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My present invention relates to a System and 
method for eliminating corrosion of pipe lines 
and other stray current conducting structures 
and more particularly to a system and method for 
neutralizing long line, galvanic and stray cur 
rent corrosion in pipe lines and sheathed cables 
without the use of ground electrodes as now prac 
ticed. 
An object of my invention is to provide a sys 

tem by which the flow of corrosion producing 
currents between the Surface of a metallic cur 
rent conducting structure and a surrounding 
earth or other electrolytic media may be elimi 
nated. 
Another object of the invention is to provide 

a method by which a neutralizing electrical po 
tential may be established along a buried pipe 
line or other structure which may be exposed to 
the corrosive electrolyzing action of different 
types of Soil and/or a Surrounding electrolytic 
media. 
Other objects and advantages of the invention 

will be in part evident to those skilled in the 
art to which the invention appertains and in 
part pointed out hereinafter in the following de 
scription taken in connection. With the accom 
panying drawing; Wherein 

Figure 1 is a diagrammatic view illustrating 
conditions upon a pipe line which my invention 
is adapted to remedy, 

Figure 2 is a view similar to Figure 1 diagram 
matically illustrating a prior art method by which 
the conditions contemplated by my present in 
wention may also be remedied, 

Figure 3 is a view graphically illustrating the 
current flow conditions in a hypothetical case, 

Figure 4 is a view Similar to Figure 3 showing 
the current conditions as they are established in 
this instance by the System and method of my 
invention, 

Figure 5 shows a modified form of the cir 
cuit illustrated in Figure 4 of the drawing, 

Figure 6 is a graphic view illustrating the 
formula by which the potential values in any 
particular case may be determined, and 

Figure 7 is a diagrammatic view showing the 
current values found to exist in a System installa 
tion of the invention. 
In general, corrosion on long pipe lines, lead 

cable sheaths, or other conductors installed un 
derground or under water, can be attributed 
either to local electrolytic action, to long line or 
stray current action, or to the combined action 
of these two. 

In any local electrolytic action the corrosion 
is caused by differences in the surface of the 
metal that is exposed to the contacting Soil or 
water. These differences in the surface of the 
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metal may be due to crystal structure, hardness, 
Strains, impurities in the metal, such as carbon, 
Or to contact with clay, rocks, or other metallic 
Structures. 
From experience it has been found that the 

average potential gradient found in the soil ad 
jacent to a steel pipe line or main, due to local 
current which will cause self-corrosion, is ap 
proximately one-third millivolt per centimeter. 
As distinguished from local action, long line 

Currents are due to either stray currents from an 
electric railway or other grounded direct cur 
rent circuit, Or, are electric currents generated 
galvanically by contact with different soils, 
and/or differences in the amount of water, salt, 
or air contents of the soil at two spaced points 
along a pipe line or buried cable. In some in 
Stances these different types of soils may be only 
a few feet apart and in Some cases the different 
current generating soils may be several miles 
apart. 
The portions of the line which will be cor 

roded by the discharge of the electric currents 
thus generated can in most cases be located by 
an electrolysis Survey. One such survey may be 
made by measuring the current flowing at vari 
ous points in a pipe line or other conductor and 
then determining the loss of current between any 
tWO points there along. Alother such survey may 
be made by measuring directly the current flow 
ing from the pipe line and into the soil, with 
an earth current meter of the well known McColl 
lum type. 

In Figure 1 of the drawing there is shown a 
plotting of the earth currents which might be 
found to exist upon a line by a survey of the 
above type. This plotting diagrammatically rep 
resents conditions that will be found to exist 
along a line laid through, or across, two generally 
encountered contrasting types of soil, such as 
clay and loam. These two soils are known to 
have an electrolyzing action of opposite po 
larities and will set up a difference of poten 
tial between them whenever they are connected 
or short-circuited by a metallic conductor as, for 
example, a line of pipe O. This will cause a 
current to flow in the metallic conductor which 
will be in the direction, here indicated by the 
arrow upon the pipe O. This galvanically gen 
erated current will be discharged from the metal 
lic conductor or pipe O and into the clay or 
anodic area, causing corrosion, and then return 
to the metallic conductor in the loan, or cathodic 
area. Under these conditions the potential 
gradient in the Soil at the pipe surface, due to 
long line currents, may reach values as high as 
5 millivolts per centimeter, or more. 
In the past to reduce, or eliminate this cor 
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rosive action of local and long line currents it 
has been the practice to use a so-called elec 
trical or cathodic protection method, which will 
now be described in connection with Figure 2 of 
the drawing. In this prior art system a ground 
electrode or anode is installed at C, as hel'e 
shown, and this electrode is connected to the 
positive terminal of a source of direct current 
12, while the negative terminal of the source 
of current 2 is connected to the pipe O at Ol' 
neal a point of maximum current discharge, D. 
Under these conditions the current discharged 
by the anode , in this instance, should be Suf 
ficient to produce a potential gradient in the 
surrounding clay soil, which will counteract the 
potential gradient produced by any existing long 
line or local currents flowing in the pipe 0. The 
main objections to this system of protection are 
that, if the cathodic protection is to be practi 
cal and economical, the ground electrode must 
have Sufficient area to give a low resistance 
ground connection for electrode which may 
extend from 500 to 1000 ft. or more along the 
pipe line being protected. The amount of elec 
trode surface required will vary directly as the 
Specific resistance of the soil. Therefore if a. 
low resistance ground connection of .05 to .1 
ohm is to be obtained, in soil having a specific 
resistance of 5000 to 10,000 ohms per cubic cen 
timeter, an excessive amount of electrode na 
terial will be required. At the same time, if a 
higher resistance ground of from .5 to 1.00 ohm 
or higher is used to economize on electrode ma 
terial, and an increased potential is applied, this 
Will cauSe a greater power oSS and the annual 
charge for electric power will reach excessive 
values. A high ground electrode potential Will 
also cause high potential gradients in the ad 
jacent soil, which in turn, may cause other dif 
ficulties such as severe cathodic protection inter 
ference When used near other buried conductors, 
Such as pipes or lead-covered cables of a city 
network. 
In Figure 3, there is shown a portion of the 

pipe line 9, with a supposed earth current pro 
file on either side of a neutral point O. For the 
purpose of the present discussion the soil cur 
rent profile is here shown in the form of a 
straight line. As here indicated the current gen 
erated in the buried conductor 0 by the differ- . 
ent soils along the line will enter the conductor 
0 within the area, A-O and leave the pipe line 
0 within the area, O-B. In other words, the 

flow of current to or from the pipe line will 
be determined by its electrical potential whether 
negative Ol' positive, With respect to the Sull 
rounding medium through Which it passes. 
Now with reference to Figure 4 of the draw 

ing it will be Seen that if an opposing electri 
cal potential is established along the same length 
of pipe line a condition can be set up which 
will prevent, the flow of corrosion producing cur 
rent. For example as here shown, when a di 
rect current from an outside source is passed 
through a poorly insulated buried conductor 
such as the pipe line , and in the same direc 
tion as the galvanic current of Figure 3, a por 
tion of this applied current will fioW from that 
portion of the pipe line 0 within the A-O area, 
and enter that portion of the conductor or pipe 
line 9 within the O-B area. The magnitude 
of this applied opposing current is a function of 
the applied voltage, the pipe resistance, and the 
leakage resistance to the ground or other sur 
rounding medium. By now comparing the 
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4. 
showings of Figures 3 and 4, it will be seen that 
the Stray or leakage currents produced by the 
applied direct current, as indicated by vertical 
arrows in Figure 4, will be in opposed relation 
ship to the Soil currents produced by the gal 
Vanic action of the soil, as indicated by vertical 
arl'OWS in Figure 3, which cause corrosion of the 
pipe line 0 at B. In other words in Figure 3 
the Stray or leakage currents are indicated by 
the vertical arrows as flowing from the least cor 
rosive Soil to the pipe O in area A and from 
the pipe to the more corrosive soil in area, B. 
Whereas, in Figure 4, the conditions of current, 
flow are shown by corresponding arrows as in 
a reversed direction. This is due to the poten 
tial polarity established along the pipe line by 
the applied current generated at the source 3. 
From this it will be seen that by combining the 
circuits of Figures 3 and 4, a condition of equi 
librium may be established. The superimposed 
direct current from the outside source 3, when 
properly adjusted will neutralize the pipe-to-soil 
and Soil-to-pipe currents within areas O-B and 
A-O and in this manner the long-line-current 
Corrosion at O-3 will be eliminated without the 
use of a ground electrode or the prior art method, 
aS has been described above. In this instance 
any increase in the applied current above the 
minimum value required for complete neutral 
ization. Would cause the pipe line to receive 
additional protection within the area O-B by 
the current received through the soil, but this 
Current would be in opposition to the current 
discharged by the former cathodic portion of the 
line between A and O. Therefore, this portion 
of the line which was originally negative to the 
Soil, Would now become positive and corroding. 
As a consequence the corrosion would be simply 
shifted from One end of the buried conductor to 
the other. In the simple circuit described, the 
Current in the buried pipe line 9 cannot be in 
creased above the amount required for complete 
neutralization of Stray currents without produc 
ing corrosion at Some other point. This method 
of eliminating stray, or long line current corro 
Sion, is particularly applicable to long pipe lines 
in mildly corrosive Soils, and to lead-covered 
cables in city networks where the standard form 
of cathodic protection with ground electrodes 
Would cause cathodic protection interference on 
adjacent buried structures. 
The portion of the conductor between A-O, 

of Figure 3, which was originally negative to the 
Soil, is now in Figure 4 merely serving as a con 
ductor to carry the applied neutralizing direct 
Current to the midpoint O and to the corroding 
portion of the pipe line () within the area O-B. 
Therefore as illustrated in Figure 5 of the draw 
ing this part of the applied current circuit can 
be replaced by a conductor, Rg, having the same 
resistance, Rp, as the length of buried conductor 
A-O which it replaces, and which, as assumed, 
has the Sane resistance as the pipe line or con 
ductor O-B. When the resistance Rg, is equal 
to the resistance O-B, the potential to ground 
at the point O will remain zero and the poten 
tial at the other points along the pipe line from 
O to B will remain as shown graphically in Fig 
ure 4. When the series resistance from P to O, 
of Figure 5, is greater than 50% of the total re 
Sistance of the portion of the circuit P-O-B, 
the potential at O will be lower than the soil po 
tential and will approach the potential of B. In 
an actual field installation, it is seldom possible 

5 to obtain an exact compensation of the soil cur 
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rents by the neutralizing current at all points 
along the buried conductor. This is due to the 
non-uniformity of the distribution of the corrod 
ing soil currents. However, in order to overcome 
these irregularities and to afford protection to 
the remaining portion of the pipe line 0 not in 
cluded between O and B, a certain amount of cur 
rent must be received from the soil. This condi 
tion can be established by combining the neu 
tralizing circuit with a form of cathodic protec 
tion, by providing a ground G on the positive 
terminal as shown by dotted lines in this figure. 
This ground G or anode, being at a higher posi 
tive potential than either O or B, Will cause both 
of these points and all of the intervening line to 
pick up current from the surrounding Soil, as in 
the usual cathodic protection . System. The 
amount of current discharged by the ground 
electrode G can be varied by adjusting the po 
tential at the direct-current terminals, changing 2 
the resistance between the positive terminal and 
the connection to the pipe at O, or, placing a Suit 
able resistance in series with the ground electrode 
G. The ground electrode G will also supply the 
current to protect the pipe line 0 at pointS eX 
tending beyond O-B. 
As diagrammatically illustrated in Figure 6 of 

the drawing, the potential to ground, along a 
buried conductor of uniform resistance and leak 
age, when carrying a current that is conducted 
from a direct current source over a metallic Cir 
cuit may be represented by a straight line. In 
this showing the horizontal abscissa A-B repre 
sents the Zero or ground potential along the 
length of the conductor which extends from A 
to B. The potential to ground at any point, Such 
as X, on the conductor A-B, is indicated by the 
ordinate y, extending from the axis A-B to the 
potential profile, a-b. This pipe potential may 
be either positive or negative to the soil. The 
value of this potential will vary with the location 
along the pipe on which the test is made and the 
magnitude of the potential, Ea, applied at the 
ends of the pipe A-B. 
While the potential profile a-b, is here shown 

as a straight line for this discussion, it will be 
understood that this is strictly true Only for a 
highly insulated pipe line or conductor when the 
stray currents are neutralized electrically, as de 
scribed above. 
potential profile a-b will not be a straight line 
if the resistance of the buried conductor or the 
leakage resistance are not uniformly distributed 
along its length. 
The profile of the soil current picked up along 

the line, on either side of O and B will follow an 
exponential curve of the following form: 

Is Ioe-d 

Where; 
Io=milliamperes per sq. ft. of pipe surface at O 
or B. 

I1=milliamperes per Sq. ft. of pipe surface at 
distance L, from O or B. 

e=natural base of logarithms. 
l=distance from O or B in units of thousands of 

feet, or miles. 

r=resistance of pipe per unit length. 
g=conductivity of pipe to soil per unit length of 

conductor. 

In Figure 7 of the drawing there is shown a 
typical example of the current values which were 

In other words, the form of this 

10 

30 

3. 5 

65 

it 5 

6 
found to exist in an actual installation of my imi 
proved system upon 1000 foot length of a stand 
ard 6 inch main, buried in soil having the above 
referred to long line current generating charac 
teristics. In this installation because of particu 
lar conditions, there was also embodied the fea 
ture of a cathodic ground, as described above in 
connection with Figure 5 of the drawing. In this 
instance it was found that a long line current flow 
of 8.45 amperes existed in the pipe line between 
the points of connection of the pipe line with the 
applied current source. In addition to this it 
Was also found that a current of 1.0 ampere WaS 
flowing to the protected length of pipe line at one 
of these connections, while at the other end of 
the protected area a current of 1.05 amperes was 
also found to be flowing toward the protected 
area. In this particular instance, as here shown, 
the positive terminal of the applied Source of neu 
tralizing current was connected to the length of 
pipe by means of a conductor f4 and the nega 
tive side of this source of applied current was 
connected to the water pipe O through a con 
ductor 5 at a distance of 1000 feet from the 
point of connection of the conductor 4. This 
flow of 8.45 amperes of current existing in the 
length of water pipe in question combined with 
the 1.05 amperes coming from the external por 
tion of the Water line, as indicated, produced a 
flow of 9.5 amperes in the conductor 5. While 
in the conductor f4 leading from the positive side 
of the applied current source there was a current 
flow of 7.45 amperes which combined with the 
1.0 ampere current flowing in the water pipe ex 
ternally of these connections accounted for the 
8.45 amperes of current flow in the neutralized 
Section of the pipe line. Since this 8.45 amperes 
flow required a potential gradient along the 
length of pipe in opposition to the potential gra 
dient of the Soil which was responsible for the 
long line current found to exist in the pipe line 
6, it will be seen that the system provided a per 

fect neutralizing within the 1000 foot section be 
ing protected. Now, and as an additional ad 
junct, this diagram also shows a further conduc 
tor 6 with a ground G at its end which has been 
adjusted with respect to its total resistance to 
provide an ampere flow from the positive termi 
nal of the applied current source to ground of 
2.05 amperes, and since this value of current 
equals the Sum total of the amperes flowing to the 
protected area between the connections formed 
by the conductors 4 and 5 it will be seen that 
the pipe line will be protected for a consider 
able distance to either side of the particular 
length of pipe. 
While I have, for the Sake of clearness and in 

order to disclose the invention so that the same 
can be readily understood, described and illus 
trated Specific devices and arrangements, I desire 
to have it understood that this invention is not 
limited to the specific means disclosed, but may 
be embodied in other ways that will suggest them 
Selves to persons skilled in the art. It is believed 
that this invention is new and all such changes 
as come within the Scope of the appended claims 
are to be considered as part of this invention. 

Having thus described my invention, what I 
claim and desire to Secure by Letters Patent is: 

1. The method of preventing the corrosive ac 
tion of electric currents flowing from a buried 
linear conductor, which comprises connecting the 
positive and negative terminals of a source of 
direct current electric power to the buried linear 
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conductor at spaced points to form a closed me 
tallic circuit which will include that portion of 
the linear conductor to be protected, grounding 
the positive terminal of said source of electric 
power, and naintaining a flow of current in Said 
closed metallic circuit and through the included 
portion of said buried conductor Which due to 
resistance of Said conductor will establish an elec 
trical potential along said pipe line between Said 
points of connection relatively negative to the 
potential of the earth in which the included pol 
tion of Said linear conductor is buried. 

2. In a System for protecting a buried metallic 
Structure against the corrosive action of Sur 
rounding electrolytic earth current conducting 
soil, the combination with a buried metallic struc 
ture to be protected, of a Soulce of dii'ect cur 
rent electric power, circuit forming connections 
extending from Spaced points ugOn Said buried 
metallic structure to the positive and negative 
terminals of said Source of power, Said circuit, be 
ing arranged and adapted to include that portion 
of the metallic structure to be protected in a 
closed metallic circuit. With Said Source of elec 
tric power, and a ground connection at the posi 
tive terminal of Said Source of power for render 
ing said circuit operable at a potential not higher 
than the prevailing potential of the Surrounding 
earth in which said structure is buried. 

3. A System for preventing corrosion in a buried 
Current conducting metallic structure that ex 
tends through an electrolytic current conducting 
Soil, which comprises a Source of direct current 
electric power connected to said ninetailic struc 
ture at spaced points to form a closed metallic 
circuit Which Will include in series circuit with 
Said Source of electric power that portion of the 
metallic structure exposed to the corrosive action 
of the electrolytic current producing soil, the 
positive terminal of said source of said electric 
power being adapted and arranged by a ground 
connection to Operate at a potential not higher 
than the prevailing electrical potential of the 
Soil at Said point, and means for regulating the 
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flow of current in said circuit and through the 
included portion of Said metallic structure which 
Will produce a potential drop in Said closed me 
tallic circuit and along the metallic structure 
from Said point of grounding that will render the 
included portion of Said metallic structure nega 
tive with respect to the electrolytic current con 
ducting soil in which it is buried. 

4. The method of preventing the corrosive ac 
l() tion of electric currents flowing from a buried 

current conductive structure which comprises the 
connection of an independent Source of direct 
current electric power to said structure at spaced 
points to include that portion thereof to be pro 

5 tected in series circuit with said source of power, 
grounding the positive terminal of said source 
of electric power to establish a relationship with 
the prevailing earth potential about the included 
portion of Said Structure, and circulating an elec 

20 tric current through said structure which will 
CauSe a potential drop between the points of posi 
tive and negative connection with said source of 
power and render the included portion of Said 
Structure negative with respect to the adjacent 

25 earth. 
WILLIAM R. SCHNEIDER. 
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