 ALTANOVA

A DOBLE COMPANY
HmEEG‘l:xs TE(:Fi M’ @Vﬂﬂzuird Instruments

The importance of accuracy in DGA and
different diagnostic tools.

Serge Gutieres P.eng.MB
Sr. Business Development
Asia,India,Australia

©2023 Altanova Group. All Rights Reserved.



Mineral oil make up QLI{WWO\@{A

Aromatic
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How fault gases are generated

AEnergy — T(°C)
Thermal & electrical
stresses

+

Exposure to
oxygen

» J »

Generic Oil Molecule

cu_,,{cu% CH,
n

Chain breaks

Molecular rearrangements

ALTANOVA
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CH,

CZHG
C,H,
C:2H2

co,
CO
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Dissolved fault gases ALTANOVA

{ EAULT GASES

Carbon dioxide (CO,) Hydrogen (H,)
Carbon monoxide (CO) Methane (CH,) 140 C
Ethane (C,H;) 250C
Ethylene (C,H,) 350C
indicates a hot spot Acetylene (C,H,) 500C+

Burning the insulation paper

Indicates developing faults

4 ©2023 Altanova Group. All Rights Reserved



Gas formation from mineral oil /-}LE\@OXA

Temperature | Gases Formed Energy Required
klJ/mole
~120 Hydrogen H, 338
Methane CH, 338
Ethane C,He 607
v Ethylene C,H, 720
>700 acetylene CH, 960

©2023 Altanova Group. All Rights Reserved



Combustible gas generation rates ALTANOVA

A DOBLE COMPANY

A0S isa - My, W TECHMP (60
Combustible Gas Generation vs.
= - . MORGAN
Approximate Qil Decomposition SGHAFHER
Temperature i
Fartial Dicomargs (Mod Temparaturs Depenidant)
' Il,— Fanigs of Kormal Coeradon

| J p“:‘:n‘;:.; - | *ﬁl‘;m_’

CH ~ By

The only 2 gases
that are constantly
increasing are

H2 and C2H2

C,H,

Tyl =Tyl

Trazs —

Tally = 1l Oyl |-

Araivhins
C,H,

Gas Generation (Not to Scale) Aporoximate Oi Decomposition  Temperature above 150°C
Reference: Technical Faper FSET 130 (Page 41) Transiormer anienanos
6 Fackites insfruciions, Standands and Technlpue s — Linllsd Siales Depariment of inerior ©2023 Altanova Group. All RightS Reserved
Bureaw of Reclamadion, Denver, GF Hydmekeodc Research and Technice! Senvioss Smup  0-0480 Ocinher 2000



ALTANOVA

P i - A DOBLE COMPANY

A ' ENX TECHMP () vomisinms
| ’:.‘.:f_, '. : _1.'{‘,.“‘;"&-‘
. ' : \ )
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Importance of accuracy in DGA
R0
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Accuracy requirements for DGA ALTANOVA

AT isa - My W TECHMP (60 v

Accuracy Requirements for DGA

-an accuracy of 15% or better on gas concentrations is
needed to obtain reliable DGA diagnosis. This is the
accuracy specified by IEC 60567 .

-15% of accuracy means that if the value measured by the
laboratory is for example100 ppm, the actual value in the
transformer may be anywhere between 85 ppm and 115

ppm.

- Accuracy short term and long term of the instrument is
critical since all measuring instruments ( lab & monitors) will
drift with time and lose their accuracy. This is why an
automatic calibration system is critical in monitors.

©2023 Altanova Group. All Rights Reserved



Your DGA results: accurate or not? ALTANOVA

AT isa - My W TECHMP (60 v

Diagnostic reliability is affected by the accuracy of the DGA measurement results

CIGRE result for Round Robin Test
(RRT) at low concentration levels.

» Results of individual laboratories
X prepared DGA standard value ()

When an area of uncertainty crosses
several fault zones , reliable diagnostic is
not possible.

Fault severity is unclear.

o} D2 : o T
<-- % C2H2

IEEE August 2005, M. Duval, J. Dukarm, Improving the reliability of
transformer in gas-in-oil diagnosis

©2023 Altanova Group. All Rights Reserved



Your DGA results: accurate or not? QLE\@OXA

ssssss

Diagnostic reliability is affected by the accuracy of the DGA measurement results

Duval Triangle

Units: |§| ppm |_| =
# CH4 C2H4 C2H2
2 100 40 20
3 100 an 20
4 115 an 20
5 115 a0 20
= 115 a0 14
115 a0 26
85 a0 26
85 56 22
a5 56 26
11 130 56 26
12 130 45 25
CH4: 130 ppm
CZH4: 45 ppm
C2HZ: 28 ppm

2 % 2 % % 2 % o C
A— % Acetylene (C2H2)

Real gas level CH4 100ppp,C2H4 50 ppm, C2H2 20 ppm with accuracy +/- 30% range

©2023 Altanova Group. All Rights Reserved



Your DGA results: accurate or not? QLE\@OXA

ssssss

Diagnostic reliability is affected by the accuracy of the DGA measurement results

Duval Triangle

Units: @ ppm (O
# CH4 C2H4 C2HZ2
2 100 a0 20
3 105 A3 21
4 105 A0 20
5 95 a0 20
B 95 53 20
7 95 53 21
g 95 47 21
3 95 47 19

CH4: s ppm

C2H4: 4 ppm

C2HZ: 19 ppm

2 % 2 % B 2 % B B
-A— % Acetylene (C2H2)

Real gas level CH4 100ppp,C2H4 50 ppm, C2H2 20 ppm with accuracy +/- 5% range ©2023 Altanova Group. All Rights Reserved



Your DGA results: accurate or not? QLE\@OXA

ssssss

Diagnostic reliability is affected by the accuracy of the DGA
Duval Triangle

Units: |§| PRMm |:_:| j'z;
#  CH4 C2H4 C2Hz2
50 200 20

[ 300 20
B o 210 20
§ 300 210 26
B gm0 210 26
P g0 390 26
B g0 390 14
B 4s0 390 14
I 4s0 390 25
I 4m0 390 20
I s 300 20

CH4: 600 ppm
C2H4: 300 ppm
C2HzZ: 20 ppm

® % 2 % B 2 % o B
A— "% Acetylene (C2H2)

Real gas level CH4 100ppp,C2H4 50 ppm, C2H2 20 ppm with accuracy +/- 30% range

©2023 Altanova Group. All Rights Reserved



Your DGA results: accurate or not?

ALTANOVA

A DOBLE COMPANY

Diagnostic reliability is affected by the accuracy of the DGA measurement results

Duval Triangle

Units: @ ppm (O E

#  CH4 C2H4 C2H2
450 300 20

N 4m0 315 20

B 4m0 285 20

N 4m0 300 19

B 4m0 300 21

Y a7 300 21

B 477 300 21

CH4: 477 ppm

C2H4: 00 ppm

C2HZ: 21 ppm

Hro o oT
[ R

s S
%
ol

%!"
%
=

b

2 % g k= k- T %
A— % Acetylene (C2H2)

Real gas level CH4 100ppp,C2H4 50 ppm, C2H2 20 ppm with accuracy +/- 5% range

©2023 Altanova Group. All Rights Reserved



DCA LAB - Ideal vs reality ALTANOVA

dm isa . M w:’usmx TECHM (0w

iy = w" I e ),

syringe

. . i Gas separation and
Sampling point Sampling ; .
ping p techniques & Packagllng & Transportation Sample preparation Gas extraction measurement
location handling

Ideal

situation 100ppm 100ppm 100ppm 100ppm

No loss / no variations

Best case 100ppm 96ppm 94ppm 92ppm 90ppm 89ppm 86pm
situation Little variations /controlled process
Worst case
72
situation 100ppm 90ppm 87ppm 85ppm ppm 70ppm

Process out-of-control / no accuracy
Issue with sample preparation / gas extraction / separation / measurement

Even if a lab is very accurate, it only measures what it receives.

©2023 Altanova Group. All Rights Reserved



Your DGA results: accurate or not? /.-}LE\&OXA

Every Laboratory should be able to demonstrate their precision and
accuracy, if this is not possible or by any reason unknown, the below chart
is recommended to use as a guide

Accuracy of IEC/CIGRE laboratories, from round-
robin tests using DGA standards.
Medium gas Low gas
concentrations concentrations
Best lab +3% +22%
Average +15% +30% ‘
Worst Lab +65% +64%

IEEE August 2005, M. Duval, J. Dukarm, Improving the reliability of transformer in gas-in-oil diagnosis

©2023 Altanova Group. All Rights Reserved
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Oil standards are the best
way to calibrate laboratory
test procedures

Accepted methods for performing Dissolved Gas

Analysis (DGA) are outlinedin ASTM D3612 and
IEC 60567 standards.

Both methods require proper calibration of
laboratory equipment used to perform DGA prior
to analyzing oil samples from the field.

m MORGAN" | Accuracy is
SCHAFFER | Everything.

©2023 Altanova Group. All Rights Reserved
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True North Gas-in-Oil Standard

Ensures proper calibration of gas extraction and chromatography

m MORGAN’ | Accuracy is
SCHAFFER | Everything.

©2023 Altanova Group. All Rights Reserved
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A0 isa - Mz, W TECHM G0
Certificate of Concentration Traceability is key to
MORGAN credibilit
TRUE NORTH M Sieats J
D G d’i D Ii I S l d " d d r ’d 8300 Saint Patrick, suite 150,
Lasalle, Quebec, Canada, H8N 2H1 o
Ll True North oil is produced
Syringe SN: Lot No.: Expiry Date: Prepared by: QC Approved: USing NIST traceable gaS
RN178 | 2015-09-30 RN concentrations and NIST
Component  Concentration* (ppm) Component Concentration* (ppm) traceable calibrated balances
H, (Hydrogen) g7 * 5% CO, (Carbon Dioxide) 120 * 5%
O, (Oxygen) 16400 * 5% C,H, (Ethylene) 100 + 5%
N,  (Nitr ) + 5% CH, (Ethane) 99 + 5% e .
CH, (Mlet(t)lga?\:) 59282 + 5% CH, (Acea:;IZne) 99  + 5% Certificate of Concentration
CO (Carbon Monoxide) 98 + 5% .
provided for each sample
(*) Milliiters of gas at 273K and 760 torr per cubic meter of oil.
Concentrations are certified by the method of preparation and are verified by laboratory analysis using ASTM D3612 method as well as
calibrations using NIST traceable weights. + defined on a 95% confidence interval for true concentration.

m MORGAN' | Accuracy is
SCHAFFER | Everything.

©2023 Altanova Group. All Rights Reserved
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A DUBLE COMPANY
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Order Information

To order: sales@morganschaffer.com
or through your local Morgan Schaffer Authorized Representative

Syringe size 30 or 50 m| 30 or 50 ml
Concentration 10, 100 or 500 ppm 15 or 30 ppm
Guaranteed True North: 30 days from syringe filling date 30 days from
Shelf Life True North Long Life: 60 days from syringe syringe filling date
Warranty True North: 30-days 30 days

True North Long Life: 60-days

A rarg 1
ACCUracy Is

Everything.

m MORGAN
SCHAFFER

©2023 Altanova Group. All Rights Reserved



Lab testing with gas in oil standard

100 PPM

140

130

120

110

100

90

80

70

60

. . .

A A m

C2H4 C2H6 C2H2

@ Upper range
M Lower range

Lab measuremen t

ALTANOVA
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Lab testing with gas in oil standard

500 PPM

580

560

540

520

500

480

460

440

420

400

e * AN
e

N
N "
)

H2 CH4 CO CO2

C2H4 C2H6 C2H2

@ Upper range
M lower range

lab measuremen t
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DGCA - Portable vs lab

Sampling point

Sampling
techniques & Gas separation and
location measurement

Gas extraction

Best case 90ppm
situation
worst case

. . 70ppm
situation PP

Portable accuracy depends on:

Detector accuracy and LDL

Regular calibration of the unit.
Extraction and separation efficiency
Time to analyze sample

ALTANOVA

A DUBLE COMPANY
ANED isa - M WX TICHM? (0 o
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DGCA - OLM vs lab

Best case
situation

worst case
situation

=)

Gas extraction

Gas separation and
measurement

95ppm

70ppm

OLM accuracy depends on:

QOil circulation

Detector accuracy and LDL

Regular calibration of the system.
Extraction and separation efficiency

ALTANOVA

A DOBLE COMPANY
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Dissolved gas limits various sources

ALTAN OVA

A DOBLE COMPANY
dm lsa MSS::HAFFER VFHENIH --( I'IM’ @

Criterion Methane Ethane Ethylene Acetylene
DOBLE 100 250 100 60 100 5(1)* 10,000 —core** 610
20,000-shell**

100 350 120 65 50 1 2500 720
IEEE C57.104 101-700 351-570 121-400 66-100 51-100 2-9 2500-4000 721-1920
(2008) 701-1800 571-1,400 401-1,000 101-150 101-200 10-35 4001-10000 1921-4630

>1800 >1,400 >1,000 >150 >200 >35 >10,000 >4630

IEC 60599 50-150 400-600 30-130 20-90 60-280 2-20 (No OLTC) 3800-14,000
(ra nges) 60-280 (communicating OLTC)

Values based on statistical norms or consensus values
*Would consider 1 ppm or more of acetylene as abnormal for further evaluation

**Empirically based guidelines

24
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Diagnosing transformer condition AoIARQEA

IEEE Guide for Interpretation of Gasses C57.104-2008

TDCG
Rate
Condifion [TDCG (ppm]) {ppmiday) Sampling Interval Operating Procedure
=30 daily Consider removal from sernvice.
10-30 daily Advise manufacturer.
4 =4630 Exercise extreme caution. Analyze
=10 weekly for individual gases. Plan outage.
Advise manufacturer.
15‘%':'3'] ::gg:::’ Exercise exreme caution. Analyze
3 1921 - 4630 — for individual gases. Plan outage.
=10 monthhy Advise manufacturer.
=30 monthly Exercise caution. Analyze for
2 721-15820 monthily individual gases. Determine load
10-30 dependence.
=10 quarterly
Exercise caution. Analyze for
=30 monthily individual gases. Determine load
1 =72 dependence.
10 - 30 quarterly
=10 annually Continue normal operation.

TDG (Total Dissolved Gases) expressed in % to 1.000.000ppm, i.e. in the picture TRN1 we see 7%, meaning there is a total of 70.000
ppm of gases (all the gases)

TDCG (Total Dissolved Combustible Gases) all the gases except N2, 02 and CO2, also in % to 1.000.000ppm, that's why we see 0%
(less than 1ppm, as almost all the gases are N2, O2 and CO2)

THCG (Total Headspace Combustible Gases) are the gases on the headspace at the transformers (especially in sealed transformers
with N2 blanket) as the gases dissolved in the oil are in equilibrium with the headspace, we calculate, based on the Ostwald

coefficient, each gas at the headspace level.

©2023 Altanova Group. All Rights Reserved



IEEE flowchart 57-104-2019 ALTANOVA

DGA Start-Up Program
Complated and
Routine DGA Program Started

|

DGA
Performed

'

Compute Delta Value
Update Rate Evaluation

All Gases < Table 1 DGA Status 1
AND

k.

All Deltas < Tahla 3

AND Continue Routine DGA and
All Rates < Table 4

Marmal Transformer Operation

Any Gas = Table 2 DGA Status 2

OR
Any Rates > Table 4

Increasad Transformer Surveillanca

and DGEA Freguency

DGA Status 3

Perform Fault Identfication and
Transformer assessment

Take appropriate Action based
on Transformer assessment results
and company policy

©2023 Altanova Group. All Rights Reserved



Diagnosing transformer condition ALTANOVA

A isa - Mxmm W TICHM? (0 e

Duval Triangle

1 The Duval Triangle method, like any other DGA diagnostic method, should be
applied only when there is some suspicion of a fault, based on an increase in
combustible gas or some other suspicious symptom. The diagnostic method itself
is not a means of fault detection.

Because of the relative inaccuracy of gas-in-oil concentration measurements at low
concentrations, DGA diagnostic methods, including the Duval Triangle, should not
be applied unless the gas concentrations are well above the detection limit.

If reasonably stable concentrations of the gases were present before the onset of
the suspected fault, it is advisable to subtract out the background concentrations,
provided that the differences are large enough for interpretation. The diagnosis
should be based on recently-formed gas if possible, and including pre-fault gas in
the diagnostic calculations can lead to misleading results2.

>

Svisbols  Faulis Exauples

FD Parrial discharges Diischarges of the cold plasma (corona) type in gas bubbles or voids, with the possible formation of X-wax in
paper

Dl Discharges of low energy Pargal discharges of the sparking tvpe, mducing puholes, carbomzed pumcnres m paper
Low energy arcing inducing carbonized perforation or surface macking of paper or the formuation of carbon
particles m odl

D2 Dhscharges of hogh energy Discharges 1w paper or cil, with power follow through, resulting in extensive damage to paper or large
formation of carbon particles in oil, metal fision, mipping of the equipment and gas alames

bT Thermal and electncal faulss Mixture of thermal and electnical faults

T1 Thernzal faudr, T=300°C Evidencad by paper neming browash (=200°C) or carbonized (=300°C)

T2 Thermal fault, 300<-T<700*C  Carbonization of paper, formation of carbon particles in odl

T3 Thermal fault, T=T00%C Extenzive formation of carbon particles m oil. metal coloration (800°C) or metal fasion (=1000°C)

1 PPMreport, Morgan Schaffer Myrkos’s operating system
2 http://www.deltaxresearch.com/triangle.htm
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Diagnosing transformer condition

Rogers Ratios

Acetylene (C,H,)

Methane (CH,)

Ethylene (C,H,)

Ethylene (C:H,)

Hydrogen (H-)

Ethane (CiHg)

Suggested Fault Diagnosis

MNormal <0.1 >0.1-<1.0 < 1.0
Partial Discharge <01 =0.1 < 1.0
Arcing 0.1-3.0 0.1-1.0 > 3.0
Slight Thermal Fault <0.1 >0.1-<1.0 1.0-3.0
Thermal Fault <700C <0.1 >1.0 1.0-3.0
Thermal Fault >700C <0.1 >1.0 > 3.0

ALTANOVA

A DOBLE COMPANY

AT isa - My W TECHMP (60 v

Rogers used these relationships and determined that if a certain ratio existed, then a specific temperature
had been reached. By comparing a large number of transformers with similar gas ratios and data found
when the transformers were examined, Rogers could then say that certain faults were present. Like the
Key Gas Analysis above, this method is not a “sure thing” and is only an additional tool to use in analyzing
transformer problems.

FIST 03-30, USA Bureau of reclamation

bgernenhurgﬂating Methane (CH;)  Acetylene (CH;)  Acetylene (C;H,) Ethane (C,Hg)
Hydrogen (H;)  Ethylene (CH,) Methane (CH,) Acetylene (C;H,)

Suggested Fault Diagnosis

Thermal Decomposition >1.0 <0.75 <0.3 >0.4
Partial Discharge <0.1 Not Significant <03 >0.4
Arcing 01-10 >0.75 =03 <0.4

©2023 Altanova Group. All Rights Reserved



ETRA diagnhostic

1000 1000
. el Arc discharge <
Ry 7 00 {High energy discharge} S
10— | [T .-" —
E T, 3 Discharge E
= L L Fon enerne diceharmst |
£ 1 B Discharge :|: [ (Medium energy discha ;'E'."’z
o — 'y 3 — -
— IE_ - F Partial discharge | _»° Owerheating
5 wf R
01 Efvetezing zhove TOIC or Oveeating + dischamge — B 2 *"-"5‘:"5"?9_‘:',’! Cis;r::;:r-;
E Medium overheating { 300~ TOO0C ) _,f' Medium oveheating { 300~ TO0C )
oo L i o i
E Low overheating Highoverheating F Low overheating i High overheating
— (sbove T0C) - [ (300°C i less ) (sbove 7007C)
il . e T .4...‘..3 il
C:H.C:H. :2H-'":2HE.

ALTANOVA
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(@) Fault disgnosis chart A (b)) Fault dizgnosis chart B

Fig. 5-1-4 Fault diagnosis chart

Tool used in Japan and Taiwan
Easier to use than a triangle
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OLTC DGA diagnostic duval triangle ~ ALTANOVA

A0S isa - MEz W TECHMP (50 s

Duval Triangle 2 LTC
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° °
O LTC D G A d I a g n OSt I C A0S isa - MEz W TECHMP (50 s

Ethylene <5 Normal , continue annual sampling
Acetylene 5<X<1 Warning, sample more frequently, trend
>1 Severe heating / coking probable, inspect,

* « Ethylene & Acetylene >S0ppm

Vacuum Type LTC’s

<10 ppm Normal , continue annual sampling

Total Combustible 10< X<25 ppm Warning, sample more frequently, trend
Gasses >25 ppm Heating / coking probable, Inspect

(CH4) (C2H4) (C2HS6)
Methane +Ethane + Ethylene

Acetylene*
(C2H2)

* Acetylene >500 ppm

: : : Recommended Samplin
Ratio Diagnosis pling
Frequency
<5 Normal Sample Annualily
Stol Possible Heating Sample every 3-6 months
1to3 Possibie Heating Sample every 1-3 months
305 Possible Heating Sample weekly 0 monthly
>5 Overneating Probable | Remove From Service & Inspect

Stenestam Ratios
©2023 Altanova Group. All Rights Reserved



New OLTC diagnostic tool ALTANOVA

* Use Multigas monitor to generate DGA analysis

e Use OLTC Duval triangles to diagnose potential problems

* Will help go from a time maintenance base to a
Condition base maintenance ....major SSS saving

©2023 Altanova Group. All Rights Reserved
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How to read an OLM spec sheet for LDL

and accuracy
A fj‘"\v
, .. \
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ALTAN OVA

How to read accuracy spec sheet e VAN L NN
The right wa% Detector sensitivity
H 20,000 ppm
C U 25 - 100,000 PPRm
The wrong way
Measuring Quantities Measuring range Measuring accuracy H
Hydrogen Hz: 0 ppm ... 2.000 ppm + 15 % of the measuring value = 25 ppm
Carbon Monoxide CO: 0 ppm ... 2.000 ppm + 20 % of the measuring value = 25 ppm

¥

H2 25-2,000 ppm
CO 25-2.000 ppm
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Monitor accuracy - system vs detector ALTANOVA

AT isa - My W TECHMP (60 v

Performance

System Accuracy

extraction separation detection

Technical Specifications

Measuring Quantity Accuracy of gas extraction = Accuracy of the gas
measurement
Hydrogen H2 <+8% s 4 ppm <+10% = 20 ppm Technology
ses -acoustic spectros | for i e
Carbon Monoxide CO <+8% + 30ppm |<+10% +  5ppm e et ez 1ocopy IPAS)forfield proven
Carbon Dioxide CO, $+8% + 30ppm |<+10% +  5ppm E%%Eﬁ“&?ﬁf??jiﬁ'ﬁﬂ S Niragen contantto e
<+8% + 4 m <+ 0 + reathing transformers
Methane CH“ = pp 10% 5 ppm Suitable for transformers using mineral insulating oil and also
Acety|ene Csz <+8% + 4 ppm <+10% + 5 ppm ester based oils (natural or synthetic)
Range (LDL - UDL)
Ethylene C,H, <+8% * 4 ppm <+10% + 5 ppm Hydrogen {H:) 5-5,000 ppm
Carbon Monoxide [CO) 2 - 50,000 ppm
Ethane C,H; <+t8% £ 4 ppm £+10% x 5 ppm Methane (CHa) 2 - 50,000 ppm
0, & o, Acetylene [CzHz) 0.5 - 50,000 ppm
Propane C;Hs $+8% * 4 ppm $215% + 20ppm Ethane (CaHe) 2 - 50,000 ppm
<+89% + 500 m <+10 % + 500 m Ethylene (CzHa) 2 - 50,000 ppm
Oxygen O, 2 pp 2 PP Oxygen (0:) 100 - 50,000 ppm
Nitrogen N, <+8% + 1500 ppm <+10% + 1500 ppm Nitrogen (N2) * 10,000 - 100,000 ppr
Moisture (Hz0) 0 - 100% RS [given in ppm)

+10%
Nitrogen (Nz) +15%
All other gases +5% or LDL (whichever is greater)
Moisture (H20) +3%

*N: available on free-breathing transformers only.
*=Accuracy quoted is the accuracy of the detectors during
calibration. Gas -in oil measurement accuracy may also be

affected by SWDH type.

©2023 Altanova Group. All Rights Reserved



How to read accuracy spec sheet A'—TANOVA

Accuracy **

Oxygen (02 +10%

Nitrogen [N} +15%

All other gases +5% or £LDL (whichever is greater]
Moisture [Hz0) +39%

*Nz available on free-breathing transformers only.

**Accuracy quoted is the accuracy of the detectors during
calibration. Gas -in oil measurement accuracy may also be

affected by sampilj oil type.

e Often accuracy stated is misleading . Accuracy shown is detector
accuracy, not complete system accuracy ( detector+extraction) and only
during lab calibration, not long term accuracy...

©2023 Altanova Group. All Rights Reserved
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OLTC / Main tank deployment with
diagnostic tool

2221 \{'

Asian Transit System
June 2017
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Asian
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OLTC analysis using IV 5.0
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Kumbar (] CHe CHe c2H2 Remarks.
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ian Utility ALTANOVA
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=N
Graphic | Data |
Data Bank: 00185 (2012-09-26 09h12).bnkx
Transformer Serial Number: SernUM
Menitor Model:
Download Date: 2012-09-26 09:12:53 using Calisto Manager version 0.1.2
Menitor Date:
H2 (ppm) | E= €O (ppm) ™=
W Higher alarm Iimit
2304
2004
150
i Lower alarm limit
a0+
o4
2012-09-02 2012-09-04 2012-09-06 2012-09-058 2012-09-10 2012-09-12 2012-09-14 2012-09-16 2012-09-18 2012-09-20 20M2-09-02 2012-09-04 2012-03-06 2012-09-058 2012-08-10 2012-08-12 2012-09-14 2012-09-16 2012-09-18 2012-09-20
CH4 (pprm) -El=E C2H2 (ppm) -El=E
1104
4904 S 100
804 an 4
70 a0
B0 70
504 B0
a0
40 404 - - =
»] Higher alarm limit
204 204
104 104
hE
2012-089-02 2012-09-04 2012-09-06 2012-08-058 2012-089-10 2012-09-12 2012-09-14 2012-08-16 2012-09-18 2012-08-20 20M2-09-02 2012-09-04 2012-03-06 2012-09-08 2012-08-10 2012-08-12 2012-09-14 2012-09-16 2012-09-18 2012-09-20
C2H4 (ppm) - == WC (pprm) =
1104 :
1004
a0
a0
704
G0
a0
404
304
204

2012-09-02 2012-09-04 2012-09-06 2012-09-05 2012-09-10 2012-08-12 2012-09-14 2012-09-16 2012-09-18 2012-09-20

2012-09-02 2012-09-04 2012-09-05 2012-08-05 2012-09-10 2012-09-12 2012-09-14 2012-09-16 2012-08-15 2012-09-20
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Steel Industry S.E. Asia QLEWOXA

Main Tank Transformer Capacity 96 MVA, 22/1.1kv
Manufacturers: TAMINI
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eel Industry S.E. Asia ALTANOVA

AT isa - My W TECHMP (60 v

Graphic | Data

Data Bank: 00122 (2012-08-17 12h35).bnkox
Transformer Sesial Murnber: 65446
Monitor Model:
Download Date: 17/8/2012 12:36:07 using Calisto Manager version 0.0.7

Monitor Date:
K2 (ppm) v b b <0 (ppm) v b=
Y 10
e ES
=1
4an B
= )
75
0 0
[==]
a0 2 S582012 Tig202 Q582012 11ia20i 2 13852012 15iE2mM 2 178012 SfE2m 2 18012 92201 2 11482012 1382012 154802012 17iE2m2
€02 (ppm| o i CH4 (ppm) vy =
==l =)
= ulu} )
wan 50
700

a0
£30

40

EO0

2012 SiEE02 Tige0 2 QERm2 11082m2 13ER012 188202 178012 SE2012 SfER02 TER2M2 araRm2 118012 1382M2 150852012 1TIR202

C2H2 (pprm) v e C2H4 (pprm) vl =

3mBL202 SELE2M 2 fra2 agrLm2 ez 2 1 3iEim 2 aiER2m2 1B 2 30BL2012 SIBI2012 TEL202 arar2o2 11080 2 130Er2m2 15682012 1T IBr2m 2

C2HS (ppm) vl b WC (ppm) vk b=

8012 SE2012 7IB2012 QB0 TUBRONZ  (3WRM2 1EBR012 (TROm2 38012 5812012 TiBR012 9BRMZ MBRM2 13M2012 1SBR0I2 178012 .
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Steel Industry S.E. Asia fault deteriorating ALTANQM@

AT isa - My WS TECHMP G0

The DATA Bank It takes 12 days develop from A to B and 6 days form B to C

Hydrogen (H2) c
2 (ppm) Ve = AtoB 0.70 ppm/day

=0

45A

BtoC 2.25 ppm/day

3B2012

5082012 TiB2012 a/B2012 TUBEIZ  13BR0IZ 1SERM2 17R02

Carbon monoxide (CO) B c
e = AtoB 1.66 ppm/day

€0 (ppm)

BtoC 1.66 ppm/day

32012 Siaf2m 2 Fiazmz Q852012 A1/8/2012 130202 15852012 176852012

Methane (CH4) Cc
— mr= AtoB 1.0 ppm/day
R
“ BtoC 6.16 ppm/day
Ethylene (C2H4) c
e ) V&= AtoB 1.0 ppm/day
A
® BtoC 6.83 ppm/day
Ethane (C2H6) c
C2H (ppm) vk b AtoB 0.3 ppm/day
“ B
LIS Y
%
24
2
» BtoC 1.8 ppm/day ©2023 Altanova Group. All Rights Reserved
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Steel Industry S.E. Asia Data vs |IEC standar

AL ARM SET: IEEE TRN MINERAL (V LESS OR EQUAL 69)
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Hamg H2 CHa C2HE C2Hd G2H2 a2 N2 coz co
1801 1001 181 2M 36 10001 1401
™ B 10 1 10 A0 =Thl

High Lewal 2 1 il 66 S| 2 2500 £

MEASUREMENTS (PPM)

Date a2 N2 coz co

Wesk 292012 213808 48537 B 28E3.2 3858

Wesk 25 2012 281196 51678 L 88

Wesk 2T 2012 273304 619454 Jedd B 438.5

Wesk 26 2012 28025 618036 35859 4BET

Wiesk 25 2012 263564 615714 IEEE a4

Wesk 24 2012 28541,1 61574 584 464 B

Wesk 23 2012 263304 523828 M09 452

Wesk 22 2012 289313 53000 Hasd 53

‘Wesk 22 2012 37143 652857 023 4507
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Steel Industry S.E. Asia diagnos

DGA ANAL YSIS

Date

Weak 29 2012
Weak 25 2012
Weak 27 2012
Weak 26 2012
Weak 25 2012
Weak 24 2012
Weak 23 2012
Weak 22 2012
Weak 22 2012

gREdN=Ig

Wook 28 2012
Week 26 2012
Week 27 2012
Wook 26 2012
Weok 25 2012
Weok 242012
Week 23 2012
Weok 22 2012

Weok 222012

Duval trizngle
T2 = Themal faulfs, 300 °C < T < 700 "C
T2 - Themmal faulls, 300°C < T < 700 "C
T2 - Themmal faults, 300 °C < T < 700 °C
T2 = Themal faulfs, 300 °C < T < 700 "C
T2 - Themmal faulls, 300°C < T < 700 "C
T2 - Themmal faults, 300 °C < T < 700 °C
T2 = Themal faulfs, 300 °C < T < 700 "C
T2 - Themmal faulls, 300°C < T < 700 "C

T2 = Themal faults, 300°C < T = 700 °C

2

carz
z
2
2
2
i
2
2

bewoRr3dadd el

B 2 3d 88888

Rogers gas ratics
Themal Taull temp. rAngs less than 700 *C
Themial f3ull temp. rEnge less than 700 °C
Themial faull temp. rangs less than 700 °C
Themal Taull temp. rAngs less than 700 *C
Themal faufl temp. rangs less than 700 °C
Themial faull temp. rangs less than 700 °C

Low tamp Memal fault

Low tamp amal fault

Low temp Memal faut

= Siray gasaing of mineral ol

= siray gasaing of muneral ol
€ =Hot spots with carbonlzation of paper (T > 300 °C}
€ =Hot spots witn carbonization of paper (T > 300 °C)
€ =Hot spots witn carbonization of paper (T > 300 °C)
= Hot spots witn carbonization of paper (T > 300 °C)
€ =Hot spots with carbonlzation of paper (T > 300 °C}
€ =Hot spots with carbonization of paper (T > 300 °C)
= Hot spots witn carbonization of paper (T > 300 °C)

ALTANOVA

A DOBLE COMPANY

AT isa - My W TECHMP (60 v

IEC 60533 gas ratios
Thermal fauft 300 "C < T < 700 °C
Thermal fault 300 °C < T < 700 °C
Thermal fauft 300 °C < T < 700 C
Thermal fauft 300 "C < T < 700 °C
Thermnal fauft 300 °C < T < 700 °C

Themal faull 300 *C =T =700 *C

Uniknown fault: pardal or miaxture of fauits — mainly thamsal fauls
Uninown fault: partal or misxture of fauts — mainly thamal fauls
Unikngewn fault partal or miadure of fauits — mainty themal faulls

= Hot spota with carbonization of paper [T = 300 °C)
C = Hot apots witn carbonization of paps [T+ 300 °C)
€ = Hot spots with carbonization of paper [T > 300 °C}
= Hot spota with carbonization of paper [T = 300 °C)
C = Hot spota witn carbonization of paper [T > 300 °C)
C = Hot spots witn earbonization of paper [T+ 300 °C)
€ = Hot spots with carbonization of paper [T > 300 °C}
C = Hot spota with carbonization of paper [T > 300 °C)

= Hot spots witn carnonization of papar [T > 300 °C)
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Steel Industry S.E. Asia Internal investigatio
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Summary ALTANOVA
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 DGA is a very powerful tool for detecting and monitoring developing
faults in oil-filled equipment

* The accuracy of the measurements can influence the conclusions drawn
— Be sure to take a good oil sample
— Always use an accredited laboratory

* Be aware of the claimed “accuracy” of online DGA monitors, read the
small print!
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