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Optimization of Metal-on-Metal
Lubricants for CT Applications
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Project Rational

e Cost efficiencies
— Reduce reliance on water hammer tools

— Optimize the amount of MFR pumped
* Formation Damage

— Reduce the amount of chemical pumped

* Technical Competence
— Lots of options
— Every supplier claims their MFR is the best




Conventional FR Testing

 Field Trials

— Every well is different.
* Debris

* Bottom Hole
Temperature...

— Water / Fluid varies

e Cationic / Anionic

e Biocide interactions

e pH, TDS...

Most customers don’t support science experiments at the field level...
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Conventional FR Testing

Reichert Test

e Hardened steel disk is immersed in
lubricant,

00:01:39.606

* Disk is rotated a predetermined
number of revolutions while pressed
against cylindrical specimen under
constant 1 kg load.

 The temperature of the oil bath is
monitored.

 The size of the wear patch is

indicative of the quality of the
lubricant. Big Scar Little Scar
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Not really relevant to CT applications...



Conventional FR Testing

OFITE EP Lubricity Test

 Hardened steel ring is immersed
in lubricant,

* Ringis rotated a at 1000 RPM
while pressed against cylindrical
block.

 The radial load on the test
specimen is increased until the

test stalls (5000 — 100000 psi).

* The load associated with the
stall is indicative of the quality
of the lubricant.

Not really relevant to CT applications...
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mDesign a Lab Scale MFR Test
Representative of CT Operations

Brainstorming:

 Commercially available
COF Testers

* Coiled Tubing in Casing

# * Coiled Tubing Strip on
Coiled Tubing Strip

I
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Modified Dry COF Test Fixture

* Acquired and Modified
COF Test Equipment

e Made Test Fixture

— FLAT CT Strip used for
stationary plate and sled

— Built Dam to hold in fluid

— Developed connection
between sled and load
cell

[CoTA




Test Plan

* Grit-blast the platen
every test

e Baseline pass first then
repeat with with MFR

— Measure difference.
 Water First, API Brine,

APl Brine at Elevated
Temperature
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Video

®)

IMG_6778.MOV

[CoTA



Photos of Dispersed MFR




Test Data - Baseline

Date

Duration{sec)
Loadcell [JECUE
Speed P&l
Sled Mass(gm) EREfEE]
Material [#]]]
Operator [a¥|
Test LD.
Condition
LT T Tl Frech H20

!Time | Mgﬂ
C e[

Stat.Start |

Plot0 2 T R O I B R R e B e B T B T B I T e I R R IR O |
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= B Stat.Stop

Plot0 B elw |

Time (sec)

pict0 N

=/ [ Kin.Start e

Kinatic (COF)

Kinatic Min. (£.0.F)

Date & Time

Plot 0 0.67 to

0.331

0.106

1,/6/2016 1:46 PM

0.09 to

0.328

0,116

1/6/2016 1:51 PM

IDM Instruments 0.08 to

0.201

0.081

1/6/2016 1:53 PM

10 - 11 Colrado Court 0.09 to

0.204

0122

1/6/2016 1:54 PM

Hallam, Australia 3803 0.10 to

0.305

0.088

1/6/2016 1:55 PM
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Test Data — MFR-

iDM IDM Instruments
File About

Date
Duration(sec) _
Loadcell
o
Sied Mass(gm)
Materal
Operator
Test 1.
Ambient |

Condition

Result Type Display COF i

j:rime | ME%
icor. | Blay

| =B Stat Start | | -
I O O O e O O O e e e e O OO R |
Plot0 |0 0.000
B Stat Stop : 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 3% 40 42 44 45 48 50 52 54 56 58 60
i Plot0 |2 0,089 B 2w ] Time (sec) R
= B8 Kin.Start i St {Sec) Time Kin.Sec) Static (CO.E) Kingtic (C.OF) Kinetic Min. {COF) Date & Time
Plot0 |3 0171 & 1 Jooato 200 301 to 3991 0424 0,354 0.159 1/6/2016 2:01 PIM
2 Jo0i3to 201 3.00 to 3991 0442 0.220 0.160 1/6/2016 2:02 PIM
IDM Instruments 3 Jo0ato 197 3.03 to 3989 0520 0,349 0.133 1/6/2016 2:04 PM
10 - 11 Colrado Court 4 Joi0to 203 3.03 to 3992 o441 0.351 0.019 1/6/2016 2:05 PM
Hallam, Austrafia 3803 5 012t 200 300 to 3991 0371 0.295 0.084 1/6/2016 2:07 PM
e com.au 6 | 0.00t0 202 3.02 to 3992 0286 0,340 -0.017 1/6/2016 2:08 PM
7 | oi0t0 197 3.03 to 3991 0443 0,347 0.063 1/6/2016 2:09 PIM
8 ] 011t0 199 209 to 3988 0132 0,387 0.060 1/6/2016 2:13 PM
RUN 9 {007t0 203 3.03 to 3993 0140 0.364 0.019 1/6/2016 2:14 PM
10 | 010 to 203 303 to 3988 0142 0.259 0.002 1/6/2016 2:18 PM
== 0.304 0.240 0.068
CLEAR TEST W CLEAR GRAPH SDev | 01,154 0.020 0.065




Subset of MFR Test Data

Average Water COF 0.256182

MFR MFR Average Measured Friction Normalized Dispersant FR Fluid Base Temp (°C) Notes:

Loading Baseline COF MFR reduction COF by Loading

(L/m3) COF % water (L/ma)

Water baseline
MFR

MEFR - | 40 0.249 0.192 0.2289157 0.18661746D-1 2 Fresh Water 20
MEFR - 1l 40 0.286 0.19 0.3356643 0.21211498D-1 1 Fresh Water 20
MEFR - Il 40 0.248 0.173 0.3024194 0.1674748D-1 2 Fresh Water 20
MEFR - IV 40 0.237 0.181 0.2362869 0.16744748D-1 2 Fresh Water 20Stick - Slip observed. Last 4 samples were very good.
MEFR -V 40 0.265 0.173 0.3471698 0.17895493D-1 2 Fresh Water 20Smells Horrid.
MFR - VI 40 0.238 0.166 0.302521 0.15421859D-1 2 Fresh Water 20Smells Horrid.
MER - VII 40 0.265 0.198 0.2528302 0.20481547D-1 2 Fresh Water 20
MEFR - VIII 0 0.271 0.252 0.0701107 0.2665763 D-1 2 Fresh Water 20
MFR - IX 40 0.273 0.207 0.2417582 0.22058943 D-1 2 Fresh Water 20
MEFR - X 5 0.243 0.258 -0.061728 0.24472463 none 0 Fresh Water 20
MFR - XI 40 0.243 0.204 0.1604938 0.19350319D-1 2 Fresh Water 20 Brown Residue plates out., Smells horrible
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Lessons Learned

Need to look at average COF over length of test

Dispersant — good but not too good
— Must keep Lube in suspension inside coil
— Must allow FR to plate out on casing and coil

Need to normalize every test

High Temp is a Challenge

API Brine is Different than Water

Test Plate warped due to sandblasting one side




Next Steps

* Field Trials

— Will evaluate 4 best products based on lab testing.
— Pad site with 4 ‘identical’ wells.

— Confirmation runs so few variables are anticipated.
— Customer buy in!
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