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QUALITY IN ENGINEERING, SCIENCE & TECHNOLOGY

Development of EMAT Sensors for Corrosion Mapping
of Unpiggable Natural Gas Pipelines Using ILI Tools

Quest Integrated, LLC (Qi2)
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Background — funding motivation

Objective

Schedule, tasks and funding sources

Why do we need a better EMAT wall loss sensor?
Sensor performance and comparison to existing sensors
Robotic delivery system

Field Testing

Next Steps
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Commercialization



Project Background “Q);

Initial Funding Motivation

« The industry need for inspection tools to directly measure wall thickness to establish maximum allowable
operating pressures and determine how close the pipeline is to failure stress. This is particularly true in
traditionally small diameter, unpiggable gas pipelines.

— 1.5 D bend navigation + bi-directionality
— Initially 8" diameter but eventually 10" to 12"
— Robotic locomaotion

* Provide an ILI alternative for federal regulations to hydro-test lines without post-construction pressure test
records.

* In-line inspection (ILI) is identified by the NTSB as the preferred method for detecting flaws or anomalies
compared to hydro-testing or direct assessment



Project Objective “Q);

Project Title:
Development of EMAT Sensors for Corrosion Mapping of Unpiggable Natural Gas Pipelines Using ILI tools

PHMSA Project ID: DTPH5616T00002

Sponsors: PHMSA with Operations Technology Development (OTD) and Qi2 cost sharing, Gas Technology
Institute (GTI) was a subcontractor to assist requirements development.

Project objective:

» Increase the probability of making measurements on rough and corroded surfaces — find the bottoms of the
corrosion pits.

— Smaller sensor measurement foot-print — Highly critical requirement, existing EMATs ~1” footprint
— Minimize dead time to receive the first few back-wall (or OD) reflections
« Develop a bench scale prototype to evaluate the improved sensors.

« Contract revision: Integrate the significantly improved EMAT sensor (0.25" spot size) with a robot delivery
platform/field test.



Project Schedule/Tasks/Funding *Q¢

* Project Start Date: 10/1/2016
* Overall Budget: $927k, Funded in two phases; sensor/lab demonstration (5S527k), Delivery vehicle (5400k)
* Cost Share: 50% cost share between PHMSA and OTD ($140k)/Qi2 (remaining+).

* Significant development overlap between EMAT Crack tool and this program. Specifically electronics/firmware

2016| 2017 2018 2019

Jan | Feb | Mar| Apr [May|June| July | Aug [Sept| Oct | Nov| Dec| Jan | Feb | Mar| Apr [ May(June| July | Aug |Sept| Oct | Nov| Dec
Task Description
B 1 Requirements
2 Transducer Design
3 Transducer Test
Tra n Sd ucer - 4 Prototype Design
Foc us 5 Prototype Fab
6 Prototype Test
7 Reporting
- 10 Define Robot
11 Electronics Testing
. 12 Final Elec/Mech. Dsn
Del ive ry B 15 Software Design
Ve h icle Focu S 13 |Elec/Mech. Fabrication
14 Subassembly Testing
16 Shop Testing/Rework
- 17 Field Testing




A new EMAT Wall Loss Sensor —why? E'Qz

* Any inspection technology is only as good as the sensor!
- Existing EMAT technology is not optimized for corrosion
- Conventional UT is difficult to implement in robotic applications — couplant/supply

* Currently the industry uses EMAT thickness sensors that are roughly 1” in diameter
- This applies to both automated and handheld applications — poor for corrosion

* For corrosion you want to detect the bottoms of the pit reliably to assess the minimum wall thickness
- And do a better job of profiling larger corroded areas.

 An EMAT sensor that more closely matches standard UT performance is needed.
- EMAT doesn’t require a couplant: easier to move across surface, doesn’t require a bubbler
- Would allow a wider adoption in the industry.

Small sensor Large sensor .
. . Sound scattering
footprint footprint
— 5
‘ f~$ ‘ e ‘/ <+— Corroded surface
Unambiguous and high Ambiguous and low

amplitude reflections - POD high amplitude reflections - POD low




EMAT wall loss sensor - New sensor results/comparisons =’Q 2

AScan results from artificially fabricated corrosion at
two locations
Weak ID reflection - single echo

Sample on left was hand
scanned with a 1" commercial
sensor to find valid return
echoes, then scanned with
Qi2's small foot-print sensors at
the same location to compare
AScan response

Stronger ID echoes - multiple echoes

Location

Average

Location
First return echo from

3/16" thick sample.
Optimized - minimum

Sensor artifact, not a ID reflection |ift0ff

1/4” Qi2 sensor

(not optimized) 3/8” Qi2 sensor

1” commercial sensor

Sensor response with lift off is the same between old and new!
Patent Pending



EMAT wall loss sensor — Test Plate =-Q.2

Test plate geometry used for the next slide — flat and round bottom slotted plate

Drawing and photo are flipped

R0.250 -~ 0.375 R0.125 R0.156
0.078 DP\< — 0.0395 DP ﬂ/ 0.038 DP ;{ 0.039 DP
0.250 -
New EMAT sensor footprint Traditional EMAT footprint
V4" Sensor 1" Sensor



EMAT wall loss sensor - New sensor results/comparisons ='Qz

AScan comparison using a plate with flat and round bottom notches

1” Commercial
EMAT Snsor

% Qi2
EMAT Sensor
1/16%™ Area

e =
-

Nominal Plate Thickness (~0.5") 3/8” wide notch Round end mill notch, 0.5” ® Round end mill notch, 0.31” ® Round end mill notch, 0.25” ®
@8.7 ps — no notch Flat, 0.04” deep @8.1 us 0.37” wide, 0.08” deep, @7.5 ps 0.25” wide, 0.04” deep 0.21” wide, 0.04” deep
o % ¥ Same amplitude — cleaner Higher amplitude — fully resolved Multiple echoes from top of Not fully separated but depth Not fully separated but depth
c «v " i baseline, 1/16™ the area when over the notch round slot, similar amplitude can be determined can be determined

Paterrit» 'Pending

The commercial sensor doesn’t not fully resolve any of the flat or round bottom notches!

The attraction force of the sensor to the plate is significantly less for the new sensor! Helpful for handheld or automated use.



EMAT wall loss sensor - New sensor results from lab mockup ='Q2

Machined 8” Pipe Test Sample CScan results — Original 3/8” sensor

Name: Riser I0: Location: Customer: Tﬂickness
inches

B s e = _=::':'.‘-_="W
a3 e EE i 3 0.34
033
032
F 1031
Resolved L os 360°
Seam 1029 —

P 1028
F027
0.26
0.25

All flaws either round bottom or
tangent to the surface.

No constant radius (easier) Scanner in pipe sample




EMAT wall loss system — Robotic delivery system ='Qz

Tractor modules

Umbilical Reel

Sensor scanning module  EMAT electronics
- 2 EMAT sensors

- spots for 2 PEC sensors Robot electronics and umbilical module

Tool Length ~12 feet



EMAT wall loss system — Robotic delivery system

Real time EMAT
AScan display

oL WL

Robot workstation
- motion control
- camera/light control

e e TR G T

Robot controller camera view
* Front crawler, looking forward
* Front crawler, looking back
* Back crawler, looking forward

EMAT workstation



EMAT wall loss system — Robotic delivery system FQI

Specifications:
Umbilical Length: 1000 meters (3281 feet)
Navigation: 1.5 D bends

Size: Initially 8" but mechanism is designed to accommodate 10" and 12"

Estimated Scanning Speeds - Depends on number of sensors and resolution

2 sensors 4 sensors
Axial Scan Time Axial Scan Time
Speed| per 100 feet Speed| per 100 feet
Rotation Rate (rpm) 36 - 36 -
Low Resolution (1/2")| 36 in/min 33.3 min 72 in/min 16.7 min
Med. Resolution (3/8")| 27 in/min 44.4 min 54 in/min 22.2 min
High Resolution (1/4")| 18 in/min 66.7 min 36 in/min 33.3. min

Output Data: C-Scan and A-scan

Operation Mode: possibly low-resolution detection (for speed). If something is detected, then use the robot to
perform a high-resolution scan of the specific area.
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										2 sensors				4 sensors

										Axial
Speed		Scan Time
per 100 feet		Axial
Speed		Scan Time
 per 100 feet

								Rotation Rate (rpm)		36		-		36		-

								Low Resolution (1/2")		36 in/min		33.3 min		72 in/min		16.7 min

								Med. Resolution (3/8")		27 in/min		44.4 min		54 in/min		22.2 min

								High Resolution (1/4")		18 in/min		66.7 min		36 in/min		33.3. min












EMAT wall loss system — Field Testing

Preparation for testing

Bend navigation was tested at Inuktun
Straight testing only in the field

Ready for insertion



EMAT wall loss system — Field Testing

Mag Flux Leakage (MFL) test samples used for EMAT scan testing
- A foam pig pulled through for cleaning and rock removal

- Samples have been outside for unknown amount of time

- Rusty/rough surfaces inside and out

- Total traverse length during testing, multiple runs: ~260 feet



EMAT wall loss system — Field Testing I'Q-z

CScan/AScan results — nominal 0.25” wall thickness

& T nereipki A Dok RASTLAR PRAATANIRT 191718 36104 mar oy ] v Userphiloh Docurment s WASTLATRDMAT#IARIT_T 51205 065325 mat ®

o055 p D55

Hare Fize % | | tncsten | Cimlzra- = Harm: PecDs Lazaten Caslerar

Zoomed
CScan

Full
Section

Trickrss 0116, Boors: BHO

Trickmeass LAET, Goore: B0

I T T T T T T T
|rl | Asan dapay | Ascnd daga
| LK ! L || N 1 N . () R data
L’-’\'.-v-" il ||' |-'l‘]‘.f_'||ll.‘\,\.'h"-"l|""’n-\.-\-"'iII'FI"‘v-\.".lllI\at'u"\.ﬁﬁlll;'#u"'\r"‘.le\"\w-ﬂ“|||r N, TRETYN [ P EAVON P 'ﬂi“'“""" A Sc an rohr F"J Al '-‘-"-"!Illr-‘ay"ll|||l"u-‘llr|w|_|'ll|‘-'\nr\ll|_n‘v“|.'W\“.‘H—-"."u‘f‘-",l?-"\-"\qfil\e("-""mw—--m nnnnnn e~
III W i | i i ' ’ ’ . 3 Filer=d S
i Firee « Fea () Fitered » Feub
1 1
n § 10 15 Hl = ) a5 METaseCai n 10 15 ) 5 ] q5  (eIdeisis tha
ar Hom Wal= 0 2se- rezara mig| §
Hom Wiall= 057 cezand miz] ) - ) I
_ Load Dala e procEEs Vem 2 2 men B [detesime processed] arew L5V Savw brag | Laed Dela FA-pmzers [ — - . | PI— - . [detestime procesasd] L g finva iraom |
BNy * g | * s varmlon 20407 P o el 230407

Cursor on flaw with 0.185” remaining wall Cursor on flaw with 0.116” remaining wall

Useable signal/noise ratio — can be improved significantly by mitigating scanning motor noise



EMAT wall loss system — project summary
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Successful project!

Invention to field
Revolutionary improvement in EMAT sensor spatial resolution needed for corrosion measurement.

Successful integration and field demonstration of the new sensor, electronics and robotic platform.
Each required significant science, innovation and effort to overcome a variety of obstacles.

Specific challenges:
- Sensor development/design (patent pending)
- Electronics packaging
- Several robot design iterations.

We now have a system that can better assess pipes for wall loss due to corrosion as compared to
existing systems. This provides a direct measurement of wall loss.



EMAT wall loss system — project summary
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Next steps — a few items for improvement identified during testing

 Change to ceramic wear shoes on the EMAT sensors — based on experience with our
EMAT crack tool

 Change the shape of the EMAT sensor housing to better transition between different
pipe diameters

* Reduce the rotation motor noise to improve the signal to noise ratio, particularly for
“noisy” pipe

 Add a pulsed eddy current (PEC) sensor. This was planned initially but not part of the
contract scope.

* Need to investigate bend navigation. The electrical housing is slightly too long, and the
umbilical pig tail is too stiff. Not an issue for 10 and 12” tool version

* Non-PHMSA funded



EMAT wall loss system — commercialization transition E'Qz

* This system would be offered as a service through Qi2 Elements, our tank inspection division as
well as through Q-Inline Service.

* Certain “next step” items need to be addressed before any service work can be scheduled. We
anticipate these to be completed by the end of 3" Quarter 2020, except the PEC sensor.
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Final Public Report available at
https://primis.phmsa.dot.gov/matrix/PrjHome.rdm?prj=725

Quest Integrated, LLC (Qi2)
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