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Feasibility of Applying Cathodic 
Protection to Underground 
Corrugated Steel Pipe 

J. D. GARBER, J. H. LIN, AND LARRY G. SMITH 

The Louisiana Department of Transportation and Development 
uses corrugated steel pipes in various parts of the state. A study 
was undertaken to assess the feasi.bility of applying cathodic pro
tection both externally and internally to corrugated steel pipes to 
prevent corrosion. The m~thodology employed ranged from a 
laboratory test to an actual field study. The laboratory test was 
conducted to prove that internal cathodic protection would work 
inside 24-in. corrugated steel pipes using zinc anodes. The field 
work consisted of installing 10-ft sections of eight different types 
of corrugated steel pipes with and without cathodic protection. 
Current and potential measurements have been made during the 
2 years of field exposure. The results of the field study have 
proved that corrugated steel pipes can be protected from cor
rosion economically using cathodic protection. The outside of the 
corrugated steel pipe has been found to require significantly more 
current for protection than does the inside. The corrugated steel 
pipe requiring the least amount of current is the polymer pre
coated galvanized steel. All of the unprotected corrugated steel 
pipes are experiencing corrosion. The polymer coatings used are 
a film ethylene acrylic acid type. · 

Field s~udies conducted previously by the Louisiana Depart
ment of ·Transportation verified that most corrugated steel 
pipes installed underground experience severe attack in low
resistivity soils after exposure times of 10 years or less (1). 
The nature of the corrosion attack is caused primarily by 
oxygen in the soil and water. At the same time, the highway 
department is being asked to install corrugated steel pipes 
that can provide a life expectancy of 50 to 70 years. From the 
previously referenced study, it is obvious that coatings alone 
will never provide the required life expectancy, and·, there
fore, an alternative system must be considered. Using coated 
corrugated steel pipes in conjunction with cathodic protection 
appears to be a viable alternative. · 

The application of cathodic protection to the outside of 
pipes has been extensively studied and standards have been 
established (2). One company in California, Farwest Corro
sion Control Co., actually presents the design by which one 
can apply external cathodic protection to corrugated steel 
pipes. However, to protect the buried pipe completely from 
corrosion, cathodic protection must be installed internally as 
well as externally. The primary interest in this study is to 
determine the current required to completely cathodically 
protect corrugated steel pipes having various types of coat
ings. Another consideration is the practical as_pect of provid-
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ing internal cathodic protection to corrugated steel pipes with 
24-in. or larger diameters. 

A careful study of the available literature on the application 
of cathodic protection to corrugated steel pipes has revealed 
that only external anodes have been applied. There has not 
been any previous work reported that determined the effec
tiveness of various coatings on corrugated steel pipes when 
internal cathodic protection is being used. Researchers at Mo
bil have applied internal cathodic protection in cement-lined 
piping and have found that the larger-diameter pipes gave the 
best current distribution (3). A zinc spool anode gave suffi
cient cathodic protection at a distance of more than 50 times 
the diameter of the pipe. Similar results were found by Groover 
and Peterson, ( 4) who showed that low-carbon steel pipes in 
_stagnant sea water would be completely protected only when 
the diameters were larger than 2 in. (4). Cathodic protection· 
was most effective in systems in which there was a slow flow 
rate of corrosive fluid. 

MacKay and Grace designed a zinc anode assembly and 
tested it inside tanker pipelines containing stagnant sea water 
(5 ,p.345). The anode used inside a 14-in. steel pipe produced 
a current density of 14.5 mA/m2 and provided cathodic pro.
tection over a length of 520 pipe diameters. 

A study by Simpson and Robinson examined which coatings 
on steel pipes work best in conjunction with cathodic protec
tion (6). The worst blistering was found to occur at the highest 
protective potentials. The best coatings proved to be epoxy 
and coal tar epoxy systems. These coating systems showed no 
deterioration after 4 years of exposure. 

These studies represent the limited amount of literature 
that is available on the application of internal anodes to cor
roding systems. It is clear that this project can provide infor
mation that is very important to a better .understanding of 
applying cathodic protection to corrugated steel pipe systems 
that have various types of coatings. 

METHODOLOGY 

This project was divided into two areas.: (a) proving in the 
laboratory that it is possible to apply anodes inside of cor
rugated metal pipes and (b) installing cathodically protected 
and unprotected corrugated metal pipes in the field. Methods 
have been developed by which each of these areas could be 
studied. 



Garber et al. 

Laboratory Study Using Internal Anodes 

Some experimental data in the literature have suggested that 
internal cathodic protection on pipes is achievable. The lit
erature suggests that the current distribution improves with 
increasing pipe diameter. To determine whether anodes would 
work inside corrugated steel pipes, a test tank was constructed 
with dimensions of 2.5 x 24 x 12 ft. The tank was capable 
of holding five corrugated steel pipes that were 10 ft in length. 
A circulation system was designed to pump water through 
each pipe on a continuous basis. The flow rate through each 
pipe was set at 7 gal/min, which corresponds to a residence 
time of 35 min . The water contained 0. 75 percent sea salt, 
which maintained the resistivity at 90 ohm-cm. The corrugated 
steel pipes used in this study were 2 ft in diameter and were 
completely filled with water. Figure 1 shows the tank and the 
water circulation system used to test the corrugated steel pipes. 
A 2-in. x 2-in. x 5-ft zinc anode was placed in the center 
of the pipe on a rubber mat to prevent electrical contact. The 
electrical connections were made on each of the 5-ft sections 
and the connecting metal band. The leads from the anode 
and pipes were connected across a 0.01-ohm shunt so that 
current flow versus time could be determined. Potential mea
surements were made using a copper-copper sulfate reference 
electrode. The current was measured each day, and the po
tential was measured at the mouth of each pipe at four po
sitions: 12:00, 3:00, 6:00, and 9:00 with the anode connected. 
At the same time each day, the anode was disconnected, and, 
after approximately 2 hr, the potentials were measured again. 
The open-circuit potential of the zinc anode could be deter
mined at that time. 

After 30 days of this type of measurement , the tank was 
drained and the corrugated steel pipes were removed for ex
amination. After this, the tank was reloaded with water and 
a new set of corrugated steel pipes were tested. The final test 
was on the polymer precoated black steel pipe, which was 
tested alone. 

The test was designed to determine whether the corrugated 
steel pipes could be internally cathodically protected. The 
potential measurements verified that fact. Also, the current 
measurements through the 30-day period showed which cor-

FIGURE 1 Large water tank with circulating water. 
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rugated steel pipe system required the minimum amount of 
current from the anode . The coatings that are less incom
patible with cathodic protection show increased current out
put from the anode with time. 

Field Installation of Corrugated Steel Pipes 

On June 13 and 14, 1989, eight sets of corrugated steel pipes 
were installed at Pecan Island , La. (near the Fresh Water 
Bayou pontoon bridge). The Louisiana Department of Trans
portation installed eight 10-ft sections of corrugated steel pipes 
parallel to Highway 3147 at two different sites. Site 1, closest 
to the pontoon bridge, is where eight 10-ft sections of cor
rugated steel pipes were installed with zinc anodes on the 
inside and outside of each one. Site 2 is where eight 10-ft 
sections of the same corrugated steel pipes were installed 
without anodes. At each site there was a drainage ditch and 
the eight pipes were placed on the north side of the drainage 
ditch. The pipes are listed as follows with No. 1 being closest 
to the ditch at each site. 

Pipe Pipe Type 

1 Polymer precoated black steel 
2 Polymer precoated aluminized Type 2 steel 
3 Polymer precoated aluminized Type 1 steel 
4 Polymer precoated galvanized steel (Supplier 2) 
5 Polymer precoated galvanized steel (Supplier 1) 
6 Bituminous coated galvanized steel 
7 Galvanized steel 
8 Fiber-bonded bituminous coated galvanized steel 

The intention of this experiment was to check the potential 
of the protected and unprotected section of pipe and to mea
sure the current output of the zinc anodes. 

The actual corrugated steel pipe installation took 2 days 
and used equipment and a crew of five men from the Louisiana 
Department of Transportation. Both of the 5-ft sections and 
the metal band were electrically connected. As in the labo
ratory test, the 2-in. x 2-in. x 5-ft anodes were placed on a 
rubber mat and then placed in the center of the pipe. The 
pipe was then lowered into the ditch and covered (see Figure 
2). The external zinc anodes were pushed into the ground 
using a Gradall shovel (Figure 3). 

FIGURE 2 One of corrugated steel pipes is lowered into ditch. 
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At Site 2, the process of installation was much simpler. It 
was necessary to run only one wire from the pipe so that 
potential readings could be made. Since anodes were not 
involved at this site, it was easier to install the pipes (see 
Figure 4). 

DISCUSSION OF RESULTS 

The two tests that were described previously have been per
formed on several different types of corrugated steel pipes to 
establish which type might be best to use in conjunction with 
cathodic protection. 

FIGURE 3 External anodes are pushed into ground using 
Gradall shovel. 

Results of Laboratory Study 

The large water tank test was very important for proving that 
zinc anodes would provide cathodic protection inside a 2-ft
diameter pipe. The circulation system pumped water through 
each filled pipe so that its volume was displaced every 35 min. 

Eight pipes were tested in this manner. The following test-
ing order was used in this part of the study: 

Pipe Pipe Type 

1 Fiber-bonded bituminous coated galvanized steel 
2 Bituminous coated galvanized steel 
3 Polymer precoated galvanized steel (Supplier 1) 
4 Polymer precoated galvanized steel (Supplier 2) 
5 Galvanized steel 
6 Polymer precoated aluminized Type 1 steel 
7 Polymer precoated aluminized Type 2 steel 
8 Polymer precoated black steel 

FIGURE 4 Unprotected steel pipe is lowered into ditch. 

Internal potential measurements were made on the pipes 
each 24-hr period. An example of the results of this 1-month 
test is presented in Figure 5. The potential of the fiber-bonded 
bituminous coated galvanized steel pipe was measured while 
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FIGURE 5 Connected and open-circuit potential of fiber-bonded bituminous coated galvanized steel in large 
water tank. 
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connected to the anode, as well as its potential 2 hours after 
being disconnected from the anode. The amount of current 
required to shift the potential of each pipe was measured each 
day. An example of these results is shown in Figure 6. Table 
1 shows the ending voltage and current values of these cor
rugated steel pipes tested in the large tank. The fiber-bonded 
bituminous coated galvanized steel pipe showed the largest 
potential difference of 0.245 V while drawing 10 mA of cur
rent from the internal anode. The galvanized steel pipe shifted 
only 0.002 V and drew 1 mA of current. All of the polymer 
precoated pipes showed relatively low current draw-always 
4 mA or less. The worst material appears to be the bituminous 
coated galvanized steel. since it drew 44 mA and showed a 
potential difference of 0.152 V. 

The potential difference between the closed-circuit value 
and the open-circuit value (after 2 hr) is very important since 
it shows which pipes depolarize the fastest. Rapid depolari
zation is generally an indication of a relatively poor coating. 
The results in Table 1 suggest that the two polymer precoated 
galvanized steel pipes should provide the best coating system 
to be used in conjunction with cathodic protection. In general, 
all of the closed-circuit potential values are well below the 
-0.85-V value required to protect the steel beneath the coat
ing. The average open circuit potential of the zinc anodes 
used in this study was -1.093 V versus a copper-copper sul
fate reference electrode. 

Results of Field Study 

Since installation on June 13 and 14, 1989, the test sites have 
been visited on 15 different occasions. Measurements of the 
resistivity of the water have been made on 10 of these oc
casions. The data suggest that the values are somewhat cyclic 
and range between 140 and 1,170 ohm-cm (Table 2). In gen
eral, the resistivities of the two sites tend to follow each other, 
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and the average values are very close in magnitude. The soil 
resistivities were 428 ohm-cm for the protected site and 370 · 
ohm-cm for the unprotected site. These soil values are not 
expected to change with time. During installation, samples of 
water were also tested for chloride and pH, yielding a pH of 
7 .7 and 0.22 percent c1- at the protected site, and a pH of 
7.3 and 0.22 percent c1- at the unprotected site. The water 
level at the site also varies, and occasionally the pipes,are not 
completely liquid filled. 

Measurements of the potential of the protected and un
protected corrugated steel pipes have been made on both the 
inside and outside of the pipe during each visit. Figure 7 shows 
typical results obtained on the fiber-bonded bituminous coated 
galvanized steel pipe. Table 3 shows the internal potential 
values of the protected and unprotected pipes and the voltage 
difference that existed between these two numbers on June 
13, 1991. The larger this potential difference, the ·more the 
structure is protected. This information suggests that the pol
ymer precoated galvanized steel appears to have experienced 
the greatest potential shift. In fact, all of the polymer pre
coated pipes appear to be very well protected. The fiber
bonded bituminous coated galvanized steel and bituminous 
coated galvanized steel pipes show much less shift. This sug
gests that these pipes have few holidays (holes in the coating), 
and they are primarily being attacked on the ends where 
galvanizing is present. 

It takes current from the internal and external anodes to 
maintain the potential differences shown. Figure 8 shows a 
typical graph of the internal and external current measure
ments that were made during the 15 visits since the installa
tion. Table 4 shows recently obtained current values for the 
eight pipes in the field. The two polymer precoated galvanized 
steel pipes require the least amount of current and appear to 
be performing the best. The galvanized pipe requires sub
stantially more current to be protected than any of the other 
pipes because it has no coating to help provide protection. 
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FIGURE 6 Current required to shift potential of fiber-bonded bituminous coated galvanized pipe in large 
water tank. 



TABLE 1 Ending Potential and Current Values for Corrugated Steel Pipes in Large Water Tank Test 

Open Closed 
Circuit Circuit Current· 

Pipe Potential, V Potential, V 
Potential 

Difference, V ma 

Fiber-Bonded -0.760 -1. 005 0.245 10 
Bituminous 

Bituminous -0.808 -0.960 0.152 44 
Galvanized 

Polymer -1.008 -1. 055 0.047 4 
Precoated 
Galvanized 
(Supplier 1) 

Polymer -0.962 -1.032 0.070 4 
Precoated 
Galvanized 
(Supplier 2) 

Galvanized -1.064 -1. 066 0.002 1 

Polymer -0.885 -1.060 0.175 3 
Precoated 
Aluminized Type 1 

Polymer -0.900 -1.063 0.163 3 
Precoated 
Aluminized Type 2 

Polymer -0.913 -1. 034 0.121 4 
Precoated 
Black Steel 

Open circuit potential values were measured two hours after being 
disconnected from the zinc anode using a copper-copper sulfate 
reference electrode. 

TABLE 2 Resistance Readings at Field Test Sites 

Site 1 Site 2 
(Protected) (Unprotected) 

Date Da~ Soil Water Soil Water 

June 13, 1989 0 140 160 

June 30, 1989 ~7 220 190 

September 30, 1989 109 428 432 370 585 

November 30, 1989 170 655 945 

March 30, 1990 290 825 790 

May 30, 1990 351 488 475 

August 31, 1990 444 280 310 

November 30, 1990 535 140 180 

February 28, 1991 625 613 1170 

June 13, 1991 730 815 712 

Average Resistivity 428 460 370 552 

Note: Values are in ohm-cm. 
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FIGURE 7 Internal potential readings of protected and unprotected fiber-bonded bituminous coated 
galvanized pipe. 

The internal current requirements of all the pipes are fairly 
close in magnitude: they range from 8.5 to 28 mA. The outside 
current requirements are much larger values, and they range 
from 20 to 100 mA. These high extern~l corrosion currents 
are somewhat of a surprise because at the start of the project 
it was unclear where the major corrosion action on a corru
gated steel pipe was occurring. 

These preliminary results show that, in general, the current 
requirement to protect any of the pipes i's reasonable.· To 
prove this point, the following calculation has been performed. 

Calculate the pounds of zinc required to protect a 24-in., 10-
ft polymer precoated aluminized Type 1 steel pipe, inside 
and outside, for 25 years. [The current requirement for this 

TABLE 3 Internal Potential Readings Made June 13, 1991 

Pipe Protected Unprotected Difference 
Potential, Volts Potential, Volts Volts 

Polymer Precoated -1. 052 -0.651 0.401 
Black Steel 

Polymer Precoated -1.057 -0.662 0.395 
Aluminized Type 2 
Steel 

Polymer Precoated -1.067 -0.690 0.377 
Aluminized Type 1 
Steel 

Polymer Precoated -1. 077 -0.661 0.416 
Galvanized 
Steel (Supplier 2) 

Polymeric Precoated -1.069 -0.731 0.338 
Galvanized 
Steel (Supplier 1) 

Bituminous Galvanized -1.063 -0.965 0.098 
Steel 

Galvanized Steel -1.027 -0.931 0.096 

Fiber-Bonded Bituminous -1. 052 -0.775 0.276 
Galvanized Steel 
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FIGURE 8 Internal and external current readings for fiber-bonded bituminous coated galvanized pipe. 

pipe is 50 mA (Table 4).] Therefore, the pounds of zinc 
required for protection are 

zinc = (0.050 amps) (25 years) (25 lb zinc/amp year) 

31 lb. 

A 30-ft pipe would require three times this amount, or 93 
lb, of zinc; to protect this 30-ft pipe for 50 years instead of 
25 years, it would require twice as much zinc, or 186 lb. If a 
polymer precoated galvanized steel pipe were used, this re-

quirement would be reduced by about one-third because of 
the lower current requirement. 

One estimate of the materials cost of installing a corrugated 
steel pipe in the Pecan Island, La., area is $85/ft; the pipes 
in that region historically have lasted for 25 year.s. Installation 
of the anodes required to protect these pipes for 50 years 
would cost approximately $1,000 and the pipes would be in 
like-new condition. This figure compares with that of two 
replacements of the pipes by the Louisiana Department of 
Transportation at an estimated present value cost of $2,60Q. 

TABLE 4 Current Measurements Made June 13, 1991 

External Internal Total 
Pipe Current Current Current 

ma ma ma 

Polymer Precoated 60 11 72 
Black Steel 

Polymer Precoated 48 15 63 
Aluminized Type 2 Steel 

Polymer Precoated 38 12 50 
Aluminized Type 1 Steel 

Polymer Precoated Galvanized 20 8.5 29 
Steel (Supplier 2) 

Polymer Precoated Galvanized 30 16 46 
Steel (Supplier 1) 

Bituminous Galvanized Steel 41 17 58 

Galvanized Steel 100 28 128 

Fiber-Bonded Bituminous 49 10 59 
Galvanized Steel 
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This calculation assumes a 6 percent inflation rate and an 8 
percent interest rate over that period and illustrates that cath
odic protection on pipe.sis economically feasible. 

CONCLUSIONS 

1. All corrugated steel pipes in the field have successfully 
responded to both internal and external cathodic protection. 

2. All coated corrugated steel pipes can be economically 
protected by cathodic protection. A calculation made on a 
polymer precoated aluminized Type 1 steel pipe shows that 
it would require 186 lb of zinc to completely protect a pipe 
24 in. in diameter and 30 ft long for 50 years. This can be 
done at an estimated installed cost of $1,000. After the project 
is completed, more-conclusive economics can be obtained. 

3. On the basis of measurements made after 2 years of 
exposure, it can be said that the polymer precoated galvanized 
steel pipe is requiring the least amount of current for protec
tion. The bituminous coated galvanized steel pipe requires 
more current than the polymer precoated galvanized steel 
pipe, but only about half as much as the bare galvanized pipe. 

4. The unprotected corrugated steel pipes in the field are 
losing whatever protection they may have had from their gal
vanized or aluminized coatings, and they are experiencing 
corrosion. This is known to be true because the potentials of 
the pipes are more positive than the - 0.85-V potential value 
required for protection of steel. 

5. Internal current requirements are lower than external 
values because there was less coating damage to the inside 
during installation and the natural soil stresses are causing 
coating damage on the outside of the pipes. 

6. Even though the resistivity of the water at the protected 
culvert site varied from 140 to 825 ohm-cm, it was still easy 
for the zinc anodes to protect the pipes. 

7. The field study has proven that a corrugated steel pipe 
disconnected from the anode can be readily identified. After 
reconnection to the anode, the potential and current values 
return to normal almost immediately. 

8. The 30-day water tank test demonstrated that the cor
rugated steel pipes could be cathodically protected in the 
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laboratory. All of the closed-circuit potentials were much more 
negative than the - 0.85-V potential required for protection .. 

9. The large water tank proved that the polymer precoated 
galvanized steel pipes would not very readily depolarize and 
would have a low current requirement. 
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