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ABSTRACT: 
 
The use of remote monitoring devices for potential data acquisition give pipeline 
operators a lot of data to be analyzed. Sometimes it makes difficult to analyze so 
many data, especially when stray currents are present. 
 
The aim of this works is to give the keys for further discussions concerning which are 
the best suited informations for obtaining and analyzing instant Off measurements in 
presence of stray currents. Under dc and/or ac stray currents, also during day or 
night hours, data is analyzed by trying different data capture frequency, so it can be 
highlighted which will be the needed of data acquisition in respect of interferences 
present.   
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ZUSAMMENFASSUNG: 
 
Die Verwendung von Fernüberwachungsgeräten zur potenziellen Datenerfassung 
ergibt für die Betreiber von Rohrleitungen eine Fülle zu analysierender Daten. Die 
Analyse der anfallenden Datenmengen gestaltet sich mitunter schwierig, 
insbesondere wenn Fehlerströme vorhanden sind. 
 
Ziel der vorliegenden Arbeit ist es, Ansätze zur weiteren Diskussion der Frage 
anzubieten, welche Daten am besten geeignet sind, um periodisch durchgeführte 
Ausschaltmessungen bei vorhandenen Fehlerströmen durchzuführen und zu 
analysieren. Sind DC- und/oder AC-Fehlerströme vorhanden, werden die Daten 
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mittels variierender Häufigkeit der Datenerfassung analysiert – sowohl tagsüber als 
auch nachts. Auf diese Weise kann ermittelt werden, welche Art der Datenerfassung 
tatsächlich benötigt wird, wenn Störungen vorhanden sind.   
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RÉSUMÉ : 
 
L'utilisation de dispositifs de contrôle à distance pour l'acquisition de données de 
potentiels fournit aux exploitants de canalisations une importante quantité de 
données à analyser. Il est parfois complexe d'analyser autant de données, surtout en 
présence de courants vagabonds. 
 
L'objectif de ce travail est d'apporter des solutions pour des discussions futures 
visant à identifier les informations les plus adéquates pour obtenir et analyser des 
mesures hors charge instantanées sous l'influence de courants vagabonds. En 
présence de courants vagabonds dc et/ou ac, de jour comme de nuit, les données 
sont analysées par le biais de différentes fréquences de capture de données, de 
manière à ce qu'il soit possible de déterminer l'acquisition de données nécessaire en 
fonction des interférences présentes.   
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INTRODUCTION. 
 
Data-logger introduction in monitoring cathodic protection systems, gave us 
nowadays the possibility of obtaining so many information once unthinkable 
compared with manually taken measures. 
 
This lead to an amount of measure growing continuously, giving the possibility of 
studying and analyzing deeper the state of cathodic protection along the pipelines. 
 
Software instruments gave also the possibility to manage all this data, making 
historical analysis, evaluating the cathodic protection effects and so giving to the 
people involved all the instruments to decide the minimal information needed (daily 
report with minimum, medium, maximum, etc…) to do an efficient pre-analysis of the 
data received, and so focusing only on the anomalies detected to analyze the causes.  
  
However, all these data need also to be interpreted because of the presence of 
influences from AC/DC interferences, stray currents, etc… that can bring to a 
difference between the measure obtained and the real potential value of the pipe. 
 
That is why the introduction of OFF measurement is growing to obtain measures not 
affected by other sources. 
  
The most important value to analyze is the instant off, but to obtain this value it is 
needed to collect many values at high frequency sampling, to find the single value 
we need. 
 
In reality, with the actual technologies, it is quite simple obtaining this value. On the 
other hand, that means the need of a high power-working mode for data logger 
devices, which could be acceptable for one-off analysis, but on daily analysis, 
considering that the largest part of devices installed along pipelines work with 
battery power, that would mean going around for changing batteries every few 
months. 
 
That mean the need of finding an intelligent way to obtain this value, by a 
compromise that allow us to catch the instant off value (or an acceptable 
approximation) from an as limited as possible set of measures.  
 
The aim of this work is to start a discussion about how much we can take in the 
information needed to obtain an instant off value that could work in a variety of 
context as wide as possible (sites affected or not by stray current, daily or nightly 
hours, different kind of soil, etc…) by showing the data collected by realizing 
measures at different sampling rates in different sites with different context 
conditions. 
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TEST CONDITIONS. 
 
Measure tests have been realized in three different sites: 

 
 

 Spain – North of Barcelona 
o near railway with high speed trains (high AC interference) 
o both portable electrode and coupon (10 cm2) 

 

 Italy – Rimini 
o near railway (low DC interference) 
o both permanent electrode and coupon (12,5 cm2) 

 
 Italy – Ancona 

o absolutely no interfered site 
o both permanent electrode and coupon (8 cm2) 

 
 

Measures have been taken with a G2-O data logger, taking a measure every 500us 
and with an ON-OFF duty cycle programmed to the device of 59s ON and 1s OFF. 
Measures have been taken back with the following data rates: 

 
 

o a value every 500us 
o a value every 1ms obtained as the average value on 1ms 
o a value every 2ms obtained as the average value on 2ms 
o a value every 5ms obtained as the average value on 1ms 
o a value every 5ms obtained as the average value on 5ms 
o a value every 10ms obtained as the average value on 1ms 
o a value every 10ms obtained as the average value on 10ms 
o a value every 20ms obtained as the average value on 1ms 
o a value every 20ms obtained as the average value on 20ms 
o a value every 25ms obtained as the average value on 1ms 
o a value every 25ms obtained as the average value on 10ms 
o a value every 50ms obtained as the average value on 1ms 
o a value every 50ms obtained as the average value on 20ms 
o a value every 100ms obtained as the average value on 1ms 
o a value every 100ms obtained as the average value on 20ms 
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Results have been summarized in an excel file, focusing on the off seconds recorded 
in each test and comparing the value obtained at same interval from the OFF with 
different data rate: 

 

 
 

 
 
and charged in the software WebProCat to see the graphs:  
 

 

 

SAMPLE IntervalGroup ON 0,5 ms 1 ms 1,5 ms 2 ms 2,5 ms 3 ms 4 ms 5 ms 10 ms 20 ms 25 ms 50 ms

OFF-06 0,5 0,5 -2,031 -1,012 -1,030 -1,033 -1,037 -1,050 -1,050 -1,057 -1,060 -1,068 -1,067 -1,065 -1,054

OFF-06 1 1 -1,521 -1,031 -1,043 -1,049 -1,056 -1,060 -1,069 -1,069 -1,065 -1,055

OFF-06 2 2 -0,811 -1,037 -1,053 -1,067 -1,069 -1,054

OFF-06 5 1 2,179 -1,048 -1,064 -1,070 -1,067 -1,053

OFF-06 5 5 5,020 -1,031 -1,063 -1,068 -1,072 -1,052

OFF-06 10 1 -3,377 -1,031 -1,068 -1,060

OFF-06 10 10 2,996 -1,056 -1,069 -1,055

OFF-06 20 1 -6,783 -1,031

OFF-06 20 20 -2,406 -1,063

OFF-06 25 1 5,020 -1,072 -1,052

OFF-06 25 10 0,565 -1,066 -1,052

OFF-06 50 1 -3,121 -1,072

OFF-06 50 20 -2,472 -1,064

OFF-06 100 1 -7,148

OFF-06 100 20 -2,490

SAMPLE IntervalGroup ON 50 ms 100 ms 150 ms 200 ms 300 ms 400 ms 500 ms 600 ms 700 ms 800 ms 900 ms

OFF-06 0,5 0,5 -2,031 -1,054 -1,035 -1,020 -1,010 -0,995 -0,983 -0,971 -0,966 -0,957 -0,947 -0,936

OFF-06 1 1 -1,521 -1,055 -1,033 -1,020 -1,010 -0,995 -0,982 -0,970 -0,964 -0,955 -0,947 -0,937

OFF-06 2 2 -0,811 -1,054 -1,035 -1,020 -1,011 -0,994 -0,981 -0,971 -0,962 -0,954 -0,947 -0,937

OFF-06 5 1 2,179 -1,053 -1,036 -1,019 -1,011 -0,994 -0,981 -0,971 -0,961 -0,954 -0,947 -0,939

OFF-06 5 5 5,020 -1,052 -1,037 -1,018 -1,012 -0,996 -0,981 -0,972 -0,962 -0,955 -0,949 -0,940

OFF-06 10 1 -3,377 -1,060 -1,036 -1,024 -1,012 -0,997 -0,982 -0,968 -0,962 -0,954 -0,944 -0,937

OFF-06 10 10 2,996 -1,055 -1,036 -1,020 -1,011 -0,994 -0,981 -0,969 -0,961 -0,953 -0,946 -0,938

OFF-06 20 1 -6,783 -1,044 -1,016 -0,998 -0,983 -0,969 -0,959 -0,953 -0,947 -0,939

OFF-06 20 20 -2,406 -1,036 -1,011 -0,994 -0,980 -0,969 -0,960 -0,951 -0,944 -0,938

OFF-06 25 1 5,020 -1,052 -1,037 -1,018 -1,012 -0,996 -0,981 -0,972 -0,962 -0,955 -0,949 -0,940

OFF-06 25 10 0,565 -1,052 -1,034 -1,019 -1,009 -0,993 -0,979 -0,969 -0,960 -0,952 -0,945 -0,938

OFF-06 50 1 -3,121 -1,072 -1,044 -1,028 -1,016 -0,998 -0,986 -0,974 -0,966 -0,955 -0,946 -0,940

OFF-06 50 20 -2,472 -1,064 -1,040 -1,025 -1,013 -0,995 -0,981 -0,970 -0,960 -0,952 -0,945 -0,939

OFF-06 100 1 -7,148 -1,072 -1,028 -1,006 -0,991 -0,978 -0,967 -0,962 -0,948 -0,944

OFF-06 100 20 -2,490 -1,064 -1,025 -1,003 -0,988 -0,975 -0,965 -0,956 -0,948 -0,941
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TEST 1: Barcelona (BCN) 
 
Test site 

 
 
Portable electrode and coupon 

 
 
Device connected, with internal cyclic switch to manage ON-OFF cycle 

 
 
 
Two different tests have been realized on this site, waiting the high speed train 
crossing to be sure of intercepting high AC interference. 
 
The first test lasted 12 minutes so obtaining 12 OFF measures. 
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The summary values taken during the test are the following (both On and OFF 
measures are taken): 
 

 
 
And here are the graphs at 0,5x0,5 sampling (a value every 500us) and 20x20 (a 
value every 20ms obtained as the average value on 20ms): 
 

 
 

 
 
 

TEST SAMPLING M.U. MIN MED MAX

TEST-BCN-1 0.5x0.5 V -15,215 -2,739 +14,206

TEST-BCN-1 01x01 V -14,663 -2,743 +13,470

TEST-BCN-1 02x02 V -13,427 -2,740 +12,448

TEST-BCN-1 05x01 V -14,626 -2,739 +13,008

TEST-BCN-1 05x05 V -11,573 -2,744 +10,793

TEST-BCN-1 10x01 V -14,506 -2,728 +12,853

TEST-BCN-1 10x10 V -10,725 -2,734 +5,721

TEST-BCN-1 20x01 V -14,506 -2,749 +12,844

TEST-BCN-1 20x20 V -4,751 -2,746 -0,827

TEST-BCN-1 25x01 V -14,389 -2,730 +12,853

TEST-BCN-1 25x10 V -10,692 -2,735 +5,707

TEST-BCN-1 50x01 V -14,057 -2,742 +12,853

TEST-BCN-1 50x20 V -4,734 -2,748 -1,023

TEST-BCN-1 100x01 V -14,057 -2,737 +12,798

TEST-BCN-1 100x20 V -4,734 -2,733 -1,023
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And this is the graph for the OFF value we will consider in our analysis extracted 
from the two graph above (OFF #10): 

 

 
 

 
 
 
These are the values obtained (shown until 100ms from the cut) 
 

 

 
 
The second test lasted 7 minutes so obtaining 7 OFF measures. 
 
 
 

SAMPLE Interval Group ON 0,5 ms 1 ms 1,5 ms 2 ms 2,5 ms 3 ms 4 ms 5 ms 10 ms 20 ms 25 ms 50 ms 100 ms

OFF-10 0,5 0,5 -3,093 -1,375 -1,374 -1,355 -1,343 -1,330 -1,318 -1,302 -1,290 -1,254 -1,211 -1,209 -1,175 -1,140

OFF-10 1 1 -2,234 -1,364 -1,336 -1,313 -1,301 -1,291 -1,255 -1,211 -1,207 -1,170 -1,130

OFF-10 2 2 -3,547 -1,350 -1,307 -1,257 -1,215 -1,171 -1,134

OFF-10 5 1 -6,014 -1,313 -1,265 -1,222 -1,209 -1,170 -1,133

OFF-10 5 5 -3,161 -1,292 -1,254 -1,215 -1,206 -1,169 -1,134

OFF-10 10 1 -7,485 -1,313 -1,237 -1,174 -1,136

OFF-10 10 10 -5,292 -1,273 -1,223 -1,172 -1,135

OFF-10 20 1 -7,485 -1,237 -1,136

OFF-10 20 20 -3,283 -1,212 -1,133

OFF-10 25 1 2,213 -1,265 -1,186 -1,142

OFF-10 25 10 0,360 -1,242 -1,182 -1,141

OFF-10 50 1 2,213 -1,186 -1,142

OFF-10 50 20 -2,465 -1,177 -1,138

OFF-10 100 1 -7,130 -1,186

OFF-10 100 20 -2,560 -1,177
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The summary values taken during the test are the following (both On and OFF 
measures are taken): 
 

 
 
And here are the graphs at 0,5x0,5 sampling (a value every 500us) and 20x20 (a 
value every 20ms obtained as the average value on 20ms): 

 

 
 

 
 
 

TEST SAMPLING M.U. MIN MED MAX

TEST-BCN-2 0.5x0.5 V -15,988 -2,455 +10,518

TEST-BCN-2 1x1 V -15,319 -2,454 +10,466

TEST-BCN-2 2x2 V -14,375 -2,453 +10,368

TEST-BCN-2 5x1 V -13,878 -2,453 +9,630

TEST-BCN-2 5x5 V -14,833 -2,450 +10,466

TEST-BCN-2 10x1 V -14,831 -2,467 +10,466

TEST-BCN-2 10x10 V -10,696 -2,452 +5,615

TEST-BCN-2 20x1 V -14,831 -2,518 +10,466

TEST-BCN-2 20x20 V -2,956 -2,451 -0,437

TEST-BCN-2 25x1 V -14,818 -2,451 +10,448

TEST-BCN-2 25x10 V -10,682 -2,451 +5,615

TEST-BCN-2 50x1 V -14,817 -2,480 +10,448

TEST-BCN-2 50x20 V -2,956 -2,451 -0,437

TEST-BCN-2 100x1 V -14,817 -2,525 +10,448

TEST-BCN-2 100x20 V -2,956 -2,451 -0,437
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And this is the graph for the OFF value we will consider in our analysis extracted 
from the two graph above (OFF #7): 
 

 

 
 

 
 
 
These are the values obtained (shown until 100ms from the cut) 
 

 
 
 
 
 

 

SAMPLE Interval Group ON 0,5 ms 1 ms 1,5 ms 2 ms 2,5 ms 3 ms 4 ms 5 ms 10 ms 20 ms 25 ms 50 ms 100 ms

OFF-07 0,5 0,5 0,390 -1,091 -1,098 -1,110 -1,110 -1,120 -1,110 -1,112 -1,120 -1,116 -1,099 -1,092 -1,069 -1,046

OFF-07 1 1 0,518 -1,094 -1,110 -1,115 -1,111 -1,114 -1,115 -1,097 -1,090 -1,067 -1,045

OFF-07 2 2 -0,288 -1,112 -1,112 -1,113 -1,098 -1,069 -1,044

OFF-07 5 1 0,352 -1,114 -1,112 -1,100 -1,091 -1,070 -1,044

OFF-07 5 5 1,734 -1,115 -1,111 -1,103 -1,097 -1,071 -1,044

OFF-07 10 1 1,734 -1,111 -1,103 -1,071 -1,044

OFF-07 10 10 -0,380 -1,108 -1,095 -1,068 -1,042

OFF-07 20 1 -4,057 -1,111 -1,046

OFF-07 20 20 -1,676 -1,102 -1,044

OFF-07 25 1 -8,974 -1,103 -1,076 -1,044

OFF-07 25 10 -0,319 -1,095 -1,071 -1,044

OFF-07 50 1 -4,146 -1,103 -1,059

OFF-07 50 20 -2,517 -1,090 -1,053

OFF-07 100 1 -4,146 -1,059

OFF-07 100 20 -2,517 -1,053
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TEST 2: RIMINI (SGR) 
 
Test site 

      
 
Permanent electrode and coupon 
During the test there has been also a train crossing, but without significant 
interference in the measures. 
 
Test lasted 9 minutes so obtaining 9 OFF measures. 
 
The summary values taken during the test are the following (both On and OFF 
measures are taken): 
 

 
 
And here are the graphs at 0,5x0,5 sampling (a value every 500us) and 20x20 (a 
value every 20ms obtained as the average value on 20ms): 

TEST SAMPLING M.U. MIN MED MAX

TEST-SGR 0.5x0.5 V -2,370 -1,495 -0,432

TEST-SGR 1x1 V -2,354 -1,495 -0,453

TEST-SGR 2x2 V -2,305 -1,495 -0,487

TEST-SGR 5x1 V -2,311 -1,505 -0,464

TEST-SGR 5x5 V -2,057 -1,495 -0,724

TEST-SGR 10x1 V -2,311 -1,436 -0,503

TEST-SGR 10x10 V -1,879 -1,494 -1,014

TEST-SGR 20x1 V -2,234 -1,324 -0,546

TEST-SGR 20x20 V -1,556 -1,494 -1,015

TEST-SGR 25x1 V -2,311 -1,505 -0,470

TEST-SGR 25x10 V -1,879 -1,494 -1,014

TEST-SGR 50x1 V -2,311 -1,436 -0,512

TEST-SGR 50x20 V -1,552 -1,495 -1,015

TEST-SGR 100x1 V -2,232 -1,324 -0,549

TEST-SGR 100x20 V -1,551 -1,495 -1,015
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And this is the graph for the OFF value we will consider in our analysis extracted 
from the two graph above  (OFF #2): 
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These are the values obtained (shown until 100ms from the cut) 
 

 
 
 
TEST 3: ANCONA (GOR) 
 
Test site 
 

 
 
Permanent electrode and coupon 
 
This site has no interference at all. 
 
Test lasted 5 minutes so obtaining 5 OFF measures. 
 
The summary values taken during the test are the following (both On and OFF 
measures are taken): 

 

SAMPLE Interval Group ON 0,5 ms 1 ms 1,5 ms 2 ms 2,5 ms 3 ms 4 ms 5 ms 10 ms 20 ms 25 ms 50 ms 100 ms

OFF-02 0,5 0,5 -1,231 -1,189 -1,191 -1,189 -1,189 -1,185 -1,183 -1,188 -1,190 -1,177 -1,174 -1,182 -1,176 -1,162

OFF-02 1 1 -1,302 -1,190 -1,189 -1,184 -1,182 -1,183 -1,178 -1,174 -1,180 -1,174 -1,164

OFF-02 2 2 -1,628 -1,246 -1,186 -1,180 -1,176 -1,170 -1,163

OFF-02 5 1 -1,302 -1,183 -1,178 -1,174 -1,180 -1,174 -1,164

OFF-02 5 5 -1,895 -1,209 -1,181 -1,176 -1,175 -1,171 -1,164

OFF-02 10 1 -1,302 -1,178 -1,174 -1,174 -1,164

OFF-02 10 10 -1,734 -1,195 -1,177 -1,172 -1,164

OFF-02 20 1 -1,660 -1,178 -1,168

OFF-02 20 20 -1,465 -1,176 -1,163

OFF-02 25 1 -1,294 -1,183 -1,175 -1,166

OFF-02 25 10 -1,285 -1,180 -1,174 -1,165

OFF-02 50 1 -1,294 -1,175 -1,166

OFF-02 50 20 -1,510 -1,173 -1,164

OFF-02 100 1 -1,670 -1,175

OFF-02 100 20 -1,510 -1,173
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And here are the graphs at 0,5x0,5 sampling (a value every 500us) and 20x20 (a 
value every 20ms obtained as the average value on 20ms): 
 

 

  
 
And this is the graph for the OFF value we will consider in our analysis extracted 
from the two graph above: 
 

TEST SAMPLING M.U. MIN MED MAX

TEST-GOR 0.5x0.5 V -1,846 -1,649 -0,667

TEST-GOR 1x1 V -1,830 -1,649 -0,669

TEST-GOR 2x2 V -1,814 -1,649 -0,671

TEST-GOR 5x1 V -1,827 -1,649 -0,671

TEST-GOR 5x5 V -1,784 -1,649 -0,673

TEST-GOR 10x1 V -1,827 -1,650 -0,671

TEST-GOR 10x10 V -1,722 -1,649 -0,673

TEST-GOR 20x1 V -1,826 -1,649 -0,671

TEST-GOR 20x20 V -1,671 -1,649 -0,674

TEST-GOR 25x1 V -1,825 -1,649 -0,671

TEST-GOR 25x10 V -1,722 -1,648 -0,674

TEST-GOR 50x1 V -1,825 -1,650 -0,671

TEST-GOR 50x20 V -1,825 -1,649 -0,671

TEST-GOR 100x1 V -1,825 -1,649 -0,671

TEST-GOR 100x20 V -1,671 -1,649 -0,674
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These are the values obtained (shown till 100ms from the cut) 
 

 
 

 
ANALYSIS. 
 
There are many aspects to consider and analyze: 
 

 What happens under circumstances with external affections (AC and DC) and 
without external affections, according to the data collected?  

 

 What happens according to the data acquisition frequency and the time taken 
into account (intervals) for performing the average of data obtained? 

SAMPLE Interval Group ON 0,5 ms 1 ms 1,5 ms 2 ms 2,5 ms 3 ms 4 ms 5 ms 10 ms 20 ms 25 ms 50 ms 100 ms

OFF-02 0,5 0,5 -1,498 -0,939 -0,967 -0,969 -0,965 -0,966 -0,966 -0,961 -0,960 -0,955 -0,951 -0,953 -0,943 -0,931

OFF-02 1 1 -1,218 -0,968 -0,965 -0,962 -0,962 -0,961 -0,954 -0,951 -0,951 -0,943 -0,934

OFF-02 2 2 -1,093 -0,963 -0,961 -0,955 -0,950 -0,940 -0,934

OFF-02 5 1 -1,546 -0,962 -0,959 -0,947 -0,949 -0,942 -0,935

OFF-02 5 5 -1,260 -0,960 -0,956 -0,949 -0,949 -0,941 -0,933

OFF-02 10 1 -1,546 -0,959 -0,947 -0,942 -0,935

OFF-02 10 10 -1,110 -0,954 -0,949 -0,941 -0,934

OFF-02 20 1 -1,621 -0,959 -0,935

OFF-02 20 20 -1,363 -0,951 -0,934

OFF-02 25 1 -1,621 -0,956 -0,940 -0,935

OFF-02 25 10 -1,616 -0,951 -0,942 -0,934

OFF-02 50 1 -1,621 -0,940 -0,935

OFF-02 50 20 -1,363 -0,941 -0,934

OFF-02 100 1 -1,621 -0,935

OFF-02 100 20 -1,363 -0,934
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Let’s analyze first the issue of comparison between circumstances affected or not 
affected by interference, for instance by analyzing on some curves of depolarization 
what can be seen at 10 ms, 100 ms, 500 ms and 900 ms.  
 
1 - At shorter OFF measurement time, the value obtained shows greater (more 
electronegative) polarization.  
Let's look at this in detail: 
 
a) Without external affections (GOR, data from OFF #01):  
 
taking into account different frequencies data can be observed that the differences in 
the OFF value are of: 

 5 mV at 10 ms;  

 4 mV at 100 ms;  
 4 mV at 500 ms; 
 6 mV at 900 ms,  

 
regardless of the ON value obtained at each measurement frequency and interval for 
the mean.  
 
Moreover compared to the measures obtained at 10 ms from the cut, 
OFF values, on average are: 

 at 900 ms: 58 mV less electronegative than the values at 10ms; 

 at 500 ms: 44 mV less electronegative than the values at 10ms;  
 at 100 ms: 22 mV less electronegative than the values at 10ms;  

 
b) With very little external affections (SGR, data from OFF #02):  
 
taking into account different frequencies data can be observed that the differences in 
the OFF value are of: 

 18 mV at 10 ms;  
 13 mV at 100 ms;  
 5 mV at 500 ms; 
 3 mV at 900 ms,  

 
regardless of the ON value obtained at each measurement frequency and interval for 
the mean.  
 
Moreover compared to the measures obtained at 10 ms from the cut, 
OFF values, on average are: 

 at 900 ms: 51 mV less electronegative than the values at 10ms; 
 at 500 ms: 41 mV less electronegative than the values at 10ms;  
 at 100 ms: 17 mV less electronegative than the values at 10ms;  
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c) With external affections (BCN-1, data from OFF-10): 
 
taking into account different frequencies data can be observed that the differences in 
the OFF value are of: 

 59 mV at 10 ms;  
 56 mV at 100 ms;  

 8 mV at 500 ms; 
 7 mV at 900 ms,  

 
regardless of the ON value obtained at each measurement frequency and interval for 
the mean.  
 
Moreover compared to the measures obtained at 10 ms from the cut, 
OFF values, on average are: 

 at 900 ms: 223 mV less electronegative than the values at 10ms; 
 at 500 ms: 201 mV less electronegative than the values at 10ms;  

 at 100 ms: 133 mV less electronegative than the values at 10ms;  
 
d) With external affections (BCN-2, data from OFF-07):  
 
taking into account different frequencies data can be observed that the differences in 
the OFF value are of: 

 8 mV at 10 ms;  
 17 mV at 100 ms;  

 3 mV at 500 ms; 
 7 mV at 900 ms,  

 
regardless of the ON value obtained at each measurement frequency and interval for 
the mean.  
 
Moreover compared to the measures obtained at 10 ms from the cut, 
OFF values, on average are: 

 at 900 ms: 177 mV less electronegative than the values at 10ms; 
 at 500 ms: 142 mV less electronegative than the values at 10ms;  

 at 100 ms: 68 mV less electronegative than the values at 10ms;  
 
It follows that  
 

 the difference between the OFF values, at different sampling frequencies, are 
more pronounced in places where there are external influences,  

 differences between OFF values are generally smaller, at different sampling 
frequencies, the greater is the depolarization time,  

 the longer the depolarization, we can notice that the values are obviously less 
electronegative.  
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 the difference between the OFF values, at different sampling frequencies, 
practically disappears after 200 ms from the cut 
 

The second issue to consider is to analyze in the same OFF curves mentioned above 
how they are affected by the data rate considered  
 
a) With very little external affections (SGR, data from OFF #02): 
 
Considering 0,5 ms as data rate and 0,5 ms as interval to take the average:  

 between 0,5 ms and 5 ms there is not much variation in the values, then we 
can see increases by taking into account interval of 100 ms each 

Considering 1 ms as data rate and 1 ms as interval to take the average:  

 the value observed is practically the same as in the case of the 0,5 ms with 
variations smaller than 5 mV in all cases. 

Considering 2 ms as data rate and 2 ms as interval to take the average:  
 We can notice a little more variation in the values before 10 ms, very little 

variation in the other intervals (less than 5 mV compared to the preceding). 
Considering 5 ms as data rate and 1 or 5 ms as interval to take the average:  

 the same as above, with average every 5 ms the value seems to be more 
electronegative than with average at 1 ms in the first intervals after the cut 
(5, 10 and 20 ms). 

Considering 10 ms as data rate and 1 or 10 ms as interval to take the average:  
 the same as in the case above. With average every 10 ms we can see a more 

electronegative value than with average at 1 ms at values at 10 and 20 ms. 
Then the data is balanced, and look like at all the above. 

Considering 20 ms as data rate and 1 o 20 ms as interval to take the average:  

 In this case the data are very similar in all circumstances, and also with cases 
above 

Considering 25 ms as data rate and 1 o 10 ms as interval to take the average:  

 Exactly as in the previous case (20 ms). 
Considering 50 ms as data rate and 1 o 20 ms as interval to take the average:  

 Exactly as in the previous case (20 and 25 ms). 
Considering 100 ms as data rate and 1 o 20 ms as interval to take the average:  

 OFF values at 100ms are more electronegative than in all cases above, but 
they became practically the same as the others from 200ms 

 
b) Without external affections (GOR, data from OFF #01): 
 
Considering 0,5 ms as data rate and 0,5 ms as interval to take the average:  

 value at 0,5 ms is less electronegative than following, near enough to the 
value at 50 ms. Between 1 ms and 5 ms there is not much variation in the 
values, then we can see increases by taking into account interval of 100 ms 
each 

Considering 1 ms as data rate and 1 ms as interval to take the average:  
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 the value observed is practically the same as in the case of the 0,5 ms with 
variations smaller than 5 mV in all cases. 

Considering 2 ms as data rate and 2 ms as interval to take the average:  

 very little variation in the other intervals (less than 5 mV compared to the 
preceding). 

 
Considering 5 ms as data rate and 1 or 5 ms as interval to take the average:  

 very little variation in the other intervals (less than 5 mV compared to the 
preceding). 

Considering 10 ms as data rate and 1 or 10 ms as interval to take the average:  

 the same as in the case above. With average every 10 ms we can see a less 
electronegative value than with average at 1 ms at value at 10 ms. Then the 
data is balanced, and look like at all the above. 

Considering 20 ms as data rate and 1 or 20 ms as interval to take the average:  

 In this case the data are very similar in all circumstances, and also with cases 
above 

Considering 25 ms as data rate and 1 or 10 ms as interval to take the average:  

 Exactly as in the previous case (20 ms). 
Considering 50 ms as data rate and 1 or 20 ms as interval to take the average:  

 Exactly as in the previous case (20 and 25 ms). 
Considering 100 ms as data rate and 1 or 20 ms as interval to take the average:  

 Exactly as in the previous case 
 
c) With external affections (BCN-1, data from OFF-10): 
 
Considering 0,5 ms as data rate and 0,5 ms as interval to take the average:  

 the depolarization is progressive in time 
Considering 1 ms as data rate and 1 ms as interval to take the average:  

 the value observed is practically the same as in the case of the 0,5 ms.  
Considering 2 ms as data rate and 2 ms as interval to take the average:  

 We can notice a little more variation in the values before 10 ms, very little 
variation in the other intervals (less than 5 mV compared to the preceding). 

Considering 5 ms as data rate and 1 or 5 ms as interval to take the average:  

 the same as above, with average every 5 ms the value seems to be less 
electronegative than with average at 1 ms in the first intervals after the cut 
(5, 10 and 20 ms). 

Considering 10 ms as data rate and 1 or 10 ms as interval to take the average:  
 the same as in the case above. With average every 10 ms we can see a less 

electronegative value than with average at 1 ms at value at 10 ms. Then the 
data is balanced, and look like at all the above. 

Considering 20 ms as data rate and 1 o 20 ms as interval to take the average:  

 In this case the data are very similar in all circumstances, and also with cases 
above. with average every 20 ms we can see a less electronegative value than 
with average at 1 ms 

Considering 25 ms as data rate and 1 o 10 ms as interval to take the average:  
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 Exactly as in the previous case (20 ms). 
Considering 50 ms as data rate and 1 o 20 ms as interval to take the average:  

 Exactly as in the previous case (20 and 25 ms). 
Considering 100 ms as data rate and 1 o 20 ms as interval to take the average:  

 OFF values at 100ms are more electronegative than in all cases above, but 
they became practically the same as the others from 200ms 

 
d) With external affections (BCN-2, data from OFF-07):  
 
Considering 0,5 ms as data rate and 0,5 ms as interval to take the average:  

 the depolarization is progressive in time, but till 10ms is not that evident as in 
the case of BCN-1.  

Considering 1 ms as data rate and 1 ms as interval to take the average:  
 the observed value is practically the same as in the case of the 0,5 ms. 

Considering 2 ms as data rate and 2 ms as interval to take the average: the 
observed is practically the same as in the case of the 1 ms. 

Considering 5 ms as data rate and 1 or 5 ms as interval to take the average:  

 the same as above  
Considering 10 ms as data rate and 1 or 10 ms as interval to take the average:  

 the same as in the case above. With average every 10 ms we can see a less 
electronegative value than with average at 1 ms at value at 10 and 20 ms. 
Then the data is balanced, and look like at all the above. 

Considering 20 ms as data rate and 1 o 20 ms as interval to take the average:  

 In this case, the data are very similar in all circumstances, and also with cases 
above. with average every 20 ms we can see a less electronegative value than 
with average at 1 ms 

Considering 25 ms as data rate and 1 o 10 ms as interval to take the average:  
 Exactly as in the previous case (20 ms). 

Considering 50 ms as data rate and 1 o 20 ms as interval to take the average:  

 Exactly as in the previous case (20 and 25 ms). 
Considering 100 ms as data rate and 1 o 20 ms as interval to take the average:  

 OFF values at 100ms are more electronegative than in all cases above, but 
they became practically the same as the others from 200ms 

 
As we can see, generally, looking at measures realized at same sampling frequency, 
but with different intervals on which is calculate the average value, shorter intervals 
show more electronegative value: that is something expected, since, growing less 
electronegative the values with time passing by, shorter intervals take the “leftist 
value” in the windows considered for the average, thus necessary being more 
electronegative. 
 
Taking a global sight of the values, it seems that a sampling frequency of 20 ms, 
both considering an average on 1 or 20 ms, can give a good approximation of 
depolarization starting from 100ms. 
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It also seems correct to consider an interval of 200 ms from the court to consider the 
value of depolarization at all sampling frequencies, both for cases with or without 
external influences. 
 
 
WHAT PERSPECTIVE ? 
 
All the measures presented in this work, want to be just a starting point for a 
discussion on detecting and analyzing the instant off value, particularly in condition 
with presence of stray currents, which can be considered the worst case to reach the 
goal. 
 
Using data loggers that daily could send reports on instant off values, lead to the 
necessity of finding an intelligent way to catch these values, to permit going on 
working on low power consumption. 
 
Actually, is already possible to obtain this information, but there is a large variety of 
measure technique changing from a Nation to another (and from a Continent to 
another), and the recently started Working Group on Off measurement is just trying 
to intercept the need of compare different experiences to find a more general 
scheme that could fit everywhere. 
 
Here are proposed some steps that could bring this work to a higher level: 
 
A first step could be starting a discussion to find a range of acceptable approximation 
that could be allowed to consider an off measure an  instant off measure (5 mV, 10 
mV, 50mV,..?) 
 
A second step could be finding the most significant sampling rates from the ones 
shown in this work (or maybe other) that seems to guarantee the approximation 
chosen in the first step 
 
A third step could be trying this sampling rates in other sites with even more 
different conditions, to obtain even more data to analyze and so trying to certify a 
method that could fit with any condition 
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