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Guidelines for DGA, Bushing Monitoring 
and PD Alarms Settings 

 

What alarm set-points should be configured for DGA, PD and BM? 

Is there any standard for alarms? 

INTRODUCTION 

Guidelines on DGA interpretation are given in IEC 60599 and IEEE C57.104, CIGRE TB 443. However, none of 

these documents provide any recommendation on Alarm thresholds. No recommendations exist in any 

standard on set-points for Partial Discharge (PD) and Bushing Monitoring (BM).  

Alarms should be set up in order to provide early warning on sudden changes in DGA, PD and BM properties. 

Actions following an alarm can differ company by company, transformer by transformer. 

CAMLIN can provide indications on alarm thresholds basing on personal field experience and transformer 
history and design.  However, it is the customer’s responsibility to set appropriate alarms, based on 
transformer fleet history and condition, along with personal experience and policies.  

 

Monitoring devices must be considered as tools to enable the utility to defer maintenance, allowing them to 

change their approach from a Time Based to a Condition Based Maintenance Plan. Furthermore, the primary 

target of an online Monitoring system is to highlight a situation requiring action. The specific action to be taken 

can be a further investigation (a specific offline measurement such as DFR, DGA, capacitance or tan delta Off-

Line test). 

 

DGA ALARMS 

With regards to Dissolved Gas Analysis, 2 different approaches are typically accepted: 

• Absolute ppm approach: alarms based on absolute readings (ppm) exceeding a determined threshold 

• Rate Of Change (ROC) approach: alarms based on gas concentration variation over a certain time 

(ppm/day) exceeding a determined threshold 

CAMLIN devices are already provided with default alarm levels for both approaches, but the alarms are 

disabled by default. This is done since the end customer may have a specific preference for one of them or 

possibly one of them better suits the specific diagnostic condition.  

Here in the following pages the default configuration will be described. 
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ABSOLUTE PPM – DEFAULT SETTINGS 

Camlin default settings for TOTUS G9 are based on IEEE C57.104 Condition 1 level and should be used for 

brand new transformers only (or with new/degassed oil). 

TOTUS G9 
DGA levels (ppm) 

H2 CH4 C2H2 C2H4 C2H6 CO CO2 TDCG 

Caution (H) 100 120 1 50 65 350 2500 720 

Alarm (HH) 150 180 2 75 100 500 3700 1500 

 

TOTUS G5 
DGA levels (ppm) 

H2 CH4 C2H2 C2H4 CO 

Caution (H) 100 120 5 50 350 

Alarm (HH) 150 180 8 75 500 

 

A deadband of 15% is suggested for each gas in order to deactivate the alarm only when the reading is below 

15% of the threshold. This approach will reduce the possibility of bouncing alarms. 

 

ABSOLUTE PPM – CUSTOM SETTINGS 

Default limits would not be applicable in several cases such as: 

• Transformer is aged with some gassing history 

• Transformer design and age naturally produce high absolute concentration of gases (in particular CO 

and C2H6) without being in a critical condition, which could trigger several alarms if thresholds are 

based on IEEE or IEC normal levels. 

For these reasons CAMLIN proposes a general strategy developed by CAMLIN experts which can be used at 

the customer’s discretion. Recommendation is to set up alarms based on a footprint value, which means 

starting from the latest DGA readings and setting up the alarms based on a deviation from this condition. 

Caution (H) and Alarm (HH) limits can be easily determined as explained in the following procedure: 

 

1. Identify the latest DGA value from the monitoring device for each gas (better if evaluated over a time 

range or a number of measurements of at least 5 samples).  This value will be considered as a footprint: 

“Xfp” 

 

2. Calculate the alarm set-point based on the following formula: 

Caution (H) = min + Xfp * fH 
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Alarm (HH) = (2* min) + Xfp * fHH 

Where: 

- min is a reference value provided for each gas according to the table below: 

Table 1: Minimum gas ppm levels 

 H2 CH4 C2H2 C2H4 C2H6 CO CO2 TDCG 

TOTUS G9 20 30 2 10 20 100 500 50 

TOTUS G5 20 30 5 10 - 100 - - 

 

- fH and fHH are two factors for H and HH alarms, respectively, defined as follow: 
 

a. Caution (H) correction factor → fH = 1.1 

b. Alarm (HH) correction factor →fHH = 1.2 

A deadband of 15% is suggested for each gas in order to deactivate the alarm only when the reading is below 

15% of the threshold. This approach will reduce the possibility of bouncing alarms. 

 

EXAMPLE #1 

In the following example a case where the Hydrogen (H2) value (After 5 readings) is approximately 800 ppm 

is described.  

{

𝐻2 𝑟𝑒𝑎𝑑𝑖𝑛𝑔𝑠 ≈ 800 𝑝𝑝𝑚

𝐻2min  (𝑇𝑎𝑏𝑙𝑒 1) = 20 𝑝𝑝𝑚
 

{

𝐶𝑎𝑢𝑡𝑖𝑜𝑛 (𝐻) = 20 + (800 ∗ 1.1) = 𝟗𝟎𝟎 𝒑𝒑𝒎

𝐴𝑙𝑎𝑟𝑚 (𝐻𝐻) = (2 ∗ 20) + (800 ∗ 1.2) = 𝟏𝟎𝟎𝟎 𝒑𝒑𝒎
 

{

𝑓𝐻 = 1.1

𝑓𝐻𝐻 = 1.2
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EXAMPLE #2 

In the following example a case where the Carbon Monoxide (CO) average value is approximately 680 ppm is 

described.  

{

𝐶𝑂 𝑟𝑒𝑎𝑑𝑖𝑛𝑔𝑠 = 680 𝑝𝑝𝑚

𝐶𝑂min  (𝑇𝑎𝑏𝑙𝑒 1) = 100 𝑝𝑝𝑚
 

{

𝐶𝑎𝑢𝑡𝑖𝑜𝑛 (𝐻) = 100 + (680 ∗ 1.1) = 𝟖𝟒𝟖 𝒑𝒑𝒎

𝐴𝑙𝑎𝑟𝑚 (𝐻𝐻) = (2 ∗ 100) + (680 ∗ 1.2) = 𝟏𝟎𝟏𝟔 𝒑𝒑𝒎
 

{

𝑓𝐻 = 1.1

𝑓𝐻𝐻 = 1.2
 

 

RATE OF CHANGE – DEFAULT SETTINGS 

Rate Of Change (ROC) is used to quantify the increase of gas concentration over a specified time. It must be 

highlighted that ROC is typically 0 when the monitored gasses are stable over time. A positive ROC would 

indicate an increasing trend, while a negative ROC indicates a decreasing trend. 

Roc is generally expressed in amount of ppm increase per day (ppm/day). In order to minimize fluctuations an 

observation period (TROC) is used to collect a certain number of samples and evaluate the ROC. 

Indeed, to properly configure ROC calculations, 2 parameters are needed: 

• Time of evaluation (TROC): used for the ROC calculations to determine an observation period for the 

samples. This parameter ties up with the response speed upon a gas variation. Longer observation 

time will generate a slower response. For such a reason, a shorter observation period should be used 

for fast-generating gases such as H2, C2H2 and C2H4. 

• Minimum number of samples (NMIN): minimum number of valid data points to be present within the 

“Time of Evaluation (TROC)”. This is used to ensure a consistent ROC calculation output. 

• Table 2: CAMLIN default ROC configuration parameters 

GAS 
ROC SETTINGS TOTUS G9 ROC SETTINGS TOTUS G5 

TROC (HOURS) NMIN TROC (HOURS) NMIN 

H2 48 2 168 4 

C2H2 48 2 168 4 

C2H4 48 2 168 4 

C2H6 168 4 - - 

CH4 168 4 168 4 

CO 168 4 168 4 

CO2 168 4 - - 

TDCG 168 4 - - 
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Camlin default ROC parameters are already configured in each Monitoring system as reported in the picture 

below. 

IMPORTANT: TROC and NMIN must be 

coherent with the sampling interval of the 

monitoring device; contrarily, the ROC 

may not be properly determined since 

there are not enough data points into the 

Time of evaluation. 

Within the Web User Interface ROC 

parameters are fully configurable (even in 

case of multiple tanks) and they can be 

found, after logging into the unit as 

shown below: 

“Settings → DGA → ROC Settings” 

“Time of evaluation”, named as “ROC 

calculation time” within the Web User 

Interface, is reported in minutes. 

Example beside is relevant to a TOTUS G9 

system.  

 

From Literature, ROC warning criteria are widely described and discusses through 2 main documents: 

• IEEE® C57.104 provides only a general indication on the TDCG Rate of change: TDCG > 30 ppm/day 

can raise concerns, while TDCG < 10 ppm/day shows a stable behaviour. 

• CIGRE TB443 provides ROC indication for all gases. In some cases, the ROC is reported in [ppm/year]. 

Based on this technical brochure Camlin extracted Caution (H) and Alarm (HH) set-points in [ppm/day]. 

CAMLIN recommendations for default ROC settings are aligned with CIGRE TB443 interpretation. 

 

Table 3: CIGRE TB443 ROC recommendations. Camlin interpretation in [ppm/day] applicable to TOTUS G9 

CIGRE 
[ppm/day] 

H2 CH4 C2H2 C2H4 C2H6 CO CO2 TDCG 

Caution H 1 2 0.2 2 3 20 200 30 

Alarm HH* 3  0.5 5     

* in CAMLIN opinion, configuration of the ROC Alarm HH is meaningful only for key gasses such as 

Hydrogen, Acetylene and Ethylene. 

Caution (H) level refer to a CICGRE TB443 indication for “Condition 4”. This level has been used as a reliable 

reference for this warning level. 

Alarm (HH), instead, has been defined only for some key gases such as Hydrogen, Acetylene and Ethylene since 

an increasing of such gases is considered much more severe. In fact, it is well known from literature experience 

that CO and CO2 ROC increasing are not extremely severe as H2, C2H2 and C2H4. 
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Table 4: CIGRE TB443 ROC recommendations. Camlin interpretation in [ppm/day] applicable to TOTUS G5 

CIGRE 
[ppm/day] 

H2 CH4 C2H2 C2H4 CO 

Caution H 2 4 2 4 20 

Alarm HH*      

 

RATE OF CHANGE – CUSTOM SETTINGS 

As well as for the absolute ppm values, there are conditions where the default settings could be applicable 

and trigger false positive alarms. For this reasons Camlin propose a general strategy developed by Camlin 

experts which can be used at the customer’s discretion. Recommendation is to set up alarms based on a 

footprint value, which means starting from the latest DGA readings set up the alarms based on a deviation 

from this condition. 

 

The following step by step procedure guides the End user to determine the Caution (H) and the Alarm (HH) 

limits for the ROC: 

1. Identify the latest ROC value from the monitoring device for each gas (better if evaluated over a range 

of time equal or greater than TROC). This value will be considered as a footprint: 

 

“Xfp” 

2. Calculate the alarm set-point basing on the following formulae: 

Caution (H) = TH + Xfp * fH 

Alarm (HH) = THH + Xfp * fHH  TOTUS G9 only 

Where: 

- TH and THH are reference values provided for each gas according to the Table 3 and Table 4 

- fH and fHH are two factors for H and HH alarms, respectively, defined as follow: 
 

c. Caution (H) correction factor → fH = 1.1 

d. Alarm (HH) correction factor →fHH = 1.2 

A deadband of 5% is suggested for each gas in order to activate and deactivate the alarm only when the reading 

is within a 5% interval above/below threshold. This approach will reduce the possibility of triggering alarms for 

spurious events. 
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EXAMPLE #1 (TOTUS G9) 

In the following example a case where the Hydrogen (H2) average ROC is about 16 ppm/day is described: 

{
 
 

 
 

𝐻2 𝑅𝑂𝐶 ≈ 16 𝑝𝑝𝑚/𝑑𝑎𝑦

𝐻2 𝐶𝐼𝐺𝑅𝐸𝐻 = 1 𝑝𝑝𝑚/𝑑𝑎𝑦

𝐻2 𝐶𝐼𝐺𝑅𝐸𝐻𝐻 = 3 𝑝𝑝𝑚/𝑑𝑎𝑦

 

{

𝐶𝑎𝑢𝑡𝑖𝑜𝑛 (𝐻) = 1 + (16 ∗ 1.1) = 𝟏𝟖. 𝟔 𝒑𝒑𝒎/𝒅𝒂𝒚

𝐴𝑙𝑎𝑟𝑚 (𝐻𝐻) = 3 + (16 ∗ 1.2) = 𝟐𝟐. 𝟐 𝒑𝒑𝒎/𝒅𝒂𝒚
 

{

𝑓𝐻 = 1.1

𝑓𝐻𝐻 = 1.2
 

EXAMPLE #2 (TOTUS G9) 

In the following example a case where the Acetylene (C2H2) average ROC is about 0.3 ppm/day is described: 

{
 
 

 
 

𝐶2𝐻2 𝑅𝑂𝐶 = 0.3 𝑝𝑝𝑚/𝑑𝑎𝑦

𝐶2𝐻2𝐶𝐼𝐺𝑅𝐸𝐻 = 0.2 𝑝𝑝𝑚/𝑑𝑎𝑦

𝐶2𝐻2𝐶𝐼𝐺𝑅𝐸𝐻𝐻 = 0.5 𝑝𝑝𝑚/𝑑𝑎𝑦

 

{

𝐶𝑎𝑢𝑡𝑖𝑜𝑛 (𝐻) = 0.2 + (0.3 ∗ 1.1) = 𝟎. 𝟓𝟑 𝒑𝒑𝒎/𝒅𝒂𝒚

𝐴𝑙𝑎𝑟𝑚 (𝐻𝐻) = 0.5 + (0.3 ∗ 1.2) = 𝟎. 𝟖𝟔 𝒑𝒑𝒎/𝒅𝒂𝒚
 

{

𝑓𝐻 = 1.1

𝑓𝐻𝐻 = 1.2
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PD & BM ALARMS 

It must be clarified that, so far, no international standard or rules have been defined for Partial Discharge (PD), 

Bushing Capacitance and Bushing Power Factor (Tan Delta) in on-line monitoring condition.  

Furthermore, discrepancy between the on-line data and off-line data can be found also due to the different 

measurement setup and conditions. Even considering “conventional” testing methodology, unexpected 

results could be found between two or more subsequent offline tests as well. 

Main explanations are due to: 

• Dependency on temperature 

• Absence of real operating conditions during the “Off-Line Test” (defects active during high loading 

only or high temperatures only cannot be active and visible during the offline test)  

• Nature of the defects itself. 

All of the above factors contribute to the unavailability of reliable and approved international guidelines. 

 

Camlin devices are already provided with default alarm levels and alarms based on Camlin expertise and 

experience into the field of Monitoring systems. All the PD and BM alarms are enabled by default.  

There are normally 4 main alarm categories, reported in Table 5, which give a general indication of the type of 

action that should be taken. Each alarm typology has a specific meaning as described in the below table. 

 

Table 5: Camlin Alarm Level classification 

ALARM TYPE ALARM DESCRIPTION 

Info (I) 
Fluctuation within an acceptable range which is anyway considered unusual. 

Actions are not required. Data review would be enough. 

High (H) 
Significant change in the recorded data that must be notified. Actions are 

suggested 

High High (HH) Critical condition. Remarkable variation in the data. Actions are required. 

Abnormal 
Fast variation detected. An abnormally fast changes of the recorded data is 

detected. The readings must be checked, and action discussed  

 

For any monitored quantity the Camlin approach is to define multiple alarms level in order to provide a 

reliable technique for early warning of incipient faults, thereby enabling corrective action to avoid permanent 

damage and possible customer interruptions.   
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Considering the plurality of monitored quantities, and applying the 4 main alarm categories to each index, it is 

possible to review the overall Camlin default alarm configuration through Table 6. 

 

Table 6: Overall PD & BM Camlin default Alarm configuration 

SYSTEM ALARMS 
ALARM LEVEL 

DESCRIPTION 
I H HH 

Relative Capacitance [%] 2 % 5 % 10 % 
Alarm on relative capacitance increase. Daily average 
used generally to spot small but permanent changes 

Relative Power Factor [%] 0.3 % 0.5 % 1 % 
Alarm on relative power factor increase (algebraic 
increment over time). Monthly averaged used 
generally to spot small but permanent changes 

Abnormal Capacitance 
Increase (%) 

 10 %  
Alarm for fast and big changes in capacitance, to be 
acknowledged in few hours 

Abnormal Power Factor 
Increase (%) 

 0.7 %  
Alarm for fast and big changes in phase angle to be 
acknowledged in few days 

Medium Activity (%)   60 % 80 % 
Alarm on intensive persistence of PD phenomena with 
Medium intensity.  

Severe Activity (%)  40 % 70 % 
Alarm on intensive persistence of PD phenomena with 
severe intensity. 

High Energy Events (%)  5 % 20 % 
Alarm on very high event, even with intermittent 
behaviour 

 

In conclusion, provided that no guidelines are provided by standards or technical brochures, as it is for DGA, 

the proposed approach represents a general strategy developed by Camlin experts which can be used at the 

customer’s discretion. 

Customized limits can be set based on the utility needs and further discussed with Camlin experts if required. 

 


