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REFERENCES TO HARD SPOT IN REGULATIONS

« §192.3: “A hard spot means an area on steel pipe MAOP Assessment Baseline and
material with a minimum dimension greater than two reconfirmation outside of continued
HCAs assessment

inches (60.8 mm) in any direction and hardness greater
than or equal to Rockwell 35 HRC (Brinell 327 HB or
Vickers 345 HV10).” (

192.921 (a)(1)
192.632 (c) and] ( 192.710 (c) (1) & 192.937

(o) (1)
e (c)(1)(ii

- 2 to hard spots,
. tect hard spots.
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IN-LINE INSPECTION TECHNOLOGY

» Dual MaGnetization (DMG) utilizes standard magnetic flux
technology (MFL):

« Conventional MFL magnetizes on a high level (high mag.) to
saturate a pipeline with a magnetic field to be independent
from microstructure changes.

« DMG also magnetizes on a low level (low mag.) to
detect microstructure changes.

DMG ILI t ol setup:

it
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DMG INSPECTION HISTORY (2019 — 2021)

Total Inspected Length (miles)
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DMG INSPECTION HISTORY (2019 — 2021)

# HS
reported
per mile

What known integrity
issues do | have on this Manufacturer
line?

Year of Inspected | Total # HS

Manufacture reported

A.O. Smith 1945 - 1970 869 282 0.32

Do | have a good .
understanding of the type Republic 1953 — 1960 330 79 0.24

erstanding o ih
of pipes in my line National Tube [NCEEPBLRN 279 54 0.19

Are the types of pipes Consolidated 1949 - 1955 173 55 0.32

in my line susceptible Kaiser 1957 — 1968 131 40 0.31
to hard spots?
Bethlehem 1954 - 1991 106 30 0.28
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Hard Spot Validation



HARD SPOT VALIDATION

1. Visual Inspection 2. Supplementary Technology to locate ILI call out
Eddy Current Array Technology -
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HARD SPOT VALIDATION

3. Polishing / Etching 4. Hardness Measurement
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INSPECTION & VALIDATION RESULTS

ILI Reported Anomalies Validated Material Hardness Anomalies
with Hardness Differential >= 50 HBW
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Types of Material
Hardness Anomalies



TYPES OF MATERIAL HARDNESS ANOMALIES

1. Standard Material Hardness Anomalies

- Localiz.
- Dark b
- Maximi

2. ‘Type
- Fully ci

internal
- Can be
- Maxim

PHMSA Public Workshop - Hard Spot Assessment & Integrity Analyses - 13-December-2022 Slide 12



TYPES OF MATERIAL HARDNESS ANOMALIES

3. ‘Type 2’ Anomalies
- Existing in groups
- Originating on the OD and penetrating to the ID

o

=
260
250

240

Test Point No.
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In-field Validation
Examples



INTERNAL HARDNESS ANOMALY

« DSAW, 1957, Welland Tube, X-52
* ILI reported: length 3.70 in, width 2.36 in, hardness 278 HB
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VALIDATED HARDNESS > 327 HB

» Multiple Type 2 Anomalies at one area; 1957 EFW A.O. Smith; X-52
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VALIDATED HARDNESS > 327 HB

» Standard Material Hardness Anomaly; 1957 DSAW Republic Pipe

* |ILI Reported 315 HBW

>> Max hardness measured: 353 HBW
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VALIDATED HARDNESS < 327 HE

« Standard Material Hardness Anomaly; 1954 Bethlehem DSAW; X-52
* |ILI Reported 285 HBW
>> Max hardness measured: 295 HBW

>> Average of the max grid: 222 HBW
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« Type 2 Anomaly; 1957 EFW A.O. Smith; X-52

>> Max hardness measured: 287 HBW
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VALIDATED HARDNESS < 250 HB

« Standard Material Hardness Anomaly; 1954 DSAW Bethlehem Steel; X-52

[~ IR T

* |ILI Reported 254 HBW

>> Measured hardness value: 250 HBW
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VALIDATED ILI REPORTED ANOMALIES

« 208 validated anomalies up to date Histogram
14 100%
: : : 90%
« Validated anomalies with measured 12
hardness < 327 HB make up of 96% of 80%
all validated anomalies. 10
70%
_ _ - 60%
» We are managing a portion of the o 8
threat. 5 50%
g ¢
w 40%
4 30%
20%
2
10%
0 0%
I Frequency —#—Cumulative %
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CONCLUSIONS

Industry now has an improved understanding of hard spot susceptibility.
» Not only A.O. Smith pipes are susceptible

There are different types of material hardness anomalies and not all constitute a threat to pipeline integrity.

Experience has been used to establish best approach to material hardness anomaly validation.

It is important for all stakeholders to continue sharing knowledge and experience with the industry.
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