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Summary of Technical Changes

* This new edition represents a major revision of the fourth edition, bringing this document in line
with the latest developments in oil condition monitoring.

* New interpretation tables have been created, containing limits for oil parameters specific to plant
type with suggested corrective actions in the tables and new test methods.

« The action limits for all oil tests have been revised and changes made where necessary to enable
users to use current methodology and comply with requirements and regulations affecting safety
and environmental aspects.

« Category O has been removed and is now incorporated within Category A.

* Online moisture interpretation is now incorporated.

* More guidance on oil treatment (including reclamation criteria) is now available.
« Guidance has been updated regarding corrosive sulphur.

* |In addition, this document incorporates changes introduced in associated standards (e.g. IEC
60296:2020) since the fourth edition (2013) was published.




Equipment Categorisation

Table 2 - Categories of equipment

Category Type of equipment
Category O Power transformers/reactors with a nominal system voltage of 400 kV and above
Category A Power transformersfreactors with a nominal system voltage above 170 kV and below 400

kV. Also power transformers of any rated voltage where continuity of supply is vital and
similar equipment for special applications operating under onerous condition

Category B Power transformersfreactors with a nominal system voltage above 72,5 kV and up to and
including 170 kV (other than those in Category A)

Category C Power transformers/reactors for MV/LV application e.g. nominal system voltages up to and
including 72,5 kV and fraction transformers (other than those in Category A).

Qil-filled circuit breakers with a nominal system voltage exceeding 72,5 kV.

Qil-filled switches, a.c. metal-enclosed switchgear and control gear with a nominal system
voltage greater than or equal to 16 kV

Category D Instrument/protection transformers with a nominal system voltage above 170 kV

Category E Instrument/protection transformers with a nominal system voltage up to and including 170
kv

Category F Diverter tanks of on-load tap-changers, including combined selector/diverter tanks

Category G Qil-filled circuit breakers with a nominal system voltage up to and including 72,5 kV.

Oil-filled switches, a.c. metal-enclosed switchgear and control gear with a nominal system
voltage less than 16 kV

NOTE 1 Separated selector tanks of on-load tap-changers belong to the same category as the associated
transformer.

NOTE 2 Qil-impregnated paper bushings and other hermetically sealed equipment may be placed in Category D
or E if a routine monitering programme is desired. The manufacturer's instructions should be referred to.

NOTE 3 Regardless of size or voltage, a risk assessment may justify condition-monitoring techniques usually
appropriate to a higher classification.

NOTE 4 For practical and economical reasons, some electrical utilities may decide that their small transformers
up to 1 MVA and 26 kV are not included in this classification. Routine monitoring programmes may not be
considered economical for this type of equipment. Where a monitoring programme is required for these
transformers, the guidelines given for category C should be adequate.

Ed. 4 to
Ed. 5

Eqg. Cat.

Table 1 — Categories of equipment

Category Transformers and reactors

Category A Power transformers and reactors with an U above 170 kV. Fower transformers of any rated

woltage where continuity of supply is wital and similar equipment for special applications
operating under gnerous condition

Category B Power transformers and reactors with an U] above 72,5 kY and up to and including 170 KV
{other than those in Category A)

Category C Power transfermers and reactors for MV/LY application, e.g. I7 up to and including 72,5 KV
{diztribution transformers) and traction transformers (other than those in Category A).

Instrument and protection transformers

Category D Instrument and protection transformers with an 17 above 170 kV

Category E Instrument and protection transformers with an L7 up to and including 170 kY
Tap-changers

Category F Diverter tanks of on-load tap-changers, including combined selector and diverter tanks

Circuit breakers and switchgear

Category G Qil-filled circuit breakers, oil-filled switches, AC metsl-enclosed switchgesr and control gear
with an L'_n exceeding 72,5 kW

Category H Qil-filled circuit breakers, oil-filled switches, AC metsl-enclosed switchgear and control gear
with an I up te and including 72,5 kv

0il filled and OIF bushings

Category K Bushings with an I above 170 kW

Category L Bushingz with an I7_up to and including 170 kV

MOTE 1 Separated selector tanks of on-load tap-changers belong fo the same category as the associated
transformer.

MOTE 2 Regardless of size or voltage, a risk assessment can justify condition-menitering technigues usually
appropriate to & higher classification.

MOTE 3 For practical and economic reasons, some electrical ufilities can decide that their small transformers up
to 1 MWA and 38 K\ are not included in this classification. Routine monitoring programmes can be considered
uneconamical for this type of equipment. Where 8 monitoring programme is required for these transformers, the
guidelines given for Category C should be adeguste.

MCOTE 4 U is the highest voltage for equipment. This was referred to as "nominal system voltage” in previous
editions.

« Category O is now incorporated within Category A (the same application and interpretation of tests even in Ed. 4, 2013).

. End users with liquid filled electrical equipment operating under special environmental or operating stresses such as solar, offshore, or nominal system voltage of 400 kV or above (Category O
transformers in previous edition) should carry out an evaluation as per the guidance above and set sample frequency periods and limit values in accordance with their internal risk assessment
and maintenance policy; this can result in more frequent testing or onerous limits than the guidance provided in Table 4 and Table 5 to Table 9.

« Clearer grouping, i.e. power transformers and reactors, instrument and protection transformers, CBs, switchgear.
» Inclusion of oil filled and OIP bushings (growing interest and knowledge sharing among international community).
» Clearer definition of voltage reference, i.e. highest voltage vs nominal system voltage.




Frequency of Testing

Table 4 - Recommended frequency of testing °

Equipment category °

b
Property o A B ce D*® E® F G

Group1(routinetests)'—years Tio2 | 103 | 104 | 2106 | 1102 | 2106 | 2106 | 2106

Group 2 (complementary tests) 8

Group 3 (special investigative tests) "

6 months or less, depending on the rate of decrease and the
absolute value.

Group 3 (passivator content)

These proposed periods refer to a normal routine maintenance programme. Should one or more of the measured
properties indicate that the oil is in a fair or poor condition or if an abnormal ageing trend is observed, these
periods should be shortened according to the importance of the equipment. These periods may also be
shortened in the case of oils contaminated by PCB in order to minimize any potential environmental impact
caused by malfunctioning equipment.

Groups 1, 2 and 3 are defined in Clause 3 and as a footnote to Table 1.
Equipment categories are defined in Table 2.
See 9.2 d).

Categories D and E. After the first sample has been taken, the user, after consultation with the manufacturer
and/or laboratory, may decide to lengthen the sampling period.

Group 1 tests shall be performed after filling or refilling the transformer, prior to energizing.

9  These tests may be done periodically but less frequently than routine tests. The frequency will depend upon the
type of oil, age and equipment. First (benchmark) measurements should be carried out in new or refurbished
equipment prior to energization.

These are very special tests that need be carried out only under special circumstances.

Ed. 4 to
Ed. 5

Test Freq.

Power transformers and reactors: A (>170 kV), B (72.5 kV — 170 kV) and C (£72.5 kV)
Instrument and protection transformers: D (>170 kV) and E (170 kV)

Tap-changers: F

Circuit breakers and switchgear: G (>72.5 kV) and H (£72.5 kV)

Oil filled and OIP bushings: K (>170 kV) and L (£170 kV)

Table 4 — Recommended frequency of testing 2

Equipment category '
Property ®
A B C d D®= E® F G H Ke Le

Group 1 (routine tests) f — years 1-2 1-4 1-12 1-2 2-6 2-6 2-6 2-12 | 312 | 312
Group 2 (complementary tests) g

Group 3 (special investigative h

tests)

Group 3 (passivator content) 6 months or less, depending on the rate of decrease and the absolute value.

]

These proposed periods refer to a nermal routine maintenance programme and for the tests detailed in this
document. Should one or more of the measured properties indicate that the oil is in a "Fair” or "Poor” condition
or if an abnormal ageing trend is observed, these periods should be shortened according to the importance of
the equipment. These periods can also be shortened in the case of oils contaminated with PCBs to minimize
any potential environmental impact caused by malfunctioning eguipment.

Groups 1, 2 and 3 are defined in Clause 3 and as a footnote to Table 2.
Equipment categories are defined in Table 1.
See 9.2 d).

Categories D, E, K and L. After the first sample has been taken, the user, after consultation with either the
manufacturer or laboratory, or both, can decide to lengthen the sampling period.

Group 1 tests shall be performed after filling or refilling the transformer, prior to energizing.

These tests can be done periodically but less frequently than routine tests. The frequency will depend upon the
type of oil, age, and equipment. First (benchmark) measurements should be carried out in new or refurbished
equipment prior to energization.

These are very special tests that need be carried out only under special circumstances.

For traction transformers, sampling can be distance based rather than time based.

« Asset owners should set their frequencies based on a thorough risk assessment considering their own unique requirements and
service conditions as well as the equipment manufacturer’s maintenance guidance.

« Users with equipment under special environmental or operating stresses, or nominal system voltage of 2400 kV should carry out an
evaluation as per the guidance in the text and set sample frequency periods and limit values in accordance with their internal risk
assessment and maintenance policy; this can result in more frequent testing or onerous limits than the guidance provided.




Test Tables

Application and Interpretation of Tests

Table 5 - Application and interpretation of tests (1 of 4)

<30 KV for OLTC in star-point application.
<40 KV for OLTC in delta or ine-end

and acikdity.
Poor: Recondition the oi (see

allemnatively, if more economical

Property Category * Recommended action limits Fecommendad action ™ © Notes
Good Falr Poor
Colour and appearance Al Clear and Dark andior | As diciated by other tests Dark colour ks a sympiom of chamical
without visibla turtid contamination or ageing.
contamination
Turbidity is a symgiom of high waler content
Breakdown vollage (k) 0,4, D =80 50 to 80 < 80 Goaod: Continue normal sampling
B, E = B0 40 1o 50 = 4 Fair: More fraguent sampling. Check
ofer paramelers, a.q. waler, pariicle
[+ =40 30 1o 40 < 30 content and perhaps DDFiresistivity

11.2) or,

Ed. 4

application because oiher lesis indicale severe
& <30 ageing, replace (see Clause 12) or
reciaim (see 11.3) the ol combined
wilh subsequent drying proced ures
Wat tent 1 i i i i Ed 5
rnatormer ororamny” Table 5 — Transformers and reactors — Application and interpretation of tests .
temperalure)
Property Category * Conditions, limits and recommended actions ™ © Notes
Condition: Condition: Condition:
Good Fair Poor
Colour A B C Limits == <2 2to @ =8 Typically, no action should be taken
ettt B —- - A e et et based on colour. Change.
Actions =»> | Mo action required, continue|  As dictated by other tests. As dictated by other tests. zpecifically rapid change in colour
normal sampling. can indicate ageing and should be
investigated utilising other tests.
Some oils can be dark in colour but
be in good condition therefora
colour should not be used as an
indicator of health.
Appearance A B C Limits == Clear, free from sediment and suspended matter. Either dull or turbid or both | Dull sppearance can be a symptom
"""""""""""""""""""""""""""""""" f chemical tamination.
Actions => Mo action required, continue normal sampling. As dictated by other tests. ot ehemical contamination
Turbidity is a symptom of high
water content or indication of
material incompatibility or severe
contamination from non-soluble
materials.
Breakdown A Limits == =80 50 to 80 = 50 High sampling temperatures
voltage (kW) A e et st (=50 *C) can lead to poor results
___B | Limts>> | =8 | ~____A0teSO | ______ <80 when evalusted st ambient
c Limits == = 40 30to 40 <30 temperaturs in the laboratory. In
—————————————————————————————————————————————————————————————————————— these cases, repeat samples should
Actions == | Mo action required. confinue More frequent sampling. Check the source of water or | be taken at lower temperatures.
normal sampling. Check other parameters, e.g. particulate contamination, | Alternatively, users can refer to
water, particle content. resample. If high water Annex G for guidance on
content is confirmed, normalization of water content and
consider drying the solid how it can influence breskdown
insulation or filtering for voltage.
removal and identification of
particles.

* Clearer layout for application
and interpretation of tests,
with limits and associated
actions shown closely.

* More guidance now included
in notes for each parameter.

« Separate tables for different

equipment categories:

* Table 5 — transformers
and reactors

+ Table 6 — tap-changers

* Table 7 — Instrument and
protection transformers

* Table 8 — Circuit breakers
and switchgear

+ Table 9 - Qil filled and OIP
bushings

* Tables provide a form of
guidance on limits and
condition classification.
Local knowledge, users’
industrial experience or
manufacturer guidance can
take precedence.



Test Tables

Application and Interpretation of Tests (Continued)

Table 5 — Transformers and reactors — Application and interpretation of tests

Property Category * Conditions, limits and recommended actions ™ © Notes
Condition: Condition: Condition:
For completion, these are all Good Fai Poor
Colour A B C Limits == <2 2to B =8 Typically, no action should be taken
th rt .th.nT bI 5 R - P R basedoncolour.Change.
e pa S WI I a e y Actions »> | Mo action requlred..cnnllnue As dictated by other tests. As dictated by other tests. | specifically rapid change in colour
. o - normal sampling. can indicats ageing and should ba
ap pI I Cable to pOWer roperty investigated utilising other tests.
transformers and reactors Some cils can be dark in celaur but
Wat 4 be in good condition therefore
0 &r:‘“n ?nt colour should not be used as an
marg indicator of heslth.
Property transformer
operating Appearance A B C free from sediment and suspended matter. Either dull or turbid or both | Dull sppearsncea can be & symptom
temperature - et il f chemical tamination.
P ! Actions => Mo action required, continue normal sampling. Az dictated by other tests. ot ehemizal sontaminatian
Turbidity is @ symptom of high
Diclactric wstter_o?ljlent O;H::I!_ill?'stion of
dissipation factor material incompatibility or severe
st 40 Hz to B0 Hz cuntar_nlnatlnn from non-soluble
Property af 90 90 materials.
Breskdown A Limits == > 80 50 to 60 < &0 High sampling temperatures
woltage (k) B e et st I tee (=50 °C) can lead to poor results
____E ______ L _'nj't_s_pf_ _______f‘_ﬁ‘f______________ff_”_"_f’_” _______________ fj“] _______ when evaluated st ambient
Pazsi [+] Limits == > 40 30 to 40 <30 temperature in the laboratary. In
assivator s
content (mafkg) Resistivity (| femmmmmmefe- ialaioial Bkl ----- it et e il ettt these cases, repest samples should
Actions => | Mo action reguired, continue More frequent sampling. Check the source of water or | he taken at lower temparaturas.
Property at 90 °C (G0m) Acidity 9 normal sampling. Check other parameters, e.g. | particulate contamination, | Alternatively, users can refer to
Lo - T | water, particle content. resample. If high water Annex C for guidance on
-::or!tent is Punfirn‘led.l normalization of water content and
consider drying the solid how it can influgnce breakdown
insulation or filtering for voltage.
Interfacial tensicn removal and identification of
{mM/m) Inhibitar cantent particles.
L Tmmrmee e g s nen D& madae a1 Wnicn point
Property (inhibited oils inhibited oil thet reached fair | 45 reclaim the gl (see 14.4)
only) \ralue_f. ha_s possibly _Iost its ar, alizrnatively, if more
axidation protection. economical, replace the oil
(see Clause 12).
Flash point - inhibition to original base line | jnhibition to original base line
Sediment (%) level based on local level based on local
experience. experience.
Corrosive sulphur Where acidity is =
and potentislly
corrosive sulph 0.08 mgy.q. g, or IFT =
phur R,
28 mi/m, re-inhibition is not
effective. Consider
reclaiming {see 14.4) or
PCBs change the oil (see
Clause 12).
Sludge (%) Pr— [erer— TR T T P P P p—————— ot D rmmriim tm—w  mrimii iy
be neglected when BOV, acidity and DOF valuas
""""""""""""""""""""""""""""""""""" are near the limits.
Actions == Mo action required. Where precipitable sludge is
detected, reclaim oil (see
2 Category of equ 14.4).
®  Ensure sampling Alternatively, if mars
aconomical, replace the oil
© Mo sction shoulk {zee Clause 12).
the trend of the | Sac -
9 Acidity valuss are typical for uninhibited cils. Inhibitad cils with "Good” inhibitor content would hawve lower acidity values which are not expected to reach the "Poor” condition.
= If the oil test for corrosivity is positive and DBDS is present, follow the recommendations of CIGRE Brochures 3782000 [11] and 625:2015 [12] for the appropriate mitigation
actions.




Test Tables | |

Application and Interpretation of Tests (Continued)

Table 6 — Tap-changers — Application and interpretation of tests

Froperty Category * Conditions, limits and recommended actions ™ ® MNotes
Condition: Condition: Condition:
Good Fair Poor
Breakdown F Limits == =30 kY = 30 kY If OLTC configuration is not known,
voltage (k) star point then delta or line end guidance
i) should be applied.
F Limits == 240 kYW = 40 kW
delta (A)
or line-end
Actions == Mo sction reguired. continue normal sampling. Mon-wacuum type — initiate
maintenance including oil
replacemsant.
Wacuum type — Check the
source of water or particulate
contamination, resample. If
contamination is confirmed,
recondition or replace oil.
Water content F Limits == < 15 mg'kg 15-40 mig'kg = 40 mg'kg The value of water content shall ba
{malkg at star point regarded together with the value for
transformer i) breakdown voltage. The value of
operafing |- ------q]- """ -""-"["TTTTT T TT T T TS T T T T T TS m s o s s e s s s s s m i m e breakdown voltage is of overriding
temperature) F Limits == = 15 mg'kg 15-30 mp'kg = 30 mg'kg importance.
delta (A)
or line-end
Actions = Mo action required, Mo action required, continue Check source of water, When reconditioning the oil, consider
continue normal sampling. normal sampling. . residual humidity in the sclid
Men-vacuum type — Initiste  |insulation which can require multiple
maintenance including oil | drying process or repeated oil
| t.
For vacuum tap-changers, replacemen replacement.
consider more frequent Wacuum type — Recondition
sampling. or replace the oil.
#  Category of equipment [see Table 1).
b Ensure sampling was properly done, sampling valve was properly cleaned before sampling (Clause §) and transportation and storage periods in the laboratory were short.
© Mo action should be taken on the basis of one result and ona property. All results shall be confirmed by & repeat sample especially if the result appears abnormal compared to
the trend of the previous results obtained.

9.4.3 Tap-changers

See Table 6 and Table 5 for guidance. Table 6 provides
guidance for parameters specific to vacuum and non-
vacuum on-load tap-changers (OLTCs). For vacuum type
OLTCs and de-energized tap-changers (DETCs), further
guidance on relevant parameters not detailed in Table 6
can be found in Table 5. Values might be different for
different types of OLTCs, the manufacturers limits (where
available) will prevail.

For vacuum type OLTCs, no regular time or condition-
based oil replacement is generally required, and oil
ageing should be similar to the oil in the transformer main
tank. Therefore, monitoring of acidity, inhibitor content
and passivator content is appropriate, as for transformers.

All OLTCs will present a certain amount of sediment in
their oil compartment, due to normal abrasive wear. Non-
vacuum models can show significant amounts of
sediment and sludge, due to contact erosion and oil
deterioration which are produced during their normal
service life, therefore limit values for colour, appearance,
dielectric dissipation factor, resistivity, sediment and
sludge cannot be provided.

Vacuum type OLTCs should maintain a high level of all
quality during their whole service life, only particles from
mechanical wear should be present. Non-vacuum type
OLTCs can present high amounts of particles due to
normal contact and mechanical wear; additionally, normal
arc breaking activity can produce high levels of carbon
within the oil.



Test Tables

Application and Interpretation of Tests (Continued)

Table 7 — Instrument and protection transformers — Application and interpretation of tests

9.4.4 Instrument and protection
transformers

See Table 7 and Table 5 for guidance.
Table 7 provides guidance for
parameters specific to instrument and
protection transformers. For guidance
on parameters not detailed in Table 7,
refer to appropriate category in Table 5.

normal sampling.

other parameters.

abowve the limits, then carry
out a risk assessment to
confirm if transformer can
remain in service.

Property Category ° Conditions, limits and recommended actions = ° Notes
Condition: Condition: Condition:
Good Fair Poor
Water content 1] Limits == < 20 20 to 30 =30 The value of water content shall
(mg/kg at ittt It Sttt ittt sl ittt ahways be assessed together with
transformer Limits == =30 30 to 20 =4l the value for breakdown voltage.
B e e C e e it e T
teﬁ'lP:;raltz?e'l Actions =» | Mo action reguired, continue |More frequent sampling. Check| Check the source of water,
! normal sampling. other parametars, e.g. resample. Check seals and
breakdown voltage, particle gaskets, if values are
content and perhaps DDF or confirmed as sbove the
resistivity and acidity. limits then carry out & risk
assessment to confirm if
transformer can remain in
service.
Dielectric 1] Limits == = 0,01 0,01 to 0,10 =010
dissipation facter st - - -- - - - -[--------94--=-=--"=--"-"=--"-"-“-“---““-“F--“"-- - - —m e m s s s s s s s m - m = m == ===~
40 Hz to 80 Hz at Limits == = 0,10 0,10 to 0,30 =0,30
L N T T Y
Actions »= | Mo action required, continue | More freguent sampling. Check| If values are confirmed as

Normally the amount of oil in instrument
transformers is limited, therefore it is
not usual to carry out routine sampling.

Where sampling is carried out, the

Category of equipment (see Table 1).

Ensure sampling was properly done, sampling valve was properly cleaned before sampling (Clause &) and transportation and storage periods in the laboratory were short.

Mo action should be taken on the basis of one result and ocne property. All results shall be confirmed by & repeat sample especially if the result appears abnormal compared to
the trend of the previous results obtained.

effect on the oil level and pressure
should be taken into consideration.

10



Test Tables

Application and Interpretation of Tests (Continued)

Table 8 — Circuit breakers and switchgear — Application and interpretation of tests

normal sampling.

Check the presence of
sediment and sludge. An
inhikitad il that reached fair
wvalues has possibly lest its
oxidation protection.

and if other tests indicate
severe ageing, consider
replacing the oil (see
Clause 12).

Property Category * Conditions, limits and recommended actions B.o MNotes
Condition: Condition: Condition:
Good Fair Poar
Breakdown G Limits == =50 30 to 50 = 30
It L e e ey s B
valtage (k) H Limits = =40 20 to 40 =20
Mo sction reguired, continue hore frequent sampling. For these switching
normal sampling. Check other parameters, e.g. equipment types, check the
water, particle content. source of water or particulate
contamination. Resample, if
high water content is
confirmed, change the oil and
repair as required to prevent
further ococurrence.
Wiater content Limits == < 20 20 to 40 =40 The value of water content shall
(mgikg) [~~~ "~~~ T T T Tt T T T T TS TS T STt T T T T T TS T s S S S S S ST TS S S oS s m o s m ahways be assessed together with
. _H ______ ':“'_""fs_“'_“" __________ f ?':_' ______________ 3 _':'_t‘i iﬁ _______________ = _4_5 ________ the wvalue for breakdown voltage.
Actions == Mo sction reguired, continue More frequent sampling. For these switching
normal sampling. Check other parameters, e.g. equipment types. check the o -
water, particle content and source of water. Resample, if For these switching equipment
- N b types, the values of breakdown
perhaps DDF or resistivity high water content is voltane are of overridin
and acidity. confirmed, change the oil and | . A &
3 X impartance.
repair as required to prevent
further occourrence.
Acidity 9 G H Limits == = 0,10 010t 0,2 =02
. 7 e
(M, on/8:) Aptions == Mo action reguired, continue More frequent sampling. Starting from 2 value of 0,2

Category of eguipment (see Table 1).

Ensure sampling was properly done, sempling valve was properly cleaned before sampling (Clause @) and transportstion and storage periods in the laboratory were short.

Mo action should be tsken on the basis of one result and one property. All results shall be confirmed by a repeat sample especially if the result appears abnormal compared to
the trend of the previous results obtained.

Acidity walues are typical for uninhibited cils. Inhibited ocils with "Good™ inhibitor content would have lower acidity values which are not expected to reach the "Poor” condition.

9.4.5 Circuit breakers and switchgear

See Table 8 and Table 5 for guidance.
Table 8 provides guidance for parameters
specific to circuit breakers and switchgear.

For other parameters not detailed in
Table 8, refer to Table 5 Category C for
guidance.

Based on knowledge and experience with
their specific plant, asset owners operating
large fleets can decide to apply different
limit values to those detailed in Table 8 and
Table 5, or they can opt to routinely change
the oil in the equipment as they have
determined that it is more economical than
managing an oil testing regime, especially
at distribution voltages.

11



Test Tables

Application and Interpretation of Tests (Continued)

Table 9 — Qil filled and OIP bushings — Application and interpretation of tests

Property Category ° Conditions, limits and recommended actions = ° Notes
Condition: Condition: Condition:
Good Fair Poor
K Limits == =80 40 to 80 <40
Limits == = 50 30 to 50 <30
Actions =» | Mo action required. continue | Check other parameters, e.g. Check the source of water | Consider elecirical tests,
Breskdown voltage normal sampling. water, particle content. or particulate contamination. | capacitance and power factor to
(kW) i Resample. werify bushing condition.
Resample only if deemed
required. Based on all tests carry out | Freguent sampling of bushings is
risk assessment and remove | generslly not recommended sees
bushing from service if 846
required.
K Limits == <10 10 to 20 =20 Consider electrical tests,
i et et et iy capacitance and power factor to
__________ Limg >> | <10 |~ 10te30 | =30 | yerify bushing condition.
Wat tent Actions = | Mo action required, continue | . Check other parameters, e.g.| Check the source of water,
ater ch-n = normal sampling. breakdown voltage, particle resample.
content and perhaps or
(maikg) t d parhaps DOF
resistivity and acidity. I_Elased on all tests carry out
risk assessment and remove
Resample only if deemed bushing from service if
required. required.
Dielactric k. Limits == = 0,01 0,01 to 0,10 =010 Consider electrical tests,
dissipation factor st -~~~ """ "7~~~ -~" "1 TTTTTTCoCoCCTCTCTTTTTTTTTTTToCTToTTTTTIFTTTTTTToOTTTTTTTTS capacitance and power factor to
40Hzto B0 Hz at | _ _ _ _L ______ L _'rf't_s'_}f ________ = _q 1_[:' ____________ ?j EI_ t_n_EI_,E_G_ R I f_o'_E'E:' _______ werify bushing condition.
80°Cc Actions #* | Mo action required. continue Check other parameters. If other tests indicate sevare
normal sampling. i ageing. contact the
Resample nr!ly if deemed manufacturer.
required.
®  Category of equipment (see Table 1).
E  Ensure sampling was properly done, sampling valve was properly cleaned before sampling (Clause &) and trensportation and storage periods in the laboratory were short.
© Mo action should be taken on the basis of one result and one property. All resulis shall be confirmed by & repeat sample especially if the result appears abnormal compared to
the trend of the previous results obtained.

9.4.6 Oil filled and OIP bushings

See Table 9 and Table 5 for guidance. Table 9
provides guidance for parameters specific to oil
filled and oil impregnated bushings (OIP). For
guidance on parameters not detailed in Table 9,
refer to the appropriate category in Table 5.

Oil sampling is typically performed if other
bushing diagnostic methods indicate a problem or
have provided an inconclusive result.

Normally the amount of oil in bushings is limited,
therefore it is not usual to carry out routine
sampling. Users should refer to an approved
sampling method before undertaking any
sampling works. Where sampling is carried out,
the effect on the oil level and pressure should be
taken into consideration. Due to the low volumes
of ail in bushings, topping up can be required
following the taking of samples. Oil sampling from
bushings without an oil level gauge is not
recommended.

Where oil samples are taken for analysis, tests
are typically limited to DGA and water content
only.

Bushings flooded with the same oil as in the main
tank of the transformer are not covered in

Table 9, refer to the appropriate category in
Table 5 for guidance.
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Test Tables

Application and Interpretation of Tests (Continued)

Expansion of guidance on test parameters. Some notable mentions:

Colour: Values now provided. Still, colour should not be used as an indicator as some oils can be dark but be in good condition.
Appearance: Turbidity indicates high water content, material incompatibility or contamination from non-soluble materials.

Breakdown Voltage (BDV): High sampling temperature (>50 °C) can lead to poor results when evaluated at ambient temperature
in the laboratory. Repeat samples at lower temperature recommended.

Water Content: In the case of “Poor” condition due to high water content in the oil, online monitoring with relative saturation (RS)
measurements is recommended. Guidance on RS limits in Annex B.

Inhibitor Content: Clarification for originally inhibited oils and applicable to reclaimed uninhibited oils that have had inhibitor added.

Interfacial Tension (IFT): Notes added on its use as a routine test for inhibited oil, but typically not a routine test for uninhibited oil.
IFT usefulness during the early life is also mentioned.

Corrosive Sulphur and Potentially Corrosive Sulphur: Text included more information on corrosive sulphur compounds and
potentially corrosive compounds. The need for measuring DBDS in the “Poor” condition.

Particles: Annex on particles now removed. Text highlights the importance of the type of particles (i.e. iron, aluminium, silver
sulphide, fibres, carbon etc.) This can provide more info on the wear status or possible mechanical defects than particle counting.

Polychlorinated Biphenyls (PCBs): Limits to be subject to local regulations.

13



Corr. S.

Corrosive Sulphur

Sulphur is always present in mineral insulating oils and some sulphur compounds can be corrosive to metal surfaces.

Need for differentiating between:
* Corrosive sulphur compounds: elemental sulphur and mercaptans
* Potentially corrosive compounds: disulphides, including DBDS, sulphides (rarely)
« DBDS had been widely added to mineral insulating oils as an antioxidant between 1989 and 2006.

Two methods for assessment of corrosive sulphur in oil:
* These are IEC 62535 and DIN 51353.
* Both tests shall give a negative result to report an oil as non-corrosive.

IEC 62535: DIN 51353:
» Gives information on the oil’s corrosivity against « Suitable for silver corrosion assessment only.
copper and the oil's tendency to deposit copper
sulphide on paper. « ltis extremely sensitive and selective to detect
corrosive sulphur substances such as highly reactive
» It shows positive results with corrosive sulphur but mercaptans and elemental sulphur, but it is insensitive
has been found to detect potentially corrosive sulphur. to DBDS.

Removal of corrosive sulphur using Potassium Polyethylene Glycolate (KPEG) now also mentioned in Ed. 5.
« Usually also improve the parameters of the oil linked to the presence of polar compounds, such as DDF, IFT and acidity.

« Canremove DBDS even at lower temperatures (80-100 °C) compared to those needed for the efficient removal of PCBs.

IEC * Simultaneous removal of PCBs and DBDS is also possible.
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Water

Water Solubility

260
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e e e o [ Ny,
e
'...__...-" 0 T T T T T T T T 1
0 20 40 60 80 100
Temperature (°C)
D IEC
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il temperature during operation () Water solubility curves for unused

Saturation water content in unusad oil (log W, = 7,0805-1567/T) mineral oil as adapted from literature
— —— Typical saturation water content in cxidized oil with acdity of 0,2 mg KOHig

* As oils become very oxidized with increasing amounts of polar ageing by-products, their water solubility characteristics, which are
also dependent on the type of the olil, also increase.

« The solubility of water in very aged oils can be much higher than that in unused oils (figure on the right shows a variety of water
solubility curves for unused oils — significant variations due to oil types).
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Water

Relative Saturation (RS)

* Note that water content in oil (W,,) is directly proportional to the RS (in %) up to the saturation level (S): W, = RS /100 x S.
« With greater use of online sensor, guidance now provided in Ed. 5 on how to interpret Relative Saturation (RS).
* Hysteresis loops of RS also included, with three indicative examples.

70

TTE  © New —— TRP2top -~ TR P2 bottom - T Low Risk Transformers
60 T * Dry transformers, with <10% RS
TRP1 and TR P2 * Flat hysteresis loop
Risk Inoreased. Lower S0 * Not at risk of reduced dielectric strength of oil
ue to moisture > 20 %RS . .
» Little water on paper surface for dynamic water exchange

4 TRP1

50

40

30

QOil moisture (%RS)

Medium Risk Transformers
Nov or dry transformers. » Fit for service, but with 10% - 20% RS
10 -~ TR E: Medium risk. » With elevated moisture in comparison to new transformer

' = = / Moisture < 10 %RS
i Moisture 10 ... 20 %RS I RS i « Can be at risk of reduced dielectric strength of oil due to
0 1 20 30 4 5 60 70 80 %0 100 moisture, particularly during cold start or after high loading

Qil temperature (°C)

20

High Risk Transformers

* Moist transformers, with >20% RS

* The oils have continuously significantly reduced dielectric strength

» Broad hysteresis loop, likely to have considerable water on paper surface for dynamic exchange of water between paper and oil
« Can be at risk of dielectric breakdown due to moisture immediately after high loading or during cold start
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Water

Informative Annexes Related to Water Content

Annex B
(informative)

General guideline for moisture %R S for continuous online monitoring

Table B.1 — Moisture %RS, continuous online monitering, general guideline

Property Category * Recommended action limits
Good Fair Poor Notes
Moisture (3RS when | All Limits == | <10 10 - 20 =20 The follow-up pericd

measured online at
transformer operating

shall ba long enocugh

Actions == | No action | Follow Censider | ynder normal

temparsture) required. the %F{S_ dry_ing operating

level during =olid transformer

warying insulation. | conditions. at least

temperature, one month.

especially

after high Broad hysteresis

loading curve indicates
potentially wet
insulation.

Flat hysteresis is
indication of dry
insulation.

Category of equipment (see Table 1).

** The sensor being used shall have good sensitivity at very dry conditions and supplied with calibration st close
to 0 %RS. The sensor shall have no temperature dependency i.e. be tempersture compansated over the whole
operating range. The sensor location should be in representative and flowing oil [5].

Now in Ed.5, guideline on interpreting
online monitoring relative saturation (RS)
results can be found in Annex B.

Annex C
{informative)

Normalizing water in oil for comparizen and trending (historical practice)

C.1 General

Changes in 3 transformers operating temperature will result in water migration between the ail
and any cellulose insulation. Therefare, normalisation for comparison and trending purposes is
spplied by some asset owners. The tools presented in this annzx for interpreting the results are
applicable enly in the presence of cellulosic insulation in the equipment. Typically. this will be
the active parts of power transfarmers and reactors. The basic idea iz fo normalize the
measured water content of an oil sample from its sampling temperature always to the same
reference temperature. Results of normalized water content should be used for moisture
trending purposes to evaluate the need for additional tests or corrective actions. Additionally,
normalization helps in evaluating the guality of sample taking. 35 normalized results should
normally be similar frem one year to the next.

When the normalized water centent shaws an increasing trend over a longer peried (months),

other tests as described in Table 3 are recommended to assess the meisture content of the
insulation system.

The following guidance can be applied to obtain reliable results:

a

Sampling temperature = 35 °C

b) Wariation in operation temperature £ 10 °C (max £ 15 °C) within the last 12-24 h before
sampling

2} Accurate reading of oil temperature (always use the same measuring paint)

d) il not treated during last 80 days

E

Unit in aperation for at l2ast one wesk after energizing
C.2 Sampling temperature at or above 35 °C

For = mare realistic interpretation of water content and for trending purposss, the analytical
result of water content of the oil 3t a given sampling temperature needs to be normalized to a
defined standard temperature. For practical ressons, the defined temperaturs iz s=t 5t 20 *C.
But normalization should only tske place when the operating tempersture is at or above 35 °C
at the time of sampling; as below 35 *C, the rate of diffusion of water is too slow to achieve a
state close to equilibrium in operational equipment within 3 reasonable time.

Mormalized water content is expressed by Formula {C.1), which utilizes the normalization
formula expressed by Formula {C.2) that is also shown in Figure C.1.

W = W w F (C.1)

f= 2,24 explt0em (G.2)

Where w. is the normalized water confent, w. is the measuraed water content at the time of
sampling, [ is the normalization factor and Iz is the transformer cil sampling temperature in
Celsius.

When using the formula at temperatures below 35 °C, care should be taken with regards
interpretation of the results. This is because at lower temperatures such as betwsen 20 °C and
35 *C, the uncertainty is increased significantly due to the difficulty of achisving =quilibrium.

The transformer oil sampling termperature for normalization should alwsys be measured at the
same location. Otherwise, comparison with previous results is not possible. Always using the
top oil temperature can be the easiest solution.

HOTE 1  Hormalized values are valild only for comparning resufis obtalned at different ol lemperatures. Actual values
of waber In ofl &l sampling points are he measured values, nol the corrected ones,

NOTE 2 EBome siudies like CIGRE TE 738 [19] or TE 778 [18] show slighty different faciors in the farmala

MOTE 3 These copMialents can change In the cases of seversly aged ol caused by & change in parttion of watars
in the paper and oll system.

e
051 \

nx

Momalzalion facior

0.1 .

o.m
20 0 an 50 G0 0 a0 50 100 110

Samylan

Figure C.1 — Normalization factors according to Formula {C.2)

EXAMFLE
Measuned waber conient 10 mgikg
Samapling lemperaiure 40 *C
Mommaszatian factar (fram Fomudla (S.1)) 0,45
Momalized water condant (10 = 0,45] 4,5 maglkg

Now in Ed.5, the assessment of normalized
water content is further explained and
clarified in Annex C.
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Treatment

Oil Treatment

Expansion of guidance on oil treatment. Some notable mentions:
* In addition to contamination by PCBs, cross contamination by other insulating liquids (esters, silicones) should be avoided too.

* Bounce-back effect explained, i.e. if there are still significant ageing products and contaminants in the solid insulation, these can
diffuse or dissolve into the oil within a short period.
* Recommendation provided to avoid a significant bounce-back, through sufficient reclamation circulations, maintaining a
high enough oil temperature (e.g. on-line operation) and follow-up sampling after a few months following the treatment.

» Case-by-case consideration with expert consultation is suggested, in addition to reference to original manufacturer’s instructions.

» Classification of treatment processes expanded to cover:
* Off-line (de-energized) vs on-line (energized)
« Batch mode vs continuous mode

* Reconditioning section expanded, including guidance on:
« Efficiency of reconditioning in the presence of free water (possibility of adopting draining instead).
« Conservative conditions for heat and vacuum to prevent undue loss of lighter liquid fractions (and not just additives).
+ Temperature limits and need for special care when using electrical heaters to prevent overheating and burning.
* Reconditioning equipment, such as beta ratio related to filter efficiency and control of foaming during vacuum dehydration.
» Application to electrical equipment, such as filling procedures and dealing with sealed units.

* Reclaiming section expanded (more on reclaiming in the following slide), including guidance on:
* Single use sorbents and reactivating sorbents (including reactivation steps).
» Special note on corrosive sulphur contamination (formed mainly in the reactivation process).




Oll Treatment (Continued)

Treatment

* A new normative annex now included in Ed. 5 (Annex A: Criteria for Reclamation and Treatments).

 Recommendation: a written agreement between asset owner and the service provider regarding the measurable parameters and
target values of the oil after reclamation is completed. Guidelines can be based on:
« Table 3 (Limits for oils after filling in new equipment prior to first energisation)

« Table 5 (Transformers and reactors — application and interpretation of tests)

Table A.1 — Parameters where limits should be agreed upon

Parameter

Recommended Usage

Comments

Table A.2 — Parameters where limits should not necessarily be set but should be
measured for baseline and trending

Acidity (mg KOHig)

Agreed maximum target value

Parameter

Recommended Usage

Comments

Dielectric Dissipation
Factor (DDF)

Agreed maximum target value

Colour

Measure and report for reference.

Interfacial Tension (IFT)

Agreed minimum target value

Inhibitor Content

Agreed minimum and maximum after inhibitor
addition

See Clause A3

Corrosive Sulphur

All reclamations: DIN 51353 (Silver Comosion)
should hawe “corrosive sulphur absent”.

If the purpose of the treatment is to remove
potentially corrosive sulphur, then reguirements
for either potentially corrosive sulphur or DBDS
content, or both, should be agreed upon.

See 14.4.3

Breakdown Voltage

Measure and report for reference.

In cases where batch mode treatments are
done, limits should be agreed prior to filling
the electrical equipment.

BOV iz a property that can rapidly
change in the oil depending also on
the temperature dependent water
equilibrium between oil and solid
insulation. It should be measured
just after the trestment to ensure
that no moisture ingress occurred,
but it can change quite rapidly
when the unit is returned to
service, ses 7.4

PCBs content

Measure and report for reference in general
cases.

If the purposes of the reclamation are to remove
PCBs, then requirements for total PCBs content
should be agreed upon.

Local regulations can apply. PCBs
content should never be increased
by a reclamation process, within
the uncertainty of the methad.

Water

Measure and report for reference.

In cases where batch mode treatments are
done, limits should be agreed prior tao filling
the electrical equipment.

Water content is a property that
can rapidly change in the oil
depending also on the temperature
dependent water equilibrium
betwesen oil and solid insulation. 1t
should be measured just after the
treatment to ensure that no
mizisture ingress occurred, but it
can change quite rapidly when tha
unit is returned to service, see 7.5.
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Others

Other Notable Mentions

« Sampling of Oil
* Guidance on ODAF and OFAF transformers now provided, i.e. samples taken with pumps running.

+ Handling and Storage
* Instead of just referring to drums, guidance has now expanded to both drums and containers.

* Material Compatibility
* A new informative annex (Annex D) now included.

For oils in service, a problem with compatibility can arise in cases where replacement of one or more of the component.

» Electrical properties can be negatively influenced by dissolution of the solid components.

« Solid materials used in winding insulation or in gaskets can suffer dimensional changes (swelling, shrinking) too.
Realistic, long duration tests are recommended in all cases but especially for High Voltage application.
At the end of the test, the relevant properties of the constituents should be measured:

* For oil, e.g.: Colour, DDF, BDV, water content, acidity, interfacial tension, dissolved gases, etc.

* For solid materials, e.g.: tensile strength, dimension, weight, elastic modulus, etc.
A blank test using the same ageing conditions but without solid material shall be carried-out for reference. The acceptance
limits should be expressed, where possible, in terms of variation from the blank values (oil) or the initial value (solid).

+ Contamination of Oils with Silicone
* Anew informative annex (Annex F) now included.
* Mineral insulating oils contaminated with silicone, phthalates or other surface-active chemicals or oils can cause undesired
slow de-aeration or excessive foaming in oil when trying to degas the transformer.
» This makes it difficult or impossible to fully degas the mineral insulating oils.
* Qil change or reclamation can be a solution.
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Summary of Technical Changes

* This new edition represents a major revision of the fourth edition, bringing this document in line
with the latest developments in oil condition monitoring.

* New interpretation tables have been created, containing limits for oil parameters specific to plant
type with suggested corrective actions in the tables and new test methods.

« The action limits for all oil tests have been revised and changes made where necessary to enable
users to use current methodology and comply with requirements and regulations affecting safety
and environmental aspects.

« Category O has been removed and is now incorporated within Category A.

* Online moisture interpretation is now incorporated.

* More guidance on oil treatment (including reclamation criteria) is now available.
* More guidance regarding corrosive sulphur is now available.

* |In addition, this document incorporates changes introduced in associated standards (e.g. IEC
60296:2020) since the fourth edition (2013) was published.
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