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1 Introduction

Direct Current Voltage Gradient (DCVG) surveys have been conducted at each scraper station along
the Amadeus Gas Pipeline (AGP) to give an indication of the condition of the coating at each site.
However, the accuracy of these DCVG surveys at the scraper stations is uncertain due to the
possibilities of Cathodic Protection (CP) shielding and interactions between different pipe sections.

To correlate the DCVG results to actual defects, 5 scraper stations, 4 Main Line Valves (MLVs) and 9
anchor blocks have been selected to be excavated and to undergo coating assessment. The results of
these excavations and coating assessments will help determine the expected condition of the
remaining stations and MLV’s, and provide key information into the decision to excavate them or
not.

Tindal is the first of the MLV sites to be excavated and assessed. This report compares the DCVG
results for Tindal to the results of the coating assessment following excavation including Long Range
Ultrasonic Testing (LRUT).

After coating assessments had been conducted, the station pipework was cleaned by abrasive
blasting and recoated with Luxepoxy, a high build 2 part epoxy coating.

2 Method

In April 2012 a DCVG survey was conducted on the Tindal MLV. These results have been included in
this report for comparison to determine if there is a correlation between the DCVG survey data and
actual coating defects around the MLV.

The Tindal MLV has been excavated and assessed, see Appendix 1. For major defects a coating
defect assessment has been conducted, completed coating defect assessment forms are in Appendix
2. Appendix 3 contains any referenced photos and the photo log.

The results of the DCVG survey and the coating defects assessments have been compared to
determine if there is a correlation between the DCVG survey and actual coating defects in Section 4
Discussion.

3 Results

3.1 DCVG
There was one recorded DCVG result at Tindal MLV. The defect are summarised in Table 1 below. As
there is only the single result a plan and elevation drawing is shown in Appendix 1.

Table 1: DCVG Detected Defects

DCVG Defect Number Section IR

1 Tindal MLV 10.0%
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Dig up of the Tindal MLV reported the following coating defects of Table 2.

Table 2: Coating Defects Within Vicinity of DCVG Detected Defects

DCVG Defect Section Photo Log / Notes
Number
1 MLV Appendix 3, Photo 0783, 0807, 0808 and 0818.
Several coating defects on MLV. No corrosion evident.
- North Canusa Sleeve Appendix 3, Photo 0800, 0802, 0815 and 0867.

No coating defect reported. Pitting corrosion
underneath canusa sleeve.

- South Canusa Sleeve Appendix 3, Photo 0796, 0797, 0798, 0799, 0816,
0818, 0819.

1400mm crack downstream of south canusa sleeve.
Pitting corrosion underneath canusa sleeve.

3.2 Coating Inspection

Several coating defects were found in the Coal Tar Epoxy (CTE) coating at Tindal MLV, which jeeped
out under holiday testing; refer photo 0783. In spite of this the CTE coating at Tindal MLV did not
suffer from blistering corrosion to the same extent as other sites. The canusa sleeves which join
sections of yellow jacket did not appear damaged, though a 1400mm crack in the yellowjacket to the
south canusa sleeve had developed partially into the sleeve.

3.3 Metal loss

Metal loss was reported underneath two areas of canusa sleeve to the north and south of the MLV.
In both cases pitting corrosion was found, with a maximum penetration depth of 1.0mm into the
pipe wall beneath the north canusa sleeve. The area of corrosion was limited to the pipe surface
directly exposed to the canusa sleeves, this defect was not detected by DCVG survey which suggests
that the corrosion is due to the shielding effect of the canusa sleeves. A Coating Damage Assessment
report was used to document the metal losses, refer to Appendix 2.

3.4 Pigging Data

Pigging data is available for these line segments around the area of corrosion. Results of the
magnetic field profile in the area around the south canusa sleeve weld are attached, refer to
Appendix 4 . Due to the small corrosion pit size the pig was unable to detect a significant disruption
to the induced magnetic field strength in the area and metal loss does not appear apparent, note
however that the pigging data is dated to 2003.

3.5 RSTRENG Analysis

RSTRENG analysis was completed over the more severe area of corrosion to the north anchor block.
The pipe wall thickness in the area is 7.90mm (refer to Appendix 1) and the Coating Damage
Assessment metal loss form issued from site (Appendix 2) indicates the maximum pit depth of
1.0mm. The results of the RSTRENG analysis indicate that the pipeline passes for the current
Maximum Operating Pressure (MAOP) of 9,650kPag (refer to Appendix 5). The AGP design factor is
0.72 which translates to a required safety factor of 1.39 and the RSTRENG results satisfy this case.

BGS-RP-A-0005 Rev 0B Page 2
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3.6 LRUT

LRUT was conducted at Tindal MLV from September 17-18, 2012. Extracts from the LRUT report are
presented in Appendix 6. The diagram in Appendix 6 shows the setup and location of the LRUT probe
when undertaking the test. Two LRUT ‘shots’ were conducted from the north (Test Point 1, TP1) and
south (Test Point 2, TP2) in order to examine the condition of the pipe wall underneath the support
blocks.

Test Point 1

Test Point 1 is the forward LRUT shot at Tindal. The concrete support block begins 1.4m from the
sensor head and as shown in the results of Appendix 6 there are no anomalies detected from this
point onwards for this shot. The T-piece welds were detected at 2.2m and 2.7m, and the MLV was
detected at a range of 3.53m.

Test Point 2

Test Point 2 is the backward shot at Tindal. The concrete support block begins 1.4m from the sensor
head and as shown in the results of Appendix 6 there is a single anomaly detected at 1.76m in the
horizontal plane of the pipe for this shot. There was no reported coating defect or corrosion evident
during blasting and the LRUT report suspects that the anomaly is due to the clamp at that location.
The T-piece welds were detected at 2.2m and 2.7m, and the MLV was detected at a range of 3.54m.

4 Discussion

Comparing the results of DCVG to the areas of excavation, it is possible to compare the results and
correlate the DCVG data to areas of coating defects and corrosion. Due to the limited area of pipe
which was dug up there are only few results to report.

DCVG and Coating Defects

There was one significant coating defect found at Tindal MLV, a 1400mm crack found in the
yellowjacket which extended partially into the southern canusa sleeve. Traces of CP product build-up
within the coating defect suggest that this is the likely cause of the DCVG reading. The pipe was
recoated up to 5700mm from the MLV indicating that the yellowjacket defect was between 5700mm
to 4300mm from the MLV, yet the 10.0% DCVG result was recorded at the MLV itself. Typically the
DCVG is reported to be accurate to within 2 metres, therefore the DCVG result was either actually
detecting the several coating defects on the MLV or the DCVG report generalised the ‘MLV’ result.

DCVG and Metal Loss Defects

Metal loss due to corrosion was detected in the areas identified by the DCVG survey underneath the
canusa sleeves, however, the lack of coating damage and CP product in the area rules out the
connection between the DCVG readings and corrosion.

BGS-RP-A-0005 Rev 0B Page 3
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Coating Condition

As can be seen in photo 0783 the pipe coating appeared to be in satisfactory condition with the
exception of the yellowjacket crack in photo 0796. The areas of corrosion found were directly
underneath the canusa sleeve to the point where the factory applied yellow jacket ended, therefore
corrosion has resulted from the canusa sleeve being ineffective against water ingress, and
simultaneously acting as the CP shield. Photo 0802 and 0803 clearly show the disbondment between
the north canusa sleeve and the pipe, and subsequent corrosion resulting.

LRUT

One anomaly was reported in the area of the south concrete anchor block. The anomaly was
detected in the horizontal flexural mode and was a grade 2 anomaly lying in the -32db to -26db
range, and classified as a minor anomaly. The anomaly coincides with the point that the steel clamp
is bolted over the pipe to secure the pipe to the concrete block, therefore given the location the
coating has probably been locally affected and resulted in a localised change to the coating profile
and detectable by LRUT.

5 Recommendation

LRUT reported that corrosion was not detected within the support blocks at Tindal MLV, however
removal of the canusa sleeves uncovered areas of significant pitting corrosion both north and south
of the MLV concrete support blocks. The condition of the yellowjacket coating to the south was poor
due to a 1400mm long crack, and the canusa sleeves appeared satisfactory prior to removal,
however incorrect application of the canusa sleeves at this site is the suspected cause of the
corrosion as this is the second instance of this issue being recorded.

The canusa sleeve coating was removed, the exposed pipe area was sand blasted and recoated with
a high build 2 part epoxy.

6 Conclusion

Due to the limited area of excavation at the site (MLV only), conclusions on the effectiveness of the
DCVG survey completed at this site cannot be drawn on the basis of this survey alone. The DCVG did
however successfully detect the appearance of a large crack defect in the yellowjacket coating
directly to the south of the MLV. A minor anomaly detected using LRUT was determined to be
coating related due to a pipe clamp over that point on the pipe, and not attributed to metal loss in
the pipe. No metal loss was indicated by LRUT within the concrete anchor blocks.

The condition of the CTE coating inspected was satisfactory, however, the canusa sleeves to both
north and south of the MLV have failed to protect the pipe from moisture ingress and led to
shielding corrosion underneath. It is uncertain how widespread the problem with the canusa sleeves
are along the AGP, however the issue is known to APA and a program of investigation and
replacement is in progress.
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Appendix 1 MLV Layout.
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Appendix 2 Coating Damage Assessment Forms
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KP: Work Order No:
rvoveayriowoi . COATING DAMAGE ASSESSMENT
Location _
Pipeline: Ar o f Excavation Date: ! o fooi
Section: Digup Reason:

v - A
(c—/ﬁ'f')}/c’ 475 iz e2ns

Kilometre Point: 77vn9¢ mey
Zone:

Easting:
Northing:

DCVG Measurement:
Defect Length from survey (m):
CMMS Work Order No:

13/ 744

Surrounding Description:
(Buildings, drains, etc)

Photos Description

Time(s) photo taken or viewfinder number

Surrounding landscape

B/Fgé the

camera date

Site facing increasing chainage

and time been
set correctly?

Site facing decreasing chainage

Pipe with coating 979 o795 07«?[
Please remember : . . A - IR 77
{0 take both close | Pe With coating removed 07 /s (9;/ s é
up (no closer than | Pipe cleaned c:?%? i g,
500mm) and wide Pi _—
photos. ipe repaire o %(, q
Soil and CP
Soil Description (tick one or more from each column):
[© Sand @ Fine | [E Dusty
[E Loam E Coarse ‘ E Dry
= Clay = Gravel =Z-Damp
E Black - @ Rocky - B Wet
©-Red Dirt | |
Pipeline Soil Cover Depth (m): » . g 5 Soil pH: —-0

Pipe To Soil Potential (V):

—J £469 Soil Resistivity (Ohms): . Pin Spacing 1.5m

Coating
Coating Description:
@ Yellow Jacket
leeve
= Wrapping
= FBE
© Paint

Is there a coating defect (Y/N)?

Any white buildup from cathodic protection (Y/N)?
Any evidence of termite damage (Y/N)?

Any moisture inside the coating (Y/N)?

I

Any stress corrosion cracking (Y/N)? [YemeomPeefon 7 A
Has the coating lifted away from the pipe (Y/N)? A

If yes, how far around the pipe has it lifted (mm)? /2
Sketch of coating / corrosion damage completed (Y/N)?

Coating Defect Length (mm):
Coating Defect Comments:

it

Coating Defect Width (mm):  ~/

E




KP: Work Order No:

Page 2

Metal Loss

Is there any deformation of the pipe

(dent, gouge or not round) (Y/N)? N If Yes, Engineering must be contacted IMMEDIATELY.
Is there any metal loss (Y/N)? If there is any metal loss, complete the remaining

d section of this form and contact Engineering
IMMEDIATELY.
The following measurements should indicate whether defects INTERACT
Interaction Rules:
1. Consider each defect as a rectangular box.
: : @ Defect 1

2. Draw a larger box around each defect, P

extending length and width as per Figure 1. : mm % Defact 2
3._IE BOTH larger boxes intersect_with the W B ooy Defect size
original defect boxes, the defects interact. ¥ o PR after

4. The dimensions reported on this form are \\\Q gLt
the dimensions of the defect after —

interaction - dimensions A and B as shown in

Figure 1.

Figure 1

Maximum Depth (mm): /e

Wall thickness (mm): s j-}

Longitudinal dimension (A) (mm): 300 BI %
Circumferential dimension (B) (mm): /025

e ) Figure 2

Clock Position (looking in direction of flow): /zd{ff ﬂ,ﬁ'&b’#a F1 0z

Distance from longitudinal weld (mm): o

Distance from nearest girth weld (mm): O

(if no girth weld has been found, do not excavate further)
Repair f(:?w'ﬁfo
Length of Pipe Wrapped (mm): 9. 7067

Other Repair Information:
pouE Fi il 4
b/&’x‘r?c’)'/zx/\/ VHB vssn To Le Gar five

Dig Up Comments:

Arrze Corgosion  Juviza  Rayewssm Stssviz e Spuri Siom 005 MLy

HoB3Pmm _ Paom facws , Stitirvis s Ovise A Bors bfiseo
Rizegpiizn & Foomm oI (A7 152om Viaeys

Operator: |,/ Dwvirry Signature: Date: /69402
I4

/



KP:

Form created by Ben Parkin Apr 09
Approved by Henry Dupal

COATING DAMAGE ASSESSMENT

Work Order No:

Page 1

Location
Pipeline:
Section:
Kilometre Point: 7,04, Az v
Zone: '
Easting:

Northing:

Surrounding Description:

ABDP

Excavation Date: /S S o

Digup Reason: Coatpre frefiscrione
DCVG Measurement:

Defect Length from survey (m):
CMMS Work Order No:

/3r‘,7£4¢

(Buildings, drains, etc)

Photos Description

Time(s) photo taken or viewfinder number

Eﬁ-las the

Surrounding landscape

camera date

Site facing increasing chainage

and time been
set correctly?

Site facing decreasing chainage

Pipe with coating & %00
EI?:ES L%r;]e:ﬂjb:; Pipe with coating removed % 5'; o g o2
up (no closer than | Pipe cleaned % o Q15
500mm) and wide Pi o '
shotos, ipe repaire o 67
Soil and CP
Soil Description (tick one or more from each column):
@ Sand E Fine ' @ Dusty
E Loam = Coarse - = Dry
E Clay @ Gravel .~ E"Damp
= Black - [E Rocky | I Wet
Red Dirt | |
Pipeline Soil Cover Depth (m): ». ¢4  Soil pH: e
Pipe To Soil Potential (V): - /- & é'i Soil Resistivity (Ohms): . .5 Pin Spacing 1.5m
Coating Is there a coating defect (Y/N)? A
Coating Description: Any white buildup from cathodic protection (Y/N)? A
= Yellow Jacket Any evidence of termite damage (Y/N)? ~/
Sleeve Any moisture inside the coating (Y/N)? A/
= Wrapping Any stress corrosion cracking (Y/N)? Yok S0P f00 - NIA
B FBE Has the coating lifted away from the pipe (Y/N)? A
Paint

If yes, how far around the pipe has it lifted (mm)?

A

Sketch of coating / corrosion damage completed (Y/N)? X

Coating Defect Length (mm): /2

Coating Defect Comments:

Coating Defect Width (mm): A/




KP:

Metal Loss

Is there any deformation of the pipe

(dent, gouge or not round) (Y/N)? A

7L

Is there any metal loss (Y/N)?

Work Order No:

Page 2

If Yes, Engineering must be contacted IMMEDIATELY.

If there is any metal loss, complete the remaining
section of this form and contact Engineering
IMMEDIATELY.

The following measurements should indicate whether defects INTERACT

f

Interaction Rules: W

1. Consider each defect as a rectangular box.

4L$-§+L+§+L+

2. Draw a larger box around each defect,
extending length and width as per Figure 1.

—

3. IF BOTH larger boxes intersect with the
original defect boxes, the defects interact.

4. The dimensions reported on this form are

the dimensions of the defect after
interaction - dimensions A and B as shown in

]

ATAATATY % Defect 2

vl B _
AT AAGATATA m Defect size
N e FAZAA after

\: interaction
NN
W

Figure 1.

Figure 1
Maximum Depth (mm): o bs

Wall thickness (mm): 7 g rﬂ
Longitudinal dimension (A) (mm): a,.]:;a P BL%
Circumferential dimension (B) (mm): IOAS

Clock Position (osking in direction of flow: it Puoown 177 e
Distance from longitudinal weld (mm): O

Distance from nearest girth weld (mm): o

(if no girth weld has been found, do not excavate further)

Repait /2
Length of Pipe Weapped (mm): 4 %50

Other Repair Information:

+ # 7
/o (8e¢-copi 7175

/\If/x/-hf/(:)?{/\/' UH B 1560

Dig Up Comments:
2
lirieEn

Cortvsson thivin (3nyeimm Slave onw Muer S o MLy Lt obomm

STom Vg . Slipez” e oz

A, i i /l«/:'?'f-rf’)

Riz-CorTiso

U B SO mm 12O SN,

Operator: Signature:

I{I\!' DuERY
/

Date: @0’ 2c/2.
J/./ v



KP: Work Order No: _
amoveatytem o+ COATING DAMAGE ASSESSMENT
Location :
Pipeline: P P Excavation Date: /iﬂ;é’éwl
Section: Digup Reason: Carind faseeizon
Kilometre Point: 7 ,up20 ML/ DCVG Measurement: 10 - O
Zone: Defect Length from survey (m):
Easting: CMMS Work Order No: 13/ 7Y
Northing: '

Surrounding Description:
(Buildings, drains, j

etc)

Photos

Bﬂas the

camera date
and time been
set correctly?

Please remember
to take both close
up (no closer than
500mm) and wide
photos.

Description

Time(s) photo taken or viewfinder number

Surrounding landscape

Site facing increasing chainage VG
/ A

- | Site facing decreasing chainage

Pipe with coating

07& L

Pipe cleaned

Pipe with coating removed o%% o€o7 o eng
7 77 -

Pipe repaired

O%fcl?;;. 0%2%

Soil and CP
Soil Description (tick one or more from each column):
E Sand © Fine © Dusty
= Loam - © Coarse | ®E Dry
® Clay - E Gravel =" Damp
= Black ' T Rocky [ E Wet
=Red Dirt |
Pipeline Soil Cover Depth (m): . ¢ 5  Soil pH: 7o

Pipe To Soil Potential (V): '

ﬁéfL Soil Resistivity (Ohms): ., Pin Spacing 1.5m

Coating

Coating Description:'
= Yellow Jacket

= Sleeve

=l Wrapping
L EBE

= Paint

Coating Defect Length (mm): =

Coating Defect

Is there a coating defect (Y/N)?

b

Any white buildup from cathodic protection (Y/N)? a
Any evidence of termite damage (Y/N)? A
Any moisture inside the coating (Y/N)? A/
Any stress corrosion cracking (Y/N)? [Yem ompee SR8 /A
Has the coating lifted away from the pipe (Y/N)? A

_ If yes, how far around the pipe has it lifted (mm)?
Sketch of coating / corrosion damage completed (Y/N)? A~

Comments:

Coating Defect Width (mm):

Sirvizase @f’fmh’f Emzeil  pw MLV

N @9;2:2 e2Sson L EViDIEAT




KP: Work Order No:

Page 2
Metal Loss
Is there any deformation of the pipe
(dent, gouge or not round) (Y/N)? A If Yes, Engineering must be contacted IMMEDIATELY.
Is there any metal loss (Y/N)? /\/'f If there is any metal loss, complete the remaining
. ———  section of this form and contact Engineering
IMMEDIATELY.

The following measurements should indicate whether defects INTERACT

Interaction Rules:

1. Consider each defect as a rectangular box.

_ @ Defect 1
AT ;

m f% Defect 2

s remeey Defect size

2. Draw a larger box around each defect,
extending length and width as per Figure 1.

3. IF BOTH larger boxes intersect with the

original defect boxes, the defects interact. A B

4. The dimensions reported on this form are N inttattion
the dimensions of the defect after o=

interaction - dimensions A and B as shown in

Figure 1.

Figure 1

- Maximum Depth (mm):

Wall thickness (mm): I
B W

Longitudinal dimension (A) (mm):

Circumferential dimension (B) (mm):

Clock Position (looking in direction of flow):

Distance from longitudinal weld (mm):

Distance from nearest girth weld (mm):

(if no girth weld has been found, do not excavate further)

Repair {“pinizo

Length of Pipe Wrapped (MM): grc Biarows Croown Seciion oF Vs .
Other Repair Information:
Vacvi (R contizo i Aaxﬂ/%»;y VHB

L 4

Dig Up Comments:

Operator: Jul- Doy Signature: @__ Date: ,5{(‘,,;{20,1
1/ /

7]



Tindal MLV
APA Group N\ Coating Assessment Report
_/ Below Ground Station Piping Repair Project

Appendix 3 Photo Log

Photos:
0783
0796
0797
0798
0799
0800
0802
0807
0808
0815
0818

0867
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Appendix 4 Pigging Data
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Appendix 5 RSTRENG Analysis
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Site: Tindal MLV

Station: Tindal MLV

Date: 16/04/2013

P = 2StFT/D [kPa] - Calculated Pressure
Established MAOP [kPa]

Pipe Outside Diameter [mm] 323.90
Pipe Wall Thickness [mm] 5.250
SMYS [MPa] 413
Design Factor 0.72
Total Length [mm] 116

9,639.644

9,650

Effective Length [mm]

Effective Area [mm]?
Max. Pit Depth [mm]
Max.Depth/Wall Thickness

114.00
114.01
1.000
0.19

Effective Length: Start 1.00 End [mm] 115.00
RESULTS OF ANALYSIS:

METHOD Max. Safe Pressure [kPa]| Burst Pressure [kPa] |Safety Factor
RSTRENG - Effective Area 9650 13755 1.43
RSTRENG - 0.85dL 9650 14042 1.46
ASME B31 G 9650 13490 1.4
CORROSION PROFILE:

[ I
INNER EDGE OF PIPE WALL CORROSION PROFILE
| [ 1]
EFFECTIVE LENGTH X-AXIS OUTER EDGE OF THE NON-CORRODED PIPE
PIT LENGTH [mm]
0 250 500 7% 1000 1250 1500

PIT DEPTH [mm]

Prepared By: Ben Parkin

Approved By:

Site: Tindal MLV




Station: Tindal MLV

Date: 16/04/2013

CORROSION MEASUREMENT:

Nr. Increment [mm] Pit Depth [mm]
1. 0 0
2. 1 1
3. 115 1
4. 116 0

Prepared By: Ben Parkin

Approved By:




Tindal MLV
APA GVOUP /\ Coating Assessment Report

N/ Below Ground Station Piping Repair Project

Appendix 6 LRUT

GL Noble Denton
Client: APA Group (Australia) Pty Ltd Location. : Katherine, NT
Job No.: A12425-2/3 Date Completed - 18" September 2012 Page : 8

PIPELINE SCHEMATIC DRAWINGS

Line Identification: 12inch Tindal Heading North (Half concrete Block)

. Sensor Head
¥ - Indication toverfy
:I - Anchor block Suspect
§ - \Weld anomaly inside
clamp
FWD BEWD
e —
TP 1 TP 2
Clamp Clamp
Ground Le’hEl
1.8m |
3.6m 3.6m
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Tindal MLV
Coating Assessment Report

Below Ground Station Piping Repair Project

Test Point 1

Line ID: 12" Tindal Heading North

(Forward Shot only)
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Tindal MLV
Coating Assessment Report

APA Group —~

L Below Ground Station Piping Repair Project
Test Point 2  Line ID; 121" Tindal Heading North (Backward Shot only)
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