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Moisture Ingress in Transformers            Ɩ Application Note 

Introduction 

Transformers are designed with one of two types of Oil Preservation Systems (OPS). The objective of either 

of these systems is to separate and maintain a physical barrier between the oil, and the air and moisture held 

in the air. The reason being that exposure of the oil to the ambient condition will have a negative effect on the 

oil, by oxidation (due to oxygen), and a risk of saturation of the oil with moisture dissolved into the oil. 

One system commonly referred to as the sealed system where there is a gas cushion above the normal oil 

level in the tank that allows for the oil expansion and contraction due to varying loading or ambient conditions. 

This type has the gas cushion pressurized with dry nitrogen (N2), which is supplied from either a connected 

gas bottle of N2, or via a locally installed N2 generation system.  

 

The alternative to a pressurized system, yet still with a gas cushion is one where it has been factory sealed 

with air. In this case there is usually a pressure/vacuum gauge to indicate if there is a positive pressure in this 

gas space. 

 

The other method involves a separate oil expansion tank commonly known as the conservator type. They are 

installed at the height required to provide an oil level in the transformer that is above the cover of the main 

tank of the transformer, or in many cases, above the highest oil filled bushing boss. Many conservator 

systems generally include a bladder inside the conservator tank that provides an oil-to-air barrier to prevent 

moisture and dissolved air from entering the transformer oil. 

 

More information on these configurations can be found in the CIGRE Technical Brochure TB 445 Guide for 

Transformer Maintenance, February 2011 Chapter 4.2, Oil Preservation Systems. 

Maintaining the N2 Preservation System 

To minimize the chances of getting moisture ingress through the gaskets, actions are needed to properly 

maintain the N2 preservation system: 

 

• Replace N2 cylinders when they go into alarm for low pressure. 

• Verify the N2 regulator is working properly.  The N2 regulator has two functions: 
1. To regulate and maintain the positive pressure in the main tank. 
2. Relieve excess pressure before the pressure gets too high and operates the PRD (Pressure 

Relief Device). 

• With proper maintenance, you should never see a high or low tank pressure alarm indication or any 
pressure relief devices operating.  If these alarms occur, it is an indication that there is something wrong 
with the N2 regulation system. 

• If the N2 usage on the transformer is excessive (greater than 1-2 cylinders per year), find the leak and 
repair it. 

Maintaining the Conservator 

Conservator style transformers are less prone to moisture ingress problems than N2 blanketed transformers. 

To help ensure you are not introducing moisture via the conservator, the desiccant in the breathers should be 

replaced at regular intervals. If a maintenance free breather is being used, check to ensure it is working 

properly and that the desiccant has not become contaminated. 
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Additional Causes 

If the moisture ingress is via the LTC barrier board, you should also be seeing combustible gases from the 

LTC in the main tank oil.  Therefore, it should be easy to identify if this is the problem. 

 

Even with the nitrogen system working properly, there may still be an opportunity to suck moisture in through 

the gaskets if they are in very poor condition.  By monitoring the main tank pressure, this should be easy to 

identify.  Monitoring the N2 cylinder pressure can also provide better visibility if the transformer is being 

properly maintained.   

 

If the transformer leaks oil, you may also be introducing moisture when adding oil to the transformer.  When 

adding oil to the transformer, processed oil should be used to avoid introducing water to the transformer.   

Monitoring to Safeguard This System and Your Transformer 

There are several items you can monitor to safeguard this system and your transformer: 

 

• Nitrogen cylinder pressure. 

• Main tank pressure. 

• The number of N2 cylinder alarms. (Normally, there should be no more than 1-2 alarms per year.) 

• The number of main tank high- or low-pressure alarms or indications. 

• PRD (Pressure Relief Device) alarms. 

• Low oil level alarms (Indicates that some oil has leaked and needs to be ‘topped up). 

• Moisture in oil. (Data is collected from a Moisture-in-Oil sensor, and fed into Dynamic Ratings’ moisture in 
paper analytic.) 

• The N2/O2 ratio when reviewing DGA reports from the laboratory. 

• The integrity of the bladder in the conservator. 

• The health of your maintenance free breather. 
 

Moisture in a transformer is never in equilibrium, hence determining whether a transformer is wet can be a 

very difficult task. The Dynamic Ratings E3 monitoring system, when supplied with a continuous moisture in 

oil sensor and our proprietary Moisture in Paper analytic, can perform this assessment for you. 
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