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British Perspective — Peter Henley
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@ group

Established leaders In innovation, we are
trusted by a wide range of stakeholders
to add value at every level.

‘ water

Sustainable and robust solutions for
water utilities, industry and regulators
and their customers.

| independent trusted innovative

A o

Facilitating transformational change
for the UK's gas distribution networks
In the path to a low carbon future,

environment

Generating valuable evidence that
transforms resource recovery in an
evolving circular economy. Strategic

consultancy, solutions and technologies “
to meet a wide range of environmental
challenges.

D
S

At WRc, we aim to add value in all that we do. We work with our
clients to develop innovative and effective outcomes to help them
netwo rk meet their technical challenges and provide a world-class service
to their customers

wrc’

Deployment of innovative technologies
for inspection, monitoring and Mark Smith wreplc.co.uk

management of pipeline infrastructure. CEO, WRc pic
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Manual of Sewer Condition Classification

 WRc have a long history of in
assessing the condition of sewers using
CCTV

* First MSCC published in 1980 most
recent update published in 2013

* Globally recognised and amended for
use in the US as the NASSCO PACP
standard

 WRc took the step in 2015 to work with
Electro Scan Inc. to tackle infiltration
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Infiltration in the UK SO -+

 Wet winters in 2012 and 2013 flagged to WRc »
the need to tackle ground water infiltration '

« CCTV provides some of the answers to
pinpointing infiltration
 WRc researched the market and decided

Electro Scan provided the best inspection
solution

« Strategic alliance announced in 2015 to operate | n
Electro Scan exclusively in the UK

« To date we have completed 15 surveys and D
have scanned in excess of 40kms '

« Key clients are Thames Water, Southern Water,
Wessex Water and Anglian Water

* Future surveys planned in 2018 for 100kms of
sewer inspection
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WRCc | EI_e‘.c’qcro_S.can Ampney St Peter

S
C Critical Sewer Inspection €leCtr™
\ wer Inspection Sean!

Pipeime Condition Assessment

Ampney St Peter
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Common Field Set-Ups for Electro Scanmng
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Project Highlights
* 614 metres of survey completed
* 60 Individual defects identified using Electro Scan FELL
« CCTV survey Initially failed to identify any major defects
* 155,606 litres per day of inflow

Electro Scanning Inspection
Ampney St. Peter Project Results from Nov. 18, 2016

Number of Defects

Liters Per Minute

% of Total
Defect Flow

Minor |Moderate | Severe
Defect Defect | Defect Total
Small | Medium | Large| Total Flow Flow Flow |Defect Flow
57 0 3 60 0.85 0.97 0.00 1.80

Total
LPD

155,606
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DEFECTS % OF DEFECT LENGTHS LP5 SUMMARY DIAMETER & DISTANCE OPERATOR INFO
Minor LPS | |
S . smal Detects  [JJ 0 000800 L i
Severs (PS5 [0.00 150 o
Medium Defects | 0.000000 Total LPS (7] Ampney St. Peter
M 0 LPD I 3T | dob
Minor [PS% | 11.76% . e — —
L 3 Moderate LPS % | 88.24% U1 40 60 80 tmospheric Test can Start
Al Defects 0004000 e TIPS %[0 00% Distance (m) 11/18/2016 72824 AM | 11/18/2016 7:30.35 AM

DEFECT CURRENT tsinline ID: 7401 - 8301 Fipe ID: 7401 - 8301 Diameter: 150 Pipe Type: VCP Soil Type: Null - Ground Condition: Null

1500

5

£ 1000

S Large

o

8 L1 ;S Y SR (AU | Sy s ) 1) S (! 1 SO " (" ) WS ST [ ORI ST S—— ST———) [————. S

a 500 Medium
Smal
.‘ ..... il i ;": ........... |_ ............... |. ................ .--. sflanans ol (e i | ..I- ........ | .-h.-.. ------- I.-_ --------- et T ! .-.-:....-.:-.I.Tu.-..‘..1.-.-_..]....-.l--.-i.:I-.-“‘-.Iul.-alu-.l-.-IJ..-..I-.-r.-l.u' ............
0 5 10 15 40 45 50 55 1] [ 70 75 80 85 a0 g5

Distance (m)

WATER HEIGHT AND PROBE SPEED wainline ID: 7401 - 8301 Fipe ID: 7401 - 8301 Diameter: 150 Fipe Type: VCP  Soil Type: Null  Ground Condition: Null

E 40

E

= 30

=

£ 2

g 10

= 0

0 5 10 15 20 25 0 35 40 45 50 55 60 B4 70 75 80 85 90 95
Distance (m)

independent | trusted | innovative



7401 — 8301: CCTV Comparisons

DEFECT CURRENT wMasinline ID: 7401 - 8301 Pipe ID: 7401 - 8301  Diameter: 150  Pipe Type: VCP  Soil Type: Null  Ground Condition: Null
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Project Summary

* Electro Scan was easy to use and
has few operational issues

* Results are consistent and show
repeatability

e |dentifies Infiltration sources
where CCTV fails

* Not dependent on weather or
ground water levels

* Doesn’t replace Visual Inspection
but provides an addition to the
engineers tool box to find &
quantify leaks.

independent | trusted | innovative




Wrc |nfraStrUCture Networks Solutions Technologies Resources About Contact O

Your networks covered

Where's your problem? Rollover the boxes below to explore our solutions.

TRUNK MAINS SERVICE PIPES

tDMA DMA
RAW WATER PIPELINES DISTRIBUTION PIPES

Treatment
& Storage

wrc infrastructure

We are a world leader in the development
and application of innovative technologies for
the inspection, assessment monitoring and
management of pipeline infrastructure.

GRAVITY SEWERS PUMPED RISING MAINS



WRc | Electro Scan Testing
i

! Gelsenkirchen ‘ Institute for Underground Infrastructure
Gelsenkirchen, Germany
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m,,::::::ﬁa Short Liner Lateral CIPP Testing

non-profit institute

IKT - Institute for Underground Infrastructure

=

!

! Mlilkll | X

IKT - Institut fur Unterirdische Infrastruktur,
Gelsenkirchen o
www.ikt.de gy

gemeinniitzig

{

IKT-Warentest

»Kurzliner fiir Hausanschliisse

- Auszug aus dem Forschungsbericht -

Bild 21 Dicht saniertes Schadensbild
(keine Auffélligkeiten)

Bild 24 Verfarbung, Beispiel 2

Bild 26 Wasserschwall

1T < vl Lr Lt Moy
PR A 0w povd Waswis

Bild 15 Dicht saniertes Schadensbild
(keine Auffélligkeiten)

Bild 16 Feuchtigkeit und Verfarbung

.

Bild 17 Verfarbung Bild 18 Tropfen

3
Bild 19 FlieBen Bild 20 Wasserschwall

Gelsenkirchen, Oktober 2018
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Field Photos: 19 & 20 September 2017
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Day One
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Day Two — Gelsenkirchen, Germany — ”Lab CIPP Testlng
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d Kinds of Defects Found During Testing

DEFECT CURRENT

Mainling I0: 98-201022 - 98-201021

Pipe ID: 98-201022 - 98-201021 Diameter: 8 inches  Pipe Type: CIPP Soil Type:  Ground Condition:
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Dizplay Total Current:
No v

Leak

Large

Medium

Small

Distance (ft)

131.0 131.2 131.4 131.6

140 150
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IKT - Institute for Underground Infrastructure

Scan1
Upstream

Scan 2
Downstream

Scan 3
Upstream

Scan 4
Downstream
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Each Survey Tested for Repeatability
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American Perspective — Chuck Hansen
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Topsham Demonstration 8 Nov 2012




Topsham Demonstration 8 Nov 2012




Topsham Demonstration 8 Nov 2012
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Topsham Demonstration 8 Nov 2012

Defect Identified: Joint Defect
CCTV Call Out: None

Defect Defect Defect Defect

Start End Length Max  Defect

(m) (m) (mm) Current Severity
3.951 3.951 0 161 S

Defect Identified: Joint Defect
CCTV Call Out: None

Defect Defect Defect Defect
Start End Length Max  Defect

(m) (m) (mm) Current Severity
4.563 4.563 0 116 S

Defect Identified: Joint Defect
CCTV Call Out: None

+004.97

Defect Defect Defect Defect
Start End Length Max  Defect

(m) (m) (mm) Current Severity
5.072 5.072 0 112 S




Withybrook, England

Electro Scan Product Trial

Presented to Severn Trent Services
Birmingham, England




‘Worst Pipe’ Based on CCTV Observations

Severn Trent Water Ltd

Worst Pipe Based on
CCTV Observations
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Project name: [ Contract number. Contact l Date:
AS5S/11496 Withybrook FA €52021 Gary Kinley 03/07/2013
Client Severn Trent Water Ltd
Contact: Gary Kinley
Position:
Road Longbridge Office, Stratford Road
S Trent Water Ltd
Town - S OnSite Central Limited
oy @NSite N
Telephone: Inspection report
Fax: Dato: Job N* Weather. Operator: ‘section rumber. PLR
e 05/06/2013 C52021 No rain or snow MH 4 SP43845403X
Mobile: Video Volume No. Fiow Cir Temperature: Year faid: Cleaned Strat. Drain:
E Ma“ 00001 No flow control above freezing z No not known
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‘Defect Flows’ Missed by Prior CCTV ‘Abandoned Surveys’

Electro Scan:

CCTV: No Information - Survey Abandoned

MH 5102 to MH 5103:
- 46.22% of pipe missed by CCTV
-0.152 LPS (53% of total pipe
infiltration) in abandoned section.

MH 5101 to MH 5102:
- 89.63% of pipe missed by CCTV
-0.079 LPS (100% of total pipe

infiltration) in abandoned section.

Electro Scan:

Large Threshold

- Medium

Defect
Estimated
Flow:
0.2517 LPS

Medium Threshold

CCTV:

- No
Information
- Survey
Abandoned
Due to Debris

Smal Trweshold ... foveennece.

MH 6101 to MH 6002:
- 56.06% of pipe missed by CCTV
- 0.295 LPS (88% of total pipe infiltration)
in abandoned section.

DO NOT SCALE
USE WRITTEN DIMENSIONS ONLY
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Electro Scan and CCTV Inspection Comparison

Withybrook

CCTV Inspection
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Innovation
Bulletin

Electro Scan is a revolutionary technology that locates
defects having the potential for causing infiltration into
sewers and other pipes. Not dependant upon any visual
identification of infiltration at the time of the survey, the
solution provides an estimated liters per second (I/s) for
each defect. Most sewer pipe materials such as clay,
plastic, concrete, reinforced concrete, resin linings, and
brick are poor conductors of electrical current. As a
result, if a defect exists in the wall of a pipe, then the
leakage of electrical current will indicate the source of a
potential water leak, whether or not water infiltration or
exfiltration actually occurs at the time of the Electro
Scan.

Electro Scan has been in the UK for just over a year,
and has been adopted by two other UK water
companies, after multiple catchment studies. Recently,
Severn Trent Services completed two successful trial
projects.

The Electro Scan technology is able to:

*  Automatically locates sources of infiltration, whether
visible or not, in pipes 75mm to 600mm

*  Measure and quantify each defect found (estimated
LPS of infiltration), no matter the weather conditions

*  Provide repeatable, objective data

*  Performed without specialized certification

*  Help prioritize rehabilitation programs

*  Certify relined pipes and repairs as “leak-free”

*  Evaluate surcharged pipes (including siphons)
without the need to bypass or empty

*  Maintain an almost-zero survey abandonment rate

*  Perform scans in pipes filled with fats, oils, and
grease (FOG)

*  Immediately processes data and presents it in a
cloud-based application

und Standards

Share

Electro Scan

The Next Generation in Sewer Leak Detection | Finding Infiltration Missed by CCTV

SEVERN
TRENT
WATER

18" February 2014
Ref: ABC 0000

(for completion by Standards Team)

With treatment works processing from 10-40% of water
that should drain into rivers & streams, contributes to the
reduction of our carbon footprint by reducing pump
runtimes. CCTV Truck add-on for large mains or push
rod versions available.

Inflatable

Electro-scanning is carried out by applying an electrical
potential (voltage) between an electrode (probe) in an
electrically nonconductive pipe and an grounding stake
on the surface. The water in the pipe is at a level that
ensures that the pipe is full at the probe location, during
the survey. The probe is pulled through the pipe at a
speed of 10 m/minute and the variation of electric
current flowing between the probe and the fixed
electrode on the surface is measured. When the probe is
close to a pipe defect the electric current increases
because the defect decreases the electrical resistance of
the pipe wall. All data is automatically collected and sent
to a web-based cloud platform for instant processing and
display.

Electric Circuitry of a Sewer Main

HIGHLY resistant pipe,
except f there Is a leak
‘even a slight one.

sean@anthire.com

inf lectroscan.com
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Total Defect Flow: 11.8 GPM

July 8,201
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P/O No.

CIPP Acceptance Video By Contractor

Pipeline Segment Reference

Location (Street Name and number) Locality

[14077

| [Shot12 CITY ID L12

Date Tim
| 20150205 | [06

e
118

| [ DELA VINA AVENUE | [ Monterey CA

Further Location d

Downstream Man

Purpose

Overall

Rim to Grade

] Heii ht

Index

e / Media Number

-~ Grade 2

-~ Grade 3

- Grade 5

-~ Rating
i

0000

—
Distance m
(Feet)

p -
> KC
0.0

33.6

37.8
117.4 O
123.4
140.7 B
255.3 TF A
286.5 TF A
332.3 B A
358.3 B A
390.6 B A
506.7 AMH

OO O

End Inspection MH D08-020

Structural

Segment

14077 _D08-019_D08-020_20150205_06 18
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D0&8-049 to D0&-020

Surveyors name Certificate Number System Owner Survey Customer Drainage Area Sheet
| Jose Aguilar | (o | [ City of Monterey CA | [ City of Monterey CA || || 1 |
P/O No. Pipeline Segment Reference Date Time Location (Street Name and number) Locality
14077 | [ Shot 13 POST. City ID L15 | (20150203 | [05:39 Del Monte Ave | [ Monterey CA |
Further Location details Upstream Manhole Number Rim to Invert Grade to Invert Rim to Grade
| [ D08-049 [ ] | | | | | |
Downstream Manhole Number Rim to Invert Grade toTnv i 0 Grad Use of Sewer Direction Flow Control Height
[ D08-020 | | | | | [Sanitary | [ Downstream | | | [15 |
W ape Viaterial Ln. Method Pipe Joint Length Total Length Length Surveyed Year Laid Year Rehabilitated Tape / Media Number
| | [Gircular | [vep | [cP | | | [344 | [338.3 | | | | | | |
Purpose Sewer Category Pre-Cleaning Cleaned Weather Additional Information
C | | | [Jetting
Code Value ClrcliJmfetl"entlal
Distance Continuous Joint ocation Image Ref Struct. | O&M
(Feet) Group/ Modifier/ G0 Inches At/ * | Grade | Grade
- . S/M/L % To
Descriptor severity 1st 2nd From Remarks
0.0 AMH Starting Manhole: D08-049
0.0 MWL 0
28.9 TF A 6 10
76.2 TF A 6 10

107.2 B A 4 10

112.9 TB A 4 10

124.6 TF A 6 10

1721 TF A 6 10

195.7 B A 4 10

214.2 B A 6 12

224.0 B A 4 10

272.4 TB A 4 10

338.3 AMH End Inspection MH D08-020

Structural
Segment
14077_D08-049_D08-020_20150203_05 39




Focused Electrode Leak Locatlon
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% of Pipe
Defective

Total # of

Estimated

2
e electroscan

Defects

by Length

DEFECTS % OF DEFECT LENGTH GPM SUMMARY DIAMETER & DISTANCE OPERATOR INFO
Minor | 5.000 Tech Electroscan
Small 12 0.0135 Moderate | 26.800 8 Project
Severe 188 650 7
Medium Total GPM | 220450 Demo
GPD 317448 Job
Large 28 ||"|I| -,. , 216.00 ft Demo
16 spheric Test Scan Start
All Defects 17 9:13:52 AM | 7/25/2017 12:03:06 PM

4K Total Current:
Mo -
3K
=
g
s 2K
]
1K Large
Medium
0K | | Small

90 200 210 220

DEFECT BY LOCATION

Defect Grade | | O | | GPD/DM
S 82 84 86 88 90 98 100 102 104

Distance (ft) 704
S Wi _ " ; 4619
S 591 6.01 0.50 193 0.88% 27179 8,490
L 17.70 18.35 0.69 623 2.83% 8,971 27,404
I

1 TR A7 TR 1 1N 10 NN A RACL 14 ANN A2 Qg7
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Top 5 Worst Defects © criticalsewerse
1.82

Top 5 Defects =3.60+ 1.88+1.82+ 1.71 + 1.63 =10.64 GPM



Defect Start, End, and Length criticalée\wers@)
- No Visual Interpretation o
- No Third Party Data Analysis . Y N o
- GPM, GPD, GPD/IDM s e

1.88

Total: LR 95.96%

viaimline |10 20BC-15 - 20BC-8 pe 10 20BC-15 - 20BC-8  Tiamster: 8 inches  Fips Typs: Not Known  Soil Type: Ground Condition:

Didwct Grace Detect Start (ft) Dafect End it} Length of Defects [17) GPM Y of GPM = GFD GPINIDM
M 34210 342.73 0.62 0 360 014 5,184 BATE
5 13.22 13.74 0.52 24 1.88 0.08 2,707 4,270
L 207 34 207 .61 028 © 1.82 0.07 2,821 4,133
5 22.78 23.23 0.45 14 1.71 0.07 2,462 3,883
5 8.55 5.5 0.40 B 1.63 0.07 2,347 3,702
5 10738 107 &7 0.48 1.05 0.04 1,570 2475
5 98.33 98.76 0.43 1.07 0.04 1,541 2,430
5 391.52 381.85 0.32 0.75 0.03 1,754
5 141.45 141.72 0.23 0.7 0.03 1,635
5 21218 2 30 B8

2




How To Find Leaks & Gertify Rehab As Watertight?

Date Pipe ID Diameter Pipe Type I
11/19/2015 0 -1 B VCP ]3551 -Er: 2 .1 -15.45 -23 702 -39,552

Distance (ft) Small Defacts Medium Defacls Lame Defects GPM GPD GPDVIDM

1 3 INSPECT 789 11/19/15

400 Baseline Pre-Rehabilitation Assessment
200

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400



How To Find Leaks & Gertify Rehab As Watertight?

GPD
320 349 360
320 0D 360

Datas Pipa ID Diamatar Pipa Typa
111912015 0 -1 B VCP ]3951 -Er: 2 .t -15.45
31612016 O 'u-1u B CIPP 73913 |:| |o -2 .1522
Distance (ft) Small Defacts Medium Defacts Lame Defects GPM
1. INSPECT T —————————1 1§ 1
— 16.46 GPM Leakage
Baseline Pre-Rehabilitation Assessment
2 TEST 60 [0 100 120 140 160 180 200 220 240 260 280 300
. 15.22 GPM Leakage
S A Lining Only Reduced Leakage 1.25 GPM or 7%
e e L T PR
0 20 40f 60 Jeo 100 120 140 160 180 200 220 240 260 280 300




How To Find Leaks & Gertify Rehab As Watertight?

Date Pipe ID Diameter Pipe Type [
111192015 0O -1 B VCP BEX | A §  EEE B EE
31612016 O 'u-1u B cIPP BELE E |o B: Bz B e
62012016 O 114 B CIPR :|35Idﬂ |1 |0 |:r |0.20 |2&5 |-151
Distance (ft) Small Defacts Medium Defects Lame Defects GPM GPD GPDVIDM
1. INSPECT 119715

Baseline Pre-Rehabilitation Assessment

40 60 PO 100 120 140 160 180 200 220 240 260 280 300 P20 4 360 380 400

15.22 GPM Leakage 3/16/16

..................................................................................................................

2. TEST

3.CERTFY @ — " o rrnred

0.2 GPM Leakage

Lateral Liners Successfully Reinstate Laterals

0 20 40 &0 &0 100 120 130 160 18D 200 220 240 260 280 300 320 340 360 380 400
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Blisters, Buckling, Cufs, Fins, -




mmia Since Pinholes Were Not Originally Calculated
T NEW SOftware Was Developed

DEFECTS LENGTHS LPS SUMMARY TER & DISTANCE OPERATOR INFO
Severe 1.527 WRc
Large 1 l 0.0105 Moderate 1.064 j
) — — | Minor 0.074 1 50 Project
Medium Pinhole 0013 IKT Test Tank
| LPS 2.678 Jo
Small
- DEFECTS P I > 55— [
Pinhol Severe % 57.01%
inhole Moderate % |39.72%
Minor % 2.78% s s Y
All Defects Larg e 1 Pinhole % 0.00% L P u M MAR

\QEFECT CURR

e Type: CIPP  Soil Type: Sandy Severe | 1 _527

Medium 2 Moderate 1.064
Srral . M_lnor | 0.074

Pinhole | 0.013
Binhola . LPS | 2.678

LPD I 231,395

., | Severe % | 57.01%
Moderate % |39.72%
«1  Minor % 12.78%
Pinhole % | 0.00%

All Defects 14

WATER HEIGHT Main Diameter: 150

Water Heig.
2N W
o O o

0.0 0.2 04 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 24 26 28 3.0 3.2 34 3.6 3.8 4.0 4.2 4.4
Distance (m)

independent | trusted | innovative



Electro Scan is Only One Piece of the Puzzle
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Electro Scan is Only One Piece of the Puzzle

2

ACOUSTIC Al-CCTV REHABILITATION DYE TESTING FELL
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sensors. o] Predictive Capital Investments

€3 & Smart
Y Machines Age-Based Renewal




Sensors, Al,
€L & Smart
Y Machines

Predictive Capital Investments

Condition-Based Renewal

Multiple

Cohorts & Consequence of

Failure

Likelihood of

Failure Weighting

e Pipe/Valve Criticality
¢ Flow Delivered

Hydraulic
Model results

. *  Pressure Changes
Hydraulic Model } «  Roughness

Infrastructure ~ |.*  Age - )
. - -
I Data | ¢ Material 4 ‘7 \V e Hospitals, Schools, etc

e Power, Industry, etc. Critical

Facilities

Electro Scan Defect Flow Rating

«  GPM,GPD, GPM/IDM

¢ Population Density
e Street Paving GIS Data

' Calculation

o Traffic Analysis
¢ Community Relations

of Risk




37™ INTERNATIONAL

International No-Dig 2019
ﬁs I I 37th International Conference and Exhibition N - DIG

INTERNATIONAL SOCIETY FOR Florence, Italy FLORENCE 2019
" September - 2™ October
TRENCHLESS TECHNOLOGY 30th September —2nd October 2019 G

Fortezza da Basso

Peter Henley Chuck Hansen
Special Consultant R Chairman
‘ WRc plc e |€C{I0 SCan Inc.
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