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Spray Lining

OVERVIEW 

This Section covers spray lining systems for small diameter (non-man-entry) pressure
pipelines. Spray lining techniques for man-entry pipes and chambers are included in the
Renovation of Large Diametre Pipes and Chambers Section. 

Often with water pipelines the principal objective is to remove scale and corrosion, and
then apply a coating which will inhibit further deterioration and may seal very minor
leaks. The most common materials used for this purpose are cement mortar or epoxy
resin, applied by a robotic spraying machine which is winched through the pipe at a
constant, predetermined rate. 

Development work has been carried out on spray lining techniques for non-man-entry
sewers, but so far no such method has achieved commercial prominence. This may be
partly because of the different requirements of sewer renovation, where the aim is
usually to increase the pipe’s resistance to external loading rather than to prevent
corrosion, and partly because of the practical difficulties of ensuring that inflow to the
sewer is completely stopped while the material is being applied and cured. A practical
spray-lining system for sewers would avoid the problem of lateral reconnection inherent
with most other renovation techniques. 

Spray lining is seldom used in gas mains, although in some countries it is used
extensively in gas service pipes. This Section concentrates on the application of spray
lining to potable water mains, which is the most common worldwide use of the
technique. 

PREPARATION 

Since spray lining is usually intended as a protective coating which may rely on a bond
with the existing substrate, thorough preparation of the host pipe is important. Old
water mains, particularly those made of cast iron, often have heavy internal deposits of
corrosion and scale, which in some cases may reduce the effective bore to a fraction of
the original size. 

Cleaning techniques include high-pressure water jetting, scraping, pigging, rack-feed
borers and mechanically-driven devices such as cutters and chain flails. There is often a
balance to be drawn between removing all traces of corrosion and avoiding damage to
the pipe wall, and some of the more aggressive techniques should be used with caution. 

Pipe scrapers are designed to remove hard deposits and nodules when winched through
a pipe, and consist of a number of spring steel blades mounted on a central shaft. A
towing eye is fitted to each end of the shaft, allowing the tool to be pulled back if
necessary. 

Wire brush pigs comprise two circular wire brushes on a central shaft with a towing eye
at each end, and are used to remove loose deposits and dust prior to lining. They may
also be used to remove debris loosened by a pipe scraper. 

Cleaning pigs are available in a wide range of types, and are usually moulded from hard
resin with an abrasive outer layer. Some have carbide studs around the barrel to remove
hard deposits. They are normally driven through the main by water pressure, and can
travel distances of several kilometres in continuous pipelines. In a heavily encrusted pipe,
pigging is carried out in stages using pigs of increasing size. 

Foam pigs are generally pushed through a pipeline by air or water pressure, but versions
are available that can be pulled through with a towing rope. They are generally used to
remove dust or fluids from pipes of any material, and are also suitable for line drying. 
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Some models have transmitter housings for pipeline location and tracing. Foam pigs are
often bi-directional and sufficiently flexible to pass through fittings such as bends, valves
and branch connections. They may also negotiate reduced pipe diameters and partial
obstructions. 

`Pull-throughs’ (also known as `squeegees’) remove fine material and fluids from pipes.
They consist of two thick rubber discs fitted to a central shaft which has a towing eye at
each end. Foam pigs or pull-throughs are often used as the final stage of the preparation
process, to produce a clean, dry surface to which the spray lining material can be
applied. 

CEMENT MORTAR LINING 

The application of a cement mortar lining is a common and relatively inexpensive
method of water main renovation. The cement mortar serves two main functions - the
alkalinity of the cement inhibits corrosion of iron pipe, and the relatively smooth internal
surface reduces hydraulic roughness and improves flow characteristics. It should be
noted that cement mortar lining is also applied to many new cast iron and ductile iron
pipes, also to inhibit corrosion. 

The lining does not fulfil a structural function other than to reduce the rate at which the
host pipe will deteriorate, so the technique is not appropriate for pipes which leak, or
where corrosion has reduced the wall thickness significantly. 

As stated above, thorough preparation of the existing pipe is essential. It is also
important to apply sufficient thickness of mortar in order to create the alkaline
environment at the mortar/iron interface. As with steel reinforcement in concrete
structures, inadequate cover to the metal will allow the onset of corrosion which will
cause the mortar to crack and spall. 

Application is generally carried out by a spraying machine which is either fed through
hoses from the surface, or, particularly in larger pipes, may have its own hopper
containing pre-mixed mortar. Forward speed control of the machine is important to
produce a consistent thickness of mortar. Spray application is followed by trowelling.
This may be carried out by rotating spatulas fitted to the spraying machine, or
sometimes by a simple tubular shield of the required internal diameter, which is pulled
through behind the machine. Whatever system is used, it is essential to centralise the
equipment within the host pipe so that the coating is of constant thickness around the
whole perimeter. 

EPOXY LINING 

Epoxy lining may be seen as an alternative to cement mortar lining, and its function is
similar - to provide corrosion protection and a smooth bore. The objective is for the
resin to bond with the prepared internal surface of the pipe, forming a coating which
prevents water penetration and corrosion. Epoxy coatings are generally much thinner
than cement mortar linings, and therefore do not cause significant bore reduction. They
also cure more quickly than cement-based materials. However, any defect in the epoxy
coating may allow corrosion to start and, unlike cement mortar, there is then no
alkalinity to inhibit deterioration chemically. Epoxy resins are also relatively expensive
compared with cementitious materials. 
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Application of cement mortar by a rotating-head spray machine 
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Epoxy resins which have been approved for the lining of water mains by the relevant
national authority do not impair the quality of the conveyed water, provided they are
mixed properly in the correct ratio and cured correctly. Epoxy resin should not be used
for lining water pipes unless the particular formulation has been officially accredited for
this purpose. 

The resin is applied by a spraying machine which usually has a rotating nozzle. The
thickness of the coating is controlled by the flow rate and the forward speed of the
machine. In most systems, the resin base and hardener are fed through separate hoses
and are combined by a static mixer just behind the spray nozzle. Ideally, the cure time
should be as short as possible to minimise the period during which the main is out of
service, and also to reduce the risk of contamination of the resin prior to cure. However,
too rapid a cure carries the risk of blocking the static mixer or the nozzle. Unlike with
cement mortar lining, the resin is not smoothed or trowelled after spraying, and the
surface quality depends on the application technique and the properties of the material. 

Various resin formulations are available, including high-build, thixotropic materials which
resist sagging. Some water utilities have a preferred material or an approved list of
materials for particular applications, and details will be included in the contract
specification. 

SUMMARY 

❍ Thorough preparation of the existing pipe is important, particularly with spray
lining systems, and a variety of techniques is available for descaling, cleaning and
swabbing. 

❍ Spray lining techniques for small to medium diameter pipelines are aimed
principally at the renovation of potable water mains. All materials must be
approved by the relevant regulatory bodies. 

❍ Cement mortar lining is relatively inexpensive, offers chemical protection against
corrosion of the host pipe, and provides a smooth bore. However, the required
thickness of material may produce a significant reduction in bore, and the life
expectancy of the lining may be less than for many other renovation techniques. 
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Application of epoxy resin
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❍ The application and curing of epoxy lining is generally quicker than cement mortar
lining and causes minimal bore reduction, but careful quality control during
application and curing is essential to avoid any defects in the lining that would
allow corrosion to restart. 

❍ Neither cement mortar lining nor epoxy spray lining are suitable for pipelines that
have structural defects or leaks. 

❍ The cost of spray lining compared with other renovation techniques should be
weighed against the relative durability, structural capability and longevity of the
alternative systems.


