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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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" Distribution of sewer damages

— Defective connection (20%)

- Cracks (170/0) defective
— Lea ky S|eeves (1 10/0) Corrosion 0t§$r5 connection
° 20%

%

— Roots (80/0) deflection

12%

cracks
17%
obstacles

16%, roots leaky sleaves
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Leaky sewers and pipes cause exfiltration of
waste water or infiltration of groundwater
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Sewer Collapse

Tucson, Arizona, September 2002
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Sewer Collapse

Tucson, Arizona, September 2002
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Sewer inspection

unseen damages
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J. Henerkes, 2005

nnnnnnnnnnnnn

Pilot scale investigations

Influence of damages to the sewer bedding

point damage | ; tear damage
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Pilot scale investigations v

Results
, point damage 30 mm (soil SU)

195 min. 205 min.
Tear damage 8 mm (soil SE)

J. Henerkes, 2005
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Pilot scale investigations
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Results
Classification regarding Extent of the damage
Damage an endangerment of the Soil | (SU) Soil Il (SE)
Point damage at risk 11 - 20 mm 11 —-14 mm
critical > 20 mm > 15 mm
critical > 8 mm > 6 mm
o Leaky sleeve critical ® e
: safe below 1 litre of solid infiltration
z at risk > 1 - 10 litres of solid infiltration with a steady state
i critical > 10 I|tres of SO|Id |nf|Itrat|on no stead y state




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 o\

Measuring vehicle and trailer
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ollected data

ID GPS | Pc Time | Pe Date | Zaehler | KM | Filename | GPS_String
35733 | 15:05:54:234  04.04.2006 312612 311,37 Friesenr002 $GPGGA,130547.90,5158.3977434,M,00737.8979386 E,2,06,1.9,97.735 M,,.0.00,045171F0
25728 | 150554:734  04.04.2006 312784 311,54 Friesenr002 $GPGGA,130548 40,5158.3977179,N,00737 8980935 E,2,06,1.9,97. 755 M,,.0.00,04517130
35746 | 150555546 04.04.2006 313036 311,79 Friesenr002 $GPGGA,130549.20,5158.3976693,M,00737.8982955 E,2,06,1.9,97.760 M.,,.0.00,04517140
35770 | 15:05:57:937  04.04.2006 315379 314,12 Friesenr002 $GPGGA,130551.60,5158.3973083,N,00737.9000839 E,2,06,1.9,97.857 M,,0.00,0451*190
35835 | 15:06:04:453  04.04.2006 330852 329,53 Friesenr002 $GPGGA,130558.10,5158.3948200,4,00737.9127807 E,2,06,1.9,97.896 M,,0.00,04517120
35781 | 15:05:59:046 04.04.2006 317515 316,25 Friesenr002 $GPGGA,130552.70,5158.3969593,M,00737.9017855 E.2,06,1.9,97.831M...0.00,0451*180
25780 | 15:0558:937 04.04.2006 317283 316,02 Friesenr002 $GPGGA,130552.60,5158.3969877,M,00737.9016163 E,2,06,1.9,97.856,1,,0.00,04517120
35779 | 15:05:58:843  04.04.2006 317087 31582 Friesenr002 $GPGGA,130552.50,5158.3970326 M,00737.9014540 E,2,06,1.9,97.840 M,,.0.00,04517160
25778 | 150558734 04.04.2006 316865 2156 Friesenr002 $GPGGA,130552.40,5158.3970552,4,00737 9012876 E,2,06,1.9,97.848 M,,0.00,04517140
35777 | 15:05:58:640 04.04.2006 316679 31542 Friesenr002 $GPGGA,130552.30,5158.3970935 M,00737.9011294 E.2,06,1.9,97.840 M,..0.00,04517130
25776 | 150558546 04.04.2006 316495 31523 Friesenr002 $GPGGA,130552.20,5158.397 1241 N,00737.9009704 E,2,06,1.9,97 862 M,,0.00,0451*1EO
. 35775 150558453 04.04.2006 316315 31505 Friesenr002 $GPGGA,130552.10,5158.3971517,M,00737.9008160 E,2,06,1.9,97.843 M,,,0.00,045171FO
35774 | 15:05:58:343 | 04.04.2006 316109 314,85 Friesenr002 $GPGGA,130552.00,5158.3971873,N,00737 9006617 E,2,06,1.9,97.853 M,,0.00,0451*190
35773 150558234 04.04.2006 315907 314,65 FriesenrQ02 $GPGGA,130551.90,5158.3972183,4,00737.9005127 E,2,06,1.9,97.850 M,,.0.00,04517120
35757 | 15:05:56:640 04.04.2006 313547 3123  Friesen002 $GPGGA,130550.30,5158.3975942 N,00737.8986646 E,2,06,1.9.97 832 M,,0.00.0451*1Co
35771 15:05:58:046  04.04.2006 315571 314,31 Friesenr002 $GPGGA,130551.70,5158.3972830,N,00737.9002279 E,2,06,1.9,97 .855M,,,0.00,04517170
35758 | 15:05:56:724  04.04.2006 313631 312,38 Friesenr002 $GPGGA,130550.40,5158.3975849 M,00737.8987280 E.2,06,1.9,97.834 M,,.0.00,04517180
235769 | 15:0557:842 04.04.2006 315215 31396 Friesenr002 $GPGGA,130551.50,5158.3973359,M,00737.8999406 E,2,06,1.9,97.851 M,,0.00,04517100
35788 | 15:0557:724  04.04.2006 315028 313,77 Friesenr002 $GPGGA,130551.40,5158.3973674, M,00737.8998028 E,2,06,1.9,97.872 M,..0.00,04517130
35767 | 150557:640 04.04.2006 314869 313,61 Friesenr002 $GPGGA,130551.30,5158.3973949 N,00737.8996657 E,2,06,1.9,97 839M,,0.00,0451*1A0
35786 | 15:0557:546 04.04.2006 314715 31346 Friesenr002 $GPGGA,130551.20,5158.3974221,M,00737.8995372 E.2,06,1.9,97.863 M,..0.00,04517170
25765 | 150557437 04.04.2006 314538 313,28 Friesenr002 $GPGGA,130551.10,5158.3974416,N,00737 8994054 E,2,06,1.9,97.822 M,,0.00,04517150
35784 | 15:0557:358  04.04.2006 314415 313,16 Friesenr002 $GPGGA,130551.00,5158.3974676,M,00737.8992754 E,2,06,1.9,97.830 M,,.0.00,04517120
35763 | 15:05:57:234  04.04.2006 314227 312,98 Friesenr002 $GPGGA,130550.90,5158.3975041 N,00737.8991745 E 2,06,1.9 97 841 M,,0.00,0451*1Co
35782 | 15:0557:140 04.04.2006 314095 312,84 Friesenr002 $GPGGA,130550.80,5158.3975102,4,00737.8990578 E,2,06,1.9,97.814 M,,0.00,04517160
35761 | 15:05:57:046 04.04.2006 313971 312,72 Friesenr002 $GPGGA,130550.70,5158.3975350,M,00737.8989642 E.2,06,1.9,97.829 M...0.00,0451*100
25760 | 15:0556:937 04.04.2006 313840 31259 Friesenr002 $GPGGA,130550.60,5158.3975494 N,00737.8988738 E,2,06,1.9,97.823,M,,,0.00,04517190
35783 | 15:05:59:224  04.04.2006 317927 316,66 Friesenr002 $GPGGA,130552.90,5158.3968813,M,00737.9021340 E.2,06,1.9,97.858 M., 0.00,0451717 04
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ollected data

ID GPS | Pc Time | Pe Date | Zaehler | KM | Filename | GPS_String
35733 | 15:05:54:234  04.04.2006 312612 311,37 Friesenr002 $GPGGA,130547.90,5158.3977434,M,00737.8979386 E,2,06,1.9,97.735 M,,.0.00,045171F0
25728 | 150554:734  04.04.2006 312784 311,54 Friesenr002 $GPGGA,130548 40,5158.3977179,N,00737 8980935 E,2,06,1.9,97. 755 M,,.0.00,04517130
35746 | 150555546 04.04.2006 313036 311,79 Friesenr002 $GPGGA,130549.20,5158.3976693,M,00737.8982955 E,2,06,1.9,97.760 M.,,.0.00,04517140
35770 | 15:05:57:937  04.04.2006 315379 314,12 Friesenr002 $GPGGA,130551.60,5158.3973083,N,00737.9000839 E,2,06,1.9,97.857 M,,0.00,0451*190
35835 | 15:06:04:453  04.04.2006 330852 329,53 Friesenr002 $GPGGA,130558.10,5158.3948200,4,00737.9127807 E,2,06,1.9,97.896 M,,0.00,04517120
35781 | 15:05:59:046 04.04.2006 317515 316,25 Friesenr002 $GPGGA,130552.70,5158.3969593,M,00737.9017855 E.2,06,1.9,97.831M...0.00,0451*180
25780 | 15:0558:937 04.04.2006 317283 316,02 Friesenr002 $GPGGA,130552.60,5158.3969877,M,00737.9016163 E,2,06,1.9,97.856,1,,0.00,04517120
35779 | 15:05:58:843  04.04.2006 317087 31582 Friesenr002 $GPGGA,130552.50,5158.3970326 M,00737.9014540 E,2,06,1.9,97.840 M,,.0.00,04517160
25778 | 150558734 04.04.2006 316865 2156 Friesenr002 $GPGGA,130552.40,5158.3970552,4,00737 9012876 E,2,06,1.9,97.848 M,,0.00,04517140
35777 | 15:05:58:640 04.04.2006 316679 31542 Friesenr002 $GPGGA,130552.30,5158.3970935 M,00737.9011294 E.2,06,1.9,97.840 M,..0.00,04517130

35776 | 15:05:58:546 04.04.2006 316495 315,23 Friesenr002 $GPGGA,130552.20,5158.3971241 N,00737.9009704 E,2,06,1.9,97 862,M,,0.00,0451"1EO0
35775 150558453 04.04.2006 316315 31505  Friesenr002 $GPGGA,130552.10,5158.3971517,M,00737.9008160,E,2,06,1.9,97 843 M,
35774 | 15:05:58:243 04.04.2006 316109 314,85 Friesenr002 $GPGGA,130552.00,5158.3971873,N,00737 9006617 E,2,06,1.9,97 853 M

0.00,0451"1FDO
35773 15:0558:234  04.04.2006 315907 314,65 Friesenr002 $GPGGA,130551.90,5158.3972183,N,00737.9005127,£,2,06,1.9,97 850 M,
" Video

0.00,04517160

0.00,04577120

35757 | 15:05:56:640 04.04.2006 313547 3123  Friesenr002 $GPGGA,130550.30,5158.3975942 N,00737.8986646 E,2,06,1.9.97 832M,,0.00,0451*1CO
1505:58:046  04.042006 315571 314,31 Friesenr002 $GPGGA,130551.70,5158.3972830,N,00737.9002279 E,2,06,1.9,97 855M,,0.00,04517170
———— 0).00,0451"180

0.00.0451"130
00,045171AD0
00.0451"170

. FPosition [m]: 0 Friesenting Friesenr003 (Terra%ision) -

File... 18 ImgHr: 615 Km -04 bis 352 04.04.2006 Bip 00.04517150
€ fooisrics
: : = 0451%1Co
GPS Lat: 5155 395730 GPS Lon: 737,513508 € Pooossrien
00,0451*100
" 00,0451%190
00,04517170
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Collected

® GPS data
" Video

data

® Radargram

ID_GPS | Pc Time

| Pc Date | Zaehler | KM | Filename |

GPS_String

File...

35733 | 15:05:54:234
35738 | 150554734
35746 | 15:09:55:546
35770 | 15.05:57.937
35835 | 15:.06.04:453
35781 | 150559046
35780 | 15:05:58:937
35779 | 150558843
35778 | 15:05:58:734
35777 | 150558640
35776 | 150558546
35775 150958453
35774 | 15:05:58:343
35773 150958234
35757 | 15:05:56:640
35771 | 15:05:58:046

[=] videoViewer 1.5

Fosition [m]:

18

04042006 312612  311.37

04.04.2006

315571

0 Friesenring Friesenr003 (Terravision)
ImgHr: 615 Km -04 bis 352 04.04.2006

GPS Lat: 5158 386730 GPS Lon: 737 813808

£l
(o[®]6]

Friesenr002 $GPGGA,130547.90,5156.3977434,N,00737.6979366,£,2,06,1.9,97 735 M..,
04.04.2006 312784 31154 Friesenr002 $GPGGA,130548.40,5158.3977179,N,00737.8980935,E,2,06,1.9,97.755
04.04.2006 313036 311,79 Friesenr002 $GPGGA,130549.20,5158.3976693,M,00737 8982955 E,
04.04.2006 315379 314,12 Friesenr002 $GPGGA,130551.60,5158.3973083,N,00737. 9000839 E,
04.04.2006 330852 32953 Friesenr002 $GPGGA,130558.10,5158.3948200,N,00737.9127807,E,2, 06 1.9.97 896 M.,

04.04.2006 317515 316,25 Friesenr002 $GPGGA,130552.70,5158.3969593,M,00737.9017855,E,2,06,1.9,97 831 M.,

04042006 317283 316,02 Friesenr002 $GPGGA,130552 60,5158.3969877,M,00737 9016163 E,2,06,1.9,97 856 M,,,
04.04.2006 317087 315,82 Friesenr002 $GPGGA,130552.50,5156.3970326,N,00737.9014540,E,2,06,1.9,97 840 M.,,
04.04.2006 316865 3156 Friesenr002 $GPGGA,130552.40,5158.3970552,N,00737.9012876,E,
04.04.2006 316679 31542 Friesenr002 $GPGGA,130552.30,5158.3970935,M,00737.9011294.E,
04.04.2006 316495 31523 Friesenr002 $GPGGA,130552.20,5158.3971241 N,00737.9009704 E 2,06,1.997 862 M,
04.04.2006 316315 315,05 Friesenr002 $GPGGA,130552.10,5158.3971517 N,00737.9008160 E,2,06,1.9,97 843 M..,
04.04.2006 316109 314,85 Friesenr002 $GPGGA,130552.00,5158.3971873,N,00737.9006617 E,2,06,1.9,97 853 M,,,
04.04.2006 315907 314,65 Friesenr002 $GPGGA,130551.90,5156.3972183,N,00737.9005127 £,2,06,1.9,97 850 M.,,,
04.04.2006 313547 2123 Friesenr002 $GPGGA,130550.30,5158 3975942 N,00737 8986646 E,2,06,1.9.97 832M,,,
3'\4,31 Fr\eseanUQ FEPGGA, 130551 70 5158 3972830 M, 00737 9002279

,1.9,97 848 M,,,
1.9.97 840 M.,

i

i 0004517130

yaxfinaH

,,0.00,04517170

0.00.0451"1FO
0.00,04517130

00,0451"140

00,04517190
.0.00,04517120
.0.00,0451*180
0.00,04517120
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0.00.0451130
0.00,045171ED
0.00,0451"1FDO
0.00,04517160
0.00,04577120
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J. Zimmermann, 2006

International
Water Association

Geographic Correlation

Investigation Area

- |
Pointer, 51581424 NBET7:39'37/43% E

Leading-Edge
Asset Management

(c) QGIS 2004 oogle_“

Eyelall 801 m

LESAM 2007 — Lisbon 17-19 October 2007



Radargram

Representation of the GPR investigations

® 3-D representation in form of the radargram

R_02195 011

manhole = /|

S 02195 010

R 02195 012

\ Unknown inhomogeneity /
- suspicion zone

GBM Wiebe Gleisbaumaschinen GmbH, D. Hofmann, 2006
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Radargram

Representation of the GPR investigations

® 3-D representation in form of the radargram

manhole

- — — = groundwater level
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GBM Wiebe Gleisbaumaschinen GmbH, D. Hofmann, 2006

Radargram

Representation of the GPR investigations

manhole
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Visualization

Representation of the GPR investigations

® 2-D representation,
anomalies with additional card information

Legend:
GPS - track

‘ Anomaly

— Waste water

 — Storm water

J. Zimmermann, 2006
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Visualization

Representation of the GPR investigations

® 2-D representation,
anomalies with additional card information

Legend:
GPS - track

‘ Anomaly

— Waste water

 — Storm water
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Visualization

Representation of the GPR investigations

® 2-D representation,
anomalies with additional card information

"\ -~ | )

Legend:
GPS - track

‘ Anomaly

— Waste water

GUS ground penetrating radar object, unknown si  gnature
| — Lo

GSC ground penetrating radar object, manhole

 — Storm water
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= Asset Management
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Visualization

Representation of the GPR investigations

® 2-D representation,
anomalies with additional card information

Legend:
GPS - track

‘ Anomaly

— Waste water

E . . .
GUS ground penetrating radar object, unknown si  gnature
| — Lo

GSC ground penetrating radar object, manhole

 — Storm water

W

aaaaaaaaaaaa

. J. Zimmermann, 2006

Leading-Edge
Asset Management

e —— LESAM 2007 — Lisbon 17-19 October 2007



IWA

International
Water Association

. J. Zimmermann, 2006

Visualization

Representation of the GPR investigations

® sewer inspection report

Haltungsinspektionsprotokoli

Version 1.0
Haltungsnummer: R02195006.00R02195005.00
Auftraggeber:  Stadtentwasserung A-Stadt Datum: 04.04.2006 Uhrzeit: 12:15:11
Firma: Geokanal GmbH Inspekteur:  Herr Mustermann
Grund: N Art: Z Richtung: | Kurzelsystem: Z
Wetter:  Trocken Temperatur: 20
Videospeichermedium: MOD Speichermedium:  FestplatteO1
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 Kdmpfer
3,87 GSC 11 1,04 1 Georadar, Schacht
4,13 A--R 13 Abzweig, rechter Kampfer
4,23 A--L 9 Abzweig, linker Kdmpfer
17,88 GUS 12 0,01 1,35 Georadar, unbekannte
Signatur

Leading-Edge
Asset Management
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IWA

International
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. J. Zimmermann, 2006

Visualization

Representation of the GPR investigations

® sewer inspection report

Haltungsinspektionsprotokoli

ground penetrating radar,
unknown signature

Version 1.0

Haltungsnummer: R02195006.00R02195005.00

Auftraggeber:  Stadtentwasserung A-Stadt Datum: 04.04.2006 Uhrzeit: 12:15:11
Firma: Geokanal GmbH Inspekteur:  Herr Mustermann

Grund: N Art: Z Richtung: | Kurzelsystem: Z

Wetter:  Trocken Temperatur: 20 GUS
Videospeichermedium: MOD Speichermedium:  FestplatteO1

Bemerkung:

Station CODE: Strescha. Entfernung:  Durchm.:

0,23
2,12

1,46
1,63

2,33
3,87
4,13
4,23

17,88 0,01 1,35

ground penetrating radar,
manhole
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Costs of GPR Investigations

Length of Costs Dynamic TV-Inspection Total costs
investigation [€/m] probing [€/m] [€/m]
(150 € each)

200 m 27,00
500 m 13,50

~ 5,00

T

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

Leading-Edge
Asset Management
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ser, 2006

Arbeitshilfen Abwas

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

Leading-Edge e
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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.

!WA Leading-Edge . —..... ;
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Financial support

NRW, =

Partner

~z 9o

wiebe
gleisbaumaschinen

GKE Consult

Beratende Ingenieure GmhbH

P
,::‘I:;-: A

Bochum - Braunschweig

Wahv As
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Ministry of the

Environment and Conservation,
Agriculture and Consumer Protection
of the State of North Rhine-Westphalia

O STAWAG

SE‘BS Stadtentwédsserung

o Braunschweig

=@ Stadtentwisserungsbetrieb
F. Landeshauptstadt Diisseldorf

9

stadtwerke Essen Al
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