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Outline

� Sewer inspection

� Influence of damages to the sewer bedding 

– Pilot scale investigations

� Ground Penetrating Radar (GPR)

– Investigations in locations

� Costs

� Conclusion
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Sewer inspection
results
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Sewer inspection
results

� Distribution of sewer damages 

– Defective connection (20%)

– Cracks (17%)

– Leaky sleeves (11%)

– Roots (8%)

� Leaky sewers and pipes cause exfiltration of 
waste water or infiltration of groundwater
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Sewer Collapse
Tucson, Arizona, September 2002 

http://www.sewerhistory.org/images/mi/mid/mid_spdwy08.jpg
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Sewer Collapse
Tucson, Arizona, September 2002 

http://www.sewerhistory.org/images/mi/mid/mid_spdwy04.jpg
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Sewer inspection
unseen damages
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Sewer inspection
unseen damages
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Pilot scale investigations
influence of damages to the sewer bedding

point damage tear damage

leaky sleeve
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point damage tear damage

leaky sleeve

point damage 30 mm (soil SU)

195 min. 205 min. 250 min.

Pilot scale investigations
Results

Tear damage 8 mm (soil SE)
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Pilot scale investigations
Results

safe below 1 litre of solid infiltration 
at risk > 1 - 10 litres of solid infiltration with a steady state
critical > 10 litres of solid infiltration, no stead y state

��������criticalLeaky sleeve

≥ 6 mm> 8 mmcritical

3 – 5 mm6 – 8 mmat risk

< 3 mm≤ 5 mmsafe

Tear damage

≥ 15 mm> 20 mmcritical

11 – 14 mm11 - 20 mmat risk

≤ 10 mm≤ 10 mmsafe

Point damage

Soil II (SE)
(loose)

Soil I (SU)
(weak cohesive)

Extent of the damage Classification regarding 
an endangerment of the 
stability of the soil body 

Damage
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Pilot scale investigations
Results

� Normal bedding of sewers is basic condition for 

– Stability

– Tightness

� Impairment of the bedding zone through

– Infiltration of groundwater and

– Entry of bedding material 

� Early recognized defects in the bedding zone 
allows 

– Cost-effective rehabilitation and 

– Minimization of subsequent costs 

� Suitable technique is the GPR
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Measuring technique 
Measuring vehicle and trailer

1. Control unit, position indicator

2. GPS receiver

3. Camera 

4. “TerraVision” Antenna Array (14 channels)



LESAM 2007 – Lisbon 17-19 October 2007

Collected data

� GPS data
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Collected data

� GPS data

� Video
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Collected data

� GPS data

� Video

� Radargram
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Geographic Correlation
Investigation Area
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Geographic Correlation
Investigation Area
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Geographic Correlation
Investigation Area
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Radargram
Representation of the GPR investigations

� 3-D representation in form of the radargram

Unknown inhomogeneity /
suspicion zone

manhole
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Radargram
Representation of the GPR investigations

� 3-D representation in form of the radargram 

groundwater level

manhole
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Radargram
Representation of the GPR investigations

� 3-D representation in form of the radargram 

manhole
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GPS - track

Storm water

Waste water

Anomaly

Legend:

Visualization 
Representation of the GPR investigations

� 2-D representation, 
anomalies with additional card information
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Visualization 
Representation of the GPR investigations

� 2-D representation, 
anomalies with additional card information

GPS - track

Storm water

Waste water

Anomaly
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Visualization 
Representation of the GPR investigations

� 2-D representation, 
anomalies with additional card information

GUS     ground penetrating radar object, unknown si gnature

GSC     ground penetrating radar object, manhole

GPS - track

Storm water

Waste water

Anomaly

Legend:
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GUS     ground penetrating radar object, unknown si gnature

GSC     ground penetrating radar object, manhole

Visualization 
Representation of the GPR investigations

� 2-D representation, 
anomalies with additional card information
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Storm water
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Visualization 
Representation of the GPR investigations

� sewer inspection report

 Haltungsinspektionsprotokoll  
 Version 1.0  

 Haltungsnummer:  R02195006.00R02195005.00 
 Auftraggeber:  Stadtentwässerung A-Stadt Datum:  04.04.2006 Uhrzeit:  12:15:11 
 Firma:  Geokanal GmbH Inspekteur:   Herr Mustermann 

 Grund:  N Art:  Z Richtung:  I Kürzelsystem:  Z 

 Wetter:  Trocken Temperatur:  20 

 Videospeichermedium:  MOD Speichermedium:  Festplatte01 

 Bemerkung:  

 Station  CODE: Strescha.  Pos 1:  Pos 2:  Entfernung:  Durchm.:  Langtext:  
 0,23 GSC 11 1,46 1 Georadar, Schacht  
 2,12 GUS 4 1,63 0,83 Georadar, unbekannte  
 Signatur  

 2,33 A--L  9 Abzweig, linker Kämpfer  

 3,87 GSC 11 1,04 1 Georadar, Schacht  
 4,13 A--R 13 Abzweig, rechter Kämpfer  

 4,23 A--L  9 Abzweig, linker Kämpfer  

 17,88 GUS 12 0,01 1,35 Georadar, unbekannte  
 Signatur  

 24,43 A--L 9 Abzweig, linker Kämpfer  
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Visualization 
Representation of the GPR investigations

� sewer inspection report

 Haltungsinspektionsprotokoll  
 Version 1.0  

 Haltungsnummer:  R02195006.00R02195005.00 
 Auftraggeber:  Stadtentwässerung A-Stadt Datum:  04.04.2006 Uhrzeit:  12:15:11 
 Firma:  Geokanal GmbH Inspekteur:   Herr Mustermann 

 Grund:  N Art:  Z Richtung:  I Kürzelsystem:  Z 

 Wetter:  Trocken Temperatur:  20 

 Videospeichermedium:  MOD Speichermedium:  Festplatte01 

 Bemerkung:  

 Station  CODE: Strescha.  Pos 1:  Pos 2:  Entfernung:  Durchm.:  Langtext:  
 0,23 GSC 11 1,46 1 Georadar, Schacht  
 2,12 GUS 4 1,63 0,83 Georadar, unbekannte  
 Signatur  

 2,33 A--L  9 Abzweig, linker Kämpfer  

 3,87 GSC 11 1,04 1 Georadar, Schacht  
 4,13 A--R 13 Abzweig, rechter Kämpfer  

 4,23 A--L  9 Abzweig, linker Kämpfer  

 17,88 GUS 12 0,01 1,35 Georadar, unbekannte  
 Signatur  

 24,43 A--L 9 Abzweig, linker Kämpfer  

GUS ground penetrating radar, 
unknown signature

GSC ground penetrating radar,
manholeJ.
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Costs of GPR Investigations

� TV-Inspection, Dynamic probing and 
GPR investigation with evaluation

~ 5,00

TV-Inspection
[€/m]

8,90

15,00

20,00

33,50

Total costs
[€/m]

100

10

5

2

Dynamic
probing

(150 € each) 

2,40

8,50

13,50

27,00

Costs
[€/m]

Length of
investigation

10.000 m

1.000 m

500 m

200 m
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Costs for rehabilitation
not men-accessible sewer

� Rehabilitation (live cycle < 50a)

– Relining with hose:

95 - > 305 €/m

– Relining with short- or long-pipe

140 - > 425 €/m

� Replacement (live cycle > 50a)

– open, sewer depth 3 m:

125 - > 850 €/m

– closed, Berstlining

150 - > 900 €/m

A
rb
e
it
s
h
il
fe
n
A
b
w
a
s
s
e
r,
 2
0
0
6



LESAM 2007 – Lisbon 17-19 October 2007

Conclusion

� TV-Inspection shows all the visible damages from 
inside the sewer.

� Infiltrating bedding material can cause cave ins.

� GPR shows anomalies in the bedding zone.

� With help of GPR a economical decision for the 
right rehabilitation method can be done.

� GPR is an additional tool for making the right  
rehabilitation priorisation.
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Thank you for your attention!

stepkes@isa.rwth-aachen.de

www.isa.rwth-aachen.de
Institute of Environmental Engineering RWTH Aachen University


