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INTEGRITY VERIFICATION
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Detail of Material
Documentation Process
Step 11
See Note 2

Validated
Traceable Mat'|
Documentation

End of Mat’l
Documentation
Process. Return to
IVP Process

Missing or Inadequate
Mat’'| Documentation

Develop
Specific
Guidelines

Implement program to
test pipe samples to
establish material
properties. Program
based on long term
statistical sampling
program and utilize in
situ NDE, cutouts and
destructive tests,
destructive tests of
pipe cutout for other
reasons (such as
repairs and
relocations), use of
conservative
assumptions for
evaluation of defects
and repair criteria, etc.

See Note 4. @

— (5ee Sidebar Process)

Perform Material
Documentation Process

And Document Basis for
MAOP - Note & 4

A
All No

Grandfathered

[Test Pressure < specified ink
619(a)(2) or 1.25 x MAOP

Nofes 5 & 8

(

PHMSA's IVP approach for higher

risk locations includes screening
‘grandfathered” segments, assuring
adequate material and documentation,

and performing assessments to
establish MAOP.
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PIPE IDENTIFICATION
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Pipe Identification (Pl)

PJC + PMI = PI

Pipe Joint Classification (PJC) — When using multiple datasets

(MDS), the shared characteristics of pipe, from the same
manufacture, can be identified and used to assign each joint into
associated groups or bins

Positive Material Identification (PMI) — Non destructive in-situ

acquisition of mechanical properties and chemical composition
correlated to API 5L for grade determination

Pipe Identification (Pl) — PJC to group pipe joints based on their

characteristics; PMI to identify material properties where they do
not exist; align PMI to PJC to close records gap for segments of
pipe or entire pipeline

e Also identifies “rogue” joints where records are not up to
date
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PIPE MANUFACTURING PROCESS



Tgw‘ Pipe Manufacturing Process
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Pipe Joint Classification with
MULTIPLE DATASETS (MDS)



Tgw Value of Multiple DataSets (MDS)
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Dents w/ Metal Loss
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. Spatial Position of Pipeline
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. Axial metal loss
. Long Seam
. Selective Seam Corrosion
. Seam anomalies
. Seam variations
o Volumetric Metal Loss
o Detect Mill Anomalies
o Metal Loss in Girth Welds

. Axial
grooving &
slotting

SMFL

o Discriminate
Planar vs
Volumetric

Bore Changes
Measure Dents

. Pipe Type
Properties

. Gouging
. Detect Mill Anomalies

Prediction of Hard Spot hardness
Gouging
Mill Anomalies

. Dent w/ Residual Stress

Permeability Anomalies (i.e. Hard
Spots)

Pipe Grade Changes

Mechanical Strain




High Res Low Field High Field SpirALL® MFL Drive Section
Deformation  Axial MFL Axial MFL Technology with Odometers

What Each Data Set Measures

DEF —is a measurement of the changes of the inner bore and is sensitive to the
rolling in forming process.

LFM —is the changes in magnetic flux at low field strengths and is sensitive to
chemical and metallurgical properties.

MFL — less sensitive to local material differences a measure of the bulk magnetic
properties of the steel, especially circumferentially oriented markings.

SMEFL — similar to MFL but applied at an oblique direction so it detects
longitudinal aspects of material changes and long seam characteristics.

IDOD — Designed to detect metal loss on the ID but is sensitive to ID surface
permeability changes in the radial direction.



oW) Multiple Datasets
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PJC IN PRACTICE



‘m’w’ PJC in Practice: Low Field MFL (LFM)

Pipeline Performance
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(TI.?W’ PJC in Practice: High Field MFL (MFL)
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Tgw' PJC in Practice: SpirALL® MFL (SMFL)
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PJC in Practice — The End Result
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POSITIVE MATERIAL
IDENTIFICATION (PMI)
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Optical Emissions Spectrometry
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Optical Emissions Spectrometry (OES)

The OES technology provides positive material property test results
for both Chemical Analysis (CA) and Carbon Equivalency (CE).

» Spark creates non-destructive burn which creates a plasma on the material
» Light is emitted and captured by the equipment to be analyzed

»  Existence and concentrations of chemical constituents are measured

» CA & CE of that data point are determined

» Results compared with API-5L-Table 4




‘Tn‘w’ Mechanical Properties Assessment (MPA)

The MPA technology provides positive material property
test results for both EYS and ETS by applying a load
and measuring the materials response to that load.



‘TDW)
Mechanical Properties Assessment (MPA)
The MPA technology provides positive material property test

results for both EYS and ETS by applying a load and measuring
the materials response to that load.




‘an)‘ Positive Material Identification (P

Certified Positive Material Identification Report:  TGD Pipeline

TDW

» Line Name: Tulsa to OKC
Dig Number: 1 Nominal WT (in): 0.156
OES Results OES Results MPA Results
c s Mn v 5 Nb s P CE c si Mn v Ti Nb S P CE Yield Strength Tensile Strength
Scan 1 Scan 3 Scan 1 Scan 3
1 0167 0011 0562 0002  000f D002 003 0020 0282 1 0173 0034 0801 0002 DO 0002 0035 0012 034 1 4792 4585 6488 6241
2 0162 0011 0571 0002 0004 D002 0028 002 0279 2 D186 0011 0662 0002 DDO1 0002 0054 0016 0317 2 4503 45 67 6566 6092
3 0195 0008 054D 0002 0001 0002 0042 0023 0306 3 0467 0007 0604 0001 0DOO1 0002 003 0014 o328 3 2903 4542 65.57 59.93
4 019 0006 0566 0001 0001 0002 0043 0023 0315 4 0477 0014 0611 0002 0001 0002 0040 0028 0303 4 4713 47.85 66.32 60.09
5 0481 0007 0494 0002 0001 0002 0026 0018 0288 5 0190 0016 0614 0001 D001 0002 0043 0028 0316 5 50.80 46.99 66.88 5068
Avg 48.58 47.16 65.86 60.61
AVG 0481 0008 0546 0002 0001  0.002  0.034 0021 029 AVG 0179 0016  0.678 0002 0001  0.002 0041 0020 0313
ST DEV 0015 0002 0028 0000 0.000  0.000 0007 0.002 0014 STDEV 0.008  0.009 0413 0000 0.000  0.000 0007 0007 0.018 Overall AVG 47.87 63.24
C si Mn v Ti Nb B [ CE Reported values are subject to published +/-10% variance.
(OES Overall AVG 0.180 0.012 0612 0.002 0.001 0.002 0.038 0.020 0.303
(OES Overall STDEV 0.012 0.008 0.106 0.000 0.000 0.000 0.008 0.005 0.019
B800.00 38.00
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480 00 28 .80 |- :
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4 |
300.00 21.60 } ‘ F— 1 9 & li ‘7 T
= K f ‘
o = Z |
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& =] ;
240, 14.40 H
sasioa]- = | ‘oo ;
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Q.00 0.05 .10 o1a Q.19 o.2s -20 00 16 00 52.00 B8 00 124 00 160 00
Strain Drepth [um]
Stress vs Strain Load vs Depth
Date of Inspection NDE Technician NDE Technician Signature Client Review Date of Review
John Doe
1/22/2015 Gadw 2
ASNT Level Il Exp: Aug-17 e
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TDW’S PMI VALIDATION
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MATERIAL IDENTIFICATION



m‘w_ PMI Applies to Fittings Identification (Fl)

e Fitting Identification (FI) — The same Internal & External Validation
processes are being applied to statistically support the established
performance specifications

e Chemistry — The same OES technology and techniques are used to
establish fitting chemistry

e Yield & Tensile Strength — The same MPA technology and techniques
are used to establish fitting Yield & Tensile Strength

e Tensile is calculated from the Yield values

e Fitting Surfaces - Due to the shape of many fitting in the industry,
unique ‘fixtures” may be required to install the MPA equipment
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Pipe Identification (Pl)

PJC + PMI =PI

Pipe Joint Classification (PJC) — When using multiple datasets (MDS)
the shared characteristics of pipe, from the same manufacture, can
be identified and used to assign each joint into associated groups or
bins

Positive Material Identification (PMI) — Non destructive in-situ
acquisition of mechanical properties and chemical composition
correlated to API 5L for grade determination

Pipe Identification (Pl) — PJC to group pipe joints based on their
characteristics; PMI to identify material properties where they do
not exist; align PMI to PJC to close records gap for segments of pipe
or entire pipeline

e Also identifies “rogue” joints where records are not up to date
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