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CT String Failures

« Knowledge and control of il .
fatigue performance — |2

|

* Improvements in materials ‘ g
and manufacturing 2
processes 1

Within the company:

« CT failures are analyzed SR oan R el L
and causes established 4

« CT failures statistical data
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What is a CT Failure?

* CT failure:
— Loss of pressure integrity of o
the tubing during service and A It’s only a
before the predicted fatigue Qg failure

. ‘f I
life has been exceeded. if you don't

learn

something

— Any condition that renders
the string not safe to be used.
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What is a CT Failure? — Examples

Pinhole Partial Fracture Total Fracture
Pulling to free string
POOH —PLT run RIH = Milling Cleanout

..

2-3/8” OD - CT90 2-3/8” OD - CT100 2” 0D - CT907
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What is a CT Failure? — Other examples

Burst Extensive Damage Collapse ?7?7?

Pressure testing POOH Logging job RIH Cleanout New string - Inspection

1-3/4” OD - CT90 1-3/4” OD - CT90 2-3/8” OD - CT100 2-3/8” OD - CT80
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Why doing CT strings failure analyses?

 Make decisions / take corrective actions based on
data and not guesses or “gut feelings”
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Why doing CT strings failure analyses? — Example

S::lilc:::e— Manufacturer Dia(ge,ter Grade SD::::: ';:2;; - ”SOIUtionS” initia”y prOpOSEd
Date : o . N
— without any failure analysis:
. 26 22-7 36 . .
apwa e “Bad quality” pipe — change
May 62013 47 25-6 36 f
manufacturer
Third .
SE e A N A Bl B * Change the string Grade to YYY
Fourth . . . .
May 20°2013 S el * Limit the fatigue life used to XX%
JulvFSIE:on . o 22-7 | S0 o Ot h ers
Julyszi:tt"gma i =2 =

All six failures were Real solutions:

associated to MIC
(fluid contaminated
with bacteria)

* Treatment of surface equipment
e Treatment of circulating fluids

* Between-wells stagnant fluids treatment
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CT string failure analysis process
CT failure analysis:

Logical process of examination to establish the failure cause(s) based on
evidence collected and the use of engineering principles.
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CT string failure analysis process

THIS WOULD BE

‘

“hes ©

"Black Box"
Output, F(x) ’

Failure analyses are not done with a black box
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CT string failure analysis process

We don’t use crystal
balls either !l
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CT string failure analysis process

Most common CT failure analyses include the following stages:
— Sample(s) collection/preservation

— Collection of data regarding failure/CT string

— Visual/stereoscopic examination

— Dimensional inspection y

— Metallographic analysis

Failure Report

— Results analysis and report preparation _
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CT string failure analysis process

Some additional analyses that are required for some
particular cases:

— Energy-Dispersive Spectroscopy (EDS) MIL | l )

— Scanning Electron Microscope (SEM) Fractography

— Tension tests ?’:*e

— Others: Charpy test, corrosion tests, etc.
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CT string failure analysis process — Sample(s) collection / preservation

1.2 Sample Collection

1. Cut at least 1 foot on either side of the failure location. Use a tubing cutter or saw to do this,

— L MOT a cutting torch. The up-hole end should be labeled U1 and the downhole end D1.

il e

B eEs Son Nmoar OFS 018 En-totes2 2. Cut 7 to 8 foot samples on either side. Use a tubing cutter or saw to do this, NOT a cutting
SFtcie Dat: 3015 torch. Each end of the sample should be labeled UZ - U3 and D2 - D3,

2.5.3.8 Procedure for Collection of Field Samples of __
Coiled Tubing In The Event of a Failure 3 mm D1 D2 D3

Figure - 1 Required Sample Marking
i 3 Wi

First failure 23 000Ibs

Second failure 33,0001

Periect Wedging with 39.0001bs test

e [ 7oR | - i [ Feviewsr | Approver [Effectve Doie

A | - Jiessa dwe | Lo e irer i, Loz
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CT string failure analysis process — Data collection (Failure/String)

Data about the failure: date, failure type, job, operation, well and customer,
tubing depth, any additional information

{ER
UGHES

a GE company

Failure Report

Date Printed: 5/11/2018

Reel Number: TA-22022
String Number:

String Description: Tapered
String Material:

Accumulated Fatigue: 1.320

String Length: 21,047.00 ft
Outside Diameter: 1.75 in
Current Volume: 40.567 bbl
District/Boat:

Total RIH Distance: 41,293.00

9/25/2017 10:00:54 AM

Pin Hole

Operation

Failure Place

On the Reel

Job Tvpe

Tubing Depib

13,385 83 [

Job Ticket No.

0.00 1b

Location

0.00 |b

Customer

0.00 1b

Reel No,

CT Pressure

WH Pressure

Core Width

Fluid Rate

Flange Diameter

Fluid T

Comments: Leak was found when fluid was pumped into CT string for pressure testing, Failure of string 10 be defined afier the metallurgic test.
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CT string failure analysis process — Data collection (Failure/String)

Manufacturer’'s Mill Certificate

WELD LOCATION RECORD and MATERIAL CERTIFICATE

custouen AER HUHES LTD

®/ Quality Tubing'

T fseume Fem T ——

=
=Tenaris sniping
WELD LOCATION RECORD
Sisgt seo0u e
sroou sz 0a6s0

BlueColl™ Tochnology

st nuuseR 36806-1

Wegh  Metars  Fost Guugs | SpMumber GRADE HT-125.C
100 s 20 20 JA30AIC0054
5315 41300 1385 2 3430633C000:3 00209
5000 34T 1286 3A306338C00002 SALES ORDER NO 3601083
s w2 w0 3A30376200%008
som w62 1w Msrmacowns  OATE COMPLETED 1inenots

03782002003 SHIPPED TO Baer Hughes, Sdarca

s0m 826 10 WNRCD02
ANEIBC0008 PO, NUMBER 00272851

sam  asm2 w0 3A308334D:

s e 1w as3ect

TOTAL FOOTAGE 18.700
ToTAL METERS

DATE COMPLETED 11/18/2015

i el = e [
= .
1o ns w e amia 00 0380 ams oot =Tenaris REPORT OF T ECTIONS AND ANALYSES Certifieate No. L0
i s e 1 om0 0380 aoss e e SIDERCA S.ALC 0272551 36010837 12315
e wrebr e —
| e st e St e
: B TUBING INFORMATION
4 QuauTY ruBm Tobing Grade 1 ‘nmrlr n Wall Thicknes, Tengh, A |
2 HT-125-C we: 2.000" 204 18,700
v Bkl ECHANICAL
~ WA St ‘Number Nomber | (0.2% Offsst) Tensle | Test Type | Flongation | golief Temp Fhash s 50
e v i o | e, || ety il
omENTATION Y BED M Ggmateaon ASTM ATOL, Mocitns | INETETET=r T T 125,400 137.600 T 2 - P T T A T
T e
o L
e 1001 b Number Secsn ircling | Micrometes | X Rays s sixe . | Purge & Wiped_Proof
T s | Acemabe | N | Acceun T 1575 | At | Yer
032047 Accsptably { apabl iR Ascepable
I
I
CHEMICA]
String Manufactured: 1/14/2013 = e
: e
: s

T certy the above e, nspections nd eprs ave praducts of this =
mfcted 1o b epimns of T bwSer vy o

12220018
Date

Tomer ol Bt D HUnZS.

Mill Date | 09/18/13

ey 713208500 0 acisi
£0 v o8 1 114 T ro) AS MILLED-READY TO SHIP Ao
S TR TS2130 193 2085908 ot Toren
i Data| o318,
e et Status c,...,. o
Customer  BAKER HUGHES THAILAND r¥as complance wih Glabel Tubng's qualiy
0| peqdvose wirNe  [alot[s ...,.,. s e move
Localion | Lasmehbang. Thaitand S r ‘fniahod goods S
0% Gt Doyion T Grsde | GT90 | SungNo| 3371 ::.....m_ longh 1o ccn iy chage
PONo __Iwoin[ssts | Dimeter ] P e o o sood st stotuion and
e 30 gt s ot
or
vadnens (Nondasinscove Tosing i accordance wih ASTME309)

HRE Yiekt Tonsko Ekng.
Base Wekt Suengh Svengih ouicn HesNo C W P S S Cu M O Mo

o3+ a2 Tszear [ ssens [ 2670

T v [0
554 [ 937 | 94A1s | oo1e] 7850

543 | 917 | 95348 [ 102.150] 30.70

952 | 429 | w429 | 103975] 28,15
944 [ @38 | 94208 | 102000] 28.90

563 [ 985 [sarea 1 IX
X05-1001-+-1€ 175 9.6 | 928 | 97.074 [ 105.124] 29,00 33184 D o

Supplemental Testing | Export crata and Anti ral Blocks

Centification Notes. Fitiog T Aoproved By Dete

o
1w = ot Raymond Goodman 0912013

Fiting Losation
Rapas Notes. (Cusside’ Plug naide Signature

Manutacturiag Spec )

810 Sour Spec QCLT 19 | Syen ot

int: Milling date gives a
ood idea on how old was
the string
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CT string failure analysis process — Data collection (Failure/String)

% Safe Fatigue Life Used

STRING # OD: 1.750 [in] Length: 15911.00 (] Volume: 34.501 [bbl] Grade:
String records: o = =
;

First job date / Most common job -

Average fatigue used / Fatigue used at failure
location
Long term storage periods and corrosion
protection activities

Ly L T Y . S
) T I 1
2000 4000 6000 8000 10000 12000 14000 16000
- Length [ft]
Overview Report =
Viad Vau
BAKER BAKER
HUGHES HUGHES o
" Safe Fatigue Life Used
STRING# OD: 1,750 [in] Lengthe 1591 1,00 [f] Volume: 34,501 [5bi] Grade:
— — — —
Zero Sefe Lifo Remaring Est Fatigoe Est Faiigue(Sip Mark) EstFaligueloint)

TR L1 I I
T T T T
1500 2000 2500 3000 3500 4000

— = Lengin ]
AL
P S e —— S i LR et BAKER
HUGHES
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CT string failure analysis process — Data collection (Failure/String)

A Expected Weight Gauge and Operating Limits During POH

Weight Gauge Friction Lock Limit _ Actual Weight Gauge Failure Limit

45000

Job parameters and o

operational limits e o ~ AT
(mainly for _ Fra - oy 145 *:vj“\l B S

|

- HII(IGHES CIRCA™ :
overload/buckling e 1| N
failures) [ ot \

50000

Weight (Ibm)

—
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CT string failure analysis process — Visual/Stereoscopic Examination

* One of the most important stages — In many cases gives good evidence on
the cause of the failure — What to look for during this stage?:

" Transverse notch

Mechanical damage

External dent
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Visual/Stereoscopic Examination — What to look for?

External Corrosion Internal Corrosion

Acid job — 2" — CT80

Pressure testing

1-3/4” — CT1300

Acid job — 1-1/2” — CT80 N2 jetting — 1-1/2" — CT80
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Visual/Stereoscopic Examination — What to look for?
Necking and 45° fracture propagation

Fishing — 2" - CT90
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Visual/Stereoscopic Examination — What to look for?

Small longitudinal splits _ _
Confirm the presence of a bias weld

Pressure
Testing
2-3/8”" —
CT100

I |||||||||]|1|\|‘\1\1

Optiport
2”—-CT90

Milling — 2" — CT90

Milling — 2" — CT90
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Visual/Stereoscopic Examination — What to look for?

Fracture origin

Frac —2-7/8" - CT70

Milling — 1-1/2” — CT90

2018 ICoTA Canada Technical Session — Coiled Tubing String Failures — Past and Present — Tomas Padron
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Visual/Stereoscopic Examination — What to look for?

Fracture origin

Figure 4. Detailed view of the “flat” portion of the fracture shown in Figure 3b. The following features can be observed:

* Ratchet marks at the outside diameter (small white arrows), indicative of Itiple fatig ks starting at the outside
diameter.
* Thumbnail cracks starting from external pits (darker areas enclosed by dotted lines and block arrows).
« Some light marks concentric towards the OD can be observed (small green arrows), indicating propagation by fatigue from the
* oD.
B , All these features indicate that the fracture started at this location (fracture origin) from itiple fatig ks that propagated from the

{ outside diameter at external pits.

Fishing — 1-3/4” — CT90
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CT string failure analysis process — Dimensional inspection

Verify the pipe condition regarding OD, ovality, wall thickness.

Acid corrosion

>

External abrasion

Up-hole direction
B —

" Down-hol Up-hol
Location ‘;‘:"2 ( 1‘; o 1 2 3 4 5 6 7 8 9 10 1 12 ef‘ 5 :’1;’
Thick =
measﬁ r::’(i’n_) 0.121 0.111 | 0.107 | 0.101 | 0.083 | 0.068 | 0.056 | 0.056 | 0.082 | 0.087 | 0.105 | 0.120 | 0.120 0.133
(1) Measured at approximately 12" from the central portion on each side
Cleanout — 1-3/4” — CT90
Acid job — 1-1/2” — CT80
2018 ICoTA Canada Technical Session — Coiled Tubing String Failures — Past and Present — Tomas Padron 25



CT string failure analysis process — Metallographic analysis

Check pipe microstructure is OK:

With the information gathered from
the previous stages normally there is
a good idea of what caused the
failure.

HSLA
180

v

-

N

A
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CT string failure analysis process — Metallographic analysis

 Mechanical damage: confirm plastic deformation at damage:

Plastic deformation

Fatigue -

crack

Longitudinal plow mark Pipe crushing
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CT string failure analysis process — Metallographic analysis

* Corrosion: corrosion depth / metallurgy at corrosion:

Internal pitting at bias weld
Internal pit
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CT string failure analysis process — Metallographic analysis

MIC: pitting shape: normally “cavernous”, deep, and very aggressive:
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CT string failure analysis process — Metallographic analysis

Manufacturing flaw:

Abnormal microstructures

“Cold weld”

2018 ICoTA Canada Technical Session — Coiled Tubing String Failures — Past and Present — Tomas Padron
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CT string failure analysis process — Metallographic analysis

Environmental cracking:

Pinbole HSC
D crick towards
oD

Whadie-wall HIC crack oy 1 mm
> ~ pinhale origin :

3 Pinhole HSC
crack towaras
0

45" crach S iss
1'mm towards 1D <

5m|

H2S cracking Caustic cracking
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CT string failure analysis process — EDS

EDS: corrosion products / foreign particles

11111

s
e , Fe
3 1 o o
o ' 2 3 ‘ H 5 7 =
Ful Scale 21259 cts Cursor. 7947 (34 cts) be
L ! . 5= o g of =

EDS within a crack — (S) s
pit — (Fe, O)

o el

50 um

EDS on particle — Higher Cr than base
metal
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CT string failure analysis process — SEM Fractography

* SEM fractography: confirming fracture propagation mode: brittle
(cleavage/intergranular) or ductile (dimples).

Cleavage on
secondary crack
(after opening) —
MIC failure

SEl 25

ha —

Cracks on dimple on connection —

Elongated dimples (shear) on cracks
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CT string failure analysis process — Tension test

SPE 38412

osemnngrer O £ 30412

A. Crabtree, SPE, BJ Se

3.d. Conduct one unloading and reloading cycle
at approximately 0.8% of strain to obtain the
elasticity modulus as schematically shown
in Figure 11.

oy

STRENGTH

4.b. Determine the Yield Strength by intercept of
the tensile curve with the 1% offset lhine

ELONGATION %

drawn at the angle of the elastic reloading

]"“: ﬂbtﬂlnﬂd 17 Stcp 3 d . Figure 11. Schematic showing a full body tensile
test procedure for determining Yield Strength
and modulus of elasticity of bent pipe.

........................................................
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Stress (psi)

120000.00

CT string failure analysis process — Tension test

207-0087786 Baker Hughes
Sample 1

100000.00

80000.00

60000.00

40000.00

20000.00 /

0.00

0.000000 0.005000

0.010000

0.015000 0.020000 0.025000

Strain (in.in)

0.030000

0.035000

0.040000

TENSILE TEST
Client: Baker Hughes Canada Company
Address: 66, St. SE
AB

T2C 2G4

Atiention: Tomas Padron

Sample Deseription: 1-3/4 in. OD £ 0125 in WT Nominal Coiled Tubing, 1
Specicen Type & Preparation  As received abe
Test Proceduse. ASTM A0/ SPE 38412 Appeadic I

Governing Specification: No governing specification sipulated

Test Result: As reported helow
Acuzes Spacimen [0 " Test Resuliz Gov. Spec. Requirements
Imperial (ksi) | Mewic (MPa) | I 1(ksi) | Metwic (MPa)
Yield Swength (1% Offset Method) * 102 00 NS Nig
Ultmate Tensile Stength * 102 700 NS NS
Elongatica (%) 20 NS
Acnres Spacimen I 2 Test Results Gov. Spec. Requirements
Tmperial (i) | Mewic (MFa) | Imperial () | Mewic (MPa)
Vield Swength (1% Offset Method) * 101 700 NS NS
Ultirmate Tensile Strength * 102 705 NS xS
Elongation (%) 24 NS
Frpsr—
* Caleulated values sre based o norrinal tabing dimencions.
Reviewsd By Tested By:

2018 ICoTA Canada Technical Session — Coiled Tubing String Failures — Past and Present — Tomas Padron
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CT Failures Statistics — Terminology

ACId mternal -corrosion example

Storage-corrosion: corrosion damage
caused by the accumulation of corrosive
fluids (within or outside the string) while it
remains in storage for long periods.

Corrosion-operations: corrosion damage
Internal storage-corrosion example caused I_oy the actlon_of fluids p_umped or the
well environment during operations
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CT Failures Statistics — Terminology

Manufacturing flaw: premature failure

associated with issues originated during

the manufacturing process
Longitudinal plow mark External dent ; PRI -

) N
Mechanical damage: premature fatigue

failure that starts at external damage
caused by mechanical means.

“Cold weld” example

2018 ICoTA Canada Technical Session — Coiled Tubing String Failures — Past and Present — Tomas Padron
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CT Failures Statistics — Terminology

Internal MIC

Human error: failure associated with errors
during the string operation.

MIC (Microbiological influenced corrosion):
corrosion failure due to the presence of

: — certain specific type of bacteria within the
Buckling Overload fluid in contact with the pipe.
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CT Failures Statistics — Period 1994-2005

CT Failures Data - Period 1994-1998 CT Failures Data - Period 2001-2005

36%

35%

25%

20%

15%

10%

Corrosion Mech. Damage Manufacturing Flaw Human Error All Others (1) Corrosion Mech. Damage Manufacturing Flaw Human Error All Others (1)

W 1994 - 1998 - Campbell (1996); Stanley (1998); van Adrichem (1999) W 1995 - 1998 Service Company ™ 2001 - 2005 - Burgos et al. (2007) W 2001 - 2005 Service Company

(1) All Others includes: fatigue, erosion, H2S failure, field welding, ext. abrasion, unknown

* CT Failures trend is similar for the CT industry
« Main causes: Corrosion / Mechanical damage / Manufacturing flaw / Human error

These causes represent around 80% to 90% of CT failures
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CT Failures Statistics — Period 2006-2017 vs. Previous Periods

40%

35%

30% -

25% -

20% -

15% -

10% -

5% -

0%

34%

33%

1997-2007 - Crabtree (2008) m 2006-2017 - Service Company

| 29%
27%
24%
15%
— 14%
— 9%
8%
I 6%
T T I T
Corrosion Mech. Damage Manufact. Flaw Human Error All Others (1)

(1) All Others includes: fatigue, erosion, H2S failure, field welding, ext. abrasion, unknown

4 main CT failures causes have
remained the same:

Corrosion (= 30%)
Mechanical damage (= 30%)
Manufacturing flaw

Human error
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Main Failures Causes Review: COrrosion (230%)

Corrosion-Operations

Corrosion Cases

CT Corrosion Failures Distribution - 2006-2017

Mainly Storage

\ 4

<€

Operations -

4
\

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

m Storage-Corrosion M Corrosion-Operations

2018 ICoTA Canada Technical Session — Coiled Tubing String Failures — Past and Present — Tomas Padron
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Main Failures Causes Review: COrrosion (330%

Mitigation measures -
Storage-corrosion:
— Eliminating residual fluids

— Application of corrosion
inhibitors
(internally/externally)

— Records kept within the string
management system

L

File View Calculate Reports Graphs Seftings Tools Window Help

D&y

Reel #:
Core Diameter:
Core Width:

6.0 in
685 in

Flange Diameter: ~ 195.0 in

Stiing #:
Material:

Cunent Length:
Current Volume:
Tubing 0.D.:
TEAVL 0.0
TCAWL 8
Accumulated
RIH Distance:
Peak Fatigue

27 Sting
OK Maint
OK Maint
OK Maint
OK Maint
OK Maint
OK Maint
OK Maint
OK Maint

#-0K Job
OK Maint
OK Maint

0K Job
0K Job

#-0K Job
OK Maint
OK Maint

0K Job
OK Maint
OK Maint

0K Job

<

56577 m

9 bl
1.750 in
0000 in

97656.4 m
18.972 %

- 2007172011

- 2017/07/03 21|

- 2017/05/05 21

- 2017/03/01 09

- 2016/11/04 21

- 2016/08/3021

- 2016/06/23 16| =

- 2016/02/17 15

- 2016/01/18 00|

- 2016/01/07 22

- 2015/10/2215]

- 2016/09/15 11

- 2016/09/14 03:

- 2016/08/2510:

- 2015/08/0210

- 2015/05/15 16

- 2016/03/16 14

- 2015/03/15 14

- 2015/02/11 14

- 2016/01/3008: ~
»

ClE|YHRTFIERE|T [

Task Type: [Corrosion Protection |
Date Entered: 2016/02/17
Maintenance Date: [ 2172016~ Qiiginatiig Reer
ai i Reel Number
=E9=] HH!
sintenance Time: [1653— HH:MM i 860 in
Countiy: z Core Width: 685 in
OpestigBass [ =] Flange Diameter: 155.0 in
Comment
(o
Inhibitor Type: [Steclaard RP (50 dags) | Effective for (days) |60

- Treatment Fluid

Volume Pumped Pump Rlate
1.00 bbl
Flush-
N2 Volume N2 Rate

40000.00 scf 800.00 scf/min

Using Production server

» - e — e

"~ [For Help Press F1
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Main Failures Causes Review: [Vlechanical Damage (=30%)

 Normally caused by the
action of the surface
equipment.

* (Can be very diverse.

e Stress/strain concentration
point

2018 ICoTA Canada Technical Session — Coiled Tubing String Failures — Past and Present — Tomas Padron
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Main Failures Causes Review: [Vlechanical Damage (=30%)

Most frequent types of
mechanical damage
(2006-2017):

Damage: Longitudinal Plowing Mark (LPM); Frequency: 46%

General Appearance

Detailed view

Longitudinal Section

Damage: Transverse Notch; Frequency: 30%

General Appearance

Detailed view Longitudinal Section

2018 ICoTA Canada Technical Session — Coiled Tubing String Failures — Past and Present — Tomas Padron
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Main Failures Causes Review: Longitudinal Plowing Marks (LPIV)
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Main Failures Causes Review: Longitudinal Plowing Marks (LPIV)

New Gripper Block S Worn Gripper Block

with worn gripper
blocks
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Main Failures Causes Review: Longitudinal Plowing Marks (LPIV)

Some mitigation actions for LPM:

— Replacing “smooth” gripper blocks based
on OEM recommendations

— Coating gripper blocks with tungsten
carbide

. — Inspect gripper blocks prior mobilization
Injector Related for the presence of debris in the grooved

gripper blocks
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Main Failures Causes Review: Manufacturing Flaw

Manufacturing Flaw Trend - Service Company

30%

20%

10% \

0%
° 1995-2000 2001 - 2005 2006 - 2017

|—#—Manufac. Flaw 20% 12% 8%

2018 ICoTA Canada Technical Session — Coiled Tubing String Failures — Past and Present — Tomas Padron



Main Ideas

CT Failures occur and in many cases it is worthy to perform failure
analyses to establish the cause(s) based on data/evidence
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Main Ideas

CT failure analysis:

Logical process of examination to establish the failure cause(s) based on

evidence collected and the use of engineering principles.

*  Most common CT failure analyses include the following stages:
— Sample(s) collection/preservation W
— Collection of data regarding failure/CT string @
— Visual/stereoscopic examination %

- Dimensionalinspection
— Metallographicanalysis ‘@
)

— Results analysis and report preparation
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Main Ideas

Data allow inferring that the main CT Failures causes
are similar for the CT industry.

No significant change was observed on the CT
failures causes for the periods 1994-2005 and 2006-
2017:

Corrosion
Mechanical damage
Manufacturing flaw
Human error

These causes represented around 80% - 90% of the
CT failures
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Thank you

Questions?

THIS WOULD BE

‘

"Black Box"
Output, F(x) ’

Mech. Damage
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