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Pressurised wastewater lines are a high-priority issue, as any leakages that might occur pose
an immediate hazard for local residents and the environment. There are unfortunately abundant
examples of serious contamination, the main contributor being industrial wastewater. If a main
designed to supply drinking water breaks, typical consequences include flooding and
subsequent sagging; but the scenario worsens considerably if contaminated wastewater lines
are involved.
1. Operating safety and service life
Operating safety and service life are therefore far more important considerations, compared to drinking
water mains, when it comes to investing in re-laying or refurbishment. This article covers the possibility
of using existing sections of the pipe network and trenchless rehabilitation of an existing pressurised
wastewater pipe. This achieves the same operational reliability and service life as a pipe conduit
installed from new.
2. New installation or rehabilitation
Whenever local authorities, utilities, water treatment plants and industrial companies recognise the need
to renew a pipe conduit, the question arises as to the choice of a suitable procedure. Open-trench
installations are subject to various restrictions relating to their immediate surroundings. Excavated
underground versions are cost-intensive, time-consuming and a source of noise pollution. Sections of
pipe that intersect or run parallel with existing infrastructure require planning approval, extensive safety
measures and closely coordinated connection work. The work often results in disruption for local
residents and businesses. Rehabilitation systems using PE pipes have proven themselves in situations
involving inaccessibility, high traffic density or the presence of infrastructure that the open-trench
installation of new pipes would entail.
3. A tried-and-tested material: polyethylene
The first polyethylene materials suitable for pipes and fittings came onto the market in 1954. This raw
material and its characteristics have meanwhile been subject to intense development work. The polymer
structure of PE materials has been improved as a result of targeted catalytic research, the main benefit
of which has been a proper balance between toughness and rigidity. This led to competition between
the medium (MPPE) and high-density (HPPE) versions of the material. MPPE materials usually have a
higher number of side chains in their molecular structure than their HPPE counterparts. MPPE pipes
are therefore tougher but less rigid. The greater rigidity of HPPE materials delivered higher values in
terms of strength and annular rigidity.

Graph 1: Development of PE material for pressurised conduits [1]

Solvay Polefines (today: Ineos Polefines) achieved a decisive breakthrough in the polymerisation
process in 1989. PE 100 material was launched. PE-HP 100 pipes were able to deliver greater strength
(10 N/mm²) and resistance to chemicals. The corresponding standards then began to differentiate
between material classes PE 63, PE 80 and PE 100, and those involved began to speak of materials of
the first (PE 63), second and third generation. Materials belonging to the second generation achieved
material classification PE 80, while those of the third generation (characterised by their bimodal
configuration) could be classed as improved PE 80 and, for the first time, as PE 100 materials. Further
progress was made possible by changing the CO-monomers and multimodal polymerisation process.
The “fourth generation” designation completed the cycle.
Improved raw materials and quality management techniques have meanwhile steadily been improving
the service life of PE-HP pipe conduit systems. Corresponding additives have also maximised the
stability of the process, to an extent that experts now speak of lifespans of a hundred years. The longterm performance of PE-HP pipes can now be predicted using regression curves (in accordance with
the latest version of ISO 9080).
The success of polyethylene as a material for pipe conduits can be explained in terms of its
characteristics:








Flexibility and low weight, which ensure cost-efficient delivery and laying
Operational reliability based on minimum required strength (MRS) specifications.
Internationally approved and certified for use as pressurised conduits for gas, drinking water
and wastewater
Suitability for both butt and electric welding
Chemically resistant to a range of acid and alkaline solutions
Odourless and tasteless. Fulfils the requirements of DVGW 270 regarding microbial growth
Durable, smooth-walled, and corrosion-resistant, with maintenance-free operation

4. Use of existing pressurised wastewater lines for the installation of PE pipe conduits
An old conduit laid along an existing route can be used for the installation of a new pipe. PE pipes are
ideal for this purpose, and there are various installation techniques, proven over several decades, for
installing such pipe-in-pipe configurations, with or without an annular space between them. The
Compact Pipe® system is a market leader in this field of high-precision pipe-in-pipe installation, with
more than two million metres (1,200 miles) of Compact Pipe® installed to date worldwide. Compact Pipe®
is a PE “pipe-in-pipe” procedure.

Graph 2: Development of PE materials and Compact Pipe®

5. Installation without annular space
An independent new PE pipe can be inserted into a defective old pipe using the close-fit technique.
The old pipe serves as formwork during installation and remains in the ground. The pre-deformed, Cshaped PE pipe is pulled in and then installed by applying heat and pressure. No annular space
remains. The production dimensions of Compact Pipe® allow it to adapt to the existing cross sections
of pressurised wastewater lines made of steel, cast iron or asbestos cement. The inner cross-section
of the old or damaged conduit must therefore be greater than or equal to the external dimensions of
the new PE pipe.
Example: For an old DA 250 pipe, SDR 26, in PE 100, green, the Compact Pipe® installation range is
e.g. 241 mm to 255 mm. Consequently, the minimum internal diameter of the old pipe DI min =
production size = 241 mm. In most cases, installation of Compact Pipe® increases hydraulic flow
capacity, even though the cross-section is reduced. Defective and encrusted internal surfaces of the
old pipe (friction coefficient K = 1.5) are replaced by smooth PE pipe surfaces with a low friction
coefficient (≥ 0.01).
Compact Pipe® is available in various materials and colours. Depending on the application, pipes
made of high-temperature-resistant PE 80-RT (Raised Temperature), PE 100 or the extremely strong
PE 100-RC (Resistance to Crack) are used. Compact Pipe® PE 80 / PE 100 pipes are operationally
reliable for 80 years. The operational reliability for PE 100-RC pipes is 100 years. [2]
6. On the construction site
The Compact Pipe® PE pipe system can be supplied on drums measuring between 90 m [DN 500] and
600 m [DN 100]. This allows excavation work to be limited to small entry and exit points. It may even be
possible to install the pipe via the channels occupied by an existing network of conduits, thereby
lessening the impact on local residents, businesses and road users.
When using pressurised wastewater lines, the section concerned should be decommissioned and any
wastewater pumped out before proceeding. Depending on the length of the section, the first day can be
used for preparation work, the second day for installation of the Compact Pipe® and the third day for
inspection approval and reconnection.
As a rule, mechanical cleaning with scraper pigs or similar is sufficient for pressure lines. For the
installation to be successful, the minimum cross-section must be guaranteed. The pipeline is therefore
calibrated after cleaning. Camera inspection, cleaning and calibration of a sewer or an old pipeline are
an absolute must to ensure successful installation.
7. Example of a construction project involving licensee Stehmeyer & Bischoff
Now completed, this project was carried out in summer of 2018 by Stehmeyer und Bischoff Berlin GmbH
& Co KG, a construction company based in Germany’s Eastern Harz Mountains. About 1,080 metres of
DN 400 Compact Pipe® were installed in an existing set of conduits.

Figs. 1 and 2: Compact Pipe® construction site, showing the old pressurised wastewater pipe
before and during mechanical cleaning [3]

The approximately 25-year-old existing conduit was made of cast iron and originally covered with
cement mortar, remains of which were still present around the base. The mortar had, however, worn
away from the top area. It might have been possible to recover the original cross-section by mechanically
scraping and brushing the surface, but there were also some very large incrustations, which would have
required the use of a chain flail.

Figs. 3 and 4: Compact Pipe® construction site, old PWL, use of a chain flail and cleaned inner
DN 400 cross-section – ready for installation
DN 400 conduit rehabilitated with Compact Pipe® covering a 385 - 408 mm section of old DI pipe. This
means that an SDR 26-sized conduit can be used with operating pressures up to 6 bar, even with
maximum close-fit expansion inside an old pipe.
Some inspection manholes had already been lined with epoxy resin as part of these measures, although
most of them were deteriorated, with damaged or rusty access ladders requiring cost-intensive repair
work. It is often not economically viable to repair damaged concrete and brick manholes of this type. It
therefore pays, as in this case, to consider the installation of new manhole shafts made of PE. The
Compact Pipe® system allows PE shafts like the Wavin Tegra to be incorporated into a pipe network of
this type. In this case, Compact Pipe® is installed as an initial measure. This is followed by the
dismantling of the old shaft and the positioning of its new PE replacement. Standard e-welded bushes
connect the PE shaft to the new section of Compact Pipe® conduit.

Figs. 5 and 6: Compact Pipe® construction site, Stehmeyer und Bischoff Berlin GmbH & Co
KG, DN 400, Compact Pipe® PE 100, SDR 26, green, inserted via existing
accesses.

Compact Pipe® in its PE 100 quality variant allows both, non-pressurised and pressurised wastewater
pipes to be installed in an old section of conduit. The product is manufactured in accordance with the
requirements of EN ISO 11296-3 and EN ISO 11297-3 standards. The inspection-friendly green
colouring optimises both analogue and digital examination of the pipe (see IBAK certificate confirming
this performance factor). DVS 2207-compliant welding can be carried out without limit within melt-flow
index groups 003 to 010.
8. The Compact Pipe® system
Compact Pipe® is produced in a circular format via a PE extrusion process, predeformed in the factory
and coiled onto a drum. The process quality is assured by checking the material’s inherent memory
effect and performing regular reversion tests on the QA test facility in the Twist factory. It can quickly
and easily be inserted into the old pipeline via existing manholes or small insertion pits. The inserted
pipe is then heated by steam and reverts to its original circular shape (memory effect). Due to the
effect of compressed air applied while it is cooling, the Compact Pipe® is pushed tight against the wall
of the old pipe (close-fit). The result of the close-fit process is a statically independent and strong pipe
with the quality and lifespan of a new pipeline.
Pressure pipelines restored with Compact Pipe® are electrofused or butt-fused to existing pipelines. It
is just as easy to incorporate flanges or fittings, for example. Service connections in pressure pipelines
are made via an open trench and connected by fusing on so-called top-loading saddles.
Firms contracted to install pipe using the Compact Pipe® process must have the necessary
qualification and provide proof of this to the customer. This qualification can only be obtained by
attending regular dedicated training courses delivered and certificated by Wavin. Wavin GmbH issues
installation licences and provides knowledge training for licensees for the installation of Compact
Pipe® conduits. The corresponding installation and equipment specifications have been designed for
application in procedures involving sewer and pressurised-pipe conduits.
Worldwide, a total of 25 building companies are currently licensed to carry out Compact Pipe®
procedures. Wavin’s Competence Center Compact Pipe ensures the proper application of procedural
instructions and the provision of on-site assistance, along with the provision of subsequent processrelevant updates. This allows clients worldwide to rely on the uniform processing parameters of our
close-fit installations.
The strategies used to refurbish pipeline networks differ widely. Local authority and industrial network
operators determine the respective fields of operation of the licensees. Virtually all our licencees are
multi-skilled and capable of installing Compact Pipe® as sewer conduits, pressurised wastewater lines,
drinking-water mains and gas pipes. New installation successes have been achieved again and again
all over the world. These include the prize awarded to our Japanese Compact Pipe® licensee in 2016
by the State Ministry of Infrastructure and Transport situated in Tokyo.

Fig. 7: Koji Maeda (President, FRP Contractors Co. and Chairman, PE Association) and Toshio
Kusagi (Executive Director, Contractor Okumura Doro) shown collecting a sustainability
award for green-coloured Compact Pipe® PE 100.

9. Polyethylene pipe with factory-made predeformation
Compact Pipe® pressurised wastewater lines are produced in compliance with regulations DIN EN
11296-3 to 11299-3. These regulations cover the conveyance of wastewater, industrial effluent, fresh
water and gas. The M (manufactured) and I (installed) states are specified in the standards. Only pure
PE 80 / PE 100 is used to produce Wavin Compact Pipe®. The green colour of these pressurised
wastewater pipes arises from the use of orange (gas) and blue (water) PE 100 material.
Compact Pipe® is initially extruded as a standard PE pipe and then pre-deformed. The temperature of
the material is very important in achieving the desired memory effect. Specimens are used to check
whether the necessary memory effect has been achieved. Only after passing this test are the pipes
coiled onto drums (M state). The subsequent expansion test performed in the laboratory simulates the
on-site installation process. In this way, it is possible to guarantee that the end product produced by
the factory meets the necessary high quality standards. Compact Pipe ® has been approved by the
DIBt (German Institute of Building Technology) for use in the rehabilitation of underground wastewater
lines.
Compact Pipe® in PE 80 quality is available in natural/white in addition to green. The PE 80-RT (Raised
Temperature) material used in this case fulfils the requirements of ISO 24033, PE-RT Type 2 for
prolonged exposure to temperatures of 70°C when transporting hot water.
10. Resistance to chemicals and cracking
The chemical resistance of Compact Pipe® is determined for pH values of between pH 2 (acidic) and
pH 12 (alkaline). With regard to industrial effluent, the chemical resistance table (available for
download at www.wavin.de) must be observed. In accordance with SKZ/TUV-LGA quality guideline
“Pipes, shafts and components in landfills” of September 2013, Compact Pipe® PE 100 pipes, green,
display the required FNCT value of > 1,600 h. Compact Pipe® PE 100-RC material is stabilised up to
the max. FNCT level of 8760 hours.
11. Longitudinal and connection joins
There are numerous rehabilitation systems designed for use with pressurised wastewater conduits.
Many systems that harden in situ have likewise managed to achieve high standards in recent years.
Fulfilment of the basic requirements of DVGW and DIN EN can be regarded as a rule of thumb in this
respect.
However, moulded connection components and fittings are crucial when it comes to incorporating them
into a network. Compact Pipe® is joined using industry-standard electric welding fittings. This offers
unlimited possibilities in terms of all the usual longitudinal and connection configurations of PE pipe
conduits.
Pressure pipelines renovated with Wavin Compact Pipe® are connected to existing pipelines using
standard mouldings. It is common practice to connect via fittings such as electrofusion couplers,
flanges or stub flanges. Long-lasting fused joints can be made quickly and cheaply.
This facilitates the subsequent addition of extra branch conduits and connections to buildings. Toploading, weld-on saddles are available for this purpose. This allows a PE pipe to be welded directly onto
the saddle connection outlet or adapter of any other material.
Fix points are fused onto the Compact Pipe® to keep it in position in the pit. Pipe segments are used
for these fix points. These are longitudinally locked to the Compact Pipe® line and connected using
heating pads or fusion mats. Ready-to-use fix points are available from moulding manufacturers (e.g.
FRIATEC®, PLASSON®).

Fig. 8/ 9:

Longitudinal connection and integration of fittings into a
pressurised Compact Pipe® wastewater line [3]

12. New developments: additional KKS for the old system of pipe conduits
Cooperation with IAB – Institut für angewandte Bauforschung Weimar gGmbH, Dorstener
Drahtwerke H. W. Brune & Co. GmbH and Rekora Dr. Ing. Lichtenberg KG has led to the
creation of an innovative KKS system. [4]
The development work being carried out by these research organisations is now nearing
completion. This newly developed protection system will make it possible to apply cathodic
corrosion prevention along an entire section of pipe, regardless of the electrical conductivity of
the old metallic conduit, including its connection bushes and gaps caused by damage. As a
result, the existing pipe conduit can be rehabilitated using a protective close-fit system. This is
made possible by a special KKS strip, which is installed along with the Compact Pipe® and
placed in a lying position between it and the old pipe conduit.

Figs. 10 and 11: Cathodic corrosion protection for the old pipe conduit, shown after
close-fit installation.
13. Final considerations
The rehabilitation of existing high-pressure wastewater lines with the system presented here
delivers the equivalent of a new system in terms of service life and operational reliability. The
old conduit is relieved of all traffic and operating load. All the new pipe materials used in the
existing conduit, the manufacturing process, and the installation and joining techniques are
subject to the corresponding European pressure-pipe standards. The PE material that has
been used in this type of rehabilitation work since the early 1990s is characterised by its
smooth surfaces, maintenance-free operation and wide range of standard moulded
components.
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