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Summary 

LC probes are probes specially design for detecting local corrosion attacks. A 
number of probes were installed on the Swedish network for natural Gas in 2011. In 
order to evaluate the performance of the probes, two of them were drawn out of the 
soil in December 2019 and brought to laboratory for analysis. 
The laboratory evaluation concluded that the corrosion pattern is local, independently 
of the corrosion cause. The aim of the probe is therefore fulfilled, namely to give an 
early warning in case of incomplete protection or stray current interference. 

1. Introduction

Corrosion attacks caused by stray current often results in local attacks. To detect 
local attacks perforation probes are especially useful (1). A number of pressurized 
perforation probes, LC probes, were installed on the Swedish network for natural gas 
in 2011. All of them have kept the pressure during these 8 years, indicating no 
product defects and no local corrosion depth exceeding the wall thickness of the 
probe, 1,00 mm.  
In order to evaluate the performance of the probes, two of them were drawn out of 
the soil in December 2019 and brought to laboratory for analysis. The results from 
this evaluation are presented in this paper. 

2. LC probes  

The perforation probe can be used as a conventional coupon for regular 
measurements but its primary purpose is to give a warning when the deepest 
corrosion pit reaches a predestined value (the wall thickness of the probe). The key 
advantage is the simple handling and especially the information about the corrosion 
depth. This is especially important in cases of very local corrosion that penetrates 
rapidly, but with little mass loss. The monitoring of the perforation probe can be 



readily integrated into the conventional inspection routine and also remotely 
controlled.  

There are different types of perforation probes but they are built on the same 
principle idea. When corrosion penetrates a thin steel plate, this can be detected by a 
physical measurement (2).   

The LC probe is based on pressure surveillance. It consists of a steel tube connected 
to a flexible copper tube. Both tubes are covered with a shrinkage tube except for the 
defect on the steel tube, see figure 1 and 2. The copper tube is fitted into a coupling 
piece. To the same piece a valve and a manometer are connected enabling 
pressurization the copper/steel tube as well as monitoring the pressure. This packaged 
is placed within a plastic container which is mounted within the test post. Electrical 
contact with the pipeline is achieved through a cable to the measurement socket. In 
this way the probe is exposed to the same interference as coating defects on the 
pipeline itself, as in the case of test coupons. When the deepest pit penetrates the wall 
of the exposed steel surface the pressure falls and this is indicated on the manometer.  

Figure 1. LC Probe. 



Figure 2. Exposed steel surface on LC probe, 1 cm2. 

The manometer can be replaced by a pressure watch being remotely controlled. 
The probe can easily be installed in a predrilled hole, see figure 3. 

Figure 3. Installation in a drilled hole. 

3. Exposure conditions 

The two evaluated probes have been in place since 2011 and are located in Fjärås 
and Ytterby, north and south of Gothenburg. The pipeline network is exposed to DC 
stray current interference from a HVDC transmission system between Sweden and 
Denmark. The system is consisting of two monopolar systems with reverse direction 
of the current, see figure 4. 



Figure 4. Two monopolar HVDC systems, Kontiskan 1 and 2. 

If the two systems are not in balance a net current will flow between the two 
groundings which are located in the sea outside each country. When one system is 
closed down and the other operating at 1000 A (maximum 1300 A) we have the 
situation shown in figure 5. An electric gradient is formed around the grounding 
located close to the island Risö. The difference in soil potential can be several volts 
between different points of the pipeline. 

Figure 5. Electrical gradients in the soil during periods of unbalance between 
Kontiskan 1 and Kontiskan 2. The distance between Gothenburg and Falkenberg is 
100 km. 

Different counter measures against the interference have been installed. On the 
section with test station “Fjärås” the pipe is grounded with a large number of zinc 
anodes giving a medium On-potential of -1050 mV vs Cu/CuSO4. During periods of 
interference the level of protection can be incomplete (between corrosion potential 
and -950 mV). 



On the pipe section with the other test station, Ytterby, the counter measure has 
been to divide the pipeline into shorter segments by installing isolation joints. This 
work was performed 2017-2019. Between 2011 and 2017 periods with interference 
resulted in current leaving steel surfaces in coating holidays and probes.    

4. Inspection on site

No degradation of visible parts of the equipment above ground could be observed. In 
figure 6 a photo taken during installation is compared with a photo taken 2019.    

Figure 6. LC probe in Fjärås 2011 (during installation) and in 2019 (at removal). 

The corrosion conditions can be summarized as follows: 

- At Fjärås we have no AC interference, the DC current density is very low due 
to a normal Off-potential close to the protection limit in combination with low 
oxygen content in the water saturated clay. 

- The holiday is exposed to short periods of uncomplete protection when the 
HVDC system is not in balance. 

- At Ytterby the normal Off-potential are more negative and the DC current 
densities higher.  

- Corrosion due to AC interference cannot be ruled out (ρ < 25 Ωm, Vac > 4 V).  
- Between 2011 and 2017 periods of out leaking current has occurred.  

5. Evaluation of corrosion pattern

Before pickling both steel surfaces were covered by a dense layer of CaCO3, with 
spots of red rust, see figure 7. 

The steel probes were pickled at room temperature in a solution of 3,5 g hexa-metyl-
tetra-amin in 500 ml concentrated HCl diluted to 1 liter using deionized water, 
according to SS-EN ISO 8407:2014, table A1. Pickling time 2 minutes.  



The exposed steel surfaces of the probes showed two different patterns of attack. 
The probe in Fjärås was attacked by shallow pits on most of the exposed steel 
surface, see figure 8. The probe in Ytterby was also attacked by local corrosion but 
not uniformly distributed pits. Instead ditches had been formed preferably at the 
coating edge, see figure 9. Large parts of the exposed steel surface were not 
attacked at all.  

Figure 7. Holiday after removal of coating but prior to removal of precipitations and 
corrosion products. Left picture from Fjärås and right from Ytterby. 

Figure 8. Steel surface on probe in Fjärås after pickling. 



Figure 9. Steel surface on probe in Ytterby after pickling. 

The results from are summarized in table 1. In the same table the degree of 
disbonding of the coating is presented as the sum from both sides of the holiday.  

Table 1. Disbonding at the coating edge and maximum as well as minimum corrosion 
depth. 

Line, nr 
Disbonding*, 

mm
Maximum 
depth, µm

Minimum 
depth, µm

Fjärås 

1 0,16 55 9

2 0,27 22 0

3 0,07 29 0

4 0,92 93 10

Ytterby 

1 0,48 120 6

2 0,43 38 5

3 0,09 127 3

4 0,40 45 3
*Sum of both sides. 

6. Discussion

The probes have been exposed to two different situations. The one in Fjärås has 
been incompletly protected but not exposed to out leaking current. The surface was 
attacked by local pits, not uniform corrosion. The probe in Ytterby have experienced 
out leaking current during short periods. Also in this case the corrosion patterns was 
local, forming ditches at the coating edge.  



Laboratory studies have shown that also AC corrosion takes place as local corrosion. 
In figure 10 we can see a probe having been exposed to complete cathodic 
protection in combination with 60 A/m2 50 Hz AC current during 5 months in tap 
water. The highest current density occurs at the edge of the coating forming local 
ditches. 

Figure 10. LC probe after 5 months of AC corrosion (3). 

The aim with the LC probe is to detect local corrosion which is the main pattern of 
attack independently of the cause, being incomplete protection, DC interference or 
AC interference. The performed evaluation show that LC probes are a powerful tool 
to be used in getting an early warning of corrosion on pipelines being exposed to 
interference. Acceptable maximum pitting depth correspond to chosen wall thickness 
of the probe. 
The probes have shown a high degree of reliability. No failure has occurred due to 
freezing temperatures, thunder or other external impact. 

7. Conclusions

The performed investigation permits the following conclusions: 
- All installed probes have kept the pressure during the 8 years of exposure. 
- The corrosion pattern is local, independently of corrosion cause (incomplete 

cp, dc or ac interference). 
- The aim of the probe is fulfilled, namely to give an early warning in case of 

corrosion interference. 

8. References 

1. EN 15280:2013. Evaluation of a.c. corrosion likelihood of buried pipelines 
applicable to cathodically protected pipelines. 

2. Application of coupons and probes for cathodic protection monitoring purposes. 
CEOCOR April 2013. 

3. Sandberg, B & Dahlström, A: A new corrosion probe. CEOCOR 2010. 


