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* Existing approach to turbine lubricant maintenance
* Oxidation and Varnish — Managed or Unmanaged?

* Tools for GT Lube oil maintenance
» Considerations for fleet management
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TURBINE LUBRICANT MAINTENANCE

* Typical turbine oil life: 2-5 years (ASTM D4378)
* Flushing often required at time of replacement

* Oil replacement criteria based on combination of low antioxidants
(<25%) and high acid number
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» Maintenance programs focus on particulate removal
* Nothing being done to manage oxidation levels

* Fill, Forget, Dump, Flush, Repeat
» Unoptimized, wasteful, and does not manage risk
 Creates uncertainty on high value production assets

* Process is not working

« Normal to have fail-to-starts and production losses of >24 hrs/year (and in
many cases much worse)
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EPT

IF USING VARNISH
REMOVAL EQUIPMENT,
WHEN WAS IT INSTALLED?

60%: AFTER A POOR
LAB RESULT
12%: WITH NEW OIL

IS THE CORRECT
MPC TEST METHOD
BEING USED?

MPC VALUES
(VARNISH TEST)

OIL LIFE

30%: 5-9 Years
60%: >9 Years

ANNUAL PRODUCTION
LOSSES RELATED
TO OIL
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>97% AVAILABILITY HIDES THE PROBLEM

* Frame 7E (60 Hz)
* Production value: $80,640 — $368,640/day

» Rate of failure relating to varnish
* 2 incidents/year totaling 24 hours downtime/year

» Lifecycle costs relating to varnish
« $2.0-9.2 million over life of the turbine
« Avoidable for $250,000 or about $10K per year
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WESTERN CANADA USE CASE

Customer: PO/SO #: N/A
‘ Site: contact: [ NG ‘
i Latest Sample Date: 7-Feb-20
Reservoir: N/A Received Date: 12-Mar-20
EPT S5 EP1

Recommendations & Notes

The sample taken on 7-Feb-20 has an acid number that is above target. The fluid's moisture content is within target. The fluid's viscosity is within target. The fluid's ISO particle
count is above target. The MPC AE is in the good range (<15) indicating that a low level of degradation by-products is present in the fluid (see filter micrograph below). This level
of varnish precursors will not likely become a problem within the system in the immediate future. Spectrographic analysis reveals phosphorus levels are above target; all other
dissolved metals are within target. RULER analysis shows that 10 % of the amine and 1 % of the phenol antioxidants remain.

AN SN | H20 | Viscosity c5t) | 150 (particles / ml) | IS0 Code Chioride | Mineral Oil] Ar Release

Target 0.04 N/A
7-Feb-20 031

16/14/10
19/13/7

N/A <50 N/A N/A
N/A N/A N/A N/A

Demulsibility data (mL) Membrane Patch Colorimetry (MPC)

Trending MPC AE Values
0 -

Target 40 40 <3 <15 68-76 <20 <15.0
7-Feb-20 N/A N/A N/A N/A 69 1.0 41

MPC AE

Filtration Micrograph(s) in Chronological Order (L to R)

02-924-£

#17 3900-106th Ave SE, Calgary, AB T2C 5B6 403-450-1764, lab@cleanoil.com Sample Date Y,
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WESTERN CANADA USE CASE

> Customer: PO/SO #: z
é’( ) 4 site: Contact: [ @r ) 4
> Unit: A1 Ski Latest Sample Date: 7-Feb-20 53
Reservoir: N/A Received Date: 12-Mar-20
EP1 il Tyve: I EP

Spectrographic Analysis (ppm)

Target 0 0 0 0 07 01 0 0 0 0 0 0 03 03 0 0 0 0 0 1.4 25
7-Feb-20 0 0 04 ©0 21 01 0 0 02 O 0 0 01 O 0 0 0 0 038 2.4 98.1
RPVOT m TOST Foaming Tendency (After 5 min/10 min)
Target N/A N/A PASS N/A 1.5 1a N/A N/A N/A N/A N/A
7-Feb-20 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Dissolved Gas Analysis (ppm) RULER (%)
Total* H, CH, CHg C,H, CH, co
Target 0 0 0 0 0 0 <25 <200 N/A N/A 100 100
7-Feb-20 10 1.
L]
2 Pe:roCanaa?TJurbono 32
=
Sample: 2 Standard: PetroCanada TurboFlo 32
5 =
£
2
k}
] 5.75 2.1 3.05
o e B e e 4 e i ey e L e e ey ¢ fe Ep- By B op @) = 4 g
T T T T T T T T
2 4 6 10 12 14 16
Time (Seconds)
#17 3900-106th Ave SE, Calgary, AB T2C 5B6 403-450-1764, lab@cleanoil.com
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OXIDATION

INITIATION
 Attacks all molecules C-H+-0, > C + H-O,

* Oil hydrocarbons, additives, etc.
PROPAGATION

C-+0, > C-0-0-
.. . . . C-0-O0-+ C-H = C-0-O-H+ C:
* O, initiates free-radical chain reaction C-0-0-H > C-0- + -O-H

TERMINATION

- : _ C-0-0-H = 0=C-O-H
Oxidation by-products: A C D CC

e Alcohols, esters, acids etc.
* Normally all SOLUBLE (dissolved)

szzv -
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WHAT CAUSES VARNISH?

» Once oxidation products accumulate
past the point of saturation, they
convert from a soluble form to an
iInsoluble form creating deposits
referred to as varnish

[aj

LUBRICANT

B

STEP 1
SOLUBLE
VARNISH

STEP 3
VARNISH
DEPOSIT

CHEMICAL
REACTION

STEP 2
INSOLUBLE

PHYSICAL

. VARNISH

» The saturation point is temperature-
dependent
» When the oil is near saturation, varnish

can be insoluble at low temperatures
and soluble at elevated temperatures
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MEASURING VARNISH POTENTIAL: MPC

« ASTM D7843-21




ASTM D7843-21 KEY POINTS

Customer: PO/SO #: N/A
Site: Contact:

» Prior to testing heat oil to i .

Recommendations & Notes

The sample taken on 28-Mar-18 has an acid number that is above target; a strong acid component was also detected. The fluid's moisture content and viscosity are within target.
O The fluid’s ISO particle count is well above - recommend assessing sampling protocol for potential errors and checking or replacing mechanical filters target. The MPC AE is in the
critical range (> 35) indicating that an extremely high level of degradation is present in the fluid (see filter micrographs below). This level of varnish may already be responsible for

problems within the system. Spectrographic analysis reveals that zinc, magnesium and calcium levels are below target; all other dissolved metal levels are within target. RULER
analysls suggests that 0 % of the amine and 0 % of the phenol antioxidants remain,

.
' Target 037 N/A 480 120 8 16/14/10 N/A <50 N/A N/A

28-Mar-18 087 0.25 15466 1746 32 21/18/12 N/A N/A N/A N/A

Demulsibility data (mL) Membrane Patch Colorimetry (MPC)

* "Resets” sample and allows T
p Target 40 40 a0 <10 0.9
28-Mar-18 N/A N/A N/A N/A 80.0
[ ] 700
soluble varnish to be detected I -
g‘yﬂ.u
:
2 400
- y " - - 30.0
Filtration Micrograph(s) in Chronological Order (L to R) 50
100
0.0
Z b » > > »
= Sample Date )
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ASTM D7843-21 TEST RESULTS

* Qil filtered with and without the 72-hour hold period:

°C Heating Peri 20°C1 i
Trial 60°C Heating Period 0] C ncubation Patch Photo MPC AE
(hours) Period (hours)
B 2% z 221

* Soluble varnish is dissolved
* It will pass through a 0.45 pm patch
» After 72 hours, some will become insoluble (measurable)

* Demonstrates the criticality of 72-hour hold period

5s;v -
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* If you prevent oil saturation, you can prevent varnishing

» \/arnish formation is a reversible physical change of contamination
from one form to another (dissolved to solid)

* Equilibrium chemistry dictates that if you return oil to an
unsaturated condition by removing dissolved contamination,
varnish deposits will be forced back into solution

vY
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' Elevated ) ‘ Good

15-35 MPC <15 MPC
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MANAGE THE UNMANAGED

* Proactively manage lubricant chemistry

* Manage the root cause of lubricant breakdown, oxidation, and the
consequences

* Reverse chemical damage that results from oxidation and avoid
unnecessary pain

* Eliminate the varnish formation cycle
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A CHEMISTRY SOLUTION FOR A CHEMISTRY
PROBLEM™

Before After

SVR™ & ICB™
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LONG-TERM OIL MANAGEMENT

* Oil Analysis Programs
* Lubricant testing updated to follow ASTM
* Interpret data to predict end of life
« Compare with available maintenance windows

* Fleet assessments to rank all units
* Maintain / return quality to target levels
* Priority rank with focus on bottom 25% and so on

« Compare rates of additive consumption across fleet
* Observations
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LONG-TERM OIL MANAGEMENT

* Lubricant life cycle management

» Expand maintenance programs to include
chemistry management

* Since fluid replacement is based on a combination
of low additives and high acid number, start
managing these

* |CB fluid conditioning —Full time basis
* Remove varnish and its precursors (acids)

* 5% annual top-up strategy
« Effectively maintain antioxidant levels
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CASE STUDY

PO/SO #: N/A
Contact:

Latest Sample Date: 1-May-18

* 9-year-old GT oil with ICB™ ‘ e
conditioning system installed |

The sample taken on 1-May-18 has an acid number that is within target. The fluid's moisture content is within target. The fluid's ISO particle count is also within target. The MPC
AE is in the good range (<15) indicating that a low level of degradation by-products is present in the fluid (see filter micrographs below). This level of varnish precursors will not

f D 1 . likely become a problem within the system in the immediate future. RULER analysis suggests that 92 % of the amine and 100 % of the phenol antioxidants remain.
° ( 5 re atest A N 0 bse rved . O O ll m g [ AN san | H20 | Viscosity (c5t) | 15O (particles/ mL) | IS0 Code Chioride | Mineral Oil | Air Release |
| ] | ]

Target 0.04 N/A 16/14/10 N/A <50 N/A 3

3-Feb-11 0.03 17/15/11 N/A N/A N/A N/A
31-Oct-17 0.04 14/13/10 N/A N/A N/A N/A
12-Dec-17 0.05 13/11/8 N/A N/A N/A N/A
13-Feb-18 0.04 15/13/10 N/A N/A N/A N/A
1-May-18 0.03 12/10/6 N/A N/A N/A N/A

* Greatest MPC observed: AE = 1.8 e el e iy e [ERCCTTTT
90.0
Target 40 40 40 <10 68-76 <20 <15.0
3-Feb-11 N/A N/A N/A N/A 20 18 HO.0
31-Oct-17 N/A N/A N/A N/A 70 33 03 70.0
12-Dec-17 N/A N/A N/A N/A 69 1.8 1.0 60.0
13-Feb-18 N/A N/A N/A N/A 71 2.8 0.7 El )
1-May-18 N/A N/A N/A N/A 69 1.6 0.7 gl 500
= 400
e n - > 300
Filtration Micrograph(s) in Chronological Order (L to R) iy
3 10.0
0.0 ko‘;“.‘*o“:"&-:%k—u
W ow e e oeom
7 5 8 L 2 .5
o 9 2 3
S N
"8 o8 B @
4772 - 50th Ave S.E., Calgary, Alberto, Canada T28 3R4 403-450-1756, lab@cleanoil.com Sample Date )

o
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* 9-year-old GT oil with ICB conditioning system installed from Day 1:
8% antioxidant consumption over 9 years (< 1%/year)
 With 5% annual top-up, oil life projected to > 25 years (life of turbine)

[ Sulphur | RPVOT | Rust | Density | Fluid | CuCorr. | TOST | Foaming Tendency (after5 min/10 min)

Target 316 2700 PASS 0.86 1 1a 10000 0/0 15/0 0/0 N/A
3-Feb-11 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
31-Oct-17 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
12-Dec-17 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
13-Feb-18 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
1-May-18 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Dissolved Gas Analysis (ppm)
Total*® H, CH, C,H, C,H, GH, co

Target 0 0 0 0 0 0 <25 <200 N/A N/A 100 100
3-Feb-11

31-Oct-17 81 100

12-Dec-17 84 82

13-Feb-18 58
1-May-18 @ @

i vV
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SUMMARY

* Treat your lubricant like an asset, not
a consumable

» Understand and use tools at your
disposal to manage that asset:

* Complete oil analysis done to ASTM
standards

 Use conditioning system to manage
oxidation

» Consider 5% top up per year
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