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When an underground pipeline runs parallel with DC-powered railways, it suffers from 
electrolytic corrosion caused by the stray current leaked from the railway negative returns. 
Perforation due to the electrolytic corrosion may bring about large-scale accidents even in 
cathodically protected systems. Traditionally, bonding methods such as direct drainage, 
polarized drainage and forced drainage have been used in order to mitigate the damage on 
pipelines. In particular, the forced drainage method is widely adopted in Korea. 
In this paper, we report the real-time measurement data of the pipe-to-soil potential variation 
in the presence and absence of the IR compensation. The drainage current variation was also 
measured using the Stray Current Logger developed. By analysing them, the problems of 
current countermeasures for electrolytic corrosion are discussed.   
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INTRODUCTION 
 
The subway system, a typical railway system in Korea, is operated by 1,500 V DC with an 
overhead positive feeder and a rails negative return. The electric circuits are usually designed 
as a closed loop of the current flow from a substation to overhead positive feeder, to a train, to 
rails negative return, and then to the station. Due to the longitudinal resistance of the return 
conductor and the incomplete insulation between the rails and the ground, a portion of 
traction current may leak into the ground, which is called as the stray or leakage current. 
Transit facilities, particularly the negative return rails, and adjacent underground metallic 
structures including the concrete reinforcement and gas/oil/water pipelines will experience 
stray current interference unless proper measures to the stray current are established. 
Historically the phenomenon and consequences of stray current have been understood since 
the end of the 19th century in German [1]. Later, the stray current interference had baffled 
pipeline engineers. From the pipeline point of view, some methods to reduce or eliminate the 
interference were developed, including drainage bond method which connected the offending 
rails to the affected pipelines, use of galvanic anodes at the point of crossing, use of coatings, 
and use of electrical shields [2].  
Recent approach, however, seems to focus on the optimal design and maintenance of new 
electrical traction systems and on the tolerable limit of the stray current interference to find 
more economical solutions [3-4]. While earthing and bonding principles on AC-powered 
railways are relatively straightforward, and the measures available are almost universally 
accepted, the earthing and bonding of DC-powered railways is open to controversy, various 
railways around the world adopting different strategies to suit their differing circumstances. 
Extensive studies on the stray current corrosion and its mitigation methods were reported in a 
literature published by NACE [5]. 
 
Even until the beginning of 1980’s, however, the concept of stray current interference had not 
been well established in Korea. The first recognition of the stray current started soon after the 
first DC-powered railway, namely Seoul metropolitan subway Line 2, was opened to traffic in 
1981. The interference was monitored at the oil pipeline of 8th US army stationed in Seoul. 
The subway Line 2 and the pipelines crossed each other near Han River. The first mitigation 
method for the stray current induced corrosion of the pipelines was the polarized drainage 
method, i.e., bonding the rails and pipelines by an electric wire with a diode to control the 
direction of the current flow, which expanded the understanding of the stray current problems 
in Korea. 
In 1985, forced drainage method which drives the current flow forcibly by an independent 
power source was introduced and has been spread out rapidly by utility owners till now. As a 
result, the present stray current problems arise mainly from the forced drainage method. 
Because of the increased number of forced drainages and their interference to nearby 
pipelines, it becomes impossible to adopt the polarized drainage. As a result, the existing 
polarized drainages are also being changed to the forced one. Table 1 shows the present state 
of the drainage facilities applied to the gas and water pipelines in the vicinity of the subway 
lines in Seoul and Busan. 
 
As the stray current situation varies in different localities, the exact diagnosis is prerequisite to 
take necessary steps to cope with the stray current problems. This paper describes the results 
of on-site investigation of the stray current condition associated with the subway systems in 
Busan, Korea. Monitoring of the effect of the stray current on pipe-to-soil (P/S) potentials and 
the measurement of the actual magnitude of the drainage current were included. 
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Table 1. Drainages in Seoul and Busan area 

(as of July 2003) 
 Polarized drainage Forced drainage Total 

Seoul Line 1 2 3 5 
Seoul Line 2 9 28 37 
Seoul Line 3 2 18 20 
Seoul Line 4 1 11 12 
Seoul Line 5 - 14 14 
Seoul Line 6 2 1 3 
Seoul Line 7 2 3 5 
Seoul Line 8 - 1 1 
Busan Line 1 - 7 7 
Busan Line 2 - 7 7 

Sum 18 93 111 
 

PRINCIPLES OF FORCED DRAINAGE 
 
The drainage methods have been widely adopted to cope with the stray current from subway 
railway system in Korea. The principle is to connect the pipeline with the railroads by an 
electrical bond and either drain the stray current from the pipeline by an applied voltage 
(forced drainage) or drain it by the voltage difference between the pipeline and the railroad 
(polarized drainage). In the forced drainage system, the driving voltage for draining the stray 
current from the pipeline is controlled by thyristors, while in the polarized drainage system, it 
is controlled by diodes. A schematic representation of the forced drainage method is shown in 
Fig. 2. 

 
Fig. 1. A schematic representation of the forced drainage method. 
 
EFFECT OF STRAY CURRENT ON P/S POTENTIAL 
 
In order to investigate the effect of stray current on P/S potential, a field test was carried out 
measuring the potential of a gas pipeline near a subway substation in Busan, where the forced 
drainage method is currently applied. Comparison was made for two different conditions, i.e., 
1) no countermeasure condition (by switching off the drainage facility) and 2) forced drainage 
condition. Both a portable Cu/CuSO4 reference electrode (CSE) and an IR-free CSE (both 
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from Borin Manufacturing, USA) were used for the measurement of the P/S potentials. The 
data recording was carried out using an analog data logger (Electronic Polyrecorder from 
TOA Electronics, Japan). 
 
Figs. 2(a) and 2(b) show the variation of the measured P/S potentials with respect to a 
portable CSE and IR-free CSE, respectively, when all of the forced drainages in Busan area 
are switched off. Without IR compensation the potential varies between below –18.5 V and 
over 12.5 V vs. CSE. On the other hand, the potential measured by IR-free CSE varies 
between about –4 V and 2 V vs. CSE. This fluctuation is mainly caused from the stray current 
of the subway railway system. 
 

 
Fig. 2. Variation of P/S potential under electrolytic interference with no countermeasure: (a) 
measured with respect to a portable CSE and (b) measured with respect to an IR-free CSE. 
 
Actually, the highly negative potential may bring about overprotection problems such as the 
hydrogen embrittlement and increase in pH of the nearby soil, but more dangerous in the 
underprotection, i.e., the potential rise over the recommended cathodic protection criteria (-
850 V vs. CSE) [6]. Fig. 1(b) reveals that while the average potential is about –1 V, due to the 
stray current from the subway system the potential fluctuates over the criteria more often than 
not. This is why a countermeasure for the stray current corrosion is necessitated. 
 
Figs. 3(a) and 3(b) show the effect of the forced drainage method. The potential without IR 
compensation varies between –13 V and 1 V and with compensation it varies between –2.5 V 
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and 0 V. This method suppresses the electrolytic interference considerably and therefore has 
been widely adopted in Korea. 
 

 
Fig. 3. Variation of P/S potential with forced drainage method: (a) measured with respect to a 
portable CSE and (b) measured with respect to an IR-free CSE. 
 
The potential, however, still fluctuates higher than the criteria and, more importantly, the 
well-known drawback of this method is not the pipeline corrosion but the electrolytic 
corrosion of the rails and the fastening components. Known problems associated with this 
drainage method also include: perturbation of the signal circuits in electrical traction system, 
overprotection of underground structures, impossibility to introduce the polarized drainage, 
expansion of the zone of influence, and vicious circle of the interference. 
 
DRAINAGE CURRENT MEASUREMENT 
 
In order to measure the drainage current, SCL-II logger developed by the present authors was 
used [7]. This logger is a stand-alone measuring apparatus capable of simultaneously 
measuring stray currents from subway rails or power lines and the P/S potential of a buried 
metallic structure. It can directly record the voltage signal with maximum rate of 250 
sampling per second (250 Hz) with 64 Mbytes of memory, which can record the data 
continuously for more than 24 hours. 
For measuring the drainage current, attached to the logger is a modified current transformer 
[8] that converts current signals to voltage signals, i.e., transforms the current signal in the 
range of –200 to 200 A into the voltage signal in the range of –10 to 10 V. The recorded 
signals is automatically converted to current values and displayed by SCL-II software.  
Here, The measurement of the drainage currents from the drainage facilities in Busan area 
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was carried out for 24 hours (from 7 a.m. to 7 a.m. of next morning) with the sampling rate of 
4 Hz. Fig. 4 shows the variation of the drainage current measured at a drainage point near a 
Busan subway railroad. The abrupt drop of the current to zero indicates the automatic turn-off 
of the drainage facility during the overhaul time, i.e., after the subway operation time. Here, 
the fluctuation of the current causes the fluctuation of the P/S potential discussed in the 
previous section. 
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Fig. 4. Variation of the drainage current measured at a drainage facility near a Busan subway 
railroad: (a) from 7 a.m. to 7 a.m of next day, (b) from 11 a.m. to noon and (c) from 11:00 to 
11:10 a.m. 
 
The mean drainage current was 8.42 A and it can be converted into the dissolution amount of 
rails and their components using Faraday’s Law. Assuming that the chemical composition is 
iron only and the current efficiency of the electrolytic current is 100%, the equivalent mass of 
the rail dissolved per year is about 76.76 kg. Table 2 summarizes the measured drainage 
currents from each of the drainage facilities in Busan area, one of which is under investigation. 
Although the situation is much less severe than that in Seoul area, more than 1.2 ton of rails 
and their components will corrode by the drainage method. This is why a new countermeasure 
for the stray current interference is necessary. 
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Table 2. Drainage current measured from drainage facilities in Busan area 
 

No Line Imax 
[A] 

Imean 
[A] 

Equiv. Mass 
[kg/year] 

1* Busan 1 - - - 
2 Busan 1 17.72 8.71 79.41 
3 Busan 1 37.42 12.59 114.79 
4 Busan 1 32.14 12.52 114.22 
5 Busan 1 49.72 16.18 147.55 
6 Busan 1 39.42 10.41 94.89 
7 Busan 1 48.72 11.29 102.93 
8 Busan 2 26.28 8.42 76.76 
9 Busan 2 19.86 7.01 63.94 
10 Busan 2 13.00 6.94 63.26 
11 Busan 2 9.42 4.33 39.44 
12 Busan 2 27.58 18.05 164.58 
13 Busan 2 30.42 5.10 46.51 
14 Busan 2 19.72 14.16 129.09 
    1,237.38 

      * Under investigation 
 
CONCLUSIONS 
 
The following g conclusion were drawn from the present investigation: 
 
1. The stray current leaked from the subway system causes the fluctuation of the P/S 

potential and an increase in the potential over the cathodic protection criteria. 
2. Although the drainage method, widely adopted as a countermeasure for the electrolytic 

interference in Korea, suppressed more or less the increase of the potential, it causes the 
electrolytic corrosion of the rail components, the amount of which is proportional to the 
drainage current. 

3. The drainage method still can’t secure the buried pipeline as the fluctuation in the current 
causes the fluctuation of the P/S potential. 

4. A new countermeasure, which can substitute the drainage method, should be developed, 
by which the pipelines and the rails can be secured altogether.  
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