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3.4.16 Traffic surface 

Ensembles (R=100m) 
Fig. 548 and Fig. 549 show two allotments of 100 dwellings ( 225 inhabitants) in rows of 10 on 1.8 ha. 
So, there are  56 dwellings/ha and FSI= 56% while the floor space per two storey dwelling is 100m2. 
From total area 62% surface is for sale and 38% is public space including 1 parking place per dwelling 
and roadway pavement of 3.2m wide. 
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Fig. 548  100 dwellings along 
residential streets with parking in 

front of the house: 15% pavement, 
23% green area 

Fig. 549  Reduced pavement by 
residential paths, parking at 1 

minute walk: 10% pavement, 28% 
green area 

Fig. 550 Reduction of street 
pavement, increase of green 
area comparing Fig. 548 and 

Fig. 549a 
   
However, in Fig. 549 parking is concentrated at the boundaries. People have to walk 1 minute more 
than in Fig. 548 to reach their cars, partly living at residential paths, saving 1/3 of pavement!130 That 
reduces municipal costs (or ground prices and taxes for private persons) substantially. By doing so, 
there is 1/5 more green area (5% green of total area), resulting in a much greener look without cars. 
That area could become public green, but it can be sold as well reducing municipal costs again. 
The disadvantage is, you can not easily come close to your home with luggage, moving vans and 
other vehicles. And you can not see your car from your home. 
 

                                                      
a PPD-ZH(1970) 
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Neighbourhoods (R=300m) 
Multiplying a module like Fig. 549 by 8 around a centre, produces a neighbourhood of 1800 
inhabitants, enough for some facilities like a school (1ha black square in Fig. 551 to Fig. 553), 
playgrounds, some shops and enterprises or public facilities. By locating parking spaces at the 
boundaries of the ensembles, at daytime some residential parking space can be used by users of the 
facilities, avoiding extra facility parking space. 
 

   
   

Fig. 551  300m central road Fig. 552  1800m peripheral one 
way road substituting 600m 

residential street 

Fig. 553  900m peripheral road 
substituting 300m residential 

street, central parking 
   
A central neighbourhood road costs least pavement, but it divides the neighbourhood and the school in 
two parts (Fig. 551). A peripheral road costs much more road length, unless it is part of a grid used for 
adjacent neighbourhoods as well. A one way solution (Fig. 552) may half pavement and barrier effect 
but causes detours. A one sided peripheral road leaves the other side open to the field and causes 
long walking distances. Concentrated parking on neighbourhood level could mean a 10 minute walk to 
your car (Fig. 553).131 
However, these choices are often subordinate to the environment, mostly a district grid (Fig. 554). 

Districts (R=1km) 
Multiplying the module from Fig. 551 by 4 (7200 inhabitants) the surface fits in a 1x1km grid of district 
roads (40 wide), leaving open a 30m surrounding margin and a centre (Fig. 554) in each district 
quarter. That centre can be used for additional district green, facilities or housing (4ha black square), 
utilizing concentrated residential parking in day time. The grid permits to leave out 1200 m 
neighbourhood streets according to the model of Fig. 543, but asks 8x90=720m extra residential roads 
to give access to all ensembles.132 
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Fig. 554  A small district or district quarter Fig. 555 Same built-up area optically full or emptya 

  
Fig. 555 shows the optical principle of leaving the centre open, applied in Fig. 554 on the level of the 
quarter and on the level of its centre: the same surface left (4x6=24) gives a more spacious effect 
located in the periphery (6x8-4x6=24 as well: the ‘Tummers-De Bruin effect’). A positive side-effect is 
better accessibility of the built-up area. On an even smaller scale Fig. 554 shows another principle of 
central squares: do not make an X-crossing, give access roads along the square a view on larger 
buildings (here schools). Berlage designing the Mercator square in Amsterdam called it the ‘turbine 
principle’.133 The resulting T-crossings refer to Camillo Sitte as cited before (Fig. 508). 
 

                                                      
a Tummers, L. J. M. and J. M. Tummers-Zuurmond (1997). Het land in de stad; de stedebouw van de grote agglomeratie. 
(Bussum) THOTH. 
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Network types on differrent levels of scale 

 
 

    
R=1km R=3km R=10km R=0.1-10km 

Fig. 556 Shortest path Fig. 557 Radial Fig. 558 Stops Fig. 559 Grid 
for pedestrians for the market for public transport for car(riages) 

Neighbourhoods in a distict 

The hexagonal grid proposed by the American traffic expert Buchanan (1963)a 134, Fig. 560 produces 
neighbourhoods of R=300m suitable in a grid of R=1000m. 
 

 
 

Fig. 560 The Buchanan grid put in a square 2x2km 
 

 

                                                      
a Buchanan, C. (1963). Traffic in Towns. The specially shortened edition of the Buchanan report. (Harmondsworth, Middlesex, 
England) Penguin Books. 
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Ensembles in a conurbarion 

Fig. 554 showed how a regular grid of district roads and neighbour streets solves some problems 
arising if you look at an isolated neighbourhood only.135 The most famous urban grid is built in 
Barcelona, designed by Cerdà (1867).a He designed urban islands in squares of normally 133x133m 
(Fig. 561).136 
 
A neighbourhood contained 25 islands (R=300m!) with bevelled 16m high building blocks making 
small squares on all crossings (Fig. 562).137 The islands are enclosed by residential streets of 20m 
wide (Fig. 563), neighbourhoods by neighbourhood roads of 30m wide (Fig. 564), district (4 
neighbourhoods) by district roads of 50m wide with a large median strip (Fig. 565).138 A district had a 
market. 
 

     
Fig. 561 Plan Cerdà (1867)  in Barcelona Fig. 562 A Cerdà neighbourhood 

   
   

Fig. 563 Streets 20m  Fig. 564 Roads 30m Fig. 565 District roads 50m wide 
   

District quarters 

Bach (2006) sums up the advantages of a rectangular grid concerning its flexibility giving next 
examples here all drawn at the same scale in a square of 1x1km.139 
 

   
Fig. 566 Making a short cut as 

long as the detour 
Fig. 567 Easily providing a 

centre 
Fig. 568 Easily diminishing 

access crossings 

                                                      
a Cerdà (1867) Teoria General de la urbanizacion y aplicacion de sus principios y doctrinas e la reforma y ensanche de 
Barcelona, see also for Dutch readers http://odin.let.rug.nl/~kastud/barca/c/inl.html  
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Fig. 569 Easily introducing one 

way traffic 
Fig. 570 Easily giving way to 

other networks like cycle paths 
Fig. 571 Easily accepting 

ongoing green lines 

   
Fig. 572 Exceptions draw special 

attention 
Fig. 573 Easy hinging to other 

grids 
Fig. 574 Crooked grids keep 

easy orientation 

 
 

Fig. 575 A grid makes appointments like Dutch Duurzaam Veilig easy to explaina 
   
As discussed on page 251 by thought experiment, the content of a crooked grid (Fig. 574) is less than 
a rectangular one, while its outline is the same as the square. So, it will cost more pavement per 
inhabitant.. 

                                                      
a Bach … 
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From radial into orthogonal in time 

According to Fig. 496 by increasing through traffic towns changed from a spider into a fly in the 
regional web.140 
 

 
 

  
Fig. 576 Utrecht from radials in 1866 …a Fig. 577 via tangents into a large-scale gridb 

  

Regional networks within a national network 

 
 

R=30km R=100km 
Fig. 578 Regional networks Fig. 579 National networks 

  
 

                                                      
a Provincie Utrecht (1866) 
b CityDisc (2001) Stratengids (Den Haag) CDrom 
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National networks within an international context 

 
R=300km R=1000km 

Fig. 580 Fluvial networks Fig. 581 Continental networks 
  

Slow traffic and public transport 
The pedestrian is the basal connector of urban life and all other kinds of its traffic. Not taking care for 
the pedestrian fragments the residential area, the neighbourhood, the district and the town. It 
increases casualties promoting the car and these processes strengthen each other. So, care for the 
pedestrian is the core of urban design. That (p)art of urban design is discussed thoroughly by Bach 
(2006).141 So, in this chapter we only summarize some highlights from his work. The cycle increases 
the velocity reached by human power in flat countries, extending what we call slow traffic, elongating 
its tracks. 

Pedestrians 

  
R=300m R=300m 

Fig. 582 Reichow: car first Fig. 583 Runcorn: pedestrian first 
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Fig. 584 Cars dividing a neighbourhood Fig. 585 Traffic calming 
  
 

Cyclists 

Cyclists and pedestrians take the shortest way. 
So, they introduce radial lines and new crossings in car oriented grids that force detours.142 
 

 
 

Fig. 586 Radial with a minimum of crossings 
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Busses 

At the beginning of the twentieth century the lay-out strategy of public transport lines by busses 
changed from collecting travellers (Fig. 587) into connecting travellers (Fig. 588).143 
 

 
  

Fig. 587 Collecting travellers Fig. 588 Connecting travellers 
  

Bus stations 
There are two principally different types of bus stations: island type (Fig. 589) and herringbone type 
(Fig. 590). 
 

  
  

Fig. 589 An island type of central bus station Fig. 590 A herringbone type of central bus station 
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Bus stops 

 
 

Fig. 591 Bachs (2006) bus stop concerning passengers’ demands 
 
 

  
  

Fig. 592 An artists’ bus stop Fig. 593 A Curitiba bus stop 
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Tramways and metro 

  
 bus  tram  fast tram  (semi)metro  NS-sprinter  

min. 0.0 0.0 0.0 0.0 0.0 
km radius served area 0.3  0.3 0.5 0.6 0.8 

max. 0.4 0.4 0.6 0.8 1.0 
min. 0.3 0.3 0.4 0.7 1.5 

km stop distance 0.4  0.4 0.6 1.1 1.8 
max. 0.5 0.5 0.7 1.4 2.0 
min. 12 12 18 30 40 

km/h velocity 16  16 22 35 45 
max. 20 20 25 40 50 
min. 2 2 4 5 7 

km average ride 4  4 7 10 14 
max. 6 6 10 14 20 

minutes ride 15  15 20 16 18 
stops per ride 10  10 13 9 8 

min. 1000 1667 3333 8000 13333 
passengers per hour 2000  3333 6667 16000 26667 

max. 3000 5000 10000 24000 40000 
passengers per stop 200  333 524 1768 3457 

      
Fig. 594 Some characteristics of urban public transport144 

      
Light rail combines all velocities.145 
 
From Fig. 594 you can draw pictures like Fig. 595. 
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Fig. 595 A metro from Fig. 594with 0.6km radius of served area around a stop and 1.1km stop 

distance  
 

Supposed you know the line length of Fig. 595 (for example 10km), you can calculate the number of 

stops (9+1) and the km2 served area (10πR2 minus overlaps) of all stops together. Supposed you 
know the number of served inhabitants per hectare (100) and the %inhabitants expected to use metro 
(14%, see Fig. 594) you can calculate the number of passengers per day (15144, Fig. 596). That will 
determine whether the line is exploitable or not.146 
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km line length 10 
distance between stops 1.1 
number of stops (9+1) 10 
km² served area 11 

inh. / 
dwelling 

dwellings/
ha 

m2 Floor 
Space 

/dwelling 

%FS 
(100%· 

FSI) 

inh./ha 100 for example: 2,3 43 100 43%
number of served inhabitants 110195     
14% passengers per day 15144     
     

Fig. 596 Calculating the profit of the metro line from Fig. 595 
     

Railway-stations 

  

 
 

  
Fig. 597 A railway station accessible for cyclists, 

pedestrians and busses 
Fig. 598 A railway station for cars based on inner 

and outer turning circles of busses and cars 
  

 
  

Fig. 599 Approaching the railway station 
according to Bach (2006) 

Fig. 600 Approaching the railway station according 
to Calthorpe  

  

3.4.17 Harbours P.M. 
Airports 
Seaports 
Inland ports 
 



WATER, NETWORKS AND CROSSINGS    OTHER NETWORKS: CABLES AND DUCTS    HARBOURS P.M. 
 

Sun wind water earth life living; legends for design 289 

3.5 Other networks: cables and ducts 
Increasing use of urban subsoil 
Urban development plans are increasingly determined by the urban subsoil.  
Problems and requirements associated with groundwater and load bearing capacity can be solved 
technically (see chapter Error! Reference source not found.  Error! Reference source not found. , 
page Error! Bookmark not defined. ). 
In addition, the installation of cables, ducts and drains requires more and more space under the built-
up area. As a result, ever stricter requirements have to be met with respect to the relative position of 
drains, cables and ducts. And don’t forget underground storage space, for example for the disposal of 
glass, paper and other recyclable materials from containers placed in groups in the city. This often 
makes it difficult to find or make underground space, no matter how much we would like to get rid of 
these ugly containers by placing them underground. 

Additional aboveground facilities 
This chapter does not only take a closer look at on the use of underground space in urban areas, but 
also at space for beam transmitters and other forms of overhead and underground infrastructure.  
The branch points and transitions from regional networks to urban networks also play an important 
part in urban development. Take for example the transition from overhead high-voltage transmission 
lines via transformers to an underground electricity distribution network. On the other hand a region 
may have ducts that do not occur in the urban landscape, yet are important for the city. 

Regional ducts 
On a regional level, ducts generally have a different effect on the use of topsoil than in towns, such as 
large underground water and gas distribution pipes and underground conveyor pipelines from dock 
areas to users, for example oil pipelines to the Ruhr region and Antwerp. On a regional scale, 
however, electricity cables that are underground in cities are aboveground in rural areas, such as the 
many high-voltage transmission lines across the Netherlands. 
Although the spatial use of ducts on a regional scale means fewer restrictions on land use in urban 
areas, careful consideration must be given to the installation of pipes in the countryside. The ducts and 
cables in the transition zones from rural to urban areas restrict urban land use and urban 
developments. Consideration must also be given go maintenance of infrastructure in the country side. 

Tunnels 
In addition to pipes and ducts, more and more tunnels are being constructed, such as road tunnels 
and rail tunnels under waterways and rail tunnels to preserve the landscape. Examples that illlustrate 
the state of art in 2001 are the Rotterdam rail tunnel under the Nieuwe Waterweg, the Betuwe railway 
line for goods transport (under construction), and the high-speed rail link through the “Green Heart” 
(also under construction) of the Randstad. 

Archaeological artefacts 
This chapter elaborates on the different pipelines and their restrictions and limitations. 
The installation of underground drains and ducts obviously involves much earth moving. As of 2002, 
statutory investigations must be carried out into the presence of archaeological artefacts and traces 
prior to commencement of building activities. Construction companies have a duty to report and to 
conserve archeological finds. The decision to start digging depends on the importance of the 
archeological find, as specified under the Malta Convention (1999). This convention has been 
implemented in the Nederlandse monumentenwet (Monuments and Historic Buildings Act)a 
An archaeological survey was carried out as a pilot project prior to the construction of the Betuwe 
railway line. During the archaeological survey, important finds were made, from both prehistory and 
later eras. The finds included the oldest skeleton ever found of a woman (Treintje) in the Netherlands, 
and finds related to fishing such as a prehistoric boat, fishing nets and fishing gear, as well as 
Medieval houses and farms.  

                                                      
a The legal side of this Historic Buildings Act is specified in the Stedenbouwrecht (laws governing urban development). 
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Types of ducts and cables 
This chapter does not aim at giving a complete list of all ducts and cables that occur on a regional 
scale. The emphasis is on large distribution networks for gas, electricity and water, as well as 
telephone networks, data networks, optical fibre networks and pipes to transport raw materials from  
harbours to processing plants including those in Germany and Belgium. 
There are also underground discharge pipes such as sewerage pipes and sewage pressure pipelines. 
Not all ducts in outlying areas are run underground. High-voltage transmission lines are a good 
example of overhead use of cables. 
 
In order to supplement drinking water supplies in the densely populated western part of the 
Netherlands, water from the rivers Rhine and Meuse are pumped to dune areas through pipes. In the 
dunes the water is filtered and purified into drinking water, and distributed to consumers. 
All these ducts and cables have their own requirements for installation which must be met by the 
surrounding area and the subsoil. This not only concerns subsoil conditions and groundwater, but also 
topsoil conditions related to land use. 
Fig. 602 shows the position of cables and ducts in a street profile outside the built-uparea in 
accordance with the Nederlands Normalisatie Instituut  (Netherlands Standardisation Institute). 

Space taken up by cables and pipes. 
It seems harmless and easy to place obstacles such as ducts and cables underground whenever 
possible, and from an aesthetic point of view even desirable . Furthermore, underground cables and 
ducts do not have a dividing and / or barricading effect on the surrounding area as topsoil  distribution 
networks. 
Underground installation of cables and ducts, however, has implications for the land above which is 
kept open (not developed) for maintenance and management purposes. In addition, shrubs and  trees 
are not allowed, as deep roots will affect the ducts and cables. Tree roots, for example, could 
penetrate sewage drains, causing blockages or subsidence of the soil. Moreover, ducts, cables and 
drains are not easily reachted and dug up in areas covered with trees, hedges and plants. Depending 
on the type of cable or duct, a strip of land is reserved on either side which can vary from 1m to 50m. 

Risks and costs 
The risk of transported material exploding and a standstill of underground transport also plays a role in 
the decision to keep topsoil free from obstacles.  
Sometimes the price tag put on underground pipework is a determining factor in the decision-making 
process. Think for example of the laying of pipework in subsoil with less load-bearing capacity. Many 
main sewage drains are supported by piles. 
With respect to electricity networks, risk consideration and possible loss of power through conduction 
are reasons to choose for overhead transport in the countryside across greater distances.  
In summary, we can state that extensions, maintenance and management, repairs to cracks and the 
clearing of blockages in overhead cables and overground pipes are less costly, and that risks of 
transport are reduced . 
 
In view of these considerations, pipes and cables are laid in open areas as much as possible.  The 
Netherlands Standardization Institute has drawn up standards, the NEN standarda for alignment, 
occupied space, depth and distance between ducts and cables. 
 

                                                      
a NEN normen zijn te vinden in de zogenaamde normbladen uitgegeven door het Nederlands Normalisatie Instituut. 
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Fig. 601 NEN 1738a 
 

 

                                                      
a W.A. Segeren and H. Hengeveld (1991) p. 27 
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W.A. Segeren and H. Hengeveld (1991) p. 273 

Fig. 602 Position of pipes and cables outside built-up areas  
 

 
Bundling of pipes not only prevents fragmentation of space and needless use of space, but also 
reduces the barricading  effect within the area. 
It is recommended to check new development sites on existing underground ducts and cable and their 
alignment. Information is available from the provincial authorities. 
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3.5.1 The electricity network  
We assume that there will be no changes to the power supply via electricity networks in the 
foreseeable future. 

Avoiding losses by high voltage  
A distinction is made between high-voltage grids with high kilowatt voltages and low-voltage urban 
distribution networks (220 V). 
High-voltage transmission lines have stress levels of 380 kV, 220 kV, 150 kV and 110 kV.  
The mains voltage is driven up as high as possible, as high current intensity causes heat loss.   
After all: power (watt) = current intensity (ampere)  X voltage (volt) 
High-voltage transmission lines form an overhead distribution network in the countryside. High voltage 
is transformed to medium voltage, usually 10kV, in substations that work as distribution centres for 
urban and industrial areas. In residential areas, the medium voltage in the transformer station is 
coverted to low voltage (220 V).  

High-voltage cables aboveground 
In principle, high-voltage grids are aboveground. Areas under high-voltage cables must be kept free of 
obstacles in connection with swing length of possible break in a cable. This means that building is not 
allowed under high-voltage lines in areas exceeding 100m. In other words, a land strip of 50m on 
either side of the high voltage lines must be kept free of permanent obstacles. For further information 
on the width of a strip of land, see the relevant NEN standards.  High-growing vegetation is not 
allowed either; temporary use of land is allowed for recreational and agricultural purposes and for 
nature reserves. Apart from the recreational use of land, such as parks or nature reserves, waterways 
and roads may cross the strip of land below the high-voltage transmission line. 
Safety measures prohibit construction under high-voltage transmission lines. People’s health must 
also be taken into consideration. Health aspects primarily concern the problems caused the magnetic 
fields surrounding high-voltage cables. Another health risk is a higher concentration of copper in areas 
with high-voltage cable lines. Further research into health risks is recommended. 

High-voltage cables underground 
High-voltage transmission lines are only laid underground if no other solution can be found. The main 
reason for overhead construction is the loss of power underground because the conductor, the oil 
insulating layer used as a dielectric, and the earthed cable covering form a condenser, which has a 
disruptive effect on the phase and causes energy loss in frequently wet soil; air is a better insulator. 

Interconnected regional networks 
The national electricity network is divided into interconnected regions, allowing instant deployment of 
another network in the event of cuts and peak loads. 
The Netherlands additionally uses electricity from the international European network. For example, 
during times of massive use of electricity mainly in winter, it comes from the Alpine regions 
(hydroelectric power stations). Conversely, at low-peak times, the Netherlands supply electricity to the 
Alpine regions by pumping up the water to help bring to level the storage reservoirs in those regions. 
Coal or gas-powered plants must always run at a minimum capacity to keep them on stand-by and for 
technical reasons. Excess capacity can be used to supply other regions in Europe. 

Design considerations for the construction of an el ectricity network 
In the Netherlands, high-voltage transmission lines usually terminate at urban boundaries. Via 
substations, distribution substations and transformers, electricity reaches the meter cupboard in our 
homes. 

Comment [T.M.de8]: P.M. 
zones voor uitzwaailengte bij 
breuk. 
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Fig. 603 The electricity networka 
 

Design problems can be considered from two angles: 
• alignment of new high-voltage transmission lines, and of sites for linking stations and power plants; 
• changes to land use for areas around and under existing high-voltage lines 

Alignment 
Alignments of new pipes must satisfy the abovementioned NEN standards, and take into account 
future land use and/or land reservation. Adjustments over time are made only in exceptional 
circumstances. Cost is a key factor in this respect, as are stagnation of transport and possible risks. 

Changes to land use  
Changes to land use obviously involve major adjustments when an extension of an urban area is 
concerned. The narrow elongated strips of land beneath high-voltage lines make it difficult to fit in a 
new residential area. 
 
In connection with safety and health aspects high-voltage lines often determine the boundary lines of 
an urban extension.  
• One possibility is to leave the land under high-voltage lines unbuilt. Temporary land use may be 

allocated for recreational facilities, unorganised sports events etc. 
• A last solution would be to lay the high-voltage cables underground. Compared with overhead 

installation, the costs of placing them underground is significantly higher. In addition, there will be 
considerable loss of power and increased maintenance costs. Although there can be no 
development on the strip, it can be allocated for recreational use. Road construction is allowed, 
provided that ducts and cables are not “covered” by obstacles. This usually means that pipework 
and cables are laid in a public green zone, for the alignment area needs to be kept open for safety 
reasons and maintenance work. 

• A final option is the construction of a distribution substation with transformers, from where 
underground pipes form the distribution networks. Bear in mind that when you select a location for 
a distribution substation, the switche and compressed air in transformers make them quite noisy. 

3.5.2 The gas network 
The Netherlands has a national gas network ever since the discovery of natural gas in exploitable 
quantities. The network is connected to the natural gas extraction in Groningen and the North Sea.  
One network runs from Groningen and one from Noord Holland, from the pipeline landfall for extraction 
in the North Sea. Naturally the two networks are interconnected. 

                                                      
a W.A. Segeren and H. Hengeveld (1991) p. 267 
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Urban gas used to be produced from coal. This production was connected to local gas plants and had 
an urban distribution network. The networks were interconnected to avert calamities in supply and to 
provide additional gas at peak times. Most rural areas were not connected to a natural gas network. 
People used bottled gas (butane gas) to cook, while homes were heated with domestic fuel oil or coal. 
 
Like the electricity network, the natural gas network has a distribution system. Gas pressure in rural 
areas is higher than in towns and cities. In distribution substations at a lower level the gas pressure of 
40 bar in the national network is brought down to 25 bar for house service pipes. 

Technical Design considerations of the gas distribu tion network. 
The rural natural gas distribution network runs entirely underground. The same restrictions are placed 
on them as on the national electricity network with regard to obstacles to facilitate maintenance, 
management and safety, think of the risk of explosions underground. 
 

 
 

Fig. 604 The gas networka 
 

In other words, strips of land with underground pipework must be free of obstacles - buildings and 
high-growing vegetation. Tree roots can also cause maintenance and connection problems. The width 
of the strips is significantly narrower than that of the electricity network, it is approximately 10-20 
metres (see applicable NEN standards). 

3.5.3 Water pipes  
Due to the water shortage in a number of water extraction areasb water is brought from elsewhere to 
relieve the shortage in these areas. To supply the western part of the Netherlands with drinking-water, 
large pipes have been laid from the Rhine to the dunes where the water is infiltrated and purified. 
There are also water pipes leading from the Biesbos storage reservoirs to water treatment plants in 
urban conurbations, such as Rotterdam and surroundings. In addition, water extraction areas should 
also be free of pollution and polluting activities. 
The network of water treatment plants to residential areas has a comparable branch system with one 
or more water mains to supply towns and villages, which branches off at the district and residential 
levels. To ensure a more reliable supply of water in districts, the pipes are installed in a ring structure. 

                                                      
a W.A. Segeren and H. Hengeveld (1991) p. 266 
b Groundwater is extracted from  water-catchment areas through pumping, and used as drinking water following purification.  
Water-catchment areas are protected against infiltration of contaminating substances such as fertilizers, petrol, etc. As a result, 
these areas are not suitable for all purposes. 
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Design considerations for installing rural water pi pes. 
From a design point of view, the maximum space occupied by rural distribution pipes is at most ten 
metres, while urban distribution pipes take up less space. Space usage depends on provincial and 
local acts. 

 

 
 

Fig. 605 Drinking-water networka 
 

In general, pipes in rural areas are connected to the road network. Vegetation is not desired in view of 
maintenance purposes. Furthermore, the mains can be affected by roots.  The distribution network 
must be covered by a layer of soil of at least 90 cm, which has to do with the frost limit. In the 
Netherlands, the fire brigade uses of drinking water to extinguish fires.  

3.5.4 Pressure pipelines for sewage water 
Wastewater purification plants are usually located in the country. Contaminated water and wastewater 
is transported through pressure pipelines from the urban areas to water treatment plants. These plants 
usually have a collection and purification function for a particular region. From the wastewater 
treatment plants pressure pipelines run to the sea and the big rivers to discharge the purified 
wastewater. In other cases, purified water is immediately discharged into the storage basin.b 
Pressure pipelines for sewage water are subject to the same standards that apply to the use of the 
space above the pipelines. Pipe dimensions depend on the amount of sewage water that passes 
through them. The option of installing two adjacent narrower drains, in case of reduced discharging 
capacity is required due to a change in supply, is underused.  

Technical considerations for installing pressure pi pelines. 
Here too, standards apply to pipe maintenance and the prevention of pipeline breakage. NEN 
standards have been drawn up, sometimes supplemented by local acts.  
The space above pressure pipelines is subject to the same design requirements and restrictions 
concerning use and vegetation as water pipelines. A problem is also caused by the weight of the 
pipes. Appropriate measures must be taken with respect to soils with less bearing capacity to prevent 
subsidence of the pipe system. This explains why many sewage systems supported by piles. 

3.5.5 The telephone network 
Almost the whole telephone network runs underground. Special NEN standards apply to the 
installation of this network. Per region, the structure of the telephone network consists of an 
underground cable running from a house to the central exchange, and from there to an underground 
connection with the nodal point. From the nodal point, a connection is established via beam 
transmitters to nodal points in other areas. 

                                                      
a Segeren and Hengeveld 1984 p. 269 
b A storage basin is a system of lakes, channels and ditches, where water from lower-down areas is spread out (lifted) and 
temporarily stored prior to being spread out to outward waters (sea and rivers in direct contact with the sea). 
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In addition to this underground network, there is also an aboveground network of beam transmitters. 
These beam transmitters are placed on tall buildings while the transmission paths must be kept free 
from high-rise. 
Current developments in mobile telephone and other connection technologies will certainly influence 
the spatial use of beam transmitters. A network of lower-scale beam transmitters, masts and receivers 
has also been developed for the mobile telephone market. Research has shown that this development 
might be pose health problems.  
Developments in telephone satellite connections are bound to play a prominent role in the future. 

 

 
 

Fig. 606 Telephone networka 
 

3.5.6 Radio and television transmitters 
In the Netherlands, physical space is also used for transmitting radio and television signals via 
transmission masts which transmit signals to receivers or aerials. Obstacles can cause interference or 
distortion. 
 

                                                      
a W.A. Segeren and H. Hengeveld (1991) p. 268 
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Fig. 607 Central antenna installationa 
 

In urban areas, cable networks transmit these signals. The increased use of satellite connections will 
also result in changes to spatial use. 

3.5.7 Network for the transport of raw materials 
Underground and overhead pipes are increasingly used to transport raw materials from ports, sea 
ports or otherwise, to industrial areas. Depending on the materials to be transported, a number of 
restrictions must be observed. These cover safety measures for the surrounding area, such as 
buildings and roads, and for transport, for example pressure in gaseous substances, solution / dilution 
in liquids, suspension etc. Certain substances also carry a risk of explosion: berthing can give static 
electricity,  causing devastating fires, such as oil fires in sea ports. 
In general, these pipes connect the port, the unloading quay,  to processing plants. Although such 
pipes primarily run overhead, we can also identify many, and longer, underground pipes, connecting 
the port of Rotterdam to the Ruhr region and the port of Antwerp for instance. Materials, transported 
through these underground pipes range from oil products to semi-finished products for industry; this 
includes secret military pipelines. 
The Netherlands has also installed pipes from oil platforms in the North Sea to transport oil products 
such as gas and oil to processing plants and distribution companies. 
In the Netherlands, approximately 20% of raw materials are transported underground through 
pipelines. 

Design considerations of installing pipes for the t ransport of raw materials. 
In terms of design, the use of space and corresponding restrictions governing pipelines is comparable 
to those of the gas network. However,  depending on the material to be transported, additional 
measures are required. 
With regard to the load bearing capacity of the soil, arrangements must be made to prevent sagging 
and fractures        . 

3.5.8 Tunnels 
Tunnels constitute a special group of pipes. 
The best-known tunnels in the Netherlands run under waterways, and are designed for motorised 
traffic. The oldest tunnel, the Maastunnel in Rotterdam, dates from before the Second World War.  
Amsterdam has several urban tunnels below the IJ, which connect new districts such as IJburg and 
Amsterdam Noord with the town centre. 

                                                      
a Segeren and Hengeveld 1984 p. 268 
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A recent development is the construction of tunnels for rail transport. The first one to run beneath a 
waterway was constructed in Rotterdam, and is a relatively short tunnel. The Schiphol tunnel, which 
was constructed beneath runways and the airport hall, is another example of a short tunnel. Both train 
tunnels have underground stations which require a number of additional safety measures. More recent 
plans include the construction of a tunnel with a railway link for goods transport between Rotterdam 
and the Ruhr region, and a tunnel for the high-speed railway link (HSL) below the Groene Hart region. 
These underground tunnels cover long distances. In principle, the goods transport railway tunnel 
requires no ventilation, provided transport is run automatically. On the other hand the HSL tunnel will 
need to be equipped with ventilation and escape routes. 
 
These tunnels are constructed for a variety of reasons, such as nature conservation, reduction of noise 
pollution, fragmentation of the landscape, visual considerations etc. 
 
Research has to be carried out into the construction of these tunnels with respect to location and 
method of construction, and safety of the load carried, both passengers and raw materials. Think of 
the fires in the Mont Blanc tunnel between France and Italy in 1999 and in 2005, the Tauern tunnel in 
Austria (2000) and the Gotthard tunnel in Switzerland (2001).  
 
Underground metro networks are currently being constructed in Amsterdam and Rotterdam. In 
general, these underground systems are subject to the same standards as tunnels. Construction under 
existing buildings and tunnels in particular will necessitate specific demands as to construction and 
use. Metro systems must also have adequate escape routes. 
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Fig. 608 Tunnelsa 
 

There are a number of risk factors 
for tunnels, such as: 
• risks arising from soil 

conditions  
• risks arising from  method and 

construction itself and 
construction material, for 
example the choice between 
one or two separate tunnel 
tubes with one-way traffic, or 
one tube for freight transport 
and another for carrying 
passengers, or as in the 
Channel Tunnel which uses 
‘car trains’ and ‘lorry trains’ 

• risks arising from how the 
tunnel is used (calamities!); the 
reliability of train, lorries and 
cars and the type of products 
to be carried. Human errors in 
the construction and the 
breaking of traffic rules cannot 
be ruled out. Management and 
maintenance of  these 
tunnelsmust be carefully 
monitored. 

 
Needless to say, use of space 
depends on tunnel size and 
length. In principle, few 
restrictions apply to the use of 
space above tunnels. 

3.5.9 Urban scale 

Differences compared with regional scale  
In rural areas, electric cables run overhead.  In urban areas in the Netherlands they disappear  under 
the ground,  after high-voltage is transformed to a medium voltage of 50KV or 10KV. At district level, 
voltage is decreased once more via a transformer kiosk to 380V (industrial voltage) and 220V 
(domestic voltage). Transformer noise is caused by switching and compressed air. 
In urban areas, gas pipe pressure is adjusted to domestic pressure. This takes place in distribution 
stations, from where the gas is distributed across a town via underground pipes. 
Drinking water is distributed across urban areas via underground pipes. 
The sewerage system is treated on page 304, the drainage system on page 304. 
The installation of the pipe network of water, gas and sewers has some restrictions. It is obvious that 
the curves that the tubes make are determined by the flexibility of tubes. The sewage network also 
needs a fall in order to bring waste from the collecting point to the treatment plant by pumping or under 
pressure. 

Underground conveyor pipelines 
Underground conveyor pipelines for materials transported from harbour areas also play a role in urban 
areas. These pipelines are often bundled in pipe alleys, for which space has been allocated or 
reserved through decisions at national level. On an urban scale, the layout of this space must meet 

                                                      
a Standaardgidsen (1999) 
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requirements with regard to safety, accessibility and repair work. In general, this implies that the pipes 
are installed in public green strips, or incorporated in larger park areas.  

Underground transport tunnels 
Underground transport tunnels such as metro lines, tram tunnels and car tunnels play an important 
role in the use of urban areas. Decisions on transport and construction have a major impact on the 
urban area. Similarly, underground parking garages have a major impact on urban development. Such 
spaces will need to be designated or combined with the construction of intensively used buildings, 
such as shopping centres, large apartment buildings and offices. 
New developments with respect to the construction of underground bus stations also require space, 
and will need to be a point of discussion in  the planning process. The same applies to underground 
distribution centres. 

Underground storage 
On an urban scale, decisions are also taken with regard to small-scale underground material storage, 
such as the storage of glass, paper and other small-scale domestic waste that is not collected from 
door-to-door. This underground storage takes up considerable space, and is often difficult to fit in into 
existing street profiles because of the high density of underground cables, pipes, wires and drains. The 
containers must be safely reached by users and therefor not be installed just anywhere in a 
neighbourhood. 

The installation of cables and pipes as part of pre paring a site for habitation 
With regard to planning and constrcution of a new district, the installation of cables and pipes forms 
part of the process of preparing a site for habitation. The advantage is that it minimises the risk of 
damage caused by other construction activities. Building activities, however, require their own power 
and water supply. In effect, this means that these pipes and cables are installed in combination with 
provisional supply roads prior to the commencement of building activities. 
The overall installation of cables and pipes in a new district usually begins with the construction of 
sewage systems and district heating pipes. 
Immediately after completion of the buildings, house service pipes for sewerage and district heating 
are installed, and the other cables and pipes including connections put in place. Approximately 6 to 13 
weeks prior to completion, local municipalities give permission for the installation of underground 
infrastructures. Negotiations have meanwhile taken place concerning the municipal green areas, as 
pipes and cables are often located in green zones. 

A public works time schedule of the city of Rotterd am 
An example of a public works time schedule of the city of Rotterdam is given below: 
• No later than 4½ months before completion, plans for making the site “liveable” have to be 

available. These include specifications and shop drawings of the utilities, which are made once the 
schemes with the road layout and the green areas are completed.  

• Public tendering. This procedure can take up to 6 to 8 weeks. 
• Branch pipes are installed 8 weeks before completion. 
• Seven weeks before completion, drinking water pipework is installed for legal tests, which may take 

some time. 
• Six to five weeks before completion, the utilities companies can connect up gas pipes and electric 

cables. Installation of house service connections can commence. Provisional supply pipes are 
converted to fit the distribution network, or removed. 

• Four weeks before completion, house service connections are completed, and telephone and 
central antenna systems installed. 

• The remaining 2 to 3 weeks are used to install discharges and fnish paving. 

Main system in the street profile 
Distribution networks are planned for urban and rural areas. They include water, gas and electricity, as 
well as cable networks for telephone and audio-visual appliances including computer networks. 
Computer cables are primarily fibre optic cables rather than the well-known copper wires.  
The choice of district heating with corresponding pipes system is also made on this scale and fitted 
into the street profile. And don’t forget the wastewater discharge system and the sewage system either 
as a stand-alone or as a combined system.  
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Fig. 609 District heating networka 
 

Use of space and relative position 
The use of space, the relative position and safety measures of the different networks are laid down in 
municipal regulations. Although these may differ in terms of depth and pipe combination, the 
regulations share similar principles. These regulations are available from the local municipality, as are 
maps containing information on the position of cables and pipes in the street profiles at district and 
urban level. Most municipalities can provide these maps in digital format. Please note however, that 
these maps do not specify all pipes, and that not all pipes are registered. This is particularly the case 
for computer network cables. These have often been installed without specific permits, and are 
therefore not included on plan drawings. This means most cables cannot be marked out. These 
networks are usually found at a shallow depth (± 30cm below ground level). Fig. 610 shows the 
location of cables and pipes in a street profile of a built-up area as laid down by NEN standards. 

Empty shells and combinations 
A number of municipalities have begun constructing networks using empty cables (‘empty shells’), 
which will be use at a future date. The advantage of this method is that streets need not be broken up 
to install new networks. Another recent development concerns the combination of networks. In 
Amsterdam, for example, experiments are carried out by installing fibre optic cables in sewage drains.  
In addition, areas with high groundwater levels need a drainage system. This system consists of 
canals and ponds, and a closed underground drainage system to collect surplus groundwater, storing 
it for shorter or longer periods before discharging it. 
 

                                                      
a W.A. Segeren and H. Hengeveld (1991) p. 270 
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Fig. 610 NEN 1739a 
 

                                                      
a W.A. Segeren and H. Hengeveld (1991) p. 274 
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Fig. 611 Location of cables and pipes in built-up areasa 
 

 

                                                      
a W.A. Segeren and H. Hengeveld (1991) p. 275 
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Drainage 
In the first place, drainage systems are meant to make development sites suitable for the construction 
of houses, and the maintenance of the area in question, i.e. site management. Drainage systems are 
designed to keep the ground-water table in built-up areas at an appropriate level to prevent water 
problems with foundations, cellars and pipes, on the other hand these systems are designed to 
discharge surplus ground water. The groundwater table is artificially kept at a predetermined level by 
the municipality using pumping stations. 

Depth 
The minimal depth ranges from several decimetres to approximately 80 cm below ground level. Depth 
is depends on existing foundations and pipes. Areas with wooden piles foundations, for example, have 
a different groudwater level: wooden piles must remain submerged to avoid rotting. In later urban 
areas, however, concrete and other types of foundation are used which are not affected by 
groundwater. The climate also determines the depth of the groundwater level in urban areas. In times 
of severe frost, ground saturated with water can freeze to approx. 80 cm below ground level. The 
frozen ground can cause pipes to burst and holes in the asphalt road surface. In the Netherlands, 
pipes are therefore always installed deeper than 80 cm below ground level. 

Rainwater 
In addition to discharging surplus groundwater, the drainage system also serves to discharge rain 
water and melt water which permeates the subsoil. In built-up areas, excess water from hardened 
surfaces, such as streets, squares and roofs, is usually discharged via a sewerage system. 
Underground, the drainage network consists of drainage pipes. Above ground, it made up of ditches, 
canals and ponds: the ‘open water system’. Water from drainage pipes is either discharged into open 
waters in urban areas, or transported to drainage pools, also open water, in rural areas. Surplus water 
in canals, waterways and ponds is discharged from the urban area to open water  outside the urban 
area. From there, the water is carried to the rivers and/or the sea via a system of waterways and 
pumping stations.  
 

 

 
 

Fig. 612 Urban drainagea 
 

Sewage 
SewageUp until the early 20th century, domestic and industrial wastewater was usually discharged 
directly into surface water. In the 19th century, some towns already used various pipe systems to carry 
this wastewater to areas outside the built-up areas. During the course of the 20th century, sewage 
systems were gradually installed throughout the Netherlands. Isolated farms and houses are not 
always connected to the sewage system. Nevertheless, these homes must satisfy wastewater 
purification requirements. This can be achieved by using individual water treatment methods. 
Sewage systems are designed to discharge domestic water, industrial water and excess rain water 
safely in such a way that it does not cause health hazards. Contaminated water is purified until 
residual water can be safely discharged into open water. 

                                                      
a W.A. Segeren and H. Hengeveld (1991) p. 150 
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Autarkic systems 
This chapter does not discuss buildings that use their own sewage systems to re-use grey water, i.e. 
rainwater  to water the garden, clean buildings, wash cars, take a shower and the re-use of shower 
water to flush the toilet, or their own purification systems such as helophyte filters. These systems are 
highlighted in the context of  “eco-friendly building”. 

The common sewage system 
A sewage system consists of a collecting system, a transport system and a purification system. 
Particularly the collecting system is relevant to this book. This system consists of pipes, which collect 
wastewater and rain water and carry it to the sewage purification or discharge points. 
 

 

 

 
 

Fig. 613 Building block sewagea 
 

We can distinguish the following sewage systems: 
• combined systems including various improvements  
• separate sewerage systems, stand-alone systems including various improved versions. 

The combined system 
In this system, all domestic and industrial water and precipitation, rain water and melt water of snow 
and hail are discharged via one combined system of pipes. Domestic connections and road 
connections are sloped towards the collecting sewer system. The collecting sewage pipe is drained by 
a pumping-station. Sewage water is transported to the sewage purification through a pressure 
pipeline. 
 

                                                      
a W.A. Segeren and H. Hengeveld (1991) p. 156 
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The big variable of this system is the amount of rainwater present. Large quantities of rainwater will 
dilute the dirty sewage water, resulting in less efficient purification. The management of the sewage 
purification plant is extremely complex due to strong fluctuations in sewage water concentrations and 
discharge peaks. The dimensions of the system is a problem. It is not economic to adjust the diameter 
of the pipes to the biggest quantity of sewage water that needs to be discharged. To minimize 
rainwater dilution and peaks in discharge additional storage capacity is made that is directly connected 
to the system. If this additional storage proves insufficient, overflows have been constructed to open 
water. Contaminated water, rainwater and sewage sludge are then discharged onto the surface water. 
It is obvious that this is the weakest link in the entire process. The overflow system is constructed in 
such a way, that the predetermined number of annual overflows is not exceeded. In the Netherlands, 
this has been calculated to be 3 to 10 overflows per year. Approximately 10% of rainwater is carried to 
surface water via overflows. This system is not the most hygienic or efficient. This is why research has 
been conducted into possible improvements, which resulted in a new system: a separate sewage 
system. 

  

 
 

Fig. 614 Sewage systemsa 
 

The separate sewerage system 
In this system, rainwater is separated from domestic and industrial wastewater and discharged via its 
own pipe system. Rainwater is always discharged directly onto surface water via street inlets. Surface 
water is also affected by street contamination in the form of spillages of petrol, oil, tyre abrasion and 
litter. In addition to preventing this kind of pollution, discharge points are equipped with filters to collect 

                                                      
a W.A. Segeren and H. Hengeveld (1991) p. 190 
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contaminants. The system combines drainage systems installed in the past for site development with 
rainwater discharge systems. 
Domestic and industrial wastewater sewerage is pumped by a sewage pumping-station and discharge 
to a sewage purification plant. The size of the pipes depends on the average of the highest wastewater 
production in 24 hours.  
Drainage of rainwater is a different story. The amount of annual precipitation, in the form of rain, hail 
and snow, shows considerable fluctuation. Furthermore, part of the precipitation enters the drainage 
system, part flows into the soil, part disappears through evapotranspiration and part is absorbed by 
plants. Water that enters the system is collected and usually discharged directly onto open water in 
built-up areas. Water from the streets is collected via street inlets and enters the open water via a mud 
trap and sometimes via helophyte filters. 

The choice of a system 
It will be clear that the choice of a system depends on the scale of the district or village. The unity of a 
system is a prerequisite; a system is only as efficient as its weakest link.  
The sewage system is determined by discharge quantities. These can be divided into dry weather 
discharge or wastewater and rain water discharge or precipitation discharge. The required capacity per 
hour for dry weather discharge is approx. a tenth of the daily discharg. The average water use per 
person is between 100 l  and 150 l. Rain water discharge, on the other hand, fluctutates as the amount 
of precipitation is spread unevenly over the year. Reduction in precipation water is caused by 
evapotranspiration, the use of water by plants and water absorption. This reduction of the original 
amount of precipitation water is known as the runoff coefficient (see Fig. 615). 
 

Building type  Content/ha . Runoff coefficient 
Old city centre high-density 

building 
350 0.8 

Newer districts closed buildings 250 0.6 
open buildings 150 0.4  
with parks and 
gardens 

100 0.25 

Undeveloped, 
unhardened terrains 

  0.15 

Parks   0.5 
    
Nature of the surface   0.9 
Closed road surface 
 

  0.9 

Clinker paving 
 

  0.8 

Metalled roads   0.45 
Gravel and cinder roads   0.25  

 
Fig. 615 Runoff coefficienta 

 

Design considerations for installing cables and pip es in built-up areas. 
Built-up areas are intersected with rural cables and pipes. On this level in particular, various NEN 
standards and municipal regulations apply, causing complications, as the limitations from rural 
networks stand in the way of urban developments in rural areas. This involves many hours of 
negotiation to find a solution.  
Every municipality in the Netherlands has its own regulations, which can be inspected by municipal 
services. By and large, they are all identical; regulations prescribe relative position and depth in 
relation to the surface level. Differences are primarily manifest in load-bearing capacity of soils, and 
ground-water tables and groundwater levels tolerated by each individual municipality. 
 

                                                      
a M.R.r. Creemers, J.A.J. Atteveld and e.a. (1983) PBNA poly-technical pocket book 



WATER, NETWORKS AND CROSSINGS    OTHER NETWORKS: CABLES AND DUCTS    URBAN SCALE 
 

Sun wind water earth life living; legends for design 309 

 
 

Fig. 616 Standard layout of cables and pipes in Rotterdam, Zevenkampa 
 

 

 
 

Fig. 617 Standard layout of cables and pipes Den Haagb 

                                                      
a W.A. Segeren and H. Hengeveld (1991) p. 271 
b W.A. Segeren and H. Hengeveld (1991) p. 271 
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Negotiations on the position of cables, pipes and d rains 
Negotiations on the position of cables, pipes and drains in a new district, and corresponding municipal 
services, take place during the design phase of an urban development plan. During these negotiations, 
alternatives and potential design solutions are drawn up, taking into account technical aspects of 
installation such as house service connections, pipe radius, junctions of pipes, cables and drains, 
relative influence of the different pipes, and their position in the street profile. 
The position in the street profile determines the management and maintenance of pipes and drains, as 
well as street furnishings such as trees, lighting and street furniture. 

Aboveground facilities 
The design of public grounds largely depends on the underground infrastructure. “Eco parks” and 
underground dustbins such as glass and paper containers are often installed near squares or, in any 
case, near open urban spaces. These should not be obstructed by cables and pipes. 
The implementation plan regarding cables, pipes and drains for new districts is laid down at an early 
stage in the land registry, and is available from the local municipality. 

Land registry plans 
In principle, the position of all cables and pipes in existing developed areas is laid down in land registry 
plans, which can be consulted in the event of changes in town planning. The municipality of Rotterdam 
is a good example: this municipality has stored all relevant data on underground networks digitally. 
Other municipalities are in an advanced stage in digital processing of data, or are nearing its 
completion. Nevertheless, there may still be a few surprises in store, as not all installed and obsolete 
cables or pipes have been laid down, digitally or otherwise. In some cases information may have gone 
missing. Even computer network cables are not always registered because they are temporary or 
because contractors do not think it necessary to inform the city council. 

Beam transmitters 
With the development of a new district urban planners should take account of beam transmitters that 
require physical space in towns, i.e. height and position of the buildings. A building can form an 
obstacle for these beam transmitters. Overall beam transmitter systems must be guaranteed in towns 
for adequate and profitable transmission. This can cause problems in existing built-up areas and thus 
requires the installation of a more compact network to guarantee adequate transmission range. 

3.5.10 The future. 

Combinations 
New developments in the field of distribution networks, i.e. pipes, cables and wires, will take place to 
satisfy future demands for fast communications and connections. For example: a combined system of 
cable and wire ducts, or a combined system of sewer pipes and fibre optics cables, currently in an 
experimental stage in Amsterdam. Ducts are a particularly interesting option due to the high degree of 
accessibility of these pipes. However, the position of these ducts may pose problems: ducts located 
beneath a building may give rise to private-law cases regarding access to a building. Load-bearing 
capacity of the soil will need to be taken into consideration, if these ducts are not incorporated into a 
building. Examples to solve such problems are the communal trenches for cables and pipes used in 
England, and cable and pipe tunnels in the Netherlands. 
 
The municipality of The Hague is currently installing “empty” pipes through which cables can run to 
provide extra capacity for new, innovative applications. 
The most recent development for communication uses satelites for transmission instead of cables. 
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Fig. 618 Communal trenches for cables and pipesa 
 

 

 
 

Fig. 619 Cable and pipe tunnelb 
 

 
 
                                                      
a W.A. Segeren and H. Hengeveld (1984, 1991) p. 279 
b W.A. Segeren and H. Hengeveld (1984, 1991) p. 279 
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4 Earth and site preparation 
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