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inranssnn cunnrnr CATHODIC PROTECTION 

' SYSTEM ' 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to the cathodic protection of 

marine structures and is particularly concerned with an 
improved impressed current system for the protection 
of offshore platforms and similar structures. 

2. Description of the Prior Art 
Offshore platforms used in the petroleum industry 

and similar marine structures are usually provided with 
cathodic protection systems for combatting underwater 
corrosion. For shallow water installations, galvanic sys 
tems using sacri?cial anodes of magnesium, zinc or alu 
minum are often employed. Systems of this type re 
quire no electrical power and generally present few 
maintenance problems. Their principal disadvantage is 
that they are heavy, expensive and of relatively short 
life. A typical installation on a platform in 200 feet of 
water, for example, will require about 30 tons of alumi 
num of 90 tons of zinc to provide protection over a 10 
year period and may cost on the order of from 2 to 3 
cents per year per square foot of exposed‘ platform 
area. On larger structures designed for installation in 
deeper waters, these costs quickly become prohibitive. 
Because of the expense associated with galvanic sys 

tems, offshore platforms designed for installation in 
water depths greater than about 150 feet are usually 
provided with impressed current cathodic protection 
systems. These systems, which normally make use of 
lead-silver anodes of lead-platinum bielectrodes sup 
plied with low voltage direct current from surface 
mounted transformers and recti?ers, generally weigh 
about one-fifth as much as galvanic aluminum systems 
and provide adequate protection for about 1 and 1/2 
cents per year per square foot of submerged platform 
area. Studies indicate, however, that conventional im 
pressed current systems may not be satisfactory for 
many of the large structures now being designed for use 
in deep water. Experience has shown that the lead type 
anodes can withstand only limited current densities and 
may not be adequate for such structures. Moreover, the 
transmission of low voltage, high amperage current to 
such anodes from the surface results in high heating 
losses and requires the use of heavy conductors which 
add significantly to the loading of the structure. Other 
difficulties include the susceptibility of such systems to 
damage due to their exposed locations, reliability prob 
lems associated with the anodes and shielding systems, 
and safety problems encountered with the on-deck 
equipment. Such systems therefore leave much to be 
desired. 

SUMMARY OF THE INVENTION 

This invention provides an improved impressed cur 
rent cathodic protection system which alleviates many 
of the problems associated with systems available in the 
past and facilitates the use of cathodic protectiaon for 
off-shore platforms and other marine structures. The 
improved system of the invention includes an elongated 
supporting member which can be lowered into position 
adjacent the structural members to be protected and 
later retrieved as necessary, an underwater power sup 
ply mounted on the supporting member for converting 
high voltage alternating current from a surface 
mounted source to low voltage direct current, one or 
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2 
more low deterioration rate anodes mounted on the 
supporting member near the structural members which 
are to be protected, a potential controller for regulating 
the level of protection provided, and a reference cell 
for monitoring the system. 
The supporting member employed in the improved 

system will preferably comprise an elongated string of 
pipe or conduit which can be lowered into position 
from the water’s surface through guides on the struc 
tural members and connected to the structure near the 
lower end of the member. The pipe or conduit may be 
metallic, in which case it will serve as the negative con 
ductor between the power supply and the structure, or 
may be made of nonconducting material and provided 
with an internal conductor to ground. If a metallic pipe 
or conduit is used, the anodes employed will normally 
be mounted on dielectric shields carried on the outer 
surface of the pipe. These shields may be dispensed 
with if a conduit of nonconducting material is em 
ployed. Arms may be attached to the pipe of conduit 
for supporting the anodes if desired. In lieu of such a 
pipe or conduit, the protection system may be mounted 
on an insulated cable which can be pulled downwardly 
into position on the structure and returned to the sur 
face when necessary. 
The underwater power supply employed in the sys 

tem of the invention will normally comprise a trans 
former and rectifier for converting high voltage alter 
nating current to low voltage direct current. An auto 
matic potential controller including a magnetic ampli 
?er, silicon controlled recti?ers, and the like may also 
be included or instead may be installed above the wa 
ter’s surface. The power supply will normally be en 
closed in a suitable housing incorporated in the retriev 
able pipe string, conduit or cable system at a point near 
the anodes. Two or more power supply units may be 
provided in each retrievable system if desired. High 
voltage alternating current leads, preferably 60 cycle 
three phase, extend from a power source on the plat 
form or other structure through the supporting member 
to the power supply unit. These may be encased in an 
inner conduit which extends downwardly within the 
outer conduit and is provided with a plug-in connection 
at the transformer. Provisions may be made for pulsing 
either the high voltage alternating current or the low 
voltage output from the recti?er. Reference cell moni 
tors used to establish the required potential and regu 
late the controller are provided on the supporting 
member and may also be located on the marine struc 
ture itself. Manual controls and instrumentation are lo 
cated on the deck of the structure or at an equally ac 
cessible surface location. 
The anodes employed in the retrievable system will 

preferably be low deterioration rate anodes such as 
platinum over tantalum, platinum over niobium, plati 
num over titanium, platinum studded lead, or the like. 
As indicated earlier, these are mounted on the support 
ing member or on arms extending therefrom and are 
connected to the potential controller through leads ex 
tending within the supporting member. 
The system of the invention has numerous advan~ 

tages over impressed current cathodic protection sys 
tems available in the past. The use of an elongated pipe 
or similar supporting member and an underwater 
power supply as described above permits the transmis 
sion of low voltage, high amperage direct current to the 
anodes with negligible power losses and without the 
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heavy conductors required in earlier systems; provides 
signi?cantly better cooling of the transformer, recti?er, 
and automatic potential controller and thus makes pos 
sible the use of lighter, vmore compact units; makes it 
possible to vary the level of the anodes with respect to 
the submerged structure; results in savings in deck 
space ‘and reduces platform structural requirements; 
provides greater safety because the power supply and 
most of the associated leads are underwater'where dan 
ger of fire or damage'due' to lightning is minimized; 
eliminates or greatly reduces radio frequency interfer 
ence; provides greater'reliability because of the shorter 
direct current power leads; permits the use of long life 
dielectric shields mounted directly on the supporting 
member; makes possible periodic maintenance and re 
pair without'the' use of divers; and provides a system 
which is fully compatible with existing off-shore equip 
ment and petroleum industry practices.‘ As a result of‘ 
these and other advantages, the system of the invention 
permits substantial economic savings over other ca 
thodic protection‘systems which have been employed 
heretofore, particularly in deep water installations. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. I in the drawing is a schematic representation 
of an offshore platform provided with the improved im 
pressed current cathodic protection system ‘of the in 
vention; 
FIG. 2 is an enlarged longitudinal cross-section illus 

trating the system of FIG. 1 in greater detail; 
FIG. 3 is a schematic electrical diagram illustrating 

the system of the invention; ‘ ' ' Y 

I FIG. 4 is a fragmentary longitudinal cross-section 
through the supporting member in an embodiment of 
the invention using a metallic supporting member; 
FIG. 5 is a fragmentary longitudinal cross-section 

through the non-metallic supporting member of an al 
ternate‘ embodiment of the invention; ' 
FIG. 6 illustrates the use of arms attached to the sup 

porting member for positioning the anodes employed in 
accordance with the‘ invention; 7 ' . ~ I > 

FIG. '7 is a fragmentary view of another embodiment 
of the invention in which the apparatus is supported by 
means of a cable or similar member; and, 
FIG. 8 illustrates still another embodiment for they 

protection of an underwater separator or similar de 
vice. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. I in the drawing is a schematic representation 
of an offshore platform provided with the improved im 
pressed current cathodic protection system of the in 
vention. The platform depicted in FIG. 1 includes an 
open framework I 1 of tubular steel members extending 
from the bottom 12 of a body of water 13 to a platform 
14 located a distance of 50 feet or more above the sur~ 
face of the water 15. The upper deck of the platform 
is provided with a shelter 16 for the housing of 
personnel and equipment, with a derrick 17 for use in 
well operations, and with other conventional items of 
equipment. The, layout of the ‘deck and the equipment 
provided thereon will depend in large part upon the 
particular purpose for which the platform is intended. 
In the case of an offshore platform, to be used for the 
production of crude oil and natural gas, for example, 
the facilities provided will normally include risers ex 
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4 
tending upwardly along the platform structure to pro 
duction facilities located on the deck, equipment ‘for 
use in well maintenance and workover operations, of 
?oading facilities, and the like. It will be understood 
that the invention is not restricted to the particular type 
of platform shown and may be employed with a variety 
of different structures, including offshore drilling and 
production platforms of the monopod type, buoyant 
tower structures which are hinged near the bottom to 
permit limited'lateral movement in response to waves 
and currents, seadrome type structures held in place by 
three or more parallel members hinged near the ocean 
floor, offshore storage facilities, marine radar stations, 
semisubmersible drilling barges, underwater pumping 
and separator stations, and the like. Although the de 
tails of the cathodic protection system employed may 
vary somewhat depending upon the particular type 
structure to be protected and the purpose for which it 
is intended, the principal features of the system will be 
substantially the same regardless of the offshore struc 
ture to‘ which it is applied. > - . ' 

_ The cathodic protection system employed on the off-> 
shore structure of FIG. 1» includes an elongated sup 
porting member 20 which is secured nearv its upper end 
to platform 14 and extends downwardly through guides 
21, 22, 23, 24, 25, 26 and 27 on the platform frame 
work to a receptacle located within a guide funnel 28 
near the base of the platform. The supporting member 
20 will normally comprise a string of steel pipe or tub 
ing between about 2 and about 9 inches in diameter but 
in some cases may be made of hard plastic or other di 
electric material. It is‘ generally preferred that the string 
of pipe or conduit be made up of threaded sections 
about 30 feet in length to facilitate its disassembly 
when withdrawal of the system to the surface becomes 
necessary, although welded or bolted connections can 
be used in lieu of threaded joints if desired. The guide 
members 21 through 27 through which the pipe string 
extends are funnel-shaped members mounted at appro 
priate points on horizontal members of the platform 
and are of sufficient diameter to pass enlarged sections 
of the string. The lower end of member 20 normally 
contains a plug ‘or other ?uid-tight closure to prevent 
the entry of water and the escape of oil or other ?uid 
from within the member and will be provided with 
threads, detents orother means for holding the lower 
end in place within the receptacle in guide funnel 28. 
If member 20 is made of a dielectric material, an elec 
trical connection to ground may be provided by ex 
tending a ground conductor through the closure so that 
it makes contact with the structure within the recepta 
cle. The location of supporting member 20 and the as 
sociated guide members will depend in part upon the 
configuration of platform framework 11 and the elec 
trical characteristics of the cathodic protection system. 
The anodes employed in the system are normally capa 
ble of providing effective protection over relatively 
large areas. On large structures, however, a plurality of 
supporting members spaced at selected intervals may 
be used to insure adequate protection for the entire 
structure. The system depicted in F IG.' 1 includes a sec 
ond supporting member which is essentially identical to 
supporting member 20 and will therefore not be de 
scribed in detail. 
Supporting member 20 in the apparatus of FIG. 1 

serves as a conduit through which the electrical leads 
of the cathodic protection system extend between the 
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deck of the platform and the underwater components. 
These components may include an underwater power 
supply containing a transformer and rectifier for con 
verting high voltage alternating current produced by a 
generator on the platform deck into low voltage direct 
current, an automatic potential controller for regulat 
ing the amount of current delivered by the system, one 
or more anodes upon which the delivered current is im 
pressed, and one or ‘more reference cells for monitoring 
and controlling the automatic potential controller. As 
indicated more clearly in FIG. 2 of the drawing, the 
power supply 30 will normally be enclosed in a cylindri 
cal housing 31 which is connected into the supporting 
pipe string 20 at an intermediate point along its length. 
The automatic potential controller may be located in 
the same housing or, if desired, may be positioned at 
the surface or placed in a separate housing positioned 
a short distance away from housing 31. As pointed out 
earlier, it is preferred that the entire pipe string assem 
bly be made up of threaded pipe secitons which have 
sufficient mechanical strength to resist wind, wave, and 
current forces and to withstand impact by ice and ?ot 
sarn in both the tidal splash zone above the water’s sur 
face and the submerged zone beneath the surface. Lon 
gitudinal ribs may be provided to increase the strength 
of the string if necessary. This use of a supporting mem 
ber made up of sections which can be disconnected 
from one another. permits rapid retrieval of the member 
without the use of divers and results in a system‘ which 
is compatible with equipment and procedures currently 
in use in the petroleum industry.,The lowering of the 
supporting member into position, the locking of the 
member in place by threading the lower end 32 con 
taining closure 33 into the receptacle in funnel 25, the 
unlocking of the pipe string, and its retrieval can all be 
accomplished with conventional hoisting equipment 
and tools normally available on offshore platforms for 
use in oil ?eld drilling and production operations. The 
use of such a pipe string also provides an effective neg 
ative return from the platform structure by draining 
current at the threaded connection at the bottom of the 
string and at the top where the pipe string is supported 
on the platform deck. 
The underwater power supply employed for purposes 

of the invention, designated by reference numeral 30 in 
FIG. 2 of the drawing, is shown in greater detail in FIG. 
3. The power supply depicted is a saturable reactor 
type system which includes saturable reactors 40, 41 
and 412 connected in series with the three input lines 43, 
a4, and 45 from a 440 to 460 volt, 60 cycle three-phase 
alternator located on the platform, a step-down trans 
former having a delta-connected primary 46 which is 
connected to the three saturable reactors and two low 
voltage secondary windings 47 and 48, a three-phase 
double-Wye silicon recti?er assembly comprising recti 
fiers 511, 52, 53, 54, 55 and 56 connected to the second 
ary windings of the transformer, and leads extending 
from the recti?er assembly through suitable fuses, cir~ 
cuit breakers, or other protective devices 57 and 58 to 
the anode leads 59 and 60. The step-down transformer 
reduces the high voltage alternating current to a volt 
age level between about 3 and about 50 volts and the 
recti?ers in turn convert this to low voltage direct cur 
rent. The control windings 6E, 62 and 63 of the satura 
ble reactors, energized by the atuomatic potential con 
troller 64 as will be pointed out in greater detail hereaf 
ter, serve to regulate the input to the primary winding 
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of the step-down transformer and thus regulate the 
amount of current which is delivered through the recti 
?ers to‘the anodes 65 and 66 of the cathodic protection 
system. Saturable reactor type power supplies useful 
for purposes of the invention are available from a vari 
ety of different commerical sources and will therefore 
be familiar to those skilled in the art. It should be un 
derstood that the use of a saturable reactor type power 
supply is normally preferred but that other systems may 
also be employed. These include silicon-controlled rec 
ti?ers, servo-controlled variable transformers, servo 
operated variable reactance devices, thyristers and the 
like. Other voltage levels and frequencies may also be 
employed. ’ 

The location of the saturable reactor type or other 
power supply described above in housing 30 on sup 
porting member 20 permits substantial reductions in 
the size and weight of the power supply because of the 
better cooling obtained. Heat transfer through the 
housing wall to the surrounding sea water will normally 
be signi?cantly better than could be obtained with a 
unit mounted on the platform deck. A light hydrocar 
bon oil, a silicone ?uid, a transformer oil, or the like 
will normally be maintained within supporting member 
20 and the housing surrounding the power supply in 
order to further improve heat transfer and maintain 
high operating efficiencies. The smaller size and lower 
weight of the power supply unit reduces the platform 
structural requirements from a loading and lateral wave 
force standpoint. More importantly, the use of a sub 
merged power supply eliminates the necessity for de 
voting a substantial portion of the platform deck to 
housing the power supply. In conventional cathodic 
protection systems, approximately 0.1 square foot of 
space is required per ampere of power available at the 
anodes. A platform located in 1,000 feet of water with 
a total current demand of 30,000 amperes would there 
fore require approximately 3,000 square feet of deck 
space to accommodate the power supply equipment. 
This saving in space by virtue of the system of the in 
vention results in significant economic savings. 
The automatic potential controller 64 in the appara 

tus of FIGS. 1 through 3 monitors the level of protec 
tion of the submerged portion of the platform by means 
of one or more reference cells 70 and provides a signal 
to the saturable reactor control windings for adjusting 
the amount of current fed to anodes 65 and 66 so that 
the desired level can be maintained. the reference cells 
employed will normally contain silver-silver chloride, 
zinc, or other suitable electrodes of conventional de 
sign. Each such cell is mounted on the exposed struc 
ture, preferably at a point where the degree of protec 
tion afforded by the cathodic protection system can be 
expected to be low and preferably a substantial dis 
tance from the nearest anode. The silver-silver chloride 
electrode normally consists of a silver screen coated 
with silver chloride and welded about a silver rod. This 

- electrode is mounted in a shock-resistant plastic tube 
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or similar housing and connected through a water-tight 
seal to an insulated copper cable which is protected 
against contact with the water. The difference in poten 
tial between the electrode and the structural member‘ 
of the platform 11 adjacent to which it is mounted 
causes a small current to flow. This current is con 
ducted through the copper conductor to a high imped 
ance volt meter on the deck of the platform, not shown 
in the drawing, which is used for monitoring purposes. 
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This current is also conducted through a second con 
ductor ‘71 in supporting member 20 to the automatic 
potential controller 64. The controller can either be lo 
cated at the surface as shown in FIGS; 2 and 3 or 
mounted in underwater housing 3H. The system of the 
invention is not restricted to the use of a silver-silver 
chloride electrode and may employ other commercially 
available reference electrodes which will produce po 
tential differences which can be used to monitor opera 
tion of the system. 
The automatic potential controller 64 preferably in 

cludes a high gain differential direct current ampli?er 
'75 which operates on two input signals, the potential 
difference between the reference electrode 70 and the 
platform structure ll and a control voltage from con 
troller power supply 76 and potentiometer 77 repre 
senting the desired potential difference between the 
electrode and the structure. The difference between 
these two input voltages is amplified by the controller 
and used to regulate the output voltage fed to the con 
trol windings till, 62 and 63 of the saturable reactor 
power supply 31. This regulation'is accomplished by 
means of a silicon controlled rectifier output bridge 78 
which acts as a switch to pass a portion of an alternat 
ing current powerline voltage from input leads 79 and 
80 to the control windings. The rectifiers in the bridge 
circuit are turned on for a very short period of time 
during each cycle of the alternating current in response 
to pulses from a pulse control circuitsll. When the out 
put from the ‘differential amplifier 75 is zero, the pulse 
control circuit pulses the silicon controlled rectifiers at 
the end of each cycle of the alternating current so that 
no output voltage is conducted to the saturable reactor 
control windings 6H, 62 and 63. As the output from the 
differential ampli?er increases, the timing of the pulses 
is advanced toward the beginning of each cycle of the 
alternating current so that more power ?ows through 
the silicon controlled recti?ers to the control windings 
of the saturable reactor power supply. The rectifiers 
~turn themsevles off automatically at the end of each 
cycle of the alternating current. The output voltage fed 
to the saturable reactor windings will thus range be 
tween zero and about 100 volts direct current, depend 
ing upon the potential difference between the electrode 
in reference cell 70 and the structure 11 and the de 
sired potential difference. The controller will normally 
also include a provision for manual control by shutting 
off the differential ampli?er output by means of switch ' 
82 and substituting an adjustable voltage from'pote‘nti 
ometer 83, which can be controlled from the surface.v 
The differential ampli?er may be provided with auto 
matic gain control to permit changes in the sensitivity 
of the controller to differences between the two inputs 
to the differential amplifier. Although the use of a con 
troller of this type is normally preferred because it uses 
commercially available solid state components and can 
therefore be made compact and will require little or no 
maintenance, it will be understood that other types of 
controllers can also be used. A variety of different con 
trol systems suitable for impressed current cathodic 
protection systems are available commercially and can 
be readily adapted for purposes of the invention by one 
skilled in the art. Although the controller shown is lo 
cated at the surface, it is often advantageous, as 
pointed out above, to position both the controller and 
power supply beneath the water to further reduce the 
danger of fire due to electrical malfunctioning of the 
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equipment or lighting, shorten the required length of 
direct current power leads and thus give greater reli 
ability, lower powerlosses and improve safety, and 
eliminate or reduce radio frequency interference, par 
ticularly where high frequency power or pulsed DC 
power is used. ' ’ 

The anodes employed for purposes of the invention 
will preferably be low deterioration anodes of the plati 
num over titanium, platinum over niobium, or platinum 
over tantalum type. These anode materials last for long 
periods and normally permit the use of relatively small 
anodes at high current densities. They are therefore 
particulary useful in the retrievable cathodic protection 
system disclosed herein. Other types of anodes may 
also be employed, however. Although other con?gura 
tions can also be used, anodes mounted directly on the 
supporting member 20 are normally preferred. FIG. 4 
in the drawing illustrates one embodiment of the inven 
tion utilizing such an anode. Supporting pipe 20 in this 
particular embodiment is a string of 2% inch diameter 
steel pipe extending downwardly into the water be 
tween the structural members of the platform. Bonded 
to the outer surface of the pipe string at the anode level 
is a dielectric shield '85 which serves to isolate the 
anode from the supporting member and promote uni 
form distribution of the protective current about the 
anode. This dielectric shield may be made of coal tar 
epoxy resin, phenolic epoxy resin, ?berglass reinforced 
polyester resin, polyurethane, polyvinylchloride, neo 
prene rubber, or the like. The material selected may be 
applied to the pipe section by conventional techniques 
involving the use of baking, flame sprays, fluidized 
beds, or the like. Alternatively, a precast section of 
polyvinylchloride pipe or similar material can be in 
serted over the supporting member and held in place 
mechanically. Polyvinylchloride pipe may be used in 
conjunction with al'primer of coal tar epoxy resin or a 
similar dielectric material. The metallic anode 86 pref 
erably comprises a plurality of longitudinal tantalum 
strips, or rods, each covered with a thin layer of plati 
num on the order of from about 0.00005 to about 
0.005 inch in thickness. These strips are intercon 

> nected and will normally be mounted so that the outer 
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surfaces of the platinum coated‘ metal are slightly re 
cessed with vrespect to the surface'of the dielectric ma 
terial at each end of the anode and are thus protected 
against damage as the supporting member is raised and 
lowered. Conductor 87 extends through an opening in 
the wall of supporting member 20 and dielectric sleeve 
85 to the backside ofthe tantalum base metal of one 
or more of the strips. A rubber or plastic plug 88 sur 
rounds the‘ end of the insulated conductor to prevent 
contact with the wall of the supporting member and 
preclude the leakage of oil or other ?uid from within 
the supporting member. if desired, the anodes may be 
mounted at or near joints in the supporting member to 
facilitate assembly of the apparatus. 
FIG. 5 in the drawing illustrates an alternate embodi 

ment of the apparatus in which a dielectric supporting 
member 90 of polyvinyl chloride, glass reinforced poly 
ester, or similar material is employed in place of the 
metallic supporting member ‘referred to earlier. This 
use of a dielectric supporting member eliminates the 
necessity for a dielectric shield. Anode 91 comprises a 
platinum coated rod or wire of titanium or the like 
which extends through openings in the supporting 
member to form a plurality of anode surfaces extending 
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parallel to the longitudinal axis of the supporting mem 
ber. The openings in the supporting member through 
which the anode passes are sealed to prevent ?uid leak 
age. Conductor 92 is connected to one end of the 
anode and extends to the underwater power supply. 
Rings '94 and 95 on the outer surface of the supporting 
member near the ends of the anode extend outwardly 
beyond the anode surfaces to protect them against 
damage. in lieu of using these rings, the anode can be 
recessed in shallow slots or grooves extending parallel 
to the longitudinal axis of the supporting member in the 
outer surface thereof. 
The dimensions and con?guration of the anodes will 

depend in part upon the area to be protected by each 
anode, the current densities to be used, and other fac 
tors. in general, however, it is normally preferred that 
the anodes be from about 2 to about 10 feet in length 
and that, if a metallic supporting member is used, the 
dielectric sleeve extend about 10 feet or more above 
and below the ends of the anode. This isolates the 
anode from the supporting member and helps insure 
substantially uniform protection over a relatively large 
area surrounding the anode. ‘ 

in lieu of mounting the anodes on the supporting 
member as described above, extensible arms on which 
the anodes are located may be used. FIG. 6 in the draw 
ing illustrates schematically an arrangement in which a 
metallic supporting member 100 extends downwardly 
in the water below the deck of the platform and arms 
161 of polyvinylchloride or a similar dielectric material 
are hinged to the supporting member by means of 
brackets 1112 and hinge pins 103. Each arms swings up 
wardly about the hinge pin as the assembly is lowered 
through the guide members on the platform and is held 
in the extended position after it is passed through the 
guide members by a shear pin 104. The metallic anode 
1115 is mounted on the outer end of the arm 10 feet or 
more from the supporting member. When it becomes 
necessary to retrieve the apparatus, the assembly can 
be pulled upwardly through the guide members with 
sufficient force to cause the shear pins to fail and per 
mit the arms to move downwardly into positions paral 
lel to the supporting member. The shear pins can be 
easily replaced before the assembly is to be lowered 
bacl: into position. '_ 
F16. ‘i in the drawing depicts still another embodi 

ment in which the lower end of the supporting member 
1111 is connected to a cable 111 which extends about 
a sheave 112 or similar member near the base of the 
platform and passes upwardly to a winch or reel 113 on 
the platform deck 114. The upper end of the support 
ing member 11% is connected to a cable 115 by means 
of which it is held in tension. The supporting member 
may be of either metallic or dielectric material and is 
provided with reference cells 116 and 117 and anodes 
118 and 119 on its outer surface. The electronic com 
ponents of the apparatus are housed in capsule 120 at 
an intermediate point on the supporting member. 
Power is supplied from the surface through cable 121. 
Guide members on the platform structure which help 
stabilize the assembly and prevent lateral movement 
are not shown in the drawing. This type of installation 
facilitates adjustment of the vertical position of the an 
odes and permits rapid withdrawal of the equipment to 
the surface if necessary. 
The use of the system of the invention for ‘the ca 

thodic protection of an underwater oil-gas separator or 
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10 
similar totally submerged installation is illustrated in 
FIG. 8 of the drawing. The installation shown includes 
a separator vessel 130 which is mounted on supports 
131 and 132 and provided with an input line 133 and 
output lines 134 and 135. Valves, remote control appa 
ratus and other features which will normally be pro 
vided but have nothing to do with the cathodic protec 
tion system have been omitted in order to simplify the 
drawing. The protection system employed includes an 
elongated, generally cylindrical supporting member 
138 from which a line or cable 139 extends upwardly 
to a float or buoy 140 at the water’s surface. This buoy 
serves to-mark the location of the apparatus and facili 
tate retrieval of the supporting member but is not es 
sential. In lieu thereof, the upper end of the member 
may be fitted with a spearhead or other device which 
can be engaged by a retrieving tool lowered from the 
surface when retrieval becomes necessary. The sup 
porting member'is provided with anodes 141 and 142, 
reference cell 143, and an underwater power supply 
and automatic potential controller housed in an en 
larged lower section 144. All of these components may 
be similar to those described earlier in connection with 
other embodiments of the invention. 
An upper guide funnel 145 is mounted on the side of 

separator vessel 130 for guiding the supporting mem 
ber- into the desired position adjacent the vessel. The 
lower end of enlarged section 144 seats in a receptacle 
located within lower guide member 146 to provide 
electrical connections between the supporting member 
and multiconductor electrical cable 147. Although a 

- variety of different electrical connecting devices de 
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signed for underwater service can be used, it is nor 
mally preferred that the connecting device be an induc 
tance type connector containing windings similar to 
those in a transformer. This premits the transmission of 
alternating current or pulsed direct current from ‘the 
cable into the supporting member without direct elec 
trical connections. Such connectors have been de 
scribed in the literature and will therefore be familiar 
to those skilled in the art. Cable 147 extends to an off 
shore platform or shore station equipped with alterna 
tors or the like for providing the required electrical en 
ergy to the system. The alternating current used to en 
ergize the automatic potential controller and underwa 
ter power supply in supporting member 138 can be 
transmitted through the cable over long distances with 
out significant powerlosses. 
Because it makes use of dependable solid state com 

ponents, requires the transmission of direct current 
voltages over only short distances, and operates at low 
temperatures, the system of FIG. 8 will normally pres 
ent few operating or maintenance problems. in the 
event that the replacement of a component or other 
maintenance or repair work becomes necessary, how 
ever, the supporting member containing all of the elec 
trical components except the cable 147 and the recep 
tacle through which power is transmitted to the system 
can be readily retrieved to permit such work at the sur 
face. Underwater television, sonic locating devices, and 
similar apparatus can be employed to facilitate re 
trieval and reinstallation of the apparatus. Divers are 
not ordinarily required for either retrieval or reinstalla 
tion and hence any repairs or maintenance that do be 
come necessary can be carried out relatively inexpen 
sively. It will be understood that the system of FIG. 8 
is not restricted to the use of a single supporting mem 
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ber as shown and that underwater storage facilities, 
pumping stations, and other large underwater installa 
tions may make use of a plurality of such members 
spaced at intervals selected to insure cathodic protec 
tion of the entire installation. in the event that such an 
installation is provided with a man-rated chamber in 
which divers or personnel transferred from an under 
water vehicle may perform certain maintenance and 
repair operations, the automatic potential controller 
may be located in the chamber'rather than in the sup 
porting member as shown. These and other modi?ca 
tions‘ of thesystem depicted in FIG. 8 will be apparent 
to those skilled in the art. 1 i 

We claim: I m 

1. An impressed current cathodic protection system 
for a marine structure which comprises alsupporting 
member that can be lowered in the water into position 
adjacent said structure and later retrieved, an underwa 
ter power supply on said supporting member for con 
verting an applied alternating current to low voltage di 
rect current, at least one anode on said supporting 
member, means'for transmitting direct current from 
said underwater power supply to said anode, and means 
for transmitting alternating current from a remote 
source to said underwater power supply. 

2. Apparatus as de?ned by claim 1 incluidng a poten 
tial controller for regulating the direct current voltage 
applied to said anode, at least one reference cell for 
monitoring the potential difference between said anode 
and said structure, and means for transmitting a signal 
from said reference cell to said potential controller. 

1 3. Apparatus as de?ned by claim 2 wherein said po 
tential controller is mounted within said supporting 
member. - , 

4.v Apparatus as de?ned by claim 2 wherein said po 
tential controller comprises a differential ampli?er and 
a silicon controlled recti?er output bridge. ' 

5. Apparatus as de?ned by claim 1 wherein said sup 
porting member is made of a dielectric material. 

6. Apparatus as de?ned by claim 1 wherein said sup 
porting member comprises an elongated metallic con 
duit and a dielectric shield is positioned between said 
conduit and said anode. 

7. Apparatus as de?ned by claim 1 wherein said sup 
porting member includes an extensible arm and said 
anode is mounted on said arm. 

8. Apparatus as de?ned by claim 1 wherein said un 
derwater power supply comprises a saturable reactor. 

9. Apparatus as de?ned by claim 1 wherein said 
anode includes a surface coatingof platinum. 

10. Apparatus as de?ned by claim 1 wherein said 
means for transmitting alternating current to said un-v 
derwater power supply comprises a submerged electri 
cal cable extending to an electrical connector located 
near the lower end of said supporting member. 

11. Apparatus as de?ned by claim 1 wherein said 
means for transmitting alternating current to said un 
derwater power supply comprises an electrical cable 
which extends downwardly in said supporting member 
from a power source located on said marine structure 
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above the water’s surface. I v 

12. An impressed current cathodic protection system 
for a marine structure having a platform located above 
the water’s surface and metallic structural members ex 
tending downwardly below the’ surface which com 
prises an elongated tubular supporting member of suffi 
cient lengthto extend downwardly from said platform 
to a point adjacent said structural members, an under 
water power supply mounted in said supporting mem 
ber at an intermediate point therein for converting al 
ternating current to low voltage direct current, means 
for transmitting alternating current from a power 
source on said platform to said underwater power sup 
ply, at least one anode mounted on said supporting 
member, means in' said supporting member for trans 
mitting direct current from said underwater power sup 
ply to said anode, an automatic potential controller for 
regulating the direct current voltage applied to said an 
ode, a reference cell for monitoring the'potential differ 
ence between said anode and said structural members, 
and means for transmitting a signal from said reference 
cell to said automatic potential controller. ‘ 

vl3. Apparatus as defined by claim 12 wherein said 
automatic potential controller is mounted on said plat 
form.‘ ' ' ' 

14. Apparatus as de?ned by claim‘l2 wherein said 
supporting member ‘is a water-tight conduit. 3 

15. Apparatus as defined by claim 14 wherein said 
conduit comprises plastic pipe and said anode is 
mounted on the outer surface of said pipe. 

16. Apparatus as de?ned by claim 14 wherein said 
conduit comprises a string of metallic pipe and a dielec 
tric shield is positioned between said anode and the sur 
face of said pipe. 

17. An impressed current cathodic protection system 
for an underwater installation which comprises a sup 
porting member provided with means for lowering said 
member into position adjacent said installation and 
later retrieving said member, an underwater power sup 
ply mounted in said supporting member for converting 
alternating current to low voltage direct current, at 
least one anode mounted on said supporting member, 
means in said supporting member for transmitting di 
rect current from said underwater power supply to said 
anode, and means for transmitting high voltage alter 
nating current from an underwater cable to said under 
water power supply in said supporting member. 

18.’Apparatus as de?ned by claim 17 including a po 
tential controller for regulating the direct current volt 
age applied to said anode, at least one reference cell for 
monitoring the potential difference between said anode 
and said underwater installation, and means for trans 
mitting a signal'from said reference cell to said poten 
tial controller. . 

19. Apparatus as‘ defined by claim 18 wherein said 
potential controller is mounted in said supporting 
member. 

20. Apparatus as defined by claim 18 wherein said 
reference cell is mounted on said supporting member. 

* * * * * I 
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