”. Not only 

in the case of the Sand Engine, but also in the 

IJsselmeer pilots uncertainty was an issue. 

Although “traditional” designs are perceived 

to offer more certainty, it has to be made 

clear that BwN uncertainties are within a 

defined spectrum. 

ideas into policy. The mindsets of people  

are not focused on what can be achieved  

by an innovation. For most people – except 

perhaps some visionaries – what is seems to 

be more prominent in their mindsets than 

what can be. The simple governance lesson  

is of course that “building with nature” 

solutions should be connected to existing 

problems as they are perceived in the area. 

Only then can the actors’ perceptions be 

influenced and stakeholders may be willing  

to connect their stakes and resources to such 

an initiative. 

Linking an innovation to various arenas and 

contexts is an activity that should start as soon 

as possible. A good start is of course an 

analysis of actors and their positions and an 

assessment of what kind of coalition in favour 

of “building with nature” could be assembled. 

This also makes clear who the potential 

opponents are. 

With regard to contexts, relevant information 

concerns at least the actors, their resources 

and their “comfort zones” with regard to 

applied approaches of development and 

design. In addition, the idea of a one-time 

actor analysis is too simple. Actors’ 

preferences, knowledge and resources change 

over time and so do contexts. So monitoring 

governance systems in order to assemble 

coalitions and map out opposition needs to 

be done on a continuous basis.

Furthermore, potential benefits that have 

been overlooked so far may be of interest. 

BwN can be considered as an ongoing process 

of seeking solutions to newly emerging 

problems and ambitions, as has been 

Figure 5. Delfland Sand Engine on June 14, 2011 showing the progress of construction of the peninsula which will 

extend about 1 km into the North Sea. 

CONCLUSIONS

General guidance for implementing 

innovative ideas like BwN should include 

strategies to cope with uncertainties, e.g.,  

by involving experts for the application and 

interpretation of models. In communication 

with stakeholders and public these experts 

can be cited. Moreover, the Sand Engine 

case demonstrates that one has to keep in 

mind that fear and uncertainty are 

sometimes content and knowledge related  

– more information will lead to better 

understanding – whereas on other  

occasions fears are just imagined and used 

by stakeholders to induce opposition. 

Finally, the IJsselmeer pilot study makes clear 

that actors often need to be reassured that 

“Building with Nature” not only means 

inherent uncertainties, but also that the 

possibility of re-adjustment and a course-

correction, steering things in another 

direction, is possible if things develop  

which are considered to be undesirable.
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An IADC Best Paper Award for a Young 

Author under the age of 35 was presented to 

Brianne Cohen at the WEDA XXXI / TAMU 42 

Conference held at the Gaylord Opryland in 

Nashville, Tennessee, June 5-8 2011. 

tHe PAPeR
Over the past decade, the State of Louisiana’s 

Office of Coastal Protection and Restoration 

(OCPR) has perceived an increase in dredging 

costs for projects involving the placement of 

dredged sediment for inland marsh restoration 

purposes. The State of Louisiana is anticipating 

developing a new statewide programme with 

the objective of providing a balance between 

completing marsh restoration projects while 

controlling overall project costs. 

An international research team was assembled 

and concluded that revisions could be made 

to optimise the dredging component of the 

current restoration programme. The report 

included the team’s findings and included a 

dredging market analysis, a summary of 

available innovative technologies, bidding and 

contracting alternatives, an evaluation of state 

ownership of dredgers, and recommendations 

for a Regional Inland Marsh Restoration Plan. 

The paper was published in the Proceedings 

of the Western Dredging Association (WEDA 

XXXI) Technical Conference and Texas A&M 

University (TAMU 42) Dredging Seminar, 

Nashville, Tennessee, June 5-8, 2011, cited as: 
Cohen, B., Collins, G., Escude, D., Garbaciak, S., 

Hassan, K., Lawton, D., Perk, L., Simoneaux, R., 

Spadaro, P., Newman, M. “Evaluating 

alternatives to improve dredging efficiency and 

cost-effectiveness for inland marsh restoration 

projects.” 

Ms. Cohen is a wetland scientist with 6 years’ 

experience focusing on sediment remediation 

and environmental restoration and provides 

unique biological expertise to the restoration 

of contaminated waterfront properties.  

Her experience includes the preparation and 

implementation of excavation and restoration 

designs, permitting and regulatory support, 

evaluation of environmental liability under 

CERCLA and MTCA, wetland delineation 

and monitoring, and biological evaluations. 

She received a BS in Botany and a BA in 

Anthropology from the University of 

Washington, Washington State, USA in 2002 

with a minor in Japanese. She is a member of 
the Society of Wetland Scientists and received a 

Wetland Science and Management Certification 

from the University of Washington in June 2008.

tHe IADc AWARD
Each year at selected conferences, the 

International Association of Dredging 

Companies grants awards for the best papers 

written by younger authors. In each case the 

Conference Paper Committee is asked to 

recommend a prizewinner whose paper 

makes a significant contribution to the 

literature on dredging and related fields. 

IADc YoUnG AUtHoRs AWARD  
At WeDA XXXI/tAMU 42, nAsHVILLe, 
tennessee, JUne 2011
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Above: Harvesting sediment from the banks of the 

Mississippi River. Sediment removed as part of 

construction was used for wetland creation (Courtesy  

of U.S. Army Corps of Engineers, New Orleans District, 

West Bay Sediment Diversion Project).

Brianne Cohen (left) receiving the IADC Award for the 

Best Paper by a Young Author from IADC PR & Project 

Manager Jurgen Dhollander at the WEDA 31/TAMU 42 

Conference, June 2011. (Photo courtesy of IDR).
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ABSTRACT

The preparation for large infrastructure 

projects often consumes an extraordinary 

amount of time, money and human resources 

and is not particularly cost-effective. Some  

of this inefficiency is caused by traditional 

procurement methods which bring contractors 

into the process after many key decisions have 

been made.  

 

The clients and consultants are asked to make 

design decisions with insufficient information 

and knowhow as to the available technology, 

equipment and potential innovative solutions. 

To address these issues and find ways in 

which the procurement system might be 

changed to involve contractors at an early 

point in time, a Forum on Early Contractor 

Involvement was held on June 23-24 2011  

at the Hilton London Docklands, UK.

This article describes the discussions that took 

place, the perceived benefits and challenges 

to contractors, consultants and clients 

as well as the needs of each constituency.  

It then offers suggestions on revising the 

procurement system to include Early 

Contractor Involvement, realising that these 

changes are critical but require a “paradigm 

shift” in thinking.

INTRODUCTION

When a large infrastructure project is on the 

drawing board, who is most likely to have the 

technical knowhow to design the project in the 

most cost-effective manner? The client, who 

has determined that the project is necessary? 

The consultant who has been advising the 

client? Or the contractor who will ultimately 

have to construct the infrastructure project? 

These questions have given rise to an honest 

examination into the efficiency and satisfaction 

offered by traditional procurement methods. 

Based on this assessment, the Central Dredging 

Association (CEDA) and International 

Association of Dredging Companies (IADC) 

determined the need for an open, interactive 

Forum which could provide a platform for  

a free exchange of ideas on the subject of 

procurement, rethinking conventional wisdom 

and making room for innovative approaches: 

Specifically discussing the possibilities and added 

value of “early contractor involvement” or ECI. 

Above: Midway through conference day 2, everyone 

was given coloured stickers and asked to place them on 

a chart rating “the chances for realisation of ECI”. With 

a few exceptions, most participants gave ECI a better 

than 50 percent success rate. It was a clear turnaround 

from the opinions on day 1.

tRADItIonAL PRocUReMent MetHoDs 
ARe BRoKen: cAn eARLY contRActoR 
InVoLVeMent Be tHe cURe?

KLAVs BUnDGAARD, DIeUWeRtJe KLAZInGA AnD MARceL VIsseR 

From the contractors’ perspective ECI provides 

an efficient means of designing and planning 

major projects in a cost-effective, more 

efficient and less adversarial structure.  

A properly executed contract should reduce 

risk, increase shared responsibility and limit 

the reasons for litigation. On the other hand, 

consultants and clients are not always sure 

what ECI expects of them. Is it legal according 

to EU and international regulations and is it 

really beneficial to all parties? 

tHe FoRUM
As a result of the initiative of IADC and CEDA, 

the support of CIRIA, and the willingness of 

Peter Lundhus of Fehmarn Belt Ltd., Denmark, 

Wim Klomp of DHV, The Netherlands,  

Huub Lavooij, The Netherlands Ministry of 

Infra structure and Environment, Hendrik 

Postma of Royal Boskalis Westminster and  

Marc Gramberger of Prospex bvba, an 

international expert on cooperation, an 

organising committee was formed to tackle 

the subject of Early Contractor Involvement 

(ECI). The date was set for June 23-24 2011 

for a Forum at the Hilton London Docklands.

One of the first speakers to be recruited was 

Professor Dean Kashiwagi, an internationally 

recognised expert in optimising the delivery of 

construction and other services. Dr. Kashiwagi 
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Of course such a shift does not happen 

overnight. And when listening to the issues 

confronting Peter Lundhus with the 

Fehmarnbelt Link project, the question 

becomes how do you overcome the obstacles 

that hinder communication and cooperative, 

pro-active contractor contributions? For the 

Fehmarnbelt Link, a State Treaty between 

Denmark and Germany was signed in 2006 

with the intention to build starting in 2008 

with completion scheduled for 2020. The first 

issue confronting the Fehmarnbelt group was 

determining whether a bridge or tunnel would 

be the most reasonable connection between 

northern Germany and southern Denmark.  

A range of engineering and environmental 

factors had to be considered. The preliminary 

choice has now fallen on creating a tunnel, 

primarily for environmental considerations.  

But Lundhus remarks, “Not a shadow of a 

contractor has been seen”. 

Overcoming political scepticism
“And yet if contractors were invited to have  

a competitive dialogue,” he continues, “we 

would be accused of being in the contractor’s 

pocket”. For Lundhus clearly contractor 

expertise has been insufficiently used, but 

overcoming political scepticism and “getting 

NGOs on board” is a major threat to the 

project. After 10,000 pages of research, 

following all the Natura 2000 regulations and 

EIA, despite “open and transparent straight 

talk, and a flat, unbureaucratic organisation”, 

the fate of this major infrastructure link seems 

to rest in the hands of the politicians and 

environmentalists. 

Mr. Lundhus asserted that “It would have been 

wonderfully efficient to be able to consult 

contractors in such an early involvement”… 

but because “Fehmarn is a political, bi-national 

framework, contractors and consultants can 

easily be perceived as being in “a conflict of 

interest with competitors”.

tHe DIscUssIons
These two keynoters set the stage for the 

discussions that followed in the breakaway 

sessions. These discussions were aided by a 

facilitator, Mr Marc Gramberger, Managing 

Director of Prospex bvba, Belgium and author 

of the OECD’s official handbook, Citizens  
as Partners. He and his team introduced 

participants to the skills and basic knowledge 

the necessity for a port expansion project or 

an environmental remediation work or other 

infrastructure improvement, the how of 

realising the proposed project is normally not 

considered until a later stage. By then, various 

struggles have emerged. According to Peter 

Lundhus, “Too little use is made early on of 

the knowledge of contractors”.

The first step is to examine the procurement 

system as it functions now. In Professor 

Kashiwagi’s estimation, “The current delivery 

system is broken”. He emphasises that “In the 

present system, project designers – who do 

not know how to scope and cost – come on 

board first. Then the contractors, who are the 

experts, are forced to be reactive instead of 

proactive. By telling the vendors what to do, 

taking the lowest price and negotiating it 

downwards, the situation worsens, prices 

increase and performance decreases. Experts 

should be engaged from the beginning”. 

Trust versus Transparency
Also, “trust” is an overused word when 

discussing procurement. According to 

Kashiwagi, “Trust and rules of encouragement 

are not enough…. Transparency is what is 

needed. When there is only trust, risk goes 

up”. When there is transparency everyone 

knows what is going on and can address 

issues in a timely manner, reducing risk and 

liability. Then “trust” is not necessary 

anymore. The job of the contractor is to 

“educate the client” and “the client must 

learn to let go of the controls”. This, he says, 

requires a “paradigm shift” in the process.

teaches at the Del E. Webb School of 

Construction, Arizona State University, USA 

and is Coordinator of the Performance Based 

Studies Research Group (PBSRG). He is closely 

involved with the Dutch Infrastructure Agency 

as well as with groups in Finland, Africa and 

Malaysia. Peter Lundhus, Technical Director of 

the Fehmarnbelt project, agreed to chair the 

committee and to speak about his ongoing 

experiences in the strategy of the proposed 

tunnel / bridge link between Rødbyhavn, 

Denmark and Puttgarten, Germany.

Joining keynoters Kashiwagi and Lundhus 

were four clients, each of whom presented 

their observations about major construction 

projects in their own countries: Mr Stephen 

Bradford, CEO of the Port of Melbourne, 

Australia; Mr Cees Brandsen, the General 

Director of the Competence Centre 

Infrastructure at the Netherlands Ministry of 

Infrastructure and Environment; Richard Nunn, 

Principal Engineer Flood and Coastal Risk 

Technical Manager, at the U.K. Environment 

Agency and Menno Steenman, who is 

presently Contract Manager for the Port of 

Rotterdam. Ms Daphne Broerse, a Partner  

at Norton Rose LLP, who addressed the legal 

issues of ECI, rounded off the list of speakers.

tHe cAse FoR ecI
What has led to this debate about early 

involvement? Probably the leading reason is 

the very long-term, uphill efforts needed to 

get a mega construction project from the 

ground. Whilst the client, government agency 

or port authority for instance, has determined 

Figure 1. An essential aspect 

of the Forum was participants’ 

speaking out to define 

problems – and solutions 

from their perspectives.



design/engineering studies. Taking into account 

that studies are a consultant’s core business, 

this may be interpreted as a negative impact. 

However, consultants are fast to concur that 

being able to offer more time-effective and 

reliable studies will be a benefit in the long run. 

Furthermore, where consultants sometimes have 

to battle against the view that “Consultants 

are only trying to secure additional studies for 

themselves,” consultants expect that as a 

team, a contractor and consultant can present 

a more compelling argument, based on a 

realistic risk assessment, that additional 

investigations / studies should be performed. 

Challenges – Choosing the Right Project
Whilst consultants are generally convinced of 

the benefits of ECI, they still anticipate it will 

be a challenge to convince clients to “take the 

plunge”. To improve the chances of convincing 

clients, it will be especially important to select 

the right client and right project for a “pilot” 

ECI project, as well as the right contractor.  

A wrong choice resulting in a bad experience 

will further diminish the chances of future ECIs. 

Another major challenge lies in understanding 

the changing role that may result for the 

consultant. Will a design consultant be 

employed by the client or by the contractor? 

Will clients require a contractor to manage 

the ECI process for them? Consultants will 

have to find the best way to add value to  

a project, to ensure continued involvement 

throughout the ECI phase and all later phases 

of the project. Finally, consultants realise that 

a significant effort will lie in the years ahead, 

between focusing on “pilot” ECI projects  

and redefining the consultant’s role in these 

projects. To maximise chances, it will be 

essential to invest the most experienced senior 

staff in these projects which pose a significant 

(financial) risk if the project is unsuccessful.

Needs – Best for Project
On the question “what does the consultant 

need from the client and/or contractor to 

realise a successful ECI”, the consultants 

offered the following suggestions:
-  All parties should have commitment from  

(or at least involvement by) higher 

management to allow the ECI process to 

develop to a “best for project” end result.

-  All parties should be reasonable in 

understanding that everyone needs a decent 

tHe tHRee GRoUPs
In the first of two such breakaway sessions, 

people really spoke their minds (Figure 1). 

Many of the anxieties felt by consultants became 

clear. Clients saw the legal obstacles to utilising 

information and knowhow from consultants 

and clients. On the other hand, contractors 

were inclined to see how ECI could result in an 

improved project design, better opportunities 

for innovation, the avoidance of disputes and 

a more cost-efficient schedule, where risk and 

responsibility are better in balance. 

From the Consultant’s Perspective
Benefits – More Knowledge Early On
Consultants shared the opinion that ECI offers 

significant benefits, not only for the client and 

the project as a whole, but also for themselves. 

The knowledge brought in by a contractor 

through ECI can be used by consultants to 

improve their design(s). Not only will this 

benefit the project, it will also improve the 

quality and capability (knowledge) of the 

consultant, which is a long-term benefit for 

the consultant for future projects. 

The contractor’s knowledge will also assist in 

developing a more realistic and reliable 

schedule and cost estimate for the project. 

When working methods of the dredging 

contractor are known at an early stage of 

design, including the environmental effects of 

construction work methods, there may be less 

work to do at the EIA stage. This creates 

added value – especially in relation to 

environmental permitting. Working together 

as a team will allow for an improved 

relationship, which will ultimately lead to 

improved results. Misunderstandings and 

potential claims can be avoided.

In general, foreseeing (and managing) risks is 

of major importance to a consultant, and a 

single mistake can cause a serious loss of 

reliability. This vulnerability means that 

consultants may be hesitant towards 

innovative approaches. However, working 

together with a contractor, a thorough  

and realistic risk assessment can be made,  

so that innovative ideas can be pursued.

On the question of whether ECI will lead to 

more or less design/engineering studies, 

consultants did expect that proper 

implementation of ECI would lead to less 

which reach beyond “the mediocracy of 

compromise”. Gramberger’s stated “goal is 

to reach a good conclusion for all parties, 

where 1 + 1 equals 3”. 

Split into separate groups – Contractors, 
Consultants and Clients – with Prospex team 

members Douwe van Rees, Steven Libbrecht and 

Gramberger facilitating, some 75 participants 

were asked to address three issues: the 

challenges of ECI, the benefits of ECI and what 

each group “needs” from the other parties. 

KLAVS BUNDGAARD 

works in the coastal and estuarine 

dynamics department at DHI Denmark,  

as a project manager involved in dredging, 

harbour siltation, EIA, and other marine 

environmental studies. He helped develop 

DHI’s numerical software for cohesive 

sediments and dredging. He graduated 

from the Technical University of Denmark  

in 1998 with an MSc in Civil Engineering. 

In 2008 he received the Danish Engineering 

Society’s Diploma in Project Management 

from Copenhagen University College of 

Engineering.

DIEUWERTJE KLAZINGA 

received her MSc from Delft University of 

Technology, and is a Senior Engineer at 

Hydronamic, the engineering group of Royal 

Boskalis Westminster nv, the Netherlands. 

In 2008 she became Engineering Manager 

in the consortium (KPMC) that designed 

and constructed the marine works for 

Khalifa Port, Abu Dhabi. In 2010, she 

returned to the head office to act as 

Deputy Manager of Hydronamic.

MARCEL VISSER 

is a Contract specialist / Project leader at 

DHV b.v., the Netherlands with over ten 

years’ experience in writing contracts for  

a wide range of civil works from sub-urban 

road works to complete new container 

terminals and sluices. His overview 

combines knowledge of civil construction 

with that of various contract forms such as 

RAW Contracts, Design and Build Contracts  

and FIDIC contracts.
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Kashiwagi’s research, trust is not necessary if 

transparency is built into the contract and the 

relationships. Furthermore, in order to “go 

for” ECI, to create the “paradigm shift”, 

clients felt that a sense of urgency is needed 

and that getting a buy-in to the process and 

maintaining the project’s importance even 

after a change of project ownership is key. 

Clearly, although clients feel traditional 

procurement is not working optimally, they 

agree that change – a paradigm shift – is not 

so simple. A concerted effort is needed to 

overcome initial system inertia to accelerate a 

switch to ECI. Even a change in management 

may be necessary. Considering all these 

things, the main stumbling block was  

still seen to be the fear of the lack of 

competitiveness.

Needs – Transparency
“What do the clients need from contractors 

and consultants?” Taking contractors first, the 

clients’ suggestions were pragmatic: 

Contractors should make realistic promises; 

keep an open mind towards the client’s 

problems; take the long-term corporative 

perspective; maintain good relationships; offer 

expertise and practical insights; try to keep 

prices reasonable whilst offering greater 

efficiency and good quality; and feel free to 

challenge the ideas of the client and be direct, 

giving straightforward answers. In a word, 

transparent communication is critical.

Viewed from the perspective of what clients 

need from consultants, all of the above were 

mentioned plus a few specific demands: 

Expertise, vision, accountability, the ability to 

take over documentation, and the ability to 

implement particular aspects which may 

demand practical experience.

From the Contractors’ Perspective
Benefits – Trust
In a preliminary discussion, one contractor 

remarked, “It’s about quality” and another said, 

“Plain rules and boundaries are preventing ECI 

from happening”. The discussion raised 

several questions: What will really make the 

client happy? Does the client want to discuss 

everything with the contractors and 

consultants or is the client afraid of losing 

control over the project’s budget? The main 

question is: “Why would a contractor want to 

be involved early on in a project?”

addressing unknowns in difficult environments 

and avoiding or addressing conflict problems 

more successfully. 

Challenges – Competition and Trust
The question of competition loomed large and 

some clients felt that ECI may give problems 

when selecting a contractor because of the 

appearance of prior mutual commit ments. 

Indeed the question arose whether ECI is 

always suitable, for instance, when going for 
government permitting. And some doubt arose 

about whether costs would really be reduced. 

Clients also expressed concern that if a 

contractor is consulted prior to tendering, 

then accusations of a lack of competition may 

be a problem when the contract is awarded. 

This could make it difficult to get a 

commitment from a contractor to exchange 

information without a guarantee for later 

award of contract. In addition, lending 

institutions for infrastructure projects have 

their own approaches and restrictions.

The issue of “mutual trust” also arose and 

how that can be achieved between client  

and contractor, including the subject of 

confidentiality. Creating trust towards the 

public as well is challenging. Yet, if the ECI 

process can help contractors, consultants  

and clients to get the design right from the 

beginning in a transparent way, especially as 

regards scope, size of the risk and finances, it 

might ease the tensions between the public 

and the professionals. Another challenge 

clients considered is how to transfer the 

personal trust built up amongst “team 

members” to organisational trust when a 

project leaves the initial stage to migrate to 

other parts of company. But again, following 

chance to make a profit. (A “best for 

project” reward-system will be beneficial.) 

-  All parties should invest the right people, 

capable of teamwork, capable of working to 

a “best for project” end result. (Working as 

a team means honest assessments and not 

passing the blame to others.)

-  Contractors should be committed to sharing 

their knowledge early in the process. Some 

form of commitment from the client towards 

the contractor will most likely be required.

-  Contractors should have proper QA/QC 

procedures in place that allow for feedback 

loops. Clients should accept that the 

contractor will manage QA/QC process.

From the Clients’ Perspective
Benefits – Joint Problem-solving
When the question was posed, “What are the 

benefits of ECI for clients?” the immediate 

reaction was, “Conventional procurement 

doesn’t work well, and therefore let’s look  

for better ways” (Figure 2). 

Considering ECI, the clients felt that it will 

result in state-of-the-art knowledge being 

available from the contractor early on which will 

create better awareness and understanding of 

risk profiles. This will result in fewer changes 

during later stages. Also, the long-term 

commercial consequences of a project will be 

better understood at an earlier date so that 

finding mechanisms for dealing with 

consequences can also be found earlier.

In addition, all parties will understand each 

other’s risks and share responsibilities and 

accountability. This should result in reducing 

expenses as well as reducing the risk of legal 

complications. It will provide a better possibility 

for forecasting project results with more 

certainty. It should lead to joint problem-solving, 

Figure 2. After brainstorming a chart was drawn with the benefits of ECI for each group. Here, those for clients.

Better forecast of project outcomeReducing risks of court cases

Address complex problems better

Reduce your costs-potential More commitment and 
responsibility from contractors

Get state-of-the-art knowledge 
from contractors

Better results than conventional 
procurement

Joint problem-solving, addressing 
unknowns, difficult environment

Greater awareness of risks 
& understanding

Understanding the commercial consequences 
& mechanisms for dealing with them

Beneficial for clients

Beneficial
for

clients
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educating team members and creating 

ownership amongst them. 

ECI is a method that requires preparation, 

where the team can identify win-win 

elements, and where the business model, 

sharing the pain and the gain, should be 

reconsidered. When using ECI, the project 

may have to be redefined, the scope may 

have to change and the contractor and 

consultant should share resources to get the 

right combination. 

Whilst confronting these issues, some 

concrete ideas developed from each of the 

perspectives during the plenary session. It 

became clear that the clients in general do 

believe that the ECI system will result in more 

economical results, and as a number one 

benefit, clients believe that there will be fewer 

lengthy, costly disputes, a positive outcome 

that everyone could agree upon. Consensus 

was also reached that by implementing ECI, 

improvements could be made to the project 

design, making innovations possible, without 

the risk of disputes. More intensive interaction 
between consultants and contractors in relation 

to the environmental impact assessments (EIA) 

could be invaluable to a project. It might 

become clearer earlier on that additional 

studies – or fewer studies – are necessary. 

Added input would help determine how much 

information consultants need in order to be 

sure that the contractor is going at the job 

with the correct equipment. 

Still a key challenge and common threat is 

missing out competitively and redefining the 

role of the consultant, so that consultants are 

THE PLENARY SESSIONS
As the Forum entered day 2 and the conferees 

regrouped after a second round of breakaways, 

three main issues emerged: the consultant’s 

risk of being “dumped”; how to redefine the 

roles of the consultants and the contractors; 

and how to convince clients of the need for 

Early Contractor Involvement (Figure 3). 

Increased interaction between 
Consultants and Contractors
For consultants “the risk of being dumped” 

was clearly a threat, and contractors said they 

also feel that pressure. The point is that the 

consultant and the contractor will always win 

if they add enough value for the client even if 

their roles are redefined. Adding value is the 

best assurance to show that you are still 

needed. And what is meant by “redefining the 

consultant’s role”? There needs to be a focus 

on added value for the project and the client 

and a demonstration that early involvement 

equals better assessments. The client needs to 

do more listening and less talking and the 

contractor/consultant needs to understand the 

client better. This will lead to a more focussed 

mission and better teamwork. 

The observation was made that contractors 

and consultants need to be willing to look  

for human resources outside their own 

organisations. Transparency is needed, 

measured performances and buying into the 

team process gives this kind of added value. 

Everyone needs to be ready to use the right 

people even if they are not within your 

organisation. In addition, a framework should 

be made for ECI that gives structure and 

avoids chaos. It means investing in the team, 

The answer is rather short, but direct: to 

reduce risks. ECI can build a relationship that 

will overcome the lack of transparency 
between the parties and reduce risks. Of course, 

contractors acknowledge that the project 

must be attractive in terms of their own 

companies and employees, but if disputes can 

be avoided it is to everyone’s benefit, and not 

in the least for contractors. Again Kashiwagi 

responds, “You should not be looking for 

trust, but for transparency. When everything 

is transparent, trust is a non-issue”.

Challenges – Intellectual Property
Contractors do acknowledge that avoiding risks 

is perhaps easier said than done. There are 

definitely hurdles otherwise obviously ECI would 

already be happening. For the contractors the 

keyword is: Regulations, not only from the EU 

and the public, but also the client’s regulations.

Another consideration when entering into an 

ECI situation, according to contractors, is how 

to make sure that another contractor doesn’t 

run off with your ideas. After all if you offer 

advice, is that at a price? You are not yet 

really hired for the project, so how can you 

ensure that you will be rewarded if you step 

in early on with successful suggestions?

Needs – Interaction of Ideas
“What is necessary to make ECI work, what 

do contractors need from consultants and 

clients?” The contractors feel that they are the 

ones that should be supplying the solution  

for a project and then the consultant should 

be brought in to challenge these solutions.  

In this way the opportunity for innovation is 

strengthened and the plans can be improved 

by an honest back-and-forth exchange 

between all parties. In fact this means that the 

consultants actually get a new and different 

role, as do the clients; they too should be 

challenging the plan created by the contractor. 

And to a certain degree clients and consultants 

would indeed assume different roles in the 

development of the project. 

Contractors in general definitely see the long-

term benefits outweighing the challenges. 

Given Dr. Kashiwagi’s enthusiastic 

presentation, it wasn’t odd that one of the 

contractors immediately said to him, “You 

have convinced us, but now how do we 

convince the client?” 

Figure 3. To break the ice, Marc Gramberger asked the participants to arm wrestle, counting how many times each 

person won. The point, of course, is not to “win” but to create win-win solutions for everyone.



30  Terra et Aqua | Number 124 | September 2011

especially large and complex infrastructure 

projects. Perhaps all parties need to be 

“convinced”, educated and be open for  

new ways of thinking, but who is to do  

“the convincing”? The answer to this was 

seen by many to be the various industry 

umbrella organisations such as IADC, CEDA 

and CIRIA. 

team players and involved in the whole process. 

On the other hand, contractors admittedly do 

not have a solution for everything, so long-term 

cooperation and an open mind will translate 

into lower prices and added value. Identifying 

problems together and letting go of a culture of 

blame will make projects run more smoothly. 

LeGAL AsPects AnD HAnDs-on 
eXPeRIence: FoUR cLIents sPeAK
Of great concern to all parties considering ECI 

is the issue of inappropriate contractor 

involvement and competitiveness. And it was 

the role of Ms Daphne Broerse, a partner at 

Norton Rose LLP to elucidate the European 

Union law. “Of course you cannot preclude 

competition in any form, but you can seek 

advice at an early stage of a project’s develop-

ment as long as the principles of transparency 

and equal treatment are respected,” she 

explained. “In addition, competition needs to 

be secured on the market and procure that 

the contracting authority gets the best quality 

for the lowest price”.

Broerse suggested that several EU regulations 

should be consulted to clarify the issues: 

Article VI.6 Governmental Procurement 

Agreement, and Recital 10 Directive 1997/52/

EC and Recital 8 Directive 2004/18/EC.  

An important aspect is the inclusion of Key 

Performance Indicators (KPI) in the tendering 

process and “KPI are at the discretion of the 

contracting authority”.

Lastly, the issue of “how to convince the client 

of the need for ECI” was tackled. Perhaps most 

convincing for the advancement of the ECI 

concept were the presentations by four clients 

who have all had experience in involving 

contractors early on. These case studies 

(Port of Melbourne, Australia; Netherlands 

Ministry of Infrastructure and Environment; 

UK Environment Agency; Port of Rotterdam, 

the Netherlands) directly addressed the 

advantages of ECI and also what it takes to 

implement such a system: The commitment  

of all contracting parties; on-going 

communication on all levels of the companies, 

including senior management and the board; 

education of teams on all levels; and the 

participation of true experts from all sides.  

The kind of partnering that is represented by 

Early Contractor Involvement is not an easy 

task, but the rewards are expedited projects  

at lower costs with less risk for all parties. 

Even the clients pointed out that many 

projects are a one-off, one of a kind 

enterprise and that the client is therefore 

inexperienced. On the other hand, consultants 

and contractors come to the table with broad 

experience on a diversity of projects and 

CONCLUSIONS

After examining the challenges to Early 

Contractor Involvement, the Plenary Session 

reached a consensus on several clear 

advantages of ECI. As well, a few core 

requirements were considered essential in 

order to implement ECI successfully. 

The advantages of ECI are that it can: 

encourage innovation, improve initial data 

collection, help avoid disputes, make cost and 

schedules more certain, anticipate risks and 

help manage risk better with less liability.

The core requirements to implement ECI are: 

a commitment to ECI from the top 

management of the client and the contractor 

for the entire project, including the boards of 

both parties; finding the right person, a 

“visionary”, who is open to new contract 

forms and dares to take the lead; and the 

selection of the right project – not every 

project lends itself to ECI.

The Plenary Session also concluded that 

several fundamental or “paradigm” shifts in 

thinking are necessary for the implementation 

of Early Contractor Involvement:

•	 	Transparency	is	the	only	basis	for	success.	

Trust is not a good way of defining a 

successful relationship. As Dean Kashiwagi 

stated emphatically, “Trust and 

transparency are not the same thing. When 

trust goes up, risk goes up. If you are 
transparent you do not need trust. Trust is for 

something that is unclear, unknown. I just 

have to believe you because I cannot verify 

it. Minimise trust and go for transparency”. 

This translates into transparent contracts, 

transparent cooperation with colleagues on 

all levels of the organisations so that 

everyone knows where they stand and no 

one has to go just on trust and good wishes. 

•	 	Avoid	mediocre	compromises.	As	Marc	

Gramberger made clear, “When you find  

a solution together, it should not be a 

compromise. In a compromise everyone 

gives up something and no one is satisfied. 

In partnering parties have the same goals 

in mind and a decision should give all 

parties added value. One plus One 

should equal Three”. 

•	 	The	role	of	the	consultant	will	change	in	

two ways: Consultants will in one way 

become facilitators who are neutral and 

guide the process forward. They can also 

become technical advisors to either the 

client or contractor or to both. 

•	 	Rules	of	encouragement	are	not	enough.	

Real guidelines are needed. Documents,  

a paper trail, including payment are 

essential, not for “finger pointing” but 

to have it utterly clear what the rules are. 

This allows everyone to keep track of the 

project because people come and go in  

a large project. A framework should be 

locked in with senior management, 

including the board.

•	 	Legally	clients	can	seek	advice.	As	

Daphne Broerse explained, “Early market/

partner involvement is not precluded by 

EC law as long as principles of 

transparency and equal treatment are 

respected, competition is secured on  

the market and the procurement ensures 

that the contracting authority gets  

the best quality for the lowest price”. 

The client must ensure competition  

and a level playing field. 

•	 	The	role	of	the	umbrella	organisations,	

such as IADC, CEDA, CIRIA and others, 

can be significant in promoting the  

idea of ECI, educating all parties and 

encouraging clients to look at the 

possibilities of partnering using the ECI 

method. 
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BooKs / PeRIoDIcALs ReVIeWeD

tHe ecosYsteM APPRoAcH to MARIne 
PLAnnInG AnD MAnAGeMent
EDITED BY SUE KIDD, ANDY PLATER AND CHRIS FRID 
231 pages and e-book. Published by Earthscan, London and 
Washington DC. ISBN 978-1-84971-182-1 (Hardback), -8 (Paperback). 
2011. Illustrated.

This recently released title provides a comprehensive introduction  

to the history and current issues related to marine planning and 

management. The numerous authors (33 in all), mainly academics 

who are leaders in their fields, are drawn from a range of back-

grounds covering ecology, planning, environmental management, 

economics and more. The inclusion of several practitioners (industry 

and regulatory) gives the book the credibility of being both real and 

relevant to those with interests in this area. 

The book draws upon a series of trans-disciplinary seminars arranged 

by the two research councils; the Economic and Social Research 

Council (ESRC) and the Natural Environment Research Council of the 

UK (NERC). The outputs of these seminars are further enhanced and 

illustrated with references and information from each author’s own 

experience. Inevitably, as many of the authors are UK based, the book 

has a northern European flavour and this is recognised in the preface. 

However, given the inter-related initiation and development of marine 

planning across Europe this unintended boundary appears natural. 

The main topics are covered in six chapters, as follows:

1.  The Ecosystem Approach and Planning and Management of the 

Marine Environment.

2.  Developing the Human Dimension of the Ecosystem Approach: 

Connecting to Spatial Planning for the Land.
3.  EU Maritime Policy and Economic Development of the European Seas.

4.  Marine Planning and Management to Maintain Ecosystem goods 

and Services.

5.  Review of Existing International Approaches to Fisheries 

Management; The Role of Science in Underpinning the Ecosystem 

Approach and Marine Spatial Planning.

6.  The Ecosystem Approach to Marine Planning and Management – 

The Road Ahead.

Students and academics will find the book essential reading as part  

of their studies while those involved in day-to-day management of the 

marine environment will find it an important and interesting aid to 

understanding the context that surrounds their work. For although 

these topics are discussed in a level of detail expected of an academic 

text, the authors have sought to ensure that the information remains 

accessible to the non-academic community. For example, the use of 

numerous titles and short sections of text helps those who may wish 

to skim read and pick out key points. 

Also increasing its accessibility, the book is designed as a series of 

stand-alone chapters that are both interesting and informative in their 

own right and also closely related. The editors have successfully pulled 

together the different topics to give a feeling of coherence. While 

there is a natural flow from chapter to chapter it is also possible to dip 

in and out and read chapters out of order while still gaining the 

necessary knowledge and understanding of the issues. In addition, 

with an adequate index, and a multitude of references at the end of 

each chapter, it is easy to access the book and research selected 

subjects in more detail.

The consistency of use of acronyms and phraseology across the chapters 

aids the reader although the use of the acronym EA for Ecosystem 

Approach may be less intuitive for those used to seeing those initials as 

Environment Agency or environmental assessment. Ecosystem Approach 

is defined as: “A strategy for the integrated management of land, water 

and living resources which promotes conservation and sustainable use in 

an equitable way. (CBD COP, 2000, V/6)”.

For those new to the subject it may have been helpful to bring the 

definition of ecosystem approach to the beginning of the first chapter. 

However, the definition itself is clearly explained – a useful reference 

for all involved in this often confusing and conflicting area. It might 

also have been useful to cross-reference the ecosystem approach with 

the “working and/or building with nature” initiatives in Continental 

Europe, although the authors may not be aware of these.

Finally, the book brings together and interweaves the so-called three 

pillars of European Union integrated maritime policy – the environ-

mental, economic and social aspects – an achievement that is not 

always so easy in practice. It is hoped that all those involved in setting 

maritime policy will take the time to read about the important inter-

relationship between these separate aspects of marine management.

NICK BRAY
NICKI CLAY
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seMInARs / conFeRences / eVents
Port & terminal technology
OCTOBER 19-20, 2011
HAMBURG, GERMANY
Now in its eighth year, the event is specially designed for representatives 
from engineering, maintenance and operations across the port and 
terminal industry examining diverse topics from design to dredging, 
engineering to equipment and security to simulation.

For further information and registration contact:
MCI Media Limited
Tel: +44 1628 820 046, Fax: +44 1628 822 938
•	 Email: claire@mcimedia.com

37th seminar on Dredging and Reclamation 
OCTOBER 24-28, 2011
SINGAPORE
This five-day course organised by the International Association of 
Dredging Companies in cooperation with the National University of 
Singapore provides an understanding of dredging through lectures and 
workshops. The seminar is aimed at decision makers and their advisors 
in governments, port and harbour authorities, off-shore companies and 
other organisations that have to execute dredging projects. The cost 
of the seminar is € 3,100.- (VAT inclusive) and includes all tuition, 
seminar proceedings, workshops and a special participants dinner,  
but is exclusive of all travel costs and accommodation.
 
For further information contact:
IADC Secretariat
Tel: +31 70 352 3334, Fax: +31 70 351 2654 
•	 Email: info@iadc-dredging.com
www.iadc-dredging.com

Aquaterra, World Forum on Delta and coastal 
Development
NOVEMBER 1- 3, 2011
AMSTERDAM RAI CONVENTION CENTRE
AMSTERDAM, THE NETHERLANDS
At this third Aquaterra, experts will discuss how to strengthen 
vulnerable and densely populated delta areas such as key deltas like 
Rhine/Meuse, Mozambique and Vietnam in light of the expected 
climate change. Two new themes have been added to the conference 
programme: Aqua-innovation and Aqua-industry. 

For further information and to register contact:
Amsterdam RAI, IWW Conference Project Team
P.O. Box 77777, 1070 MS Amsterdam, the Netherlands
Tel.: +31 (0)20 549 12 12, Fax: +31 (0)20 549 18 89
•	 Email: aquaterra@rai.nl
www.aquaterraconference.com

europort 2011
NOVEMBER 8-11 2011,
AHOY ROTTERDAM, THE NETHERLANDS 
One of the largest exhibition for the international maritime and dredging 
industry, the theme in 2011 will be “Advanced Technology: Your access 
to the future”, presenting the newest technologies which aim at 
keeping pace with increasingly demanding maritime markets. CEDA 

Dredging Days 2011 will be held from November 10-11 in association 
with Europort. 

For further information please visit: 
www.europort.nl

ceDA Dredging Days 2011
NOVEMBER 10-11 2011,
AHOY ROTTERDAM, THE NETHERLANDS 
The theme, “Dredging and Beyond”, reflects the insight that dredging 
is part of a broader, more integrated project realisation process and 
the focus is on two main areas where this approach is emerging: 
Dredging and rock dumping for the offshore oil and gas industry and 
deep-sea mining; and “Building with nature” for soft and hard 
dredging solution. Papers by students and young professionals will be 
presented as part of the Academic Session. The IADC will present its 
Best Paper Award for a Young Author 35 years old or less. A technical 
visit to a IHC Merwede shipyard is on Wednesday, November 9 and a 
technical exhibition will be located adjacent to the technical session 
room. CEDA Dredging Days is held in conjunction with Europort 2011.

For further information contact:
CEDA Secretariat
Tel: +31 15 268 2575 
•	 Email: ceda@dredging.org
www.cedaconferences.org/dredgingdays2011 

Fourth International congress for 
Dredging technology Development
NOVEMBER 16-17, 2011
CHONGQING, CHINA
The theme is “Improving the dredging technology for rivers and lakes 
by building an unimpeded, efficient, secure and environmentally modern 
inland navigation system.” The Congress is hosted by the China Dredging 
Association (CHIDA) and the Eastern Dredging Association (EADA).  

For further information contact:
Secretariat, China Dredging Association, Beijing
Tel: +10 6417 4498 /+10 6417 4426 /+010 6417 4496
Fax: +10 6415 9215
•	 Email: world.chida@yahoo.com.cn
http://www.chida.org

Dredging & Land Reclamation Asia 2011
NOVEMBER 23 - 24, 2011, 
AMARA HOTEL, SINGAPORE
The conference will outline best practice techniques of procuring 
governmental approval, reusing dredge material, and safeguarding 
sustainability and include technical and systematic assessments of 
recently completed projects as well meaningful solutions in:
•	 The	treatment	and	utilisation	of	dredged	material	
•	 Minimising	impacts	on	surrounding	marine	ecologies	
•	 Understanding	of	EIA	policy	and	regulation	

For further information contact:
•	 Email: enquiry@iqpc.com.sg
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Through their regional branches or through representatives, members of IADC operate directly at all locations worldwide

AfricA
Van Oord Dredging and Marine Contractors, Luanda, Angola 
Boskalis International Egypt, Cairo, Egypt
Dredging and Reclamation Jan De Nul Ltd., Lagos, Nigeria
Dredging International Services Nigeria Ltd, Ikoyi Lagos, Nigeria
Nigerian	Westminster	Dredging	and	Marine	Ltd.,	Lagos,	Nigeria
Van Oord Nigeria Ltd, Victoria Island, Nigeria

AsiA
Beijing Boskalis Dredging Technology Co. Ltd., Beijing, P.R. China
Van Oord (Shanghai) Dredging Co. Ltd, Shanghai, P.R. China
Van Oord Dredging and Marine Contractors bv Hong Kong Branch, P.R. China
Boskalis Dredging India Pvt Ltd., Mumbai, India
International Seaport Dredging Private Ltd., New Delhi, India
Jan De Nul Dredging India Pvt. Ltd., India
Van Oord India Pte Ltd, Mumbai, India
P.T. Boskalis International Indonesia, Jakarta, Indonesia
PT Penkonindo LLC, Jakarta, Indonesia
Penta-Ocean Construction Co. Ltd., Tokyo, Japan
Toa Corporation, Tokyo, Japan
Hyundai Engineering & Construction Co. Ltd., Seoul, Korea
Van Oord Dredging and Marine Contractors bv Korea Branch, Busan, Republic of Korea
Van Oord (Malaysia) Sdn Bhd, Selangor, Malaysia
Van Oord Dredging and Marine Contractors bv Philippines Branch, Manilla, Philippines
Boskalis International Pte Ltd., Singapore
Dredging International Asia Pacific (Pte) Ltd., Singapore
Jan De Nul Singapore Pte. Ltd., Singapore
Van Oord Dredging and Marine Contractors bv Singapore Branch, Singapore
Zinkcon Marine Singapore Pte. Ltd., Singapore
Van Oord Thai Ltd, Bangkok, Thailand 

AusTrAliA + NEW ZEAlAND
Boskalis Australia Pty, Ltd., Sydney, Australia
Dredeco Pty. Ltd., Brisbane, QLD, Australia
Jan De Nul Australia Ltd
Van Oord Australia Pty Ltd., Brisbane, QLD, Australia
WA	Shell	Sands	Pty	Ltd,	Perth,	Australia
NZ	Dredging	&	General	Works	Ltd,	Maunganui,	New	Zealand

EuropE
Baggerwerken Decloedt & Zoon NV, Oostende, Belgium
DEME Building Materials NV (DBM), Zwijndrecht, Belgium
Dredging International N.V., Zwijndrecht, Belgium
Jan De Nul n.v., Hofstade/Aalst, Belgium
Boskalis	Westminster	Dredging	&	Contracting	Ltd.,	Cyprus
Boskalis	Westminster	Middle	East	Ltd.,	Limassol,	Cyprus
Van Oord Middle East Ltd, Nicosia, Cyprus
Rohde Nielsen, Copenhagen, Denmark
Terramare Eesti OU, Tallinn, Estonia
Terramare Oy, Helsinki, Finland
Atlantique Dragage Sarl, St. Germain en Laye, France
Société de Dragage International ‘SDI’ SA, Lambersart, France
Sodraco International S.A.S., Lille, France 
Sodranord SARL, Le Blanc-Mesnil Cédex, France
Brewaba	Wasserbaugesellschaft	Bremen	mbH,	Bremen,	Germany
Heinrich Hirdes G.m.b.H., Hamburg, Germany
Nordsee Nassbagger-und Tiefbau GmbH, Bremen, Germany
Van Oord Gibraltar Ltd, Gibraltar
Irish Dredging Company, Cork, Ireland
Van Oord Ireland Ltd, Dublin, Ireland
Boskalis Italia, Rome, Italy

Dravo SA, Italia, Amelia (TR), Italy
Societa Italiana Dragaggi SpA ‘SIDRA’, Rome, Italy
Baltic Marine Contractors SIA, Riga, Latvia
Dredging and Maritime Management s.a., Steinfort, Luxembourg
Dredging International (Luxembourg) SA, Luxembourg, Luxembourg
TOA (LUX) S.A., Luxembourg, Luxembourg
Aannemingsbedrijf L. Paans & Zonen, Gorinchem, Netherlands
Baggermaatschappij Boskalis B.V., Papendrecht, Netherlands
Boskalis B.V., Rotterdam, Netherlands
Boskalis International B.V., Papendrecht, Netherlands
Boskalis Offshore bv, Papendrecht, Netherlands
Dredging and Contracting Rotterdam b.v., Bergen op Zoom, Netherlands
Mijnster zand- en grinthandel bv, Gorinchem, Netherlands
Tideway B.V., Breda, Netherlands
Van Oord ACZ Marine Contractors bv, Rotterdam, Netherlands
Van Oord Nederland bv, Gorinchem, Netherlands
Van Oord nv, Rotterdam, Netherlands
Van Oord Offshore bv, Gorinchem, Netherlands
Dragapor Dragagens de Portugal S.A., Alcochete, Portugal
Dravo SA, Lisbon, Portugal
Ballast Ham Dredging, St. Petersburg, Russia
Dravo SA, Madrid, Spain
Flota Proyectos Singulares S.A., Madrid, Spain
Sociedade Española de Dragados S.A., Madrid, Spain
Boskalis Sweden AB, Gothenburg, Sweden
Dredging	International	(UK)	Ltd.,	Weybridge,	UK
Jan De Nul (UK) Ltd., Ascot, UK
Rock Fall Company Ltd, Aberdeen, UK
Van Oord UK Ltd., Newbury, UK
Westminster	Dredging	Co.	Ltd.,	Fareham,	UK

MiDDlE EAsT
Boskalis	Westminster	Middle	East	Ltd.,	Manama,	Bahrain
Boskalis	Westminster	(Oman)	LLC,	Muscat,	Oman
Boskalis	Westminster	Middle	East,	Doha,	Qatar
Middle East Dredging Company (MEDCO), Doha, Qatar
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