FOC”SW # 1509001:2008 Certified FocusLab Ltd.
™

Fluid & Oil Analysis Technology

¢ Code  : 2503 EUnitiD : KX 3150 AFT Brg Port
s Name U

(T) rIJ Unit Type : Engine Turbine Gas

w Address : i i £ Unit Make : Solar Turbines

E Vibhavadi Rangsit Road, Chatuchak, Bangkok 10900 N -

R T Unit Model : CENTAUR 50

CAUTION

Site
) Oiltype/ .
Location : Kamphaengphet ° Vi'sc%g?ty : PTT TERBIN ISO 46

Testcode : T814 -

Oil System Capacity : 1200 Liters

Notes (Finding, Evaluation, Interpretation, Suggestion and Recommendation)

Minor amount of dirt and abrasive wear noted.

All oil conditions and oil tests appear in normal working range.

The Anti-Oxidant Additive Tests that have been performed indicate that the AO additive strength is still within ASTM D4378 guidelines.

Varnish & Sludge Potential Index (VsPl) is in the Warning range and indicates the abnormal presence of sludge, varnish and other insoluble matter in the oil system.

Suggest using an off-line filtration system, that is capable of varnish and sludge removal, to clean up the oil system. A variety of different suppliers of such machines can be
supplied upon request.

Recommend resample in 500 hours from the time this sample was taken, to monitor. Wasan C.
Current Sample Previous Sample Baseline and Alarm Limit
Condition History Wear Oil Cont. Wear Oil Cont.  Wear Oil Cont.
Alarm Limit
c ® . ® e . ® o c B —
Lab ID 246483 242400 236756 A Alarm _L|m|t Matrix —S(_et Name
= S (Equipment type / oil type)
Bottle ID & - 1028502 1028492 1023982 E
Date Sampled = % 06-Feb-14 08-Jan-14 20-Nov-13 L Engine Turbine Gas Solar PTT
Oil Hours (Kms) 5 = Not Given Not Given Not Given | Terbind6(PTTEP Siam)
Unit Hours (Kms) = Not Given Not Given Not Given N
Oil Change E
Oil Added (Liters)
Filters Hours (Kms
: : : Fine wear
Wear Element Method  Unit Flnﬂ:;?all) Coal;’svee(ali:‘lrge) Fm‘:,(::r'a") Coar‘:':(ala:rge) FIn\z(:::all) coa:’svz(al:rge) U-Caution | U-Warning U-Caution | U-Warning
Iron D-6595 PPM 0.2 3.1 0.0 0.4 0.0 3.2 0 >1 >2 >2 >4
Chromium D-6595 | PPM 0.0 0.1 0.0 0.0 0.0 0.0 0 >1 >2 >1 >2
Lead D-6595 | PPM 0.0 0.0 0.2 0.0 0.0 0.0 0 >1 >2 >3 >5
Copper D-6595 PPM 0.1 0.1 0.0 0.0 0.0 0.1 0 >1 >2 >1 >2
Tin D-6595 | PPM 0.0 22 W 0.1 0.0 0.0 0.0 0 >2 >3 >1 >2
Aluminum D-6595 | PPM 0.0 0.9 0.2 0.0 0.3 0.0 0 >1 >2 >1 >2
Nickel D-6595 | PPM 0.0 0.0 0.0 0.0 0.0 0.3 0 >1 >2 >1 >2
Silver D-6595 | PPM 0.0 0.0 0.0 0.0 0.0 0.0 0
Molybdenum D-6595 PPM 0.0 0.2 0.0 15 0.0 0.0 0
Titanium D-6595 | PPM 0.0 0.0 0.0 0.5 0.0 1.6 0
Oil Conditi on - L-Warning L-Caution U-Caution | U-Warning
Viscosity @ 40°C D-445 cSt 45.8 45.8 46.2 457 <4113 <434 >50.27 >50.27
Viscosity @ 100°C D-445 cSt
Oxidation FTIR Abs 14.0 13.6 14.3 111 >167  >194
Nitration FTIR Abs 14.4 14.3 155 110 >165  >193
TAN D-974 | mgKOHIg 0.11 0.11 0.10 0.05 >0.15  >0.35
TBN D-4739 mg KOH/g
Water T-H20 | % (Wt) 0.020 0.014 0.023 0.010 >0.03  >0.05
Checkrs Fine wear

U-Caution |U-Warning U-Caution | U-Warning
Sodium D-6595 | PPM 0 0 0 0
Silicon D-6595 | PPM 7.9 W 2.1 7.0 W 0.0 1.8 1.9 0 >3 >5 >3 >6
Additive Element -
Boron D-6595 PPM 0 0 0 0
Magnesium D-6595 | PPM 0 0 0 1
Calcium D-6595 | PPM 1 0 0 1
Barium D-6595 | PPM 0 0 0 0
Phosphorus D-6595 PPM 31 14 44 0
Zinc D-6595 | PPM 1 2 0 0 0 1 0

L-Caution 'L-Waming | U-Caution = U-Warning
Flash Point D-3828 °C
Viscosity Index D-2270

Note: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.
No Sign  or . : NORMAL o e (first level warning limit) s W or . : Warning  (second level warning limit )

: First Level Alarm Alert Limit in Upper Level and/or Lower Level
U-Warning : Upper WARNING Level L-Warning : Lower WARNING required Level Second Level Alarm Alert Limit in Upper Level and/or Lower Level
Baseline  will be data of either "The new oil" or "Reference oil" or "Oil specification". TNO = The new oil, RO = Reference oil, OS = Oil Specification
Accuracy of interpretation and recommendation are based on representatives sample and information supplied. No warranty is expressed or implied for this report.
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FOCUSLAPB".

Fluid & Oil Analysis Technology

¥ 1S09001:2008 Certified

FocusLab Ltd.

C Code : 2503
u
s Name
T
o]
m Address :
E Vibhavadi Rangsit Road, Chatuchak, Bangkok 10900
R
Site
Location Kamphaengphet
Testcode : T814

£ UnitiD : KX 3150 AFT Brg Port
u
|
P Unit Type : Engine Turbine Gas
M
E Unit Make : Solar Turbines
N
T Unit Model : CENTAUR 50
Oiltype/ .
9 Vischay  © PTTTERBINISO46

Oil System Capacity : 1200 Liters
Notes (Finding, Evaluation, Interpretation, Suggestion and Recommendation)

Particle count indicates that oil cleanliness level is near to unacceptable range.

Current Sample

Previous Sample

Particle Count TSAS jfj:
Lab ID 246483 242400 236756
Bottle ID 1028502 1028492 1023982 Alarm Limit
Date Sampled 06-Feb-14 08-Jan-14 20-Nov-13
Oil Hours (Kms) Not Given Not Given Not Given
Unit Hours (Kms) Not Given Not Given Not Given Engine Turbine Gas Solar PTT

Oil Change
Oil Added (Liters)
Filters Hours (Kms)

Contamination

Particle Count NAS 1638 System Standard

Terbin46(PTTEP Siam)

U-Caution U-Warning

Particle Size Range No. of Particles / 100ml. Class | No. of Particles / 100ml. Class | No. of Particles/ 100ml. Class|  Class pa’;{%g /100m!. Class paﬁ%g /100m. Class
Particle Size 5-15 microns 23,700 7 10,600 6 33,600 8
Particle Size 15-25 microns 2,200 6 900 5 3,100 7
Particle Size 25-50 microns 600 7 300 6 900 7
Particle Size 50-100 microns <100 6 <100 5 <100 6
Particle Size >100 microns <100 4 <100 2 <100 5

Particle Count 1SO 4406:1999 System Standard

Particle Size Range No. of Particles/ml. ~ Class | No.of Particles/ml.  Class | No.ofParticles/ml.  Class| Class par’;i‘gégf/m Class Parﬂ;’"e‘;f,m Class
Particle Size >4 microns 712 17 317 15 1,010 17 >1300 18
Particle Size >6 microns 199 15 89 14 282 15 >320 16
Particle Size >14 microns 28 12 12 11 39 12 >80 14
ISO 4406 Class Rating 17/15/12 15/14/11 17/15/12 18/16/14
NAS 1638 ISO 4406
15 Particle Size 5-15 microns NAS Class 30 - Particle Size >4 microns ISO Code
12 25
9 | 2 -
6 15
i 10
3 A 5
0 - - . 0 - e .
15 Particle Size 15-25 microns NAS Class 30 - Particle Size >6 microns ISO Code
12 25
9 20 -
6 H_.J\_‘W_\A\/ 15 i
i 10 4
- 57
0- 0-
15 Particle Size 25-50 microns NAS Class 30 Particle Size >14 microns ISO Code
12 25
5 | 20 -
6 H—O/\_W_‘A\/ 15 4
i 10 -
3 5
O T T T T T T T T T T T T T T T T T T T T T T T T 1 0 T T T T T T T T T T T T T T T T T T T T T T T T 1
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RCLPLLPL2R TN RITO QGG QGGG 4 RPLLLLDIT NI TIT GGG QI GGG 4 4>
PO OO OO OOODOORPOOOOOOORRPPFPOO PO OO OOOODODOOODOORPROOOODOOORERERFRPPFPOO
SR VNPRLPEDABPGI A QIO APDIRIm D CPIVNPRID ARG AQPEIPQOET AP IERD
ORI VO RFRPOOORPRPRPRPOOO0OOOO0OO0OO0OONO O OOV P OO O PP OO0 O0OOONO O
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# 1509001:2008 Certified FocusLab Ltd.

FOCUSLAPB'.

Fluid & 0il Analysis Technology

g Code  :2503 EUnitlD  : KX 3150 AFT Brg Port
s Name U
|

cT> P Unit Type : Engine Turbine Gas
w Address : hE’1 Unit Make : Solar Turbines
E Vibhavadi Rangsit Road, Chatuchak, Bangkok 10900 § UnitMake
R T Unit Model : CENTAUR 50

Site ol oo

Location : Kamphaengphet 9 Vischay  © PTTTERBINISO46

Testcode : T814 -

Oil System Capacity : 1200 Liters
Notes (Finding, Evaluation, Interpretation, Suggestion and Recommendation)

The Anti-Oxidant Additive Tests that have been performed indicate that the AO additive strength is still within ASTM D4378 guidelines.

Wasan C.
Current Sample Previous Sample
P P RULER ™
Lab ID 246483 242400 236756 RPVOT (RBOT)
Bottle ID = 1028502 1028492 1023982 FTIR
Date Sampled e - 06-Feb-14 08-Jan-14 20-Nov-13
Oil Hours (Kms) g 2 Not Given Not Given Not Given Based on and referred to ASTM D-4378-0
Unit Hours (Kms) % =3 Not Given Not Given Not Given Alarm Limit based on ASTM D-4378-08
Oil Added (Liters) =
Oilchange
Filters Hours (Kms)
Oil Condition
RULER ™(Remaining Useful Life Evaluation Routine) _ Caution Warning
% ZDDP Antioxidant Remaining o o % / / /
%Aminic Antioxidant Remaining 2 3 % np np np 100 <25
%Phenolic Antioxidant Remaining S % 713 878 909
RULER Test Solution S R | color n/p n/p n/p
Green Green Green
FTIR (Fourier Transform Infrared) _ Caution Warning
%Phenolic Antioxidant Remaining D-2668 % n/p n/p n/p
RPVOT (Rotating Pressure Vessel Oxidation Test) or previously known as RBOT _ Caution Warning
Oxid'fnior? Stabilitx B Doy | Minutes
%Oxidation Stability Remaining %
ALARM LIMITS RULER —#— %ZDDP  —gg—%Aminic ~ —@— % Phenolic
Cautlgn RPVOT —i— %Oxidation Stability Remaining
% Warning FTIR %Phenolic Antioxidant Remaining %
100 - 100
90 - 90
80 - 80
70 70
60 - 60
50 50
40 40
30 - 30
20 20
10 10
0 T T T T T T T T T T T T T T T T T T T T 1
o — [— — — — — — — — — — — — — — — — — [~ I~
° e g g g n g g g N @ @ g g Q g Q Q Qo = =
o o o o o o o o o — o o o o o o | — L o o
e Q2 @ < N = a N e N ey Q@ e C." I, L < ey = = n
o — o [y _ o o o = — o o o o o o o o o o o
=] - S~ [=p] - ~ © ~ o o [} D S~ o o ~ -~ ~ o [e=) oD
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FOCUSW # 1S09001:2008 Certified FocusLab Ltd.
™

Fluid & Oil Analysis Technology

g Code 2503 £ UnitID  : KX 3150 AFT Brg Port
s Name U

cT) p Unit Type : Engine Turbine Gas

w Address : i i AEA Unit Make : Solar Turbines

E Vibhavadi Rangsit Road, Chatuchak, Bangkok 10900 N .

R T Unit Model : CENTAUR 50

Site
) Oiltype/ .
Location : Kamphaengphet 9 Vischay  © PTTTERBINISO46

Testcode : T814 -
Oil System Capacity : 1200 Liters

Notes (Finding, Evaluation, Interpretation, Suggestion and Recommendation)

Varnish & Sludge Potential Index (VsPlI) is in the Warning range and indicates the abnormal presence of sludge, varnish and other insoluble matter in the oil system.

Current Sample Previous Sample ASTM D7843 M
Lab ID 246483 242400 236756 VsPI™
Bottle ID 1028502 1028492 1023982 Varnish & Sludge Potential Index
Date Sampled 06-Feb-14 08-Jan-14 20-Nov-13 s
Oil Hours (Kms) Not Given Not Given Not Given
Unit Hours (Kms) Not Given Not Given Not Given
Oil Change
Oil Added (Liters)

Filters Hours (Kms) New Oil and Alarm Limit Name
Contamination

Varnish and Sludge Potential Index™( VsPI"™) Eng?:&ﬁ?é?:ﬁgssﬁggn
VPI (Varnish Potential Index) : Soluble Varnish Type Contamination in Oil

™
VPl Varnish Potential Index
Soluble Varnish Contaminant

M3IA [dA
MBIA IdA
MBIA IdA

o » -V VPI View - New ol
o 36956
put - _ Caution Warning
VPI Rating 555 W 51.3 59.5
SPI (Sludge Potential Index) : Conform to ASTM D7843 - MPC (Membrane Patch Colorimetry) : Insoluble Varnish Type Contamination in Oil
™
SPI Sludge Potential Index 4 4 4
(MPC Membrane Patch Colormetry) = =
} ; 53 o @
Insoluble Varnish Contaminant s s s SPI(MPC) Ve New ol
_ Caution | Warning
SPI(MPC) Rating 285 ¢ 31.8 21.0 525 535
VsPl™ 42.0 46 W 203 W . . “ag
Sludge Weight 21 mg/100 ml 5.6 mg/100 ml 5.8 mg/100 ml 2 >8 >10
VPI - MPC AE SPI(MPC) - MPC AE
80 - 60 -
60
40 -
40
20 4 20
0 T T T T T T T T T T T T T T T T 1 0
VsPI Index Sludge Weight (mg/100 ml.)
60 -
40
20
0
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FocusLab Ltd.

¥ 1S09001:2008 Certified

Fluid & Oil Analysis Technology

FOCUSLAPB".

KX 3150 AFT Brg Port

E Unit ID

Q
u
|

: 2503

C Code
U
s Name

: Engine Turbine Gas

+ Solar Turbines
: CENTAUR 50

P Unit Type
T Unit Model

M
£ Unit Make

N

Vibhavadi Rangsit Road, Chatuchak, Bangkok 10900

Address

FO=wWwao

Site

: PTT TERBIN ISO 46

e/
| Visc%%ity

L

o Oil

Kamphaengphet

Location

T814

Test code

Liters

: 1200

0Oil System Capacity

Iron - Coarse(large) Wear Particles in PPM

[ 14-02-06

14-01-08
[13-11-20
[13-11:07
13-10-04
13-09-04
13-07-09
¢ 13-05-05

13-04-04
13-03-06
13-01:02
121112
[12:09-10
[ 12:07-04
12-05-09
[ 12:04-04
110711
[ 11-06-16
10-08-24
[10-03-11
09-09-29
£09-07-15
09-05-26
09-03-19

08-10-09

Iron - Fine(small) Wear Particles in PPM

T
< o~ o

. 14-02-06
j 14-01-08
] 13-11-20
] 131107
] 13-10-04
: 13-09-04
13-07-09
13-05-05
13-04-04
] 13-03-06
] 13-01-02
121112
] 12-09-10
12-07-04
] 12-05-09
“ 12-04-04
! 11-07-11
“ 11-06-16
] 10-08-24
_ 10-03-11
_ 09-09-29
_ 09-07-15
] 09-05-26
: 09-03-19
: 08-10-09

25

Chromium - Coarse(large) Wear Particles in PPM

Chromium - Fine(small) Wear Particles in PPM

14-02-06
14-01-08
13-11-20
13-11-07
13-10-04
13-09-04
13-07-09
13-05-05
13-04-04
13-03-06
13-01-02
12-11-12
12-09-10
12-07-04
12-05-09
12-04-04
11-07-11
11-06-16
10-08-24
10-03-11
09-09-29
09-07-15
09-05-26
09-03-19
08-10-09

Copper - Coarse(large) Wear Particles in PPM

04

4
3
2 .
1

0

14-02-06
14-01-08
13-11-20
13-11-07
13-10-04
13-09-04
13-07-09
13-05-05
13-04-04
13-03-06
13-01-02
12-11-12
12-09-10
12-07-04
12-05-09
12-04-04
11-07-11
11-06-16
10-08-24
10-03-11
09-09-29
09-07-15
09-05-26
09-03-19
08-10-09

Copper - Fine(small) Wear Particles in PPM

25
15
1
05
0

Lead - Coarse(large) Wear Particles in PPM

Lead - Fine(small) Wear Particles in PPM

14-02-06
14-01-08
13-11-20
13-11-07
13-10-04
13-09-04
13-07-09
13-05-05
13-04-04
13-03-06
13-01-02
12-11-12
12-09-10
12-07-04
12-05-09
12-04-04
11-07-11
11-06-16
10-08-24
10-03-11
09-09-29
09-07-15
09-05-26
09-03-19
08-10-09

Tin - Coarse(large) Wear Particles in PPM

5 -
4
34
2 4
1 4
0 4

14-02-06
14-01-08
13-11-20
13-11-07
13-10-04
13-09-04
13-07-09
13-05-05
13-04-04
13-03-06
13-01-02
12-11-12
12-09-10
12-07-04
12-05-09
12-04-04
11-07-11
11-06-16
10-08-24
10-03-11
09-09-29
09-07-15
09-05-26
09-03-19
08-10-09

Tin - Fine(small) Wear Particles in PPM

4
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FocusLab Ltd.

¥ 1S09001:2008 Certified

Fluid & Oil Analysis Technology

FOCUSLAPB".

KX 3150 AFT Brg Port

E Unit ID

Q
u
|

: 2503

C Code
U
s Name

: Engine Turbine Gas

P Unit Type

M

+ Solar Turbines
: CENTAUR 50

£ Unit Make

Vibhavadi Rangsit Road, Chatuchak, Bangkok 10900 N

Address

T Unit Model

FO=wWwao

Site

: PTT TERBIN ISO 46

o Oil type /

Kamphaengphet

Location

I Viscosity

L

T814

Test code

Liters

: 1200

0Oil System Capacity

Qil Condition

Viscosity at 100 C in cSt

[ 14-02-06
[14-01-08
[13-11-20
131107
13-10-04
13-09-04
[13-07-09
130505
[13-04-04
[13-03-06
[13-01:02
(121112
12:09-10
[12:07-04
[ 12:05-09
12:04-04
11:07-11
[11-06-16
10-08-24
[10-03-11
£09-09-29
109-07-15
09-05-26
709-03-19

08-10-09

15
1

Viscosity at 40 C in cSt

o

[ 14-02-06
[ 14-01-08
[13-11-20
[13-11:07
13-10-04
13-09-04
13-07-09
130505
13-04-04
13-03-06
[13-01:02
121112
12:09-10
12:07-04
12:05-09
12-04-04
110711
" 11-06-16

10-08-24
10-03-11
09-09-29
£09-07-15
09-05-26
£09-03-19

08-10-09

o

Nitration in Abs

Oxidation in Abs

TBN in mg KOH/g

[ 14-02-06
[ 14-01-08
[13-11-20
(131107
[13-10-04
13-09-04
[13-07-09
[ 13-05-05
[13-04-04
[13-03-06
130102
121112
12:09-10
[12:07-04
| 12:05-09
[ 12-04-04
C11:07-11
[ 11-06-16
£10-08-24
[10-03-11
£09-09-29
£09-07-15
£09-05-26
£09-03-19

08-10-09

TAN in mg KOH/g

~o

o

i-pH in mg KOH/g

[ 14-02-06
[ 14-01-08
[13-11-20
[13-11:07
13-10-04
13-09-04
13-07-09
130505
13-04-04
13-03-06
[13-01:02
121112
12:09-10
[ 12:07-04
12:05-09
12-04-04
110711
" 11-06-16
10-08-24
£10-03-11
09-09-29
£09-07-15
09-05-26
£09-03-19

08-10-09

05

o
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FocusLab Ltd.

¥ 1S09001:2008 Certified

Fluid & Oil Analysis Technology

FOCUSLAPB".

KX 3150 AFT Brg Port

E Unit ID

Q
u
|

: 2503

C Code
U
s Name

: Engine Turbine Gas

+ Solar Turbines
: CENTAUR 50

P Unit Type
T Unit Model

M
£ Unit Make

N

Vibhavadi Rangsit Road, Chatuchak, Bangkok 10900

Address

FO=wWwao

Site

: PTT TERBIN ISO 46

o Oil type/
| Visc%%ity

L

Kamphaengphet

Location

T814

Test code

Liters

: 1200

0Oil System Capacity

Contamination Condition

Water by FTIR

[ 14-02-06

14-01-08
[13-11-20
[13-11:07
13-10-04
13-09-04
13-07-09
13-05-05
13-04-04
13-03-06
[13-01:02
121112
£12:09-10
[12:07-04
12:05-09
[ 12-04-04
110711
" 11-06-16
10-08-24
£10-03-11
09-09-29
£09-07-15
09-05-26
09-03-19

08-10-09

150 -

Water by Co-Dis KF

1.00

050

(=3
<
(=}

[ 140206
 14-01-08
T 131120

13-11-07
13-10-04
13-09-04
130709
" 13-05-05

13-04-04
13-03-06
13-01-02
121112
120810

12-07-04
12-05-09
12-04-04
C11:07-11
" 11-06-16

10-08-24
10-03-11
09-09-29
£09-07-15
709-05-26

09-03-19
08-10-09

0.06 -

0.04 -

0.02 1

0.00

14-02-06
14-01-08
13-11-20
13-11-07
13-10-04
13-09-04
13-07-09
13-05-05
13-04-04
13-03-06
13-01-02
12-11-12
12-09-10
12-07-04
12-05-09
12-04-04
11-07-11
11-06-16
10-08-24
10-03-11
09-09-29
09-07-15
09-05-26
09-03-19
08-10-09

- RFS Coarse

Soot Contamination

Silicon
Aluminum - RFS Coarse

50 4
00 -

150 -
1.00
050 -
0.00 -
200 -
15.0 A
10.0 4

14-02-06
] 14-01-08
] 13-11-20
131107
] 13-10-04
] 13-09-04
] 13-07-09
] 13-05-05
_ 13-04-04
] 13-03-06
“ 13-01-02
! 12-11-12
“ 12-09-10
] 12-07-04
. 12-05-09
i 12-04-04
] 11:07-11
! 11-06-16
] 10-08-24
_ 10-03-11
] 09-09-29
] 09-07-15
09-05-26
: 09-03-19
08-10-09

Silicon - RDE Fine

Fuel Contamination
Aluminum - RDE Fine

150 ~
1.00
050 -
0.00 -
10.0 -
25
20 -
15
10
05 -
00
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