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Synopsis

This paper outlines the state of affairs in Europe regarding the trends in the application of thermoplastics pipes for underground infra structures regarding water supply and wastewater discharge. It gives a general overview on the situation in Europe, including a short report on the experiences with these networks. The distribution of materials used in the water and wastewater networks differs very much per region, and also the failure rates / leakage rates are very much depending on the region under consideration. Reference is made to several studies, in which studies more detailed information can be found. Also the trends in the design of water and wastewater networks are discussed. The definition of functional requirements is used to explain the basic design aspects of the system. The basic question in water and wastewater management is; how to keep the clean (potable) water separated from the wastewater, and at the same time to obtain a most economical situation? From this it follows that tightness, smoothness of bore and durability are the most significant requirements for buried pipes. The trend to use smaller diameter pipes for the same application becomes clear, as a result of updated ideas on water and wastewater management. Plastics pipes, when well designed and applied, provide an excellent condition for satisfying these requirements. The paper shows a glance of the situation about the standardization work related to the water and wastewater networks. It explains the position of product standards versus system standards.

In the end of the paper a few extraordinary projects are mentioned to illustrate some applications in which thermoplastics pipes have been used.

About water and wastewater

It is difficult to identify a clear trend in Europe regarding the municipal engineering on sewer and water networks. It depends very much on the region under consideration. Factors like how the water and wastewater distribution is organized, the density of population and regional habits are determining factors.  For instance in Holland and Denmark the water distribution companies are not the same as the ones responsible for the wastewater discharge systems and treatment. In the UK however it is in most cases one and the same company. One trend that is observed in Europe regarding the management of the water and wastewater systems, is that water companies tend to change from public to privately owned. In the UK this tendency is quite strong and has even become a fact. Especially French and American companies buy the shares of the privatized water companies. 

In other countries some signs of the same tendency becomes apparent. For instance the community of Berlin has sold 49 % of their water company to an international consortium.

Also other changes in society have their spin-off. In the very dense populated areas like the Netherlands, higher demands for food are required. As a result, a lot of wastewater from the production of food (agriculture) as well as an increased amount of wastewater from the inhabitants is produced. At the same time the demand for clean water is increasing. This clean water is taken from the ground or from rivers and lakes. In the Netherlands groundwater represents for about 67 % the potable water amount, and for 33 % it takes the water from rivers (Van der Veen, 1989). Until far in the last century, water was taken form the channels and to the same channel the wastewater was discharged. This situation was quite common at the dense populated areas over the whole of Europe. By using statistical analyses, John Snow discovered in 1848, a relation between the consumption of contaminated water and cholera. This relationship was confirmed by Pasteur and Koch in 1882. This was in fact the start of serious water and wastewater engineering. 

Nowadays 150 liter of clean water per inhabitant per day is consumed in the Netherlands. This consumption is low when compared to other western countries. For instance in Italy the consumption is 200 liter and in the USA it is 500 liter. In Germany the consumption is, much like in the Netherlands, close to 150 liter (Lenz, 1994). If the consumption is determined by measuring the amount of water that is pumped into the distribution system divided by the number of inhabitants, then care shall be taken when interpreting the results. The leakage rate of the pipe system, habits and the industrial demand affects the calculated consumption. For instance in the UK, the average leakage level is estimated to be about 20 % (Lamond, 1995).  Amongst others, the quality of the network is one of the influence factors determining the amount of clean water to be pumped into the distribution system. In the Netherlands, with the rather low consumption, a major part of the water distribution networks has been built in thermoplastics (PVC) as shown in figure 1. From the past still a lot of fiber cement pipes exist in the network. The loss of water, including flushing of pipelines, the consumption of water for fire fighting and leakage is measured to be  4.3 % .

Figure 1 : Amount of plastics in the installed network per 1993 and the market share in 1993.
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The market

The market shares of pipe materials for water distribution for four regions in Europe are indicated in figure 1. It shall be realized that these figures are all from 1994, so they are a bit old, but can be considered as still giving a good impression of the present situation. The figure shows the share of plastics materials in the installed network, and the market share in 1993.

The differences between the regions are significant, when looking at the installed pipe network. In the Netherlands, plastics are present for over 40 % in the installed network. This is caused by the fact that in the 1950’s Keller from the water company Overijssel (WMO) discovered PVC as an excellent alternative for the existing iron pipes, who had difficulties dealing with the acid soils and soil subsidence. The graph also illustrates that in the four regions mentioned, plastics are nowadays the preferred material for water supply.

For sewer pipes the situation is quite different. In the Scandinavian countries the market share of plastics for municipal sewer is around 90 %. In the Netherlands this is about 50 %, whereas the share in the UK and Germany is rather low. A market share of plastics for municipal sewer of only 5 % has been achieved in Germany. The penetration of plastics for the private sewers is however much higher in all regions. Lenz, 1994,  reports about the distribution of diameters for sewer, which overview is shown in table 2.

Table 2: Share of diameters in the existing German sewer network

Diameter [mm]
Share in sewer network [%]

< 300
50

< 500
65

< 800
85

< 1200
95

Source : Lenz, 1994

The table shows that about 85 % of the market, demands pipes with a diameter of less than 800 mm. Later on it will be shown that as a result of trends in sewer design the market share of pipes up to and including 800 mm is about to increase further. Nevertheless there will still be a demand for big diameter pipes, even up to 3 meter in diameter.  

Experiences with water networks
Several authors have reported about the experiences with underground water and sewer networks by showing the results of failure analysis. Björklund, -1995- has published a study into the failure of municipal water networks. The study focuses on PVC and PE and it is shown that the failure rates of these materials are decreasing with age, down to respectively 1.0 and 0.3 failure per 10 km / year. Other materials, like cast iron, galvanized steel and to a lesser extent ductile cast iron show with age a growing failure rate of respectively 1.9 , 1.4 and 0.4 failures per 10 km/ year. The latter seems to be explainable, since these materials are susceptible to corrosion. If this is a fact then it can  be expected that the failure rate might grow to some extent with age. The fact that PVC shows a relatively higher failure rate than for instance PE, is related to the fact that material used in the earlier days (before 1974) for the injection molded sockets was of a poor quality. Further analysis showed that after 1974 when the k-value for the PVC used, was increased and the processing improved, a lower failure rate was found. An analysis performed for the period 1986-1990 showed that the failure rate for PVC pipes went down to 0.06.

Ciria published an analysis on failures for water mains in the UK. They listed the failures as shown in table 3.

Table 3 : Failure rate of UK water mains

Material
Failures (No./km per year)


Structural
Hydraulic
Water Quality

Ductile Iron / Cast Iron
0.25
0.15
0.08

Other (mostly AC)
0.14
0.05
0.06

PVC-U
0.26
0.01
0.04

Steel
0.04
0.13
0.12

MDPE
0.09
0.00
0.06

Source : Water  Mains: Guidance on assessment and inspection techniques. CIRIA, London 1996, pp21, table 2.3

Also in this study PVC-U pipes with the low k-value and poor gelation are included, pipes that were produced before about 1973. Ciria has not further analyzed the failure rate of pipes produced after this period. In comparison with other materials it is shown that the thermoplastics are excellent when it comes to the hydraulic behavior. This is caused by the fact that thermoplastics pipelines need fewer joints, and do not suffer from internal corrosion and encrustation.

Trends in design of water and sewer networks

The message so far is to avoid a short cut between waste and clean water, and to be wise with clean potable water. Remember the 1800’s when a short cut between the two existed. Against this background several trends can be identified and explained. First it is noticed that sewer systems are more and more designed as separated systems, one pipe for the dirty water and one pipe for the rain water discharge. The rain water is then discharged to lakes and rivers. A special system is the improved separated system, in which the first rain also goes into the dirty water system, which is discharged to the waste water cleaning plant. More recently, developments have been started to infiltrate rain water locally. So the water is collected around the house or housing block and by using buffer tanks or special constructions the water is infiltrated into the soil. A variant on this is a system in which the water from the roofs of the houses is collected in an underground storage tank. This water is then used for flushing toilets and for use in washing machines. Several pilot projects have been set up and so far they are running satisfactory. The spin-off to piping is that there is a stronger demand for smaller diameters.

Also at the water supply side there is a tendency to develop networks in smaller diameters. The reason for that is to increase the speed of the water in the pipe, and to avoid that water travels for a long period of time through the pipes, during which period the quality of the water might get worse. 

So in both cases, water supply and waste water discharge, the tendency is to use smaller diameters instead of bigger ones. 

Functional requirements

In line with the trends described before, clear functional requirements on any underground pipeline system can be defined. As comprehensively stated in the statement below:

“The function of a buried pipe system is that it maintains a system of smooth and tight holes in the ground for a long period of time.”

The functional requirements follow directly from the practical use and loading of the pipes. If the routing from production till use is followed then the following functional requirements can be recognized: First of all the pipes are handled and transported and during those activities the pipes might be loaded by a certain mechanical impact. Therefore a certain impact resistance is required. 

Buried pipes are mostly installed by using open trench installation methods, whereafter the pipe has been positioned at the trench bed the pipe is backfilled using soil. During this backfilling the pipe is loaded and more or less pressed into it's position. The pipe shall be able to withstand this loading, reason why a certain pipe ring stiffness in balance with the installation method is needed. 

After installation the pipe soil system experiences further settlement of the backfill and also settlement differences along the pipe might occur causing axial bending stresses and strains to be developed. For a pipe system there are two ways of handling this latter loading, either by having a high ring stiffness in combination with a high crushing strength or by utilizing flexible and strainable behavior. In case of pipes having a high ring stiffness, like for instance concrete pipes, axial flexibility is then achieved by means of a large number of joints allowing the pipe system to follow the soil settlement. When using thermoplastics pipes the flexibility and strainability of the material itself is so high that the soil settlements are handled by the material itself, and no extra joints are needed for this purpose.     

After installation the pipes are in operation. Joint tightness is then one of the most prominent and obvious functional requirements. The joints shall be tight and the pipe shall be resistant against the environment in which the pipes are installed, as well as resistant against the media which is transported through the pipe.

The resistance against abrasion is directly related to the functional lifetime of the pipe system. When the material wears out too much then this might cause a loss of certain structural properties. Especially in case of load bearing pipe systems, the effect of abrasion and / or chemical attack becomes an important issue. 

Table 4 shows an overview of the resistance against abrasion, as given by Janson 1999.

Table 4: Some results of abrasion tests on different materials.

Pipe material
Specific abrasion

(m
Relative increase of stress due to the thinner wall

%

PVC
  0.754
0.6

Steel
  1.72
6

Cast Iron
  2.09
2

Stone ware
  4.31
2

Concrete
15.90
5

Asbestos cement
17.28
9





It shall be stated that these values are found using specific tests, and several test methods exist for this purpose. Furthermore, the tests are in many cases done with the objective to evaluate the suitability of the pipes for slurry transport. A sewer system also transports solid particles, including human feces, soil, gravel’s and split that might enter the sewer system via road gullies and man entries. When utilizing test methods one shall be aware of the fact that these tests are not always representing the real life conditions, but they primarily provide a ranking towards the vulnerability of materials for wear.  

Wear is also of importance for structured wall pipes. In Europe a lot of different types of structure wall pipes are developed and used in the market place. The draft standard requires minimum values for the wall thickness of the different components. The Swedish KP-council recommends minimum (layer) thickness depending on the pipe diameter as shown in table 5.

Table 5:  Minimum layer thickness acc. to KP council (Janson, 1999)

Pipe diameter

[mm]
Minimum layer thickness

[mm]

< 275
1.0

300 < d <= 500
2.0

> 500
3.0

Durability is another important aspect. It is nice to have a tight system of holes in the ground, but they shall be maintained for a long period of time. Typical values are 50 –100 years. To that end the durability of materials needs to be proven. Material deterioration, either by means of corrosion or thermodynamically shall be predicted. In case of thermoplastics a lot of work has been carried out to analyze the material deterioration. In such studies it was shown that PE and PVC will maintain their consistency far over 100 years  (Janson, 1999).

The smoothness of bore is an important operational property. The smoother the bore the less energy is needed to transport a medium when using pressure or the smaller the gradient (lower installation costs) can be when using a gravity pipe, or the smaller the pipe diameter can become. However, the flow resistance is not only determined by the pipe but also by the joints. The smoother the joints are designed the more easy the water flows. From practical experience it is also known that the smoothness is affected during use of the pipe. Encrustation due to corrosion and sticking of particles to the pipe wall will eventually result in an increased flow resistance.

See also the results shown in table 3, with the hydraulic failure rates of the different materials. 

So far the issue of wear and durability has been discussed on theoretical basis, in combination with laboratory tests. Now further on the practical experience in Europe. Wavin has carried out work to investigate several of the above issues. For that purpose the deformation of old PVC sewer pipes was measured and pipes were dug up. Several properties have been measured in the laboratory, among which the pipe stiffness, the material consistency and wear. The pipes were selected by customers on the basis that the sewer was installed or was in operation under poor conditions, e.g during installation soil was dumped, gradient was not maintained or as in one case, split and gravel entered the sewer system at concrete manholes. This was caused by the fact that the different parts of the manholes were slightly separated due to frost heave and settlement. The last ones were especially of interest to judge the effect of wear on the PVC sewer pipes. The results have been presented by Alferink, Guldbæk, Grootoonk in 1995. It was shown that wear is no issue for PVC sewer pipes, pipes are still fit for further use. There were no signs of a decrease in quality with age, (up to 38 years) for which reason it was concluded that the functional lifetime will easily exceed 100 years. The same type of study was performed on old PVC water mains, with about the same outcome (Alferink, Holloway, Janson, 1995).

Trends in standardisation

With the unification of Europe a trend has started to unify everything. The main reason is to create complete open markets. It is obvious that pipe diameters shall be standardized to be able to connect any of them to each other irrespective in which region they are made. But also in design and installation of pipeline systems, procedures and even detailed calculation methods need to be unified in the view of Europe. The standardization (CEN) is organized much like ISO via Task Committees (TC’s), Task groups (TG’s), working groups (WG’s) and ad hoc groups (AHG’s).

Just as a few examples; TC164 deals with potable water, TC165 with waste water, TC155 with products for Plastics pipes, and TC203 with Ductile iron products.

TC164 and TC165 produce system standards, whereas for instance TC155 and TC203 produce product standards. For the industry, but also for the users, the product standards are also important, as this gives the opportunity to set a sufficient quality level for the products used. In this way, poor quality products possibly causing problems in the application can be avoided. As far as structural design is concerned, TC164 and TC165 have created a joint working group (JWG1) who has got the task to create an unified structural design method for all pipe materials. After some time they created a TG1 in an attempt to speed up the process and to keep a better focus. After many years the discussion is now focussing on two approaches, one is the German approach and one is the French approach. Not so much because the others considered these as the best approaches, but they gave up after so many years of discussions and slow progress. It was noticed by the plastics pipes industry that the discussions were proceeding in a very theoretical way, and that practical information was failing. The thermoplastics pipes industry realized that in the end of the day an opinion needs to be formed resulting in voting in favor or against the document, or in proposals for amendments. For that reason an extensive study was started to create very well monitored data sets, and to contract the European design experts to produce the design in advance. The results have been discussed with them in two workshops in order to get a better understanding about the behavior of the pipe soil system and to define useful next steps. More information is provided by Alferink, 1999 regarding this subject.

PROJECTS

Many different type of projects are proceeding every day, in most cases they are straight forward. In this paragraph a few special projects are briefly discussed.

Denmark

In Denmark in the area of Esbjerg on Jutland, 40 km of 400 mm PE pipe was installed. Instead of using a bigger diameter, for instance 500 or 630 mm, they choose two smaller parallel lines. The reasons for doing so was that two parallel lines increase the reliability of the delivery, and provide the possibility to service and extend the network without having to shut off the delivery. The second reason was a cost effective reason. Installation, welding and handling became much easier.

UK

In the UK several projects with pipe diameters 750 and 900 mm pipes were carried out. Table 6  summarizes two projects.

Table 6: A few examples of projects proceeded in the UK

Project
Swanage Sea outfall
Beckton Foul water

Client
Wessex water
Thames water

Problem
The existing concrete pipe was leaking at the joints causing ground contamination. The pipe was structurally still sound.
A pumped main made of Ductile Iron pipe (1960) was leaking at most of it’s joints, but pipe was structurally sound.

Pipe
PE 80
PE 80

Diameter
750 mm
900 mm

SDR
33
26

Length
750 m
1000 m

Installation
Subline technique. The pipe was floated out to the sea after folding. The complete folded pipe was pulled back through the existing pipe and reverted.
Pipe was welded to lengths of 150-200 m, and then pulled into the pipe and reverted.

(subline technique). A special mechanical connector was used to connect the pipe section.

Iceland

SWECO, an international engineering company, is involved in a lot of big diameter projects. As one of the many examples provided by Prof. Lars-Eric Janson one is the outfall pipe in Reykjavik-Iceland. A 1200 mm PE63 pipe of pressure class 4 with a total length of 4100 m was placed directly on the seabed, without previous trenching. This was only possible due to the flexibility and strainability of the pipe material.

CONCLUSIONS

Many trends in infra structure engineering can be identified. These trends are a direct reflection of the changes in society. Amongst these, a renewed conscious on the importance of separating clean from wastewater is a fact. The trend to use smaller diameter pipes for the same application becomes clear, as a result of updated ideas on water and wastewater management. Plastics pipes, when well designed and applied, provide an excellent condition for satisfying the functional requirements.
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