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- Stadt Hilden [Hilden municipal authority]

- Stadtentwasserungsbetriebe Kdln [Cologne city wastewater utility]

- Stadt Neuss [Neuss city authority]

- Niederrheinische Versorgung und Verkehr AG (NVV) [Lower Rhine Utility and Transport]
- Stadtwerke Quickborn [Quickborn municipal utility]

- Stadt Recklinghausen [Recklinghausen municipal authority]

- Entsorgungsbetriebe Warendorf [Warendorf disposal utility]

- Staatliches Hochbauamt Wirzburg [State structural engineering department Wirzburg]
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1 Introduction and objective

Lateral pipes are the link between public and private sewage systems. This link as part of
domestic wastewater management is drawing increasing attention from the sewer branch.
According to a survey of the German Association for Water, Wastewater and Waste (DWA)
in 2004 [1], private sewage systems are in considerable need of action. But maintenance of
the lateral pipes is a matter not only for the private connection users [2, 3, 4] but also for the
public network operators [5].

Tube liners are being increasingly used to refurbish private sewage systems. But at the
moment it is not clear to what extent these liners fulfil the requirements made of them. Both
sewage network operators and private land owners are very uncertain when it comes to
selecting and using suitable tube liners.

In this context, IKT has performed a comparison test of lateral pipes. To do so, it used the
already existing test set-up funded by the MUNLV NRW in the IKT's large-scale test facility
(see research project "Comparative tests of the quality of refurbishment methods for lateral
pipes", Ref. IV-9-041 105 0180).

The aim of the IKT-Product-Test is to assess the quality of the products available on the
market, to illustrate potential for improvements and at the same time to build up a
corresponding market pressure so that the suppliers actually make use of this potential. The
sewage network operator as customer stipulates which quality requirements are made of the
products and how products are to be assessed in this context. 14 sewage network operators
were involved in the IKT-Product-Test ,Tube Liners for Lateral Pipes”: Alsdorf municipal
wastewater utility, Bergisch Gladbach municipal sewage plant, Dinslaken municipal authority,
Dusseldorf city wastewater utility, Gladbeck municipal authority, Géttingen city wastewater,
Hilden municipal authority, Cologne city wastewater utility, neuss city authority, Lower Rhine
Utility and Transport, Quickborn municipal utility, Recklinghausen municipal authority,
Warendorf disposal utility and the State structural engineering department Wirzburg.

2 Test programme

Altogether nine sessions were held to define the overall test contents — selection of the
liners, test programme and assessment — with the sewage network operators. Attention was
concentrated on three focal issues: quality assurance, system tests and construction site
investigations (see [6], [7], [8]). The focal issues quality assurance and system tests form
the basis of the test marks. The site investigation results cannot be included in ascertaining
the test marks because the general conditions are incommensurable: these results are taken
into account as additional information.

The sewage network operators stipulated the tube liners for the IKT-Product-Test ,Tube
Liners for Lateral Pipes”. The suppliers of these liners were then asked to take part in the
test. Two suppliers, Mr. Pipe GmbH and Insituform Rohrsanierungstechniken GmbH,
declined to participate in the test; the reasons are explained in the corresponding letters
featured in Annex | and Annex Il.
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The following tube liners underwent comprehensive testing during the product test:

BendiLiner, EasyLiner GmbH

BRAWOLINER - FIX, Karl Otto Braun KG

DrainLiner, epros GmbH

DrainPlusliner, epros GmbH

Flex-Liner, Alocit Chemie GmbH

Konudur Homeliner, MC-Bauchemie Miiller GmbH & Co. KG
ProFlex Liner (Prototyp), Vereinigte Filzfabriken AG
SoftLiner, EasyLiner GmbH

YVVVYVYYYY

2.1 Quality assurance of the liner suppliers

The focal test issue "quality assurance by the liner suppliers" deals with the question: how
does the supplier assist in refurbishment with his tube liner so as to achieve high quality
results?

The IKT asked the suppliers of the tested tube liners to submit procedure certifications of
Deutsches Institut fir Bautechnik (DIBt), test certificates for the environment compatibility of
the resin systems being used, procedure manuals and information about training courses
together with evidence of the disposability of the hardened tube liners. Information was also
requested about the extent to which the corresponding procedure is already available on the
market with external monitoring services.

2.2 System tests

The system tests — testing the suitability for use and refurbishment quality — were carried out
in the test set-ups at the IKT's large-scale test facility. The selected liners were used in the
test sewers and then subject to comprehensive testing, focussing primarily on the leak
tightness and operability of the refurbished sewers.

2.2.1 Test set-ups and damages

For the system tests of the tube liners, lateral pipes with defined damages were produced
and covered with a gravel/sand mixture. A clear differentiation was made between lateral
pipes in a so-called "standard situation" and a so-called "extreme situation".

The standard situation was used to check the general application possibilities for the tube
liners. The extreme situation aimed to touch on the limit areas for using the tube liners.

Altogether 18 standard situations and 18 extreme situations were produced. To do so, three
layers of six sewers were produced in the standard situation and three layers of six sewers in
the extreme situation, one over the other in the large-scale test facility. The lateral pipes were
connected to a main sewer made of vitrified clay 300mm diameter with manholes. The tube
liners were installed through access openings. The position of the lateral pipes in the large-
scale test facility is shown in a side view in Fig. 1.

To give the technicians optimum access to the access openings, the sewers were produced
with differing lengths for the various layers (top layer: approx. 11 m, middle layer: approx. 12
m, bottom layer: approx. 13 m). The tested tube liners were each used in three sewers (one
sewer per layer).
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Fig. 1: Position of the lateral pipes in the IKT large-scale testing facility, side view

Test set-up for the standard situation: lateral pipe made of vitrified clay 150mm diameter
with 30° and 45° bends; the connection was produced correctly with a connection fitting in
the springer of the main pipe; access openings made of PVC 150mm diameter were
provided at the end of the vitrified clay sewer to give access for tube liner refurbishment. The
sewers were damaged as follows: longitudinal cracks approx. 30 cm long and approx. 2 mm
wide at the crown; a transverse crack approx. 10 cm long and approx. 2 mm wide in the
base; formation of two fragments measuring approx. 20 cm? respectively 10 cmz in the right-
hand springer; a missing piece of pipe measuring approx. 5 x 5 cm in the base.

Test set-up for the extreme situation: lateral pipe made of vitrified clay 150mm diameter
with dimensions and material changing to PVC 125mm diameter and 15° and 45° bends; the
connection was not produced correctly with a mortar-coated 67° bend between the crown
and springer of the main pipe; a side inlet 100mm diameter was indicated in a vitrified clay
pipe and a PVC pipe in each case (sealed bore); access openings were provided in
downpipes made of cast iron pipes 150mm diameter at the start of the vitrified clay sewer to
give access for tube liner refurbishment. These downpipes were connected to the vitrified
clay sewer with a 90° vitrified clay bend. The sewers were damaged as follows: a fragment
measuring approx. 20 cmz2 in the base; a longitudinal crack approx. 30 cm long and approx. 2
mm wide in the crown; a transverse crack approx. 20 cm long and approx. 2 mm wide in the
case; a missing piece of pipe measuring approx. 5x5 cm in the base, lacking gaskets at all
pipe transition points made of PVC.

2.2.2 Refurbishment

When it came to refurbishment of the lateral pipes, the suppliers could choose to have the
work performed by their own technicians or recommend a service provider for this purpose.
The refurbishment work was commissioned by IKT. The executing companies were free to
choose the procedure (preparation including cleaning, actual refurbishment and subsequent
work) during refurbishment of the six lateral pipes (3x standard situation, 3x extreme
situation). The only stipulation made was that the refurbishment should be carried out from
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the access openings to the lateral pipes. No time limit was set for the refurbishment work.
The liners used for the work are described below.

>

BendiLiner, EasyLiner GmbH: the BendiLiner was used to refurbish the extreme
situation. The BendiLiner has better bend capability that the SoftLiner by EasyLiner
GmbH and is also more flexible at changes in dimensions. It consists of polyester
needle felt with an inner foil of PU and is impregnated with epoxy resin EasyPox 3008
(marked on the container). According to the liner supplier, the BendiLiner can be used
in nominal widths from 100mm diameter to 150mm diameter.

BRAWOLINER - FIX, Karl Otto Braun KG: the BRAWOLINER - FIX was used to
refurbish both the standard situation and the extreme situation. It consists of polyester
high-strength fabric with an inner foil of PU and is impregnated with epoxy resin
Brawo | (marked on the container) for both situations. According to the liner supplier,
BRAWOLINER - FIX can be used in nominal widths from 70mm diameter to 200mm
diameter.

DrainLiner, epros GmbH: the DrainLiner was used to refurbish the standard
situation. It consists of a polyester needle felt with an inner foil of PVC and is
impregnated with epoxy resin Epropox A4/B4 (marked on the container). According to
the liner supplier, the DrainLiner can be used in nominal widths from 100mm diameter
to 300mm diameter.

DrainPlusliner, epros GmbH: the DrainPlusliner was used to refurbish the extreme
situation. The DrainPlusliner is more flexible in changes of dimensions and existing
bends than DrainLiner by epros GmbH. It consists of a polyester needle felt with an
inner foil of PU; impregnated with epoxy resin Epropox A4/B4 (marked on the
container). According to the liner supplier, the DrainPlusliner can be used in nominal
widths from 100mm diameter to 300mm diameter.

Flex-Liner, Alocit Chemie GmbH : the Flex-Liner was used to refurbish both the
standard situation and the extreme situation. The liner material is a knitted polyester
fabric with an inner foil of PVC and is impregnated for both situations with an epoxy
resin. Depending on the hardening method, ALOCIT resin 480 and ALOCIT
hardener 48.94 (cold hardening) resp. ALOCIT resin 480 and ALOCIT
hardener 48.48 (warm hardening) were used (marked on the container). According to
the liner supplier, the Flex-Liner can be used in nominal widths from 50mm diameter
to 300mm diameter.

Konudur Homeliner, MC-Bauchemie Miller GmbH & Co. KG: the Konudur
Homeliner was used to refurbish both the standard situation and the extreme
situation. The liner material consists of polyester needle felt with an inner foil of PU
and is impregnated for both situations with epoxy resin Konudur 160 PL-XL (marked
on container). According to the liner supplier, the Konudur Homeliner can be used in
nominal widths from 100mm diameter to 300mm diameter.

ProFlex Liner (Prototyp), Vereinigte Filzfabriken AG: refurbishment of both the
standard situation and the extreme situation was carried out with the ProFlex Liner, It
consists of meshed felt with an inner foil of PU and is impregnated for both situations
with epoxy resin Biresin LS (marked on container). According to the liner supplier, the
ProFlex Liner can be used in nominal widths from 70mm diameter to 200mm
diameter. The product test was carried out with a prototype of the newly developed
liner.
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> SoftLiner, EasyLiner GmbH: the SoftLiner was used for refurbishment of the
standard situation. It consists of a polyester needle felt with an inner foil of PU and is
impregnated with epoxy resin EasyPox 3008 (marked on container). According to the
liner supplier, the SoftLiner can be used in nominal widths from 70mm diameter to
1200mm diameter.

Refurbishment work to the lateral pipes carried out during the product test was based on the
following basic procedure:

> The lateral pipe was cleaned, inspected and measured in length.

> The liner was cut to size according to the dimensions of the lateral pipe. The liner foil
was opened at one end and a vacuum pump was connected to support impregnation
of the liner.

> The resin components were mixed and the mixture filled into the liner. The tube was

impregnated by rolling and at the same time deaerating. Before inversion in the
sewer, a lubricant was applied to the liner.

> The liners were inverted with air pressure or water pressure. In nearly all cases, the
inversion procedure was carried out with the liner closed at the end. In inversion with
the liner open at the end, the liner was inserted in the sewer together with a
calibration tube. This calibration tube was then filled with air or water and pressed the
liner against the inner wall of the pipe.

> The hardening process was brought about by filling hot water into the liner or by cold
hardening under ambient temperature. After hardening, the necessary subsequent
work was carried out, e.g. milling the ends of the liners. Insofar as the liners were
inserted with one end closed, this was opened after hardening.

2.2.3 Tests and results

2.2.3.1 Testing the operability

Immediately after refurbishment, CCTV was carried out in all lateral pipes. After the
refurbished lateral pipes had been removed, they were segmented and then visually
inspected again. Any pleats and edges in the liners were recorded in the form of photographs
and measured as examples.

The visual inspection of the tube liners resulted in the following basic conclusions for
refurbishment of the standard and extreme situation:

> No or only slight pleats were ascertained in the longitudinal direction of straight
sections of pipe. Greater pleats were only found to a certain extent in refurbishment
of the extreme situation in straight sections of pipe following a transition in the
nominal width from 150mm diameter to 125mm diameter.

> As a rule, the tube liners showed pleats in the bends. Longitudinal, transverse and
diagonal pleats were seen. The number and height of pleats tended to increase
depending on the angle of the bend. In bends of 15° and 30°, fewer pleats were found
than in the 45° bends. The pleats in the 45° bends were up to approx. 20 mm high.

> Pleats had also formed in the 90° bends and transitions in nominal width at the
extreme situations. Pleating varied depending on the liner being used. In some cases
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only slight pleating occurred (< 5 mm), while other liners revealed greater pleating.
One liner had pleats of up to approx. 20 mm.

> It clearly emerged that pleating depends greatly on the extensibility of the liner
material. Some liner materials stood out because of their particular extensibility, e.g.
BRAWOLINER - FIX, DrainPlusliner.

2.2.3.2 Cleaning stresses

The refurbished lateral pipes were subject to stresses of high-pressure cleaning and the use
of a spiral machine with various fittings (cross-blade drill, chains) on the inside. These
stresses were applied to partial sections of the refurbished lateral pipes so that after
dismantling the sewers, unloaded liner samples could be taken for laboratory tests.

Visual inspection of the tube liners after exposure to the cleaning stresses resulted in the
following conclusions:

> Neither high-pressure cleaning nor the use of the spiral machine with various fittings
caused visible damage to the liner material with hardened resin system.

> The loads imposed by high-pressure cleaning and spiral machine caused clear
changes to the inner foil of the liner with the surface of the foil roughened up in
numerous places.

> The inner foil of the liners did not work loose from the tube liners to any great extent.

2.2.3.3 Leaktightness tests

The refurbished lateral pipe must be tight immediately after refurbishment and permanently
afterwards, i.e. after operational stresses. All tube liners were checked for tightness after
completion of the refurbishment work and after being exposed to operational stresses (high-
pressure cleaning, mechanical cleaning with spiral machine). Leak tightness tests of the
liners were carried out in the large-scale test facility immediately after refurbishment and after
exposure to the mechanical stresses, initially as so-called pipe train test as per DIN EN 1610
[9]. After removing the liners, liner samples were tested according to the APS guideline [10] .

Nearly all tube liners were tight following refurbishment during the pipe train test in the large-
scale test facility; only one liner was not tight. The liners also fulfilled the tightness criteria of
the pipe train test after HP cleaning. But after exposure to mechanical loads with the spiral
machine in partial areas of the test sewers, some of the liners had leaks already during the
pipe train test. The loads damaged the inner foil of the liners in some cases and the tightness
effect of the liners diminished after exposure to these loads, leading to the conclusion that
the inner foil played an essential role in fulfilling the tightness criteria for the corresponding
liners during the pipe train tests.

This is confirmed by the tightness tests carried out on liner samples according to the APS
guideline [10] after removal of the liners. Leaks were found in numerous unloaded samples
or samples exposed to HP cleaning and the spiral machine. Altogether 54 unloaded and 126
loaded samples were tested; 25 of the unloaded samples and 63 of the loaded samples were
not tight. This corresponds to 46% respectively 50%. It was therefore not possible to
ascertain any influence of the mechanical loads on the tightness of the liners. The results of
the tightness tests according to the APS guideline show that the liner quality respectively
tightness varies across the circumference and length of the liner.
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2.2.3.4 Additional tests

Measuring the wall thickness: the results for measuring the wall thickness clearly reveal
the differing wall thicknesses of the liners, also showing in some cases considerable
fluctuations in wall thickness across the circumference of the liners.

Defining material characteristics (3-point bending test, 24-h creep behaviour, density):
The nominal values provided by the suppliers and the values found during the test differ
considerably in some cases. But some of the values found in the tests also satisfy the
nominal values. The ascertained density was greater than the nominal value in only one
liner. The individual values of the ascertained densities confirm the fluctuations in liner
characteristics as already ascertained during the tightness tests according to the APS
guideline and in measuring the wall thickness.

Cutting open indicated side inlets and visual inspection of the liner to see whether it
was coming away from the pipe wall: in nine of ten samples, the liner was found to have
formed a firm bond with the old pipe in the area of pipe segment openings, after being cut
open. That means that the bond formed by liner and old pipe was scarcely affected by the
cutting work. Only the opening cut in one liner revealed that in this case no bond had been
formed with the old pipe. It is not clear whether the liner had come away from the wall of the
old pipe during the cutting process or whether no bond had been formed in this area already
beforehand.

External water pressure test on pipe sections and measuring the annular gap: only two
of ten tested pipe segments had no water losses during the external water pressure test.
These two pipe segments did not show any effects of the resulting pressure, e.g. bulging of
the liner or inner foil. As a rule, the water penetrated in the annular gaps respectively
capillaries between the outer surface of the liner and the inner surface of the pipe and
emerged again at the surfaces where the samples had been cut. Water only also infiltrated
through the liner wall in just one sample.

2.3 Construction site investigations

The use of nearly all tested tube liners was observed in existing lateral pipes on building
sites’. To summarise it can be said that the installation of the tube liners was suitable for
practical use on the building sites. The encountered technical problems were solved on site
in an appropriate period of time. The machinery could be brought to the corresponding
refurbishment starting points without any difficulties, e.g. access openings in basement
rooms, access manholes on the plots. It was possible to insert the liners even in confined
space, e.g. narrow pipe ditches and small access openings.

This was not possible only in the case of the DrainLiner because at this point in time, the liner had not been introduced into
regular use by the affected sewage network operators, nor could the liner supplier name any building sites in response to
the IKT's enquiry. But the procedures involved in installation correspond basically to those for the DrainPlusliner so that
adequate site impressions were obtained.
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3 Assessment of the tube liners

The system tests are assessed on the basis of use of the tube liners in the large-scale test
facility, differentiating between the two application cases "standard situation” and "extreme
situation”. Test marks are therefore given separately for the corresponding tube liners
according to the focal issues quality assurance of the liner suppliers and system tests for
application case | "standard situation” and Il "extreme situation”.

3.1 Assessment point "quality assurance of the liner suppliers”

The assessment point "quality assurance of the liner suppliers” accounts for 20% of the
corresponding test mark. It includes the five assessment cases stated in the following table
with the weighting shown there. The cases are assessed with the criterion "yes/no". "Yes"
means that the corresponding quality assurance was verified to the full. "No" indicates that a
corresponding verification was missing. The results are depicted by a linear function based
on grades, whereby 100% stands for the grade "very good (1.0)" and 0% for the grade
"inadequate (6.0)".

Table 1: Assessment scheme for the test aspect "Quality assurance of the liner suppliers”

Assessment cases Criteria Weighting
DIBt certification yes/no 50 %
Test certificate for environment yes/no 20 %
compatibility

Procedure manual and training courses yes/no 10 %
External monitoring yes/no 10 %
Evidence of disposability yes/no 10 %

3.2 Assessment point "system tests"

The assessment points "system test standard situation (application case )" and "system test
extreme situation (application case Il)" account for 80% of the corresponding test mark.
Grades from "very good (1.0)" to "inadequate (6.0)" are given for both assessment points,
which include the assessment cases "refurbishment results”, "HP cleaning" and "mechanical
cleaning”. The assessment case "refurbishment results" is assessed according to the criteria
"tightness" and "operability”, and the assessment cases "HP cleaning"” and "mechanical
cleaning" according to the criterion "leak tightness".

The criterion "operability (visual condition)" indicates whether refurbishment has been able to
restore reliable disposal. The assessment was made by the participating sewage network
operators awarding points on the basis of the photo documentation and measuring results,
the CCTV inspection and the exemplary examination of samples taken from the systems. A
minimum of 0 and maximum of 100 points were awarded, whereby 100 points stand for
visually perfect refurbishment results (very good/1.0) and O points for visually unacceptable
refurbishment results (inadequate/6.0). All assessment results were averaged by arithmetic
means for the group of sewage network operators and the marks were depicted by a linear
function.

As far as the criterion "leak tightness" is concerned, the results were based on IKT's
laboratory tests on liner samples according to the APS guidelines. The results of the
tightness tests were shown as a percentage and the marks were depicted by a linear
function. The results of the "pipe train test" in the large-scale test facility were not included in
the test marks. This was because leak tightness in the case of the "pipe train test" can also
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have been due to the inner foil of the liner. In the opinion of the participating sewage network
operators, the liner material with resin must be tight even without the inner foil, which
functions primarily as installation aid.

The assessment scheme for the "system test standard situation (application case I)" and
"system test extreme situation (application case II)" is shown in the following table as
weighted by the sewage network operators.

Table 2: Assessment scheme for the test aspect "System tests"
Application cases Assessment cases Criteria

i 0,
Refurbishment results (60 %) (-glsg:;s;ify((ig 0//0))
0

HP cleaning (20%) Tightness (100%)
Mechanical cleaning (20%) Tightness (100%)
Tightness (60 %)
Operability(40 %)

HP cleaning (20%) Tightness (100%)
Mechanical cleaning (20%) Tightness (100%)

Standard situation

Refurbishment results (60 %)

Extreme situation

4 Test marks and overall results

The test marks for the tube liners for each particular application case (I: standard situation, Il
extreme situation) are made up of the assessment points "quality assurance of the liner
suppliers (20%)" and "system test (80%)". The assessment points "system test standard
situation” and "quality assurance of the liner suppliers" respectively "system test extreme
situation” and "quality assurance of the liner suppliers" therefore always resulted in two test
marks.

Tube liners used only for one of the two application cases — standard or extreme situation —
only receive just one test mark. Insofar as tube liners were not used for one or both
application cases, these are not assessed for the corresponding case or cases.

As a result, the SoftLiner (EasyLiner GmbH) and the DrainLiner (epros GmbH) are given a
test mark for the application case "standard situation" but are NOT ASSESSED for the
application case "extreme situation”. By contrast, the BendiLiner (EasyLiner GmbH) and the
DrainPlusliner (epros GmbH) are given a test mark for the application case "extreme
situation”, but are NOT ASSESSED for the application case "standard situation". The Mr.
PIPE-Liner (Mr. PIPE GmbH) and the Insituform-Liner (Insituform GmbH) are NOT
ASSESSED for both application cases "standard situation" and "extreme situation”. Both
liners were to be used for the test, but the corresponding suppliers declined to participate
(see corresponding letters in Annex | and Annex II).

The test marks for the tested tube liners are shown below. In addition, the liners which were
not used for the corresponding application cases are also featured with a corresponding
explanation. The tables also summarise the results of the site tests, additional information
and the recognised potential for improving the individual tube liners.
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Table 3:

IKT-Product-Test , Tube Liners for Lateral Pipes*

Results of the IKT-Product-Test ,Tube Liners for Lateral Pipes” in the standard situation

Main sewer Access opening
T - T = 8 ' Refurbishment of three vitrified clay lateral pipes 150mm diameter; correct connection with a connection fitting in the springer of the main pipe; inversion through access
F = = openings at the start of the vitrified clay sewer; vertical bends: 45° and 30°; applied damage: longitudinal cracks, transverse cracks, fragmenting, missing pipe pieces.
%] ‘ll's‘(;‘r:“fn" clay [ pyc 150mm with access opening
MC Bauchemie ALOCIT Chemie Insituform
Liner supplier KOB KG epros GmbH Muller GmbH & Co. | EasyLiner GmbH GmbH VFG AG epros GmbH EasyLiner GmbH Mr. PIPE GmbH Rohrsanierungs-
KG techniken GmbH
— . . . ProFlex Liner . . L . . .
BRAWOLINER - FIX DrainLiner Konudur Homeliner SoftLiner Flex-Liner (Prototyp) DrainPlusliner BendiLiner Mr. PIPE-Liner Insituform-Liner
Tube liner
. . Polyester high-strength| Polyester needle felt | Polyester needle felt | Polyester needle felt |Knitted polyester fabric . .
Basic material fabric with PU foil with PVC foil with PU foil with PU foil with PVC foil | Meshed feltwith PUfoil - - - -
Resin system Brawo | EPROPOX VIS A4/B4 | Konudur 160 PL-XL EasyPox 3008 ALOCrI(;I'S/; ?8052348'48 Biresin LS - - - -
IKT test mark: standard situation GOOD (1.6) SAT'S(FZA;TORY SAT'S(FZA;TORY SAT'S(FSA,STORY ADEQUATE (4.2) | ADEQUATE (4.4) | NOT ASSESSED | NOT ASSESSED | NOT ASSESSED | NOT ASSESSED
System test (weighting 80%) good (1.6) good (2.3) good (2.1) satisfactory (3.0) adequate (3.7) adequate (4.0)
Refurbishment result Operability2 (40%) 17 2.4 2.2 2.9 2.6 21
(60%) Tightness® (60%) 18 2.7 18 35 35 4.3
Tightness after HP cleaning3 (20%) 1.0 1.0 2.7 1.0 4.3 4.3
Tightness after mechanical cleaning® (20%) 1.6 2.7 2.1 4.3 4.9 5.4 L )
: e : : Participation declined
Quality assurance (weighting 20%) very good (1.5) adequate (4.0) poor (5.5) adequate (4.5) inadequate (6.0) inadequate (6.0) Supplier's reason: - Participation declined
DIBt certification® (50%) yes no no no no no RN WESFER b T e wEs quality already verifiede Supplier's reason: test
Environment compatibility test certificate 5 5 used used to an adequate extent| conditions outside the
submitted for the resin® (20%) ES ES 1 VES I o ) ) by other documents specifications of the
— Z * Reason: supplier * Reason: supplier (including DIBt Insituform-Liner
Procedure manual and training courses” (10%) yes yes no no no no decided to use the decided to use the e
Ho 4 o DrainLiner for SoftLiner for certification) * Complete letter
External monitoring” (10 f’) yes yes e e no o refurbishment of the refurbishment of the Complete letter declining participation
Evidence of disposability” (10%) no no no no no no standard situation standard situation declining participation | dated 14.02.2005 in

Construction site investigation

practice-orientated
installation

not carried out

practice-orientated
installation

practice-orientated
installation

practice-orientated
installation

practice-orientated
installation

Additional information: available for

70mm to 200mm

100mm to 300mm

100mm to 300mm

70mm to 1200mm

50mm to 300mm

70mm to 200mm

Recommended improvements

Reduce fluctuations in
the liner properties

Reduce fluctuations in
the liner properties;
extend DIBt
certification to include
the used resin system

Reduce fluctuations in
the liner properties;
improve quality
assurance

Reduce fluctuations in
the liner properties;
improve tightness and
quality assurance

Reduce fluctuations in
the liner properties;
improve tightness and
quality assurance

Reduce fluctuations in
the liner properties;
improve tightness and
quality assurance

dated 27.01.2005
included in Annex | of
the final report

Annex Il of the final
report

“Standard situation" refers to the geometry of the lateral pipe.

Assessment of the operability through visual inspection of the refurbished standard situation by the sewage network operators: 100 points = 1.0 to 0 points = 6.0; marks depicted by a linear function.
Assessment: 100% tightness tests passed according to APS guideline = 1.0 to 0% tightness tests passed according to APS guideline = 6.0; marks depicted by a linear function.

According to the DIBt certification, a PE protective tube is to be used between the liner impregnated with resin and the pipe being refurbished when using the refurbishment method in areas saturated with ground water.

1
2
3
4 Assessment: present = yes, not present = no; certifications/certificates/verifications must be valid for the materials used in the test.
5
6

The liner was not used by the participating sewage network operators at the point in time of the site tests; the liner supplier could not name a site either. The installation procedure corresponds basically to that used for the DrainPlusliner.

7 Test certificate of the Hygiene Institute of the Ruhr area dated 1 August 2002: "Given the clear smell and taste contamination of the test water, it is advisable as a precaution to refrain from using in direct drinking water catchment areas (protection zone I) and in protection zone II"..." In our opinion

[there] are no objections to using the material "EasyPox" in areas with groundwater contact, as long as these are above the saturated zone and outside drinking water protection zone II".
8 Both B-components (hardeners) 48.48 resp. 48.94 were available and were used.
Assessment key for the test results: very good = 1.0 — 1.5, good = 1.6 — 2.5, satisfactory = 2.6 — 3.5, adequate = 3.6 — 4.5, poor = 4.6 — 5.5, inadequate = 5.6 — 6.0.

The test report can be downloaded under www.ikt.de (in German)
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Table 4:

IKT-Product-Test , Tube Liners for Lateral Pipes*

Main sewer

Access opening

Results of the IKT-Product-Test ,Tube Liners for Lateral Pipes* in the extreme situation

Refurbishment of three lateral pipes of vitrified clay 150mm diameter with change in dimension and material to PVC 125mm diameter; connection between crown and

f 8 2N NN —0 i N

B pvc 125mm

2 vitrified clay 150mn] PVC adapter

B3 castiron 150mm, downpipe with access opening

lacking gaskets.

springer of the main sewer not correctly executed with mortar coated 67° bend; inversion through access openings in the downpipes made of cast iron 150mm diameter;
vertical bends: 90°, 45° and 30°; horizontal bends: 15°; applied damage: longitudinal cracks, transverse cracks, fragmenting, lacking pipe pieces, indicated side inlets,

MC Bauchemie

ALOCIT Chemie

Insituform

Construction site investigation

practice-orientated
installation

practice-orientated
installation

practice-orientated
installation

practice-orientated
installation

practice-orientated
installation

practice-orientated
installation

Additional information: available for

70mm to 200mm

100mm to 300mm

100mm to 300mm

100mm to 150mm

70mm to 200mm

50mm to 300mm

Recommended improvements

Reduce fluctuations in
the liner properties

Reduce fluctuations in
the liner properties;
improve quality
assurance

Reduce fluctuations in
the liner properties;
improve tightness;
extend DIBt certification
to include the used resin
system

Reduce fluctuations in
the liner properties;
improve tightness and
quality assurance

Reduce fluctuations in
the liner properties;
improve tightness and
guality assurance

Reduce fluctuations in
the liner properties;
improve tightness and
guality assurance

extreme situation

extreme situation

declining participation
dated 27.01.2005
included in Annex | of
the final report

Liner supplier KOB KG Muller GmbH & Co. epros GmbH EasyLiner GmbH VEG AG GmbH epros GmbH EasyLiner GmbH Mr. PIPE GmbH Rohrsanierungs-
KG techniken GmbH
. . . . ProFlex Liner . A . . . .
BRAWOLINER - FIX | Konudur Homeliner DrainPlusliner BendiLiner (Prototyp) Flex-Liner DrainLiner SoftLiner Mr. PIPE-Liner Insituform-Liner
Tube liner
. . Polyester high-strength| Polyester needle felt | Polyester needle felt | Polyester needle felt . .|IKnitted polyester fabric
SEHCEEE fabric with PU foil with PU foil with PU foil with PU foil PRSI POV ™0 S e - - - -
Resin system Brawo | Konudur 160 PL-XL | EPROPOX VIS A4/B4 EasyPox 3008 Biresin LS ALOCrESé t880§5’548'48 - - - -
: ; ; SATISFACTORY
IKT test mark: extreme situation VERY GOOD (1.3) 3.2) ADEQUATE (3.9) ADEQUATE (4.1) POOR (4.6) POOR (5.1) NOT ASSESSED NOT ASSESSED NOT ASSESSED NOT ASSESSED
System test (weighting 80%) very good (1.2) satisfactory (2.6) adequate (3.9) adequate (4.0) adequate (4.3) poor (4.9)
Refurbishment result | Operability’ (40%) 1.9 2.6 1.7 2.4 2.9 3.5
(60%) Tightness® (60%) 1.0 4.3 4.3 6.0 6.0 6.0
Tightness after HP cleaning® (20%) 1.0 1.0 4.3 1.0 1.0 4.3
Tightness after mechanical cleaning® (20%) 1.0 1.0 5.2 5.2 6.0 5.2 L )
. A ; : Participation declined
Quality assurance (weighting 20%) very good (1.5) poor (5.5) adequate (4.0) adequate (4.5) inadequate (6.0) inadequate (6.0) Supplier's reason: - Participation declined
DIBt certification* (50%) yes no no no no no quality already ' - Supplier's reason:
Environment compatibility test certificate 3 . Tube liner was not  « Tube liner was not verified to an test conditions
submitted for the resin’ (20%) yes no yes yes no no used used adequate extentby | outside the
i 4 0 Reason: supplier » Reason: supplier o_ther d_ocuments spe_cification; of the
Procedure miimu.al ind training courses™ (10%) yes no yes no no no phosics o g decided to use the (including DIBt e S——
External monitoring” (10%) yes yes yes yes no no DrainPlusliner for BendiLiner for certification . Complete letter
Evidence of disposability* (10%) no no no no no no refurbishment of the | refurbishment of the | Complete letter declining participation

dated 14.02.2005 in
Annex Il of the final
report

"Extreme situation” refers to the geometry of the lateral pipe.
Assessment of the operability through visual inspection of the refurbished standard situation by the sewage network operators: 100 points = 1.0 to 0 points = 6.0; marks depicted by a linear function.
Assessment: 100% tightness tests passed according to APS guideline = 1.0 to 0% tightness tests passed according to APS guideline = 6.0; marks depicted by a linear function.

Both B-components (hardeners) 48.48 resp. 48.94 were available and were used.

1
2
3
4 Assessment: present = yes, not present = no; certifications/certificates/verifications must be valid for the materials used in the test.
5
6

According to the DIBt certification, a PE protective tube is to be used between the liner impregnated with resin and the pipe being refurbished when using the refurbishment method in areas saturated with ground water.
7 Test certificate of the Hygiene Institute of the Ruhr area dated 1 August 2002: "Given the clear smell and taste contamination of the test water, it is advisable as a precaution to refrain from using in direct drinking water catchment areas (protection zone ) and in protection zone II"..." In our opinion [there] are
no objections to using the material "EasyPox" in areas with groundwater contact, as long as these are above the saturated zone and outside drinking water protection zone II".

Assessment key for the test results: very good = 1.0 — 1.5, good = 1.6 — 2.5, satisfactory = 2.6 — 3.5, adequate = 3.6 — 4.5, poor = 4.6 — 5.5, inadequate = 5.6 — 6.0.

The test report can be downloaded under www.ikt.de (in German)
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5 Conclusions
Foil makes the Tube Liner tight

A comparison of the results from the so-called pipe train test (acceptance test as per DIN EN
1610) with those from the APS test show that in many cases, it is the inner foil which makes
the liner tight. If this foil is removed in places — as is normal with the APS test — then the
tightness disappears as well. This is demonstrated by numerous leaking liner samples.

Quality fluctuations

All tube liners showed fluctuations in the liner properties. These fluctuations were
ascertained both across the circumference of the liners, e.g. in measuring wall thickness, and
also along the liner length, e.g. in measuring the density. The results of the tightness test
according to the APS guideline underline the quality fluctuations of the liners. In some cases,
the spread in the results even leads to apparent contradictions in the test results. For
example, these fluctuations meant that the BRAWOLINER - FIX produced better results for
the "system test extreme situation" (grade "very good", 1.2) than for the "system test
standard situation” (grade "good", 1.6).

Operating loads with negligible influence

The loads resulting from HP cleaning and mechanical cleaning (spiral machine with various
fittings) applied during the test showed no obvious influence on liner quality. The results of
the tightness tests were apparently dominated by the spread in material properties. As a rule,
the applied loads only roughened up or partly damaged the inner foil. No changes were
found in the actual material of the liner.

Conflict of aims between operability and tightness

Nearly all tube liners in the test produced better results for operability than for tightness.
Prerequisite for good operability of the refurbished lateral pipe is that the liner only shows
slight if any pleats and edges after refurbishment. To achieve this, the liner material must be
appropriately flexible in the bends. But this flexibility can be opposed to the tightness of the
material. This was particularly clear in the test when the liner suppliers used different tube
liners for refurbishment of the standard and extreme situations. The "DrainPlusliner" and
"BendiLiner" products used only for refurbishment in the extreme situation showed far fewer
pleats in the bends than the "DrainLiner" or "SoftLiner" used for refurbishment of the
standard situation, and yet their poorer performance in terms of tightness resulted in an
overall less satisfactory test result.

Quality assurance in preparation

Only one provider offered convincing quality assurance with the grade "very good (1.5)".
Most suppliers supplied incomplete documents if any at all. In some cases the documents
referred to other materials than those used in the test. But many suppliers indicated that they
were currently improving the quality assurance of their products. For example, three
suppliers have applied for certification of their tube liners by the Deutsche Institut fir
Bautechnik (DIBt).

Practice-oriented installation

The site tests confirmed the impressions gained during installation of the tube liners in IKT's
large-scale test facility. The used procedures are also suitable for installation of the tube
liners under practical conditions (confined space, time pressure) and are therefore also
fundamentally suitable for refurbishment of lateral pipes. However, random tightness tests
carried out on liner samples once again revealed differences in quality across the length or
circumference of the liners. For many liners, the question therefore arises whether it is at all
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possible for the tightness criteria stipulated by the sewage network operators to be fulfilled
on-site.

Conclusion

The IKT-Product-Test ,Tube Liners for Lateral Pipes“ assesses eight tube liners for the
refurbishment of lateral pipes.

The test results show that the liner suppliers still have a lot to do. Although the test confirmed
that the tube liners can fundamentally be used even for sewers with many bends with the
resulting refurbishment restoring the operability of the lateral pipe, most of the tube liners
rarely fulfilled the tightness requirements made by the sewage network operators. In addition,
the performed tests revealed considerable fluctuations in liner quality both across the
circumference and along the length of the liners. There are also gaps in the quality
assurance procedures, which in most cases are still in the preparatory stages.

The IKT-Product-Test ,Tube Liners for Lateral Pipes" is the fourth IKT-Product-Test (cf. IKT-
Product-Tests "House Connection Fittings" [6], "Repair procedure for connection fittings" [7]
and "Inspection Systems for Domestic Sewer Networks" [8]). The eager participation of
sewage network operators in the IKT-Product-Tests underlines their practical significance.
The way the test results are accepted in the trade also shows what a demand there is for
comparative product tests in sewage technology. The IKT product tests support the “circle of
product improvement" (cf. [11]) and the development of improved or even new products (cf.
[12]). The overall aim in future will remain that of improving the quality of the offered products
in the interests of the sewage network operators.

6 Annex

Annex I:

Declining letter from Mr. Pipe GmbH

Annex Il:

Declining letter from Insituform Rohrsanierungstechniken GmbH
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Annex I:

- Declining letter from Mr. Pipe GmbH (3 of 3 pages) and Translation-
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- Appendix 1 to the declining letter from Mr. Pipe GmbH -
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- Appendix 2 to the declining letter from Mr. Pipe GmbH -
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- Translation of the declining letter from Mr. Pipe GmbH -

IKT Product Test "Tube Liners for Connection Sewers"

Dear Mr. Kaltenhauser,

As you already know, our Mr.PIPE-Liner already has DIBt certification (Z-42.3.364). During
this certification, all possibly conceivable quality criteria were tested over a long period of
time. On-going audits of our work are carried out by "Guteschutz Kanalbau" (quality marking
S 29.06). Up to the present day, we have invested a great amount in our product, human
resources, equipment and corresponding certification. We are of the opinion that these points
constitute adequate qualification and therefore refrain from taking part in your product test.

To supplement your documents, please find enclosed with this letter copies of the first page
of our DIBt certification and the certificate issued by "Guteschutz Kanalbau". Many thanks for
your understanding.

Yours sincerely

Mr. PIPE
Rohr- und Kanalsanierungstechnik GmbH
Isignature/

pp. Philipp Scholz
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Annex Il:

- Declining letter from Insituform Rohrsanierungstechniken GmbH -
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- Translation of the declining letter from Insituform Rohrsanierungstechniken GmbH -

Your letter dated 3 February 2005, tube liners for connection sewers

Dear Mr. Kaltenhauser,

As already discussed with Mr. Homann on 22 February 2005 in Oldenburg and with you
today on the phone, we would like to refrain from participating in the IKT product test "Tube
liners for lateral pipes".

We use the Insituform-Liner to refurbish lateral pipes. This liner has not been developed as
"bend-compatible" liner, although it passes through single bends. The Insituform-Liner is
used to refurbish house connections from access manholes or openings through to the main
pipe; this refurbishment technology is defined at Insituform as fast-hardening technology.
The liner is impregnated on site under conditions similar to the factory, regardless of the
weather. This technology refurbishes not only connection pipes but also short individual
reach lengths up to a length of 60 m. Last year approx. 12,000 m were refurbished with this
technology. The system can be used to pass through single existing bends.

After reviewing the drawing of the pipeline section sent to us, we are of the opinion that this
particular application is not within the specifications of the Insituform liner. To refurbish
pipeline sections of this kind, Insituform uses liners already contained in the test or reverts to
subcontractors.

However, we would be quite willing for the Insituform fast-hardening technology to be tested,
possibly as part of the test for remote-controlled connection refurbishment.

Please do not hesitate to contact us with any queries.

Yours sincerely,
Isignature/

Insituform
Rohrsanierungstechniken GmbH
Dipl.-Ing. Jurgen Zinnecker
Technology and Development
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