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New Standards for Testing & Certifying 
Cured-In-Place Pipe (CIPP) As Watertight
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Defective Sewer Lateral Connections
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Soakage

Leak
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2004 WERF Study – An Examination of Innovative Methods Used in the Inspection of 
Wastewater Systems, Focused Electrode Leak Location System (Fell-41).

2006 ASTM F2550-06 Approved – First Presentations at ASCE Pipeline Conference. 

2009 Condition Assessment of Wastewater Collection Systems EPA/600/R-09/049,
4.3.1 Electrical Leak Location Method, published.

2010 State of Technology for Rehabilitation of Wastewater Collection Systems –
EPA/600R-10/078, including FELL is published. Ken Kerri contacts Chuck Hansen.

2011 USEPA Field Demonstration – Condition Assessment Technologies for 
Wastewater Collection Systems.  First benchmarking CCTV and FELL.

2013 ASTM F2550-13 Approved – Added recommendation for scanning all Pre- and 
Post-Rehabilitation, including Cured-In-Place Pipe. NASTT Best New Product 
Award; WEF Best Innovation Award

2014 Ken Kerri, PhD, PE Updates O&M Wastewater Collection Systems manual. FELL 
added to first EPA Consent Decree (EBMUD).

2015 Adoption by UK-basedWRc – Developers of NASSCO CCTVV Codes.

2017 Japan Sewer Collection System Maintenance Association (JASCOMA), 
Certification for Water Tightness.

2018 AWWA M77 Standard & ASTM F2550-13 (2018) Reapproved. Condition 
Assessment of Water Mains, Includes FELL.

2019 IKT (Germany) expected to publish CIPP research study that utilizes FELL.

2006

2011

Milestones of New Acceptance Standards

2004

2013

2014

2015

Japan Germany

United Kingdom
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Designation: ASTM F2550-13 (2018)
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M77 Manual of Practice: Condition 
Assessment of Water Mains

Chapter7
Leak Detection

Pipe materials. Since low voltage conductivity testing is based on the 

difference of the high electrical resistivity properties of the pipe walls (i.e., 

non-conductive) vs. the low electrical resistivity of the earth surrounding the 

pipe, non-conductive pipe materials work best with this testing method, 

including asbestos cement (AC), cured-in-place pipe (CIPP), fiberglass-

reinforced pipe (FRP), high-density polyethylene (HDPE), polyvinyl 

chloride (PVC), and reinforced concrete pipe (RCP).

Low Voltage Conductivity Testing 
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developers of NASSCO standards.
Case Study - Sewer Infiltration Identified and Quantified

https://www.wrc-infrastructure.co.uk/resources/case-study-sewer-pipe-infiltration-identified-and-quantified/

• Over a survey length of 600m, Electro Scan detected no less than 63 infiltrations.

• A CCTV survey that was performed simultaneously found just 1.

• Furthermore, Electro Scan discovered that 80% of infiltration was in 3 sections of pipe.

2018

https://www.wrc-infrastructure.co.uk/resources/case-study-sewer-pipe-infiltration-identified-and-quantified/
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CAMERAS MISS 80-100% OF  LEAKS.
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WATERTIGHT
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LEAKS
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+150 CIPP FELL

Assessment Projects

Over 1 Million Feet
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KC Water

KC Water

KC Water

KC Water

Southeast 

Airport

Downtown

River Basin

KC Water

CIPP Reporting By Contractor
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What the FELL?Part 2

3”- 8” 6”- 36”

36”- 54”

BY PIPE DIAMETER

Mobile Unit

Over 60”
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Combining
Electricity & Water
To Certify CIPP?
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Elementary School
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CCTV FELL
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Basic Science

GOOD

CIPP

No Electric Current Able 
to Pass Through Liner.
No Leakage.

E

I R

E = IR ; I = E/R ; R = E/I

Where:
“E” volts
“I” amps
“R” ohms

Ohm’s Law
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BAD

CIPP

Electric Current Able to Pass 
Through Liner Wall.
Leak Located & Measured.

Basic Science Ohms Law 
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FELL is a ‘Holiday’ Test…

…For Full-Length Pipes.

ASTM D5162 

ASTM D4787 

NACE RP01-88
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➔ ➔

➔
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A
Voltage
Source

Electric
Current

Meter

Probe Cable

Electro Scan Probe

Grounding

Source

Water = Conductor

Electro Scan Inspection Van

Jet Truck

FELL Survey - Field Operation
Evaluates 360o of a 
Pipe Wall Finding & 

Measuring All 
Openings
to Ground

Sliding Funnel Plug
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Water – Must Surround The Probe To Allow Electrical Current
To Assess The Wall of the Pipe.  

Funnel Cone Recommended
For Pipe Diameters Up To 15” 

For Larger Diameters, Pipe Wall 
Assessed at Water Line & Below

Connected to a jet hose, allows water to be temporarily 

held back to create a moving reservoir around probe.
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What About Electrical Interference?
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Scan 1

Scan 10

Scan 15

Repeatability Test
Same Pipe & Same Equipment
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EPA Repeatability Example – Same Pipe, Same Equipment, Same Field Crew

60-Days
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MDWASD Example – Different CCTV Cables/Reels, FELL Probes, Crews, Software Version

Survey Date: March 18, 2015Survey Date: October 28, 2014

140-Days
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How Are Laterals Tested?
3-6” Diameter Pipes Up To 200 LF
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How Are Manholes Tested?
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FIRE WALL FIRE WALL

Results In Minutes
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16.46 GPM Leakage
11/19/15

Test Baseline Pre-Rehabilitation Assessment

15.22 GPM Leakage
Lining Only Reduced Leakage 1.25 GPM or 7%

3/16/16

Inspect

0.2 GPM Leakage
T-Liners Successfully Reinstate Laterals

6/29/16

Accept

Measuring Reduction In Flows
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查克∙汉森
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FELL TESTING & 
ACCEPTANCE 
SPECIFICATION
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As of October 1, 2018

AGENCY CONTRACT PROJECT NAME
ENGINEERS

ESTIMATE

TOTAL 

FOOTAGE

1 SFPUC WW-633 Various Locations Sewer Replacement No. 2 $                           7,300,000 8,770 

2 SFDPW 2501J University St and Sunnydale Ave Pavement Renovation and Sewer Replacement 2,456,344 444 

3 SFDPW 2657J Octavia Blvd and Oak Street Enhancement 1,008,481 373 

4 SFPUC WW-649 Paul Avenue Sewer Replacement 770,000 912 

5 SFPUC WW-629 Various Locations Sewer Replacement No. 1 8,000,000 9,403 

6 SFPUC WW-636 Various Locations Sewer Replacement No. 4 5,500,000 5,319 

7 SFPUC TBD Mariposa Avenue 2,000,000 450 

8 SFDPW 2781J Proposition K Curb Ramps FY 15-16 540,000 100   

9 SFDPW 2731J Filbert St and Leavenworth Street Pavement Renovation and Sewer Replacement 7,300,000 6,447 

10 SFDPW 2300J California Laurel Village Improvement Project 3,500,000 1,322 

11 SFPUC WW-634 Various Locations Sewer Replacement No. 3 6,900,000 7,101 

12 SFDPW 5833 Brannan Pavement Renovation and Sewer Replacement 4,000,000 1,340 

13 SFDPW 6290 Various Locations Pavement Renovation No. 27 7,600,000 7,172 

14 SFDPW 6288 Various Locations Pavement Renovation and Sewer Replacement No. 28 6,600,000 4,128 

15 SFDPW 5826 Clayton, Clipper, & Portola Pavement/Sewer/Water Renovation 12,900,000 4,282 

16 MTA 1303 SF MTA 22 Fillmore Transit Priority Project 67,000,000 3,195 

17 SFPUC WW-637 Various Locations Sewer Replacement and Pavement Renovation No. 5 4,400,000 4,367 

18 SFDPW 7917 Various Locations Pavement Renovation and Sewer Replacement No. 31A 3,000,000 1,068 

19 SFDPW 5837 Upper Haight Transit Improvement & Pedestrian Realm 10,054,751 2,564 

20 SFDPW 5844 As-Needed Pavement Renovation & Sewer Replacement No. 13 3,370,000 1,300 

21 SFDPW 7415 Lombard Street Vision Zero 18,900,000 2,906 

22 SFPUC WD-2692 Sewer Replacement on Geary Boulevard From 32nd to 48th Avenues 8,000,000 1,538 

23 SFPUC WW-674 Geary Boulevard Sewer & Water Improvements 14,500,000 8 

24 SFPUC WW-611 Cutler Ave, Lower Great Hwy, Sloat Blvd, & Wawona Street Sewer Replacement 2,300,000 1,412 

25 SFPUC WW-627 Baker Beach Green Streets 6,000,000 192 

26 SFDPW 8473 San Bruno Avenue Multimodal Improvement Project 1,500,000 600

27 SFPUC TBD Hunters Point Shipyard Development NA 17,563

28 SFDPW 8792 Various Locations Pavement Renovation No. 37 and Sewer Replacement 11,700,000 7,092

29 SFDPW 1032 Various Locations Pavement Renovation No. 39 and Sewer Replacement 10,400,000 3,976

30 SFDPW 7417 Parkmerced/Twin Peaks/Mt Davidson Manor Residential Street Resurfacing 5,100,000 1,671

TOTAL SFPUC & SFDPW PROJECTS $  242,599,576 107,015 
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CASE 
STUDIES

Part 3
EPA Regions
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CIPP

1.  CIPP ASSESSMENT

MH62

MH60

1
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Electro Scan 

8 Defects 

6.19 GPM

FELL                                                 

LA
R

G
E 

SM
A

LL
 

M
ED

IU
M

4 Service Connections 

Leak-Free

& 

4 Service Connections 

Defects

CCTV Date
06/21/2018

0’ Upstream Manhole
6’ Lateral @ 10 o’clock
10’ Lateral @ 3 o’clock

55.2’ Lateral @ 9 o’clock
56.8’ Lateral @ 9 o’clock

141.3’ Lateral @ 10 o’clock

186.7’ Lateral @ 9 o’clock

234.4’ Lateral @ 2 o’clock

326.4’ Downstream Manhole

CCTV 

ZERO Callouts 

Contributing 

to Infiltration
127.7’ Lateral @ 3 o’clock

CCTV
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FELL & CCTV
CCTV Date:

06/21/2018

Significant Leaks at 4 Service Connections!

1

123.7 ft 137.3 ft 182.7 ft 230.4 ft

2

4
53

2 3 41
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22165

22164
22163

22162

22161 22160

22159

22158

22157

1
2

3

4 5
6

7

8

2.  VCP & CIPP ASSESSMENT
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Scans Footage Total Defects GPM GPD

8 1,529 52 166.6 239,904Total:

7.48 10,771 21,119

2.  VCP & CIPP ASSESSMENT

4

7
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4 Defects at Lateral v. Liner Defects
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4 Defects at Lateral v. Liner Defects

Bad 
Lateral

Bad 
Lateral

Bad 
Liner

Good
Lateral
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Liner Imperfections

CIPP Pinhole Leaks & Liner Soakage7
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3.  VCP & CIPP Assessment

3-10 3-1353-11

3-9

3-8

3-73-134

VCP

(1968)

CIPP 

(2008)

1 2

3

4

CIPP 

(2008)

5

VCP

(1968)
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Scans Footage Total Defects GPM GPD

5 993 85 72.55 104,472Total:

Listed In Inspection Order

10 Yr-Old CIPP Worse Than 50 Yr-Old VCP

Ranked By GPM

3.  VCP & CIPP Assessment
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A.   2008 CIPP Worse Than 1968 VCP
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Electro Scan 

22 Defects 

33.4 GPM

LA
R

G
E 

SM
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LL
 

M
ED

IU
MFELL

CCTV 

ZERO (0)

Structural 

Defects

233.9’ Downstream Manhole MH#3-8

16.8’ L3 – Lateral 3

73.6’ L3 – Lateral 3

125.1’ L9 – Lateral 9

189.8’ L3 – Lateral 3

CCTV
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B.   CIPP Assessment:  Liner Leaks at Most Host Pipe Joints  

Even Spacing Shows Leakage at Host Pipe Joints
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Electro Scan 

26 Defects 

20.8 GPM

LA
R

G
E 

SM
A

LL
 

M
ED

IU
MFELL

CCTV 

ZERO (0)

Structural 

Defects

CCTV Date
08/03/2017

0’ Upstream Manhole 307887

100.8 Tap Factory Made Active

134.6 Tap Factory Made Active

170.7 Tap Factory Made Active

209.5’ Downstream Manhole 307878

CCTV
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Failing Liner
C.   CIPP Lateral, Liner, and Pinhole Defects
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Electro Scan Field Results

Scans Footage Total Defects GPM GPD

5 1,037 220 112.89 162,562Total:

4

5
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CCTV Date
10/10/2018

55.2’ Tap Factory Made Active 

67.4’ Tap Factory Made Intruding 

93.2’ Infiltration Runner 

106.9’ Water Level Sag 

111.8’ Water Level

187.9’ Infiltration Runner At Connection

214.6’ Tap Factory Made Intruding

223.5’ Water Level Sag 

CCTV 

2 Callouts

Identifying

Infiltration

CCTV

Electro Scan 

21  Defects 

14.9 GPM

FELL4
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Even Spacing Is Indicative of Bad Joints

4
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CCTV Date
10/10/2018

2

3

LARGEST DEFECTS ARE JOINTS!!

1

2

3

1 2 3

4
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Ranked By GPM

4 Worst 2 Defects = 76% of Estimated Defect Flow
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5
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CCTV 

3 Callouts

Identifying

Infiltration
68.5’ Water Level Sag 

72.5’ Water Level
73.6’ Tap Factory Made Defective Infiltration 

93.2’ Infiltration Weeper At Tap Break In
93.7’ Tap Break-In Intruding

116.3’ Tap Factory Made Capped

148.6’ Tap Factory Made 
148.6’ Infiltration Runner Under Connection

CCTV
CCTV Date:

10/10/2018

195.3’ Tap Factory Made Capped 

5

Electro Scan 

29  Defects 

12.8 GPM

FELL
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CCTV Date
10/10/2018LEAKING JOINTS AND LATERALS THROUGHOUT.

1

5

2 3

1 2 3
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Part 4
Wrap Up
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Included in EPA Consent Decrees Since 2014
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Defect Repair Method

Wrinkles or ridges exceeding 5% and up to 8% of pipe 
diameter outside of 120-degree invert arc.

Wrinkles or ridges exceeding 2% and up to 8% of pipe
diameter inside of 120-degree invert arc (except corrugations
in CMP).

Grind to required tolerance.
Grind to required tolerance within the lower 120-degrees of pipe 
to remove and point repair where needed to maintain minimum 
thickness, or else use procedure in accepted repair plan.

If wrinkles or ridges exceed 8% of pipe diameter, you 
must remove CIPP.

Holes, tears, soft spots, and lifts up to 6 inches in major 
dimension.

Delaminated areas up to 12 inches in major dimension; 
blistering or bubbling of the coating on CIPP surface present 
over a maximum of 5% of surface area.

Make point repair under manufacturer’s 
recommendations.

If defect covers a larger area, you must remove CIPP.

CIPP thickness less than calculated minimum thickness. You must remove CIPP. If groundwater conditions allow, you 
may install a second CIPP within the first CIPP that produces a 
similar dimension ratio to the first CIPP, or else use procedure 
in accepted repair plan.

Annular space at lateral connection or at end of CIPP or 
infiltration at lateral opening.

Seal with quick-set epoxy mortar, high viscosity epoxy or a 
hydrophilic vulcanized expansive rubber strip.

IMMEDIATELY CHANGE YOUR SPECS
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Defect Repair Method

Wrinkles or ridges exceeding 5% and up to 8% of pipe 
diameter outside of 120-degree invert arc.

Wrinkles or ridges exceeding 2% and up to 8% of pipe
diameter inside of 120-degree invert arc (except corrugations
in CMP).

Grind to required tolerance.
Grind to required tolerance within the lower 120-degrees of pipe 
to remove and point repair where needed to maintain minimum 
thickness, or else use procedure in accepted repair plan.

If wrinkles or ridges exceed 8% of pipe diameter, you 
must remove CIPP.

Holes, tears, soft spots, and lifts up to 6 inches in major 
dimension.

Delaminated areas up to 12 inches in major dimension; 
blistering or bubbling of the coating on CIPP surface present 
over a maximum of 5% of surface area.

Make point repair under manufacturer’s 
recommendations.

If defect covers a larger area, you must remove CIPP.

CIPP thickness less than calculated minimum thickness. You must remove CIPP. If groundwater conditions allow, you 
may install a second CIPP within the first CIPP that produces a 
similar dimension ratio to the first CIPP, or else use procedure 
in accepted repair plan.

Annular space at lateral connection or at end of CIPP or 
infiltration at lateral opening.

Seal with quick-set epoxy mortar, high viscosity epoxy or a 
hydrophilic vulcanized expansive rubber strip.

NEVER GRIND DOWN WRINKLES!
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BEST PRACTICE



Electro Scan Inc. | Copyright © 2018. All Rights Reserved.

16.46 GPM Leakage
11/19/15

Test Baseline Pre-Rehabilitation Assessment

THREE STEPS TO ZERO.
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16.46 GPM Leakage
11/19/15

Test Baseline Pre-Rehabilitation Assessment

15.22 GPM Leakage
Lining Only Reduced Leakage 1.25 GPM or 7%

3/16/16

Inspect

THREE STEPS TO ZERO.
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16.46 GPM Leakage
11/19/15

Test Baseline Pre-Rehabilitation Assessment

15.22 GPM Leakage
Lining Only Reduced Leakage 1.25 GPM or 7%

3/16/16

Inspect

0.2 GPM Leakage
T-Liners Successfully Reinstate Laterals

6/29/16

Accept

THREE STEPS TO ZERO.
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Mackenzie App Mackenzie@Electroscan.com 315-857-8845

FELL



Electro Scan Inc. | Copyright © 2018. All Rights Reserved.


