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SUMMARY 

A survey of techniques applicable to the renovation of wa te r ma ins has been c a r r i e d 

out. Eight p r o c e s s e s have been considered, and the sal ient fea tures of each p r o c e s s 

a re given in Table 1. Bitumen and cement m o r t a r lining have been used extensively 

in the water industry . Thermoplas t i c pipe inser t ion , Insi tuform, and in situ r es in 

coating ( train method), have been used in analogous i n d u s t r i e s . Membrane lining, 

in situ res in coating (spray method) and f ib re - re in fo rced cement lining have not been 

prac t i sed commerc ia l ly . 

With our p resen t knowledge, cement m o r t a r lining is the m o s t sat isfactory 

a l ternat ive to renewal as a solution to prob lems of water d iscolora t ion and reduction 

in hydraulic capacity resul t ing from tuberc le growth. 

A cost sensit ivity ana lys is of renewal and renovation using exist ing techniques has 

been included. It is concluded that the cost of non - s t ruc tu r a l l y renovating a water 

main can be as l i t t le as one qua r t e r of renewal . 



Table 1. Summary of salient features of renovation techniques 

P r o c e s s 
Strength 

ra t ing 
Diamete r range 

(mm) 

% reduction in 
= • c r o s s - s e c t i o n a l 

run length 
, v ° a r ea of 150-mm 

pipe (m) 

Hazen _ , , A Life 
, „ . , , . Effect on 
Wil l iams ,. expectancy 
_ , water quality , > 
C-value (years) 

Bitumen lining Non- s t ruc tu r a l 

Cement m o r t a r Non- s t ruc tu ra l 
lining 

Thermoplas t i c 
pipe inser t ion 

Insi tuform 

St ruc tura l 

Semi - s t ruc tu ra l 

75 -

75 -

10 -

100 -

250 

3600 

1200 

1200 

140 

150 
approx. 

150 

140 

20 
40 

0.3 

6. 5 

(series 1) 
(series 4) 1 

8 

140 

120-140 

150 

NWC approved 
m a t e r i a l s ava i l 
able 

No de t r imenta l 
effect 

NWC approved 
m a t e r i a l 

Not known Not known 

<10 observed 

> 40 observed 

50 es t imated 

50 min imum 
es t ima te 

In situ r es in 
coating Non- s t ruc tu r a l 
Tra in Method 

75 - 1100 2000-5000 0.4 
Cer ta in res in 

150 sys t ems have 
NWC approval 

>10 observed 

Membrane 
lining Non- s t ruc tu r a l 

In situ r e s in 
coating - Non- s t ruc tu r a l 
Spray Method 

F i b r e re inforced 
cement lining S t ruc tura l 

75 - 600 ' 100-150 

75 - 600 

75 - 3600 

20 

150 
approx. 

1.3 

0.6 - 1.3 

Not known 

Not known Not known 

150 
(expected) 

Cer ta in r e s in 
sys t ems have 
NWC approval 

Not known Not known 

Not known 

Not known 

Not known 

* Se r i e s 1. Working p r e s s u r e 0. 24 MPa (35 psi) 
t Se r ies 4. Working p r e s s u r e 1 MPa (145 psi) 



1. INTRODUCTION 

The introduction outl ines f i rs t ly the philosophy behind the need for r e s e a r c h into the 

renovation, renewal and rep lacement of water ma ins and secondly the approach to 

the different aspec t s and p r o g r e s s made to date. The r e p o r t itself concen t ra tes on 

renovation of water ma ins , but it i s envisaged that fur ther r e p o r t s will be produced 

to complement the p resen t one as data become avai lable . 

With the reorganizat ion of the water industry into l a r g e r uni ts , a more sys temat ic 

policy on renovation, renewal and rep lacement of both s e w e r s and water ma ins is 

required. The publication by the National Water Council of i t s document enti t led 

'Paying for Water ' (1) indicates that, assuming a 1% per annum rep lacement policy, 

£330 million per annum needs to be spent to prevent exist ing se rv ices from d e t e r i o r 

ating. It is c l ea r that even a smal l percentage saving on renewal cos ts would r e su l t 

in l a rge capital savings. Exist ing renovation techniques , although n o n - s t r u c t u r a l 

in na ture , show an approximate four-fold saving with r e s p e c t to renewal . 

The above analys is has been based on an average life expectancy of 100 y e a r s . The 

life of water mains can be significantly reduced to l e s s than their expected life by 

such problems as those l is ted below. 

Dirty water . 

Loss in hydraul ic capaci ty. 

Joint leakage. 

Ex te rna l cor ros ion . 

Beam fai lure . 

The f i rs t th ree a r e bas ical ly n o n - s t r u c t u r a l in na ture and r equ i r e for the i r solution 

a b a r r i e r to be introduced between the aggress ive wa te r and the pipe. 

The la t te r two r equ i r e s t ruc tu ra l solutions. The need in th i s case i s for a lining 

capable of withstanding both the hydros ta t ic p r e s s u r e s exer ted on the water main 

and the external soil loadings. 

As a s tar t ing point, a survey of renovation techniques has been c a r r i e d out. The 

survey includes existing techniques and potentially appl icable techniques: in total 

eight techniques a r e d i scussed . F o r each p r o c e s s a desc r ip t ion of the operat ion is 

given with advantages and d isadvantages . Where poss ib le , data are given re la t ing 

to operat ional c a s e s , lining life and effect on water quality. Renewal cos t s a r e 

included for compar ison . 

* See Section 2 for definitions of these t e r m s . 
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2. DEFINITIONS 

Throughout this r epo r t the t e r m s renovat ion, renewal and rep lacement have the 

definitions used by the NWC/DOE Standing Commit tee on Sewers and Water Mains: 

Renovation 

The operat ion of effectively improving the condition of an existing sewer 

or water main such as will provide for substantial ly inc reased life. Renovation 

may or may not improve the s t r u c t u r a l s trength of a pipeline. 

Renewal 

The recons t ruc t ion of the whole s t r u c t u r e of a sewer or water main as an 

entity to the same dimensions as the or iginal pipeline. 

Replacement 

The construct ion of a new sewer or wa te r main ei ther in the same location as 

the original pipeline or in a new location, so that the function of the or iginal 

sewer or water main will be incorpora ted into the functions of the new conduit. 

National Water Counci l /Depar tment of the Environment 
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3. RENOVATION TECHNIQUES 

3. 1. BITUMEN LINING PROCESS 

3. i . 1. Introduction. 

The technique has been used for a cons iderable number of y e a r s for the renovation 

of smal l d iameter water ma ins in the d i ame te r range 75 mm to 250 mm. A d ry 

film of asphaltic bitumen is developed on the pipe wall . Since the m a t e r i a l source 

is asphalt , possible p rob lems assoc ia ted with po lyaromat ic hydrocarbons a r e 

obviated. 

3. 1. 2. The p r o c e s s . 

A schematic d iagram of the p r o c e s s is shown in F i g u r e 1. Excavat ions a r e made 

at a maximum separat ion of 140 m. Encrus ta t ion is removed by power boring using 

a diesel driven boring machine . The resu l tan t debr i s i s water-f lushed. The lining 

machine , consist ing of a sys tem of centra l iz ing a r m s and a rota table b rush head, i s 

introduced into the pipe. Connection is made to a d ie se l -d r iven winch. The bitumen 

paint i s pumped to the b rush head by a posit ive d i sp lacement pump dr iven by com

p r e s s e d air . The head i s caused to ro ta te by c o m p r e s s e d a i r supplied by a s epa ra t e 

air l ine from the c o m p r e s s o r . The lining machine is winched backwards through 

the pipe at approximately 3 m e t r e s per minute . By control of the pumping r a t e and 

withdrawal speed a coating of average th ickness of 1. 0 m m (0. 040 in) i s impar t ed to 

the pipe wall. 

Boring machine Lined pipe Painting 
head 

Lining Paint hose Reel Painting De-icing Compressor 
machine I Air hose machine Unit 

up to 140 m 

Figure 1. Bitumen lining process 

3. 1. 3 . A d v a n t a g e s . 

(a) The c o s t / m e t r e of this p r o c e s s i s significantly lower than cement m o r t a r lining 

or renewal . 

(b) The water supply can be reconnected the same day. 

(c) The thin lining of approximate ly 1 m m causes min ima l reduction to pipe bore . 

(d) A significant improvement i s obse rved in Hazen Wil l iams C-value with r e s p e c t 

to the pipe p r io r to l ining. C-values of 140 to 150 a r e typical . 
3 



3 . 1 . 4 . Disadvantages . 

(a) Uncoated a r e a s can occur . 

(b) Very sens i t ive to surface p repa ra t ion . 

(c) Short life (10 y e a r s approx. ). The p r o c e s s can, however, be repeated. 

3. 1. 5. Conclus ions . 

The re i s a l a rge var ia t ion in observed coating life. It cannot therefore be 

r ecommended as a l ong - t e rm renovat ion technique, but, because of i ts low cost and 

the ability to reconnect the supply the s ame day as s tar t ing the work, it has been 

used as a s h o r t - t e r m expedient. 

3. 1. 6. C o n t r a c t o r s . 

Genera l Descal ing Co. Ltd. , Mercol Descal ing Co. Ltd. , 
Worksop, Notts . S80 3PY. Pipelining Con t r ac to r s , 

C a r r Vale, Bolsover , Chesterf ie ld, 
Derbysh i re . 

3. 2. CEMENT MORTAR LINING PROCESS 

3. 2. 1-. Introduct ion. - -

In situ cement m o r t a r lining techniques for the renovation of water ma ins have been 

available in this country since 1934. The or iginal technique uti l ized a plug of 

cement m o r t a r in advance of a drag machine . By drawing the machine through the 

pipe a lining was p r e s s e d onto the pipe wall . One major disadvantage of this 

technique was the product ion of a flat inver t causing excess ive reduct ion in pipe 

bo re . The technique was superseded by the centrifugal method of application. It 

i s th is technique which i s widely used today. 

The p r o c e s s can be used to renovate water ma ins in the d i ame te r range 75 m m to 

3600 m m . The length that can be p r o c e s s e d in one operat ion v a r i e s according to 

d i ame te r . F o r d i a m e t e r s of 75 to 150 m m lengths of 85 to 120 m e t r e s can be 

achieved, the longer length being used for t he , l a rge r 150 m m d iame te r pipe. Up 

to 165 m e t r e s can be p roces sed between a c c e s s points in pipel ines of 200 to 450 mm 

d i ame te r , whils t up to 180 m e t r e s can be l ined in one length in pipe d i a m e t e r s of 

450 to 600 m m . In rea l ly l a rge d i a m e t e r p ipel ines , such a s those used as aqueducts , 

lengths of 550 m e t r e s can be dealt with. 

The th ickness of lining v a r i e s according to d iamete r . F o r the d i ame te r range 75 to 

150 m m , a 5 m m ± 2 m m lining is applied. For 200 to 47 5 m m d iame te r pipe, a 

lining th ickness of 5 to 6 m m with a t o l e r ance of from -2 to +3 m m is des i rab le . 

In p ipel ines of 475 to 600 m m d iame te r , the th ickness of the lining should be 9 to 

10 m m , again with a to le rance of f rom -2 to +3 m m . Above 600 m m d iamete r , 

9 to 1 0 m m i s a lso the objective with t o l e r a n c e s of from -5 mm to +3 m m . 

4 



Two types of finish can be produced. A lining centrifugally ' shot ' onto the pipe 

surface , left untrowelled and giving an 'o range peel1 appearance is s tandard 

p rac t i ce for the d iamete r range of 7 5 to 150 m m . This avoids the need for location 

and removal of consumer connections which would o the rwise tend to block during 

trowell ing. A Hazen Wil l iams C-value of 100 to 120 is typical of the 'o range peel ' 

finish. For d i a m e t e r s g r ea t e r than 150 mm, mechan ica l trowell ing of the lining is 

employed, producing C-values in the range 130 to 145. 

3. 2. 2. The p r o c e s s . 

(a) Cleaning methods . 

Several methods a r e available and to some extent select ion of the method depends on 

the size of the pipe. The var ious types of cleaning equipment a r e as follows: 

(i) Boring machine and flail (75 to 150 mm) 

This method involves a d iese l -engine boring machine driving a 

4900 mm long, flexible s teel rod on the end of which i s mounted a 

flail; further rods a r e added as the flail i s pushed through the pipe: 

different flail heads and ro t a ry s c r a p e r s a r e used for differing pipe 

conditions. A flow of water i s n e c e s s a r y to r emove the broken-down 

encrusta t ion, 

(ii) Drag scraping (150 to 375 mm) 

The drag s c r a p e r i s essent ia l ly a m a s s of sp r i ng - s t ee l knives set into 

a main body, which is pulled through the pipe by winches posit ioned at 

the a c c e s s points . As the drag s c r ape r b r ings out only a proport ion of 

the loosened encrus ta t ion , the r ema inde r i s r emoved by plungers which 

a r e winched backwards and forwards until the pipe is clean. 

(iii) Hydraulic p r e s s u r e s c r ape r (37 5 to 7 50 mm) 

For this method, which is mos t usefully employed on long, fairly s t ra ight 

runs of ma ins , a special s c r ape r is inse r t ed into the pipe and driven through 

by water p r e s s u r e . Sufficient volume of water m u s t be provided to c a r r y 

freed encrusta t ion products to a drain-off point, and the p r e s s u r e mus t be 

adequate to c a r r y the s c r a p e r through the pipe. In genera l , the l a r g e r the 

pipe, the lower the p r e s s u r e requi red . 

(iv) Mechanical cleaning (above 600 mm) 

Here , an e lec t r i ca l ly -d r iven machine manned by an operat ive is dr iven 

through the pipe by i t s own power. Large , slowly rotat ing s c r a p e r s on 

the front of the machine ensure that no encrus ta t ion growth is left on the 

pipe wal ls . This method is especia l ly useful for l ines with awkward bends 

or a cce s s points , or where insufficient water p r e s s u r e makes hydraul ic 

scraping difficult. 
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(b) Lining techniques . 

When the length of pipeline has been sa t i s fac tor i ly cleaned, lining operat ions can 

be commenced and, again dependent to a l a r g e degree on the d iameter of the pipe

line and any special fea tures , va r ious mach ines a r e available for this work. A 

schemat ic r ep resen ta t ion of the p r o c e s s i s shown in F igure 2. 

1. Temporary By-Pass 4. Tuberculated pipe 7. Cement Mortar Source 10. Trowel 
2. Shut-Off Valve 5. Generator 8. Mortar Supply Hose 11. 100 m - 350 m (depending 
3. Lining Winch 6. Mortar Pump 9. Machine Applying Cement on pipe diameter) 

Mortar Lining 12. Reconditioned Cement Lined 
pipe 

Figure 2. Cement mortar lining process 

T h e p l a c i n g of l i n i n g s by the c e n t r i f u g a l m e t h o d i n v o l v e s t h e u s e of an e l e c t r i c a l l y -

d r i v e n l i n ing m a c h i n e l i n k e d to a c e m e n t m o r t a r s t o r a g e h o p p e r w h i c h a l s o c a r r i e s 

t h e o p e r a t i v e c o n t r o l l i n g the m a c h i n e . A c e m e n t m o r t a r m i x e r , s i t u a t e d a d j a c e n t 

to t h e a c c e s s o p e n i n g in t h e p i p e , f e e d s the c e m e n t m o r t a r in b a t c h e s to a c o n v e y o r 

t r o l l e y , a l s o c a r r y i n g an o p e r a t i v e . T h i s t r o l l e y t r a v e l s a long t h e p i p e and, by 

m e a n s of a s c r e w - f e e d , m a i n t a i n s t h e c o n t e n t s of t h e s t o r a g e h o p p e r t h a t i s a t t a c h e d 

to t h e l i n i n g m a c h i n e . F r o m t h e s t o r a g e h o p p e r , t he m i x i s aga in s c r e w - f e d u n d e r 

t h e c o n t r o l of t h e m a c h i n e o p e r a t i v e , i n t o t h e l i n i n g m a c h i n e i t se l f . F r o m h e r e , 

s t i l l by s c r e w - f e e d , t h e m i x of 1:1 i s p a s s e d i n t o t h e l i n i n g - h e a d ou t l e t . 

T h e h e a d , s p i n n i n g a t h igh v e l o c i t y , d i s c h a r g e s the c e m e n t m o r t a r t h r o u g h a s e r i e s 

of o p e n i n g s and t h u s on to the w a l l s of t h e p ipe w h e r e , by m e a n s of s l o w l y r o t a t i n g 

t r o w e l s , c a r e f u l l y s p r i n g - a d j u s t e d , t h e l i n i n g i s t r o w e l l e d to a s m o o t h , d e n s e 

f i n i sh a s t h e m a c h i n e s lowly t r a v e l s b a c k w a r d s to t h e p i p e a c c e s s . T h e d e s i r e d 

t h i c k n e s s of l i n i n g i s o b t a i n e d by a d j u s t i n g t h e r a t e of t r a v e l of the m a c h i n e . T h e 

o p e r a t i v e - c o n t r o l l e d m a c h i n e c a n , of c o u r s e , on ly be u s e d on p i p e l i n e s a b o v e 

600 m m d i a m e t e r . 

E l e c t r i c p o w e r for t h e e q u i p m e n t i s p r o v i d e d by d i e s e l - d r i v e n m o b i l e g e n e r a t o r s 

of l a r g e ou tpu t . 

F o r t h e c e m e n t m o r t a r l in ing of 180 to 600 m m d i a m e t e r p i p e l i n e s , t h e c e n t r i f u g a l 

m a c h i n e i s e m p l o y e d . T h e p r i n c i p a l d i f f e r e n c e s f r o m t h e l a r g e r m a c h i n e a r e t h e 

o m i s s i o n of t h e r o t a t i n g t r o w e l s and t h e m e t h o d of supp ly of c e m e n t m o r t a r m i x to 

t h e m a c h i n e . T h e m i x i s p u m p e d f r o m g r o u n d s u r f a c e l e v e l by m e a n s of a s c r e w -
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feed pump, along a supply hose to the machine , and, a s with the l a r g e r machine, i s 

sprayed centrifugally at high speed on to the pipe. Smoothing of the surface is 

achieved by a cone-shaped d rag - t rowe l , designed for the pipe size, drawn behind 

the spinning head: the speed of t r ave l again d e t e r m i n e s the th ickness of the lining. 

In the smal l d iamete r pipel ines (75 to 150 mm) a lining machine , basical ly c e n t r i 

fugal in operat ion but again without t rowel s , i s a lso used. This machine may be 

operated e i ther by compres sed air or e lec t r ic i ty depending on conditions and the 

specification. A d rag - t rowe l completes the smoothing as in the l a rge r s i zes , and 

the machine and t rowel a r e winched through the pipel ine at a p r e - d e t e r m i n e d speed 

to achieve the specified th ickness of lining. The whole of the equipment for use on 

these s m a l l e r - d i a m e t e r pipel ines can be mounted on a very compact t r a i l e r , making 

this type of p r o c e s s very suitable for use in bui l t -up a r e a s , where this c l a s s of 

work usually occu r s . 

3. 2. 3. Advantages. 

(a) In general the c o s t / m e t r e of th is p r o c e s s i s significantly lower than that 

of renewal . 

(b) Available evidence indicates that any c r a c k s which may develop in the lining 

tend to seal by a p r o c e s s t e r m e d autogenous heal ing. 

(c) A significant improvement in C-value is observed . Values of 130 to 140 

a r e typical . 

(d) Linings have been observed to l a s t for over 40 y e a r s . 

(e) There a r e no known health p rob lems assoc ia ted with the use of cement 

m o r t a r in conjunction with drinking water . 

3. 2. 4. Disadvantages . 

(a) On small d iamete r mains the re i s a shor t t e r m prob lem of leaching of 

free l ime with resu l tan t i n c r e a s e in pH to va lues in exces s of 10. In 

cer ta in wa te r s th is can also induce alum prec ip i ta t ion . A p r o g r a m m e of 

ear ly morning flushing is r equ i red . 

(b) The lining causes a significant reduct ion in pipe bore on small d iamete r 

ma ins . 

(c) Between 24 and 48 hours a re r equ i r ed to e l apse before reconnect ion and 

tanker supply is normal ly provided for this per iod . 

3. 2. 5. Conclusions. 

Exper ience has indicated that water ma ins suffering f rom water d iscolorat ion and 

tuberc le growth can be successfully renovated and given a fur ther life in excess of 

40 y e a r s , by cement m o r t a r lining. 
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3. 2. 6. C o n t r a c t o r s . 

Cent r i l ine Limited, 
Clifton House, 
83-89 Uxbridge Road, 
Eal ing, London, W5 5TA 

Tate Pipe Lining P r o c e s s e s Limi ted , 
Redgate Lane, 
West Gorton, 
Manches te r , Ml 2 4PA. 

3. 3. THERMOPLASTIC PIPE INSERTION (SLIP LINING) 

3. 3. 1. Introduct ion. 

The renovat ion of de ter iora t ing f e r rous gas ma ins by the inser t ion of polyethylene 

(PE) pipe within the existing pipeline s t r u c t u r e is now considered by m o s t gas 

d is t r ibut ion eng ineers as an acceptable ins ta l la t ion p rac t i ce . F o r small d i a m e t e r s , 

the P E pipe from a continuous coil i s winched through the existing main; final 

ins ta l la t ion being effected by socket fusion or butt fusion welding of the pipe ends in 

the t r ench . For l a rge d i a m e t e r s , a continuous coil cannot be used and sect ions have 

to be fusion welded above ground p r i o r to inse r t ion . 

In addition, the p r o c e s s has been used in Europe and the United States to renovate 

sewer outfal ls , s t o rm d ra in s , and indus t r i a l plant pipework. In recent y e a r s 

DuPont have designed a complete urban sewer renovation sys tem. 

In t e re s t i s developing within the UK into the applicabil i ty of this technique to the 

s t ruc tu ra l renovation of water ma ins . The f i r s t t r i a l operat ion took place in 197 5 

for the Thames Water Authority, Metropol i tan Division. 

A 600 mm d i a m e t e r cas t i ron main was s t ruc tu ra l l y renovated by inser t ing a 560 mm 

outside d i ame te r , 31. 7 m m wall t h i ckness , high density polyethylene pipe (HDPE). 

P ipe d i a m e t e r s up to 1200 mm a re avai lable for water supply use . 

The max imum length capable of being l ined in a single run is quoted as approxi 

mate ly 550 m e t r e s ; however, in p r ac t i c e t h i s i s normal ly r e s t r i c t e d to 150 m e t r e s . 

3. 3. 2. The p r o c e s s . 

The p r o c e s s can be seen schemat ica l ly in F i g u r e 3. 

Maccudor Limited, 
3 Elystan Street , 
London, SW3 3NT. 
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Figure 3. Thernioplasitic pipe insertion process 

E x c a v a t i o n s a r e m a d e a t a p p r o x i m a t e l y e v e r y 150 m e t r e s . E a c h e x c a v a t i o n h a s 

a r a d i u s e d l e a d - i n ( F i g u r e 4 ) , t he c u r v a t u r e of w h i c h i s d e t e r m i n e d by t h e d i a m e t e r 

of p i p e to be i n s e r t e d . A s m a l l s e c t i o n of H D P E p i p e of i d e n t i c a l d i a m e t e r t o t h a t 

to be i n s e r t e d i s w i n c h e d t h r o u g h t h e m a i n to a s c e r t a i n w h e t h e r o b s t r u c t i o n s a r e 

p r e s e n t ; if t hey a r e t h e m a i n i s s c r a p e d . 

Suff ic ient H D P E p ipe s e c t i o n s f o r a 1 5 0 - m e t r e i n s e r t i o n a r e w e l d e d t o g e t h e r a b o v e 

g r o u n d . A t a p e r e d n o s e p i e c e wi th a w i n c h hook i s f u s ion w e l d e d to the l e a d i n g p ipe 

s e c t i o n . The H D P E p i p e i s w i n c h e d t h r o u g h t h e e x i s t i n g m a i n and fu s ion w e l d e d in 

the t r e n c h to t h e p r e v i o u s l y i n s e r t e d l e n g t h . 

The i n t e g r i t y of e a c h w e l d i s a s s e s s e d u s i n g X - r a y r a d i o g r a p h i c a l t e c h n i q u e s . 

3 . 3 . 3 . A d v a n t a g e s . 

(a) The p r o c e s s i s t h e only a v a i l a b l e s t r u c t u r a l r e n o v a t i o n t e c h n i q u e . 

(b) The f i r s t a p p l i c a t i o n s h o w e d an 18 p e r c e n t c o s t s a v i n g w i t h r e s p e c t to 

r e n e w a l . 

(c) In d e n s e l y p o p u l a t e d a r e a s d i s r u p t i o n c a n b e r e d u c e d . 

(d) H D P E h a s b e e n a p p r o v e d by NWC A p p r o v a l B o a r d f o r c o n t a c t w i t h 

p o t a b l e w a t e r . 
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4 R a d i u s e d l e a d - i n 

<= 
But t fus ion w e l d 
p e r f o r m e d in t r e n c h 

Figure 4. Thermoplastic pipe insertion technique. General view of excavation showing lead-in trench 

3. 3 . 4. D i s a d v a n t a g e s . 

(a) A significant reduction in pipe bo re i s produced. This effect i s compensated 

somewhat by the high Hazen Wil l iams C-value of HDPE of 150. 

(b) A long excavated lead- in is r equ i r ed for instal lat ion. 

(c) No sa t is fac tory technique is avai lable for making r emote connections. 

(d) The effects of surge are unknown. 

(e) It has been shown that l a rge d i a m e t e r pipe under the re la t ive ly high water 

dis t r ibut ion p r e s s u r e s is suscept ible to ca tas t rophic br i t t le f rac ture if 

a i r i s entrapped. Available information indicates that re la t ive ly smal l 

volumes of a i r can produce this effect. 

3. 3. 5. Conclusions. 

This p r o c e s s i s the only commerc ia l ly -ava i l ab le a l ternat ive to renewal where 

s t ruc tu ra l damage is a problem. The technique appears ideally suited to densely 

populated urban a r e a s where the pa r t i a l excavation can significantly reduce d i s 

ruption compared with open t rench rep lacement . 
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3. 3. 6. P r inc ipa l s . * 

DuPont (UK) Limited, 
P l a s t i c s Depar tment , 
Hilcote Plant , 
PO Box 1, 
Black-well, 
Derby, DE5 5JD. 

Paragon P l a s t i c s Limi ted , 
Broomhouse Lane, 
Edlington, 
Doncaster , 
South Yorksh i re , DN12 iES . 

Hoechst UK Limited, 
Hoechst House, 
Sal isbury Road, 
Hounslow, 
Middlesex, TW6 6JH. 

Stewar ts and Lloyds P l a s t i c s , 
St P e t e r s Road, 
Huntingdon, PE18 7DJ. 

3. 4. THE INSITUFORM PROCESS 

3. 4. i . Introduction. 

The ear ly development of the p r o c e s s from 1971 to 197 3 was c a r r i e d out by 

Insituform (Pipes and S t ruc tu res ) Limited. In 1973 Edmund Nuttall Limi ted 

acquired a UK l icence and set up the Insituform division. The development ac t iv i t ies 

have been general ly d i rec ted towards the domest ic and indus t r ia l sewerage s y s t e m s 

and the medium p r e s s u r e gas ma ins . 

P ipes in the d i ame te r range 100 m m to 1200 m m may be renovated using this 

p r o c e s s . Lengths of up to 140 m e t r e s can be lined in one run. The p r o c e s s i s 

d iamete r dependent as the max imum handleable weight of the l iner i s at p r e sen t 

5 tonnes. 

3. 4. 2. The p r o c e s s . 

A needled Tery lene felt, encapsula ted in a polyurethane bag, i s vacuum impregna ted 

with polyes te r r e s in at the factory. The polyes te r r e s i n is so formulated as to 

produce a gel t ime of ten days at ambient t e m p e r a t u r e . The lining is t r anspo r t ed 

to site in a r e f r ige ra t ed van. 

Excavat ions a r e made and the pipe cleaned by flushing or scraping. A header pipe 

(Figure 5) i s located in the t r ench . A driven conveyor feeds the lining into the 

header pipe, the leading edge being clamped over the outs ide of the pipe. Water is 

pumped into the pocket formed by the folded-back polyurethane bag. This action 

forces the lining to t r ave l through the pipe, inver t ing itself onto the pipe wall. A 

* It was felt that since the application of this p r o c e s s to water mains is in i t s 
infancy, the names of p r inc ipa l s r a t h e r than c o n t r a c t o r s would be m o r e 
appropr ia te . 
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lay-f lat hose is at tached to the end of the polyurethane bag during inser t ion . On 

completion of inser t ion , water at 65 C is passed through the hose to acce le ra te the 

cure of the r e s i n . 

It should be noted that during the cu re the lining may contract slightly, producing a 

smal l annular gap. 

3. 4. 3. Advantages. 

(a) The lining is c la imed to be s t r u c t u r a l in na tu re , having the following 

p r o p e r t i e s . 

Tens i le s t rength 24 MPa (3 500 psi) 

C o m p r e s s i v e s t rength 140 MPa 

Modulus of e las t ic i ty 3. 7 GPa 

(20 000 psi) 

(0. 54 X 10 6 psi) 

It i s r epo r t ed that a 200 m m pipe renovated with a 3 m m lining can be 

opera ted at a working p r e s s u r e of 0. 2 MPa (30 psi) . 

(b) The lining will conform to va r i a t ions in c r o s s - s e c t i o n a l shape. 

3 . 4 . 4 . Disadvantages . 

(a) Excavation of b ranches and f e r r u l e s is r equ i red . 

Polyurethane 
bag , 

Figure 5. Insituform process 
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(b) Although some s t ruc tu ra l s t rength is inherent in the lining, it i s insufficient 

to withstand the p r e s s u r e s normal ly exper ienced in a water main without the 

production of thick l inings. The p r o c e s s m u s t the re fo re be c lass i f ied as non

s t ruc tura l with r e spec t to water main renovat ion and as such is expensive. 

(c) No a s s e s s m e n t has yet been c a r r i e d out to analyse the effect on water quality. 

(d) The lining appears at p resen t to be suscept ible to faults in manufacture and 

installat ion, but these a r e gradually being e l iminated as exper ience i s gained 

with the p r o c e s s . 

3. 4. 5. Conclusions. 

As a non-s t ruc tu ra l renovation technique with r e s p e c t to water dis t r ibut ion 

p r e s s u r e s , the p r o c e s s i s expensive. 

3. 4. 6. Contrac tor . 

Edmund Nuttall Limi ted , 
Insituform Division, 
Caldervale Industr ia l Es ta te , Fo rge Lane, 
Horbury Junction, 
Nr Wakefield, Yorks . 

3. 5. IN SITU RESIN COATING (TRAIN OR PIG METHOD) 

3. 5. i . Introduction. 

Histor ical ly the f i r s t in situ coating of pipe using an epoxy r e s in sys tem was 

c a r r i e d out in the United States in 1947 to 1948 on oil and gas l ines . In 1953 the 

p r o c e s s was extended to salt water l ines and has been used subsequently in the 

pe t rochemica l industry . In recen t y e a r s the p r o c e s s has rece ived some publicity 

in the UK for use in the water industry. To date no water main has been renovated 

in the UK using this technique. 

The p roces s has been designated the ' t r a in ' or 'pig ' method since the technique 

ut i l izes rubber pigs to t r a n s p o r t the res in along the pipe. P ipes in the d i ame te r 

range 75 to 1100 m m have been coated using th is technique. It is c la imed that 

40 mi les can be coated in a single run, but no rma l ly r u n s of 2 to 5 km a r e employed 

Lining th icknesses of 0. 3 mm to 2 m m can be applied. 

3. 5. 2. The p r o c e s s . * 

The basic equipment set up is shown in F igure 6. The a i r d r y e r i s in t roduced into 

the compressed a i r l ine to remove m o i s t u r e . Loading and receiving c h a m b e r s a r e 

attached to the ends of the run as shown in F igu re 7. 

* The p roces s deta i l s a r e taken from a site v is i t . Var ia t ions in p rocedure between 
con t rac to r s will exis t . 
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Receiving 
chamber o 

Waste 
storage o 

A i r 
dryer 

<y 
C o m p r e s s o r 

Figure 6. In situ resin coating—train or pig method. Equipment set up at each pipe end 

A i r r e l e a s e v a l v e s / i n p u t points 

^ R e m o v a b l e 
Vcap 

$ 
C o m p r e s s e d 
air supply 

Figure 7. In situ resin coating—train or pig method. Loading/receiving chamber 
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(a) Surface P repa ra t ion 

(i) Scale and weld debr i s remova l 

A s c r a p e r pig is passed through the lining using c o m p r e s s e d a i r . 

Resultant scale and debr i s is removed by flushing with soapy water . 

(ii) Rust removal 

Dilute inhibited hydrochlor ic acid (HC1) i s in t roduced into the space 

between two over s i ze rubber spheres . This t ra in i s passed repeatedly 

along the line until all surface ru s t has been removed, indicated by the 

c h a r a c t e r i s t i c green colour. The used HC1 i s passed to waste s torage 

and the res idue removed by foam pigs. 

(iii) Phosphate t r ea tmen t 

A phosphate solution is passed along the l ine in a s imi la r t ra in to the 

HC1 t rea tment , f i rs t ly to remove r e s idua l HC1, and secondly to p r ime 

the surface. 

(iv) Acetone t r ea tmen t 

The pipe surface is f i r s t dr ied by a t r a in containing acetone. 

(v) Methyl ethyl ketone (MEK) t r ea tmen t 

Final drying of the line i s facil i tated by a t r a in containing MEK. 

The surface p repara t ion of 2 km of 150 m m pipe took 48 hour s . 

(b) Resin Coating 

Three separa te coatings a r e applied to the pipe surface to minimize the 

probabili ty of pinholing. One to th ree days a r e r equ i r ed to elapse between 

the application of each coat to allow the solvent from the res in to evapora te . 

If this i s not c a r r i e d out, i n t e r - coa t b l i s te r ing develops . A calculated volume 

of activated r e s in (gel t ime 8 hours) is in t roduced into the pipe in advance of 

a single rubber sphere . C o m p r e s s e d air i s applied behind the sphere causing 

the t ra in to move along the pipe. A squeeze film of r e s in i s applied to the 

pipe wall. At the end of the run the excess r e s i n i s collected and if this 

volume exceeds a cer ta in value the coating th ickness i s classif ied as inadequate 

and the t ra in is re tu rned . This p r o c e s s i s r epea ted until sufficient r e s i n has 

been applied to the pipe b o r e . 

3. 5. 3. Advantages. 

(a) Minimal reduction in pipe b o r e . 

(b) Long lengths can be coated in a single run. 
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3. 5. 4. Disadvantages . 

(a) All b ranches need to be blocked off. 

(b) F e r r u l e int rusion would d is turb the sea l . 

(c) Pipe eccent r ic i ty would p re sen t p r o b l e m s in maintaining an adequate sea l . 

(d) The coating tends to slip if ground vibrat ion occur s before gelation. This 

problem could be ser ious in urban a r e a s . 

(e) As a r e su l t of the long durat ion of the p r o c e s s , by-pass ing would be 

e s sen t i a l . 

(f) Not all the r e s in sys tems used in th is p r o c e s s have NWC approval for 

contact with potable water . 

(g) One hundred per cent coverage cannot be guaranteed. 

3. 5. 5. Conclusions. 

The p r o c e s s appea r s a t t rac t ive for the renovat ion of pipe in r u r a l a r e a s where long 

runs may be encountered. 

3. 5. 6. Con t r ac to r s . 

E. Wood Limi ted (Resin Supplier) , ECTA Construct ion Mate r ia l s Ltd. , 
Talbot Works, PO Box 65, 
Stanstead Abbotts, Comet Way, 
Ware , Her t fo rdsh i re , SG12 8DP. Southend-on-Sea, Essex , 5S2 6XY. 

3. 6. MEMBRANE LINING PROCESS 

3. 6 . 1 . Introduction. 

The m e m b r a n e lining p rocess has been under development p r i m a r i l y for the sealing 

of leakage in cas t iron gas mains resu l t ing from the drying out of joints caused by 

the changeover from town gas to na tu ra l gas . A nylon membrane external ly coated 

with a modified epoxy res in is winched into the cleaned main and expanded onto the 

pipe wall using differential air p r e s s u r e . 

To date no gas mains in se rv ice have been lined using this technique although 

demons t ra t ions have taken place on a number of abandoned gas l ines . 

The p r o c e s s has obviously been developed for application in pipe d i a m e t e r s up to 

450 m m . Above this value man a c c e s s i s poss ible to effect joint sealing. 

It i s c la imed that lengths of up to 250 m e t r e s can be lined in a single run, but 

demons t ra t ions have been l imited to 200 m e t r e s . 

3 . 6 . 2 . The p r o c e s s . 

The p r o c e s s can be divided into t h r ee dis t inct phases . 
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(a) P repa ra t ion of the main 

A sc r ape r t ra in consis t ing of a four -cu t te r revolving s c r a p e r dr iven by 

compressed a i r is propel led along the main by a back p r e s s u r e of compres sed 

a i r or by winching. The air s t r e am c rea ted is ut i l ized to remove deb r i s . 

The ra te of t r ave l is 2 to 3 m e t r e s per minute . A foam swab is blown through 

the main to remove res idua l debr i s . Moisture i s absorbed by the application 

of a ketone scavenger using a spray unit. 

(b) Inser t ion of lining 

The bas ic se t -up for inser t ion is shown in F i g u r e 8. The nylon m e m b r a n e 

lining with the sacr i f ic ia l underlay is drawn into the pipe; the under lay 

prevents damage during inser t ion . Before en t ry , the upper surface of the 

membrane is coated with modified epoxy r e s in a s shown in F igure 9. On 

inser t ion the lining ends a re cut and bonded to the pipe by a s t r ip of n i t r i le 

rubber . 

(c) Lining placement 

The pipe ends a r e capped and the main evacuated to a p r e s s u r e of two-thirds 

a tmospher ic . The m e m b r a n e is now inflated, the differential a i r p r e s s u r e 

causing the res in to flow round the pipe bore and effecting the adhesion of the 

lining to the pipe wall . 

3. 6. 3. Advantages. 

(a) Lit t le reduct ion in pipe bore , the total lining th ickness being i m m . 

3. 6. 4. Disadvantages . 

(a) The insta l led m e m b r a n e lining is wrinkled in appea rance . This i s expected 

to reduce the C-value . In addition fatigue of the wr inkles during se rv ice may 

develop. The manufac ture r bel ieves that this p rob lem can be obviated. 

(b) Methods for r e ins t a t emen t of b ranches and f e r r u l e s have not been invest igated. 

(c) Effects on water quality and health a r e unknown. 

(d) The durabi l i ty of the lining is unknown. 

3. 6. 5. Conclusions. 

The simplici ty and anticipated cost of the p r o c e s s a r e sufficiently a t t rac t ive to 

w a r r a n t continued development. 

3. 6. 6. Cont rac tor . 

Howson Ross Pipel ine Serv ices Limited, 
Old Bracknel l Lane , 
Downshire Way, 
Bracknel l , B e r k s h i r e . 
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S a c r i f i c i a l 
l a y e r => 

Nylon 
m e m b r a n e " ^ 
r e l e a s e 

Weir 

R e s i n 

Figure 8. Membrane lining technique. General set-up 

Weir 

R e s i n 

Figure 9. Membrane lining technique. Close-up of insertion 
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3. 7. IN SITU RESIN COATING (SPRAY METHOD) 

3. 7 . 1 . Introduction. 

During the las t twelve months r e s in spray equipment for the lining of pipes in the 

d iamete r range 100 mm to 1800 mm has become ava i lab le . Two types of machine 

a re at p resen t produced. The f i rs t machine cons i s t s of an a i r l e s s spray head 

mounted at the front of a pneumatical ly-driven four-wheeled c a r r i a g e . For pipes 

of d iamete r l e s s than 1000 mm a s ta t ionary spray head is ut i l ized and for d i a m e t e r s 

g r ea t e r than 1000 mm the spray head is ro ta tab le . The second machine cons i s t s of 

a cyl indrical a i r motor driving a centrifugal spinner head. Both machines a r e fed 

from a i r l e s s - s p r a y pumps positioned outside the pipe . 

The four-wheeled dr ive machine appea r s to have o v e r c o m e the e r r a t i c coating 

application p rob lems assoc ia ted with manual wi thdrawal of the spray unit by 

incorporat ing a pneumat ica l ly-powered dr ive mechan i sm . Control led withdrawal 

of the second machine is under development. 

Although there is no theore t ica l l imit to the length of pipe which may be sprayed in 

a single run, the p resen t range of a i r l e s s - s p r a y pumps and fittings set a p rac t i ca l 

l imit of approximately 20 m e t r e s . 

Coating th icknesses of 0. 2 to 1. 0 mm can be applied. Coatings have been applied 

under factory conditions on shor t lengths of pipe, but no in situ work is known to 

have taken place to date . 

A demonst ra t ion utilizing the centrifugal sp inner -head machine was held recent ly at 

WRC Medmenham Labora to ry . The p r o c e s s desc r ip t ion given below is taken from 

this demons t ra t ion . It i s hoped that a demons t ra t ion of the a l ternat ive machinery 

will be held in the future. 

3. 7. 2. The p r o c e s s . 

For sat isfactory adhesion of the coating, thorough cleaning of the pipe is e s sen t i a l . 

This is achieved by gri t blasting the surface with expendable shot. The energized 

shot is passed to the applicator lance which is designed to produce a cone-shaped 

blas t of pa r t i c l e s . The debr i s i s blown out of the pipe by compressed a i r . The 

lance is withdrawn manually at a ra te of 1 m e t r e pe r minute . Multiple runs may be 

requ i red to produce a sat isfactory surface. If tuberculat ion is present , scraping of 

the pipe p r io r to gr i t blast ing is requ i red . 

A phosphate p r i m e r coat is applied to the g r i t -b l a s t ed surface, using the sp inner -

head spray unit. The unit i s withdrawn manually at a r a t e of approximately 4 m e t r e s 

per minute . Sixteen hours a re allowed to e lapse for the p r i m e r to dry . 
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Two separa te r e s in coatings a r e applied to the pr imed surface using the sp inner-

head spray unit. The p r o c e s s i s shown in F igure 10. Withdrawal is manual at a 

r a t e of approximately 4 m e t r e s per minute . Two hours a r e allowed to e lapse 

between each coat application. 

The res in sys tem used for this technique is a solvent containing vinyl e s te r r e s in . 

P r e l i m i n a r y r e s u l t s of leaching expe r imen t s under stagnant water immers ion 

condit ions, c a r r i e d out on samples from the demonst ra t ion , indicate that a minimum 

of 100 hours will need to elapse before the lined pipe can be re int roduced into 

se rv i ce . 

Spray gun A i r l e s s pump Spray machine 

C o m p r e s s e d 
a i r feed lines 

Resin 

Figure 10. In situ resin coating—spray method 

3 . 7 . 3 . Advantages. 

(a) The spray p r o c e s s can be used on pipel ines containing b ranches , f e r r u l e s , 

and so on. 

(b) Minimal reduction in pipe bore . 

3 . 7 . 4 . Disadvantages . 

(a) At p resen t , only short lengths can be coated in a single run. 

(b) To avoid t as te and odour p rob lems , the pipeline would need to be out of 

se rv ice for a considerable t ime . 

(c) Effect on water quality i s not known. 

(d) Life expectancy is unknown. 

(e) 100% coating coverage cannot be guaranteed . 
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3. 7. 5. Conclusions. 

The p rocess can be used for factory application of coatings on short pipe lengths. 

However, further development is r equ i red before i ts use for the in situ renovation 

of water mains can be contemplated. 

3. 7. 6. Con t rac to r s . 

Pneumatical ly dr iven c a r r i a g e Centrifugal spray head machine 

Colebrand Engineer ing Limi ted , Hodge Clemco Limited, 
Colebrand House, Org reave Dr ive , 
20 Warwick Street , Regent Street , Handsworth, 
London, W1R 6BE. Sheffield, S13 9NR. 

3 . 8 . FIBRE REINFORCED CEMENT (FRC) LINING 

3 . 8 . 1 . Introduction. 

Joint collaboration between Pilkington Bro the r s and the Building Resea rch 

Es tabl i shment has seen the emergence of a new g lass fibre r e s i s t an t to at tack by 

ord inary Port land cement . The fibre is t e rmed Cem FIL 'AR' glass f ibre. 

By the introduction of smal l -vo lume fract ions of g lass fibre (1 to 5 %) into cement , 

significant improvements in mechanical p rope r t i e s can be achieved. Of pa r t i cu la r 

re levance to renovation techniques a r e the improvement s in tensi le s t rength , impact 

r e s i s t ance and significantly reduced shr inkage. 

Joint development is being init iated between WRC Medmenham Labora to ry and 

Pilkington Bro thers to a s s e s s the applicabili ty of the m a t e r i a l to the renovation of 

water mains and s ewer s . 

Other fibre types will a lso be evaluated. 

3. 8. 2. Advantages. 

(a) The ma te r i a l can be applied using existing cement m o r t a r lining equipment. 

(b) The reduction in shr inkage, par t i cu la r ly in above-ground application. 

(c) Increased flexibility and impact r e s i s t ance can reduce the possibil i ty of 

cracking at joints caused by ground movement . 

(d) St ructura l s t rength can be impar t ed to the lining. 

3. 8 .3 . Disadvantages. 

(a) The mechanical p rope r t i e s of g lass fibre re inforced cement (GRC) show a 

reduction with t ime (2). It i s felt that sufficient data a re available to allow 

life expectancies , under different operat ional condit ions, to be a s s e s s e d (3). 

(b) The effect of the p r e sence of g lass fibre on wate r quality is unknown. 
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3. 8. 4. Conclus ions . 

The m a t e r i a l i s of sufficient potential as both a n o n - s t r u c t u r a l and s t ruc tu ra l lining 

for the renovation of water mains and s ewer s to war r an t further development. 

3. 8. 5. Manufacturer . 

Pilkington Bro the r s Limited, 
Cem FIL Market ing, 
F i b r e g l a s s Head Office, 
P r e s c o t Road, 
St Helens , Merseys ide , WA10 3TR. 
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4. COSTS OF RENEWAL AND RENOVATION 

4. 1. DIFFICULTIES IN MAKING COMPARISONS 

As with any cost compar i son , it is important to compare like with l ike, o therwise 

the compar ison could be mis leading. The cos ts of renovat ion and renewals a r e 

par t icular ly difficult to compare for a number of r e a s o n s , some of which a r e l is ted 

below. 

(a) The cost of a cont rac t is dependent upon techniques used, d i ame te r , length, 

depth, location (such as the ca r r iageway, footpath or verge) , number of 

se rv ices , s tate of the marke t at t ime of tender , and so on. 

(b) The amount of work undertaken by water authori ty staff is often not specified 

nor included in quoted cos t s . 

(c) The durabil i ty of the lining is often not known. 

(d) The cost of a t e m p o r a r y supply, if r equ i red . 

(e) Actual permanent r e ins ta t ement cos t s incur red a r e difficult to obtain. 

Whilst a concerted effort is being made to collect this information, it may prove to 

be impossible without a detai led study of a number of specific jobs and even then the 

r e su l t s may not be applicable e l sewhere . Consequently, it is felt that the immedia te 

task of WRC should be the identification of the major cost i t ems involved in each 

technique, leaving the water undertakings to provide the detai led cos ts for pa r t i cu la r 

a r e a s . 

4. 2. COSTS OF RENEWAL 

N. B. General ized cos ts a re given in this r epor t , but it is impor tan t 

that they a re not used by engineers for dec is ion-making since they 

may be totally inappropr ia te for a par t icu la r p rob lem. 

Since the ul t imate solution to all p rob lems associa ted with ma ins fa i lures i s renewal , 

the cost of renewal i s a convenient 'yards t ick ' to m e a s u r e a l l methods of renovat ion. 

In prac t ice the cost of renewing a water main will depend upon the i t ems mentioned 

in (a) above, and consequently the actual cost could va ry from job to job, place to 

place and month to month. However, an at tempt has been made to de t e rmine the 

average costs of renewal with factory-appl ied concre te - l ined ductile i ron ma ins in 

an essent ial ly n o n - c o r r o s i v e soil a r ea . 

The cos ts* shown in Table 2 a r e based on average cos t s taken from two annual 

contracts using the following assumpt ions . 

* At August 1976. 
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(i 

(ii 

(iii 

(iv 

(v 

(vi 

(vii 

(viii 

Renewal of 300 m of main with concre te- l ined ductile i ron. 

T rans fe r of 50 s e r v i c e s . 

Instal l 2 hydrants including t e e s . 

Install 2 on-l ine valves . 

Connect t h ree tee junct ions. 

P e r m a n e n t r e ins t a t emen t of road using asphalt on lean mix concre te . 

1 m ground cover. 

New main laid in road adjacent to existing main. 

Old main to be sealed and grouted. 

The cos t s of renewing water ma ins are s imi la r to the costs of new construct ion but 

with addit ions for reconnect ions and filling or o therwise making safe the old main . 

Water under takings that have a l a rge number of mains in need of renewal will 

probably obtain m o r e favourable cos t s than those given in Table 2, pa r t i cu la r ly if 

they a r e able to plan an even workload over a th ree to five year period. 

4. 3. COSTS OF RENOVATION 

4. 3. 1. Introduction. 

The actual cost of renovating a water main can only be de te rmined by studying each 

pa r t i cu la r job in detai l and es t imat ing the cost of each stage. It is anticipated that 

cu r r en t r e s e a r c h will provide cost guidelines for water under takings . 

Set out in Tables 3 and 4 are the es t imated costs of rel ining a 300 m length and a 

discontinuous length in excess of 2 km of 150 mm d iamete r main with cement m o r t a r 

or bi tumen. 

In addition, comparab le data is included for the the rmoplas t i c pipe inser t ion (slip 

lining) technique. It mus t be s t r e s s e d that these la t t e r data have not been collated 

from actual jobs but have been produced from a purely synthetic model : the j u s t i 

fication for the i r inclusion is that the p r o c e s s i s the only s t ruc tu ra l renovation 

technique cur ren t ly available. 

4. 3. 2. Cement lining of a 150 mm d iame te r main. 

The example is based on the assumpt ions given in paragraph 4. 2 above and the 

following: 

(a) The pipe is laid on level ground. 

(b) This will r equ i r e three or four p a s s e s of the s c r a p e r . 

(c) The two valves occur within the pipeline length. 
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(d) Ten of the s e rv i ce s (20 per cent) will become blocked and therefore r equ i r e 

excavation. 

(e) Tempora ry supply is provided by tanker . 

(f) The main will be out of se rv ice for 24 hour s . 

(g) The cost of the scraping and cement rel ining a r e based on figures quoted 

by one con t rac to r . 

Table 2. Typical cost/metre of renewing 308 m* of cast iron water distribution mains 

Diameter (mm) 

Breakout and t e m p o r a r y re ins ta tement 

Lay and joint pipe 

Test , flush s te r i l i ze 

Pe rmanen t re ins ta tement 

Connect se rv ices 

Fi t valves 

F i t hydrants 

Connect junction 

Trans fe r main supply 

Water undertaking attendance 

Seal and grout old main 

Valve and hydrant boxes 

Pipe and joints 

Valves 

Hydrants 

F e r r u l e s and se rv ice pipe 

Hydrant tees 

Bends 

Rubber r ings 

100 
£ 

2. 

2. 

0. 

9. 

3 . 

0. 

0. 

0. 

1. 

0. 

0. 

0. 

3 . 

0. 

0. 

0. 

0. 

0. 

0. 

67 

52 

08 

03 

63 

13 

26 

70 

05 

09 

46 

51 

08 

31 

55 

91 

13 

10 

02 

150 
£ 

3. 00 

2. 82 

0. 08 

10. 11 

3. 63 

0.14 

0. 28 

0.80 

1. 17 

0. 09 

1. 03 

0. 51 

4. 55 

0.48 

0. 55 

0. 91 

0. 23 

0.16 

0. 03 

200 
£ 

3 .35 

3 .15 

0. 09 

11 . 31 

3. 63 

0. 14 

0. 29 

0. 86 

1. 26 

0. 09 

1. 84 

0. 51 

11. 29 

1. 42 

0. 55 

0. 91 

0. 7 5 

0. 67 

0. 06 

TOTAL COST/METRE 26.23 30.57 42.17 

The renewal c o s t / m e t r e for a discontinuous length in excess of 2 km 
is not expected to be different from that quoted for a 300 m length. 

In this example, in addition to pipes and joints the m o s t significant cos t s a r e 

permanent r e ins ta t ement and connection of s e r v i c e s . 

25 



Table 3. Cost of cement mortar lining 150 mm diameter main 

I t e m 
C o s t / m e t r e 

300 m > 2 k m 
£ £ 

0. 29 0. 29 
E x c a v a t e , b a c k f i l l and t e m p o r a r i l y 
r e i n s t a t e p i t s a t s t a r t and end of p ipe 

R e m o v e s e c t i o n of p ipe a t s t a r t a n d - _ . 
end of p ipe 

E x c a v a t e , r e m o v e and r e p l a c e v a l v e , . , 
U. 4b 

t e m p o r a r y r e i n s t a t e m e n t 

E x c a v a t e , r e m o v e b l o c k a g e and r e i n s t a t e 
a t 20 p e r c e n t of h o u s e c o n n e c t i o n s ' " 

R e c o n d i t i o n and c o a t v a l v e s by h a n d 0. 03 0. 03 

F l e x i b l e c o u p l i n g s 0. 13 0. 13 

P r o v i d e t e m p o r a r y supp ly by t a n k e r 
fo r 24 h o u r s 

0. 01 

0 . 4 6 

0 . 7 1 0 . 7 1 

0. 07 0. 07 

W a t e r u n d e r t a k i n g a t t e n d a n c e 0 . 1 3 0 . 1 3 

S c r a p e and c e m e n t m o r t a r lin e 3 . 6 0 3 . 6 0 

Move c o n t r a c t o r ' s e q u i p m e n t to s i t e 3 . 33 0. 50 

P e r m a n e n t r e i n s t a t e m e n t : 

1. E n d p i t s 0 . 4 8 0 . 4 8 

2. V a l v e p i t s 0. 32 0. 32 

T O T A L C O S T / M E T R E 9. 56 6. 73 

* W h e r e ' b l o w b a c k ' i s n o t p o s s i b l e . 

T h e s i g n i f i c a n t c o s t s , in t h i s e x a m p l e , a r e t h e s c r a p i n g and l i n i n g p r o c e s s i t se l f , 

and t h e i n i t i a l s e t t i n g up c o s t s . 

Table 4. Cost of scraping and bitumen lining 150 mm diameter main 

I t e m 
C o s t / m e t r e 

300 m > 2 k m 
£ £ 

E x c a v a t e , t e m p o r a r i l y , and b i t u m e n A nn 4 no 

l i n e . Supp ly a l l f i t t i n g s a s r e q u i r e d . 

W a t e r u n d e r t a k i n g a t t e n d a n c e 0. 13 0. 13 

P r o v i d e t e m p o r a r y s u p p l y for 8 h o u r s 0. 04 0. 04 

P e r m a n e n t r e i n s t a t e m e n t of 6 m 
e v e r y 100 m l e n g t h 

0.70 0.70 

T O T A L C O S T / M E T R E 6. 87 4 . 87 

C o s t s a r e on ly a v a i l a b l e f o r t h e c o m p l e t e w o r k by t h e c o n t r a c t o r on s i t e . 
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4. 3. 3. Bitumen lining of a 150 mm d iamete r main . 

The costs for bitumen lining a r e based on those quoted by one con t rac to r . The 

par t icu la r contractor under takes all excavation and t e m p o r a r y re ins ta tement , all 

pipe cutting and supplies all the fittings requ i red . Normal ly the cont rac tor would 

expect a job to be 1. 5 to 4 km minimum length. 

4. 3. 4. Pipe inser t ion into a 150 m m d iamete r main . 

The cost data shown in Table 5 have been produced using a purely synthetic model 

to quantify the expected cost sensi t ive aspec ts of the operat ion. 

Table 5. Cost of pipe insertion (slip lining) into 150 mm diameter main 

Item 
C o s t / m e t r e 

3 00 ^ 2 km 
£ £ 

Excavate , backfill and t empora r i l y 
re ins ta te lead-in and t i e - in pits 

Excavate , remove and rep lace valves 
and hydrants including backfill, 
t empora ry re ins ta tement and new 
fittings 

Excavate , remove and reconnect 
se rv ices using appropr ia te fi t t ings: 
t empora ry re ins ta tement included 

Excavate , remove and rep lace junct ions: 
cost of fittings and t empora ry r e i n s t a t e 
ment included 

125 mm Class D HDPE pipe (no handling 
charges included) 

Clear obstruct ions and draw in l iner 

Radiographic test ing of welds 

Tes t flush and s te r i l i ze main 

Water undertaking attendance 

Temporary water supply by tanker 
for 8 days 

Move con t r ac to r ' s equipment to site 
. 2 

Pe rmanen t r e ins ta t ement at £12. 24 /m 

1. Lead-in and t ie - in pits 
2. Valves and hydrants 
3. Services 
4. Junctions 

TOTAL COST/METRE 

0.19 

2. 33 

2. 50 

0.79 

4. 23 

4 .42 

1.67 

0.08 

0. 09 

0. 57 

3.33 

0. 18 
0. 12 
1. 20 
0. 12 

21. 82 

0. 19 

2. 33 

2. 50 

0.7 9 

4 . 07 

4.42 

1.67 

0. 08 

0.09 

0. 57 

3.33 

0. 18 
0.12 
1.20 
0.12 

18. 83 

In this example, significant cos t s a r e for excavation and rep lacement of valves and 

se rv ices , the l iner , i t s handling into the existing main , and setting up. 
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5. CONCLUSIONS 

Eight renovation p r o c e s s e s have been cons idered: 

Bitumen lining 

Cement m o r t a r lining 

Thermoplas t i c pipe inser t ion 

Insituform 

In situ res in coating ( train method) 

Membrane lining 

In situ r es in coating (spray method) 

F ib re reinforced cement lining 

Bitumen lining 

The p r o c e s s has been used for non - s t ruc tu ra l renovation of water ma ins . The main 

a t t rac t ion is the cost of the p r o c e s s ; in the example given it is approximately 20 

pe r cent of renewal . In addition, the main can be re in t roduced into serv ice the same 

day. The major disadvantage of the p r o c e s s i s the lack of durabil i ty of the lining. 

Cement m o r t a r lining 

The p r o c e s s has been used since the mid 1930s as a solution to non- s t ruc tu ra l 

p rob l ems . The cost i s a t t rac t ive ; in the example given, it i s approximately 25 per 

cent that of renewal . The major disadvantage of the p r o c e s s is that the main has to 

be out of se rv ice for 24 to 48 hours . However, with our p resen t knowledge, cement 

m o r t a r lining is the mos t sat isfactory a l ternat ive to renewal as a solution to non

s t ruc tu ra l p rob l ems . 

Thermoplas t i c pipe inser t ion 

The p r o c e s s i s the only cur ren t ly available s t ruc tu ra l renovation technique. It has 

been used successfully in the gas, pe t rochemica l and sewerage indus t r i e s . Synthetic 

cost modell ing has indicated that the cost of the p r o c e s s i s approximately 65 P e r cent of 

renewal . The technique appears a t t rac t ive for use in urban a r e a s with dense traffic 

where the par t ia l excavation can significantly reduce disrupt ion with r e spec t to open 

t r ench work. The major disadvantage is the significant reduction in pipe bo res . 

Insi tuform 

The technique has been used to renovate s ewer s . However, with r e s p e c t to water 

dis t r ibut ion p r e s s u r e s , the p r o c e s s mus t be classif ied as non - s t ruc tu r a l and from 

actual job cos t s is expected to be expensive compared with renewal . 
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In situ res in coating ( t ra in method) 

The technique has been used successfully for the non - s t ruc tu r a l lining of long 

lengths of pipe for the pe t rochemica l industry . The major p r o c e s s advantages a re 

the smal l reduction in pipe bore and the fact that long lengths, 2 to 5 km, can be 

coated in a single run. With respec t to water dis t r ibut ion, two major disadvantages 

a r e apparent ; the inability to line lengths with se rv ice connect ions, and the long 

durat ion of disconnection (approximately 10 days) . The technique shows potential 

for non- s t ruc tu ra l renovation of ma ins laid in r u r a l a r e a s where the number of 

se rv ice connections is smal l . Cos ts a re not cur ren t ly avai lable. 

Membrane lining 

The p r o c e s s appears to be a simple and cos t - a t t r ac t i ve non- s t ruc tu ra l renovation 

technique. Some development is r equ i red before i ts application to water mains 

can be contemplated. Cos ts a r e not avai lable . 

In situ r es in coating (spray method) 

The technique has been shown to be sufficiently a t t rac t ive for the non- s t ruc tu ra l 

renovation of water mains par t i cu la r ly where the frequency of serv ice connections 

is high. Significant development work i s r equ i red . Costs a r e not avai lable. 

F ib re re inforced cement lining 

Available information suggests that, by the introduction of f ibres into cement m o r t a r , 

l inings of sufficient s t rength to withstand in te rna l p re s su r i za t ion and external loading 

can be produced. Cos ts a re not avai lable. 
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6. F U T U R E WORK BY WRC 

Resea rch at WRC Medmenham Labora to ry is to be concentra ted in th ree a r e a s : 

1. A s s e s s m e n t of the durabil i ty and economics of operat ion of bitumen and 

cement m o r t a r lining. 

2. Investigation of the potential of fibre re inforced cement for s t ruc tu ra l 

and non - s t ruc tu r a l renovation. 

3. Monitoring of developments in other p r o c e s s e s and, where appropr ia te , 

the organizat ion of t r i a l s . 
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