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Pipe
Condition
Assessment

For accessing
the remaining life
of ageing pipelines:

are a key area

when developing

a future maintenance
plan




p-CAT™

Previously, there have been little to no technologies that
could assess and calculate wall thickness over long
distances.

p-CAT™ fills this void as a long-distance, non-invasive
scanning tool that can split pipelines into 10 meter
sections with pipe wall thicknesses of 0.2 mm resolution,
and provide localized faults.
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p-CAT™ - Advantages and Performance

Cost effective pipeline condition assessment
method for relatively long distance pipeline section
(over 2 km) with +/- 10 m spatial accuracy.

Sub-sectional pipeline condition assessment with
various resolutions from 10 m using only one set of
tests both between measurement points and out of
the boundary.

Identification of pipeline anomalies (localized fault
detection)

Detects pipeline characteristics and anomalies
which can be confirmed using a point sampling
technique. Saving a lot of time and money.

Various pipe diameters and materials (metallic,
concrete and AC).



Fundamental Physical Mechanisms

=  There is a correlation between changes in the
thickness of metal and cement mortar lining
forming a pipeline wall and the speed with which a
wavefront from a hydraulic transient propagates
along the pipeline.

=  Changes in this thickness give rise to reflections
which can be theoretically interpreted to obtain a
distribution of damage in the pipe.

u Pipe wall damage or lining loss has a visible impact
on a resultant transient pressure wave trace

Initial
transient
arrival

Steady state flow
condition

Anomaly C
Anomaly D

H1: H2:
Maximum Minimum
pressure pressure
jumpby jumpby
Anomaly C Anomaly C

HO: Pressure jump
byinjected
transient

Time (s)

H3:
Pressure
jumpby
AnomalyD




Fundamental Physical Mechanisms

K
/PW
1+ K/Em ID/eeq VJ

a = speed of propagation of hydraulic transient pressure wave
K = bulk modulus of water
p = density of water
E = Young’s modulus of elasticity of the pipeline wall material
D = internal diameter of the pipeline
e, = wall thickness of a single material pipe

or

the total equivalent wall thickness of the composite material pipe

Y = pipeline restraint factor.
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Example Field Signals

Major Boundary Reflection, Wall Thickness/Material Change and Localized Fault

Line-up LHS Reflections, Day2 Test3 1

Normalised Head (1)

Normalised Head (m)

T ‘ ‘ ‘ ! I 8I4 84IS 8I5
Time(s) :

Time (3)

No noticeable deterioration Anomaly M760-
Reflection from SV141 between#13 and #8 F at the RHS of

Line-up, LHS Reflections, Dayl Test1 2

Normalised Head {m)

MNormalised Head (1)




Anomaly L/M: Change in material

Anomaly O and/or material properties
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location of K (500m upstream of G)

Normalised Head(m)

Tihe stit Day4_TeS)A Reflectipn from closed valve

// —— GEN
M1

/ — M2

Normalised Head(m)

Time s | plot
-2
158.6 158.8 159 159.2 159.4 lEWW 160.4 160.6
nitial — imels)

Transient N

Arrival




Signal Analysis

P-CAT™ analysis uses two main techniques for interpreting the
results from the transient pressure wave tests:

Sub-Section Partitioned Wave Speed Analysis™
Assessment of the level of deterioration in a sub-section

Localised Fault Detection
Significant anomalies such as air pockets and blockages



What Does It Deliver?

This theory has been developed into a non-invasive technique which
can determine:

= Remaining Wall Thickness including corrosion and cement mortal
lining spalling

= Locations of air/gas pockets and blockages
= The sealing status of valves
= Unknown connections and branches



Testing Equipment - Generation Point
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Typical configuration for test series

Pump XFK XFK XSK XFK
Station X09 X10 X12 X21
(PSKS)

750

Distance (m) < S . S

Chainage (m) E ! ! ! !
73840 75748.2 76410 77075.5 77645.6

Dayl-Testl M1
Dayl-Test2 M2
Day2-Test1l
Day2-Test2
Day2-Test3
Day2-Test4

L 2L G: Transient Generator
Day2-Test6 M1 and M2: Measurement Stations




Average Condition vs. Sub-Sectional Condition

The p-CAT method could identify this corroded section from within the 500 metres,
allowing for targeted repair or replacement and minimising risk while saving
considerable cost.
Average remaining wall is
determined to be 83.5% remaining

using continuous low resolution

method(s)

85% wall thickness remaining 10 85% wall thickness remaining
> m <
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Sub-Sectional Pipeline Condition Assessment

Approx. Sub-section Location on Pipeline Approx. Theoretical Wall Remaining Effective Wall Thicknesslt Sub-Sectional
Chainage Length Thickness (Difference between metal wall or cement mortar lining from the Average Wave
nominal theoretical value) Speed
(m) (m) (mm}) (mm) (m/s)
Assumed Internal Corrosion[2 Assumed External Corrosion®]
End wall | Lining | wall | Lining | % Remaining | Wall | Lining | 9% Remaining

Section ldentifier

57 AV0.2 to off-take O DN1125MSCL 8.8 20 Outside section of interest

w
[+

8 85% 5.6 20
(-12) (-1.6) (o)
7 83% 5.4 20
(-13) (-1.8) (0)
g 85% 5.6 20
(-12) (-1.6) (0)
7 245 5.4 20
(-13) (-1.8) (0)
6 82% 5.3 20
(-14) (-1.9) (0)

w
%

Off-take 0 to AV1 0DS65 MSCL 7.2 20

AV1to AV2 0DS65 MSCL 7.2 20

AV2 to off-take 1 0DS65 MSCL 7.2 20

Off-take 1 to off-take 2 0DS65 MSCL 7.2 20

Off-take 2 to the horizontal section of Harper St. 0DS65 MSCL 7.2 20

The horizental section of Harper 5t to AV2.1 0DS65 MSCL 7.2 20 Permanently entrained air and surrounding section

4 80% 5.1 20
(-16) (-2.1) (0)
6 82% 5.2 20
(-14) (-2.0) (0)
Oiftake 4 to possible 12 m HDPE section (444 Southport b 3 79% 4.9 20
Nerang Rd) 0D96SMSCL | 7.2 20 ' (17) (2.3) )
Possible HDPE section (442 Southport Nerang Rd) to b 5 5.1 20
Ava 0DS65 MSCL 7.2 20 (0.0) (-15) (-2.1) ©)
3 5.2 20
(-15) (-2.0) (0)
7 7.8 20
(-13) (-1.8) (0)
3 4.9
(-17) (-2.3)
6
(-14)
7
(-13)
6
(-14)
7
(-13)

AV2.1to5CV 3 0D365 MSCL ¥.2 20

SCV3 to off-take 4 0D365 MSCL 7.2 20

AVA4 to Ashmore shopping centre replacement section 0D965 MSCL 7.2 20

Ashmore shopping centre replacement section DNS60 MSCL 3.6 20

Ashmore shopping centre replacement section to AV3 0DS365 MSCL 7.2 20

AVS to off-take 5.1 0D5S65 MSCL 7.2 20

Off-take 5.1 to SCV5 0DS65 MSCL 7.2 20

SCV5 to AV5.1 0DSe5 MSCL 7.2 20

AV5.11to5CV6.1 0DS65 MSCL 7.2 20




ldentification of Anomalies

Identifier
A

Approximate location

oT0

The horizontal section of pipe
beginning on Harper St, between the
intersections of Ashmore Rd and
Forrest Ave.

*see Section 4.3.1

OT4 at 490 Southport Nerang Rd.
*see Section 4.2

444 to 442 Southport Nerang Rd.

Main entrance of Ashmore Shopping
Centre, Southport Nerang Rd to the
intersection of Southport Nerang Rd
and Currumburra Rd.

AV5.1 at the intersection of Keith
Turnbull Dr and Dakara Dr

*see Section 4.3.2

Spanning Binstead Dr
*see Section 4.3.3

Intersection of Bambarra St and
Queen St

Interpretation
Large open offtake

Large, permanently entrained, air
pocket

Open off-take

Possible HDPE replacement section or
air pocket.

Replacement section to detour
around underground carpark
constructed after original pipeline
construction

Air Pocket or low wave speed
material of riser

Large, permanently entrained, air
pocket near joint of Stage 1 and Stage
2 of pipeline construction.

Replacement section under new tram
and road reconstruction

Priority
Low

Medium

Medium

Medium

Recommended action

None, Known system feature.
Remove entrained air as it may
affect system performance.

There is an increased likelihood of
localised internal deterioration at
this point.

Exercise the valve to determine
valve sealing status.

Checkrecords for replacement and
investigate pipeline condition.

Update GIS maps to show
difference in material.

Check functionality of air valve.

Remove entrained air pocket as it
may affect system performance.
There is an increased likelihood of
localised internal deterioration at
this point.

None, Known system feature.




Chainage (km)
3

I 0D965MSCL 6mm (Equiv. 9.6 mm) ' T
] DNQSDI\T-\SCL 8mm (Equiv. 12.0 mm) Queen St DN9IEO MSCL
= = = Theoretical Intact replacement
10% Above Nominal Effective Wall Thickness
90% of Nominal Effective Wall Thickness
85% of Nominal Effective Wall Thickness
10% Above Nominal Effective Wall Thickness
90% of Nominal Effective Wall Thickness centre replacement
= = = 85% of Nominal Effective Wall Thickness

Short DN960 MSCL
Pipeline Feature Chai
[ Pipeline Feature Chainage replacements

Ashmore shopping

Permanently entrained air

) . Possible HDPE Permanently entrained airp@® |
and surrounding section

section and surrounding section
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Most deteriorated sub-secti

AV6 AVT AV71 AVE AV9




Anomaly: V
@ 1115 Stanley 5t East

Possible cause: Thicker
material, repair or
encasement

Nearby Feature: Open
inline valve RV24375
with 2 reducers

Low priority: No action
required.

Scourvalve
TSC2514

Reducér
TRE2517

:li“m..l -
" “Scourvalves
TSC26656

Anomaly: N
@ Intersection of Stanley St East &
Cavendish S5t

Offtake

“ Possible cause: Branch, material change,
RV24363

repair or possible wall thinning

Nearby Feature: Closed offtakes

RV24362 (no valve) and RV24363

Low priority: No action required.

Anomaly:L &M
@ Intersection of Stanley 5t East and
Tiber St

Possible cause: Material change or
possible wall thinning. Replacement
MSCL section with possible deterioration
and/or Cl section under railway line with
possible significant deterioration.

Nearby Feature: Pipeline replacement
MSCL segment.

High priority: CCTV inspection and
\phvsical inspection to confirm.

R}




Verification of Technigue

Sections of recovers pipe




Case Study #1 Water Main

Location . Size Material | Year

Between FPAV174 and FPAV181 1943
(from 43M 4777/5 to 45M 3461/- as per as-constructed 30-inch MSCL -
drawings) 1944




Localised Fault Detection Results

A [ | ptetel detrrston | edtam | S0 ST

FPAV181 recommended

5 ram | poentedeterraion | Medum | (T RS
FPAV181 recommended
FPAV181 replacement component

I e (N e
FPAV179 replacement component

B e Medum |
FPAV177 deterioration recommended

|t [y | poentadeeriaton | wedum | [0S SRR
FPAV177 recommended

Potential concrete
116 m south from encasement for pipe Check for record of
FPAV177 section under Klinberg concrete encasement
Road crossing
R e
FPAV176 blockage recommended
Potential concrete
115 m south from encasement for pipe Check for record of

FPAV175 section under Niemz concrete encasement
Road crossing




- 0 diels O G C RE
@ @
) ) Remaining Total Equivalent Wall Thickness (1
Approx. Theoretical Thickness ~ .

E % ] cub<ection Location on Pineline Assumed |Approx. Length o (Difference between me.tal wall or c-ament mortar lining from the sub-sectional Average Wave
5 D Pipe (m) nominal theoretical value) speed (m/s)
h-]
= | start | End Wall Lining Wall {mm) Lining (mm) % remaining

Anomaly E - potential air packet e g
s38 | 419 | 232 B 2 R Bl e ety 30"MSCL 13 57 12 53% 8680
deterioration (-19) (-12)
5.7 5
539 432 494 as per chainage 30"MSCL 62 5.7 12 BE% 1015
(0.0 -7
57 5
540 494 522 From FPAV177 to 29 m south 30"MSCL 29 5.7 12 BE% 1015
(0.0 {-7)
4.6 0
541 522 533 Anomaly F 30"MSCL 11 5.7 12 B4% 921
(-1.1) (-12)
5.7 4
542 533 576 as per chainage 30"MSCL 4z 57 12 B87% 1011
(0.0 (-8)
5.7 6
543 576 610 as per chainage 30"MSCL 34 5.7 12 89% 1019
(0.0 (-8)
Anocmaly G — concrete encasement under . .
544 610 634 . . 30"MSCL 25 N/A
Klinberg Rd Crossing
56 0
545 634 681 as per chainage 30"MSCL 47 5.7 12 7% 977
(-0.1) (-12)
5.6 0
546 681 727 as per chainage 30"MSCL 45 5.7 12 78% 980
(-0.1) (-12)
5.4 0
547 727 770 as per chainage 30"MSCL 43 5.7 12 76% 971
(-0.3) (-12)
56 0
548 770 816 Scour 124 to 46 m south 30"MSCL 46 5.7 12 TE% 977
(-0.2) (-12)
5.4 0
549 816 869 as per chainage 30"MSCL 53 5.7 12 76% 971
(-0.3) (-12)




Case Study #1 Water Main

Chainage (km)
0.5

Most deteriorated W 30° MSCL (Equiv. 7.1 mm)
. . = = = Theoretical Intact
sections Of pl pe 8 of Nominal Effective Wall Thickness

Most deteriorated of Nominal Effective Wall Thickness
of Nominal Effective Wall Thickness

sections of pipe peline Feature Chainage

Potential
/ Concrete Encasement =

(Anomaly G & E)

Q
€
i
j=1N
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@
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o
=

T T 1
Stop valve  Scour 1256 Klinberg Rd Niemz Rd
FPAV181 Scour 127 FPAV1B0 FPAV179 FPAV178 FPAV177 Scour 124 FPAV176 FPAV175




Case Study #1 Water Main

= 2% of the pipeline was found to be in the most deteriorated condition
with a remaining wall thickness of between 50% and 64%.

= 68% of the pipeline showed to have some deterioration with a remaining
wall thickness of between 70% and 84%.

» The rest of the pipeline (29% of the total length) has remaining wall
thicknesses of between 85% and 90%.




Case Study #2_ Water Main

=  The tests undertaken on this pipeline were conducted as part
of a condition assessment project for a system in a busy CBD
area. This particular section was one of two parallel pipelines
following a busy main road into the city.

=  The 450 CI(CL) water main was constructed from 450 Cl in
1886 and later concrete lined in-situ in 1982. The pipe section

of interest was 2.8 km and contains two replacement sections
of 450 MSCL.




Case Study #2 Water Main
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Case Study #3 Water Main

= The pipeline of interest is the first 10 km of the 23.5 km long rising main beginning

at a dam pump station. The water rising main was constructed of MSCL, with a
1085 mm outside diameter.

=  For the sections with an original wall thickness of 8 mm:

0 1.7% of the length of the pipeline was found to have the highest deterioration with
remaining wall thickness of between 67% and 80%.

0 9% of the pipeline showed to have remaining wall thickness of between 80% and
90%.

=  Fourteen anomalies representing:

0 The presence of a blockage or partially closed isolation valve at an isolating valve pit
at 12.11 km.

0 Four short lengths of deterioration or replacement of lower wave speed pipe
material.

O Four short lengths of deterioration, replacement of lower wave speed pipe material,
or branch of a known pipe feature

0 Five potential concrete encasement sections or the presence of a blockage.

- 'f\"l




Case Study #3 Water Main

Anomaly A (Low priority)
Non-return valve at pump
station

Boondooma
Pump Station
1.31km

Boondooma
Dam Outlet

Sections

Anomaly D (Medium priority)
Concrete encasement or blockage
Check records for concrete
Anomaly C (Medium priority) encasement at location
Potential deterioration, replacement or

branch from VLP1 orthe nearby swabbing pit

Check records for replacement at location Anomaly | (Low priority)

Above ground pipe

Anomaly E [Low priority)
MO70 or $TK1 branch

Anomaly B (Low priority)
Pipe thickness change

Anomaly G (Low priority)
Above ground pipe

MO701.767 km
AV021.77 km
STK11.77 km

Anomaly H (Medium priority)
Concrete encasement or blockage
Check records for concrete

Anomaly F (Medium priority)
Potential deterioration or replacement
Check records for replacement at location

encasement at location

$10:212m
$8:101m $59:46m

§5:27m

§1:337m §2:127m S4:148 m

Remaining wall
thickness
(External = Internal)

I I
86-88%
84-87%

88-90% 87-89%
92-93%



Case Study #3 Water Main

Potential deterioration

Potential deterioration Concrete Encasement

(not documented)
Chainage (/km)

[ OD1085MSCL of 8 mm with tolerances (Equiv. 12.0 mm)
N OD1085MSCL of 10 mm with tolerances (Equiv. 14.4 mm)
ettt ggotjor?uﬁal IntalctE\Pffithtfcole\;\?nlcl:eT% "

© of Nominal Effective Wall Thickness
Conerets Encasement 80% of Nominal Effective Wall Thickness
{recorded in as-cons.) 70% of Nominal Effective Wall Thickness

Concrete encasement
(recorded in as-cons.)

g
=1
(=]

o)
g
b=l
@
[
Q.
[&2]
1080
o
=

Deteriorated
sections

t |
Concrete encasement

t li T it i i ) i 3 i ir T
AV03  AVO7 AV08 AV09 AV13 AV15 AV28  AV30 AV3

Concrete encasement




Case Study #4 Water Main

The trunk water main consists of the following various pipe materials and sizes, including
some sections with in-situ cement lining:

= 450 and 525 Wrought Iron (WI) constructed in 1893
= with in-situ cement lining added in 1953.
= 600, 700 and 825 Mild Steel Cement Lined (MSCL) constructed in 1979.

= 450 Cast Iron (Cl), 600 WI and 600 Mild Steel Locking Bar (MSLB) constructed in 1916
with in-situ cement lining added in 1983.




Case Study #4 Water Main

I
600MSCL 600MSLB  Creek and 600MSLB 600W| 450CI 525WI 1 450W

Bridge

Nhl'll‘ iy : LTy

Section unable to be
analysed
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Case Study #5 Sewer Rising Main

The sewer rising main was approximately 1.2 km consisting of predominantly D.N.300 AC. The pipeline section
of interest lies between a pump station and an inlet of a sewerage treatment plant.




Case Study #5 Sewer Rising Main

Permanent aeration zones

[ DN300AC (Equiv. 19.0 mm)

- - - Theoretical Intact with 10% tolerance
80% of Nominal Effective Wall Thickness
70% of Nominal Effective Wall Thickness
60% of Nominal Effective Wall Thickness

-
3
-

»
o
a

=

800

I i . -1
Ano A TP1 Ano C Ano G
Start near End near

pump station treatment plant




Sewage
| treatmerit
plant

Anomaly G (HIGH priority)

P ntial gas pocket 14.4 m in length

\-\‘—‘

i
/

ﬁ——%ﬂ TI% y e .'.,‘;(-;E X .
\ ———— £ i/ y = .
\ J{r% E’g [ Tapping j\_} Anomaly B (HIGH priority)
-1

63% Remaining effective wall thickness 90% Remaining effective wall thickness |

Scal= 1:2500 @ AS

Anomaly F (HIGH priority)
Potential gas pocket 5.5 m in length

Anomaly E (HIGH priority)
Potential-gas-peckat-3.4-m-indength

i

Anomaly D (HIGH priority)
Potential gas pocket 1.7 m in length

h o o Y CE R
"5, Anomaly A (Low priority)
Anomaly C (HIGH priority) Presence of pipe transition
Potential gas pocket 10 m in length = - ——

Gas pocket of 1.6 m in length

'i:"-?-' 3 W0

E=——_—=-—

54: 284 m | 53:222 m

51:316m

| 70% Remaining effective wall thickness

64%: Remaining effective s




Case Study #6_ Sewer Rising Main

Material

Location

Pump station on Fortrose

street to SCV2 located near the 410 mm
1. , MS/MSCL 1976 from GIS
southern  corner  between (as-built maps)

number 18 and 20 Rowenast.




Ing Main
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Case Study #6



Case Study #6 Sewer Rising Main

Key:
o AV air valve
B Pump station

@ TP: tapping point

:H { \,/' -~

Anomaly B (Low) o
G High Priority ature ate

dium Priority

riority

Point 3 — New R1
New ho
Deterioration Levels:

[ J Level 6-7

- . Anomaly C (Low)
Level 4-5 | | Level 0-1 Scour valve
Anomaly D (Low)
ur valve

[ Point 4 - AV2
Fou ng site

Point 5 - 5CV2
aund during site

Anomaly E [High)
Gas column




Case Study _:_ e
Valve Sealing

3 > P N
Evaluation of transient techniques undertaken at
Iron Knob




2006 — 2017 Field Program

For 62 different clients

Such as water utilities, councils, contractors and mining companies

For over 176 different pipeline systems

For over 1500km of pipeline

\ | P'CATM li,  pipeline condition assessment



K

N

the

Tberritl Db
NQ
Wweak |

v

* FInd

N2 =
> . I/
L4

‘.r (¥ (
KLYy e
i \ 4



	�p-CAT™ 
	Slide Number 2
	Slide Number 3
	p-CAT™ - Advantages and Performance
	Fundamental Physical Mechanisms
	Fundamental Physical Mechanisms
	Slide Number 7
	Slide Number 8
	Signal Analysis
	What Does It Deliver?
	Testing Equipment - Generation Point
	Testing Equipment - Measurement Point
	Typical configuration for test series
	Average Condition vs. Sub-Sectional Condition
	Sub-Sectional Pipeline Condition Assessment
	Identification of Anomalies
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Case Study #1_Water Main
	Localised Fault Detection Results
	Sub-sectional Pipe Wall Condition Results
	Case Study #1_Water Main
	Case Study #1_Water Main
	Case Study #2_Water Main
	Case Study #2_Water Main
	Case Study #3_Water Main
	Case Study #3_Water Main
	Case Study #3_Water Main
	Case Study #4_Water Main
	Case Study #4_Water Main
	Case Study #5_Sewer Rising Main
	Case Study #5_Sewer Rising Main
	Case Study #5_Sewer Rising Main
	Case Study #6_ Sewer Rising Main
	Case Study #6_ Sewer Rising Main
	Case Study #6_ Sewer Rising Main
	Case Study�Valve Sealing
	2006 – 2017 Field Program
	Slide Number 40

