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Cathodic Protection Service 

Corrosion of steel in contact with brine results 
from the creation of anodic and cathodic areas 
by reason of differences in the electrolyte and/or 
differences in the surface of the metal caused in 
manufacture or fabrication. 

In the anodic areas current leaves the surface 
of structure and enters the electrolyte causing 
loss of metal or pitting action. In the cathodic 
areas current flows from the electrolyte onto the 
surface of the structure and no corrosion occurs. 

The principle of cathodic protection is based 
on forcing direct current to flow from the electro- 
lyte onto all exposed surfaces of the structure so 
that the steel becomes cathodic and in a non-cor- 
rosive state. 

Severe corrosion is frequently caused by depo- 
larization of areas along the surface of the metal 
by action of sulfate-reducing bacteria. Under 
cathodic protection a highly alkaline film is built 
up on the cathodic surface which arrests the ac- 
tion of the bacteria, 

Current for applying protection to oil lease e- 
quipment is obtained by one of three methods: 

(1) The use of galvanic current furnished by 
magnesium, aluminum and zinc an- 
odes. The anodes are dissipated and must 
be replaced from time to time. 

(2) The use of rectifiers with impressed cur- 
rent type anodes. This is a more perma- 

nent system and does not require fre- 
quent changes of the anodes; however, 
it requires an external source of power. 

(31 Thermoelectric generators can be used 
to furnish the current required for cath- 
odic protection by burning gas from 
the lease and converting the heat direct- 
ly into electricity These units have 
proven to be a reliable source of cathodic 
protection current and are used with im- 
pressed current anodes. 

Cathodic protection of tanks, treaters, gunbar- 
rels, filters and other vessels which contain brine 
can result in the prevention of corrosion on that 
portion of the metal which is below the water lev- 
el. Field tests have shown that protection even 
in bacterial environments is practical both from 
an economic and operating standpoint. 

Cathodic protection of oil field saltwater han- 
dling equipment has become generally accepted 
in the last 10 years in fields where corrosion has 
been a major problem. Many examples of out- 
standing savings in operating costs have been ob- 
tained. ITnfortunately, however. in many in 
stances the misapplication of cathodic protection 
has allowed this form of corrosion mitigation to 
get a bad name. In most of these installations, dis- 
regard for some of the basic rules of cathodic pro- 
tection has been the major cause of the trouble. 
In many instances the difficulty in being able to 
get a reference electrode into the vessel to meas- 
ure the extent of protection has caused the design 
to be oversimplified, and the use of current densi- 
ty as a criterion has been adopted in untested 
areas. It is the purpose of this discussion to re- 
view cathodic protection of vessels and well cas- 
ings. 

DETERMINATION OF CURRENT 
REQUIREMENT IN VESSELS 

In order to be valid, the current requirement 
must be determined inside the vessel to be pro- 
tected. The general procedure is to provide a con- 
trollable source of current at the proposed nor- 
mal anode location. A reference electrode or zinc 
reference should be located in one of the least fa- 
vorable potential Jocations. Current is impressed 
until an acc.eptable potential is obtained at the 
reference lioint. Often it is possible to install the 
permanent anodes to be used in the final installa- 
tion and adjust the current drain by use of a 
through-the-wall reference electrode. 
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LOCATION OF THE ANODES 

The ideal anode situation would be a point 
type anode located at the center of the compart- 
ment, equidistant from all metal surfaces. Since 
the ideal condition would almost never occur, the 
anodes must be located as near to the ideal de- 
sign as possible. When the anode is located too 
near the vessel wall or other metallic structures a 
low resistance path can occur and une\‘en attack 
on the anode can result due to high anode cur- 
rent density. This type of anode attack le;itis to 

very low anode efficiency, i. e., shortened anode 
life. 

When locating the anode, experience has 
shown that the current from the anode will trav- 
el in nearly straight lines. In other words, the 
current from the anode will protect what it can 
see and cannot be forced onto the back side of 
baffles or for any distance through small holes. 

SELECTIOS OF THE TYPE OF ANODE 

Gallvanic Anodes 

Galvanic anodes offer the ad\.antage of not 
having to ha1.e an outside source of power. 

Magnesium Anodes-Magnesium anodes are 
consumed at the rate of 17 Ib’amp yr under 
ideal conditions. As a general rule the smallest 
anode which will give the required current will 
be the most efficient. Magnesium anodes in 
heater treater apclications may be restricted 
to about 75 per cent of their normal output 
without excessive local cell attack and its re- 
sulting lower anode efficiency. 

Zinc Anodes - Zinc anodes with their loweI. 
driving potential have been used in the prote(*- 
tion of vessels for some time. These anodes are 
consumed at the rate of 26 lb/amp yr. The 
weight of zinc makes the through-the-wall heater 
treater type of anode require internal support. 
One of the major drawbacks to the zinc anode 
is its tendency to reverse its polarity to steel at 
elevated temperatures. This can occur as low as 
140°F. in some cases and in most electrolytes at 
180” F. If these anodes must be used at such 
elevated temperatures, they should be (.hecked 
for reversal in ‘the particular environment where 
they are to be used. 

Aluminum Anodes - New alloys of atuminunl 
have recently been developed which offer great 
promise as anodes in the field of saltwater. 
handling vessels. Tests have shown effic:ien(*ies 
up to 70 per cent in hot brines with consumption 
rates as low as 8 lbs./amp yr. A typical alumi- 

num alloy heater treater type of anode weighs 
42 lbs. Tests now being conducted in the field 
should give practical field data within a few 
months. 

Imoressed Current Anodes 

Graphite Anodes - The “specially treated” 
graphite anode has been the principal impressed 
current anode used in vessels for a number 
of years. It has the advantage of long life and 
does not require frequent replac,ement. These 
anodes are treated with an oxittizlng 6il ivhich 
fills the pores of the graphite so that gas will 
not form within the a.node material and (‘ause 
breaking away of small amounts of graphite near 
the surface. In some installations where the 
anodes are located near a firebox the heat will 
cause the oil in the anode to ooze out, with 
resulting local attack on the anode surface. This 
attack can cause premature failure of the anode 
or very poor anode efficiency at best. For this 
reason the anodes should be located as far as 
possible from the firebos in a treater, or other 
types of vessels with heaters. 

In most applications graphite anodes which 
have been properly treated can be operated sat- 
isfactori1.v at current le\rels in brine of four 
amperes for a 3 in. x 60 in. anode. 

Durichlor D-51 Anodes-These anodes have 
the advantage of low consumption rates and 
are without anode current limitations. Common 
consumption rates in the range of 1.6 Ibs./amp 
yr are to be expected. The greatest disadvan-. 
tages are their weight and the brittle nature of 
the cast metal. 

Miscellaneous Impressed Current Anodes - 
The smaller. noble-metal tyr)cs of anodes. in- 
cluding platinum, platinuni-iitanium and plat- 
inum-tantalum, have the common difficulty of be- 
ing subject to coating 1)~ elcc~t~~ol~hol~csis of sus- 
pended material in both the oil emulsion as well 
as the separated brine. The princ,il)al offcnttcr in 
the way of material subject to this moclc of de- 
position is wax; however, sotnc of the anoclic, 
inhibitors as well as emulsion breakers r.casuit in 
the same difficulty. This problem is c,onlmonl> 
noticaed because of the refusal of the anode to 
discharge current. In some cases it is possil)le to 
t’~ver~e the polarity momentarily ;incl I’(‘\‘erscL 
f tic ~IYXYSS. This seems merely to (~onfirrn the 
tlifficu1t.v rather than offer a cure. 111 111;lny in- 
stances larger anodes with their IO\VC~I. ;inodc 
c.urr-ent densit?; will not IX su1)jec.t (0 c,o;l(ing 
t)y elec,trolytes which coat smaller ;inodes. I11 



some cases increasing the voltage will retno\-e the 
coating. The only true test is to try the anodes in 
an actual vessel. 

The platinum-titanium anode is sub1ec.t to 
overvoltage damage at about 12 \.olts. This \.olt- 
age must be measured peak-to-peak rather than 
the RMS value read by the meters of a rectifier’s 
pulsating DC. The ability of the titanium to re- 
sist the flow of current from its surface is de- 
pendent on the formation of TiO: on the surface 
by oxidation of the very active titanium. This 
coating offers high resistance to the flo\+. of (III’- 
rent at low voltages: however. when the critical 
voltage is exceeded, the coating will be des- 
troyed and the base metal will go into solution. 

SYSTEM DESIGN CONSIDI~:RATJONS 

The first step in the design of a cathodic pro- 
tection system is to determine the area which 
an anode must protect. All of the exposed sur- 
face must be considered. 

The next step is to determine the size and 
material of the anode. Consideration must here 
be given to the anticipated life of the instal- 
lation. 

If the brine is not saturated, or nearly so, it 
may be desirable to determine the resistance of 
the anode to the brine. These resistances ma? 
be approximated on the following basis: 

Anode Size Factor 
3” x 60” Rz.0043 
3” x 30” Ry.0072 g 
2” x 60” R= .005 g 

1~” x 60” R= ,006 g 
R=Anode resistance to brine 
g=Resistivity of brine in ohms,‘cms 

Size the rectifier voltage by Ohm’s Law. Al- 
lowances should be made for the following: 

(1) Back e.m.f. of the anode material to steel - - 
generally allow two volts. 

(2) The resistance of the total circuit should 
be very JOW: therefore, driving potential 
should be provided for wiring and control 
circuit resistance. 

13) Allow at least 25 per cent additional volt- 
age for aging of the stacks and high levels 
of polarization of the vessel. Genera]]!. 
speaking, for small \ressels a minimum of 
12 volts is provided. If se\reraI cornpart- 
ments are operated from a single rectifier. 
a control box with individual mntrols for 
each anode is utilized to advantage. 

SJ’IZCJAI, COSSIDERATIOSS FOR 
\‘ESSJ*:L IXSTALLXTIONS 

In some oilfield brines when sulfides are ores- 
ent. current densities above 15 ma sq ft seem 
to illcrease hydrogen blistering: however, no in- 
cl’ease \tvas observed at louver current densities. 

\Vhen vessels are (*oated. the only assurance 
of not tlamaging the coating is by checking the 
potential. X0 potentials above one volt to a 
c~lomel electrode should be allowed on well 
coated \*essels. especially those newly in service. 

\I’hen \ressels are filled after making an in- 
stallation. the anodes may become coated with 
hea\*v crude which tends to remain in place 
after the anode is submerged in brine. Nrhen 
such coating makes the anodes passive, a re- 
\Tersal of polarity for a short period of time will 
tend to remo\ve the oil. In other cases, high volt- 
ages of the c.orrect polarity will remove the oil 
film. 

(‘ATHODIC PROTECTION OF WELL CASINGS 

One of the greatest losses of steel to corrosion 
in the oil field is caused by the corrosion of well 
c.asings. As c.athodic protection has now become 
generally accepted in many locations, a review 
of the general procedures is in order. 

Pt~obably the first consideration should be 
gi\,en to the loc.ation of the corrosion. Jnspection 
of tubing ant1 internal c*aliper surveys are help- 
ful in t1iakin.q this cletermination. One must con- 
sider that both internal and external corrosion 
c.an occur in the same well. 

In man?. fields a nunlber of leaks may OCCUI 
opposite the sanle fornlat ion, giving a clue to the 
external nature of the c.orrosion. 

Casing potential profile survevs may show 
g~.oss anodic, areas opposite saltwater’ sands and 
other formations. These c,onditions would point 
to an external nie~~hanisni of corrosion. 

The most i~eliable method of cletetniining the 
nature of (~oi~iosion is to insl1ec.t the c.asing if it 
is possihlc to do :w. In some instances urhen wells 
are ahantloneci and sc~rapped. investigation of the 
c,asing when it is pulled will gi\re a good idea of 
the condition of the remaining wells in the field. 

The cddv current tool, originally de\rcloped by 
Shell researc~h. measures metal loss along the cas- 
ing. It will not determine the location of the mct- 
al loss. ln some loc*ations these instruments lia\re 
been run in conjunction with an internal (*aliner 
to give internal or external cxorrosion data. 
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Current Requirement Surveys 

Two methods of determining the current rt- 
quirement for cathodic protection of well casings 
are in common use, and when they are run with 
good procedure they will often confirm each 
other. 

‘[he Potential Profile Survey - The potential 
profile survey is conduc.tetl by contacting the c’as- 
ing internally with a known spacing between 
two sets of contacts and measuring the IR drop. 
This method gives the anl(JUnt of current flowing 
in the casing, its direction. and the locations of 
the areas where current is entering or leaving 
the pipe. This survey is effective where large an- 
odic areas are present but offers little help where 
small concentrated cells are caused h\, anerohic 
bacterial attack. To determine the current re- 
quirement for protection of the well the survey 
is rerun with different amounts of rurrent being 
drained from the wellhead. By this method the 
minimum amount of current drain required to 
eliminate the gross anodic areas can be obtained. 

When the corrosion mechanism is other than 
gross anodic areas, the impressed current is in- 
creased until all parts of the casing have current 
entering the pipe in yuantities adequate to elimi- 
nate the offending depolarizer. 

To run the potential profile survey the well 
must be killed with-either oil based mud or oil. 

The unit will work in a dry casing. 
1’ 
::,, 

14: log I Current liecluirement Sur\,eys-This ~3 
~nett~o(l reciuilvs that the ~3211 IJ~ insulatetl from 
all external lines ant1 J temporary grountllx4 be : 
used to impress c,urrent on the \f+ell in ortler to ;I 
start polarization. Small increments of current >‘ 
are drained for short, ucc.uratcl!. time(1 periods, -,. 
after \fTliich the current sourcx2 is remo\xxl and., 
the potential is measure{1 tc, a remote electrode. ” 
The minimum current consitleretl to be adequate 
to protect the well is that currcbnt reading at 
which the potential t)ec.omcs a straight-line func- 
tion of the log of the current. A number of vari- 
ations of this procedure haIre been used with suc- 
cess. Of the large num!Jcr of casings \!vhich have 
been placed unclet c.athotlic, protection, the 
largest number of current requirements have 
been determined 1)~. the E log I methocl. 

As gaI\vanic. anotles [vi11 seldom p 1.0 d u c e 
enough current to protec? a well casing the in- 
stallations are primarily the rec:tifier-impressed 
anode type. The costs of these installations can 
vary considerably depending on the availabilitjr 

of power, the current requirement and soil resis- 

tivit?;. When quantities tend to lower overhead 

costs, the cost per well \.aries from some S350 to 

as much as S3,500 per well. The average cost 

would probably be in the range of S450 to S500 

per well. 
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