Transzformator olaj on-line oldott gaz
monitorok és hordozhato hibagaz,
analizatorok

Morgan Schaffer oldott gaz mereési elvek
kiértekelési Utmutatok

Mathieu Guertin

Tibor Kovacs

Hungary, 2010




MS egyediili teljes portfolid, komplett
megoldasok

Termekek :

On-line monitorok

Hordozhato hibagaz analizatorok
Olaj etalonok

Szoftver

Services

Oll testing
DEIEWAGEWAS
Field services
Analytical Solutiongg#®™




Eastern Canada ice storm

Kanadal szakértok

Extrém iddjarasi kortlmeények ...

70-90°C homeérséklet

ingadozas a legmele-
gebb leghidegebb kozt

A milszerezés jellemz6 ismervei :
mindseg
Precizid & pontossag

Megbizhatosag extrém
korulmeények kdzott is

Ms

SCHAFFER
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Pontossag, csucstechnika 1965 oOta

ldén 45 eves fennallasi jubileum!

Alapitva 1965-ben Montreal-ban, Kanada

Bevezettek, kifejlesztettek és szabvanyositottak a DGA-t (oldott
gaz analizis) a 60-as évek végén

Megirtak az ASTM D3612** nemzetk6zi szabvanyt (Method A)

et ofCompaos Nanber GAIOKID

ERTIFICATE OF COMPLIANCE
L—— f oﬁ
Vi SGS

Morgan Schaffer Inc.

5300 S Patick Sube 150
Lasal, Custos, HOH 241, Canads

ISO/IEC 17025:2005

T e

**|EC 60567
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Az olaj allapotanak megallapitasa

ASTM SzabVé.nyOk a Dielectric Strength D877/D-1816
szigeteld olajra Acidity b-974
Interfacial Tension D-971
Color D-1500
Water Content D-1533
Density D-1298
Visual Examination D-1524
Power Factor D-924
Inhibitor Content D-4768
Dissolved Gas Analysis D-3612
Furan Analysis l D-5837
Detect insulation degradatio

v

e , Kezdb6db problémak észlelése
Olaj minGségvizsgalatok
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ASTM 3612: Extrakcios modszerek

Vakuumos Extrakcio Atoblitéses kinyerés Fejrész-tér analizis
Oil sample is exposed to Oil is injected directly into the Equilibrium between gas
a vacuum to extract the instrument. Nitrogen is allowed to phase and liquid phase at
gases which are then bubble through the sample. This known pressure,
collected and analyzed strips the gases from the oil where temperature and volume,
by GC. they are analyzed by the attached the gases are then

GC. analyzed by GC

N Mindegyik modszer
iz A il Stapdard

e eee Gazkromatografian alapul (GC)
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TRUE NARTH

DGA Oil Standard
i, s

Hibaszazaléekok az A és a C kinyerési modszernél

Extraction efficiencies
D3612A (25/700ml) D3612C (15/20ml)

100.00 —

- 80.00 ‘\
o
g 60.00 \
X 40.00 \\
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20.00 ~—

0.00 ‘ ‘ ‘

0.00 1.00 2.00 3.00 4.00

Oswald solubility coefficient

A gazok és az olaj tipusa kihat a pontossagra
- M,
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ASTM 3612: Szabvany

ﬁHIM) Designation: D 3612 — 02

—uil

INTERNATIONAL

Standard Test Method for

Analysis of Gases Dissolved in Electrical Insulating Oil by
Gas Chromatography’

9.6 A procedure to check the extraction efficiency requires

Regular use of  the use of|prepared gas-in-oil standards|of known concentra-

standards
required by
ASTM

tion. The methods of preparation are outlined in Annex Al and
Annex A2.

22.3 Determine the linearity of the detector response
monthly by testing a range of gas concentrations expected to be
encountered in actual samples. Extraction efficiencies should
also be determined over a corresponding range to ensure they
are linear and constant over time. Samples can be prepared by
simple dilution of pure gases with either nitrogen or carrier gas
(for gas standards) of degassed oil (for gas-in-oil standards)|If
commercially supplied standard mixtures are used. they may
be checked using this method. Check efficiencies and linearity
whenever chromatographic conditions are changed.

m MORGAN'
SCHAFFER

Iransformers - The Inside View



Precizid & Pontossag

Kihatas a mérésekre

Preciz de... nem pontos Preciz ES pontos

Mindkét kritérium donté fontossagu a helyes
diagnozis feldllitasaban és déntéshozatalban...

m MORGAN
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Pontos-e az oldott gaz analizis eredménye ?

A diagnozis megbizhatésaga nagyban flgg
az oldott gaz analizis (DGA) pontossagatol

CIGRE result for Round Robin Test
(RRT) at low concentration levels.
Results of individual laboratories (.)
and prepares DGA standard value (x)

D1 £ D2

&9 T3
<-- % C2H2

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



MS Olaj Etalonok: TRUE NORTH

Low level (10 ppm) TRUE N I'EI RTH

A Ofl Standard

Medium level (100 ppm) ' o
Nemzetkozi szabvanyok mint az
ASTM 3612 és IEC 60567 elbirjak

High level (500 ppm) hogyan készitstink gaz-az-olajban
etalonokat.

Real Life (Avg ppm)

A procedura koltség és iddigenyes, és
magasan kvalifikalt szakembereket
igeényel

A Morgan Schaffer tdbb mint 6 éve szallit DGA
etalonokat a laboroknak, tobb ezer etalon biztositva
vilagszerte.
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DGA - oldott gaz analizis
A folyamat Iépései

syringe

Szétvalasztas és

Mintavételi ~ Mintavételi csomagolas s7allitas Minta Gaz kinyerés Me&rés
pont technikak és elékeészités
helyszinek

Sok kildonb6z6 lepcsé

A valtozok nehezen nyomonkovethetdk

ToObb operator vesz reszt a folyamatban

m MORGAN
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DGA
ldedlis vs realitas

syringe .
Gas separation

Samplin Sampling : _
po?nt ’ techniques & Pe;]ckaogl:]l[ng & Transportation Sample Gas extraction and
anding preparation measurement

location

100ppm 100ppm 100ppm

Nincs veszteség / nincsenek valtozok

Legjobb  100ppm 99ppm 98ppm 98ppm 97ppm 95ppm 95pm
eset Little variations / controlled process
Legroszabblooppm 69ppm 65ppm
eset Process out-of-control / no accuracy

Issue with sample preparation / gas extraction / separation / measurement

m MORGAN'
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ldeal vs reality: how do you know?

H, hypothetical
concentration

syringe .
. ) Gas separation

Sampling tefg?p“gg 2 Pa;]ckac?l[ng & Transportation Sample Gas extraction and
point Ioc:aqtiuon andling preparation measurement

Ideal
100 100 100 100
situation Ppm ppm ppm ppm

—

Use of gas-in-oil standards TN 10/100/500/ TrueLife

TRUE NARTH

DGA Oil Standard Expected results of testing
— - TrueNorth = +/- 5%

If process is accurate and precise

SCHAFFER

== - = ) Transformers - The Inside View




Termékek es szolgaltatasok
MUlszerezés

MYRKOS CALISTO Széria
Hordozhat6 hibagaz analizator Online traf6-olaj monitorok
PPM jegyz6konyvezd szoftverrel Calisto Access szoftverrel
Labor szolgaltatasok Olaj Software
Etalonok =N
TRUE NE’RTH % Mgr_ ‘ | CEHRME  Fa- cusawzE
f).l.,-] U:r_.\:rl.:nn':fd' Z 8 0 MyReports ! |mglco)€%‘.q%ﬁ - .

MM SAVPLE MANAGER | s

ATLANTIS m MORGAN
SCHAFFER
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DGA - oldott gaz analizis : Hibagazok

1. Gases
2. Present in very small quantities (ppm) ] ,
3. No bubbles, i.e. dissolved in oil 7 h I bag aZz
Carbon dioxide (CO,) Hydrogen (H,)
Carbon monoxide (CO) Methane (CH,)

Ethylene (C,H,)
Ethane (C,Hy)

A szigetelt tank szivargasara
S Acetylene (C,H,)

¥ A szigetelés tilmelegedésére '
utal Allapot/hibak rosszabbodasara utal

A gazok a komplex olaj/szénhidrogén molekula ktlonféle (hé és elektromos) sokkok
hatasara valo szétbomlasabol és az atomok Ujra-kombinalédasabol keletkeznek.
Tobbféle mdédszer Iétezik a DGA eredményeinek kiértékelésére (Duval haromszo o._;_-;_:‘.,if
Roger Arany ... stb.). A DGA egyértelmien jelzi a problémat.

T MS MORGAN'
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A csokkend trend
téves kovetkezte-

téseket szulhet ...
(hiba megszlinés) o=

Eghetd gazok keletkezési trendje

Combustible Gas Generation vs.

Approximate Oil Decomposition SGHAMFEH
Temperature e
Fartial DiGofiargs (Mo Temperabors Dependant)
I — Fargs of Hormal Cperasion
J' 1—:-:‘?.—.“:':.—|- 1%"—&
H
cH,
Csak 2 gaz mutat
folyamatosan

novekvo trendet

Py lmma

C,H,
r

Acnizhina

C.H,
\,

Gas Generafion (Not to Scale)  Approximate Qil Decomposition  Temperature abave 150°C

Refersnce: Technioal Faper FIST 130 (Page 471 Tramsiormer Mainilenance
Fachites insractions, Sangands and Techniques — Lintsd Siales Depariment of inferior
Bureaw of Rechmation, Danwver, OO0 Hydvozizoric Reseams and Technice! Serwces Group  D-0480 Qciober 2000
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Hibagazok okozai ...

Hibagazeloszlas a probléema jellege szerint

Corona Arcing

C2H4 C2H2
CH4 C2H6

Cco

H, jelen van minden
probléma tipusnal

m H2

m CO

m CH4 H2

m C2H4

o C2He Arcing is the most

" 2z concerning type of fault
condition as it typically
escalates to a transformer
failure.

Co C2H4
Papir tulmelegedés Olaj tulmelegedés

Calisto / Calisto 2

MORGAN"
SCHAFFER

Tranzformers - The Inside iew

Proven records of Precise and Accurate readings




Transzformator monitoring: 3 kulcs adat

P
o kepesseg az allapotvaltozas eszlelésre
MINDEN esetben = Védelmi adat.
-
4 ) )
Kepesseg az allapotvaltozas
kOvetésére = Monitoring adat.
- / J
P
PN Kepesseg a ,rossz” allapot diagnozisanak
felallitasara = Diagnosztikal adat.
-

m MORGAN
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Calisto Széria

Calisto..
Calistos. [ J

hydrogen - moisture :ffiss:::
carbon monoxide  F%EREREEE

Calisto

5 fault gases - moisture i3

::::::::::::

On-Line Diagnozis ha

szUkseges

MORGAN
SCHAFFER
Transformers - The Inside View




Calisto & Calisto 2
Oldott H,/ CO plussz H,O Monitor

Preciz és pontos mérés kuldn-kuldn minden oldott gazra

—

1 . i
’ Calisto 2

Calisto
Dissoived Hycrogen 8 Wateronier |

=

e

o 8 H.O H,, CO & H,0
2 ) 2 Accuracy: H? +/- 5%
Accuracy: H* +/- 5% CO +/- 15%
2
H“O +/- 3% H20 +/- 3%

Dl=ii= <= -l | Minden tipusu allapotvaltozast

[ Monitoring ] Allapotvaltozasi trend kovetést

LehetOveé teszi a

m MORGAN
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Calisto & Calisto 2

Oldott Hidrogén és Nedvesseg Monitor

Calisto miszaki adatok:
Why Hydrogen?

. Hidrogeén keletkezik minden jellegi folyamatos H2 mérés

transzformator hibanal = 5 Programozhat6 Alarm relé
=  Detecting low concentrations of = Méréstartomany : 2 ...50,000 ppm
dissolved hydrogen will trigger the Adatmemoéria : 6,000 adat

H2 alarm well before the Buchholz relay

. . Mintavétel : 5 masodpercenként
is tripped.

Why Water?

» A nedvesség befolyasolja a szilard folyamatos H,O meres

szigetelés dielektromos jellemzéit. *  Data storage: 6,000 records
. Reported in ppm, %RS at 25°C, or %RS
at specific transformer temperature

. Selection table of oil type

H,0
Why Carbon Monoxide**?

. folyamatos CO méreés

= A COacelluloz lebomlas termeke . . ,
=  Merestartomany: 25 ...100,000 ppm 44

= Lokalizalt ir-szigetel®
okallzall papir-szigetelo = Adatmemoria : 6,000 adat

talmelegedés eredménye.

| MS MORGAN'
SCHAFFER
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Calisto & Calisto 2

Olaj keringtetd es elokeszito aram-kor

TCD CALISTO enclosure and circulating
Gas Extraction Probe Detector oil are maintained at constant tem-
for H2 peratures.
Pump 1 Factory defaults:
0il: 35°C
- = = = Enclosure: 35 'C
0il Conditioning Module B ‘
] — — — — — + 4+
+ + %
0il Conditioning ~ | i circutation
[ ——— Module A x| Module
0il Conditioning Module A
—— = [ $33338 _  sesese_
e @ Outside - % N
¢ 2 # Fan - % %
OUTLET Kl INLET P
+ + ¢
; _ 5 Fejlett mintavételezés a gyors hibajelzéshez
Folyamatos olaj keringtetés

e 2 L ) = arendszer uzembiztos mikddése
Integralt aramlas figyelés

s m e alapértékek / trendek reproduktivitasa
Preciziés hdészabalyzas

m MORGAN'
SCHAFFER
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Calisto & Calisto 2

Olaj keringtetd és elbkészité aram-kor

H2 detektor port
Pumpa: 6 Hz K‘.ﬂ

Gaz kinyerd kamr - _ J u-%

Olaj &ram : 60 ml/min EN®]EY
keringtetd
Az olaj a gazkinyerd

kamraban o6ranként
40-szer cserélddik

m MORGAN
SCHAFFER
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Calisto & Calisto 2

Olaj keringtetd és elbkészité aram-kor

Calisto PTFE Gaz

Extrakcios szonda

Ellenall a
vakuumnak

m MORGAN
SCHAFFER
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Calisto 2 Kommunikacios funkciok

|
Calisto 2
l HYDROGEN - CARBON MONOXIDE - MOISTURE
|
0 e
000
MORGAN
SCHAFFER

 Transformers - The fnside Ui

Calisto 2 Port

USB 2.0

Protocol

MSSP

RS-485

RS-232

Modbus
DNP3
MSSP

MSSP

Ethernet

Alarm relays (5)

4-20mA outputs (3)

4-20mA input (1)
(oil temperature)

DNP3/TCP
MSSP/UDP
IEC 61850*

*Options

Link Client
USB cable Laptop
Serial cable,
Phone link plus modem*
Serial cable,
Phone link plus modem*
Control
Cat 5 cable, room/
Optical cable plus Regional
converter* center
Relay monitor with
wireless modem*
Calisto Oil Temperature
Probe*
Transformer

Minden felhasznaloi igényt kielégit

m MORGAN
SCHAFFER
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Calisto 2

TCD (hékonduktivitas szenzor) méri : H.,

Nedvesség H,O monitoring.
5 Alarm Relé : No/NC Kontakt, szabadon konfiguralhato, 6n-teszt és mérési alarm kondiciok.

Mérés Alarmok : Programozhaté dupla szint és TREND ALARM H,, CO & H,0
Olaj aramlas Alarm

Olaj Tipus Szelekcid (6): Oswald oldékonysagi koefficiens

Garancia: 3év/s5éva keringteté pumpara, hémérséklet
szabalyzo rendszerre, a gazkinyerd rendszerre és TCD szenzorra

SCHAFFER

Transformers - The Inside View




Calisto & Calisto 2

Telepités
. -

m MORGAN
SCHAFFER
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Morgan Schaffer : Komplett megoldast nyujt

« .

© TRUE Ntﬁn‘rH m——ee

‘O Olaj DGA rur Sta i

C_U A etalon 5 - ATLANTIS

X . O

E 0\\ 2011 e

g \\ Hord. / labor = |

% 0\ I[EC 60567

o) megfeleldség —_

\Hﬁ

Information =
systems M ol Livs

Az Eqyetlen OLM gyarto
Laborral

+
ISO 17025

Mért gdz-komponensek

MS MORGAN'
SCHAFFER
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Transzformator : Elektromos haldzat
A globalis kep

$

Hibak torténnek ... csak ido és

valoszinlséqg kérdése !l
J ML e,

Itansformers - The Inside View



Az Online monitoring koltségei

Diagnosztikai adat : 0 €

Monitoring adat : 0%

10 év

Ha hibajelenségek nincsenek egy trafo
élettartama alatt, csak a Hibadetektalasi adatot
Kell megfizetni

m MORGAN
SCHAFFER
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Az Online monitoring koltségei

Allapotvaltozas : koltség atszervezés

0€
o 00V
Diagnosztikai adat
0€
€
10 00 10 000 €

Monitoring adat

Detektalasi adat

10 ev
Allapotvaltozas esetén a Diagnosztikai adatok

fontosak, de egyébkent elég a Detektalasi es/vagy
adat

T MSMORGAN'
SCHAFFER
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Online monitorok

Lefedettseg optimalizalas

Detektal

Yo

Diagnozis

Alé_l_llomés

Ha a traf6 allapota rosszra fordul...

________

e el MY

Kritikus 2

m MORGAN
SCHAFFER
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Online monitorok

Riasztas

Sub-station

hiba alarm jelzés az alalloméas
felé

Critical 2

m MORGAN
SCHAFFER
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Online monitorok

A riasztas elinditja a helyszini szemlét és a Myrkos DGA-t

Riasztasra a helyszini karbantarto
csapat a DGA eredményekhez

Alallomas
- fordul.

=E <<<< 1lnap
= ‘ a diagnozis erdményei a
| dontéshozok kezében vannak

or Lab DGA

|

Critical 2

m MORGAN
SCHAFFER
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Online monitorok

A multigaz monitorral behatdan figyelhetjuk a kritikus trafot

A kérdéses traf6 allapotfelmérése utani
lehetbseg

Sub-station

Ca

ASTM D3612
IEC 60567

.

* .
: “a‘ On-site
"ttsaanag, ----...---..-l“““ Condition
: assessment

ha szukseges : on-line multigas
monitor a problemas helyekre

vel.)

Critical 2

m MORGAN
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Online monitorok

Teljes diagnosztika a Calisto tdbbgazas online monitorokkal

Egyedilallo Calisto tulajdonsagok

. : o felcserélhetd
» olaj keringtetd rendszer Kialakitas

- rozsdamentes acél csdvezés
- folyamatos olaj aramlas figyelés

* mintael6készités + hémeérséklet szabalyzas

* megegyez0 telepitési feltletek
Calisto 1/2/5/9

ChahStSP B Eg 5 CO + Duval gazok + T

Calistoq  Nibagaz+02+N2+H20

complete DGA - moisture .

m MORGAN
SCHAFFER
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Calisto Multigas

Gas detection

Gas separation

» Continuous Oil Circulation

P Integrated Flow Monitoring

» Precision Thermal Requlation
» Automated Self-Calibration

Proven technologies packaged for long term rellablllty

m MORGAN'
SCHAFFER

Transformers - The Inside View



Detector signal (nA)

Calisto Multigas

12
CoHs
T CH
¥ C,H,

- co, CoH;

06 |

0, N,

04 | co

02 | H, ’ l j

. . . | .

0 2 4 6 8 10 12

Time (min)

Specifikus gazkromatograf

' m MORGAN
SCHAFFER
fans e Inside View

Transformers - Th



Calisto Multigas

.
[ —— iy

PAS S5
' SCHAFFER
Transformers < The Inide View

o support: + 001.514.739.1967
- L

/

On-line kalibralas

ETAER

MORGAN'
SCHAFFER
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Calisto Multigas

Vivogaz

Gazpalack :

2 evre vald 6N He

Adagolod rendszer:

B Figyeli és szabalyozza a nyomast

(szenzor / kapcsold)

m MORGAN
SCHAFFER
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Features & Benefits

Other

Calisto Multigas

Legkisebb detektalasi limitek az iparban a kulcs gazokra :
H,, CH,, C,H,, C,H, és C,H, (Opcio SFy)
legnagyobb méréstartomanyok az iparban az 6sszes gazra;

pontossag femjelezve a NIST szabvanyok és a Morgan
Schaffer ISO17025 akkreditalt DGA labor altal;

kompatibilis az ALALLOMAS SZABVANYOKKAL a szigetelésre
(IEC 61850-3 and IEC 60255-27);

beépitett gaz és nedvesség oldekonysagi egyitthatok a legtdobb
hasznalatos szigetel kbzegre;

elblapi kijelzé és interfesz;

3 evnyi adatbank;

IEC 61850-3 kommunikacios protokoll

Egyedi felcserélhetd telepitési kivitel
C1,C2,C5&C9

SCHAFFER

T i Transformers - The Inside Vieu




MYRKQOS

MicroGC ASTM/IEC compliant

On-site Dissolved Gas Analysis




e §Uj Myrkos terepi Kitt

= tulajdonsagok

* katonai spec. Lithium lon telep 7 6ra
fuggetlen mikddes 300 ujratoltés.

----- ¥ : * beépitett He vivégaz tank 40 6ra

= Ujratoltés nélkul

* No He bottle for O2/N2 analysis
anymore.

» kompakt kiviteli miszerbérond.

» kdnnyl beallitas mikodeés kdzben.

» flexibilis adat management hord. PC-
vel

m MORGAN'
SCHAFFER
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MYRKQOS Labor kitt

A hordozhat6 micro-GC konnyen lehetéve teszi
a pontos és gyors oldott gaz analizist laborban
vagy terepen egyarant

IEC 60567 / ASTM 3612

Operational Excellence
Cost savings

Speed of execution

PONtoSSAg : - 5% Olaj etalonokkal periodikusan kalibralhaté

IsmétlGkeépesseg : +/- 2%

Mintavevo fecskendd hordtaska m gg&%%ﬂ

Transformers - The Inside View



MYRKQOS

helyszini oldott gaz analizis
Korai hibagaz észlelées a Calisto 2 és Myrkos-al

Stable H,
condition

c

o
=
©

c

o

(&)

o
I On-site visit /

g1 visual inspection

o [

@ Critical early N )
g Sﬁ:;encgtg)n In H, Ton-site/sampling im?r?é?ilitaetg rcé,é(" Tlab analysis
> 1-10 6ra 0.1 Hours 1-5 nap

PLUSSZ ... MYRKOS =

m MORGAN
SCHAFFER
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Calisto adatok

esettanulmanyok




Calisto adat

H, monitoring

e AMSpInl

Enc
Dp nFile
Save File 43 - =

!wlﬁﬁms S/H AD260150 Bank saved to disk on: Mon Dec 30 13:53:20 1996 Stabll ala Szlnt 20 m
Frinit Giaph T1 Unit time was : 12/30/96 13:58

n

Printer Setup
Exit. — Date;
—Ttydogen Cone (orin)

260

200

150

100

50

| , | b~
1[‘\!.‘25_:1'1335 1210';/1895 12/15/1996 1242341996 .I .I KIEEI,I'I-I EEE .I E;D?Iﬂ ESE -I E.I'I-I El.l'l-l EEE : 1 2;23{'.]] HEE

[File: C:\Program Files\msplat'5 amplesiE sampled.bnk] Date

Hydrogen
pn]

ndvekvd H, koncentracio

100 ppm/ho
1 honapnyi intervallum

I 1 I I
20/07/2002 270772002 03/08/2002 1040872002 17/08/2002

EXIT

Date




AMSplot

| ‘ t d t
Fle Prefeiences WiewDala  AMS500 took  Caloulstor About

B S i e s waE H,O monitoring - valtozas

Model CALISTOD 2001 §/N #: C55-0752 Bank saved to disk on: Mon Sep 30, 2002 at 07h50
Location - MHORGAN SCHAFFER Unit date/time was - 2002/09/30 06:50:22
Trans. ID: TEST BENCH

Date

Kl

Conc. (ppm}

25-50 ppm
1-havi periodus

1 I I I
200742002 270742002 03/08/2002 10/08/2002 17/08/2002
AMSplot
Preferences WiewDala  AMS500tools Caleulalor About

PE BB a O | i el i 0 |

Model: 5/N: Bank downloaded on : Tuesday. Jul 10 2001 at 13:51:44
Location: SRP Unit date: 2001/07/10 Unit time: 20:21:05
Trans. ID: AW02

Ciklikus
F(terheles)

Date

Conc. (ppmk

10-20 ppm
1-havi periodus

-

1 1 i 1
02/06/2001 0370642001 1670642001 23/06/2001 3070642001

[File: C:AData"SRPASRP bril Date
EXIT




Fle Preferences View Dala AMSE00tock Caloulaior About

FE E & [ e | b2 el W] G 0 G

Model : CALISTO 2001 5/N #: C55-0737
Location : DAMHEAD CREEK
Trans_ ID: GT 2

Hydrogen

4

Bank saved to disk on: Tue Dec 24, 2002 at 08h47
Unit date/time was : 2002/12/24 03:27:29

Date:

Con. (ppml:

0= I |
2471172002 0122002 08A 2/2002

) I
15/12/2002 22/112/2002

File Preforences YiewData AMS-500tooks Caloulator About

7 ) (5 B & ([ e |l et W () 0

Model - CALISTO 2001 S/N #: C55-0752
Location : MORGAN SCHAFFER
Trans. ID: TEST BENCH

Hydrogen
500 ﬂ

Bank saved to disk on: Mon Sep 30, 2002 at 07h50
Unit date/time was - 2002/09/30 06:50:22

Date: 02/08/2002 5:03:45
Conc. (ppm}  490.5

0= I !
25/08/2002 01/09/2002 08/09/2002

[Fle: CAD ataMiranit T est bench (0930 07HS0Lbr]

Date

15/09/2002 22/03/2002

IT

Calisto adat

koral hibajelzés - H, monitoring

Hirtelen ndvekvo H, koncentracio
30ppm/ora !

Lassu novekedés H,
kepzédes




L= Calisto Access
Communication  Download  Help

Statusl Settingsl Advancedl External  Graphic |

Calpine,

sHbSE|Feilukoe=>3 4 1@k ix|

Data Bank: Gsuf1 gB05-04 (07-12 04h35).brk
Calisto Model: CALISTO 2001 5/M #: C55-0523
Location: MORGAN ENERGY CENTER
Transformer [D: GSU#1 GBO5-04
Download Date: MonJul 12, 2004 at 04h35

Calisto Date: 2004/07/12 04:40:56
Hydrogen

ppm 4

4000 —

Hydrogen sudden
increase from 80 to
e 3800 ppm

[l | — |
200340103 2003/04/23

Transformer sent
back to factory in
Mexico for repair (6
months)

| |
2003408417 2003/12/05

Transformer back in
service. Calisto
indicates 10 ppm of
Hydrogen

|
2004/03/25

|Dist:0nnected [

20—

D L

| |
2003/01/08 2003/04/23

| |
2003408417 2003/12/05

|
2004/03/25




B calisto Access
Communication Download Help

Status] Settings] Dulputs} Measurements i I

SHMmESBE 528wk & b
Data Bank: U_ MORGAN~1_AGENTS~1_US4_~CUSTO~1_GREATR~1_CALIST
Calisto Model: CALISTD 2 $/M #: C85-10543
Location: DICKINSOM
Transformer |D: 28030
Daownload Date: Thu Aug 20, 2009 at 10h26 using Calisto Access Version 2.54
Calisto Date: 2009/08/20 10:27:12

@ Calisto 2

Data File

28030 (2009-08-20 10h26).bnk

]
2003/05/21 2009/06/09

2009/05/21 2009/06/09

2009/067/27

2003/06/27 2009/07/16

0

2003/05/21 2003406409 2009/06/27 20090718

2009/07/16

2003/08/03 2009/08/21

Carbon
Monoxide

2009/08/03 2003/08/21

2003/08/03 2008/08/21

20

1}

2003/05/21 2003/06/03 2003/0B/27 2003407416

2009/08/03 2003/08/21




CASE STUDY
Hydro One

Calisto Access

Status | Settings | Outputs | Measurements {Giaphc | Select Rs4351D: [ | W
FHOSE ik oe= 0 @
T13 (2006-09-12 15h27).bnk
DataBank: T13 (2006-09-12 15h27) bnk
Calisto Model: CALISTO 2001 S/N #: Ch5-0892
Location: CLAIREVILLE TS
Transformer [D: T13
Dawnload Date: Tue Sep 12, 2006 at 15h27
Calisto Date: 2006/09/1215:27.07
:
<+——Fault
onset
200
150 .
Despite stable load, faults keeps
evolving.

1 Fault evolves Transformer is shut.dow ‘

50

2005/07/10 2006/07/21 2005/08/01 2005/08M3 2005/08/24 2005/09/04
E Jiscor @

BO—

40~

20

o

2005/07/10 20050721 2005/08/01 2005/08413 2005/08/24 2005/09/04
% Jiscor ] @

m MORGAN'
SCHAFFER

Transformers - The Inside View



CASE STUDY
CFE, Mexico

e Transformer sent to factory for major
ﬁmmfsfﬂn (PN EE  maintenance;

e A few months after the unit was back in

&l Calisto Access @a@|| service, alarms were triggered by the on-
e cusmsaso g || lin€ monitor;

Status | Settings | Advanced | Extemal [Gr

FEHHSA &L Wk we= 3 0T B X
Data Bark: T.punidad 1 [2005-12-22 10052] bk

* The data recording showed significant

Calisto Modet. CALISTO 2005 S/N #: CE51732 Increase in the H2 content;
Tranfomes 10: T.P.LI!\IIDNJI .
e mw * The DGA results confirmed the H2
il | reading of the instrument;
500
40 e Cause: During the investigation, the
) manufacturer found a defective part inside
gE the unit. This was causing a false contact
‘“'; between the internal plates and
005/08/31 20050923 200501016 2006/11/08 200512/01 200512723 creating micro-arcs.
e ; @

m MORGAN
SCHAFFER

Itansformers - The Inside View




A muszerkatalégusok és muszaki leirasok megtalalhatdk:

nttp://www.rnorganscnaifer.corm

Www.merestechnika.com /
WWWwW.tectra.nu

KOoszonom!




MS QOil Standards: traceability

TRUE NORTH - Traceability of gravimetric measurements

sartorius

sartorius

=T T T T T T T - S, 0T T T - - TR T TV T e T - - =T T T
BALANCE CERTIFICATE OF CALIBEATION BALANCE CERTIFICATE OF CALIBRATION
CUSTOMER \ EFE 6 CERTIFICATE # sH. Tl CUSTOMER: S CERTIFICATE # g3,
ey CALISRATION DWFE: { . F— CALIBRATION DATE i
L EHMSERMENTAL Combiions o ENVIESONMENTAL COMDITIONS
DEPT WERT GOOD | AR | PooOR il - _ . S —
) 1 ] [u] DEPT [ ':'rt__I o |« |rul|- "'."‘I"‘ |
I [ GERIAL NUMEER [ MEXT CAL DUE DATE | L ———— S - : :
—r i MARE — MDDEL - SERIAL HUMEER [ WEXT CAL DUEDATE |
This carifiek thal ha b baknce Nas baen calbrated umng the T 5 i : | J
proceduiss wih waights racestls 19 e Na IST) The cerifies that the abee Bakk
- procedures with wRighis Nacaatdia 10 T Malional Ingiule al Sandands and Technokssy (NIST)
Sartorius Waigh [T : )
Calibrated to Clags: A5 CLASE Sartorivs Weight Sot |D#; 2081 S22
Date Weight Set Calibrated; March 09,2005 Calibrated to Clags: A5TM CLASE
Date Weight Sat Due: __'"‘_“"'_r_:":r"" a - Date Weight Sei Callbrated: *ar=h 08.2005
Cortificate Number: "W-004185-3572 Date Weight Set Dus: Miarch 2008
; . WD aETE T
CORMER LOAD ERROR WEIGHT USED TOLERANCE Certificate Humbar
M REFPT | InTal
STATUS B c o v T H
A B 1
BEFGRE ADJUSTMENT I R
AFTER ADJUSTMENT 1 11 B
c Frenl
LINEARITY Range 1 Range 2 Range 3
CHECK Tolaranoa O S Tal Tokarance
Nominal Vake Belore -'-'-.»::|u5l:'||.-:'|l: 1N O | Aller Adpstment [T
| TOL | TOL | ToL | TaL
. I n ~ 1 -
TS S Y S < A A e | i T T Nﬁ
] N e RUE RTH
1 | - 4 3 . ¥ 3 LN - = " i "
o ot | C &l 5 =l DGA Oil Standard
Commants: . "
i e R
ucian Yoiculet i L X B A
Sartorius Service Rep, (Print Nama) Drate of Service Signature
] THE CERTIFICATE OF CALIBRATIOH SHALL ROT BE REPRODUCED EXCEFT I FULL WITHOUT THE

7173 Durwen: Drive 8 4
Winsssauga. Dot L 152

WRITTEN AFFRIVAL OF THE SARTOR:

3 CORPDRATION




TRUE NORTH Portfolio

Certificate of Concentration
T & M
Certificate of Concentration RUE NORTH S SCHAFPER
DGA Oil Standard - v s
MORGAN
IRUE NORTH , SCHAFFER
D GA. 0 i I S tan d ar d Transformers - The Inside View Syringe SIN Lot No Dale Filled Praparad by QcC Approved
FA16 02/12/2008 FA
Syringa SN Lot No.: Date Filled Prepared by: QC Approved Component Concentration® (ppm) Component Concentration* (ppm)
FA14 02/05/2008 FA H,  (Hydrogen) 525 + 5% CO, (Carbon Dioxide) 560  * 5%
’Ir ’If Q,  (Oxygen) 17100 t 5% CH, (Ethylane) 533 + 5%
. N, (Nitrogen) 60700 & 6% CH, (Ethane) 514+ &%
Component Concentration* (ppm) Component Concentration* (ppm) CH, (Methane) 535 4 6% CH, (Acetylena) 503+ 5%
CO  (Carbon Monoxide) 533 4+ 5%
H, (Hydregen) 10 = 15% CO, (Carbon Dioxide) 33 + 15%
0,  (Omygen) 18000 = 5% CiH, (Ethylene) 10 + 10% () Millilers of gas 3t 273K and 760 todr per cubic meter of ol
N,  (Nitrogen) 65400 t 5% o (Ethana) 10 x 10% Concaniraiions ane delemmined by the method of preparation and are verded by laborsiony analysis.
CH, (Methane) 10 + 15% CH, (Acetylens) 09 + 10% # defined on a 95 % confidence interval for true concentration
CO (Carbon Monoxide) 1 + 15%
(7)) MilSters of gas at 273K and 760 torm per cubsc meter of oil T .
Gi s hiod of i finc by |
onCenirations an:dﬂw'rmnn-ﬂ y tha mathod MD-'IrMIn:“and ara woril by |sboratory analysis Cert{f’cofe of Con Cenrra fl-on
RUE NORTH SCHAFFER
-f- f H DGCA Oil S d d Transfarmers - The Inside View
Certificate of Concenfration i tandar :
T & M
R u E N R T H T X E‘;FI:I{AFFIER Lot No Date Filled: Prapared by QC Approved
. Fansformers " .'.'\n;r."u' W
S —— FA09 02/05/2008 [ FA
Component Concentration* (ppm) Component Concentration* (ppm)
Syringe S/N Lot Mo Date Fillad: QC Approvad: .
H, (Hydrogen) 15 + 16% CO, (Carbon Dioxida) 1465 + 5%
0O, (Oxygen) 23400 + 5% C.H, (Ethylena) 6.8 + 10%
FA15 02/05/2008 FA N, iNirogen) 61100 &+ 5% CH, (Ethane) 28+ 10%
CH, (Methane) 10 + 15% C.H, (Acetylena) 35 + 10%
Component Concentration® (ppm) Component Concentration* (ppm) CO  (Carbon Monoxida) 194 4 5%
H;  (Hydrogen) 100+ 5% CO, (Carbon Dioxide) 123 £ 5% ") Millilers of s 8 273K and 76D lor per cublc meter of il
0,  (Oxygen) 17800 t 5% C,H, (Ethylena) 103 t 5% Concentrations are detarmined by the method of preparation and are verfied by laboratory analysis.
M, (Mitrogen) 64300 + 5oy C,H, (Ethane) 102 + 5% + defined on a #5 % confidence intarval for true concantration
CH, (Meathana) 104 + 5% CH, (Acetylena) 101 + 5%
CO (Carbon Monoxide) 103 + 5%
() Milliiters of gas at 273K and TEO lon per cublie meter of oil
Concanitrations ane debarmmned D]r'.ﬁé miethad of prepafalion and are venfied by laboratory ﬂndljdlé..
£ defined on a 95 % confidence intarval for true concantration

MORGAN"
SCHAFFER

e = The Inside View




\

USINE DES GAZ SPECIAUX
11 201, BOUL. Ray Lawson

Certificat d’analyse

ASTM 3612:
Gas Standards

CALGAS - Traceability of primary gas standard

COMPOSANTES;

RESULTATS PAR ANALYSE(%MOL)

Anjou, Québe

CLIENT : MOMNTREAL
#OF : 03-5GM-3090
REQUISITION : 03-200-0156
H#SERIE: 5990317 A
TAILLE 30 AL

GRADE : CERTIFIE
EXPIRATION ), 200
P.O: N/A

CODE: N/A

COMPOSANTES;

HYDROGEMNE

MONOXYDE DE CARBONE
DIOXYDE DE CARBONE
METHANE

ACETYLENE

ETHYLENE

OXYGENE-DANS AIR
AZOTE DANS AIR

.. S N & P

Bté certifié pai

Utilisant des balances qui sont calib

RESULTATS PAR ANALYSE("MOL)

FRANCOIS GRISE, CHIMISTE DES GAZ SPECIAUX
s

ﬂﬁ\lﬁ LIQUIDE

SYSTEME QUALITE « 150 9002 211F {1-69) G

HYDROGENE 0.205% +/- 0.004%
MONMNOXYDE DE CARBONE 0.203% +/-0.004%
DIOXYDE DE CARBONE 0.213% +/- 0.004%
METHANE 0.207% +/- 0.004%
ACETYLENE 0.194% +/-0.004%
ETHYLENE 0.198% +/- 0.004%
ETHANE 0.204% +/- 0.004%
PROPYLENE 0.192% +/-0.004%
BALANCE AR
OXYGEMEDANS AIR 21.0% +/-0.4%
AZOTE DANS AIR a 77 4% +/-1.9%
/ N, &’7/:,'\....' R

J :
F-RANCOT{GRI‘?E, CHIMISTE DES GAZ SPECIAUX

17/11/2003

Ce mélange a été certifié par une combinaison de valeurs mesurées par poids et analyses en
Utilisant des balances qui sont calibrées avec des poids  NIST,rapport n.0.M-3378

EAIR LIQUIDE

SYSTEME QUALITE = 1SO 9002

TRUE NARTH

DGA Oil

———

Stardard
— e

=

211F (1-88) GD

MORGAN"
SCHAFFER

wers = The Inzide View




TRUE NORTH

Each batch is manufactured in a
specially designed container

The container is designed to
optimize transfer to oil syringes
without contamination

Batches were tested for gas
TRUE NARTH concentration stability for periods

DGA Oil Standard

Ly —— of up to one year

* Of course for results that are more Precise and Accurate we
recommend to use the standards within 30 days of MORGAN"
manufactured date B =T

Tranzformers - The Inside iew



