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Flexible integration 
of  land in water 
and of  water in land

SUSTAINABLE  COASTAL  ZONE  DEVELOPMENT

Making use of  materials 
and forces & interactions
present in nature



Civilisations were often developed in the border zone
land-water, in coastal and deltaic regions. These border-
zones are very attractive for living, working, tourism &
recreation, transport, water resources, food supply.
They are also important for nature values, because of
the presence of gradients from wet to dry, from high to
low salt & chalk content, differences in height & micro-
climate. Gradients are often guarantees for a large
variety of species.

Therefore it is not a surprise that in the 21st century, 
approx. 80% of  the largest population centres are found 
in coast & delta areas.
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SUSTAINABLE  COASTAL  ZONE  DEVELOPMENT

•

About 80 % of the major cities 
can be found in coastal 

and deltaic areas

A large part of the remaining
20% can be found upstream
along rivers, lakes & canals



In these densely populated areas there is little
space available for living, working, infrastructure,
recreation & tourism, and at the same time there is
the need to preserve or expand valuable
environment, nature and landscape.

SUSTAINABLE  COASTAL  ZONE  DEVELOPMENT

About 80% of 
the major cities 
can be found in

coast and delta areas

A large part of 
the remaining 20%

can be found upstream 
along rivers, lakes & canals

Building with Nature Aquapuncture
Aquapuncture Building with Nature

® ©



For the scarcity of space in the Coast & Delta Zone
there are 3 solutions:

! Making better use of the 3d and 4th dimension

! Using space in the existing hinterland

! Seaward option or combinations

SUSTAINABLE  COASTAL  ZONE  DEVELOPMENT



As an answer to this scarcity of space is:

Reclaiming Land in Sea
and

Water in the new & old Land !

SUSTAINABLE  COASTAL  ZONE  DEVELOPMENT



BUILDING WITH NATURE

Integrated Approach to the coast & delta zone, 
including new and old land & sea. 

Many functions have to be considered, while using 
many different disciplines.

Integrating land in sea and water in new and old 
land, thereby solving many existing and future 
problems in relation to the hinterland and the 
bordering sea, while creating added value.

















R.E. Waterman 1980 - 2019©



BUILDING WITH NATURE

Realisation of new land, where nature allows us to
do so, using the principle of Building with Nature.

The essence of this principle is:

Flexible integration of land in sea and of water in
the new land, making use of materials and
forces/interactions, present in nature, taking into
account existing and potential nature values, and
the biogeomorphology & geohydrology of coast and
seabed.



BUILDING WITH NATURE

Loose mobile material sand & silt 
from coarse to fine and the forces 
& interactions to which they are 
exposed 

INORGANIC
MATERIALS

gravel/sand
silt/clay

ORGANIC 
MATERIALS
flora & fauna



BUILDING WITH NATURE

FORCES & INTERACTIONS:
01. Tidal action (ebb & flood)

02. Wave action (specifically in the breaking zone) and swell action

03. Sea currents other than tidal currents

04. River outflow (as force and as supplier of freshwater and sediment)

05. Gravity

06. Wind

07. Rain

08. Solar radiation

09. Interaction dunes - vegetation (root system vegetation keeps together sand/silt)

10. Complex interaction marine organisms - sand/silt.

BIOGEOMORPHOLOGY & GEOHYDROLOGY OF

COAST AND SEABED



•



Application of mangroves in silty coastal zones 
for coastal protection & nature development

especially in tropical & subtropical areas



Mangroves

•Shoreline protection from 
erosion

•Basis for the complex 
marine food chain

•Creation of  breeding 
habitats

•Protection for maturing 
offspring

•Filtering and assimilation of  
pollutants from upland 
runoffs

•Stabilisation of  bottom 
sediment

•Improvement of  water 
quality



Semi Permeable Dam 
To initiate intertidal silt sedimentation
for natural mangrove formation 
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Dredging for Land Reclamation & Beach Nourishment



Dredging for Land Reclamation & Beach Nourishment
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ECO DAM / ECO DIKE

Eco X-block

Concrete eco elements

after 6 months



Dredging Methods     
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Land Reclamation
1  Sand Pumping Ashore
2  Sand Rainbowing
3  Shore Protection
4  Construction Works
5  Soil Improvement
6  Recreation Area
7  Wind Park



1  Wave-reducing Island
2  Sand Engine or Beach Replenishment
3  Hard Sea Defense
4  Foreshore Replenishment
5  Flood Barrier 

Coastal Protection



Port Development
1  Sand Rainbowing
2  Environmental Monitoring
3  Sand Pumping Ashore
4  Dredging Inshore Access Channel

8  Dredging Offshore Access Channel
9  Drilling, Blasting, Dredging Hard Rock

5  Soil Improvement Techniques
6  Soil Remediation

7  Sand Dumping



Port Infrastructure
1  Combi Quay Wall
2  Retaining Wall
3  Land Reclamation
4  Block Wall
5  (Rail)roads, Tunnels, Bridges



Inland Ports & Waterways
1  Channel & Canal Construction
2  Aquaducts, Bridges, Sluices
3  Inland Port Construction
4  Quay Walls
5  Channel Dredging
6  Shore Protection



ENVIRONMENT-FRIENDLY DREDGING METHODS

1 Dredging in alternate zones
2 Sub-surface dredging
3 Application of silt screens
4 Specially designed suction heads & pumping systems
5 Eco-efficient dredging: instead of shallow dredging over 

large areas, deep dredging over small areas, 
combined with seabed landscaping



BUILDING WITH NATURE

Europa
satellietEUROPE
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Plan 1

Plan 3

Plan 2

The Netherlands

Plan 6

Plan A

Integrated 
Coastal 
Policy via
Building 
with Nature®

Land reclamation via 
Building with Nature®

along North Sea Coast

Plan 4
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Plan 1
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BUILDING WITH NATURE           PLAN 1

•

COAST OF DELFLAND WITH 69 GROYNES

1985

Rip currents 
alongside 
groynes 
causing      
sand transport 
towards the 
North Sea



BUILDING WITH NATURE               PLAN 1
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FIRST REALISED SEGMENT OF PLAN 1,  NEAR HOEK VAN HOLLAND

March 16 - 1981



BOUWEN MET DE NATUUR                  Plan 1

•

16-3-1981Narrow endangered coast of  South-Holland near Ter Heijde
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Tidal lagoon Hoek van Holland 

Delfland coast nature reserve



Scheveningen 4th harbour 
with dune/beach expansion 
on each side



Scheveningen 4th harbour 
with dune/beach expansion 
on each side

Linkage of inland waterway 
with Scheveningen harbour
Complete with sluice
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Plan 1

Plan 3

Plan 2

The Netherlands

Plan 6

Plan A

Integrated 
Coastal 
Policy via
Building 
with Nature®

Land reclamation via 
Building with Nature®

along North Sea Coast

Plan 4



Plan 2



•First realised segments of  plan 2, 
created by Building with Nature

Plan 2



BUILDING WITH NATURE

Plan 2

Plan 2





BUILDING WITH NATURE
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1  Sand base layer approx. 150 µm; top layer min. 370 µm
2  Filter layer gravel under concrete block dam 0,3 - 35 mm
3  Cobble layer 1 m thickness under concrete block dam up to 4 m thickness 
on top of gravel dune, diameter cobbles 20 – 135 mm 
4  Quarry stones 150 – 800 kg on top of quarry stones 5 – 70 kg
5  Concrete blocks (17.000 blocks - 2,5 x 2,5 x 2,5 m - 40 à 43 ton) across 3,5 
km coastal length
6  Toe construction with stones from 1 – 10 ton to prevent sliding of concrete 
blocks

COASTAL DEFENSE  MAASPLAIN 2  (RHINEPLAIN)

3,5 km hard construction; 7,5 km soft dune-beach construction





BUILDING WITH NATURE                   PLAN 2

FIRST REALISED SEGMENTS OF PLAN 2

Foto slufter 1

March 22 - 1991



•

Foto slufter 2

August 17 - 2000

FIRST REALISED SEGMENTS OF PLAN 2

BUILDING WITH NATURE                   PLAN 2



July 2013
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BUILDING WITH NATURE                     Plan 2

•
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Parnassia



BUILDING WITH NATURE                     Plan 2

•

Euphorbia
Maritima



BUILDING WITH NATURE                     Plan 2

•

Cakile
Maritima

Sand Engine
August 2011



BUILDING WITH NATURE                     Plan 2

•

Lacerta Agilis



BUILDING WITH NATURE                     Plan 2
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Plan 1

Plan 3

Plan 2

The Netherlands

Plan 6

Plan A

Integrated 
Coastal 
Policy via
Building 
with Nature®

Land reclamation via 
Building with Nature®

along North Sea Coast

Plan 4
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BUILDING WITH NATURE                 PLAN 3a   

Nature is already 
developing
the new area 
south of the

existing Southern 
Harbour Mole 

IJmuiden, 
owing to littoral 
sand transport 
from Province 

South-Holland to 
Province North-

Holland.

This process is 
quickened by
external and 

internal dredging 
operations.
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Plan 3a  is 
triangle-shaped 
and consists of a 
primary range of 

dunes with a 
marina, double 

boulevard, 
apartments, 

restaurants & 
shops, hotel, 

infrastructure, 
recreation & 

tourism; 
transition zone 

with lake; 
nature reserve 
area linked to 

an existing nature 
reserve area 
(Kennemer

Dunes).

BUILDING WITH NATURE                   PLAN 3a   



BUILDING WITH NATURE PLAN 3a

•

PLAN 3a. Complete with primary range of  dunes, beaches, 
marina, boulevard, apartments, restaurants & shops, hotel, 
infrastructure, lake & nature reserve area.

July 10 - 1997



BUILDING WITH NATURE PLAN 3a

•

PLAN 3a. Complete with primary range of  dunes, beaches, 
marina, boulevard, apartments, restaurants & shops, hotel, 
infrastructure, lake & nature reserve area.

June 2000





BUILDING WITH NATURE PLAN 3a

2012



•

Plan 1

Plan 3

Plan 2

The Netherlands

Plan 6

Plan A

Integrated 
Coastal 
Policy via
Building 
with Nature®

Land reclamation via 
Building with Nature®

along North Sea Coast

Plan 4



Seaport Marina with dune widening 
on each side for Katwijk & 
Noordwijk

Future connection with Old Rhine 
River with sluice or boat conveyor

Plan 6.  
Katwijk aan Zee



Plan 6



Plan 6



BOUWEN MET DE NATUUR                  Plan 6

Plan 6. Katwijk aan Zee  2008



Plan 6.  Katwijk aan Zee  2015



Dune with 
underground 
parking 
incorporated

Plan 6. 
Katwijk aan Zee
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Plan 1

Plan 3

Plan 2

The Netherlands

Plan 6

Plan A

Integrated 
Coastal 
Policy via
Building 
with Nature®

Land reclamation via 
Building with Nature®

along North Sea Coast

Plan 4



Plan 4   Hondsbosche & Pettemer Sea Defence

Instead of  dyke reinforcement 
dune/beach protection



Plan 6.  Katwijk aan Zee  2015

Plan 4   Hondsbosche & Pettemer Sea Defence

Creation of  dune/beach protection 
with nature & recreation  



Plan 4   Hondsbosche & Pettemer Sea Defence

Creation of  dune/beach protection 
with nature & recreation  



The Netherlands Space for the Coast  
Living Coasts

Space for the River  
Living Rivers

Space in & around 
the Lakes

Living Lakes

Space in & around
the Estuaries

Living Estuaries

Space for the Delta’s
Living Delta’s
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Space for the River / 
Living Rivers



AQUAPUNCTURE

to revitalize 
the Waterways & their 

Water Fronts

ACUPUNCTURE

to revitalize
the Nervous System

& Human Organs



AQUAPUNCTURE©

4

Introduction of AQUAPUNCTURE©

Optimal use, adaptation, experience and  
management of inland waterways and  

their waterfronts

for safety against flooding, water storage, 
water level regulation, water quality, 
navigability, economy, employment,  
environment and nature-landscape



© J.A. Brouwer / R.E. Waterman  2012 

User Groups

Urban & Rural
Characteristics

Organisation



Aquapuncture - Shared Value:
Societal Costs & Benefits 
Measurement Model



•
Plan B

The Netherlands

ZUIDERZEE 
PROJECT

Land Reclamation  1,660 km2

Fresh Water Lake   1,900 km2

Enclosure Dike        32.5 km

4 Polders

Transformation 
of original South 
Sea into fresh 
water IJssel 
Lake by creating 
Enclosure Dike 
with discharge 
sluices and ship 
locks and by 
creating a 
sequence of 4 
large polders 
with drainage 
canals and 
pumping 
stations

Large scale 
land reclamation,
fresh water lakes
& sea defence



A Living Nation 
is

Building it’s Future
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UK, Poole



BUILDING WITH NATURE

UK, Poole                       Before the land reclamation



BUILDING WITH NATURE

UK, Poole                 During the land reclamation



BUILDING WITH NATURE

•

UK, Poole                       After the land reclamation



BUILDING WITH NATURE

•

UK, Bacton Gas 
Terminal

Fighting coastal 
erosion between 
Bacton & Walcott using 
a sand engine via 
Building with Nature

1.8 million m3 to 
reinforce 5.6 km 
coastline

15 to 20 years coastal 
protection 



BUILDING WITH NATURE

•

Photo: Chris Taylor 



Amager Beach Park - Copenhagen - Denmark

3 – COASTLINE PROJECT WITH ISLAND & LAGOON
WATERFRONT DEVELOPMENTS IN HARMONY WITH NATURE



BOUWEN  MET  DE  NATUUR



- Knokke-Heist
- Brugge / Zeebrugge
- Blankenberge
- De Haan
- Bredene
- Oostende
- Middelkerke
- Nieuwpoort - IJzermonding
- Koksijde
- De Panne

VLAAMSE KUST 67 km

10 Gemeenten :





Blankenberge - Zeebrugge Heist / Knokke - ‘t Zwin

Blankenberge – Zeebrugge
Aanleg Blankenberge havendammen 
Marina & strandverbreding

Heist
Natuurreservaat Baai van Heist
& Marina Heist



Blankenberge - Zeebrugge Heist / Knokke - ‘t Zwin

Blankenberge – Zeebrugge
Aanleg Blankenberge havendammen 
Marina & strandverbreding

Blankenberge – Zeebrugge
Marina Residentie &  Lagune
met stranden in aansluiting 
op Zeebrugge II



Oostende
Verlenging havenhoofden
Buitenhaven met Marina 
Duin-strand verbreding met 
Resorts & voorzieningen 
Nieuwe Pier met Casino



Nieuwpoort

De Panne - Koksijde Nieuwpoort

Nieuwpoort
Bestaande Jachthaven met 
1800 ligplaatsen
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AFRICA



BUILDING WITH NATURE

SOUTH  AFRICA
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CAPE TOWN
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CAPE TOWN



BUILDING WITH NATURE

Cape Town, Landreclaimations
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BUILDING WITH NATURE

•

CAPE TOWN, SOUTH - AFRICA



BUILDING WITH NATURE

•

TOGO Coastal protection through Permaculture

Application of vegetable & fruit production and planting of shrubs and trees (banana, coconut)
near the beach combined with soil improvement by dung & compost. Thereby strengthening the
root system of the vegetation, improving beach protection as well as the local economy











LAND   RECLAMATION   DESIGN 

TUNESIA - SFAX



SUSTAINABLE  COASTAL  ZONE  DEVELOPMENT

Integrated Coastal Policy 
via Building with Nature

Dr. R. E. Waterman MSc

ALEXANDRIA - EGYPT
CoRI       March   2010

THE HAGUE – THE NETHERLANDS
June   2012



•

THE NETHERLANDSARAB REPUBLIC OF EGYPT
ةیبرعلا رصم ةیروھمج

SURFACE AREA

1,010,000 km²        41,500 km²

INHABITANTS

82 million           16.7 million

COASTAL  LENGTH

1,200 km   M. Coast       353 km
2,300 km   R.S. Coast

MAIN RIVER

Nile Rhine
6,650 km             1,320 km
5,100 m³/s 2,330 m³/s

1.Cairo 8,5 million 1. Amsterdam 0,8 million
1.Cairo m.a. 20 million 2. Rotterdam 0,6 million
2. Alexandria 4,5 million 3. The Hague 0,5 million
6. Port Said 0,6 million 4. Utrecht 0,3 million
7. Suez 0,5 million 5. Rim City Holland 8,0 million

LARGEST CITIES



•

NILE DELTA:
Width 250 km
Length 150 km
Area +/- 35,000 km²

1. Lake Maryot
2. Lake Edku
3. Burullus Lagoon
4. Manzalah Lagoon
5. Bardawil Lagoon

1

2

3

4

5





SUSTAINABLE  COASTAL  ZONE  DEVELOPMENT

Alexandria

Tabia



El Gouna



El Gouna



El Gouna



SUSTAINABLE  COASTAL  ZONE  DEVELOPMENT

Integrated Coastal Policy 
via Building with Nature®

Prof. Dr. R.E. Waterman MSc

ISRAEL  - Tel Aviv

Coastal Extentions  &  Airport



•

THE NETHERLANDS

SURFACE AREA

22,145 km²         33,883 km²

INHABITANTS 

7.7 million           16.7 million

COASTAL  LENGTH

188 + 10 km              353 km

ISRAEL
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ISRAEL

COASTAL  LENGTH

188 km  

Rosh Hanikra
Nahariya

Ako
Haifa
Atlit

Caesarea
Hadera
Netanya

Herzliyah
Tel Aviv

Jaffa
Bat Yam

Rishon Letsion
Palmachim

Ashdod
Ashkelon

Zikim



•

ISRAEL
COASTAL  LENGTH  ISRAEL  ALONG RED SEA  10 KM

EILATH - AKABA
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COASTAL  LENGTH  ISRAEL  ALONG RED SEA  10 KM

EILATH - AKABA
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Tel Aviv - Jaffa



Jaffa



Tel Aviv - Jaffa

© Chaim Shapiro
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Tel Aviv 
Jaffa



Tel Aviv 
Jaffa

Sde Dov
Herzlia



Tel Aviv



Tel Aviv



Tel Aviv



Tel Aviv



Hadera



Haifa



Haifa



Haifa



Haifa



Ashdod - Ashkelon



Ashdod - Ashkelon



Longshore transport
Beach deposit
Seaward loss
Cliff abrasion
Eolean transport

Mediterranean Sea



G. Almagor   - D. Gill   - I. Perath D. Rosen   





Importance of E.I.A.



BUILDING WITH NATURE
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Israël, Jordan



•



Pipeline approx. 180 km length
Volume 200 million m3 / year from Red Sea
of  which:
approx. 100 million m3 / year desalinated water
approx. 100 million m3 / year residual water into Dead Sea
Environmental concerns



Eilat - Aqaba



BUILDING WITH NATURE
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Middle East U.A.E.



BUILDING WITH NATURE
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U.A.E.
Dubai
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U.A.E.
Dubai

BUILDING WITH NATURE



BUILDING WITH NATURE



Palm Island Jumeirah - Dubai

april 2002 september 2002 mei 2003



BUILDING WITH NATURE

2012
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The World

approx. 9 km x 6 km
5 km off the coast 
of Dubai

ca. 300 Islands

325 million m³ sand

32 million ton stones



approx. 14.3 km x 8.5 km

surface area 80 km²

41 palm leaves 

1.3 billion m³ sand

length of outher rim 
berm break water 
ca. 21 km

The Palm, 
Deira
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