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 After being in operation for some time, cathodic 
 protection (CP) systems at compressor stations, 
refi neries, and other industrial plants can experience 
problems. For example, the CP potential distribution can 
change for various reasons, because of isolating fl ange 
failures, alterations in pipeline systems, grounding 
systems, or reinforced concrete foundations. Some areas 
become underprotected and others overprotected. The 
extent of CP current required may exceed the capacity of 
rectifi ers, and may also increase interference on foreign 
pipelines. This article describes the results of corrective 
measures for these problems. 

T
he cathodic protection (CP) 
of a pipeline is often eco-
nomically feasible only if all 
line and branch line termi-
nal points are fi tted with 
isolating fl anges to separate 
the pipeline from the con-

nected sections. Isolating fl anges are not 
feasible, however, for pipelines in large 
installations such as compressor stations 
or industrial plants. Associated costs and 
likely failure rates in such installations 
would be very high because of the plant 
complexity and the large number of joints 
required. Also, explosion risks may ex-
clude isolation as an option.1 Despite this 
fact, many CP designs are often based on 
the electrical separation of protected 
pipelines from other lines and aboveground 
equipment. T e failure of these fl anges 
during plant operation necessitates an 
increase in CP current. T e increase in CP 
current not only reduces the life of CP 
equipment, but also increases interference 
and stray current corrosion problems in 
neighboring installations. 

Cathodic Protection Concerns 
in Large Installations

Reinforced concrete foundations 
(RCFs), grounding systems, and piping in 
large plants are metallically interconnected, 
often for electrical safety. T e risk of cor-
rosion is therefore higher for such piping 
than for other buried pipelines because of 
the corrosion cells formed by steel in con-
crete and steel in soil. T e free corrosion 
potential of steel in concrete is ~ –0.2 V vs 
copper/copper sulfate (Cu/CuSO4) refer-
ence electrode (CSE), while the free corro-
sion potential of steel in soil is ~ –0.5 to 
–0.7 V CSE. Consequently, a corrosion cell 
is set up and corrosion currents fl ow be-
tween pipeline coating holidays and the 
RCF. Copper or grounding systems of 
high-alloy steels have a very positive rest 
potential. T ese systems are also connected 
to the pipelines to be protected. T erefore, 
high-alloy steel or copper grounding sys-
tems also create corrosion cells.

T e CP system for most large installa-
tions feeds current from one or more re-
mote anode systems to the protected 
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piping, as well as to all compo-
nents connected to the pipeline, 
such as RCF and grounding sys-
tems. In soils with appropriate 
resistivity and lithology, these 
anode systems may be designed 
as deep anode ground beds in an 
attempt to eff ect homogeneous 
current distribution to the con-
nected objects to be protected. 
But, because of corrosion cells 
mentioned above, the potential 
distribution in the plant may not 
be uniform. T e pipeline in some 
locations may be overprotected 
and, in some others, underpro-
tected. 

Depending on plant size, CP 
may require hundreds of am-
peres, of which only a small 
amount is consumed by the pipe-
lines; most of the current is used 
to polarize the corrosion cells. 
Above all, the anode system must 
be designed to match the high 
current levels required. Ground-
bed resistance must be low 
enough that the necessary cur-
rent levels can be set for specifi ed 
rectifi er outputs. Also, high cur-
rent levels may lead to stray cur-
rent interferences with foreign 
structures.

After a period of CP operation 
in many compressor stations, re-
fineries, and other industrial 
plants, the CP potential distribu-
tion may change; there are several 
reasons for this, such as isolating 
fl ange failures, alterations in pipe-
line systems, grounding systems, or RCFs. 
Some areas become underprotected and 
others become over protected. T e extent 
of CP current required may become so 
high that it is beyond the capacity of recti-
fi ers. Meanwhile, interference with other 
neighboring foreign buried pipelines may 
also be increased. 

T ese CP problems can be solved by 
applying various techniques. Some of 
these techniques have been applied to an 
existing system, and the results are pre-
sented in this article.

Case History
INTERFERENCE PROBLEMS AND 

NONUNIFORM POTENTIALS

Figure 1 shows a layout of the com-
pressor station under investigation. T ere 
are three 50-V 20-A rectifi ers, each driv-
ing three deep-anode groundbeds. A con-
nection to an adjacent compressor station 
was added after the initial CP design. 
During commissioning and in the early 
years of operation, the isolating fl anges 
between the pipes and aboveground struc-
tures failed. Because of these changes, the 

output of the rectifi ers had to be increased 
to meet CP criteria all over the station. 
But this also increased the interference on 
the foreign pipelines. With the 54-A total 
output of the rectifi ers, the potential dis-
tribution was as shown in Table 1.

Table 1 shows that the potential distri-
bution in diff erent points of the compres-
sor station is not uniform. Some areas are 
overprotected and others are underpro-
tected. Also, there is serious interference 
with pipelines that are located at points 
A, B, E, F, C, and D (i.e., at the isolating 

Sketch of compressor station, showing the positions of deep anode groundbeds GA, GB, and GC. The 
sketch also shows the locations for potential measurements A, B, C, etc.

FIGURE 1
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joint [IJ] of incoming and outgoing main-
lines). T erefore, the CP system for the 
station was turned off  and corrective mea-
sures were applied. 

SOIL RESISTIVITY

One of the factors that aff ects nonuni-
form CP potential distribution and inter-
ference with neighboring installations is 
the variation in soil resistivity. Table 2 
shows the soil resistivity measured based 
on deep-anode groundbed outputs. T e 
resistivity varies from 3,913 to 54,090 
Ω-cm in diff erent locations. T ere is an 
intense variation of soil resistivity in the 
station.

TABLE 1

NONUNIFORM POTENTIAL 

DISTRIBUTION IN A 

CATHODICALLY PROTECTED 

COMPRESSOR STATION VS 

CSE (RECTIFIERS ON)

 Location (Point) Potential (V)

 A –0.27
 B –2.30
 C –0.25
 D –2.40
 E –0.30
 F –2.40
 G –1.85
 H –0.55
 I –0.75
 J –0.55
 K –0.58
 L –0.47
 M –0.49
 O –0.95
 P –0.82
 Q –0.75

TABLE 2

SOIL RESISTIVITY 

BASED ON DEEP-ANODE 

GROUNDBED OUTPUT

 Test Location Resistivity
 (See Figure 1)  (Ω-cm)

 GA 14,424
 GB 54,090
 GC 4,808
 GA´ 10,697
 GB´ 4,167
 GC´ 3,913
 GA˝ 10,638
 GB˝ 16,552
 GC˝ 8,402

TABLE 3

VARIATION OF POTENTIAL IN BOTH SIDES OF IJ1 (FIGURE 1)

 Resistance (Ω) 0.3 0.15 0.075 0.050 0.037

 Potential at –0.66 –0.86 –1.1 –1.22 –1.30
 IJ1 (E) (V)
 Potential at –2.25 –2.18 –2.09 –2.05 –2.02
 IJ1 (F) (V)

CORRECTION OF 

INTERFERENCE PROBLEM

It is believed that the pipeline that was 
installed alongside the compressor station 
to connect it to the newly erected adjacent 
station provides a low resistance path to 
collect the current from the deep-anode 
groundbeds and discharge it to the lines 
inside the station. T is causes the poten-
tial of points E, C, and A (all electrically 
connected through a copper cable) to fall 
to the range of –0.27 V CSE (i.e., under-
protected and indicative of interference), 
and the potential of points F, D, and B to 
rise to the range of –2.30 V CSE, which 
is severely overprotected (rectifi er on, IR-
drop not considered). In such circum-
stances, installing a resistor bond across 
the IJs can reduce the stray current prob-
lem and correct the potential of both sides 
of the IJ.2-3

A variable resistor was installed in the 
IJ1 bond box and the potential on each 
side of IJ1 was measured. Table 3 shows 
the resultant potential on each side of IJ1. 
A resistance of 0.037 Ω has caused the 
potential of point E to increase to –1.30 
V CSE from the value of –0.3 V without 
the resistance. T e bond caused the same 

eff ect on points A and C, because of the 
cable connecting IJ1, IJ2, and IJ3. Also, 
the potential of point F decreased to –2.02 
from the value of –2.40 V CSE without 
the resistance. T e interference problem 
on the foreign line can be reduced by ad-
justing the resistor.

CORRECTION OF 

NONUNIFORM POTENTIAL

As mentioned earlier, there are corro-
sion cells in complex installations among 
the pipeline, RCF, and grounding sys-
tems. T us, the pipeline requires more 
current to be protected. A simple tech-
nique to solve this problem is to add local 
CP to provide additional current in these 
areas.1,4

T erefore, local CP was applied using 
one 1- by 60-in. (25-mm by 1.5-m) high-
silicon cast iron impressed current anode 
(Figure 2) to increase the potential of the 
points that are underprotected, such as H 
and L. T e potential of the pipeline at 
point H, which was –0.55 V CSE, in-
creased to more than –0.84 V (Table 4). 
Table 4 also shows that the potential of 
the pipeline, where the pipeline is in the 
vicinity of a RCF, is very sensitive to the 

Applying local 1- by 60-in. impressed current anode between gas pipeline and RCF.

FIGURE 2



December 2005 MATERIALS PERFORMANCE 25

TABLE 4

EFFECTS OF USING LOCAL IMPRESSED CURRENT ANODE IN 

POTENTIAL CORRECTION OF LOCATION H (FIGURE 2)

 Location A B C D

Pipe potential (V) without local anode –0.4 –0.47 –0.67 –0.73
Pipe potential (V) with local anode –0.84 –1.6 –1.7 –1.55

position of the reference electrode. T is is 
because of the existing corrosion cell be-
tween the RCF and the pipeline. Table 4 
shows that the potential of the pipeline 
measures –0.84 to –1.5 V, depending on 
the position of the reference electrode 
(from points A to D). T erefore, it is ad-
visable to have buried permanent refer-
ence electrodes to measure the potential 
in the close proximity of the pipeline. 
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