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Introduction

• Revision work commenced 

on 19 October 2020

• Edition 5.0 CDV approved on 

18 July 2023

• In this presentation, we will 

summarise the changes from 

Edition 4.0 (2013) to the 

latest Edition 5.0 (2024)
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Edition 4.0 2013

→ Edition 5.0 2024



Summary of Technical Changes
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• Oil tests and their significance now called In-service oil diagnostic tests. 

• Corrective action Table/s now in Interpretation of results.

• Categories of equipment now updated and repositioned in the document.

• Treatment section much larger and repositioned in the document.

• Edition 5 – Four new Annexes added.

• Edition 4 – Annex B Table on particles now removed and replaced with detailed guidance in Section 7 of Edition 5.

Ed. 4 to 

Ed. 5



• 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. 

Summary of Technical Changes
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Equipment Categorisation
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• 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.

Ed. 4 to 

Ed. 5

Eq. Cat. Test Freq. Test Tables Corr. S. Water Treatment Others



Frequency of Testing
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Ed. 4 to 

Ed. 5

• 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 ≥400 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.

• 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)

Eq. Cat. Test Freq. Test Tables Corr. S. Water Treatment Others



Application and Interpretation of Tests
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• 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 – Oil 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 Freq. Test Tables Corr. S. Water Treatment OthersEq. Cat.

Ed. 4 

Ed. 5 



Application and Interpretation of Tests (Continued)
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For completion, these are all 

the parts within Table 5, 

applicable to power 

transformers and reactors

Test Freq. Test Tables Corr. S. Water Treatment OthersEq. Cat.



Application and Interpretation of Tests (Continued)
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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 oil 

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.



Application and Interpretation of Tests (Continued)
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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.

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 

effect on the oil level and pressure 

should be taken into consideration.



Application and Interpretation of Tests (Continued)
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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.



Application and Interpretation of Tests (Continued)
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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 oil 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.



Application and Interpretation of Tests (Continued)
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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.

Test Freq. Test Tables Corr. S. Water Treatment OthersEq. Cat.



Corrosive Sulphur
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• 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:

• Gives information on the oil’s corrosivity against 

copper and the oil’s tendency to deposit copper 

sulphide on paper. 

• It shows positive results with corrosive sulphur but 

has been found to detect potentially corrosive sulphur.

DIN 51353:

• Suitable for silver corrosion assessment only. 

• It is extremely sensitive and selective to detect 

corrosive sulphur substances such as highly reactive 

mercaptans and elemental sulphur, but it is insensitive 

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. 

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

• Simultaneous removal of PCBs and DBDS is also possible.

Test Freq. Corr. S. Water Treatment OthersEq. Cat. Test Tables



Water Solubility 
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100

• 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 oil, 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).

Water solubility curves for unused 

mineral oil as adapted from literature

Ed. 4 to 

Ed. 5

Test Freq. Water Treatment OthersEq. Cat. Test Tables Corr. S.



Relative Saturation (RS)
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Medium Risk Transformers

• Fit for service, but with 10% - 20% RS

• With elevated moisture in comparison to new transformer

• Can be at risk of reduced dielectric strength of oil due to 

moisture, particularly during cold start or after high loading

• Note that water content in oil (Wabs) is directly proportional to the RS (in %) up to the saturation level (S): Wabs = 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.

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

Low Risk Transformers

• Dry transformers, with <10% RS

• Flat hysteresis loop

• Not at risk of reduced dielectric strength of oil

• Little water on paper surface for dynamic water exchange

Test Freq. Water Treatment OthersEq. Cat. Test Tables Corr. S.



Informative Annexes Related to Water Content
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Now in Ed.5, guideline on interpreting 

online monitoring relative saturation (RS)

results can be found in Annex B.

Now in Ed.5, the assessment of normalized 

water content is further explained and 

clarified in Annex C.

Test Freq. Water Treatment OthersEq. Cat. Test Tables Corr. S.



Oil Treatment
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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).

Test Freq. Treatment OthersEq. Cat. Test Tables Corr. S. Water



Oil Treatment (Continued)
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• 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)

Test Freq. Treatment OthersEq. Cat. Test Tables Corr. S. Water



Other Notable Mentions
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• 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

• A new 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.

• Oil change or reclamation can be a solution.

Test Freq. OthersEq. Cat. Test Tables Corr. S. Water Treatment



• 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.
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