Upcoming Technologies (4d)

Aims:

* Exploring emerging technologies which have not yet been incorporated
into the current research project in anticipation of the benefits they may
bring

Background:

e What are the possible benefits of introducing these techniques in an in-
between predictive framework?

Challenges:
e Understanding technology
* \Validating data (particularly continuous screening techniques)
e Integration and evaluation
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Technology Screening

The research started with a desktop screening to review additional
commercially available condition assessment technologies to narrow down
possible options

Echologics - ePULSE _
Group 1: Acoustics, non-dug-up
Detection Services - p-CAT

Breivoll - Pipescanner

JD7 - Pipescan ++ Group 2: Ultrasonics, in-pipe

JD7 - Pipescan +

Transkor - SKIF

_ Group 3: Passive electromagnetics, non-excavation
SpeirHunter

Elorane - tesTAU
Elorane - (soil) Group 4: Environmental analysis, non-excavation

Zensor - (soil)
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Technology Screening

Activity 4d TAC Progress: Year 4/Q2

non-dug-up v ePULSE
non-excavation ¥

in-pipe 4 plat

non-dug-up ¥ Pipescanner

non-excavation 3 Pipescan +
in-pipe v Pipescan ++
Transkor
non-dug-up_ v SpeirHunter
non-excavation ¥ Elorane
in-pipe X Zensor
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Technology Screening

Echologics - ePULSE

Detection Services - p-CAT

Broivoll B

I Pleesean-t-

b DPlossesn-!

Fransker—SKiF

SpeirHunter ?

>

>
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» Trial Done (September 2014), report received

» Trial in planning (~ end of March 2015)

Issues with cement lining

Company undergoing changes, tool availability issues

Issues with large dimensional pipes
Redirected to SpeirHunter

Lack of experience with cast iron pipe, lack of
available validation too

No apparent information gain given similar
currently engaged alternatives
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Understanding the Technology:
PCA-Echologics ePulse

e Test-bed inspection undertaken Sept’14
e Acoustic technique: provides (generally) one measurement every 100 meters

System / Product ePULSE

Type External, No-dig

Pipe Type DI/ CCP/AC/PVC

CL OK (equivalent)
Pipe Size Any diameter
Qutput Average minimum Wall Thickness
Resolution No information
Combination No information
A ti Cross-correlation, Pulse-echo, Acoustic Pulses Echologics Accessed by Valves or Fire Hydrants
coustic Developed by National Research Council of Canada Implementation y Y
St Sensor Spacing 90m ~ 150m
Cost USD 11 / Meter (April 2014)
Scientist Hunaidi Osama
US20060283251
US20080078247
Patent
US20130049968
US20130145826

Case Study Available
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Understanding the Technology:
PCA-Echologics ePulse

First upcoming technology trial - with PCA-Echologics - has been completed
during September 2014. This was planned at varying access point spacing to
better assess the influence of spatial resolution.
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Understanding the Technology:
PCA-Echologics ePulse

Example: if ePulse reports 13.33 % as nominal wall thickness, what does it reflect?
PCA-Echologics explanation:

S1 S2 S3 S4 S5 S6
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minimum
remaining 15 12% 10% 5% 18

% 20%
wall thickness \\ \ / //
.o average 13.33%
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Understanding the Technology:
PCA-Echologics ePulse

e ePulse measures the speed of certain acoustic wave transmitted between
two receivers

/

Signal

>25m -
» Receiver 1 Generator

Receiver 2 <«

(t12) (7)) ()
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Understanding the Technology:
PCA-Echologics ePulse

Theoretically, the measured speed of certain acoustic wave represents a
measurement of the remaining wall thickness

Many parameters need to be accurately fixed/known beforehand

v velocity of acoustic waves in the pipe
v = Kol P K., bulk modulus of elasticity of water
(D= ep)(1 - gD + e2)(1 - ) + 24D, P, density of water |
Lk E,De, (D —e,)(1 -+ E, Young’s modulus of the pipe
\ Eiei[(D? + €3)(1 - ) + 2uDe,

internal diameter of the pipe
e, metal thickness of the pipe

E, Young’s modulus of the cement lining
thickness of the cement lining

i Poisson’s ratio, assumed to be the same for
ductile iron and the cement lining
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How can ePulse be Integrated within an
In-Between Framework? (Real) Example

2000 2000 2000 2000 2000 2000 B 2000 " 2000 2000 J§ 2000 g"
1800 1800 1800 LB 1800 NN 1m0 1800 ;ﬂ 1800 I 1500 1800 | 1800
1600 1600 f M 1600 ' 1600 ’ 1600 1600 LUl 1600 g 1600 1600 1600
£ 1400 1400 1400 | 1400 1400 1400 1400 1400 1400 1400
Training 3 1200 1200 1200 1200 H 1200 98 1200 1200 1200 1200 1200
& "
GT ¥ 1000 1000 1000 1000 & 1000 1000 1000 1000 1000 1000
(all from trial 2) 5 so¢ 840 %0 800 R 800 K 800 so S 00 800 800
3 600 600" 6000 "N 600 600 600 | 600 R 600 600 | 600
"
BEM Res. 400 R 400 k 400 l 400 400 W 400 400 t 400 # 400 W 400
w [ = .
200 | 200 8 200 N 200 200 mﬂ-q 200 200 EE 200 R 200 B
— A Model
2000 S 2000 2000 2000 BG4 2000 | A 2000 O
1800 1800 1800 - 1800 f&°
: TR
R . 1600 p= 58 1600 1600 | © 1600 & |
Testing 2o B R
GT £ i 1400 1400 1400 1400 &
§ 1200 1200 Leary 1200 1200 1200
(all from trial 3) § 1000 1000 1000 1000 1000
H E
High Res. § 00 * 800 800 800
= i ] P 400
validation iR N o : =
200 8% 200 200 ‘ 200 e
EE g Pl 2 H
TminAvg TminAvg  TminAvg  TminAvg TminAvg TminAvg  TminAvg TminAvg TminAvg TminAvg
14.04 13.79 1.26 10.63 14.33 10.27 10.00 5.75 411 6.42
Tavg Tavg Tavg Tavg Tavg Tavg Tavg Tavg Tavg Tavg
20.68 21.28 24,39 24,77 24,79 24.69 20,95 20.39 19.57 21.21
The T0d9| (The same procedure)
2000 (@R 2000 I 2000 2000 200051 2000 § 2000
1800 | g 1800 . 1800 1800 F 1800 1800
1600 ?‘E 1600 | I 1600 1600 s ‘
£ 1200 e | 1400 1400 1400 fue
3 1200 1200 Rl 1200 1200‘
g |
S 1000 1000 1000 1000 1000 ﬁ‘
—_ 3
Prediction 5 o .H 300 800 1 so0 & 800
BEMRes. 3 soot 8 00 q 600 600 o 600" 500 600
400 7 ,. 400 =5 400 400 400 400 ° 400
200 | 200 ‘j g 200 0 ::. zuon 200 200 200 :‘
RMSE ~ RMSE  RMSE RMSE  RMSE  RMSE  RMSE  RMSE
Performance ., 354 1072 639 426  7.06 414 611
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Understanding the Technology:
Some PCA-Echologics ePulse Findings So Far

ePulse measures “Average minimum wall thickness”, this can not be readily
“validated”. PCA-Echologics cannot either

There is an important “spatial resolution” issue (how to “slice” the pipe?).
Different alternatives would produce different interpretations

PCA-Echologics has limited confidence on sensor spacing results of less
that 25 meters, and does not recommend it

ePulse results are generally affected by air pocket in the pipe

For measurements with > 25 meters sensor spacing, test-bed trial results
from ePulse do not contradict the averaging results provided by Russell
NDE (yet validation of the latter is still rather limited)
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Understanding the technology:
Detection Services - pCAT

e Acoustic technique: provides one measurement over long distances, e.g. 100
meters

e It then reports average wall thickness every 10 meters
System / Product p-CAT

Type External, No-dig

Pipe Type metal, ceramic, plastic

CL Equivalent

Pipe Size Any diameter

Output Average Wall Thickness

Inverse Transit Analysis Technique (ITA)

Acous"c] g Developed by the University of Adelaide '

Detection Services Resolution Every 10 meters

Australia . . . .
Combination No information

Implementation Accessed by Valves or Fire Hydrants

Young-il Kim

Scientist Martin Lambert

Angus Simpson

Patent US20120041694

Case Study Available
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Understanding the Technology: SpeirHunter

Stress Concentration Tomography (SCT)

Length of Length of Length of
anomaly 1 Anomaly 2 anomaly 3

Magnetic field

Pipeline

Defective section 1 Defective section 2 Defective section 3
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Understanding the Technology: SpeirHunter

e Magnetostrictive technique: pipe stress creates variation in surrounding
earth magnetic field

 Test-bed inspection quotation received (not expensive)

e SpeirHunter has no experience with cast iron pipe — currently doubtful
alternative just based on fitness S s aiuiee

Type: External, Passive, No-dig

Pipe Type Ferrous pipes

CL No information

D: 100 mm - 1400 mm

Pipe Size
'_[ Wall thickness 2.5 mm ~ 24 mm

Stress-deformed state of the metal

Output
'_[ Infer the type, location and orientation of defects

Resolution Linear Accuracy 15mm

' = Stress Concentration Tomography (SCT
Magnetics | - % “ 9rephy ) -'Spelr Hunlerl Combination No

The University of Leeds

= buried depth < 12D
Implementation

1 Maximum speed during inspection 1 meters / sec

Cost Quotation received

Steven Freear
Scientist
Roy Wiegert
wO02013128210
——

WO02013128212
pﬂ‘fn! - —

US6888353

US7688072
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Understanding the Technology: SpeirHunter

SCT Magnetic Field Measurements
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Future Goals

Detection Services is planned to do a CA In progress
inspections on the test-bed (likely
beginning April)

Speir Hunter is too uncertain for Cl at the In progress
moment. Discussions point towards

more suitable to very high-level

screening technique for MS pipes

Evaluation of PCA-Echologics ePulse for
suitability of using their measurements In progress
for in-between framework

Continue conversations and investigation
of alternative technologies suitable for In progress
in-between framework
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