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PREFACE

The lir Foreo's najor guide to corrosion contronl of rcal
srogperty and real property installed equipwent hz heen
contained in Mir Porce 'lanaual §3-9, Chapter 4 wa.- was
Jublished August 1462. The corrosion comtrol ficld has been
pro;ressing witn acw methods, naterials and equipment
constaatly beiny introducec. Simce the Air Force's corrosion
manual wvas oll and outdatcd, a need existed for searching,
iavestigating and documenting the mew mcthods, materials and
equipuent for corrosion control. It was decided that the
nost proupt and economical unethod of accomplishing this task
was 'y procurring tac services of a prominent corrosion
engziaceriag firn. BSecausc of the large volume of thc
docusicated findings of this endcavor the informatiom has heen
publishec in threc volumes. Tie first velume is emtitled
Corrosion Control - General. Thec secomd and third volumes are

athodic Protection Testing Methods and Instruments
and Catiodfc Protection Design.
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CATHODIC PROTECTION .DESIGN . : ‘

1 INTRODUCTION. Cathcdlc protection is a common and
effective means of mitigating or preventing corroslon. It
1s generally used together with coatings, test stations{
bonds, and insulation. It is certainly not a "cure-all", ‘
Its economics and feasiblility mus* always be carefully i
studied., An in-depth discussion of cathodic protection is ,
presented here, including deslign and related corrosion con- !
trol of buried or submerged structures. ;

1.1 General Description of Cathodic Protection. Cath-
odic protectIon, as the name signilies, 1S the process by i
[
}

which an entire surface is transformed into a cathode, 1In

other words, direct electric current 1s forced onto that sur-

face from an "artificlal" anode so that potential differences

between anodic and cathodlc areas are changed, and the entire

surface recelves current. Since corroslion occurs where cur-

rent leaves the metal surfaces to enter an electrolyte, those :
surfaces receiving current do not corrode. Thus, where cur-

rent flows onto corroding metal surfacesf a cathode is pro-

duced. Corrosion is transferred to the "artificial" anode

and cathodic protection 1s achieved.

Cathodic protection is feasible wherever a continuous elec-
trolyte 1s in contact with a metal surface. It 1s commonly
used to protect pipelines, cables, tanks, locks, foundation
piling, ship hulls, chemical process equipment, and almost
any other metal structure in a molst environment. Cathodic
protection is usually most economical when properly coordina-
ted with insulation, coatings, and bonding. 1Its effect

(interference) on adjacent structures must always be consid-
ered.

1.2 Comparison of Galvanlc vs., Impressed Current Systems.
There are two methods of applying cathodic protection (Figure
" 1): galvanic and impressed current. To be effective, both
must have:

1. A power source,

2. Anodes which emit current into the electrolyte.

3. A continuous electrolyte to conduct current
from anode to protected structure. .

4, An external metallic connection between struc-
ture and anodes,

5.. Electrical continuity in the protected struc-
ture between the metallic connection mentioned in (4) and
protected surfaces.

1.2.1 @Galvanic System, Galvanic cathodic protection

1s basically & controlled galvanic cell (Figure 1ia). The
structure to be protected is metallically coupled (usually
be means of insulated wire) to a metal of naturally higher

1
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(more ncmative) potential, A galvanic cell (the power
source) is thereby established in which the protected struc-
ture 1s the cathode and the less noble metal, the galvanle
anode, Current produced by the galvanic potential between
the two metals flows through the electrolyte from anode to
cathode, The system 1s designed so that sufficient current
will flow from the anode to suppress all local actlon cur-
rent on the surface of the protected structure. Galvanic

anodes corrode at a rate proportional to their emitted cur-
rent,

Galvanlic anodes are usually elther magnesium or zinc, Poten-

tial between such anodes and protected structure will never
exceed one volt,

1.2.2 Impressed Current Systems. Impressed current
cathodie protection uses external D,C, powe>» to develop a

potential between anode and protected structure to force
current from the anode into the electrolyte (Figure 1b).
The anodes, consisting of conducting material which dis-.

charge current (usually at a low rate), are connected through

insulated wires and external power source to the structure to
be protected. Impressed current flows out of the anode into
the electrolyte (the anode corrocdes), It passes through the
electrolyte and 1s received by the surface of the protected
structure which ls now cathocdic. An impressed currcent sys-
tem does the same Job as the galvanic system. However, thr
impressed current system is not limited by a low natural

voltage (approximately one volt) between anode and protected
structure,

Impressed &furrent anodes are commonly high-silicon cast Llron
or zraphlte. The external power source may be any conven-
lently avallable provided i1t 1is continuous. Rectif'lers are
mest often used for this purpose, However, motor-generator
sets, gasoline ensine generators, batteries, thermoelectric

cel.! , solar cells, fluld turbines, and wind-dviven genera-
tors have been used.

2 CRITERIA FOR PROTECTION, Different methods and cri-
teria are avallable to determine effectiveness of cathodlc
protectica. Proper criterla are both valld and practical
to use for the plven structure, Electrlical criteria are In
most g:heral use for submerged and underground structures,

because they are generally most practical to evaluate for
installed strucfures,

2.1 Visual Criteria. For readily-accessible structures,
visual inspection may be used. If the structure shows visi-
ble sinmns of corrosion -~ corrosion products, pitting, crack-
ing, thinning or other deterloration - then adeguat. protre-
tion has not been achleved. This method 1s obvious but .;n-
erally very impractical and, for that reason, 13 not in »wn-
eral use, 3
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4 variatior. of structure inspection is the use of "coupons"
o structure metal electrically connected to the structure
at various points, These coupons are usually installed in
the elecirolyte at extreme or critical locatlions where cor-
rosion is most likely (areas of low resistivity, where con-
centrations of corrosives exist, etc.) The coupon 1is
veighed and stamped wilth the weight prior to installation.
After a glven period (a year or more), the coupon is re-
moved, weighed and visually analilyzed »>r effects of corros-
lon., From the condition of the coupons, the structure's
state is approximated. While this method 1s more feasible
than removing an entire structure for examination, coupons
are still relatively impractical for general application,

2.2 Noun-Destructive Testing. Non-destructive testing
of ~tructural surfaces 1s sometimes used to determine if
corroslon is occurring. Plt depths and wall thicknesses are
among the most common tests. Where changes in these values
ozeur, adequate protectlon 1s not achieved,

One in-place method of detectling internal and external cor-
rosion pitting on pipelines uses an electronic nig-type de-
vice with self-contalned recording and evaluation system.
Fluld movement or gas pressure propels the instrument
through the pipe under test. Locatlon and severity oi pit-
£inz are recorded for playback to a strip chart, for visuval
sxaminat ton,

Non-destructive testing, like visual examination, is often
too inconvenient, time-consuming, and expensive, Only read-
11y accessible structures can be tested without requiring
excavation or special equipment. This method may be effec-
tive for analyzing many above-ground structures, especlally
those (such as tanks or chemical equipment) containin: cor-
rosives,

2.3 Failure-Rate Analysis.,
Corrosion failures increase logarithmically with time.

When cathodic protection is applied to and effectively
protects a corroding structure (such as a pipeline), “the

failure rate 1s greatly reduced., This rdoes not occur immed-
lately, however, because of metal already lost. Mechanical
failures sti1ll occur but, with adequate cathodle protection,
corrosion failures should cease after a year or so of oper-
ution,

¥f Zn SCcurate TECOXd Of total Cumulative failures is Rept and
plotted with time, the effectiveness of cathodic protection can
be determined from the resulting graph. A record of failures
which exhibits a rate less than logarmithic indicates a degree
of corrosion mitigation.
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2.4 Electrical Criteria ‘RP—OI-G%[ For underground
and submerged stractures, est and most often used
method of determining adequate cathodic protection is by
electrical measurements. These criteria are "miles-of-
thumb", determined from experimental and laboratory tests,

based on visual and non-destructive analysis of corrodins
samples.

The National Assgociation of Corrosion Engineers in th. e
Standard RP=01-69, "Recommended Practice for fontinl ol Kx~-
ternal COrrosion on Underground or Submerpced Metallle Plpine:
Systems", lists accepted criteria for-thils method., *Thes~
criterlia are based on electrical structure-to-electrolyte
potentials with respect to a copper-copper sulfate referencn
electrode and are quoted here from NACE Standard RP<01-69,

_ 2,4,1 Introduction to RP-01-69. "The objective of
using cathodic protection Is to control the corrosion of
metallie surfaces in contact with electrolytes,

"The selection of a particular criterion for achieving this
objective depends, in part, upon past experience with simi-
lay stmMictures and environments wherein the criterion has
been used successfully.

The following ~riteria "have been developed through labora-

tory experiment or empirically determined by evaluating data
obtained from successfully operated cathodic protection sys-
tems. It is not intended that the Corrosion Engineer bhe

limited to these criteria if it can be demonstrated by other

means that the control of corrosion has been achieved.

"Woltage measurements on pipelines are to be made with the
reference electrode located on the electrolyte surface as
close as practicable to the pipeline, Such measurements on
all other structures are to be made with the reference elec-
trode positioned as close as feagible to the structure sur-
face being investigzated., The Corrosion Engineer shall con-
sider voltaze (IR) drops other than thosé¢ across the struc-
ture-electrolyte boundary, the presence of dissimilar metals,
and the influence of other structures for valid interpreta-
tion of his voltage measurements,

"No one criterion for evaluating the effectiveness of' cath-
odic protectlon has proven to be satisfactory for all eon-

ditions, Often a combination of criteria 1s necded for a
sinzle structure.”

2.4.2 "Steel and Cast Iron_Structuver.

a. A negative (cathodlc) voltarc ol at least 0. a5
volt as measured bztween the structure surfac~ and a satur-

ated copper-copper sulfate reference electrode contactins
the electrolyte. Determination of this volta;» 1s to be
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made with the protective current applied.

b. "A minimum negative (cathodic) voltage shift of
300 millivoits, produced by the application of protective
current. The voltage shift 1is measured between the stmic-
ture surface and a saturated coprerv=-copper sulfate reference
electrode contacting the electrolyte, This criterion of
voltage shift appiies to stractures not in contact with dis-
similar metals.

c: "R minimum negative (cathodic) polarization volt-
age shift ot I00 millivolts measured betwe#n the structure
surface and a saturated copper-copper sulfate reference elec-
trode contacting the electrolyte. This polarizat'.on voltage
shift is to be determined by interrupting the protesctive
current and measuring the polarization decay. When the cur-
rent 1s int .4ally interrupted, an immediate voltage shift -

‘w1lXY1l ocecur., The voltage reading after the immediate shift

shall b used as the base reading from which to measure
pclarization decay.

d. "A structure-to-electrolyte voltage at least as
neszative (cathodic) as that originally established at the

beginning of the Tafel segment of the E-log-I curve. This
- ‘structure-to-eléctrolyte voltage shall be measured between

the structure surface and a saturated copper-copper sulfate
reference electrode contacting the electrolyte at the same
location where voltage measurements were taken to obtain the
E-log-I curve,

e. "A net protective current from the electrolyte in-
to the structure surface as measured by an earth current
technique applied at predetermined current discharge (anodic)
points of the structure,

2.4, % "Aluminum Structures.

a. mInImum negative (cathodie) voltage shift of
150¢m1111vo1ts, ‘nroduced by the 4pp11cation of protective
current, The voltage shift 1s measured between the struc-
ture surface and a saturated copper-copper sulfate reference
electrode contacting the electrolyte., See precautionary
notes in paragraph 2.4.3.c.

“b. "A minimum negative (cathecdic) polarization voltage
shift of 100 millivolts measured between the structure sur-
race and a saturated copper-copper.sulfate reference elec-

trod~ contacting the electrolyte., This polarization voltage

shift 18 to te determined by interruptin; the protective
eurrent and measuring polarization decay. When the current
1s 1initially interrupted, an immediate voltage shift wiil
necur, The voltapge reading, after the immediate shift, shall

- bt usad @ the base readlng Tiom Which Vo measure poiariza=

tion decay. See¢ precautionary notes in paragraph 2.4,3,¢,
¢. Precautions,

(1) High Potential, "Notwithscmdm the alterna-
tive minimum criseria in paragraphs  2.4.3.2 and  2.h.2.b,
aluminum, if cablodlnally protected at voltasc.: Y czwr s of
1.20 v 143 mexsitted between the stracture surface uand 2




saturatved copper-copper svlfate reference electrode ~ontact-
ing the electrolyte and compensated for the voltage (IR)
drops other chan those across the structure-electrolytc
boundary, may suffer corrosion resulting from the build-up
of alkall on the metal surface. A voltage in excess of 1,20
volts should not be used unless previous test results indi-
cate no appreclable corrosion will occur in the particular
environment.

(2) Alkaline Soil. "Since —luminum may suffer from
corrosion under high pH conditions ..nd since application of
cathecdic protection tends to increa:..- the pH at the metal
surface, careful investigatlon or testing should be made be-
fore applylng cathodic protection to atop pitting attack on
aluminum structures in environments wtith a natural pH in ex-
ceas of 8,0,

2.4.4 ‘Copper Structures,

a. "A mInImum negatlve (cathodic) polarization volt-
age shift of 100 millivolts measured "etween the structure
surface and a saturated copper-copper sulfate reference
electrode in the electrolyte. This pclarization voltage
shift 1s to be determined by interrup*ing the protective
current and measuring the polarizatlon decay, When the cur-
rent 18 inltially interrupted, an immediate voltage shift
willl occur. The voltage reading, after the immedlate shift,
shall be ed as the base reading from which to measure

polarization decay.

2.4.5 "Dissimilar Metal Structure.

a. "A negatlIve (cathodlc)] voltage, between all struc-
ture surfaces and a saturated copper-copper sulfate refer-
ence electrode contacting the electrolyte, equal to that re-
quired for the most anodic metal should be maintained, If
amphoteric structures are involved t ¢ could be damaged by
high alkalinity (see precautions, p: .graph 2.“.3.c§,
they should be electrically 1isolated .with insulatling flanges,
or the equivalent.”

2.4.6 "Lead Structures.

a. Although not part of RP-01-69, the accepted criteria for lead
structures is the same as stated for aluminum in para 2.4.3. In addition,
an accepted criteria for lead structures is a negative voltage of at
least 0.75 volts as measured between the structure surface and a saturated
copper-copper sulfate reference slectrode contacting the electrolyte.

2.4.7 "Special Considerations.

a. "Sveclal casec such as stray currents ana stray
electrical gradients may exist which require the use of cri-
terla different from those listed above. Measurements of
current loss and gain on the structure and current tracing
in the electrolyte have been useful 1n such cases,

b. "Abnormal conditions sometimes exist where protec-
tion 13 ineffective or only »nartially effective, Such con-
ditions may 1include elevated temperatures, disbondecd coat-~
ings, shielding, bacterlal attack, and unusual contaminants

in the electrolyte.,"

3 PRECAUTIONS FOR CATHODIC PROTECTION DESIGN, Care
m:* b vaken to avoid unsafe or damaging currents and volt-
ag- . Designs which result in unsafe conditions cannot be
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trlcrated,  UMen cathodls prore stion caerend. dengivy (over-
protecticn) ~an snmetimes damare enntines or streneturos and
muzt be 1l i, Clten soll o oot reme pil (hishly acli op
highly alkolire) can intepfer:c with etCl'ective eathodie pro-
tectlion, Procauclons te conailder are (dlaseniised here In more
detail. . '

3.1 Interference with Other Structures,
Cathodic protection sometimes causes undesirable
effects on structures not intended to be protected.
Current is received in one area and discharged in
another in travelin: back to its source. Current pickup
areas vhere interference current 13 received are actually
cathodically protected. Currcnt discharge areas where cur-
rent passes from metal surfaces to soill or water corrode.
When pire 1s Joined by m~chanical, noneonducting couplings,
a complicuted problem results 1f current bypasnes these
Joints. Figure 2 1llustrates a typlecal currcnt flow
pattern,

In designing cathodic protection wlith minimal 1nterference
problems, the mcit important single factor 1s location of
anodes with respeet to the unprotcected structure, WFigure 3
illustrates the ~flect o a point —node on various pipin-
configurations. Anolde and forelyn structarcs are shown,
Cathode 18 remote and does not aff:ct anode fleld. It lo
assumed that the electrclyte is homogeneous, If the anod~
1s alone with no other structurc in the electrical fleld,
the pattern of equipotential lines surrounding the anode 13
concentric circles (ac when a pebhle 1s dropped into a pond
of still water)., Potential is hlichest at the anode and drops
¢ff in all directions.

I7 ancther structur: erosses ihis ‘leld of edquipotentlal
lines (:oncentric circles), the potential gradient between
lines caus~3 current to flow i1 the structure away from the
annde 1in beth directions, towawi the larsest diameter «qui-
potential -ircle as indicated by uvrrows on Filgure 3b,
After passin,: beyond the largezt clrelis, current beying to
discharge iiito the electrolyte to return to thr cathodr,

As inilcated 1in Fi~ue 3e, the farther froﬁ>the anode the
structure crosces through equipotential lines, the smaller
the r~radient and the less the eurrent flow on 1f,

The cathode t'ield i: similar to that of the anod~ with 14c

equipctential lines, except that currcont flows toward the

cathode, Alzo, unlike the anode which a~ts 1like i polnt

structure, the cathode is frequently a lunis plp~e or c¢able,

- with equipotential lines that are clonuted clipces (1'i.sure
24). If the forelgn structure is close to the cathoud.,

current flows alon.; both structurcr in the same (ire~flion,

’u
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CATHODIC PROTECTION AND INTERFERENCE
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u)  Equipotentiel Lines S
Around Anode b) Gradient'Causes Flow Away
From Grade

d) Flow Toward
Negative Cathode Connection

c) No Flow on Pipe Becuuse
of Distance from Anode

Figure 3
EQUIPOTENTIAL LINES
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TMe d'scussion so far assumes anode, cathode, and foreign
structure in approximately the same horizontal planc. The
vertical plane 1s introduced with deep unodes. These anodes
are praced below the earth'!s surface at a depth of 50 rcet,

Oc mere so that their field of influence will be farther

away ‘rom most buried structures. If a deep anode is assumed
to be a point, its field of influence 1us a concentric spherc,
Nearby well casings, structural steel piling, ete, can canily
be inside this field of influence; and the putential gradient
will cause current flow (Flgure %),

Structures other than buried plipes and cables become Lln-
volved 1n cathodic interference problems. Power linc neu-
trals, which connect water pipes, telephone groundu, power
Jrounias, and sometimes even gas lines, become a part ot the
circult. Thus it 15 not surprising to find enrrcnt tlowing,
in pole pguy cables, ground cables, etc., Power or communica-
tions cable sheaths, mountcd on poles, occasionally go under-
pround ror short lengths., Here they can pick up or discharper
surrent which flows along thelr entire length. Even well-
ballasted rallroad rails have been known to receive currcent
in sufficient quantity to affect sipgnals.

Cathodic interference can be dctected by measuring structure-
to-soll potentials and current flow (IR drop).

3.1.1 Ground Bed Location and Design. Type and loca-
tion of impressed current around beds dete:rmine fileld of ine
fluence and, therefore, amount of Interferenc. racelved by
unprotected structures in the area,

Types of ground beds to conslder are:
Point, Surface
Dictributed
Point Deep Vell

Tho noint surface type 18 easlest to design and construct
but most llikely to affect adjacent structurcs. However, 1t
can be located at an optimum position where its cf'fect will
be minimal. Distributed systems use more anodes and/or
power supplles to do the same Job. In this way, potential
gradient 1s limited by keeping ground current concentrvation
small and allowing anode placement close to the protected
structure. A distributed system also uses lesas currant to
protect the same area of metal., Decep anodes may minimlze
cffects on surface structures, However, they cannot be re-
paired and may harmfully influence adjacent well casninsg and
piling.

Flmure 5 1llustrates a surfacce anode Installed between swo

foreirn pipelines and connected to 2 remote cathode (not
shown)., It 1is seen that current flows in both dlrectlonn

11
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-Figure 4
EQUIPOTENTIAL LINES: DEEP ANODE

away from the anode on the tlosest pipe when anode location
is off-center., This anode can be moved to the 45° diagonal
for minimuin effect,

Figure 6 shows two parallel pipelines, one of which 1s
cathodically protected. Current flow directions are indica-
ted by arrows, Current flows away from the close anodes in
Figure 6a. By moving the anodes out farther, -current flow
in the unprotected pipe is réeversed as in Figure 6b, At
some anode-to-pipe dlistance between those shown, current

YAaw. tn dla . nrnnt Al mnd.an. o mAAAAR A DAWMA o omvrnmde oo,
f'lO" I.n ﬁhe unl;&v,vervu ,“.x. A S A S A L Y = R e ) KRS pra.\.va.uc',

however, it 1s usually not practical to locate a point where
less than 5% of the anode curvent 1s on the unprotected struc-
ture., The anode should br placed on the far side of the Ytal-

“ance point so that current rlows toward the point of cathods

attachment.,
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a) CLOSE ANODES - FOREIGN STRUCTURE CURRENT-FLOWS AWAY
Anodes § '
Note: Arrows Indicate |
Curieat. Flow on.
Structures
j
<
P‘/Réctificr
Fyreign .Structure Protected Structure: .
6) KEMOTE ANODES - FOREIGN-STRUG 7 URE-CURRENT 7 LOWS IN
’ Figure 6
ANODE LOCATIONS ~ PARALLEL PIPES .
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3.1.2 'Mitigation: -Tests must be made on all struc-
tures ‘adjacent to a*gaihod;c protection system to determine
effects and design mitigation. (Usually a bond can be in-
stalled to drain current back to its source,)

Pipe-to-soll potential and current flow are measured at many
locations before cathodic protection is turned on. Then
measurements are repeated at exactly the same points with the
system operating. The algebraic difference between on. and
off readings 1s the effect of cathodic protection. The loca-
tion showing greatest pipe-to-soll potential change in the
positive direction 1is called the "critical" or "control"
point. Thls is often at the point where protected and unpro-
tected pipes cross each other, Mitigation can usually be
accomplished by installing a bond between the unprotected
structure sat location of natural discharge) and protected
structure (as close as possible to the negative connection).
Mechanically Jjointed pipes must not be bonded into a cathodic
protection system unless all joints are shorted across so
that they carry current, If the "ecritical" point is cor-
rected by this method to its original potential (reading be-
fore cathodic protection was turned on), other test points

on the same structure wlll automatically be corrected., Some-
times, magnesium anodes are installed at the "critical'™
point. This will usually only correct the local area direct-
ly opposite the anodes,

When bonding structures together, it 1s nécessary to drain
only sufficient current or slightly more than enough to
"clear" the "eritical" point of exposure. The amount of cur-
rent drainage 1s mutually agreed upon by representatives of
owners of structures aftei’ cooperative testing. Bond resis-
tance, to accomplish dralnage, 1s often obtainable by trial
and error, as was noted in paragraph 1.2.2,b, If long con-
ductors are necessary, preliminary tests can be made to com-
pute total bond resistance, including all connections, ete.
The method and relationships for this computation are shown
in Figure 7. Subscripts for couplings (R3,j, for example)
indicate locatlon of voltage reading and curvent drain
(voltage read at point 3, current drain at position 1),
Current drained at "1" is rectifier output; at "2", 1t 1is

the current flow through the bond. Two sets of readings are
taken, For the first, voltages are read at locations 2, 3
and 4 with the rectifier on and off. For the second, volt-
ages are read at the same points with the bond in and out of
the circult. Couplings for each location are then calculated,
equaling voltage changée between on and off readings divided
by rectifier drainage current (R2,1 R3,1 Ry 1) or voltage
change with bond in and out .dividdd by Rong dhainase currcnt

B - : IR VUL L wilv
(Rz,2 R3 o Ry,2).
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Rectifier

;dc
| ®

Foreign
Pipeline

Oy | =

 Protected Pipeline—"

% Interference Current :13_'_1 x100
R3,2
or |y = R3,| h = E2+V,
%,2 RFRy
Ro = E2+VN2 - ko 2
= R3 2 (E24 V2) - Ry, 2

“R3n 0y

Figure 7

INTERFERENCE BOND PRQBLEM SOLUTION
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The interference effect of the rectifier equals R3 ] at
critical point "3". The protective effect of the bond
ejuals R3 _2I2. When these quantities are equal, 'the inter-

ference ePfect 1s overcome, Therefore, the bond current 12
is found: .

R
R3)2
The potential difference between the two structures iz the

combined effect of rectifier and bond instsllations

(R 1I3 = Vo) plus the galvanic potential (Ep). Circult
reslstance equals the internal resistance (R2_2) plus ‘bond

resistance (Rp). These relationships provide’another expres-
sion of bond current:

I, = B2 + V2
Rp + 52,2
Rearranging for bond resistance, we find:
Rp = B2 + V2 - R2 o = R3 2 (E2 + Vp) - R2,2
2 R3,1 11~

This value (Rp) 18 the bond resistance in terms of measured
quantities, .

3.2 High Current Density. For effectlve cathodic pro-
tection, sufficlent current must flow onto the corroding sur-
face to make 1t entirely cathodiec. If too little current
reaches the surface, it may still corrode, However, too much
current per unit area (current density) can also be harmful,
Extremely high current densities reportedly may produce hy-
drogen embritilement of steel wy causing absorbtion

of atomic hydrogen, althoudh this phenomenon is
not observed in the field.

Hydrogen produced by high current density at the cathode
might also damage coatings. Above certain voltage char-
acteristic of the specific metal, hydrogen bubbles form.
Th:;c inn exor:ngr::thg:&?lgre at coating defects

roducing coat sbonding. For s :
pis al‘x:cn.u;g 1.2 ’volqt:s negative, relativte“ tlo' 53‘&;%:??3&?5&
sulfate, Disbonding 1s normally a problem only with thin or
poor quality coatings or severe environments,

Reactions at the cathoda produce alkalinity here. Alkaline
material corrodes amphoteric metals such as lead or aluminum.
For thase metals, too much "protective” currént is actually
destructive., ‘No Voltage in excess of 1.20 volts negative
(relative to copper-copper sulfate) should be impressed on
aluminum or lead structures.

17
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In addition, careful testing should be made before installina

cathodic protection on amphoteric metals in environments of
natural pH above 8,0,

3.3 Electrolyte pH. Extreme electrolyte acidity (low
pH) or alkaXInity (hIgh pH) can adversely affect a cathodic
protection system. As noted in paragraph 3.1, alkaline
material corrodes amphoteric metals such as lead or aluminum,
Alkaline soils or other environments such as.concrete will
corrode ampheverlc metals and cathodic protection will not
stop- thls., 1In fact, because cathode reactions produce alka-
line material, cathodic protection may increase corrosion in
this situailon. Therefore, in cathodic protection of ampho-
teric meftals. environment pH should he considered. If pos-
sible, amphoterics should not be installed in alkaline en-
vironments (pH greater than 8) without prior testinz.

Highly acilile environments are not conducive to cathodic pro-
tection, for a different reason. When cathodic protection

1s applied to a structure, the structure polarizes. Once
polarized, the structure requires lower current for adequate
protection, This is a basic part of cathodic protection,
greatly reducing operating costs. In acid environments,
polarization 1s difficult or impossible to achieve. Conse-
quently, cathodi~c protection in acid environments may be
difficult or costly.

incther problem in acid environments 18 corrosion of cement
ant foncrete, Because these materiuals are alkaline, they
may rapldly deteriorate when placed in acid areas.

In general, with elther extreme acidity or alkalinity, spec-
1al tests should be run to determine if cathodlc protection
will be effective.

3.4 Safety. Provisions should be made during desizn
for possible operation safety ‘hazards. Danger to personnel
and environment should be considered and corrective meas-
ures taken,

3.4.1 Environmental Concerns (Explosions). 1In areas
-designated by electrlcal and general salety codes, special
oil-immersed explosion-proof rectifiers should be used, Flt-

. tings should be installed in explosion-proof housings, Such

locations include refineries, fuel terminals and fueling
areas, manholes (sewer gas), ammunition depots, and wherever
else flammable 1llqulds or explosive gasen may possibly cxlst,
Special precautlons should be taken where dynamite Ls used.,
To minimizZc danger ot cubrent i'iow .Jrom catihwdic protection -
reaching detonator caps, cathodle probection systems should
be turned off when dynamite 15 beilnsis used. It may alsc be
desirable to turn off cathodic protecticn durlin: loadin: or
unloading. flammables from planesa, tenck:r, ovr shipe,

18
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34,2 Bonding.. ’BOnding for corrosion control purposes

may be fourd in yo I. T™R=7 Bonding may also be needed
for safety where mps, airp anes, or trucks are loaded or
unloaded., This is good nraciice even if no cathodic protec-
tion is‘being used on a fueling syiitem, because of danger
from statlc or stray current voltages., A voltage gradient
through soil or water may result in a difference in potential
between vehicle and refueling system, This can produce
sparks, causing explosionsg. A temporary bond providing good
electrical contact between vehicle and refueling stationm will
prevent this., Care must be taken to assure good contact and

. bond integrity.

Bonding 1s also used for safety during repairs -6f -underground
. pipelines. V¥Where stray or cathodic protection currents flow
on a pipe containing volatile oils or gases, sparking can re-
sult in fires and explosions when the pipe is cut, A tempor-
ary bond across the cut provides an alternate path for cur-
rent;, preventing sparking. Where cathodic protection causes
the only voltage difference, turning off the rectifier during
repairs will also prevent sparking. ) ‘

3.4.3 Induced Alternating Current. Alternating ceur-
rent can be induced on weII-coa%ea, underground structures
) located below overhead electrical transmission lines, A
- structure in such an electrical fleld .acts..as-.an induction
coll to produce AC voltage across the coating. Besides pro-
ducing possible corrosion to the structure, this induced AC
may be a safety hazard to the corrosion engineer or anyone
who may come in contact with the structure. Therefore, when
designing cathodic protection or other corrosion control for
well-coated, underground structures, location of overhead
electrical transmission lines in the area should be noted. |
Location of test statlions in areas where induced AC may exist !
should be avoided, Overhead electrical transmission lines
should also be a c¢consideration during testing.

4 IMPRESSED CURRENT SYSTEMS. Impressed current cathodic
protection systems are always made up of three major compon-
ents, 1n additlon to the protected structure and electrolyte:
. 1. Direct current power source

2. Anodes (connected to positive of DC power source)
3. Connecting cables

o -
"

4,1 Power Sources, ‘The direct current power source will
be one of The Tollowling:

* Rectifler (adjustable transformer-rectifier unit)
Thermoelectric generator
Battery
Qenerator - driven by eng ., wind, or fluid turbine
Direct current - from powep uqed mainly by other

equipment
t " Solar cell
! # Most commonly used
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4,1,1 Rectifder., Rectifiers are by far the most com-

monly used power source for impressed current cathodic pro-

tection., Standard units, constructed for cathodic protection,
consist of an adjustable step-dcwn transformer, rectifier
stacks, meters, circuit breakers, and transformer tap connec-
tions all within one case. The rectifler converts alternat-
ing current to direct current for use in cathodlc protection
systems,

a. Tyvical Rectifier, A wiring diagram 1s shown in
Flgure 8 for a single phase full-wave bridge-type rectifier
most commonly used in cathodic protection. This diagram also
1llustrates the switch recommended as a safety device with
most rectifier installations, Elements of this and other
rectifiers and optional features of commerclally avallable
types are described here,

(1) Transformer.: The transformer steps down supply
AC voltage to that required for operation cf rectifier stacks,
Transformer taps are usually included so that output voltage
may be adjusted manually. These taps should permit adjust-
ment of rectifiler voltage from zero to maximum in even steps
of not more than 5 percent rectifier rated voltage.

The transformer consists of an iron core with two electric-
ally separate wire coils wound around it, A.C. supply volt-
age 1s applled to one coil ("primary winding") producing a
magnetic field in the 1ron -core which induces AC voltage in
the second coll ("secondary winding"). The ratio of primary
to secondary voltage equals the ratio of primary coil turns
to secondary coil turns. Secondary voltage 1s varled by tap-
ping off sonie of the turns (coarse and fine adjustment), The
easily magnetized core is made of special steel which does
not retain magnetism, -

(2) Rectifyinys Elements., Reetifier "stacks" perform
the actual conversion from alternating to direct current.
The stack itself 1s an assembly of plates or diodes in various
configurations (paragraph 4,1,1.b), These permit current
flow in one direction only, producing pulsating DC output con-
taining a "ripple" component of A.C. No rectifier is 100%
efficient, and a minimum of 19¢% of output power is A.C. In
addition, there are losses in efficlency because no rectifier
dilode blocks perfectly reverse current flow, Typlcal real
efficiencies are 60 to 75% for a sinpgle phase rectifier, Cilr-
cultry (paragraph 4.1.1,b) affects this, Rectifisr effici-
ency 1s calculated according to the equation:

R tput power ;
efficlency (%) = ﬁg gﬁpﬁt pg“zef, x 100

Rectifiers used in cathodlc protectlon are usually selerium-
oxide plates or silicon dlodes, Sllicon exhibits superlior
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efficiency and aging characteristics (selenium loses 1ts
efficlency as time passes). However, it 1s prone to power
surge failures and will not be deperdable, unless combined

‘Wwith a selenium circult and special protective devices,

Si¥icon and selenium are compared in paragraph 4.1.1.d(7).

(3) Circult Breakers. Circult breakers are another
basic element of rectifiers. They provide protection from
overload and a convenlent on-off switch. Thermal, thermal-
magnetlc and magnetic types are used, although magnetic
clrcult breakers have found widest acceptance. Clrecuilt
breakers are lozated on each A.C., supply line., Where more
than one direct current feeder is used, separate fuses are
used In each branch clrcuit.

In addition, a rused swltch should be installed on the A.C.

slde of the rectifier, for addltional protection (Flgure 8).
(#) Meters. Cathodic protection rectifiers should

contain two direct current instruments to indicate output:

a voltmeter and an ammeter., These may be separate circuits

or "unimeter" construction (one meter provides both volt and

ampere readings)., Because they are easily damaged by light-

ning, these meters are separated (except when bein-: read

‘from the operating circult by switches,

Rectifler neters are generally standard D!'Arsonval movemerits
type, drawing 50 millivolts at full scale.

», Rectlifylng Clrcuits, Varilous rectifier wiring
rrang ments are pessible to produce different characteris-
ttes, Some of these circults are:

Single phase bridge

Single phase center tap

Three phase bridge

Three phase wye
A1l these™produce full wave rectification. Althoush at least
one special rectifler (paragraph 4.1,1.2(3)) uses half-wave
rectification, the full wave type 1s most often used and sen-
erally considered most effectlve., The pulsating nature of
half-wave rectification 1s llkely to produce noise on: commun-
lcation lines.,

In general, three-phase rectifilels are mcre expensive than
single-phase rectifiers of the same size (if both are avail-

~able In that size), They are, however, mere efficient (para-

praph  4,1,1.b(3)). A rule of thumb to determine which type
1s more economlcal is to consider D,C, output power (watts)
(voltage in volts times current in amperes) (reference 18).

~ If power 1z above 1000 watts. efficilency of the three=phase

clrecult cenerally oulwelrhs hipher initial cost., Pelow 1000,
the single phase 1s more economlcal, Near 1000, both types
should be consldered and relative costs and el flelencies
compared,

(#) The three-phase wye elp nth 4> n=ll pp oy e Waloa
wave reeblffeation, but out of phisie o vhah w0, rivpl. ana
pale tbion are minimal,
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(1) Single Phase Brid e, Sinple phase bridge
rectifiers are mosc commonly uoed in--cathodic protection,
(This 1is because thry are cheaper and more easily adjusted
than center tap units. .A diagram of this circuit is .chown
in Figure 9b. It c¢contains four cells. (If any one of
these fails, or changes resistance, the other three fail.)
Current always passes through two rectiry'ng elements., One,
on its way to the load, and one, on its return. ‘At any
time, two diodes are conducting current while two are block-
ing current, The result 1s full wave D,C. output, one-half
of the A,C, wave réctified by each pair of diodes. Because i
of diode arrangement, current alwaxs flows throu the load !

. in the same direction (positive (+) to negative )) in
Figure . 9b).
(2) Singlé Phase Center Tap. ‘This circuit, shown
. in Flgure 9a, contalns only two rectvifying elements,

‘However, its transformer is heavier and less sensitive to
adjustment than bridge units, Full-wave output, as in the
bridge circult, 1is obtained., However, only half the tranc-
former output 1s applied to the load, as seen in the dia-
gram, This type is more efficlent than bridre wired-units,
However, it 15 also more expensive, thysically heavier, and
more bulky.
(3) Three Phase Bridge. The three-phase bridge
rectifier, dlagramed 1in Figure 10b, operatéis like three
single phase bridges, except each bridge shares a pair of
diodes vith one other bridge. There are three transformers
producing secondary voltages which reach their peaks at dif-
ferent times, This "out-of-phase" ogeration produces D,C,
output with less A.C, ripple - only
Three-Phase Wye. Tnis circuit, shown in Figure
10a, produces only half-wave rectification. Thé three-
phase Wye contains only three uiodes, cach connected to a
transformer. The three transiformers produce A,C, voltage
out-of-phase with each other. This type rectifier is prac-
tical only for low D.C. voltages
¢. Special Rectifler Typeb. Rectiflers have been
developed with special characteristics, differing from
standard circults, Some are monitored to maintain constant
structure-to-electrolyte potertial or constant current out-
. put. These and other special units are discussed her: '
(1) Constant Currentc Rectiiier, A -constant current '
rectifier uses‘automatic control to maintain constant direct
current output over varying load resistance. This 1s yener-
ally achleved with a power amplifier~type device called a
saturable reactor, A -saturable reactor ueually uses three ;
separate windings on an iron core., The two outside ov gate -
windings are connected to the transformer A.C, output. The :
inside or control winding 1s connected to a b,cC. supply .
within the rectifien, MWhen D;C, 45 suppiled to the control :
winding, 1t saturates the iron cecr. wlth magnetic flux to a '
degree proportional to the amount of D.C, This lowers jate
1mpedance, in effect removiny; part of the core from the

LA e i
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circuit and lowering resistance to current flow through the
gates, A ¢mall deviation in D.C. input power can result 4n
a large change in A,C, output power, TFipgure 11 shows a
schematic of a constant current rectifier,

{2) Automatic Potential Control Rectifier. An
automatic potential control rectifier uses .a reference elec-
trode Installed near ths structure and a: saturable reactor
or silicon controlled reactors (SCR) to maintain constant
structure~to-eliectrolyte voltage, This voltage alfference
1s the input to a control circult which compares actual
voltage with the pre-set desired voltage. The controller
then varies vectifier output through SCR's or saturable re-
actor, if aecessary (Figure 129,

Typical referénce electrodes include zinc anodes, copper-

copper sulfate electrodes, silver-silver-chloride electrodes,

or stainless -steex ground rods. These are located near the
protect2d stru gure, but out of areas of higzh IR drop around
anodes,

A saturable reactor is described in paragraph 4.1.1.c(1).
Silicon controlled rectifiers are similar to silicon diodes
in that they allow current flow in only one direction,

They contain a third connection (gate). 1In order for any
current to {low through the SCR, a positive voltage pulse
must be anplied to this gate. Current then flows for the
remainder of the A,C, half-cycle, The amount of SCR output
ur -nv depends. on where in the half-cycle the pulse 1is ap-
plicd., The control circult, acted upon by reference voltage
input, determines this,

3CR's may make up a portion of the rectifier stacks, or they
may be a separate control varying, for example, transformer
or stack output., SCR*'s vreguire surge protectors and, like
other silicon dilodes, mounting on heat sinks.

Automatlic potential control rectifiers are used for cathodle
protectionr mainly where electrolyte resistivity varies
videly with time, Typical appllications inélude protection
on ship hulls, on power-station traveling gates, or inside

. water storage bLanks.

(39 Multi-Circuit, Constant Current Rectifier.
This special, patented rectifier (Figure 13) contains
separate clrcuit? for eneryglzing up to eight or twelve im-
pressed current anodes, for use in protecting underground
tanks, etc. These are relatively inexpensive and simple to

- install. Each anode is connected t0 a rectifying module

containing a silicon diode and a recistor (HOO to 500 ohms,
1pproximatu). The modules are mounted in a cease and con-
neetboed, throngh uwneter, fuse and swiveh, dirvectly wo the

110 volts A,C, line. This power is ugced dlrectly; no stzp-
down transformer 1o inelulerd, The rectlifier reati-e iz cin-
neatel to the A7, nenbral, which Lo "psrounded” Lo prowe sted
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Figure 13
SIMPLIFIED DIAGRAM FOR MULTI-CIRCUIT
CONSTANT CURRENT RECTIFIER INSTALLATION

piping and tanks, etec. This ground must be checked prior to
Installation to assure connectlon,

The system is designed to deliver near constant current (100
milliamperes +10%) from each anode. Each module resistor
controls current output because 1ts value is large compared
to other circult resistance, A lamp 1is used in some models
Instead of a resistor, The system 1s qulte simple, but
problems can arise, Only onec dlode is used in each circult,
producing half-wave rectiflication., The pulsating current
thus produced can cause noise problenis on nhearby communica-
tion lines. 1In addition, although small currents (compar-
able to those produced by galvanic anodes) are used by this
rystem, the possibility of stray currents still exists, The
110 volt A.C. power 1s used directly, without a transformer,
and current may plek up on strectures other than the one to
be protected and travelk back Lty the power company’s A,.C.
Lransformer several blocks away.

(") oOther Rectiflers, Standardized rectiflers have
been developed or use mainly in pgas and electric distribu-
Liton, These combine attractlive appoarance with 2cunomy in
1 atandard unit,  Some may be bueiel or mount.-edl on- trale
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Rectifiers are available cbntaining several individual single -

phase bridge circuits in-one unit. These produce a wide
range of current and voltage outputs, depending cn whether
series or parallel circults are employed. In some models,
stacks may be added. to increase current -output.

d. Commercially Available Types. ‘A number of manu-
facturers stock standard sized cathodic protection recti-
fiers, offer many optional "extra" features, and will build
most special units to order., Features now available include:

Constant D,C. voltage or current output

Multiple circuits

Alr cooled Ju oi) impersed

All A, C. voltagze inuputs, three-phase cr single
phase

Center tap or bridge ciicults

Variety of combinations of D.C, voltage and
current output

Efficiency filters to minimize A,C. ripple

Interference noise filters .

Explosion-proof ) -

Small-arms proof

Lightning and surge protection (A C. and Mren . ©8)

Silicon dlodes or selenium stacks

Painted or galvanized cases

Mounting legs or brackets

Direct burial

External "on-off" indicators

Variety in price and -quality

(1) Air Cooled or 011 Immersed. Rectifiers are
avallable as air-cooled, oil-immersed: stack units and total-
ly oil-immersed units, Most units are air-cooled, but oll-
immersed: rectifiers should be Specified {or corrosive, dirty,
or explosive atmospheres, Air<cooled units have a lower ini-
tial cost, and are easier to install and repair. They are,
however, subjeet to poor ventilation due to fouling of air
screens by dust and dirt and stacks corrosion, which can pro-
duce loss 1in effleclency or complete fallure .of stacks from
overheating, Oil-immersed rectifiers are completely en-
closed and easily kept free of dust, dirt, and insects; they
are essential In hazardous locations, In general, air-
cooled units should be specified except Wwhere danger of ex-
plosions, high-ambient temperatures, corrosive atmospheres,
or high humidity conditions exist, and in windy or dusty
locations,
(2) All A.C. Voltages, Three-Phase or Single Phase.

Choice between thrce-phase or single-phase rectiflcrs was
discussed in paragraph 4.1.,1.b. The bridge circults are
generally chosen because of higher efficliency and rreater
output ranges. Center~tap circults are practical only for

o T,
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Rectifiers arc available with all A,C, voltages used in in-
dustry. Input voltage has no effect on rectifler efficiency,
but 1t may affect installation and operating costs, Recti-
filers are bullt which can operate on two different A,C, in-
puts, such as 115 and 230 volts., If exlsting power lines
are to be used, they must be compatible with rectifier in-
put voltage.,

tlhere a choice 15 avallable, Table 1 can- be used to deter-
mine -the mo.t economical cholce, in terms of installation
and operation,
Table 1
Economlcal A.C, Supply Voltagzes (Réference 18)

Rectifter D.C. Rating Siugle-Phase Input Three-Phase Input

(watta = volts x amps) ~ (volts A.C.7J TvoIts A.C.)
Up to 2700 115 208
2700 to 5400 230 230
Over 5400 Yo 230
Over 7500 440 YY)

(3) D.C. Voltage and Current Output. -Cathodic pro-
tecvlion rectiflers are commerclally avallable in a wide
»ae P direct current outputs. Direct current veltages

«a ¢ volts to 120 volts and direct current amperage from
4 oampe res to 200 amperes are common, Almost any direct cur-
reni, rating can be suppllied, but from an economic standpoint
1t 1s generally best to consult a manufacturer's catalog and
select a sivandard size.

(4) Pillters. Filters increase A,.C, to D,C. conver=-
slon efilciency and minimize nolse interference for communica-
tlons lines by reducing A,C. ripple in rectifier output.

The- D,C, output power level remains essentlally the same,
while A.C. ilnput power 1s decreased, Such a filter can in-
erease the efficlency of a single-phase rectifler 10 to 144,
because three-phase rectiflers are more efficlent to begin
with, an efficlency fllter will generally not increase their
cfficlency appreclably. For single-phase rectiflers, effi-
clency filters can save money on operating expenses and often
pay f{or themsclves in a very short time.

ilolse interference fillters are used to reduce Interference
in telephone and other communilcation equlpment. Generalily,
these f1lters also appreclably reduce A.C. ripple in single=
phase rectiflepn, .

(5) FExplesion-Proof. 1In hazardous areas such as
refinevies and chemienl plants, speclal explosion-proof
vectitlers schould be used., TPhese are gpecial oll-lmmeraed
with wetfees and etreendt bresde es in oxpleslon-prootr hioueiag s,
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Suéh rectifiers conform to Safety Standards for -Class I
Oréup D hazardous locations,

(6) Lightning Arrestors. Lightning arrestors on
input and/or output are frequently specified option. They
are standard on many rectifiers containing silicon dledes
because of potential destruction from surges, These arrest-
ors prevent damage to rectifier and other circuit compon-
ents in lightning areas by conducting the high current until
it subsides, Lightning arrestors may be of several types
including arc-gap, or rare gas.

%7) Selenium Stacks or Silicon Diodes. Rectifying
elements are made from semiconductor crystals into which
other elements ("impurities") have diffused. Diffusion is
controlled so that the resulting crystal has increased re-

sistance to current flow in one directlion and decreased re-
sistance in the other.

Semiconductors used for stacks in cathodic protection recti-
fiers are generally either selenium or silicon. Germanium
rectifiers have found 1little use 1n the cathndic protection
fleld, Early rectifiers used only copper oxlde stacks, but
these were replaced by the more efficient selenium stacks.

Some old installations may still contain copper oxide ﬁecti—
fying elements,

Selenlium rectifiers are used where efficiency 1s not a major
consideration (for small power demands or where dependabll-
ity 1is most important)., Silicon rectifiérs are used for
larger installations because their greater efficlency can
save on operating costs; they are, however, less dependable,
{a) Selenium Stacks, Selenium stacks consist of
nickel-plated aluminum base plates coated on one side with
several layers of selenium crystals, Selenium and desired
impurities are vaporized and then deposited on the plates,
A thin layer of metal, called the counter-electrodec, covers
the selenlum surface, acting as a current collector. 1In
some cells, an artificial barrier layer made of lacquer is
included between the selenlum and counter-electrode to in-
crease reverse resistance, However, this materlial decreases
efficienCJ and stack life, gradually deteriorating or
"aging" Irom operational hcat. Aging is accelerated by high
forvard current and high operating témperatures, Cells not
containing thls barrler layer age much more slowly, and therefore

are sometimes called non-aging 4 .% é Selenium rectifiers may
contain A number of stacks in SGBLOA o

parallel for in-
creaserd 2urrent cr voltage capaclty.

Selenium plate 1life 1s determined almost entirely by plave
operating temnerature, Qperabing temperature isc determined
by amount of heat dissipation and amount of current delive
ered through the stack. The more current in the forward
direction, the morc power lost in the stack, and therefore
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the more heatin;r o the plate. Also, heating is produced
by reverse current leuxage. Therefore, the more voltage ap-
plied to a stack, the more uneating from reverse current.

Heating produces higher operiting temperatures and "aging".
Aglog 1ncreases resistance to forward current {low. Power
loss for a given amount of current may increase to a point
where conversion efficlency 1s too low for practical opera-
tion, The aging effect 1s somewiiii predictable and can be
determined by measuring forward voltage drop and reverse
current of the unit (reference 18).

vdigh current density and high temperatures will accelerate
1ging of selenilum stacks, Temperature is the more destruc-
tlve, If selenium stack temperature is kept mederate, high
cuwrrent densities produce litfle aging acceleration, On the
otbezr hand, if the temperature of the selenium plate rises
eveessively, even with very low current density, aging is
aceelerated greatly.

Extreme temperaturcs are generally produced by uneven stack
heating, caused by a loose connecctlon or damaged plate or
by voltage surges. If a voltage surge 1s large enough, the
stacks will be completely burned out, requiring replacement,
Possibly the surge could damage only one stack in a unit,
For instance, a bridge type rectifier containing four stacks
nee two pairs in a bridge, and a fault in one stack would

14.*in .e one path, forcing all the current to be carried in
the other path, " If thils conditlion continues with two stacks
carrylng all the load, accelerated aginb and early fallure
of the unit WOuld result

(b) Silicon Diodes, A silicon diode 1s made from

a single c¢rystal of silicon, into which impurities have dif-
fused. A section of the crystal 1s sliced off and enclosed
in a metal case which 1s then mounted on a copper or alumi-
num plate. This plate dissipates heat bullt up during
normal operation,

Because a silicon diode is made from a single crystal, it
does not age or fail gradually. like selenium. This 1s a
definite advantage cver selenlum. However, voltage surges
or overload currents will cause a single crysta;'diode like
gilicon to fail completely whereas such conditions would
only age a selenium stack. Protection, such as quick action
_ fuses, voltage clampling devices, combination silicon-
selenium circults, and lightning arrestors can minimize the
possibillty of silicon dlode fallure,

Silicon rectifiers show increcased. efficlency of up to 10 per=-
cent over selenlum on higher voltape ratings. Curves show-
ing operating voltages versus stack offlclency for single and
threce-phase, fill wave, brid type rectilicrs are shown in
Fiyare 14 for selenium and Fipure 1% for oild:o,
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(5) Other Optlons. Numerous options, besides those
already discussed, are avallable. Such things as speclal
cabinets (explosilon-proof, small arms proof, direct burial,
special finishes), signal lights, or continuous-reading
meters may be specified., In addition, virtually any other
features may be included at added cost. Manufacturer's cata-
logs should be consulted for information on specific options,

4,1.2 Thermoelectric Generator. Thermoelecétric gener-
ators can Le consldered where power 1s not avallable and cur-
rent requirements are small, Heat 1s converted directly in-
to electrical power, This 1s accomplished through a group
of thermocouples arranged electrically in series and ther-
mally in parallel (a thermopile). One end is heated by the
burning fuel; the other 1s cooled by fins, Heat flux results

.from the temperature gradient in the thermoplle, and electri-

slty 1 producced through the thermocouples, Thermoelectric
senerators are presently avallable in sizes from 5 watts
through approximately 500 watts. Thelr price 1s prohibitive
for many applleations. In ordcer to achleve deslred current
vutput, they may be arranged 1in serles, parallel, c¢r combina=
tion asetups., They are sometimes installed at Lrolated
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locations along pipeline rijghts-of-way and powered by fuel .
from the line. '

$,1,3 Battery. Batteries, like thermoelectriz gener-
ators, may ‘be used where power is not availlable and current

requdrements are Small: a well-coated structure in a rémote

area, for examplé, ~Unlike thermo-electric generators, bat-
teries require frequent replacemefit or recharging. -

© 1.4 Other Sources, Other direct current sources
are sometimes used, especlally where no power exists,
Engine-driven generitors are one type. Wind-driven genera-
tors were used In the early days of cathodlc protection be-
fore rectifiers were commonly avallable; 'some of these units
are 3t1ll operatins, An experimental fluld and/or gas tur-

‘bine has been developed foy' use in gas pipeline trancmission

t> »orovide protection for a major water course crossing.

Sslar cell-storage battery uiilts are another experimental
power source, These units coritain solar panels which col-
lect heat from sunlight and generate electricity during the
day. At night, the storage battery supplies power,

Finally, where direct current 1s supplied or other electri-
cal equipment, such as aboard ships, sometimes 1t 1s conven-
lent and economical to use it also for cathodic protection.

4.2 Anodes., Impressed current anodes must be made of
material WIth a deterloration rate (weilght loss per unit of
current emitted) that will provide reasonable anode 1life
from a practical amount of material, These anodes must also
be rugged enough to'survive practical application in a vari-
ety of electrolyte environments, whlle being commercially
avallable at reasonable cost,

A wirlety of materials can be used as anodes in impressed
current cathodic protection systems. Scrap iron or steel
might be employed, This can be in the form of Jjunked ensmine
blocks, ralls, pipes, etc. Abandoned and "in-place" pipe-
lines or rails are sometimes the most practical and economi-
cal anode for specilal situations. They are, however, con-
sumed at about 20 lb;/hmp-yr. Important materials for im-
pressed current anodes are discussed here. 1In addition to

bare anodes, anodes packaged In selected backflll are also
available,

L.,2,1 Gragbite., Graphite anodes are made
coke or carbon particles at very high temperature
increases resistance to oxidation.

a, Specifications. Typlcal specii'lcations for
graphite anodes .are given: here,

by fusing
Si ___Ohla

P Y=
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Chemical Propertics Percent by Welght
Impregnant =~ ~ 0.5 max,

Ash 1.5 max,

Molsture and volatile matter 0.5 max,

Water soluble content ’ 1.0 max.

Physical Properties Value’ .
Dwnsitv ] 99.04 1b, pﬁr cu.T'G. max.
AReslstivlty ) - llhOO X 10=% ohm-cm., max.

The cable eonnection to the anode must be able to withstand
2 pull of" 325 pounds,
b., Sizes Qvailable.

Surface Area

Welght, 1lb, Size ) sq.ft.
raphite 3-In.dla. x 00 In,long 4.0
27 NA Graphite 3-1in.dia. x 60 in.long h,0
63 Graphite hiin.d1a. x 80 in.long 7.1
68 NA Graphite 4-in.dia. x 80 in.long T.1

Graphite anodes are .generally simple cylinders with the lead
end impregnated with paraffin for a foot or sao to minimize
the possibility of moisture contacting the lead wire, ‘The
1ead wire is not installed by the anode manufacturer, but by
“he distributor. One nethod of lead wire installation 1is in-
1rated in Figure 1€, Type NA graphite used in seawater

wptie. .ions 1s impregnated with linseed oil in a vacuum-
pr- . sure process to elimlzate pores,
¢, Characteristics In graphite anode manufacture,

petroleum ~oke crushed to less than 200-mesh size 1s mixed
with coal-tar pitch. The coal-tar pitch serves as a binder
to hold the coke topether until processing to graphite is
completz, The coke ls converted into pgraphite in an electric
rnsistance furnace at 2800°C. Any p*tch not driven off 1is
also converted into graphite so that the rod 1s essentlially
21l grapuhite except for impurities equal to 1.5 percent maxi-
mum. Howeveyr, the anode has a porosity ranging from 20 to

30 percent., Linseed 0ill 1s .used to impregsnate the anode to
reduce porosity and orevent absorption of water. This is
especially 1i pértant in seawater anodes as chlorine produced
by the anod¢ will be formed internally leading to disintegra-
tien of the anode, Anode fallure in this case 1s mechaniecal
and not duc to sclective attack of the blhder as such.. In
fresh water, the nascent oxypgen formed reacts with braphite
to form carbon dloxide.

" A1l corroslon products from graphite anodes are panes, Oxy-

sen, chlorlne, snd carbon dloxide are produced at the anode
surfacr, In fresh water owr soll, carbon dloxide and oxrien
are produccd, In seawabter, the main gas formed 1o thlorine
with lesser ameunts of oxyren nnd earbon dluaslde, I the

pagses fermed do not diffuse -avay {'rom Lhe ancde throush the
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electrolyte, the g..3es will displace moisture or water in

the anode vicinlty, effectively insulating the anode from

the surrounding media. Anode resistance then becomes very
large and remains at a high value as long as the anode 1is

operated.

Because graphlte anodes do not produce an ancdic film during
operation, any portion of the anode in contact with low resis-
tivity media deéterlorates more rapidly than the remaindecr.
After the anode has been consumed in the low-resiativity sec-
tkon, it is, for all intents, inoperative, due to high resis-
tance caused by shorter length and higher resistance between
anode and medla, Graphlte anodes are therefore very sensi-
tive to nonuniform environment.

When the top of the anode is in contact with low-resistivity
media, the entire anode may bé lost in a short time from
selective corrosion. This type selective attack, commonly
referred to as "necking", occurs near the electrical connec-
tlon to the anode, severing the lower portion of the ancde.
This may be corrected through use of carbonaceous backfill
around the anode,

d. Operation. Graphite anodes should not be operated
at current densltlies exceeding 1 ampere per square foot in
golls and 0.25 ampere per square foot in fresh water, At
surrent densitles not exceedlng these limits, the average
wterlorate rate will be about 2,5 pounds pér ampere-year,

"t jusher current densitles are used, the anode tends to be-

comc less electrlcally conductive, Reductlion in conductivity
is Aua to attack along crystal boundaries which separates the
sraphite Into individual crystals, softening the anode,

Under thesc condltions, the anode quickly loses conductivity

causing cathodi~ protection to become inoperative in as 1lit-

tle as one or twos years.

Graphite anodes should not be operated at current densities
exceeding 3.75 amperes per square foot in scawater. At cupr-.
rent densitiles not exceeding this limit, the average deteri-
oratlon rate varies from 1.6 to 2.5 pounds per ampere-year,
Deterloration of 2.5 pounds per amperc-year corre ,onds to

a current density of 1.0 ampere per square foot tr less;
deterioration of 1.6 pound per ampere-year corresponds to a
current density of 3.75 amperes per square foot.(Reference 19.)

The potential between steel and graphlte in contact uithVSQil
or water 1s 2.0 volts, Thus, a voltage .in-—-exceSs ¢ of 2,0
volts must be impredsed by ‘the rectifier to cause curvcn, to

-2 low inam. o trnnnh{ ta '\nnr{o trnnunr‘l‘hnﬂ
VNN s wen o~ o~

4,2,2 High-Silicon Cast Iron. Cast iron containing
I o 15 percent slllcon plus 1 or 2 percent other elemcnts
(earbon, manganes~, molybdenum) has boen usecd effectivel:r as
wode materlal in the past, in }ow—ohlorine environmente
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This naterial has been used for over 50 yeaps: in éngiﬁeeﬁiﬁé:s S

equipment such as pumps, valves, and special products for " -
the chemical industry. The cast surface ls readily and coan-
tinually oxidized with-a thin £3Im of slllica (8102 s develop-

ing a passive surface, which further retards corrosion, de-. -

creasing the deterioration rate from approzimately 20 1bs./

* ampere-year to less than 1.0 1bs,/ampere-year. °

Where gases of the halogen family are generated and in intim-
ate contact with the anode for an extended periocd of time,
however, the film dces not prevent attack. Localized cor-
rosion and pitting occur with time. This 1s particularly"
applicabie to chlorine, which 1s very aggressive and readily
developed during electrolysis of water containing relatively
low concentrations of chloride ion. .

This observation resulted in the developmerit of a modified
high«silicon iron alloy resistant to these: aggressive condi-
tions, Nominal compositions are identical except the im-
proved alloy (high-silicon, chromium-bearing cast iron,
HSCBCI) ~ontains about 4,58 chromium. This element, along
with silicon, forms a more passive and stable film, resis-
tant to chlorine under aggressive conditions, HSCBCI anodes
have replaced.the silicon alloy fur cathodic protection use,
and are presently the only cnes commercially available,

4,2,3 High-Silicon Chromium-Bearing Cast Iron
éggggg;l. 00BSES8ES DAsLC prOperiﬁes ThAT are common
0 all metals, They are dense and homogeneous, assuring uni-
formity throughout, They cannot absorb moisture and become

soft, losing electrical conductivity. Typical composition
is given in Table 2, . :

Table 2

Element Parcent
oon 10,30 min,

Chromium , 4,50

Carbon 0.95

Manganese 0.75

Iron Remainder

Table 3 lists some of the more important mechanical and
physical properties, - H3CBCI anodes have higher strength
than nonmetallic &nodes; however, their very lcw elongation
makes them subject to fracture from severs mechanlcal or
thermal shock,
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Table 3

Mechanical and Physical Properties of HSCBCI Anodes

Tensile Strength (1/2" dia. bar), psi 15,000
Compressive Strength, psi 100,000
Hardness, Brinell 520
Density, gr/ml 7.0
Melting Point, °F 2,300
Speecific Resistance, micero-ohms~cms (20°C) 72
Coefficient of expansion, 32° to 212°F 7.33 x 10-6

Because HSCBCI is an iron base alloy, it possesses the good
electrical properties common to all metals. (Its specific
resistance is 72 micro-ohm-centimeters at 20°C.) In addi-
tion, unlike graphite anodes which require several volts im-
pressed at the rectifier to overcome the galvanic potential
difference hetween carbon and steel for any current to flow,
ASCBCI anodes produce current when only the slightest volt-
age is impressed, HSCBCI anodes exhibit superior conductiv-
ity and lower back EMF than nonmetallic anodes. Also, very
little change in resistance 1s noted with time, unless the
anode 1s damaged.

a. Standard Anode Shapes and Sizes, Tﬁpical standard
slzes of HSCBCI anodes are listed in Table , along with
:ome general applications. Type M (Figure 17) is generally
nserd for millitary applications; this anode i1s avallable with
both ends cored for Jjoining.

Additional "special a..odes" - varlations of standard sizes
and other shapes - are given in Table 5. Type G "duct"
anode and Type X "buttnan" anode are shown i1 Figures 18
and 19, .HSCBCI anrues can be produced only as castings,
This somewhat restrlcts their length, but allows consider-
able flexibility in design, Special anodes for specific
problems can frequently be produced, but are generally more
¢ostly than standard anodes.
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CD

CDD

M

SM

Nominal
Size

Table

I
Standard Anodes - HSCBCI

Welight
Each

Area
Lbs, Sq.Ft.

General
Application

Speclal Features

1 l(xsoll

1-1/2"x60"

1-1/2"x60"

1-1/2"x60"

, 2 llx60"

2 llxso"

3 Hx36 ]

3 llx50"

12

25

26

L

60

80

110

h-1/2"%x60" 220

1.4

2.0

2,0

2.0

2,6

2.8

205

4.0

5'5

%1

Fresh water
tanks.

Open box
coolers
requiring
lengths
greater
than 5 f¢.

Groundbed
with back-
£111.

Groundbed
‘with back-
111 per-
mits jJoin-
ing in
series,
Groundbed
without
backfill.

Mild saline
or deep
vell with-
out back-
111,

Severe
ground,
deep well
or seavabteop
withouf;
backfill,

Severe
ground,deep
vwell or gea
water with-

Each end cnlarped
to 1-1/2" dia,
with cored open-
Ing for joining.

Uniform 1-1/2"
dia. with cored
opening both
ends for Join-
ing.

One end only en-
larged to 2"
dia. with cored
opening for
cable connection.
Each end enlarged
tn 2" dia, with
cored opening
for cable con-
nection,

Uniform 2" dia,
with cable con-
nections on one
end only,

Each end enlarred
to 3" dia. with
cored opening,
for joininge,

ne end only on-
lary;ed to R
dia. with cored
opunding; for
¢able aonneat-
lon.

One: ond only o).~
larred to B"A1q.
with cored open.
Lier for eable

out baekf1il,conns . fiun,
Scawater with Unitorm -1 /0"

high current

Al.uith com .

discharge per openlue ench

anode.,

rd, Permita
Wo eablr con-
neztbions, 1
P pod

e
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Table .5
Special Anodes - HSCBCI
Welght Area '
Nominal Each Sq. General

Size Lbs. Ft., Applicatlon Special Features
1-1/8"x9" 1 0.2 Elevated Lightwelght flexible
. fresh water assembly with con-

tank. tinuous cable,

1-1/2"x9" 4 0.3 Dist.system Cored opening each
in ground end for Jjoining

i trench. anodes in serles.

2"x 9" 5 0.4 Underground 1Inside configuration
cables in permits single cen-
ducts, ter cable to anode

: connection,
1"x30" 7 0.7 'Telephone or Cable connection end

electrical 1-1/2"dia.(Half of
ground rod. Type B Anode).

1-1/2"x30" 1.0 Dist.system Cable connection end
12-1/2 for more 1-1/2" dia, (Half of
difficult Type C Anode),
applications.
1-1/2"x30" 13 1,0 Dist,.system Cable connection end
for more 2"dia., (Half ef
difficult Type CDD Anode),
applications.
2"x30" 30 1.3 Dist. system Cable connection end
‘ for more 3" dia. (Half o«
aggressive Type M Anode).
appllcations,
3Mx3" 6 0.25 Small heat "Button" ancde with
' exchangers  integral cast bolt
and like for attaching to

structures  stracture using
with limit- sultable gasket,
ed mounting area,

6"x2-1/2" 16 0.5 Ship hull, "Button" anode with
lock gate, integral cast bolt

heat for attaching to
exchangers, structure using
or any sultable gasket,

other struc-~
ture with large
£lat surface.

K-12 12"x3-7/16" 53 1.0 Ship hull, "Button" anode with

lock gate. Aintegral cast bolt

heat ex-~ for atbtaching to
changers, structure using
or any other suitable pasket.
structure
with lorge

'lat surface,
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a) FLEXIBLE DUCT ANODE ASSEMBLY

Polyethylen; Assombl Two Polyethylene
\ Wires F
. 2% : 1-1/4"
Cable, as o 4
Specified - L Ssaling Compound
b) CROSS-SECTION OF TYPICAL DUCT ANODE
Figure 18

TYPICAL RUCT ANODE
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Button Type Ancde

Bushing ("““‘\ Hull Pointed with-Vinyl ‘
. N 4 System pryi!:asin |
- Insulating S: % 2. Coating on Hu i
E (rl"‘:l’yc::st:gr G“lea::) ’/////'/_// . !
| Y. ‘
IR /%

) 'l'."". - ) ull Liner
. *0* Ring, Rubber N Coble A

asaer

Waos .er, Corrosion=-Resistant Mut, Corrosion=Resistont =+ |
Steel

Bronze Cover
Flog Lug

Figurd 19
BUTTON TYPE ANODE
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b, Electrical Connections. Because HSCDCI anodes are
extremely hard and not easlly drilled, the electrical con-
nectlon 1s made using special technlques, Maximum accept-
ablé reslstance between cable and anode should be 0,01 -hms,
High molecular welght polyethylene (HMWPE) inculated copper
cable 1s fitted into a cored hole in the anode end, This
hole, enlarred at the internal end, is partially f1l1led with
lead to secure the cable, and then carefully sealed o ex-
clude moisture. An epoxy cap, l-inch higrh minimum, covers

the top (Figure 17 and Flgure 20 show additional Trflon
FEP seal),

- —— - —
B

Tt is deslirable and has become more common pvractice Lo onup-
. plement the above molsture seal with an external eopoiy en-
capsulation (Fimure 21). When properly applied, this rea-
ture will preclude a current dilscharge and rounting of the
anode end., (Neekini; oceurs here, as with mraphite ancdea,)
This is mandatory for inaccescible locatlona such us deep

o ol e s
oy

L

sroundbeds, apErestive appiications iavolving call watey
and/or temperaturns above amblent.

P T B

"

- K TR
[ ———

TR

49

L

F‘,’
|

i

'

§

¢

i
|

\




TN

TN

TTTER

% WA

Intarfoce
Sealont

No. 8, 7-Strond Copper Cable
with HMWPE Insulation

Heat Shrinkable Etched
Teflon (FEP) Tubing

: ‘?p’,,, Epoxy Cap, 1" High
Interface Sealon . 7 Minimum integral with
Annular Seol

N

F/

~Washer 1/4* Thick

‘v ey

Potting
Compound
Caulked _Heat Shrinkable Etched
Lead Teflon (FEP) Tuking

Wires

Anode

Figure -20
ANODE-TO-CABLE CONNECTION:-~ TEFLON SEAL
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Interface Sealant

No. 8, 7-Strand Heat Shrinkable Eiched
C:ppe:' Cgu:a:,i Teflon (FEP) Tubing
HMWPE Insulation Epoxy Cab, 1" High
, inimum, Integral with
Extemal Seal on Anode
Note: - 5
Resistance Across Cable $ .
ond. Anode Should be No I Y/ Washer, 1/4* Thick
More Thon 0,01 Ohms ’ : %
; ( f % Potting Compound
! % .
/]
N / Caulked Lead
p
Tinned
Wires \

Anode

Figure 21
ANQDE-TO-CABLE CONNECTION - EPOXY ENCAPSULATION
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The anode=to-cable connectlon is the weakest point of any
impressed current anode, and requires careful workmanship
and quallty materliais. A representative number of any anode
shipment should be carefully inspected and te¢sted. Seals
shkould be well-bonded and of specified mateclals. Anode-to-
cable resistance should be below the ‘miaimum value stated

above, Occasionally, spectrographic analyses of the alloy
should be made,.

inolc-to-cable connections may or may not be made and insu-
lated by the anode casting manufacturer. If not made by him,

the casting manufacturer assumes ho responsibility for their
mality. o
4,2,4 Aluminum. Aluminum anodes are sometimes used

rfor cathodic protectlon: of the interior of water storage
tanks, Thelr main advantages are lower initlal cost and
1lizht welght., The corrosion products of the anode do not
contaminate potable water., The deterioration rate of alum-
inum 1is 6.5 pounds per ampere-year., Commercially-avallable
anodes are not over 75 percent effizient and are consumed at
a rate of 9,0 pounds per ampere-year. This high consumption.
rate 1s undesirable and, because of 1it, HSCBCI anodes or
raphite anodes are belng used instead of aluminum, Alumi-
num anodes are generally used only where a one~year or so
“ite ls required (icing conditions in unheated tanks, etc.)
n addition, alloying ls extremely critical, making this

2 elal impractical for most applications,

Y.2.5 Platinum, PFlatinum wire is sometimes employed
a8 an anode, penerally to protect internal surfaces where
space 18 limited (intevnal surfaces of pumps, vipelines,
wells, etec.). Platinum is essentially insoluble (approx:i-
mately 0,00001 pound/ampere~ycur in flowing seawater at cur-
rent densities from 50 to 500 amperes per square foot - see
reference 20). Howewver, this metal is fraglle and prohibi-
tively expensive, and is used mainly as a thin coabin, over
other noble metals (paraisraph 4.2,6).

4,2,6 Platinized Titanium (Tantalum, Niobium),
Titanium 1s a hlshly-reactlive metal whlch forms an adherent,
inert oxide film in most corroding medlia. Very little cur-
rent will leave thls surface, once the oxlde has formed, be-
nause the oxlde has hipgh electrical resistance., This ¢limin-
ates the use of titanium iteelfl as an anolde., However, if a
thin layer of platinum is plated onto titanium ("platinized
ttantum") | aurrant flows from the vitanium through the
platinum into the electrolyte,

Platinized titanium anodea are casily fabrlceated and oprrate
1i hlgh eurpont clenaifles (sweoerallv aronnd 100 ampepcs/
rnﬁu&)_ Only o very amall platinlacel aeog o, rheeafon |
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requirel f'or mxst applicatlions. Fully platinized and parti-
ally platinized anodes are both manufactured, The partially
platinized anodes allow current flow only from platinized
areas. These anodes are stronger and less expensive then
solid platinum, Deterlioration rate 1is low, essentlally chat
of solid platinum (0.00001 lb/ampere-year in seawater),
Platinum thickness of 100 microinches is typical,

Anodes that are fully platinized can withstand extremely
high voltages. However, those which are only partially plat-
inized are subject to woltage limitation {"breakdown volt-
age"). The breakdown voltage 1s that at which titanium
oxlde decomposes, This value varies from 8.5 to 14 volts
anode-to-electrolyte voltage (reference 21) depending on
electrolyte, film thickiess, surface roughness, and salinity
of water, A system voltage of 12 volts 1s generally permis-
sible,

A tvpical platiaized titanium anode system is shown in Fijure

22, It consists of five components: The metal to be pro-
tected; a reference electrode (Figure 23) mounted on or
near the cathode surface; the anode(s) (Figure 24) mounted
through the walls of a tank or simllar structure, or sus-
pended from a deck cr pier (electrically insulated: from the
cathode); a control amplifier which signals the power source;
and the power source 1ltself.

In addivlion to titanium, platinized niobium or tantalum
anodes are also avallable, These metals form oxide {ilms
like titanium. Humerous configurations are available; the
anode of Figure 24 is typlcal., Commonly-available sizes

of this anode are given in Table 6.
Table 6

Typlical Sizes of Platinized Titanium Probe Anodes

Overall Extended Platinlized
Diameter Length Length Length
3/Lk inch 20 inches 15 inches ©» inches
3/4 inch 12 inches T inches 3 inches
3/4 inch 22 inches 18 inches 9 inches
3/4 inch 20 inches 15 inches 9 inches
1/2 inch 20 inches 15 inches 6 inches
1/2 inch 17 inches 12 inches 5 Inches
1/2 inch 23 inches 18 inches 0 inches
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TYPCAL CATHODIC PROTECTION SYSTEM
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Gland - Packing

Extension - Electrode

Assembly - Element

Sleeve - Pilot

Sleeve. - Insulator

Lug = Terminal

Washer ~ Plain, 38 - NI.PL,BRS.
Washer - Lock, Split 3/8 - CAD,PL,STL,

Nut - Hex, Lt.Jam - 3/8 = 16 UNC-2 B, NI.PL.BRS.
Head ~-Universal, T/C
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Figure 23
TYPICAL SILVER~SILVER CHLORIGE PROBE REFERENCE ELECTRODE
ASSEMBLY FOR USE WITH PLATINIZED TITANIUM PROBE ANODE
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Cove: Slectrical Connections
with Insulating. Grease

Standard
Thermocouple .,
Condulet Terminal.
H Wrup with One Layer
Pipe Dope Tape
: Structure Wall
X
/ . k: 6
Standard Fitti — 6" ——pt.
. _ Jfor )?nod: Mt;ung‘?\sg, J}L A
' - 15% 1#
. -
Teflon Sleeve

e — 20 - : -
o Figurs 24
TYPICAL PLATINIZED TITANIUM PROBE ANODE ASStMBLY (1/2~INCH)

4.,2,7 Alleyed Lead, Alloyed lead has found some use
as a seawater anode, Alloys of silver, antimony, tin, or
combinatlions thereof in small percentage were considered.
These form a surface f1lm of lead dioxide {(or lead peroxide)
which is conductive., As the oxide film formg, the rate of
lead deterioration drops off typically from 2 to 3 1lbs./
ampere-year to approximately 0,2 1bs./ampere-year. Th. oxide
f1lm tends to decompose at moderate curvent densities, and 1s
J4hus limited to a range of about 3 to 25 amperes/foot<, The
alloyed lead anodes are seldom used because other materiils
have proven morc dependable,

L.2 oOther System Comnonents. In addlition te anodes and
power sources, ilmpressed currenc cathodie protection systems
sontain a number of sther system componenua,

h.,3.,1 CounesLine Cabler., The eables vhish :oont e bhe

veebd Mer power noeee o anades and: proteoceted stentn o are
unounlly ueled or mmbmer pat b an cleckred rhe solutlon,
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(However, scmet.nec 1t is advantareous to use overhead pole
linez or "cable racks" on adjacent structures.) For that
reason, hirh quality insulation must be used. This 1s es~
pecially critical on "positive" cables {those which are con-
neztved to the positive terminal of the rectifier and lead
from it to anodes) because any break which would allow cur-
rent to pass out of it and into the electrolyte will mean
cable failure., A further discussion of cable insulation ic
found in paragraph T7.7.1.

The conductonr is usually single conductor stranded copper.
(ASTM Specification D-1248-70, Type 1, Class C, Category 5,
Grade J-2 for HMWPE insulation, Specification ASTM B-3 for
conductor.) Number 8, 7-strand is the size used for most
impressed current anodc lead wires (HSCBCI). Number &4,
T-strand 1s used for all bonding. Number 2, 7-strand
or larger 1s required in military applicatlions for the posi~
tive rectifier cable (rectifier to anodes). Test station
wires are normally Number 12 90lid copper test wire.

s e o At e L ket

b,3.2 Splices and Connections. Splices and connect-
lons In an impressed current system should be kept to a
minimum to avcid excessive circult resistance and/or current
leakapme throursh pinholes. Wiring 1s most often buried or
submerged in an electrolyte, where even the smallest plnhole
in insulation will mean rapid failure. The loss of protec-
tion could be for lonr periods bhefore detection and would
represent rcetly repalrs, usually involving excavation,
Rectifier cireculfs are low voltase; thus, any inecrease in
resisvance will substantlally increase power costg and may
reduce proteztion effectiveness,

It is necessary to gplice ~ach indlvidual anode into 2
"header" cable unless abnormally lonrs individual leads are
used betwesn oazh anods and rectliler power supply. The
cable~to=-anode connection i3 ecritleal point in 2all ~atholl-
protection syctems (parasraph  N.2.2.b), 1In addition,
there is alwaye 2 connectlon from the rectifler to the pro-
tected strurturs whizh 1s equally critical.

Ever; connocctlon shoull bLe ecarefully inspectoed bhelope mnt
af'ver insulation with material of a quallty at 1l.-uct equal
to vhat of the :able, ™Mermlt-welding of cable-to-otwmcture
cr eable~to~cable connentlions 18 prefeprable wherr ponnibde,
This proviiesn the -rreatesi Jikelihond o 2 lew pectighance
sonne :ticrn, withoenr slz4able chanee of brealkase or sorrogirn
buillup Ltaterferin* with the connectlon. A eable conre et lon
to gtructure uclmy 2 thermit weld L shown in Flvupe 25,

A typical cable spline using 2 thermit weld was shown in
Plgures 7. Parther iescription and detallerd specifrientlons
for this 1ls found in parasraph 7,8.
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insulated

Copper Cable

Hot Coal=Tar
Ename!

Conductor Thermit Welded
to Structure

#///////4 |

Structure

Figure 25
CABLE CONNECTION TO STRUCTURE

Alternate cable~to-structure connections is shown in Flgure
; 26, These are applicable in areas where thermit welds

may nos be used, due to damage of fire or explosion Irom
*he ez .thermie weld process,

Alternate splice connectlons include mechanlecal connections X
of various types, Crimp-type and split-bolt connectors are
most commonliy encounterved,

A cable conncction tu lead sheath cable 1s shown in Flgure
27.

4,3.3 Resistor Box. Vhere several ancde nircults
are suppliecd asurrsnt from one reﬂtifier 1t 1: sometimes
useful to employ 2 "resistor box" (Fisure 28). This is a .
terminal box containing variablc resistors, each connccted
Into one anude civeult, Theae resistors are varied to pro-
vide necesasary earroent level to each clreult, In order to .
malntaln alcquate aathodlie protection withouv overprotection
(proper current Ilstributlon),

Lok My

E .34 Backi11ll. Backf4ill is used arounl anodes in-

ntallad in tho o nna o redues cantaet resistance  and

lo:a 1 corrocloa af the anode cupefoee, It may alao laspease
nnoide 14 f'c¢ by Lelne onoume t LEcelt, Porv U1 qloo proevidec
nounlfepm ¢ nvironment rer toe anodes ool ol de mot tute
weound the ancl curf oo,

54

P T T R SR




!

Wire Stripped of [nsulation

Pipe

Silver-Bearing Conductive
Epoxy Cement ut Pipe to
Connector Interface and
Cable to Connector

{nterface
Wire Stripped
. of Insulation )
1
Pipe
a) GROUND CONNECTOR
Thermit Cable
Metal Weld
Solder Plate oot Thermit Weld and

Solder Joint with Coul-
Tar Enomel l

AR

SN '\\\

Jtryetare L\

/
/[
. AN N
/ ¢) SOLDERED METAL PLATE

Figure 26
CABLE-TO-STRUCTURE CONNECTION WHERE THERMIT WELD PROHIBITED
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Copper Conductor, Insulation Stripped Off,
Solderad to Lead Tob and Coated with Hot
Coal~Tur Enamel \ 1/8"

e
P

(¢

Lead Tub

|:-— 1" Min,—em|

Pipe

Figure 27
CONNECTION TO LEAD SHEATH CABLE
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From Positive Terminal

{ﬁ of Rectifier

\\Rigid Steel Conduit
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Header Cable with
HMWPE Insulation
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Resistor,
100 Watt Min.

Rigid Steel Conduit

Resistor, 100 Watt Min,
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Positive Heoder Cobles to Anodes

Copper Split Bolt
Connaclors - Taped’

Figure 28

Use Wuterproof
Terminul Box
12" x 12" x 4"
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"Carbonaceous" barkf1ll material is usually used., Tbhis
material is most often coke breeze (essentially finely divi-
ded, low resistance carbon particles). Typical physical and
chemlcal specificatlions for impressed current - ancde backfill
are gilven in Table 7. This material is used with both
HSCBCI and graphite anodes.

Table T
Coke Broetie Backfill for Impressed Current Anodes

Physical Analysis
100% to pass a 172" screen
35% to pass a 3/8" screen
20% minimum to remain on. 1/8" screen

Chemical Analysis (by weight)

loisture 9.5 to 14.7%
Volatile Matter 3.0 to 3.14%
Fixed Carbon 78.22 to 78.40%
Ash 18.6%

Sulphur 1.20%

Resistlvity shall be a maximum of 50 ohm-centimeters on a
dry basis not under pressure,

Coal coke will usually meet these standards without exten-
sive treatment, Petroleum coke must be calcined., Natural,
or {1ake graphlite might also be used.

Backfill is of'ten used around impressed current anodes in-
ttalled in the earth., It performs the following important
functions:

Lovwers anode-to-soll resistance

Helps eliminate as blocking

Permlts use of pmreater current density

Permits unif'orm deterloration of the ancde

Extends anode life,

In effect, backfill extends anode lenzth and diameter to

the dimenslons of the surrounding backfill, thereby reduc-
iny anode resistance tu rmround, In some solls, partlceularly
tisht c¢lays, the functlonling of the anode may be lmpalred
with time, unless backfill 1= used, because of oxyren that
bullds up on the anode surface. This condition 1a known as
a8 blockiny, and retards current flow,

Rackf{ill should be thoroushly btamped around the ancdes to
oliminate mas blockling, and to achleve wond clectrieal con-
tact to ancode asurlfacse, Mirther Infourmation on e Tiliing
holes for anodes 4a found In parayraph 7.5,
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Y.h o Advantacten of Impressed Current Cathodic Protection,
Tmpressaed ~urrent cathodlc protection has several advantages
oyer galvanie anodes,  (Advantages of galvanle anodes are
diconssed in paragraph  5.4.)

Impressed current system output 1s not limited by a natural- -
galvanic potential; consequently the output can be varied
relatively easily. A change in rectifier output in a prop-
erly designed system will overcome the effects of chanpes

in environment and structure surface. To change -the output
of zalvanlc anodes, the number of anodes must be altered.
This requires costly excavations.

. e o e Y T

. In high-resistance environment, impressed current can bve
supplied with comparatively few anodes and a minimum of
effect to other structures, Thils 1s both a space and cost

) advantage over galvanic anodes.

Mda o laia i

Impressed current has another space advantage over galvanlc
systems: anode beds can be more readilly located at the
point where current will be supplied most efficiently. Pos-
sible ground orientatlions include:

deep anudes (50 feet or deeper)

distributed

multiple, low-output units

tank and vessel interilors

inside duct systems.

(Examples of various cathodic protection systems are yplven
in paragraph 6.)

IR

4,%,1 Deep Anode Installations. A deep. anode Incta’l-
latlon is deflined as one wlth 2anodes located at 'a depth of
50 feet or greater below grade. Current is emitied al thirs
depth so thav only a small pervcentape 1s recelved by rorsl
structures close to the surfaze (chose nct belar placed
under protection).

b 4,2 Distribubed, A distributed anode installation
1s generally consliered as one mude up of a gvreater numbey
of anodes than usuzl, wlith all anodes placed relatively
close (1 to 20') to the surface of the protected structuw
and the current distributed over the entlre surface arcn,

4.4,3% Multlple Iow~-Output Unitc, Thils arrangeiaent
. ref'ers to a number of smalil installatlons conslsting of feow
anodes and low oubtput power courece wlth each. These tre
nsed in plaze of fewsr large unlts to reduce curreni dens-
1ties ani total power cost,

'W"""‘ ioald
i ey T 'N”w kol acacoa ke “

Wb b men)e and Vessel Interiors. Relatively small

anodes arce located In positions where they will emit cur-~
} rent to surlaces needins protectlon without excesslve

b
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displacement and/ ~ changes in fluid flow characteristics,

4L, 4,5 Inside Ducts. Connected multiple lead anodes
are located In utlllty duct systems to protect metal-
sheathed cables (a special type distributed anode system).

5 GALVANIC ANODE SYSTEMS, Galvanic anodes generate
their own current. Each galvanlic anode is connected to the
structure to be protected. They are simply pieces of metal
which develo. u. appreclable potential between themselves
and the vtructure, discharging current into the electrolyte
and onto the structure surface, For practical purposes,
the amount of cathodlce protection provided by a galvanic
anode 1s consldered proportlonal to:

J. Potentlal between galvanic anocde and protected
gtrudture,
2+ Resgistance of electrolyte.

Therefnhre, anode output and effectiveness is best deter-
mined by trial and error (using test anodes, for example).
Any ocher method is merely an estimate, based on the experi-
~nece of the desipn engineer, Such factors as moisture con-
tent and composiiion of environnent, coating quality, polar-
1zatlon characteristics, and seasonal varlations greatly in-
fluence output. VWith impressecd current, rectifier output
1s altered to overcome these variables, With galvanic
anodes, output 1s set, Testing is important in determining
31l wi: anode oufﬁﬁf, Just as in determining whether a

2 o w2bupe will corrode in a given environment; the principal
in uoth instances 1s the same: the corrosion behavior of a
siven metal in a rfiven electrolyte, Therefore, experience
s especla’ty lmportant with palvanle anode systems. Pro-
Lection requirements can ve computed; actual anode output
2ak only be estlmab- 1 anlees data fron antual instaIIe§
nedes 1s used,

fqlvanice anodes used for cathodle protection are usually
awutnesiam, zine, or alumlnum. The maximum potential be-
tween these anod ooand a2 protected structure will never ex-
~ed o ovatlae =211 bty In exeess of one volt. Current flows
o o alrand? anade Into the clectrolyte, It passes
Whe nsh the olectrolyte and Lo recelved by the surface of
e protectod stmeture, It passces throwsh the protected
copeture to vhe inculated cable and [cllovis this cable
fre ok e, thie calsanle anode,

W Anoden,  Galdvanle anodes, like lmpressed surrent
ok i, MASt b mddt of materlal with a deterlovation rate
Vi wl‘l provide reasonable ahoddé Tile from it pvaxtlua:'
el o maberial,  Anodes ¢cannot be too wostly or f'vacile,
Thee patenglal dirror»ncu betwaon anode wnd structure muas
be: prrent chonyrh vo Porae adequnbe protestlve supvent olso
the ahpieotmgne,  Matorials with thene chapncterletize whizh
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are curpently usaed as practical -vlvanl: anodes inelude map-
nesiun, zinc and alaminum, :

seded Humsneolum,  Mapncsium anodes aece comeretally
available as vasEIn«;s and extruslons in weights ranging from
1 to 200 pounds (Figure 29). A varlety of shapes are
avallable for gpplication in noll, condensers, tanks, heat
exchangers, and insidc large VJtG valveg, to mention a few
practical applications,

a. Alloying, Two alleys are commonly usecd; Lhese nre
reforred to as standard and hish-manganese (hissh-potentinl).
Tvpical specif'icatlions for these alloys are shown in Tables

and 9. The high-manganese 2lloy ylelds approximately

20 £o 30 percent more current output with resulting shorter
1lire, and an increased driving potentlal (open cipronit) of
-1, ”5 volts relative to copper-copper wsulfate as opposed to

-1,55 volts for the standard alloy. In addition, 2 uso-
called "High Current" anode is availlable. This i3 an elon -
ated standard alloy anode which generates 40 to 50 pcv“(nt
higher currents because of ifnsrrased surface arc: (ASTM
Specification AZ63A).

Magnesium 1s subJezt to self-corrosion which varics with
alioy composition and impuritics, Metuls conciderced impnrl-
ties in magnesium znodes are usually: I1ron, nlckel, copper,
silicon, lead, and tin. All these impurities form Lnter-
metallle compounds with magneuium which are cathodle Lo the
surrounding magnesium and tend to lncrease the amount of’
self-»orrosion. Self-corrosion restricts the usabls lunperc-
hours of magnesium anodes,

Of the listed impurities, nickel can be the moni deitrimenial,
producing a marked reduction in current efficlency when
present in amounts exceceding 0.005 percent, Iron ronks
second in detrimenfal ef'fect, causing almost as much w~lf-
corrcsion as nl:kel when present In the same quantity,
Copper, lead, tin, and uilicon have slichtly less ok on
magneslium anode efficlency 1In quantities over 0,00% poreent,
with silicon having the least effect,

Table 8
Chemical Analysis of Mapnesium Anodes (Stan lard Alioy)l

Element Percentage
XTumIrum 5.3 -~ 5.%%

Manganese 0.15% Minimun
Zinc 2.5 - 3.5%

- Copper 0.02% Maximum
S1licon 0.10% Maximin
Iron O_OCL d Mn & ‘ m u\:
Nickel 0. 002% MaLmuni
Other Metallle Wlements O.J% Maximum
Mavnwsium Remainder

1 asm Specilication AZL3,
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Table 9
Chemizal Analysis of Magnesium Anodes (High Potential)
Element Percentage
AlumInum ). axXimumn
Manganese ' 0.5 - 1.3%
Zinc -
Copper 0,02% Maximum
Silicon -
Iron 0.03% Maximum
Nickel - 0.001% Maximum

Other Metallic Elements 0,05% each Maximum

0.30% total Maximum.
Magnesium Remainder

(*) In the range 0.5 - 0.8%4, Mn. is at least
0.5 + 60 x Al. % by welght.

All metals more novdIe than iron produce intermetallic com-
pounds with magnesium, However, iron forms an unstable
1ntermetallic compound with magnesium. At temperatures be-
low the melting point of magnesium, iron occurs at Isolated
particles dispersed throughout the magnesium matrix. Man-
ganese, zinc¢, and aluminum form intermetallic compounds
with iron, thereby reducing sclf-corrosion of magnesium due
to the presence of free iron. The reason for this 1is that
manzanese has a higher melting temperature than mapgnesium
and that manganese 1s closer than iron to mapgnesium in the
ralvanic sertes, The manganese will usually freeze out as
a magnesium-manganese intermetallic compound which has a
higher ireezing temperature than most intermetalllc com-
pounds formed in magnesium, This intermetallic compound
will tend to freeze out of the molten mapghesium around the
iron {which 1z P'iret to freeze out), forming an envelope
around the iron, Tron thus 1s isolated and docs not concri-
bute to anocde self-corresion. Mansaneesr is cathodle to
magnesium but to 2 mueh lesser «xtent than iron, so that
potential of & high man janesc anode (more than 0,50 percent
manzanese) i3 -1.75 volts rrferred to a copper~copper sul-
fate hali~cell ac comnared to -1.55 volts for z standard
alloy masnesium ancide, The efficleney of the hlh mancan-~
egse anode, however, 1ls somewhat lower than for standaed
2lloy ma.-nesium, -

Aluminum and ziue ~p> both eathodlice to ma.nesiam, but qpe
botl us-il in the © percent aluminum, 2 pers nt ine,
ma.nesiam alley,  Asuminum and zine {orm inteemotallics aoen-
pounias with the cathodizs grroup of metal: and witnh msnesium,
which Improveg the characterlistics of musnesium o 1 galvan-
lc anod~, but in turn reduces the open clr-ult potential to
=1.85 voltao. Thn vadused potential Ao~z not nitlcate The
amount of zclf-corresion occucring ags hlgh purlly magneslum
which has 2 hipher potential, but suffvers trrom more selfl-
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corrosion than the standard alloy. Thé lower potential of
standard 6 percent aluminum, 3 percent zinc, magnesium
alloys 1is due partly to self-corrosion and partly to the
lower potential of the intermetallic compounds of magneslum
with aluminum and zinc, ‘

b. Anode Efficiency. Theoretically, purc magnesium
has an electrochemical equivalent of 8.8 pounds per ampere-
year or 1000 ampere-hours per pound. Pure magnesium 1is im-
possible to produée; the commercially ™pure' product achieves
much lower Vaiues of ampere hours per pound (Figure 30).
As discussed in paragraph 5.1.1.a, alloying can improve
this efficiency.

Efficiency of magznesium as an danode varles wilth current den-
sity (Pigure 30). At anode current densifties greater than
300 milllamperes per square foot, the efficiz=ncy of standard
alloy inodes will approach 65 percent and an electrochem’cal
:quivalent of 650 ampere-hours per pound., At current densi-
tles less than 100 milliamperes per square foot, this effic-
lency will usually not exceed 50 percent or an electrochemi-
cal equlvalent of 500 ampere-hours per pound. At current
densities below 25 milliamperes per square foot, self-cor-
roslon is greater than the corrosion producing useful pro-
tective eurrent so that efflclency of standard alloy anodes
1s below 50 percoent.

Mrh manpganese-magnesium anode efflciency varles with cur-
cent loasity much the same as a standard alloy anode except
vtha ohie over-all efflcliency is lower., At anode current
densities greater than 500 milliamperes per - square foot,
cfficinney of high manganese alloy anodes approaches 55 per-
2ent and an clectrockiemical equivalent of 550 ampere-hours
per pound, At 100 rilliamperes per square foot, efficlency
is approximately 40 porcent and at anode current densities
below 25 milllampeges per squarc foot, efficlency 1s below
35 percent,

¢. Potentialy, Open circult potential of standard
alloy magnesium anodes is approximately -1.55 volts to a
copper-copper sulfate haii-cell., The open cilireult potential
of high manganese-magneulum znodes 1s approximately -1.75
volts to a copper-copper sulfate half-cell.

The potentlal of lron in contact wlth soll or water usually
ranges around -0.55 volt relative to copper-copper sulfate.
When cathoile proteetion is applied by means of magnesium
anodes, the potentlal of iron assumes some value between
-0.55 and -1.0 volt dependins upon the degree of protection
provided. In hipghly corrosive solls or waters, the natural
potential of iron may be as hish as -0.82 volt relative to
uopper-copper eulfate. From bhis, &b s evident that -2.55
/01t should not be used an 1 erltocrion tor calsulanine the
net Arlving potentinl available from marnesinm anoi-a,
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Standard Alloy (High Efficiency

EN
BV

100 “200 300
Anode Current Density, MA/Sq.Ft.
Figure 30
CURRENT EFFICIENCY -OF MAGNES!UM ANODES

3 I =T Figh Manganwie__1—
. %Qﬁw Efficiency) — ]
g & 0.5 1.3Mn B! ‘
.‘0 7 *
é T/ - T -
w Pure Magnesium :
30 . % -
JEs .l
' % ' 800

A more practlcal approach 1s to consider iron polarized to
-0.85 volt. On this basis, standard alloy marnesium anocdec
have a driving potential of 0.70 volt (1.55 - 0.85 = 0.70)
and high manganese-maynesium anodes have a deiving potentlial
of 0.90 volt (1.75 - 0.85 volt = 0.90). For cathodic pro-
tection desinn involvineg magnesium anodes, these potentiolo,
0.70 and 0.90 volts, should be used depending upon alloy
selected,
d.. Bazkfill., For reasons discucsed In paragraph

4.3.4 for impressed current anodes, baclkfill 1z nlso often
useful for magnesium anodes. Analysis of fypieal backiill
for magmnesium ancdes 1is:

Gypsum T
Bentonite 204

Sodium Sulfate 55
Anodes are available prepachka~ed In 2 permeable :loth cank
containin: prepared backfill,

e, Sizeg, WVirlous sizes and shapes of mnesium
anodies, barc or packasad Ln selected bLueekt'lll, are Lissued
hers,

(1) Standard Alloy. CJtandard 1lloy slzea for
various environments are slven Ln Tabler 10 - 12.
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Table& . N IO -
Fagnerlam (Standard Klioy ) Anodes
Standard Stz~ for Usc 1y Sotd

, 'ﬁglf:ﬁt . ' T%ﬂg:;:geﬁ T Packaged Siza
Ibgz, 1zZ¢, Yaches Wt., 1O, TInches
K - o % % Y ——%—«-—— = " s
5 Tx3x8 132 5.25 x 11,88
9 3x 2214 27 5:25% x 8¢
10 1.5 % 1.5 x 70 “w bt
12 I =4 %12 32 75 x 18
i 16 2 z2 xz00 o -
t 3T ¢ 2L ox17 45 T8 % 24 :
A 17 =z 2x 28 - -
! 22 5 x 0 x20-1/3 68 #,5 x 28
: iy 3 >3 ox st - | - -
' o 2 %5 x5l -- <=
l 7T %7 x4 106 1 x 24
! B bl i L5 100 10 = 2k
V) Laeh x0Go -- -

Pete: Core material: rejulur core for scil angi-s is 3
1y ized, cuen piltch, cpiral-wound strip 3/8 inz, ID,
‘fo-in, OD. i

Commeztdn,: wire: resular connectinge wire for sotl
inodr ¢ 1s a 10-%, lenpgth of single-stranl No., 12 AWG T
Laoulired copper wWire, silver-zoldered i the core vith the
Jolnrs sealed zgalnst molsture. Speelal connecting wires
.» lon-ths otheyr than 10 f£t, are zvallable,

Table 11
Magnestum (Standard Klloy) Ancdés

ytandard Slze for Use in- Water

Jo el

Lo, Size, Inches . Tvpe of Cors . )
aIeN T K 3.5 % of . A12., frazranlzed nlpe core, |
fiush »nds,
! 50 TxT=x16 Threaded 3/4" dia, =alvanized pipe
extending 1" both. ends, flush 4
ends optional, ‘
50 T#%27T =15 1/2" dla, gulvanlzed eyevbolt core, ]
) g = 1 3/8" dla, golvanized pipe core, : .
flush 2nds, -
! 50 8 x A0 1/2" dia, galvanized eyebolt core.
! 100 T %7 x 32 3/4" dia. galvanizZed pipe core, - 4
‘ ) flush ends, ‘
| 190 7% 97 = 32 1/2" Qia. galwvanized eyebolt core,
i 100 8 x 22 3/4" dia. galvanized pipe core, 4
flush ends, 3
10 8 x =2 1/2" dia, malvanized cycbolt czore, ;
1
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Table 13
Marnesium (Standard IIIoZi Elom?ted Anodes

Wei_ht ~Packape ckage ZeC
Lb. Size, Inches wt., Ib, Inches

3 2.35 x 10.5 10 4 x 1k

5 2,63 x 14 14 4,5 x 18

9 2,49 x 28 37 5 x 33

17 2,80 x 40 40 5,5 x U6

22 .75 x L4 G 5.5 x 50

50 4, 58 x 46 120 7 x 52

Table 12 i

Magnesium (Standard Alloy) Anodes

sandard Sizes for Use in Condensers and Heat Exchangers
Yelgnt

Lb. Size, Inches Type of Core
)L Tx &xB 370" bolt

24 2x9x 18 1/4 x 2% straps

uy h x 9 x18 1/2 x 2" straps

60 7 x9 x 18 3/4" bolt

(2) High Current Anodes, Elongated standard alloy

anodes for usc in high-resiatance soilc are given in Table
13.
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5 (5) iitgh Janzanese (High Potential). High mangan-
ese alloy sizec for 301l or water (packaged for soil only)
arc given in Table 14,

Table 14
Ma-n:cium (High-Potcntial Alloy) Anodes

for Use in Soil or Water
A=4pht ckage
h

ged -
{ . ' ., Inzhes Ht.! Lb, Inches
‘E 3 .'OIE:XJOISXS R sxju ’ .
i g 5075 X 375 X 75 1T 6 x 12
; G 295 £2,75x26 35 6 x 31
i . J¢75 % 3,75 x 13,25 27 6 x 17 .
z 14 3.5 % 2,75 x 18 3o 6 x 23
j i 2.75 X 2,75 x 81 50 6 x %o
- ' 3.75 x 3.75 x 21 42 6.5 x 26
§ 1y 2.75 x2.75x50 60 6 x 55
} L7 3,75 X 3.75 % 26 s 6.5 x 29
' 20 2.5 x 2,5 » 59.25 170 5 x 66
24 ko x 4,5 x 23 60 g x 30
32 5.5 X 5.5 x 21 Th x 28
3% 379 x 3,75 x 59,25 105 0.5 x 66
48 5.5 x 5.5 x 30 100 8 x 3¢
Nt 8’10 109 12 x 25
0 k5 % .5 x 60 ——- -
ab- ¢ Core matorial: regular core 1s galvanized 20-gauge

oc-foras:d steel strip, Ancdes lonzer than 24" have J-gaupe
o Connectin;: wire: regular conneceting wire is 10-ft,
length of solid #12 AWG W insulated copper wire, silver-
3o0lderecd to the cure with Joints sealed ajzainst ‘moisture,

Special wirces ur otuer lengths are available,

(¥) Extruded Rod Anodes, Standard alloy magmesium
rod anodes for usc in water tanks and water heatcrs are
avallable in sizes glven in Table 15, ’

Table 15

Magnesium (Standard Alloy) Extruded Rod Anodes
_for Use 1n Water Tanks and Heaters

Welght,
lb.per ft, Size . 3 Type of Core
. Y 6) a x O I 1/67 dla steel rod
0.5 0.84" dla x ¥ ft to 20 1t 1/8" dia mueel rod
0,068 1.05" dla x X L'v to 20 'L 1/8" dia steel rod
1,06 1.315" dila x I ¢ to 20 £t 1/8" dla steel rod
5 1.50 1,501" dia x 1 {t to 20 £t 1/8" dia sterl rod
; 2.50 2.024" d1a x 1 £t to 20 't 1/8" dla sierl rod
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(5) Ribbu: Ancdes, Standard alloy mamiesium
ancics apre avallable for use in protectine buried conduit,
It sl ¢+, urdd An ueoas where morv: convontional "hnpc"
vould be impractical., These anodes are available in colls
of 200 and 1000 fcet, They consist of a core of 10 uge
sgzzl wire surrcunded by standard alloy magriesium 3
Y

5.1,2 Zinc. Zinc anodes arc commercially available
in weizhts from 5 pounds to 250 pounds in plate, bars,
ribbonz, and roda. Por anoder instzlled in the earth, pre-
‘pared backfill should be used,

Q. Alloylnb. There arc two basic alloys in common
use, One is used or protection in =01l or fresh water;
the other, for marine uses, Typlcal specifications for
these two types are shown in Tables 16 and 17,

¥etals which are considered impurities in Zinc anodes ares
iron, lecad, and copper, Iron 1c the most detrimental.

Since iron has 2 limited solid solubllity in zinc of anprox-
fmavcly 0,0014 pereent, any iron in e~xecesa of thls percente-
age precipitates out as dlscrete particles. These particles
of iron are cathoilc to the surrounding zine and. serve as
centers of self-corrosion, The corrcsion product of this
self-corrosion, zZinc hydroxide, deposits on the iron, form-
in- 3 dens2 ajherent coating, This coatinys can spread dur-
inz anoie operation frcem the original 1ron particle center
until the c¢ntire anode surface i= coated wlth adherent zine
hydroxide z2ozting., 2inc hydroxide is not electricall.; con-
ducsive, Therefore, the anodr becomes inelfective becaurse
1t 1s 1lrnsulated from the electrolyte by bullt-up corrosion
product,

Addition of otrher metals such as aluminum and cadmlum in
s1lisht perczentages (Tables 16 and  17) inerease zZine!.
tolerance for iron, decrease the tendency to f'orm insulatin-
£41ms, and provide for easier production,

b. Anode Efficiency. 2Zinc has an clebtrpchamical
equivalent of 23,5 pounds per ampere-ycar or 372 ampere-
hours per pound, However, zinc operates at an efficlancy
of 90 percent or befter or an actual clcbtrochpml~a1 oquive
alent of 354 ampere-hours per pound, The self'-corrocion of
zin: anodes 1s appwoximately') to 10 percent under -most
conditlons, regardless of current output,

¢, Potentials, Open clircult potential of zinc i.-
«1.,10 voits to 2 copper-copper sulfate halfscell In mol.
solls and waters and backfills, The driving potential of
z*wc with refersnce to iron is 0.25 volt based on a polari-
zatvion potential of -0, 85 volt for steecl relative Lo *opuen-
copper sulfate, Whére zinc anodes are considered fov
cathodic protection design, a driving potential of O °ﬁ
volt should be used to arrive at the number of ancdes pre-
quired, If a higher driving potential is used, an

\,E ’
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Table 36 -

Chemtoal Analysis of Zing Anode S
ror 3011 and Pvesh Uater Usc - -7

E‘.\.Mt
AT

fPermt‘ ‘e, :
Cadmium g 0.003 llaxium
Tron 0. I8 ‘Maxisum
I:f,ac} i »0.003 Maximum
Zinc. ©.003: Maximum
¥ Spesificationss AS 3-1148-67, Type II
'l‘able 1
Chemical Analysis of Zini “ahOd'e@
!‘or Ha»ine ‘Use

Eleneiit | Percenta
Klurinim 0,10 = O, 5
Cadmium 0.025. = 9,15,
Iron . 0.005 Ma x1mum
Lead '0.7006 ‘Maximim
coppar 0.005 Maximum
S1ta20n 0.125 ‘Maximum
7ine . . Remainder

!
-

Specificationss MIL-A-18001H or ASTM BA418-67, Type 1
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Incalfialent nunb-z of anodea will be the result and the re-
it med peotestive cuerent, WEIL not be attilned,

The pelative potential of ateel and 2inc in water hac ‘been
found to reverse dt temperatures above 140°F, Zine anodes
for ateel protection should be avolded in water systems

above this tempeorature, beesuase increased corrosicn of stecl
may result,

d, Backrill, Tinc anodes are greatly affected by
nonuniror- énvironment because of Iow driving potential.
The relatively low driving potential between zinc and Steel
requires 3 long slender shape to obtain low anode-to-earth
resistance, Length cf Zine anodes increases the possibile
ity of large s0il resistivity variations along 1ts length,’
Variations in 5011 resiativitv produue variations in cur-
rent 16w which in turn cause uneven anode deterioration,
2inc anocdes should be installed in prepared backrill 1n
order to obLtéin more uniform current flow,

In addition, zinec anodes installed bare are meve subject to
productlion of various corvosion products, Zinc fons pros
duced duriny thé corrosion of a zinc anode are deposited at
various distances from the surface of the anode, If oxypen,
carbonstes, or phosphate ions are present in the media, a
dense zdherent coating of high Llectrical reslstance forms
near~ the surface, effectively insulating the anode from the
surrounding media. This stops corrosion of the anode and
resultinz protective éurrent, However, most zinc anodes are
instailed below the water table and in solls with no free
carbonates or phosphates, .80 that passivity does not usuazlly
occur, Sulfate ions reduce the tendency for formation .of
the high resistant £1lm of corrosion products.

Solls ¢ontalning gypsum generally produce mest consistent
anodc behavior, Backfill)s based on this are recommended
for underground use. Two typical specifiuations ares.

Izg- 1 Type 2

Element . ercentage N
rated gypsum "50
Bentonite Eb 50
Sodium sulfate 5 -

e, Silzes. Varlous sizes of bare zinc anodes are
avallable in the two alloys, Most anodes for underground

use are avallable bare or packaged in low resistance back~
111,

n
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(1) Jndc;,pound and‘?reah Hutew Allox.

'l‘able fa.
. Table\NMLB Doee T
Standard,Sizes of Zinc Phades ST
T - for Uae 1n Pre h waﬁer or*Und;ggrounL
Wnisght iR
. VP Sigu, Inehes~
"'t""‘" N 1. )
L. Lafb % Tl x 60
‘ N J&OJ‘ X l’.:a X 36'
%0 Lok x 1.8 % 60
“(} 2.2 % 30
L) 2 x2 x5
0} 2 X 2 x 60
Hotes Core for standard anodes shown 1s 1/h" diametes

" E.G., Midd steel rod.

Sppcial anodes arefaaailable 1o range nggp in. Table 19,

Tab‘eﬁw,l

Special 81ses of Zinc Anodea
ﬂoz‘Use in(Fresh Whtnr or Undergnound

delght,
Lb. per -
T Sizé; Inches _length, Inches
Ao 3,xvdl , E'fgsﬁé—-_
b2 x4 - - .- 6 to 60
6.5 5 X5 ' 6 to 48
12.8 TxT 6 to 36
21 9 x9 12 or 24
26 10 x 10 ‘o to 2k
Note: Cobe 18’ 1/4" diameter E.G. mild steel rod. Alsc

available in 3/8", 1/ ", or 5/8" diameter,

(29 Sea*Water Alloy. -Anode sizes fou marine appli-
cations are found In Table 20.

f-: i Anbdn 7a¢iizvé‘s
. for-undérground or fresh water agpxicafiona are gi»bn £

e W e et e 6
e A "
by p

bty aean s, L




T&ble 20

,andaﬂﬂw"lzﬂa of Zlnc Anc¢ ﬁmrfugé 1nfﬁﬁigwatcr’

Note: 2Uspannd and smaller ariodes have walvanized steel
mouriting siraps. 50-pound -8ize contains 3/8" dla-
meter galvanized steel rod for core, larger sizes

. contain 3/4" or 1" diameter galvanlzed steel pipe
cores,

Mol HF—' -
. Ibo . 8129,. In?‘hes A
5= 1255 , :
12 125 x 3 x 12
-1 1.2 x6 x 12
~ 50. 2 x 2 x 48
| 150 h x4 x 36
" 250 9% 9 x 12
o 250 U x4 x60
3 -

Spectal anodés are available in ranges given in Table 21, -

mable 21

eclal Sizes ot Zln» Anodes ror Use 1n Sea Water4

~H’eigh’c'%b' E
e Inch Size, Inches Lﬁn’th Incnes ‘ ]
875“"“‘I:E"§“ITE"“ , o bl . - .
1l 2x2 6 to 6 T T e
2.3 2 x 3 6 4060 . \
4.2 4 x 4 6 to 60 - SRR
6.5, 5x5 6 to 48 ) B
12,8 Tx7 B to W .
21 9x9 . O to 24
23.4 9 x 10 - 9 to 24
26 10 x 10 G to 24 '
Note: A variety of cores are avallable with the diffepn-
ent 8izes,

(2) Ribbon Anodes. Ristbon anodes are available in
both alloys. These are useful for prote“tjnr pipeline in-
teriors, for carrier pipe eéxteriors inside casings (Figuie

31). for tank and duct inteilors.

The seawater allov 1s. ava;lable in 200-foot collsy the ancde
size 1s 5/8" x 7/8" weighing 1.2 ‘pounds per fool, Core is
’ 1/10" diameter galvanized wite,

Two sizes are availaole for fresn water or underground iise,
The larger 1s avallable in 500-fo0t. coilq, anode size is
1/2" x 9/16" weighing 0.6 1b, per £6ot, The smaller comes
in 1000 ft, coilS; anode size is ’1/32" x 15/32" welghing

0.25 1b, per foot, Core fon ovth sizes 18 1/10" diameter
galvanizea wire.

R
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ZINC RIBSBON ANODE FOR MROTECTION OF MPE KNSIDE CASING

5.1:s3 Aluminum Anodes, Aluminum galvanic anodes have
found some appllcatIon In sSeawater, They are used to pro-
tect such structures as offshore drilling platrforms and ex-
ternal ship lull surfaces,

The efflclency of aluminum anodes varies depending on cper-
2Btons conditlons and alloys used, A value of 810 ampere-
hours per pound based on 60% efficiency is typical.

Open circult potential for aluminum is about 1,05 volts
relative to copper-copper sulfate, The diriving potential
for an aluminum anode connected to a steel structure is
therefore about 0,20 volt, Aluminum anode :performance may
be disappointing if alloys vary even slightly from specifi-
cation, and manufacturers seem to have difficulties holding
constant materlal content.

5.2 Other System Components. System components for
galvahic anode systems are simllar to those used for impres-

‘sed current (paragraph 4,3) or as a&lready discussed., Con-
necting .cables .are smaller than those used for impressed
current, because of smaller current flow. and less.need for
physical strength. Number 12 solid copper wire with Type TW,
RIN-USE, or polyethylene insulation is used for éonnecting
calles, Anode lead wires are normally 10 feet long, number
12 s8clild copper wire with TW insulation.,

5.3 Advantages of Galvanic Anode Systems, Galvanic
anodes have several advantages over impressed curreht sys-
tems, (Advantuges‘of Impressed current are discuszed in
paragraph  4,%).

s sn ity L S

<
-o-'.'"i
- e w— . R UV Vg N —
e e Mg - 7‘4:"""”‘“‘

L?\/h - e




Beczase falvanic anodes generate their own power, they re-
qtee o crLeennl poser sonree, Thls mean:t they cian ofthen
oe used where rectifiers are diff'fcult or lmpossible to
oower, such .as in remote regions.

There ar~ sometimes cost advantages to galvanic anodes, ‘The
systems are cimpler than lmpressed current, and galvanic
‘anodes can sometimes be "expensed", while impressed current
‘cathodic protection is uaually capitalized. Both installa-
tion and maintenance costs are low. There are no monthly
power costs, 1In addition, rights-of-way or easement costs
are minimal with this type installation.

Because of the low current outputs, galvanic anodes rarely
produce interference to foreign structures. When interfers
ence 1s encountered, stray currents are small,

6 EXAMPLES OF CATHODIC PROTECTION SYSTEMS, Fipures
2 shroush 52 1llustrate various anode confijurations
and a suggested approach to the cathodle protection ot many
different structures in a varlety of' applications. These
are not intended to represent firm desipgns for structures
without a systeomatic evaluation of local conditions.

Parazraph 7 of this manual gresents specific basic design
information, and paragraph gives specific examples of
desisning systems,

7 CATHODIC PROTECTION DESIGN., Cathodic protection is
applied to many different types of structures, Each situa-
tlon requires speclal consldération, There are however,
fundamental general procedures which must bé applied Lo de-
sign of all cathodlic protection systems., The detailed anal-
vsis of these procﬁdureu is different for an elevated water
storage tank than for - ship 'hulls or buried pipelines. How-
ever, the same steps should be followed in all cases,

e = oo o

7.1 General Procedure., A general summary of steps ln-
volved 1s glven here, 1In the remalnder of paragraph 7,
design considerations .are discussed in more detaill, Useful
data in the form of tables and graphs are included.

PR

General design criteria are simllar for galvanic and impres-
sed current systems, One baslc difference between thc two i
1s the usual method of anode layout., Galvanic anodes are
usually deésigned and installed as individual anodes, distri-
buted at a given separation along the structures (30 feet,
for example% Impressed current systems more frequently om-
ploy banks of anodes (beds). Of course, either type anode
may be installed in elther way, but the distinction is most '
frequently as given above, S 4
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Positive Cable g Positive Ceble

Negative Cable

Rectifier

Boiler Room

— — — — Heut Pipe
——— - Water Pipe

Figure 32
TYPICAL BUILDING UNDERGROUND ~tnl AND WATER LINES
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b 293" — 293" —amy

24 (12 per side) 2"x60"
High=Silicon, Chromium=~
Bearing, Cast lron
Anodes, Spaced 10
Apart

H—j

Anode Bed

960'

Hvdrant Refueling +

Outlets \

-
—o
> 88

Valve Pit—*‘ a _!_

Rectifier — & 10"
Pump and Refuelin, Header
Control House Defueling Header

Figure 33

IMPRESSED CURRENT POINT TvPE CATHODIC PROTECTION
F OR AIRCRAFT HYDRANT REF UELING SYSTEM
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Test Point
1 Req'd

Steel Surfaces
Coated with
Coal~Tar Epoxy

177 Packaged

r Magnesium Anode
- 5 Req'd

Condui* ¢ Condulet w/ Terminal Block
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=
F

TR | / 2N T}
No.lZTWWires-':'-:w/ «?—
Thermit Welds — :E'__—_—_-i t D

I|‘
L/
74;%/\\\*.(‘[0 Anode *
| H
NS ST
-f--=mrTy s
Pumping Chamber /
/ | N
Concrete Foundation =<
Figure 34 !

GALVANIC ANODE TYPE CATHODIC PROTECTION
FOR COATED UNDERGROUND SEWAGE LIFT STATION
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Reinforced Concrete Stecl Reinforcement Welded to Support

Deck w 3 Cye and Structurol Steel
x
' .."b'.."'nn:"c‘. "a‘-'
e N 9 “ P . ) ". -o cus

’ ¢ ‘.sb ¢ . v". » a, o
l.‘ ®
"\ ". > _’."ﬁohe.ao.o

Anode Supporting Eye

Flexible Stranded Copper Wire,
Thermit Welded to Both \

Support Eye and 'Y 4"
Steel Rod

3/4" Dia. Round 2" 1o 3" Opening

Black Steel Rod 1" (Inside Diameter) Neoprene, or

equal, Hose Taped to Steel Rod at
both Upper and Lower Ends, Using
Plastic Tape

;'—

2" Min

T U Fillet Weld

Zinc Anode —_

3/4" Galv. Steel Pipc Anode Conre

Rubber Stopper

Fiyure 35
ZINC ANODE ON REINFORCED CONCRETE 8LOCK
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Plan View Building

Rectifier Negative Positive

1 Wan joue CTe <
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Anodes
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Sidewa

";\”. Basement Wall

W

’ ’ t
te— ?_ - |Conduit for
Dot IS . ¢ |Positive Cable

¥ t % 05
1"

' 4 v

Heat Pfpes 4 Hole Augered 1! Junction Boa

Horizontally .

N[

.

3 Anodes 2" Dia. x 60" Long 4 - node Lead
Section A=A gt ','
r' 0 @
Figure 36

RADIANT HEAT OR SNOW-MELTING PIPING
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Rectifier

Positive __3 Negotive Retumn Cable from
Collector Cables {\
Supplying D.C.
fo Anodes

Typical Mossive _.
Reinforced Concrete
Foundation

Hollow Steel Piles, 16" Diometer, HSCBCI| Anodes:Placed
Supporting Foundarions — Between Piles-and 2'
Below Bottom of

Foundation, Each Anode
Protecting Two-Piles
Figure 37
CATHODIC PROTECTION OF-FOUNDATION PILES
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‘/node Header Cable
Rectifier
— ‘

@

Thermit Weld
Negative Lead
to Tonk ’

Rectitier
Tank
+ - Grode
\ %\\
< 4 — e
Anode
Header Cuble Anode
F|3br\-

IMPRESSED CURRENT CATHODlC PROTECTION
FOR EXISTING ON-GRADE STORAGE TANK
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Rectifier

Tnermit Wel
Negative Cable
To Tank

Anode - Installed
Horizontolly

Anode Header
Cable

-~ Anode Lead Cable

Rectifier Tank .
+D\\1 _ // Grade
N/ N 1%(
\
Anode ré: Cable

Figure 39
IMPRESSED CURRENT CATHODIC PROTECTION WIT.4 HORIZONTAL
ANODES FOR ON=-GRADE STORAGE TAIVK = NEW INSTALLATION

83



SICONY Q3AN3SNS ONISN ANVL ¥ILVM HSI¥J IavIO-nNO

oy

(3A331S ON) 3dO¥ NOISNIASNS
NOIAN ONISN ‘SA0ONY aIAN3dsNS (9

s=Sopng 1012} 4994044 OF
sspouy juaund passaidw|

/

sspouy 3A0qy s 290D
spouy O} paudjsod ‘adoy
wc AN 4240 paddijs sbury
sajewold /|
1adoy uoisuadsnc Uo|AN
adoy uoisuadsng o4 9|ap)
apouy udjisod

|34
I3]DM\ MO MmoO|38
iSNf C} |EA97] J2IDM\
ufig w4 - sapouy
moag isnf siou)
d11S-UON Ui 390D
or pa1] ‘edoy uojAN

13141429y ©}
’3|qoD 2ANISCd

124n3or < 10 94D|d woqg

Jaquaw :loddr 3

ainbi4

3718vD 3AONY

Q3IANIdSNS NO IAIITS ONISN ‘M3~ 1TvE3--O (o

?|qoD 2+13150d

(1105 ul) woyog >uo] 42310y
0} senouy punoso) |psdudu~g

1 ¥

19151499y ﬂ - V\-

— CSe————

3190

aanofaN

$32040G JCiI3ju]

303044 O}
S3pouUY Juaun)
passasduwj
papuadsng

s cow e e ———

21902

ani11scd

———————————
—————————
—— omees em—mn . ey

55| wauy 3jao0) SpOUY
12930ud Of 2483;§

04



These units are widely used for cooling purposes, often in refineries.
Corrosion conditions are very aggressive. Space is limited between coils,
ond anodes 1-1/2" dia: x:60" long nave been successfully used. They
can be joined together fo produce lengths 7-1/2 feei‘lons,

Figure 41
OPEN WATER BOX COOLER
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mdzandtmlamlywppa'
" anode with 1/2 section of 2*
* pipe x 3% welded to head
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Anodée Header Cable -
Figure 43 .'

IMPRESSED CURRENT CATHODIC PROTECTION SYSTEM :
FOR SHEET PILING FOR WHARF CONSTRUCTION
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2" x 4" Precost
.Concrete Plank

Epoxy

r\ TR <

Figure &
CATHODIC PROTECTION FOR H-PILING IN SEA WATER

89

v e e Rt
- N

P
.l
——, . .
NI TN .
’i»—% Totiah aibn msbte &
.
’ - PPONER. § s Za b b

e




~Earth:Fill

’ Vertical Anode

3

Sheet Steel Piling

» Horizontal Anodes

[4 y ! ;’I: 1
Lo U =" <
Section "A-A"
Figure 46

CELLULAR EARTH FILL PIER SUPPORTS
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 Impressed. Current
- Anodes 1o Profoct

- doam - g w

I [ "V g Positive Cable

‘Negative Cable
) ‘l

'7" o :k\.l 3 :

Figure 47 )
ELEVATED FRESA WATER TANK USING SUSPENDED ANODES
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Positive Anode
Header-Cable

Negative Lead
Welded.to Tonk

Watertight
Cord Connector

Outside-Wall

Rectitier

<l
-’>

. Anodes Mounted

On Tank Floor 1
Storage Tunk !

Anode Lead Wire

e B o —

L Impressed Short Nioal * - 3" Dia, Plastic Tee

. Current ort NPl a[) _3"Dia. Threaded Adapter .
. e a~3" Steel Flange Welded.to Tank Floor

o '[ |.6l|

! Anode Support Detai

e Figure 48

: CATHODIC PROTECTION OF TANKS USING RIGID FLOOR MOUNTED ANODES
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Cylinder 'S Rectifier
T.ig,Hole. -+
|;;4' > Pit Floor
Casing | _ il
Concrete Plug. (Optional)

a) CASING AS ANODE. (TYPICAL)(CYLINDER NOT “SHORTED* TO CASING)

» Rectifier

"

Pit Floor

TN 20 T e ] {)éf’/
>
g’

Cylinder

Casing

b) CYLINDERS WITHOUT CASINGS OR WITH "SHORTED" CASINGS (TYPICAL)

Figure 49
CATHODIC PROTECTION OF HYDRAULIC ELEVATOR CYLINDERS
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o Anod.\}’,o—~=
0 o &
Hoist
m—-o0 Cylinder O—
1'H—® O TatHole#® o—
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a) IMPRESSED CURRENT CATHODIC -PROTECTION (TYPICAL).

Anode Lead

4 4&— Test Hole
A\

SN

| " Hoist Cylinder N\ |

Floor-mountea Tést /l/’
Station with-Shunt for

Current Medsurement T A
Convenien;

——
~

b) GALVANIC ANODE CATHODIC PROTECTION (TYPICAL)FOR ONE HOIST

Figure 50
HYDRAULIC HOIST CYLINDER
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install Horizontal Anode.
Below G of Tanks

Center Anode
Between Tanks

, ¢
*- : ﬁ”‘J

—-@- -9

oo

4.

Figure 351

Bond lnsul'cm;on

TYPICAL CATHODIC PROTECTION OF UNDERGROUND TANK FARM
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CEE:X)

Hydraulic

Air ond
Water Lines ©
Cor Lift

Figure 52°
GASOLINE SERVICE STATION SYSTEM
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An irportant aspect of desiyn for either galvan?c or impres-
sed current cathodic protection is the current required to.
nrotest the stru~ture, It is important to realize that struc-
ture current wequlrements are best determined by actual field
tests whenevér possible. Calculations based on estimated -cur-
rent densities '(so many milliamperes/rt2) and surface areas
are at bast approximate. (Table 22 zives surface area per

length of some standard size pipes and estimated current den-
sities for various environments..)

Actual current requirements depend on many factors including
number of points of current impression (attentuation), 4istri-
bution of coatinyg holidays, and homogenelty of electrolyte.
These factors vary greatly from structure to structure and
are difficult or impossible to predict. Only where current
requirements cannot be determined in the f{ield should calcula-

tions .be used, and' then it nmst be reimembered that the results
are only a rough estimate.

Table 22b may be used as a rough gulde for expected current
Jensitles required for cathodic protection. This 1ist 1s for
bare steel. To arrive at a current density for ccated steel,
the percentage of uncoated metal should be determined or esti-
mated and the proper factor applied to the tabulated current
densities. Numerous exceptions to the table will be found

to exist in practice, and it is emphazized that these figures
should not be :used in the design of a cathodic protection
system without fleld test confirmation.

T¢ should be noted that current requiremente for the protec-
tion of galvanle couples far excced the tabulated values
ziven hereln. In order to protect steel whizh is coupled to
copper, with approximately ejual areas of steel and copper,

10 to 30 times more current 1s required than 1s required to
protect the steel only,

7.1.1 Examine Drawings and Specifications of the:
Structure to be Protected. Scme approximation ol metal sur-
Tace condlitlons should be known, This may be limited to an
Investigation of whether the structure 1is coated or bare, the
type coat’ng used, years in service, etc.

Other structures (tnose not being cathodilcally protected)
should be located, as should any electrically insulated parts
of the structure being placed under protection, An abandoned
metal plpe could pcssibly be used as an anode.
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Table 22 i
a.) PIpe Surface Area |
) ‘ Outside Area, i
sq. {t. per
Pipe Size "~ 1in, ft. of
_Inches Pipe
) 2 ° L ]
3 0.916
L 1.178
b : 1".7”3,*
8 2.258 .
Ig 2;8%
1 : 3.3
14 3.67 :
16 4,19
18, .71
20 5.24
24 6,28
30 7.85
b.) Estimated Current Densities for Bare Steel Structurest
Ma,
Environment er sq. I't.
v Meutral soll or water (pH 7) i E.H to 1.5
| Well-aerated, neutral soll or
, water (pH 7) 2.0 to 3.0
A Seu ater ‘ 3.0 to 10,0
moving fresh water (velocity above
5 ft. per sec.) 9.0 to 25.0
Wet soils 1.0 to 6.0
Heated, in =so0il or molst concrete 3.0 to 25,0
Highly-acid soil 3.0 to 15.0
: Anaerobic soll with active sulfate-
% reducing bacteria, initial
requirement 6.0 to 42,0
Fresh water that 1s relatively
still 1.0 to 6,0
Rresh water that 1s highly .
turbulent and contains much
dissolved oxygen 5.0 to 15.0
Hot water 5.0 to 15.0
Mildly acid or alkaline solution in
process tanks, depending on
turbulence and temperature 1.0 to 25,0
| Brine tanks 8.0 to 10.0

1 Paken from AFM 88-9 Chaptér 4 "Corrosion Control" -
original source unknown,
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Fixtures, brackets, and avallable mountings which could be
used for mounting cathodlc protection appurtenances should
e noted., If the installation is to be connected to a
buried plpelins, simplest location from the construction
viewpoint should be noted and property owner's name and ad-
dress determined.

Location and tvype (phase, voltage, capacity) of A,C. power
supplies should be determined.

A curscory arnalysis of the abcve glves the engineer basis for
selection and/or revision of a tentative location and gerer-
&1l positioning o' anodes,

7.1.2 Obtain "Pield", or At-The-Site Data. Resistiv-
ity of the electrolyte shou measured, eld measure-
ments are sometimes supplemented or replaced by laboratory
tests on samples; pH and sulfide content of electrolyte are
often included.

If practical, current requirement tests should be conducted.
Tempnrary anodes can be placed in the electrolyte and cur-
rent can be forced out of them with a generator, batteries,
or other D.C. power source. Effects on both the structure
to e protected and others in the area (including electric-
ally insulated portions of the protected structure) should
be carefullly noted.

Physical measurements should be taken to verify location and
dimensions of the &tructure to be protected and, at the same
time, position of uvther structures. Existence and avail-
ability of power should be verified.

Base operating and/or maintenance personnel should be con-
sulted, to determine thelr feelings as to the practicality
of the proposed Installation. Theircooperation i1s important,

7.1.3 Cholce of Galvanic or Impressed Current, The
type cathodlc protection best to use 1s declded malnly from
two factors: feasibllity and relative costs. Feasibility
includes analysis of physical and electrical conditions at
the structure location. Superficial economic analysis deter.-
mines approximate costs,

Factors to consider include desired structure life, power
availability, location of other structures, environmental
condltions, possible changes in énvironment or structure,
accessihllity, and possible damage from vandallsm or natural
conditions, It is usually feasible to use either impressed
current or galvanic anodes, ahd an economlc analysis tempered
by the above considerations determines the choice.
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Economics include initial operating, maintenance, and re-

placement costs. Based on current requirements, the ccst
per amperc-year 1s estimated. This fipure, combined with
the analysis of system feasibility, determines whether gal-
vanic or imprecsed current cathodic protection shouid bte
used., - : ‘

T.1.4 Notify gg;rators of Other Structures in. the
Area. The operators of any other structures in arza
should be notified of tentative plans for impressed current
cathodic protection. This notification should also include
the local corrosion coordinating commitiee, if there is one
in the area. The notification procedure is primarily of im-
portance 1in underground and submerged installations. How-
everi pgdcess equipment, tanks, etc., may also become
involved,

7:1.5 Design Cathodic Protection System. All data
and infornation‘gagﬁerea In the preceding steps must be
assembled, analyzed and developed into a cathodic protection
system design. During this design phase, coordination with
base -opérating and maintenance personnel is necessary to in-
sure that the completed system does not interfere with other
equipment and/or normal operations., It 1s also advantageous
to have the interest of all personnel behind the project to
insure proper operation and maintenance,

7.2 Fundamentals of Design., A cathodic protection sys-
tem 18 an electrical elrcult., To design cathodic protec-
tion, the various parts of this circuit must be related and
analyzed, In this seetion, a basic cathodic protection cir-
cult is examined, factors to consider in actual design are
discussed, and informatlion required prior to design is con-
sidered. This information. 1s general, applying to both zal-
vanic and impressed current unless otherwlse noted,

T.2.1 Total Circult Resistance., The total circuilt
resistance (external to the power source in impressed cur-
rent systems) must be considered and kept in mind at all
times, ' Critical components which control this are:

a. Anode to electrolyte interface

* b, Structure to electrolyte interface
¢. Connecting cables
d, All connectlions and splices
* Note: Structure-to-electrolyte interface resistance
is usually a minor portion of the total circult resistance
and cannot be controlled by the engineer, This usually in-
creases with tne passape of time and increased current
density.

Anode-to-electrolyte resistance is usually the contaolling
factor (greatest single influence) which must be gsivén more
consideration than any other 1tem in cathodic protection
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.design. This gquantity is made up of the total resistances
of all anodes used., Since each anode-to-eiectrolyte resis-
tance 1s parallel to the others, the more anodes .used the
lower the "effective” anode-to-electrolyte resistance, and
the lower the total circuit resistance becomes.

Anode~to-electrelyte resistance can be computed from data on
anode size, shape, and configuration plus solil resistivity.
This method 1s sometimes in error because of the infinite
number ol anode configurations possible which require extra-
polation from limited empirical data, and also because of
its dependence on reliable electrolytce resistivity measure-
ments, (Resistivity - especially in soil - varies with
moisture, temperature and location of test,)

Errors in anode to electrolyte resistance calculated from
empirical data will result in errore in anode :urrent output.
This can be very serious with a galvanic anode system, be-
cause additivnal current can b2 supplied only by adding more
galvanic anodes, This 1s costly and time-consuming. For
impressed current cathodic pri‘tection, the errcr usually re-
quires a change in rectifler ocutput; if the installed recti-
fier 1s not of sufficient capacity, replacement may be re-
quired. Efficlency may be decreased. For these reasons,
many engineers first measure structure to anode resistance
by actually impressing current into installed impressed cur-
rent anodes or using a test anode installation for galvanic
systems, In this way, a rectifier can be sized to actually
"f1t" the circult resistance or a reasonable number of pal-
vanic anodes selected without reliance upon questionable

test and empirical data. This has the disadvantage of delay-
ing completion of an installation, However, it means that

sufflcient cathodic protection current will be supplled in
an efflicient manner.

T.2.2 Design Factors Requiring Analysis. The follow-
ing items should always be analyzed when cathodic protection
1s being dasigned..

a. Anode-to-electrolyte resistance, as previously
mentioned, often controls the entire circuit resistance and
therefore must be analyzed in dctall, The following factors
must be studied:

(1) Ele~trolyte resistivity (soil, water, or chemi-

cal)
(2) Resistance between a sinsle anodc and surround-
ing electrolyte (anode-to-electrolyte interface resistance)
(2) Effects of anode configuration and spacing be-
tween them
(8) Anode(s) location, with vespect to structure
belng cathodically protected as well as other structures
(5) Anode positlon (vertical or horizontal). If
either position is practical, both should be explored.
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b, Weight ol anode required to give the desired life,
This can be estimated from approximate anode deterioration
rates and efficiencies (Table 23). These values vary ide-
pending on electrolyte and other conditions,

Table 23
Approximate Anode Deterioration Rates
ﬁiEeFIoraEIon~R§3i~ Efficienc
Anode Materiai glbs.éamp.- ear (bercenti
Steel ’ = v

HSCBCI l 50:
Craphite 2 50
Magnesium 8.8 50
Zine 23.5 - 90

¢. Special backfill around anodes (other than soil)
13 ci'ten advantageous. This should be carefully considzred
because it does add extra cost to an installation which may
or may not be Justiriedr

d., Resistance of positive and negative cables 1s a
portion of total circuilt resistance which adds to power
costs. On the othér hand, money spent on cable which is
larger than necessary 1s not wisely used.

e, Vulnerability to physical damage must always be
considered. Anodes, cables, connections, etc, must all be
*°nefu11y placed to minimize this possibility. Cathodi:
~vo*- :tion must operate continuously to be effective, Dam-
age 0 components not only interrupts protection, but also
means costly repairs,

7.2.3 Measurements and Other "Job-Site'" Data.

a. Electrolyte resistlvlity should be measured,
This is usually done by use of field instruments or soil
box. It is an important item in the computation of '

agode-to-electrolyte resistance, and may affect anode
life.

b. Chemical analysis and/or other information on the
electrolyte into which anodes are to be placed should be cb-
tained. This information 1s used as a gulde in the se¢lec-
tion of the proper alloy anode, and speclal precautions to
be taken with the installation, Anode life can be extended
by using the anode suited for its environment.

¢, Physical characteristics of the site where the
system 1s to be installed must be studied and‘understood.
This will insure a long life with trouble-free operation
because with this information the design can be tallored to
the specific situation.

7.3 Preliminary Fleld Data. As mentiloned previously,
the cathodlc protectlow system desisner must first obtailn
information from the actual job site, This information con-
clsts of electrolyte resistivity, chemlecal content,
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measurement; location of the other structures, verification
of dimensions, operational data on existing ancdes, general
data relating to cocatings, unusual features, etc.

7.3.1 Electrolyte Resistivity. Electrolyte resistiv-
ity may be meas n the r'leld or by;laboratory analysis
of a sample. The data are used to compute anode-to-electro-
lyte resistance, number of: anodes required, and estimated
anode life, If the electrolyte 1s soll, electrolyte resis-
tivity measurement will also help establish the most favor-
able location to install anodes. In the field, electrolyte
resistivity can be measured by the 4 pin vibroground method.

Sample of wateyr, chemicals, or soil can be tested in a
“soil box."

~ T.3.2 Chemical Analysis. A partial chemical anaiysis
of the electrolyte Is olten helpful to indicate corrosivity.
pH, presence of sulfates, and any other applicable factors
may be determined by field or laboratory methods.

.T«3.3 General Information on Structure to be
Protected, General information on the structure must be ob-
Talned before beginning design of the cathodic protection.,
This can be gathered by visliting the site, examining the
structure itself plus avallable plans and specifications,
and medsuring key dimensions so that actual "as-built" data
are available, Base personnel and/or others should be con-
sulted, Data on the following 1s the minimum requirement:

a, Material and type of construction {metal alloy,
type pipe joints, etec.)

b. ‘Coatings used. (Type, method of application, in-
spection procedure, etc.)

c. Density of s¢il and/or other characteristics of
electrolyte. (Moisture content, seasonal varlations, tidal
conditions, current or turbulence, etc,)

d. Any unusual characteristics and miscellaneous.
(Areas of concentrated corrosion attack, configuration of
structure, tentative anode configuration, location of A.C,
power lines, abandoned structures which might serve as
anodes, etc,)

7.3.4 Foreirn Structures., The location of any other
structures in the viecinlty oi the protected structure should
be determined. All avallable drawings must be carefully
examined, Discussions with base personnel and also person-
nel known to be operating plants in the area often reveal
the presence of burled structures not otherwise notilced.
This step is especially important when cathodic protection
current 1s being impressed into the soil to protect buried
pipelines, cables, or tanks.

I other such structures are dilscovered in the area, the
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engineer should first find out, by consultation with the
owner's representative, whether or not cathodic protection
is being -used. If it 1s, he should then conduct tests with
the other parties in order to determine any effect to his
own structure.. If cathodic protection is not now being
used in the area by other organizations, consultation with
representatives of these groups will determine their inter-
est and willingness to cooperate, Occasionally' it is pos-
sible to design "cooperative" or "jointly-owned" cathodic
protection systems., This possibility should be investigated
and may become practical if other companies are interested
in cathodic protection. Considerable savings may result by
sharing installation and operating costs.

7.4 Anode-to-Electrolyte Resistance. As mentioned
earlier, anode-to-electrolyte resistance 1s an important

part of total cathodic protection system circult resistance,
In general, the more anodes used, the lower this resistance.
Al=o, with a fixed number of anodes, lower electrolyte resis-
tance will mean lower anode-to-electrolyte resistance, The
anode-to-electrolyte resistance of a vertical cylindrical
anode is somewhat lower than that of a horizontal cylindri-
cal anode suspended in the same electrolyte.

High anode-tc-electrolyte resistance means high power costs
for the impressed current cathodic protection system, By
adding anodes, anode-to-electrolyte resistance is reduced
out initial investment in material and labor is increased,
The designer must balarnce the economics of operating ex-
pense vs. initial capital investment to the advantage of
his accounting system,

High anode-to-electrolyte resistance means low current out-
put for galvanic anodes, because voltage is constarit - a
function of anode, strubture, and electrolyte composition.
Additional anodes are required to obtain greater galvanic
current output; this also increases initial investment.

If the anode size, anode position (vertical or horizontal),
and electrolyte resistivity are known, anode-to-electrolyte
resistance of a single impressed current or galvanic anode
can be computed by application of various empirical formu-
lae, Total anode-to-electrolyte resistance of an anode
group can be computed by considering all in parallel and
then applying the applicable "spacing factor", (Parallel
anodes influence each other to increase their effective
resistance. This influence is greater with closely-spaced
anodes and decreases as distance between anodes increases.,)

The resistance of anodes buried in soil can be lowered by
surrounding them with carbonaceous backfill, This 1s bene-
ficlal in high-resistance soils, If soll resistivity is
ten or more times backfill resistiviiy, the voltage drop of
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anorde 2urrent passing through backfill may become negligible
with ozzpict to weltase drop through soll, Thus, a back-
f1lled atode's resistance may be considered lower than that
of a bare anode because it 1s effectively longer and of
greater diameter,

Increasing diameter and/or length of a cylindrical anode
decreases anode-to-electrolyte reslstance, Howevar, changes
in length have a greater effect than changes in dfameter,

7.4.1 Basic Equations for Resistance Calculations,
The following expressions can be used to estimate anode-to-
electrolyte resistance for horizontal and vertical anodes,
These equations apply to both galvanic and impressed current
anodes, and can be used f'or either standard or other cylin-
drical anodes, Simplified expressions for resistance of
standard size impressed current anodes anhd current output of
standard size galvanic anodes are given in paragraph 7.4.2,

a. Resistance of Single Vertical or Horizontal Anode,

The followlng Tormulae are relations developed Dy H.B,Dwight
for a single cylindrical anodes

Ry = ;QQ%E!L (2.3 Log g& - 1)

Rbs-_QQ%!_(z_,,m 412 +4L!s +L2 742+

where

Ry = Electrolyte to anode resistance, 'single vertical
anode’ to remote reference (ohmss

Rh = Electrolyte to anode resistance, single horizontal
anode to remoté reference (ohms

¥ = Electrolyte resistivity (ohm-centimeters)

L = Anode length (féet)

d =

Diameter of anode feet;
S Twice anode depth (feet

For a single vertical anode, the following simplified ex-
pressien can be used:

Rv =% _%__ K

where

Ry = Electrol, te to anode resistance, single vertical
anode to remote reference (ohms),

¥ = Electrolyte resistivity (ohm-centimeters)

L = Anode length (feet)

K = "Shape Function", a functilon of anode length/anode
radius which can be cbtained from Table 24

L/d = Ratio of length to diameter of anodé (any units)
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Table 24
The Shape Function (K)
(HSCBCI or Graphite Anodes)

K L/d K
Ko % B3
.0150 25 022k
.0158 30 .0234
L0165 35 0242
L0171 Lo .0249
L0177 Is .0255
.0186 50 L0261
L0194 55 . 0266
.0201 60 .0270
.0207

b. Resistance of Vertical Anode Group (One Row).
The total anode-to-electrolyte resistance for a group of
vertlical anodes, connected in parallel and equally spaced
in one row 1s expressed as follows:

] 1] ]

([ |

Ry = 1 5 P

Total anode to electiolyte resistance for a group of
vertical anodes equaliy spaced and in one row (ohms).
(A remote cathode 1s assumed.)

ijumber of anodes

Anode-to-electrolyte resistance of single vertical
anode to remote reference, (ohms).

Electrolyte reslstivity, measured with pin spacing
2qual to S, (ohm-centimeters).

"Parallelijlg Factor" can be obtained from Table 25,

Spacing between adjacent anodes (feet),
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Table 25
Paralleling Factor, P

n P n P
- L 00261 b - S oo1s2
3 .00289 14 .00168
4 .00283 16 .00155
5 . 00268 18 .00145
6 . 00252 20 .00135
7 . 00237 22 .00128
8 .00224 24 .00121
9 .00212 26 .00114
10 . 00201 28 .0010
30 .001

¢. Resistance of Verticz. Anode Group (Two or More
Rows). An anode group composed of two or more rows of
vertical anodss, separated by a distance substantially
larger than that between the anodes within a single row, has
a total resistance approximately equal to the total parallel

. resistance of all the rows. The usual formula for parallel-

ing resistances (§>=‘*i+ ﬁé+ *3 4+ ...) 1s used.

7.4.2 Simplified Expressions for Resistance of
Impressed Current Anodexs, i

a. Anodes in Solls, If vertical anode dimensions are
assumed to be 8 to 12 inches in diameter and 10 feet in
length, while horizontal anode dimensions are assumed to be
one foot square in cross-section, 10 feet in length and 6
feet below the surface of the electrolyte; the following
empirical formulae may be used, (These assumptions are use-
ful when designing anode systems with 60-inch cylindrical
impressed current anodes in solls wiiere effective backfill
has been installed around the anodes.)

Electrolyte to anode resilstance, any number of
vertical anodes to remote reference, .{(ohms).
Electrolyte to anode resistance, any number of
horizontal anodes to remote reference, (ohms).
Electrolyte resistivity, (ohm-centimeters).
Adjusting Factor for groups of anodes (from
Table 26).

Note: F = 1.0 where only one anode 1s used,

A
nn 0 0
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Table 26
Adjusting Factors Tor Parallel Anodes

No. of
Anodes in
Parallel 51 10! 15! 20! 25!
2 0.652 0.576 0.551 0.538 0.530
3 0.586 0.460 0.418 0.39 0.384
L 0.520 0.385 0.340 0.31 0.304
5 0.466 0.333 0.289 0.267 0.253
6 0.423 0.295 0.25¢ 0.231 0.213
7 0.387 0.265 0.224 0.204 0,192
8 0.361 0.243 0.204 0.184 0,172
9 0.332 0,222 0.185 0.166 0.155
10 0.311 0.205 0.170 0.153 0.142
11 0.292 0.192 0.158 0.141 0.131
12 0.276 0.180 0.143 0.132 0.122
13 0.262 0.169 0.139 0.123 0.114
14 0,249 0.160 0.131 0.116 0.197
15 0,238 0.152 0.124 0.109 0.101
16 0.225 0.144 0.117 0.103 0.095
17 C.218 0.138 0.112 0.099 'o.gg%
18 0,209 0.132 0.107 0.094 0.
19 0.202 0.127 0.102 0.090 0.082
20 0.19% 0.122 0.098 0,086 0.079
20 0.182 0.114 0.091 0.079 0.073
24 0.%71 0,106 0.085 0.074 0.067
26 0.1641 0.100 0.079 0.069 0.063
28 0.152 0.094 0.075 0.065 0.059
39 0.145 0.089 0.070 0,061 0.056

Approximate anode~to-electrolyte resistance values for single
anodes are quickly and easily obtained from the following:

Ry = 0.0018Y for a vertically installed 60" anode in a
10-foot column of backfill, one foot in diameter,

Ry = 0.0022Y for a vertically installed 60" anode in a 7
foot column of backfill, one foot in dlameter.

Ry = 0.0047¥ for a vertically installed 2" x 60" anode,
without backfill.

Ry = 0.0050¥ for a vertically installed 1-1/2" x 60" anode,
without backfill,

R = Anode-~to-electrolyte resistance for a single anode, in
ohms.

where

Y = Resistivity of electrolyte (ohm-centimeteré).
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b. Anodes in a Water Tank., The following is a
formula jeveloped by E. R. Shepard for a single cylindrical
anode:

& 0.012) log D/d
e

where

R = resistance, (ohms),

P = water resistivity (ohm-cm).

L = anode length (ft.)

d = anode diameter (same units as D).
D = tank diameter (same units as d).

If four or more anodes are used in a circle in a water tank,
this equation is modified to read:

R = 0.012¥log D/a
L

where

a = equivalent diameter factor from curve in Figure 53
times diameter of anode circle.

When short stub anodes are used in a water tank, consider-
able current fringing effects are prevalent at both ends.
The actual resistance of a short ancde is the fringe factor
from curve in Figure 54 times R as calculated from the
above equations,

A short ancde is considered as one which has an L/d ratio
less than 100, When a short anode is used singly, the L/d
ratio is figured fer the individual anode. However, when
short .anodes are used in a string, the L/d ratio is figured
for the entire string, For example, five 1-1/2-in. dia, by
12-in, long anodes in a string would have an L/d ratio of
60/1.5 or 40, The L/d ration for one of these anodes when
used alone would be 12/1.5 = 8,

(1) Anode Spacing for Water Tanks. When impressed
current anodes are used 1n a circle in a water tank, the
following formula may be used to determine optimum radius
of this circle:

r = DN/2(#+ N)

r = radius of anode mounting from center of tank (ft.).
D = tank diameter (ft.).

N = number of anodes.
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Equivalent Diometer Factor
o
~

‘g = é . g l - 14
‘Quentity of Anodes in Circle
Figwe 53
EQUIVALENT DIAMETER FACTOR FOR ANODES IN A CIRCLE IN WATER TANK

7.4.3 Simplified Expressions for Galvanic Anode
Current Output. Current output Ior a standard size magnes-

ium or zlnc anode can be estimated from the equation:

1 = CIy
P
where

1 = current output (milliamperes)
C = a constant (50,000 for zinc; 150,000 for magnesium)

f = anode size factor, obtained from Table 27
¥y = structure potentlal factor, obtained from Table 28
P = electrolyte resistivity (ohm-centimeters)

This equation assumes a bare or very poorly coated struc-
ture, electrolyte resistivity above 500 ohm-centimeters,

and distance between structure and anode of 10 feet. For
well-coated structures, structure-to-electrolyte resistance
1s greater, making anode output current less, For a well-
coated structure, then, constant "C" becomes 140,000 for zinc
and 120,000 for magnesium,
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Table 1%%“Rererence 21)
galvanic e 3ize Factor, f
———¥tandard Inodes —

Anode Weight ) : i Size Pactor,

-
g

NEN HEHEHE BHEHRHOO
=h> gRoENe B3RENR

32 (packaged
‘50 (packaged-anode dimension 8 in dia.x 16 in)
50 (packaged-anode dimension 5 1in x 5 in x 31 in)

Long Anodes
9 (2.75 1in x 2.75 in x-ZS'IE'BEEETIII 6 in x 31 in)

10 (1.5 1in x 1.5 in x 72 in backfill 4 in x 78 in)
18 (2 in x 2 in x 72 in backfill 5 in x 78 in

20 (2.5 in x 2.5 in x 60 in backfill 5 in x in)
40 (3.75 in x 3.75 in x 60 in backfill 6.5 in x66in)
42 in x 3 in x 72 1h backf1ll 6 in x 78 in)

Extra Long Anodes
15 in dia. x 10 ¥ BaCETIIEeH To 6 in dia.

(3

1.6 ‘ ‘
20 (1.3 in x 20 ft backfilled to 6 india.)
25 (2 in dia, x 10 ft backfilled to6 8 in dia.)

e o

L]

Table 28 (Reference 28)
Structure Potencvlal Factor, y

‘Structure-to-Electrolyte Structure Structure
Potential (Volts, Relative Factor, vy Factor, ¥y
to Copper~Copper Sulfate) (Mag?esium[ }Zinci
"0.70 . )

-0,80 1.07 1.20
-0.90 0.93 0.80
"1.00 0079 0.“0
-1.10 0.64 0.00
-1.20 0.50 0.00

For a groundbed of more than one vertical magnesium anode,
total current output is a multiple, not linear, of single
anode output. The multiplying factor 1s a function of anode
number and spacing as well as size., Table 29 (reference
22) gives values of this factor for vertical 17-pound pack-
aged magnesium anodes, This table can be used to approxi-
mate current output values for other slze magnesium anodes
as well as zinc :anodes,
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FRINGE FACTOR FOR STUB ANODES

Table 29 (Reference 21)

Multiplying Factor l'or Magnesium Anode Groups
ﬂuIEEpIyIng Factor (Knoge Spacing In FeeE;

No., of Anodes

in Parallel 5 10 15
? [ ] * L] )
3 2,455 2,705 2.795
4 3.036 3.455 3.625
5 3.589 4,188 4,429
6 L,125 4,902 5.223
7 4,652 5.598 ~ 6.000
8 5.152 6.277 6.768
9 5.6T0 6,96l 7.536

10 6.161 7.643 8.304

7.4.4 Determining Anode-to-Electrolyte Resistance by

20

.Y
2,8u8

3.714
4,563
5.411
6.232
7.036
7.875
80679

Testing. Tables and formulae provide onlv a rough estimzte
of' anode~to=-electrolyte resistance or galvanic ancds2 current
output., These values are determined by many tactors and can
only be truly determined after installatlon of anodes,
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Two practical methods of determining total anode-to-electro-
lyte resistance by direct measurement can also be used for
impressed current syrcems,

The first of these consists of the following steps:
a. Install anodes complete with all connecting cables,
b, Test the resistance between structure to be cathod- '
ically protected and installed anodes., Step "b" will yield
the circult resistance so that proper size rectifier can be
ordered.

The second method consists of the following steps:
. a, Instalil rectifier, complete with polter supply, be-
fore installing any anodes,
b. As each anode is installed, calculate circuit re-
. sistance by reading rectifier D.C. amperage and voltage.

¥hen readings indicate the desired resistance, anode installa-
tion 1s dizscontinued.

These methods are useful when it is impractical to obtain
electrolyte resistivity readings., Also, they climinate the
effect of errors in computations caused by variable electro-
lyte resistivity and allow the engineers to size the cath-
odic protection unit very closely.

For galvanic cathodic protection, a temporary or test ground-
bed of the type anode to be used may be installed. Resist-
ance, current output, and actual protection can then be
tested.

7.5 Backfill Around Anodes in Soil. Backfill, care-
fully tamped around anodes installed In soll, generally in-
creases their effectlveness, It reduces anode-to-electro-
lyte resistance; under favorable conditions, this resistance
may ve reduced to one-hall to one-third bare anode resist-
ar.ce, In addition, backfill provides a uniform, favorable
environment, reducing polarization effects and uneven dissol-
ution, This minimizes hirch-resistance build-up on anode sur-
faces and often helps lncrease operational life. For these
reasons, use of backfill should be considered in cathodic
protection design.

Backfill adds to the cost of cathodic protection., However,
power savings may warrant 1ts use., If soil resistivity is

ten or more times backfill resistivity (in the neighborhood
of 500. to 1000 ohm-centimeters), the voltage drop of anode

: current through backf1ll becomes negligible with respect to
the anode and the backflll becomes the effective anode.

U - -
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In many cases it 1s impossible to use backfill at all, or
impossible to get it properly tamped and/or diutributed
around. anodes, Examples of this are swamps, quick sand, and
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some "Deep Well" iustallations. However, "packaged" anodes
may be the answer to some problems., In addition, backfill

always requires additional inspection care during installa-

tion because it should be tested before being used, care-
fully tamped, and distributed uniformly around anodes,
Packaged anodes should be carefully inspected because anode-
to-cable connection is hidden from view,

A

7.5.1 Impressed Current Anode (HSCBCI or Graghitef
Backfill. Carbonaceous c paragrap «3.4), sult-
able for use around impressed current anodes, can be coke
breeze (crushed coke) or flake graphite. The coke must orig-
inate from coal, or be recalcined petroleum coke. Flake
graphite 1s usually more expensive than coke breeze, but may
be best to use for "Deep Wells" because the particles tend
o £lip over each other,

HSCBCI anodes do not require backfill for operation, vut
lower circult resistance may result from its use,

Backfi1ll should always be used with zraphite anodes in soil,
to provide a low resistance environment. Otherwise, the
large difference in resistance at the anode surface (anode
to soil) will cause rapid dissolution of the anode and
greatly shorten its life. Graphlite anodes can be used with-
out backfill in extremely low resistance homogeneous environ-
ments (such as sea water). In high resistance electrolytes
1f 121" where backiill cannot be used (such as swamps, etec.),
grayt.ite anodes are not recommended.

T.5.2 Galvanic Anode Backfill. Backfill-for galvanic

anodes consists ol a comblnation ol material (paragraphs

5.1.1.d and 5.1.2.d). It is essentially gypsum (mould-
ing plaster), bentonite clay, and sodium sulfate, Sodium
sulfate lowers anode-to-electrolyte resistance, Bentonite
acts as a sponge, -holding moisture around the anode. Gypsum
1s a binder which holds the backiill together preventing
leaching of the conmpznédnts, If backflll is needed and, for
some reason, none is available, bags of "moulding plaster"
(actually gypsum) can be substituted; this is avallable at
most local bullding supply houses. Halrless moulding
plaster 1s preferred.

Backfill should always be used with Zzinc anodes in soil.
Zinc requires an environment free from damaging compounds
such as carbonates, which react with the metal causing it to
"seal over"., This naturally stops the anode's effectiveness,
because 1ittle or no current will flow. (High-resistance
surface film is formed.)

Magnesium anodes experience little or no corrosion product
build-up and thus do not absolutely require backfill. How-
ever, backflll is usually employed to increase current output,
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7.9.3 Packa .d c Anodes. Both galvanic
and improssed curren ron or gra ) anodes are
availabls prepackaged 1n the appropriate backfill, for ease
of installation. Galvanic anodes are generally packaged in
cloth bags, whereas impressed current anodes are packaged in
metal cylinders ("stove pipes").

ihdie o

!
Prepackaged anodes are relatively simple to install; the !
backf1ill is already tamped in place, and the entire installa- i
. tion is ready for direct burlal. This is of particular use ‘
[ in areas were backfilling is impractical such as swamps or ;
) caving sand. Unpackaged anodes are less expensive, but re-

quire more installation time for use in backf1ll, Backfill

must be thoroughly compacted in layers by hand or power tamp-:

ing. Particular care must be taken in placing and tamping

! ‘ backfill around anodes to assure complete and intimate con-

1 tact, free of voids, betwzen anodes and backfill. However,

i a more intimate contact with soil results.

Disadvantages of packaged anodes are:

a, High additional cost of material.

b. Added cumbersome weight to transport and handle.

c. Possibility of voids developing during transporta-
tion.

d. Anode inspection and lead wire connection is ;
difficult, Breaks or defects could be present, prior to '
installation,; which could affect anode operation.

The cholce of packaged or unpackaged anodes depends on

economics and site conditions., In general, packaged impres-
sed current anodes are not justified for military use except }
in unstable- excavations.

7.6 Rectifier Alternating Current Rating. Based on the
definition ol rectif'fer efficlency, the A.C, rating for a
" single-phase rectifier can be calculated:

Iac = Ede X Ige (1-phase)
T x Eaé
where
I,. = alternating current (amp).
Eqc = direct current (volts).
Ijc = direct current (amps).
F = rectifler efflciency.
Ese = alternating current (volts).

i
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For a three-phase rectifier the equation becomes:

Tac = Edc x Idc (3-phase)
‘is X l X 3Bac

where the letter nomenclature 1s the same as shown for
single-phase..

7.7 Cable Specifications and Data. Connecting cables
can be selected alter consideration ol the following factors:
1, Current carrying capacity  (heating)
2, Voltage attenuation (IR drop which can reduce
anode voltage below required level),
» Mechanical strength
. Economics (power losses vs, initial investment)
5. Dielectric strength of insulation in electrolyte
environment.

Table 30 lists properties of single conductor stranded
cooper cables (high molecular welght polyethylene or RR-USE
in direct burial service). Both high molecular weight single
extrusion polyethylene and RR-USE insulations glve satis-
factory service in cathodiz protection.

The positive rectifier cable (rectifier to anodes) of im-
pressed current systems must be well-insulated. This cable
1s positive relative to earth; cable insulation breaks re-
sult in current discharge and rapid corrosion, Failure of
part or all of the system may occur. For this reason, cable
insulation, in this part of an impressed current system,
must be chosen with care.

The negative rectifier cable (rectifier to structure) of
impressed current systems and the connecting cables (anode
to structure) of galvanic anode systems do not require such
high-quality insulation., These, as well as test wires and
other cables connected to the protected structure, are them-
selves protected., In order to avold wasting cathodic pro-
tection current, and to prevent corrosion if the cathodic
protection 1s turned off, however, well-insulated cables
should be used, In addition to possible loss of current,
galvanic cells (requiring more current to neutralize than
other corrosion) between copper cable and steel are also
possible if bare or poorly-insulated cable were employed.

116

s Cmas e Sk Y

—el L




s}

4

Table 0
Concentric Stranded Copper Single Conductors
Direct Burial Service Suitably Insulated

Overall Maximum

Diameter Approx. Maximum Allow;
Not Weight Maximum D.C. D.C.
Including MNot.Inc, Breaking Resistance Current
S%ze Insulation Ingulatio: Strength @ 20°C . Capucity
AWG ‘Inches[~ (1 s.é! f 2 ilbe.) !ohhsé! b § [ gggggresz
Iu . . y . J
12 0.0915 20.16 207 1.6200 20
10 0.1160 32.06 329 1.0200 30‘
8 0.1460 50.97 525 0.6400 5
6 0.1840 81.05 832 0,4030 65.
4 0,2220 128,90 1320. 0.2540 85
3 0.2600 162.50 1670 0.2010 100
2 0.2920 204,90 2110 0.159¢C 115
1 0.3320 258.40 2660 0.1260. 130
1/0 0.3730 325.80 3350 0,.1000 150
2/0 0.4190 410,90 4230 0.0795 175
3/0 0.4700 518.10 5320 0,0631 200
L/0 0.5280 653.30 6453 0.0500 230
250 MCM. 0,5750 771.90 7930 0.0423 255

7.7.1 Insulation. Some manufacturers have labeled
this "cathodic protection" cable, The original product was

polyethylene (PE) insulated and polyvinylchloride (PVC)

Jacketed. The latter was not intimate or a close fit to the
former, Therefore, molsture entered cable to anode connect-
ions, causing rapld fallure. This is not a problem with
single extrusion cable insulation.

The most widely used cable insulation for cathodic protec-
tion service today i1s probably high molecular weight poly-
ethylene (HMWPE) 110 mils thick. This 1is used for lead
wires, rectifier cables, and bond wires, It is recommended
over high density polyethylene (HDPE) which is only 60 mils
thick - further, this material reportedly is 'subject to
stress cracking. Although relatively expensive, HMWPE exhib-
1ts superior performance and 1s recommended for all positive
header cables in inaccessible locations (buried or submerged,
for example), or where moisture can reach the cable, or
where damage 1s likely. Less expensive insulation will gen-
erally suffice in other applications.

Synthetic rubber insulations (Type RHW-USE) consisting of a
butyl sheath and neoprene Jjacket with a nominal total thick-
ness of 190 mils continue to be used. The reported disadvan-
tages of dual plastic insulations are not applicable because
the two rubbér compounds have good elastic "fit". These
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meterials give cxcellent :service unless they are exposed to
liguid hydrocarbons (gasoline, ete.).

In deep groundbeds, where conventional cable insulation may
be subject to degradation from chlorine, economics sometimes
Justify use of more costly materials., The highly inert
fluorocarbons plastics, such as fluorinated ethylene propy-
lene (FEP), tetrafluorethylene (TFE), and polyvinylidene
fluoride (PVF2), are used both as a primary insulation and
outer jacket, respectively, by different cable manufacturers,
The outer Jacket of these more exotic materials is about 10
mils per side. The primary lasulation, usually a cross-
linkeu extruded polyalkene, is about 30 mils per side, A
thin outer jacket 1s subject to mechanical damage during
Installation., Even these sometimes fall,

-one newly developéd insulation used for deep gioundbed in-

atallations consists of an outer jacket of high-molecular

‘Weight pol ¢thylene (40 mils) and a primary iasulation of a

copolymer k<CTFE (ethylene and monochlorotrifluoroethylene,
20 mils). This combination shows promise, but has not been
fully proven in the fleld,

Type ™ insulation, which may consist of a variety of mater-
1als, is adequate for certain applications - test wires,
galvanic anode connections, above-grade rectifier wiring,
etc. - where cables are not exposed to the electrolyte or
nlg’y positive voltages,

T.7.2 General<%gglication. Recommended wire sizes
and insulation types for general use in military cathodic
protection installations are given here.

a. Test Wires, Test wires are to he
No, 12 solid copper cable with Type TW, RHW-USE, or poly-
ethylene insulation. These wires handls only small amounts
of current and are themselves cathodically protected. There-
fore, the wire size 1s small, and choice of insulation mater-
ial is not as strict. .

b, Bond Wires. All bond wires are to
be No. 4, 7-strand copper cable with high molecular weight
polyethylcne (HMWPE) insulation., Bonding is an important

part of cathodic protection, insuring electrical continulty

where required.

¢. Galvanic Anode Lead Wires. Galvanlc anodes gener-
ally are supplied: with standard lsad wires: 10 feet of No,
12 solid copper: cable with TW insulation. Since galvanic
anodes. produce little current and A.C, fault currents are
unlikely, this silze wire Is generally satisfactory. Type TW
insulation can be used because galvanic voltages are low,

d. Impressed Current System Cablss; Impressed cur-
rent anodes. are generally supplied with standard lesad wires:
5 feet of No. 8, T7-strand copper cabls with HMWPE insulatlon.
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Thege leads are spliced into a header cable golng ‘to the
positive rectifier terminal, For military installations,
thls cablzs is {0 be 7-3trand copper cable with HMWPE insula-
tion; size is No. 2 or larger, depending on current require-
ments, This cable 1s especially important, beling a major
component of the circult. In addition, 1t 13 subject to cor-

rosion and rapid failure at each cable insulation or splice
insulation defects,

Rectifier negatlive (rectifier to structure) cable is also
important to circuit integrity; but this cable i3 actually
being cathodically protected and therefore not as likely to
cause problems as the positive one, It is good practice to
use well-insulated cable here also, however, to avoid current
losses and possible galvanic cells between copper cable and
steel structure. (Thic could be a problem if the system is
ever turmed off.,) HMWPE insulated, 7-strand cable - usaally
No. 4 or No, 6, 1s uséd. Economical wire size can be deter-
mined according to Kelvin's Law (paragraph 7.7.3).

7.7.3 Economic Wire Size, Conformance to Kelvin's
Economic Law Ts one of the governing factors in design of
cable conductors for cathodic protection systems. This law
states: '"The proper size of cable 1s that for which the
cost of the losses equals the annual fixed charges." or
"The proper cable size 1s one which makes thé sum of the
annual cost of losses and the annual fixed charges a minimia,"

The following relationship permits computation of the annual
cost of losses:

v=MKm
where
M = 0,0876 I2R, and Ky = LE

-

Anmnual cost of losses, sdollars per year)
Current flcw in cables (amperes)
Resistance of 100 feet of cable (ohms)
Cost of power (cents per kwh)

Efficiency of rectifier, or other current source (%)
Length of cable (feét)

HEdH<g

Table 31 1ists the ‘M factors for various wire sizes and

conductor currents, The annual cost of fixed charges of a
cable can be computed from:

F=0.15 SL

F = Annual fixed charge (dollars per year)
S = Initial cable cost (dollars per foot)
L = Cable length (feet)
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0.15 = Estimated annual charges (dollars)

liote: This factor will vary. However, the following
} estimate 1s uszd here:

0.02 ,... Depreclation f
4 0.06 .... Interest :
0.0} ,... Taxes and Insurance :

0.03 .... Operation and Maintenance

Total annual costs. will equal the sum of the annual cost of
losses and the annual cost of fixed charges (I =V + F).

-

T

7.8 Connections and Spliceés, The designer must not

; allow any more connectlons and spllices in cathodic protection
{ D.C. wiring than absolutely necessary. Thls 1s because all

] . systems are baslcally low voltage and increased resistance

4 will increase power costs and reduce protection effectiveness,
Also, wiring 1is often buried or sudbmerged in an electrolyte
whare even the smaillest pinhole in insulation will mean rapid
fallure, and repairs are difficult because of inaccessibility.

Every connection shouli be carefully Inspected before and
after beilng insulated with material of quality at least equal
to that of the cable insulation. Thermlt welds or solder
should be used as connections. Mechanical connections some-
times result in higher resistance, fall prematurely, and are
often not as foolproof to install., Care nust be taken not
to damage cable insulation anq/or structure coatings more
than aecessary. As previously mentloned, any break in
splice or cable insulation in positive D.C. wiring, when
these are suspendad in the electrolyte, will mean rapid and
premature fallure of these positive feeders.

v TPV

T R

cable to anode (eaéh anode)
cable to stru-ture (each anode)

In addition, bonds or test wires require connections ir
these are to be iastalled.

E’ Necessary connections for galvanic anode systems include: ;

eI m

Nezessary connections for impressed current systems include:

. cable to anode (ea,n anode )
nzpative cable to structure

In =2ddition, 1t is necessary to uplice each individual im-

pressed current ancde into a “header" cable unless long indl-

viqual 133ds are used between each anode and the rectifier
] powes supply. As with salvanic systems, bonds or test wires
3 mey aXs:> be requlrei, necessitating additional cable to
: i struzture connestions, If more than one header cable is re-
: quired d2czuse ol structure geometry, additional splices may
; | be required to join these, '
3 (Mote: all splices should oe indicated on design layouts znd <

not left tou the discvetion of installation contractors. No
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splices other than shose indicated on drawings should be
allowed without permission from the engineer,)

Cable to anode connections were discussed with individual
anode types., These connections ara crucial and their
strength shoull be at least as great as the cable breaking
strength,

Cable to cable connections ssuch as splices between anode
lead wires and header cable) require insulation to remzin
moisture-proof, Recommended insulation ls epoxy connection
coverings which come in kit form.

Cable to structure connections (paragraph 4.,3) do not re-
quire epoxy splice kits, although these are avallable., It

is more practical and equally effective to coat the connect-
ion with hot coal-tar enamel (or material equivalent to struec-
ture coating) and wrap with pipeline felt.

8 EXAMPIES OF CATHODIC PROTECTION DESIGN. Several
design examples are detailed here for guidance and assist-
ance in proper use of this manual. Conditions are assumed.

'They are shown for illustration only, and no considaration

is glven to cathodlc interference on neighboring structures.
These illustrations do not fix design criteria or indicate
any one materlial superior to another.

Design calculations should be based on fleld measurements
rather than calculated estimates, In this way, actual con-
ditions are considered, and cathodic protection is designed
around an existing oituation. Frequently, cathodic protec-
tion must be designed prior to structure installation; neces-
sitating the use of calculated current requirement and resis-
tance estimates, These calculations are, of course, more in-
volved than those based 'on £leld measurements, These longer
calculations are followed ln some examplas, with the under-
standing that this method should only be used when it 1s
impractical or impossible to obtaln actual fileld measure-
ments.

a, Elevated, Steel Water Tank. This impressed current
design i1s for a tank which has not been bullt; hence, it 1is
not possible to determine current requirements, etc, by
actual measurement. Calculated estimates are used,

(1) Design Data.,

a) Tank capaclty 500,000 gal,
b) Tank height (from ground

to bottom of bowl) 115 ft,
¢) .Diameter of tank 5 ft.
d) High water level in tank 35 ft.
e) Over-all depth of tank 29 ¢,
f) Vertical shell height 11 ¢,
g) Rilser plpe diameter 5 it,
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bottom-
51; All internal surfaces are .ancoated
J) Design for maximum
current density 2 m,/sq.ft.
(k) Electric power available 120/240 VAC.,. :
‘ ‘ single phase :
1) String-type HSCBCI anodes are used '
m) Design 1life 10 years
n) Water resistivity 4000 ohm-cm.
{o) Tank water will not be
subject to freezing
fp; Assumed deterioration rate 1.0 1b/amp-yr.
q) Anode efficiency (assumed) 50%

(2) Computations,

(a) Area of wetted surface of tank
bowl (Figure 7-55)

Top section (T)

Ap = 29’rx (approximate)
where
28 rt,

10 ft.
Ap = 2 x 3.1416 x 28 x 10

t e
LI}

Ap = 1760 sq. ft.
Center section (C)
Ag = 27'rh
vhere
r = 28 rt,
h =11 ft,
Ac = 2 x 3,1416 x 28 x 11
AC = 1935 sq. ft.

Bottom section (B)

Ag =TE 7fla? + 12

where
r =28 ft,
a =14 rt,
Ap = 2 x 3.1416 x 28x 142 4 282
Ap = 3900 sq. ft.
123
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(h) Shape of tank Ellipsoidal,
) both top and
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Figwe 85
SEGMENTED ELEVATED TANK FOR AREA CALCULATIONS
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Therefore

Ap = 1760 sq, ft.
AB = 3900 sq. ft.

Total = 7595 sq. ft. (wetted area of tank bowl).

(b) Area of riser pipe.
AR = aierhR
where
= 2,5 £t, (radius of riser;
hg = 115 ft. (helght .of riser
AR = 2 x 3,1416 x 2,5 x 115
AR = 1810 sq, ft.
(¢) Max!mum design current for tank.

(d) Maximum design current for riser.

Ig = 2,0 % 1810
Ig = 3620 ma. or 3.62 amp,

(e) Minimum weight of tank anode material.

W = YSI
where

S = 1.0 1b,/amp.-yr.

E = .50

I = 15.2 amp,

W =10x 1.0 x 15.2
. «20

W = 304 1b..

(f) Minimum weight of riser anode material,

W = ¥SI
E
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10 yr,

1.0 1b,/amp.-yr,
3.62 amp,

0.50

10.x32.8 X 3.62

:; w = 72.u ib. A §

¢
|
|
T

LEHW
s R0 aun

- —

k (2) Radlus of main anode cirecle, .

| ro= ()2 (%4 N)

E where :
D = 55 ft,

= N = 16 (assumed)
y r = 56110

13,1516 +
r =21,3 ft., use 22 ft,

(h) Spacing of main atodas, Generally ths dis-
tance from the anode to the tank wall and

4 tank bottom is about equal; this distance

A 'shoull be about one-half the circumferential

distance between anodes,

1l. Circumferential spacing.

C = (2fr)/N
where
r =22 ft, (radius of anodzs circle)
N = 10 (assumed number of anodes)
C =2x3,1416 x 22

10 4 .
¢ = 13.8 ft., use 14 ft,

ol 2. Cord spacing 1s approximately the same as
: circumferential spacing; 14 ft. will be
used; see Figure 56,

4 (1) Selection of main anodes.

3 1, Size of anode units selected is 1-1/8"70.D. x
3 3/4 1.D. x 9" long. This 15 a standard
sausage-type anodz which weighs 1 1lb., and
and has a surface area of 0.25 sq ft.
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Figure 56

ANODE SPACING FOR ELEVATED STEEL WATER TANK

The minimum number of anode units per

anode string, based on a required weight of
304 1b. and 10 anode strings is computed

as follows:

Number of units :* 304/(10 x 1) = 30.4;

say 31 units per string.

Since the internal tamk surfaces are un-
coated, a maximum structure- to-electrolyte
voltage is not a limiting factor. However,
since it is desired to hold the anode current
at or below the manufacturers recommended
discharge rate of 0.025 amps per snode for
this type anode, 15.2 AMP = 61 anodes
I0 x U.025 amps
per string. This number of anodes per string
is not practical for the bowl since the dis-
tance between the anode hanger and the -bottom
of tank is only 28 feet. Table 32, Technical
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% Bata cemmenly used HSCICI amcdes, shows

3 _the meximwm recoamended curreat discharge

i per anode for various type anodes to ia-

= ‘ sure tem year minimum life. Usimg type

r B ancde, 3 anodes per strimg will be required.

: The maaufacturer dees not recommend more

than 2 type B anodes per string assembly be¢-

“ cause of their fragile mature. Therefore, the

g best .choice of s n:=o for the main anode :

: strings is tzpo C or type CDD. Type CDD is *
recommended becsuse the lead wire comnection

will be protected loagér by the thicier wall

of the enlarged ends. Two type CDD anodes *
per string will provide a current capacity of

2 smps x 10 strings = 20 amps. These anodes

will bde spaced as shown in figure S7.

TABLE 32 ¢
Technical Data - Commonly Used HSCBCI Anodes

1

Anode Weight Anode Max Max Current |
Type . Size (Lbs)  Discharge (amps) Deasity amp/sq.ft. 1
FN*® 1 1/8"0.D. x 1 0.025 0.1

3/4"1.D. x 9"
FCo®* ] 1/2" x 9" 4 0.075 0.25: '
G-2 2"0.D. x 1 1/4 5 0.100 0.25 |

I.D. x 9" %
o4 1" x 60" 12 0.50 T 0.36 j
C 1 172" x 60" 25. 1.00 0.50
CDD® 1 172" x 60" 26 1.00 0.50 :
N* 2" x 60" 60 2.5 0.9
SM 41/2 x 60 220 10.0 1.8

: * Each end enlarged with cered opining for wire.
- #8 For elevated fresh water tank.

**¢ For distributed system in ground trench.

# Not more than 2 anodes per assembly.

128

i
3
3

Lo .

i o -

i S siiubiatibiioianns snsiii, riim . e s i,g“ij




noTE:

LIO TANK ANSDE
2 ANSEES SASN

CAPRT. WK | X 68" nocec:
ANOSES

2.0 STS Mweses, "X 00° wececy.

JLl 18’

NO SCALE

124

RISER ANOOE
— 2'x¢"
—a

P D A

14




TYTTC TS TR T TRRwLw T

LI

hudhd 2l Ao o)

TR TS T "] v;r‘v‘iww(v'"m
o

£}

o —— e e i A e

. Anod2 current density 1s computed as
follows:

outpus = - 15.2 ____ =0.38 amp./sq.ft,.
. 2x10 x 2
(JJ,Resistance\of main anodes.
R = 0.012p 1oz D/a
. Y -
where
¥ = 4000 ohm-cm.
D= 56 ft.
LBZXSft.'IOft. .
a =44 x 0,275 = 12,1 rt. (0.275 -~

(k)

equivalent diameter factor from curve
Figure 53).
R = 0,012 x #OOO log 1d/12 1

R = _.__1_o§_'+._9‘.’._

R =319ohu.

However, the L/d ratio of twelve 1-1/2- in,
diam. x 9-1n. long .anodes in tandem 1s less
than 100 and thus the fringe factor must be
used.

L/d = 2 x 60/1.5
L/d = 80=<<100

The fringe factor from curve Figure Sk
corresponding to this L/d ratio is 0,95

R (adjusted) = 3,19 x 0.95

R = 3.03 ohms

Stub anodes. In the design of an elevated
water tank; the need for stub anodes must be
Justiflied. The main anode radius nas been
calculated to be 22 ft,. Mailn anodes are
spaced to provide approximately the same
distance from the sides and the bottom of the
tank. The maln anod2s will protect a length
along the tank bottom equal to 1-1/2 times
the spacing of the anode from the bottom.

Figure 57 shows the anode suspension ar-
rangement for the tank under conslderation,
Thus, 1t can be scen that stub anodes are re-
quired for this design, Ten stub anodes are
arrvanged equldistant apart on a cilrcumference
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having a radius of 8 £t. in a manner illus- a
trated -in Figuare. 56, For smaller diameter
tarks, studb anodes may not. be required.

(1) Current division between main and stub anodes.

1. Area of tank bottom protected by stub
anodas (Figure 57).

21
Ag =9(ro° - %)
Wwhere

ro = §3 ft. (radius of protected segment)
ry = 2.5 rt. (radius of riser)

A; +3.1416 (13¢ - 2.5°)

Ag = 3,1416 x 163

As = 512.1 sd4. ft.

2. Maximum current for stub anodes.

IS =2,0x 512’)1
- T =1024 ma. or 1.02 amp

. Maximum cerrent for tank bowl = 15.2 amp.

1= W

. Maximum current for main anodes.

Im = 15'2 e 1002
Im = 14.2 amp.

(m) Rectifier voltage rating.
l, Electrical conductor to main anodes.

Wire size #2 AWG, 0.159 ohm/1000 ft.,
estimated length 200 ft,

(R) = 335 x .159 = .032 ohm

2. Voltage drop in maln anode feeder.

E = IR é

where %
I = 14,2 amp. §
R = .032 ohm $
E = 14,2 x .032 :
E = 0.45-volts.

PR
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3. Voltage drop through main anodes.

2 E- IR

-

E ( wvhere

Ec I = 14,2 amp.

b R = 3.03 ohms

] E=14.2 x 3.03

; B - ‘3.0 VOltS. i
*

: 4. Total voltage drop in main anode circuit. :

‘ Ep = 0.45 + 43.0 .

: ET = 43.45 or 45 volts

Use a multiplying factor of 1.5, or 67.5 volté.

S. The nearest commercially available recti-
fier meeting the above requirement is a
single phase, 80-volt unit.

(n) Selection of stub anodes. Since it is desirable
to use as small an anode as possible without
exceeding the manufacturers recommended rate,
type FC, HSCBCI anode measuring 1 1/2" x 9" will
be tried. One anode per string will be used as
shown in figure 57. Anode current density is
computed as follows.

R T T T e r—

s . =
B

Output - 1.02/(10 x .03) = 0.34 amp. per sq. ft.

? Since this exceeds the recommended max anode
' current density (table 32), type B anode is the
best choice

PR P R —

(o) Resistance of stub anodes.
R & 0.011{ log D/a

where '

4000 ohm-cm

56 ft.

5 f.t.

16 x 0.275 = 4.4 ft.

0.012 x 4000 log 56/4.4
5

48 log 12.73
>
= 48 x 1.105 ' :
gt

o m e o~

~
B e T 5 Rk

R = 10.0S ohms
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(»)

L/d = 60/1 = 60
Bria factor from curve Pigur-S‘, 0.85

R(

usted) = 10,080 x 6.85 ® 8.57 ohms

Voltage drep in stub anede circuit.

1.

Electrical comductor to stub anodes.
Wire size #2 ANG, .159 ohms/1000 ft.,
estimeted lemgth 200 ft.

(R) = (200/1008): x 159 = .032 ohm
Voltage drop in stub smode feeder.

E=1IR

where

1.02 amp.
1032 oha
1.02 x .032
.033 volt.

'Voltage drop in anode suspension

conductors. Estimated length 50 ft.,
#2 ANG, .159 ohims/1000: ft.

(R) = (50/1000) x .159 = ;008 ohm
E IR

where

I
R
E
E

1.02/10 = 9.102 amp.
008 ohm

1.02 x .008
negligible.

Voltage drop through stub anodes.
E =IR

[ I I B ]
©0 b= OO bt
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5. Total voltage drop in stub anode circult.

Ep= ,033 + 8,74
Ep = 8.77 volts
§, Since the stub anode voltage is below the i

45 volts calculated for the main tank
anode circult, the necessary current adjust-
‘ment can be accomplished through a variable
resistor in the stub anode ecircuilt.

M dndub diNbad
[ 3

(a) Stub anode eircuit variable resistor.

s e S M

1. Criteria for varlable resistor. .
The resistor should be capable of carrying
maximum anode circuit current and have suf-

[ ficient resistance to reduce anode current

by one-half when full rectifier voltaze 1is

3 applied to the anode circult,

o

Stub anode circult data.
Rectifier output, gg volts

| Anode current, 1,02 amp.

i | Anode resistance, 8.57 ohms.

3. Variable resistor rating.

( R = E/I
where
E = 80 volts
I = 1,02/, or 0.51 amo.
R = 80/0.51
R =156.9 ohms

Ohmic value of resistor,

156.9 - 8.57 = 148.3 ohms
Wattage rating of resistor, .

(1.02)° X 148.3 =154.2 watts

The nearest commercially avallable resis-
tor size meeting the above requlrements is
a 175-watt, 200-ohm, l-amp. resistor,

(r) Resistance of riser anodes, In order to

- obtain the maximum desired currentc in the
] riser (3.62 amp.), the resistance limlt is
' calculated as follows:

R =E/I
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E = 43.45 volts
I hd 3062 ..’o
R = 43.5/3.62
R=12.0 ohms.

(s) Riser amode design.

1. Type FW (1 1/8" x 9") striag type amodes
cannot be used in the riser because the
maximum snode currsat discharge of 0.025
amps per anode would be exceeded. The
best choice of anode for flexible riser

string is type G-2 (2" x 9") high silicon
cast irom anode.

2. Nulber of units required.

R= 0.01;{ log D/d
L= 0.01%{ log D/d

where

4000 ohm-cnm.

S ft.

2 in or .166 ft.
12 ohms

0.012 x 4000 log 5/0.166
12

- AT

48 x log 30.1
I

48 x 1.479
S ¥

o
"

L = 5.92 ft.

Number of units = 5.%2/0.75 = 7.9
or 8 .imits

In order to obtain proper current distribution

in the riser pipe, the anode units should not

be placed too far apart. It is generally con-
sidered that each anode unit will protect a

length along the riser pipe equal to 1-1/2 times
the spacing of the anodc from the riser pipe wall.

Riser height = 115 ft.

Spacing (center of anode to tank wall) = 2 5 ft.
Length of riser protected by one anode =

1.5 x 2.5 = 3,75 ft.
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Number of units required = 115/3, 75 = 30,7 or
31 units.

3. Anode resistance based on the use of 31
anode units.

= 0.012¢ log D/d
L

R

A HauNs

R

= J000 ohm-cm.

-in, or 0,166 ft.
= 31 x 9 in, = 279 in or 23.25 ft.

= 0,012 x 4000 log 5/0;166
= 48 log 30.1

R = 3.08 ohms,

L/d ratio for the riser anode string 1is
279/2 or 139.5; thus no fringe factor cor-
rection 1is applied.

(t) voltage drop in riser anode circuit.

1. Electrical conductor to riser anodes.
#2 AWG .159 ohms/1000 ft., estimated

size,
length 200 ft.

(R)

2. Voltage drop in riser anode feeder,

3. Voltage drop in riser anode suspension
Wire size #2 AWG, .159 ohm/1000 ft.,

= 200/1000 x .159 = .032 ohnm.

3.62 amp.

3.62 x .032
.115 volt.

nnun

cables.
estlmated length 130 ft.

(R)

E

|

130/1000 x .159 =

e tatal Se ¥
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= 3,62/2 = 1.81 amp. average
R-omom

E =181 x .02

E 04 volt,

4, Voltage drop through riser anodes.
E = IR
where

I = 3,62 amp.

= RO XS

E = 11.04 volts,
5. Total veltage drop in riser anode circuit,

Er = .116 + .04 + 11.04
Ep = 11,20 volts,

(1) Riser anode circuit variadles resistor.

1l. Criterla for variable resistor are the same
as given for stuo anode resistor.

2. Riser anode circuilt data.

Rectifier outpus, 80 volts
Anode currers, 3.62 amp.,
Anod2 resistaice = 3,05 ¢ .032 ¢ .02 = 3.10 ohms

3. Varliable resistor rating,

P =E/T

where
E = 80 volts '
I = 3.62/2 = 1.81 amp. :
R = 80/1.81 |
R = 44,2 ohms, »

Ohmic value of resistor =
44,2 - 3,10 =-41.1 ohms.
Watta§e rating of resistor =

(3.62)2 x 41.1 = 538.6 watts.

T

!
3
¥
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2
3
!
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(w)

(x)

The nesrest commercially available resistor
size meeting the sbove requirements is a
750-watt, 50-chm, 3.87-amp. resistor.

This rheostat is ten inches in diameter and
Three imchss in depth and fairly expensive.
This rheostat will not fit into most recti-
fier cases. In addition, the power consumed
by the rheostat is considerable. This power
creats substantiasl heat that may damage com-
ponents within the rectifier case unless
adequate ventilation is provided. The pro-
blems associated with using a large rheostat
can be eliminated by using a seperate recti-
fier for the riser anodes. Although initial
cost may be slightly high, power savings will
be ;:::tantial -and damage by heat will be
avo

Sizing rectifier for riser.
1. Requirements.

PC current output = 3.62 amp

Anode circuit resistance = 3.10 ohms.

DC voltage required = IR = 3.62 x 3.10
ER = 11.22 volts.

2. Rectifier rating. Standard ratings for a
rectifier in this size class is 18 volt, 4

smp.
Rectifier rating for bowl.

1. DC side. Voltage output as prevxously de-
termined, 80 volts. Current rating is 15.2 amp.
The nearest connercially available rectifier
:eetxng the above requireaents is a 80 volt,

6 amp.

Wire sizes and types.

All positive feeder amd suspension cables
(rectifier to anodes) shall be #2 AWG, HMWPE
insulated copper cable. To aboid complication,
the negative rectifier ~able (rectifier to
structure) shall be of the same size and type
(Figure 58).

(y) Discussion,
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to Tower-Leg

\C Supply

ELEVATED STEEL WATER TANK SHOWING
RECTIFIER AND ANODE ARRANGEMENT

Figure 58
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This design points out the disadvantages of
achieving corrosion comtrol thro cath-
odic protection without the aid of a pro-
tective coating. When the interior of a
tank is coated, the curreamt requirement is
reduced. from 50 to 80 percent. On large

tanks without coating, larger size and more

-expensive anodes, wire-and rectifier units
‘wist be used. In addition, the power con-

suied by the umcoated tank is far greater.
These additional costs will usually exceed
the cost of a quality coating system over

a ten year period. Corrosion above the

water line of & water storage tank is usu-
ally severe because of the corrosive nature
of condensation. For this reason, protective
coatings must be used above the water line
on both large and small water storage tanks
to mitigate corrosion.

For further assistance and guidance in the
design of cathodic protection systems for
elevated cold water storage tanks, see
Figures 59 and 60. /

HSCBCI was selected for this particulap
design purely for illustrative pruposes.
It does not mean that this material is
;uzoiior to other types of anode material.
Other acceptable anode materials include
aluminum and platinized titanium.

For this design, silicon cells should be
specified for the rectifier protecting the
bowl and selenium cells should be specified
for the rectifier protecting the riser.
Silicon cells operate more efficiently at
high DC output voitages than selenium cells

do but require elaborate surge and overload
protection. This protection is not economical
in the low power consuming units. A guide

for selection of rectifying cells is as follows:

Use silicon cells for single phase rectifiers
operated above 72 volts DC or three phase
rectifiers opcrated above 90 volts DC. Use
newer non-aging selenium for single phase
rectifiers operated below 72 volts DC or

three phase rectifiers operated below 90

volts DC.
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b. Elevated Water Tank (Where Ice is Expected).

Inpressed current cathodic protection is designed for an

k elevated water tank shown in Figure 61. The taak is already

p built, and Current requiremeat tests have been made. Anodes

- will not be suspended from tank roof bescause heavy ice (up to

E 2 feet thick) covers the water surface during wiater. The
weight of this ice could not be tolerated on anode -cables ,

: s6 another method is employed. Button anodes will be mowmted

] on the floor of the tank and lightweight platinized titamium

!i anodes will be suspended in the riser from thée taak bottom.

F

!

Washer (dep\d) T
Hond-Hole Cover Shall:be Mode Lock Wosh
‘Hole Cover ‘ u
of Same Gauge Materiol -as Roof, trop .,,;.V 4" x1/Z" Golvaniied
Easily Removoble ond - Swmp’no-typo lnwlomng
M“ W"h Woofhorploof Cl.v“ w .,w..gf
Gaski

Wire Rope Clip

HSCBCI Anode -

Provide 6" Diometer
Hond Hole Accassible
to Anode Hanger and
Finished with o Smooth
Edge

Figure 59
HAND HOLE AND ANODE SUSPENSION DETAIL FOR ELEVATED WATER TANK
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;HSCOC| Anods Assembled
in Tondem, 46" Spocing

Figure 60
RISER: ANODE SUSPENSION DETAIL FOR ELEVATED WATER TANK

-1 .
3

3 .

3

: .

(1) Design Data

(a) Tank height (from ground 37 ft.
to bottom of bowl
b). Tank diameter 24 rt,
¢) High water level in tank AW,.5f
; d) Overall depth of tank 34 rt.
| e) Verticail ‘sheld hetght 22, 5 .
% £} Riser pipe diameter L rt,
k § ) Shape of tank Semicircular bottom .
i h) All internal surfaces uncoated
: 1) Current requlred for
f protection bowl - 7.0 amperes
; riser - 1,0 ampere
‘ (§J) Electrical powsr available 120/240 VAG
single-phase
k) Tank 1s subject to freezing
1) Design 1life 15 years
m). ‘Water resistivity 4000 ohm-cm.
n Button type HSCBCI anodes
are used for tank 3

(o) Riser anodes are platinized titanium wire.
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DIMENSIONS: ELEVATED STEEL WATER TANK

Figure 61
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(2) Computations: .

T

—rn

() Minimum weight of button anode material
requlred for tank.

; W = YSI
e E

f where h ¢

15 yr. o

1.0 1b/amp.-yr. f

7.0 amp,

0.50

= x1.0x 7.0
'2r70.50

! W = 210 1b.

= Hi-n]

(b) Number of tank anodes.
Button anodes weigh 55 1bs.

N = g%g-s 3.82 (use 4 anodas)

(¢) Minimum weight of riser anode material
required for riser.
4 - ISI
- E

where

15 yr. .

1,32 x 1079 1b./amp-yr.

1.0 amp.

0.50

15 x 1.32 x 1079 x 1.0
0.50

W = 3.96 x 10~ 1b.

= mHHn
wwuu

(4) Number of riser anodes.

Platinized titanium wire 0.1-in, dia., 3 ft. .
long, with .001-in, thick platinum Sver

titanium will be used for each anode, The

welght of_platinum on sach anode is

8.8 x 1072 1bs.

N = 3é9g i ig:g = 4.5 (use 5 anodes)

|
3
g
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Tape Anods Wire to Cable

y- Splice-in Epoxy Resin
instolled

Button Anode
. 5'“‘/ Polyethylene
’_%SMI Pate, Weld to End of Angle
_ Polyethylene
Angle Mate — Stes! Plate
Mounting “® |_Coble-to~Anode Connection,

8rozed and Coated with Epoxy

s ™l Tles "t wsl™ o I

- Pi pe-Welded to Angle
L Water-Tight Seal

Figure 62
CATHODIC ROTECTION FOR TANKS USING
RIGID-MOUNTED BUTTON-TYPE ANODES
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(1)
~—

Location of anodes (Figure 62)

Button anodes are mounted:i on hase of tank

at a distance of 1/4-the tank diameter

(6 rt.) from the center. They are mounted
on metal angles and plates welded to the tank
bottom; polyethylene lnsulation 1s required
to separate anode Trom metal mounting.

Riser anodes are suspended in the center of
the riser pipe; spliced to a No., 4 cadble,

The top anode is placed 1 ft. from the tank *
base. The remaining four anodes are spaced
at 4 ft. intervals.,

S T SR TTEEREET ey T T R
Ly

AL

AT

Each button anods has its own No. 8, 7-strand
copper cable (HMWPE) run in condult to a re-
sistor box mounted at eye lavel on a tank lzag,
The riser anode's one No. 4, 7-strand cable
is run in conduit to the resistor box. If
required to obtain proper current output, a
resistor will be installed in the riser anode
» circult at the time of rectifier sizing. The
rectifier will be sized once the anodes are
installed, and mounted at eye level adjacent
to the resistor box,

T
~

¢, Alrcraft Multiple Hydrant Refueling System.
Galvanic cathodic protection 1s designed for a standard air-
craft hydrant refueling system shown in Figure 63. This
design is for a system not yet lnstalied.

: ' {1) Design data.

/a; Average soll resistivity, 5000 ohm-cm.

(b Deslgn for 90% coating efficiency, based on
experience.

,cg Design for 15-yr. life,

4

3

i e At IR e

é Design for 1 ma./sq. ft. of bare pipe after
polarization. :
se Magnesium packaged type anodes will be used.
System s adequately insulated from foreign
structures. -
(g) All pipe was mill-coated with hot applied
. coal-tar enamel and wrapped with asbestos !
o felt, Coating was tested over the trench for ;
holidays, and defects were corrected, Coat-
ing is assumed better than 99.5% perfect at .
installation, - I

(2) Computations. Refer to Figure 63 and
Table 22,
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Hydrant Refueling
Outlets

9-Lb. Mkﬂg.d,
High=Current
Magnesium

—~9 @
3* Defueling. Header o- °-
‘ B | fe—180—=
m,,\,: g/ * Qe 4 l;j ‘——}- T
L / ‘ ‘ "J[ 6* Defueling‘xlteturh _L

8% Refueling Header
Pump and Control House —*

' 10" Supply Line

Figue 63 ‘

GALVANIC ANODE CATHODIC PROTECTION
FOR HYDRANT REFUELING SYSTEM
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efficiency.

; (a) Toval outside area of POL piping serving the
t‘ hydrant refueling area.
' Pipe Size Pipe Length Pip~ Area, sq,.ft,/fi.
» in. ft. (Table
N 3 (defueling 2 x 293 = 586 586 x .916 = 538
! header
¢ 6 (defueling 90 90 x 1.734 = 156
return) .
g 8 (refueling 2 x 293 = 586 586 x 2.258 = 1,221
v header
E 10 (supply Q90 90 x 2.82 = 254
f line)
i 6 (hydrant ,
L laterals) 3 x 960 = 2880 2880 x1.734 = 4,991
| Total area of POL pipe in sq. ft. 7,260
L (b) Area of bare pipe based on 90% coating
K

; A = 7260 x 0.1
i A 726 sq.f%.

...'—‘..

(¢) Maximum current reguired based on 1 ma,/sq.
ft. of bare pipe.

I=1.0x 726
I =726 ma. or 0.73 amp,

(d) Minimum weisht of anode material,

_ vsI
v =13 ‘
where
Y = 15 yrs.
S = 8.8 1v,/amp.~yr.
F = 0.5
I = 0.73 amp.
v=15x8.8x0.73
~0.50
W =193 1bv,
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It should be noted that the 193 1lb, arrived
at above is based upon an output current of
0.73 amp. for the full designed l1life of the
cathodic protection system, 15 years,
Strictly speaking, this is not the case be-
cause the current output following a new
i1stallation is much less due to the high
coating efficiency. The average current
requirement at first may be as low as 0,015
ma./sq. ft. of pipe.

(e) Current output of a single 9-1b, packaged,
"high current" magnesium anode.

i =i%§[

120,000
0,71

1.00

5000 ohm--cm.

120,000 x 0.71 x 1,00
5000

1 = 17.0 milliamperes

where

< 0

Since the structure is well-coated, the
anode spacing is relatively great, There-
fore the "Multiplying Factor for Magnesium
Anode Groups" is not used.

{f) Number of arodes (n).
n = l
i
where

I = 726 milliamperes
1 17.0 milliamperes

n = 42,7 (use 43 anodes).

(g) Anode distribution.
1. Area of pipe protected by one anode.

7260/43
169 sq.ft.

A
A

o
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2. Division of anodes.

: Laterals 4591/169 = 30 anodes
r Header 1859/169 = 11 &nodes
| ' Supply and

L return lines 410/169 = 2 anodes

d. Steel Gas Main., Impresscd current cathodic pro-

] ! tection 1s designed for the 6-in, welded pas main shown in

3 ! Figure O6l, This pipeline 1s not constructed, sc measure-

] ments may not be made, .

g (1) Design data.

Average soll resistivity, 2000 ohm-cm.

Pipe size, G-in. OD,

Pipe length, 6800 ft.

Design for 15-yr, life,

Design for 2-ma./sq.ft. of bare pipe.

Desiggn for 90% coatlng efficlenzy, based on

experience.

(g) The pipeline will be isolated from the pump-
house with an insulating Joiat on the main
line inside the pumphouse,

(h) HSCBCI anodes will be used with carbonaceous

f backfi1l.

(1) The plpe is coated with hot-applied coal-tar

h enamel and holiday-checked nefore installa-

HORMO DR

Neam e X i g gai siata Cadands e

tion.
532 Anode bed shall not exceed 2 ohms.
e Electrice power &3 availabie &t 1207240

volts, single phase, from a nearby overhead
distribution system,

(2) Computations.
(a.) Outside area of gas main.
Pipe size =~ 0 in, .
Pipe length - 6800 ft.
Pipe area - 6800 x 1.734 = 11,800 sq.ft.

(b) Area of bare pipe to be cathodically pro-
tected based upvon 9C% coatiny: efficlency.

A = 11,800 x 0.1
* A = 1180 sq.ft.

(¢) Protective current requived based upon 2 ma./
sq.ft. of bare metal,

1180 x 2
2260 ma. or 2.3C amp.
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Single Phase, 115-Volt AC Rectifier,
RO'“ 0'8 A'npcl 8 Volts D.C. Mount -
Rectifier on Pole Adjocent to Electrical

Distribution System
6800* Coated 6"
‘ Waldsd-Steet:
-- Gas Main
Insulating Joint
«a— Pumphouse
Figure 64

CATHODIC POTECTION SYSTEM FOR ‘GAS MAIN
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; (d) Ground Bed Design. %

1. Anode size, 2 in, x LV in, (backfilled
10 in. x &b in.), spaced 20 feet apart,

2, Resistance of a single anole to earth. 5
RV’-IK
| vihere

Y =2000 ohm-cm,

L =7.0f¢t,

K = 0,0189 (from Table T-24)
Ry = 2000 x .0189/7.0

Ry = 5.4 ohms.

w
L 2

Number of anodes required. It was stated
in the design data that the anode bed re-
sistance 1s not to exceed 2 ohms. Anode
size used Ls 2-in diam. x 60 Zn, long with
carbonaceous backfill having over-all di-
mensions of 10-in. diam. x 84 in. long and
spaced 20 £t, apart,

R =%RV+..S:1__"” P

/ ; where

Bkt oot e\l alEa et e i iy AU A £ I S et e adengiis AL ‘wwm
.

N R =2 ohms
i Ry = 5.40 ohms
: )7 = 2000 ohm-ci.
\ S =20 f¢t,

P, a function of n (Table 25), and n,
the number of anodes, will be determined
by trlal and error.

Rearrangling the equation for n,

R
n = v = ¥
R - (¥ P)/~S
n = 5' ‘I}O
2 - 100 P
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ry n = 4 anodes,\

P = .00282'
4 £ 5.4
4 2 5.40
© T.TIT
4 & 3.15 (close)

Try n = 3 anodes,

P = .00289
3 £ 5.40
3 & 5.bo
3 £3.16

This 1s closest possible. 1In order to: keep
total resistance below 2.0 ohms, use 4
anodes,

b4, Actual resistance,
2000 (,00283)
1/4(5.40) + =

R =1.35+ 0,28
R = 1.63 € 2 ohms,

j=s
"

{0} Total Weight of anodes Tor ground Hed.
1. Weight per anode unit, 60 1b,

(size 1 in, x 60 in,)
g, Total weight = 4 x 60 = 240 1b,
(g) Theoretical 1ife of anode bed,

w = YSI
E
Rearranging gives
_ VE
Y o7
153
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- 240 1
S = 1.0 1b,/amp.-yr,
E = 0,50
I = 2036 mo o
Y - 21 0 ; .50 = 50.9 years. ‘

It should be noted the expected ground bed

life greatly exceeds the design requlrement

of' 15 years., This 1s brought akout by the .
-additional anode2 material required to eatab-

1lish a 2-ohm ground bed,

(n) Resistance of DC circult,
1. Groundbed-to-soil resistance, 2.0 olms max.

2. Resistance of groundbed feeder conductor,
" (Length 500 ©t., type HNMWPE, size #2 AWG),

Conductor resistance
0.159 chm/looo Tt.

R = 500/1000 x 0.159
R = .079
3. Total resistance of DC circuit;
Ry = 2.0 + :070.= 2,08 ohme, S

TP = S

(1) Rectifier rating.
1. Minimum current requirement, 2.36 amp.

2, Cireult resistance, 2,08 ohms. 5

3. Voltage rating. |
E = IR
where '
I =2,36 amp.
R = 2,08 ohms _
E = 4.9 or 5.0 volts,

To allow for rectifier apging, film forma-
tions, and seasonal chanyes in the soil
reslistivity, it 1s considered zood practice
to use a multiplyling factor of 1.% to
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En establish the rectifier voltage rating.

E =5,0x 1.5 = 8,0 volts,

4. The commercial size rectifier meet.ng the
~ above requirements is 115-volt, single
phase, selenium, full wave bridge type unit
having a DC output 6f 8 amp. and 8 volts,

(y) Rectifier location, Mount rectifier at eye
level on a 3eparate pole adjacent to an exist-
ing overhead electrical distribution system,

e, Heating Distribution System., Impressed current
cathodic protection 1s designed for a well-coated buried
heating distribution system shown in Figure 55, The dis-
tribution system has not yet been installed, so current
requirements, etc., can not be made., Rectifier size need not
be calculated, because 1t will be sized in the field after
installation of anodes,

(1) Design data.

éa; Average soll resistivity, 1000 ohm-cm.

b) Design for 80% coating efficiency, based on
experience,

(c) Design for 4 ma./sq.ft. of bare metal heating
condults,

(d) Groundbed resistance shall not exceed 1.5
ohms,

(e) Graphite anodes will be installed with
éarbonaceous backfill,

gfg Design for 15-yr, life,

g) Insulating Jolnts will be provided on both
steam and condensate lines at the first
flange connecticn inside of all buildings,

{h) K37 condult willl be metallically bonded to-
gether In each manhole,

(1). All condult 1is precoated at the factory and
at no time is it holiday-checked. )

(3) Single phase electric power is available at
120/240 volts from administration bullding. .

(2) Computations. .

(a) Total outside area o? conduit. Since the
gauge of the metal from which conduit is
fabricated ranges between 14 and 16, the out-
side diameter of the plpe 1s consideréd to be
the same as the inside dlaneter,
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Conduit Area Area of
Condult Size Conduit Length 8q, ft./ Condult .

in., R 1in, ft, sq. ft.
14 1700 3.66 6,220
12 1125 3.1l 3,540
10 1525 2.62 4z000
Total area of steam conduit 13,760

2, Condensate return conduit,

. Conduit Area Area of
Conduit Size Conduit Length sq. ft./ Conduit
in,. ft. 1lin. ft. sq., ft. %
8 1700 2.1 3,570 !
6 2650 1.57 4,160 '
Total area of condensate return conduit 7,730
Total outside area of all conduit 21,490

rea of bare pipe to be cathodically
b) A f b ipe to b thodicall
protected based upon 804 coating efficiency.

A = 21,490 x 0.2
4 = U300 sq, £t

T wngte CATVe

[ P S

(¢) Maximum protective current required hased ‘
upon 4 ma.”/sq.ft. of bare metal,

I 4300 x 4
I 17,200 ma, or 17.2 amp.

(1) Maximum weight of anode material for 15
years life,

1. Graphite anodes are used.

. 2, Average deterlcration rate of graphite 1s
~ 2,0 1b,/amp.-yr.
3. Maximum weight of anode material required.

W = ISI
E

PN

. R A S 1, < .

ATy

kY
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where

15 yr,

2,0 1b./amp.-yr.

17.2 amp,

0.50

=15 x2.0x17.2
=5 ‘

W = 1032 1lb.

= -0

, (3) Ground bed design.

o ‘ (a) Anode size, 3 in. x 60 in., (backfilled 10"
. x 84") weighing 25 1b, pér anode unit,

1
s (b) Resistance of a single anode to earth,
3

Ry = \/ K
. S
F where
: 79 = 1000 ohm-cm,
L =7,0ft,
‘ K = 0,0189
; R, = 1000 x ,0189
o o0
R = 2 70 nhms
A\V‘ ——mi=w WA ile

(¢) Number of anodes required.

The low resistance (2,70 ohms) of a single
anode and the large welght of anode material
required (1032 1b.) for a 15-year life
indicates that the controlling factor 1is
amount of anode material, not groundbed re-
sistance. The minimum number of anodes
required is

N = 1032/25 = 41.3 or 41 anodes,

These are arranged in a distributed ground-
S bed as shown in Figure 65 based on the
following estimates,

T

(d) Anode distribution.

1. Amea of conduit in sections 1 through 6,

iel il Lt el i
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Length (ft.) Surface,Aréa_}sq.rtL)

1700 3560 + 6220 = 9780
500 780 + 1310 = 2090
1125 1770 + 3540 = 5310
350 550 + 920 = 1ugo
400 630 + 1050 = 16
275 430 + 720 = 1150

2. Area of conduit protected by one anode,

A = 21,480/41
A= )25 sq.ft./anode

3. Division of anodes.

Section 1  9780/524 = 19 anodes
Section 2  2090/524 = anodes
Section 3 5310 /524 = 10 anodes
Section U go /521 = 3 anodes
Seétion 5 680/524 = 3 anodes
Section 6 115Q/52u = 2 anodes

(4) Rectifier Location. "Locate rectifier in front
of administration bullding as shown. Rectifier
will ke sized after anodes are installed.

f. Gas Distribution System., Galvanic cathodic pro-
tection is to be designed for a .gas distribution system in
_a housing area shown in Figure 66.

(1) Design data.

sag Average soil resistivity, 4500 ohm-cm.

b) Design for 90% coating efficiency, based

) on experience,

¢) Design for 15-yr.life,

d) Design for 2 ma./sq.ft. of bare pipe

e Packaged type magnesium anodes will be
used,

. (f) 1Insulating couplings are used on all
service taps. The mains are electricaliy
isolated from all other metal structures
In the area.

- (g) All pipe was precoated at the factory and

‘Wrapped with asbestos felt. The coating

was tested over the trench for holidays

and derects corrected. The ¢éoating is
considered to be better than 99.5% perfect
at the time of installation.
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Pipe Size Pipe Length © sq. ft./ Ared. of Pipe
in. . ft. lin., ft; - .. 8q. ft.
3 800 0,916 735
2 1600 0.623 1000
1-1/2 2400 _ 0.4?7 1195
1 3600 0.346 1245
3/4 4500 0.275 1240
Total area of pipe in square fee: 5415

Pipe Area

(v) Area of bare pipe to be cathodically pro-
tected based upon 90% coating efficiendcy.

A = 5415 x 0.1
A = 542 sq. ft,

(¢) Maximum protective current required based
upon 2 ma./sq. ft. of bare metal.

I =2 x 542
I = 1084 ma. or 1.084 amp.

. (&) Weight of anods material required based upon
maximum current requirement and 15-yr. life..

= ¥SI
Vo=
where
Y = 15 years
S =8.8 1b./amp-year
T = 1.084 amp.
W =15x8.8 x 1,084
T 0.50
W = 285 1bs,

It should be noted that 286 1b. is based on

an output current of 0,85 amp. for the full

design life of the cathodic protection system,
15 years. Strictly speaking, this 1s not the
true conditlon, because current output follow-
ing a new installation I3 much less due to the
high coating efficiency. The average cur»ent
requirement at first may be as low as 0.03 ’
ma./sq.ft. of pipe area, :
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- ) -‘Current ontput of a single 17-1b. standard
packaged magnesium anol.. te geound,

=S

120,000
1.00

1.00

4500 oim-cr,

120,000 x 1,00 x 1.00
570

g% a
naa

1 = 26.7 milliamperes

Since the gtructure is well-coated, the anode
spacing is relatively great. Therefore the
"Multiplying Factor for Magnesium Anod> Sroups"
1s not used,

(£) Humber of anodes (n).

I
n = -_!-
where
I = 1084 milliamperes
1 = 26,7 milliamperes
n = 1084
IS
n = 40.5 (use ! anodas)

(g) Anode distrivution,
1. Areza of plpe protected by one anode.

A = s5U15/41
A =133 sq.fb./anodz

2. Divisionr of anodes.

. . Anode
Pipe Size  Pilpe ELren Pipe Length  Number of Spacing
in. sq. ft, £, Anodes ft.
3 735 800 6 135
2 1000 1600 3 200
4-1/2 1195 2400 9 270
1 1245 3¢00 Q 400
3/l 1240 1500 9 500
Total aumber of anodeu 41
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., Black Iron, Hot Water Storige Tank. Impressed
current cachodic prgtcction 1s designed for the Interior of
2 bla:k iron; hot water storage tank shown in Figure 67,

(1) Design data..

a) Tank capacity, 1000 gal.

b} -Tank dimensions, 46-in. dilam. by 12 ft. long.
¢) Tank is mounted horizontallrr,
(d) Water resistivity is 8600 __a-cm. with a pH

value of 8.7.

(e) Tank interior surface 1s bare and water tem-
perature is maintalned at 180°F,
Design for maximum current density of §
ma./sq.f't,

()

{g) Design 1life, 5 yr.

h) Use HSCBCI anodes,

1) Alternating current 1s avallable at 115 volts,

singzle phase,
(2) Computaticns.
(a) 1Interior area of tank.
Ap = 2972 + gdl
where
™ = 1,92 ft.

i = 3.83 rt.
L =12 7¢t,

Ap = 2 x 2.1816 x (2.92)2 4+ 3,1416 x 3.93 x 12
Ap = 167.5 sq. ft.
(b) Maximum protective current required.

I =167.5x 5
7 = 858 ma. or 0.84 amp.

(c¢) Minimum welght of anode material for 5-yr. 1lif

life,
— Y3I
Vo=
where
Y =5 yr.
S = 1.0 1b./amp.-yr.
I = 0.84 amp.
E = 0,50
W = 5x1.0x0.84
0.50
W = 8.4 1b.




1,000 Gellon Hot Weter Tank

12 Leng x 46" Diemeter

Cable, Male Hub 1/2"

Reducer, 3" Mole to
1/2* Fomele

Y\\\\\\\\

Figure

\\\\\\\\\‘

CATHODIC ROTECTION FOR BLACK aou, HOT WATER STORAGE TANK

{4) umber of anodes reguired.

node size 1-1/2

In. diam. by 9 in. lon3 welshin: 4 1b, eaﬂh

i1s seiected as the moss

st tab1e size for this

application. In order to obtain propzr ~ur-

rent distribution, three anodes are reo:

(e¢) Resistance of anodes,
0.012% los D/d
L

o

8600 ohm-cm.

3.83 ft.

1-1/2 in, or C.125 It.
18 in. or 1.5 ft,

0.012 x 8600 log 3.83/0.125
103.2 x lo 30.7

1.5
103.2 % 1487

ALY |
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R = 102.5 ohms

This reggstance must be corrected by the
fringe factor since they are short anodes,
The fringe factor is 0.48 from curve in
Flgure 54 for an L/d = 9/1.5 = 6,

R = 102.5 x 0.48
R _§ “'9.2 0'-6.

(f) Rectifier rating.

. 1. E = IR
where I = 0.84 amp.
¢ R = u9.2 OhlB
E =1.3 vo;ts

2. To allow for rectifier aging and film
formation, it 1s consldered zood practice
to use a 1.5 maltiplying factor.

E = 1.5 x 41.3 = 62,0 volts.
The nearest commerclally avallable recti-

fier size m2eting the above requirements
is a 60-volt, 4-amp., single phase unit,

{[¥H)
*

(

) Rectifiler locatlon. Locate the rectifier ad-
Jacent to tank for the followlng reasons:

)

1. Usually cheaper to install.
2, Easler to maintain,

1)

. Keeps DC voltage drop to a minimum.

(h) DC circuit conductors,

. 1. External to tank: use #2,HMWPE.

R et

2. Interior of tank: use #8, HMWPE. No

stressing or bending of the cable should
be permitted.

DRaE o £

h. ~Underground Steel Storage Tank. Galvanic cathodic
protectlon 1s designed for an underground steel storage tank
shown in Figure 8. ‘The tank is already installed and
current requirements tests have been made,

b
3
i
i
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(1) Deszlgn data.

8
g

Tank diameter 12 ft.

Tavk length 40 rt,

Design for 80% coatinp efficiency,

based on experience,

Design for 15-year 1lit'e,

Current requirements 0.7 amp.
Packaged, 17-1b, standard: masnesium

1nodes will be used.

) The tank 1s adequately insulated

f'rom forelign structures,

(2) computations.

(a) Minimum weight of anodes required f'os tank.
W o= "T'-YiI
where
Y =15 yr.
S = 8.8 1b./amp.-yr.
I = 0.7 anp.
E = 0.50
V =15x8.8x 0.7
0.50

(b)

W = 184.8 1b.

Number of magnesium anodes

no=18%.8 _ 10.8 (use 12 2ncdes for
—Ir A ( =

symmetry).
Anodes are placed as shown i1 Figure 68.
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| Section A-A
Figure 68

GALVANIC ANODE CATHODIC PROTECTION
OF UNDERGROUND STEEL STORAGE TANK
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9 CORROSION CJORDINATING COMMITTEE PARTICIPATION,
Corrosion coordinating commlttees have been organized to In-
clude areas of concentrated underground struztures, Anyone
designing and/or installing cathodic protection is expected
to notify the committee In hls area even thoush iladividual
operating companies have been notified.

Coordinating committees are "clearinghouses" of information
on operating cathodic protection, stray currents, and gen-
eral corroslon provlems. Membership ls representative of
all interested parties owning or operating underground struc- .
vures, The committees have no authority to enforce proceld-
ures or regulations, but they do establish notification pro-
cedures, assist with testing schedulas, and maiqtain records
of conditions i their areas, Membership ls voluntary and
usually no cost is involved. Regular meetings are usually
heli three or four times per year., Some committees have
monthly meetings.

Almost every metropolltan area of the United States and
Canada now has a Coordinating Commlttee., Some of these
cover entirc states, or sections of states, to s,1» local
needs, Most commlttees are affiliated with the Matisrzl
Association of Corrosion Englaeers, A 1list of these, in-
<luding namec and addresses of current officers, can be ob-
tained from NACE Headquarters, Houston,

10  INSTALLATION AND CONSTRUCTION PRACTICES,

| Corrosiorn control must be justifiable, and also applied

in the most economic manner. When all factors bave Leen

analyzed;, total money to be spent on corrosion control

is determined and broken down into specific allotments

| (coatings, cathodic protaction, etc.). For example,.

little or nothiny spent on coatings will mean high

prctective current requlrements later on, if cathodic piro-

tection 1is to be used., In fact, the ratio of current re-

' quirements of a bare pipeline to those of a well-coated one

; 1s between 5C and 100 to one, Therefore, the corr.sion
engineer should be ags much concerned wilth coating, insulat-

; Ing Joints, casing Insulation, and test statlons as with

cathodlc proteztion.

For this reason, pnases cf both structure and cathodlc pro-
tecclon installatlion are discussed here, Operational plan-
ning of construction can be as important as design itself.
Money saved through concentration on detzils of construction
practlices wlll be evident in iniltlal costs, longer 1ife, and
lower operatlng costs,

e

10.1 Coating Application (Pipelinc). One area of great
concern to th” corrosion engincer Juring construction is
application of the specified profechive coallns,

o i
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In many instances application 1s a8 or morée important than
materials used. This discussion covers important consider-
ations in coating application, with the emphasis on pipe-
lines. Coating application for other burled or submerged
structures follows similar guldeiines,

When discussing coating application, it is very difficult

to generalize. The many coating maitexials available
require a variety of application specifications. MNot-applied
tars in conjunction with fiberglass and/or asbestos wrappers
are in general usabe for major constructiomn projects

where pipelines of 6" and larger are laid. These may

be applied in the mill, yard, or over the ditch. If coal
tar is used, it is important that the grade of this mat-
erial best suited for a particular job is available along
with its compatible primer. As soon .as coating material

for a project begins to arrive, this should be verified
since it is still not too laté to make adjustments.

10.1.1 Over-the-Ditch Coating. Although location of
coating application (statlonary plant or over-the-ditch) is
generally selected long before equipment 1s assembled for
the Jjob, a sudden change in weather cenditions, right-of-
way locatlon, or delay 1in starting may make a change, even
at this late date, well worth consideration. Over-the-

ditch application 1s best used 1f the following conditions
prevall:

a. Long sections of welded pine (few road cross-
ings and foreign line crossings).

b. A reasonably accessible, level, and firm
terrain along the right-of-way.

¢, Mild weather conditlons.
If any or all of these conditions appear to place satisfac-
tory coating performance in jeopardy, mill-coating (usually
performed indoors under ideal conditions) or yard-coating
(performed either indoors or out) should be considered.

Structures wilth over-the-ditch applied coating may be
lowered into the diltch directly behind the coating machine,
or "skidded up" until the enamel has hardened and been elec-
trically lnspected., Thils declision depends upon:

a. Time required for coating material to "set up",
which in turn depends somewhat upon atmosphlerlc temperature,
b. Condition of ditch (1s "cleaning out"
necessary?),

¢c. Type holiday detector used,.
If it seems practical to lower directly into the diltch, the
advantages of less handling, no skid marks to patch, and a
better chance of having the coating inspector on hand to
inspect ditch conditlion are worth remembering.
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To insure coating per-
formance, it 1is important to electrically inspect ("jeep")
every length of coated pipe prior to backfilling, All holi-
days and breaks detectad in this way must be repaired, by a
method similar to field application of coating. The effect-
iveness of a well-applied, good-quality coatinz can be
greatly hind .red by damage done by handiing, and not detect-
ed and repalred.

10,1.2 Stationary Plant (Mill or Yard). Pipe coating
application at™a statlonary plant (yard or mill) is good
practice when over-the-ditch coating wculd be ruled out for
rae.sons mentioned, where pipe size 1s prohibitive, or where
a mnterial is used which cannot be applied in the f'leld,
such as asphalt mastic, specilal weighted coatings, or some
epoxies,

Several additlonal advantages of statlonary application are:

a., Shot or grit blast machines not practical for
over-the-ditch work can be used to clean pipe.

b. Closer control of materials and equipment 1is
possible,

¢c. Final inspection 1s ecasler because materials
and equipment are not spread over several miles of right-
»f-way. (However, several inspections are generally re-
quired: upon coating at mill {or yard), upon unloading at
the site, and over-the-ditch.)

The greatest difficulty with yard- or mill-.coated pilpe lies
with inspection of {ield patches. This includes repair of
"skid marks", field welds, and shipping or handling damage.
It i1s desirable to again use the electric holiday detector
after pipe has been welded torether and is ready to "lower
in", However, it should be remembered that this device does
not always indicate coatling to steel surfaze bond trouble.

various materials and "short-cut" methods are avaliable
specifically for coating fleld ifolnts, It 1is important to
select a material compatible with (if not the same as) the
plant-applied coating. Of course, a dry, clean ani/or
primed surface 1ls needed, as with eny coviating ovrocedure,

The coating inspector should not depend too heaviiy upon
the electric holiday devector. In addition, visual inspec-
tion of theé coating materlal as 1t flows, occasional bond
checks, continuous observation of coating thickness, and a
view of lowering in operations should be maintained at all
times, Also, the followiny should be watched as carefully
as the actual coating appllication: cleanin. and primin-,




»gutoment condition and cleanliness, and material storage
avd hundlins,  In seneral, any material haphazardly-applied
will zive poor performance while even a marginal one may
serve exceptionally well when properly used,

10.2 Casing Installatiou.
Although casings should not be used over carrier pipes,

they are somstimes required by coues, laws, or physical
conditions. Where casings are used, they should be un-
coated, and casing insulators, cradles, gnd end seals
should be carefully inspected and electrically

tested.

In additiocn to problems discussed in earlier sections, some
precautions which inspectors should be aware of and/or could
be Incorporated in the contractor's specifications are as
Follows:

1. Keep casings, bell holes, and "false ditch"
pumped ocut until carrler pipe has been Installed in casing
and annular space ls sealed.

2. Be sure casing has been "swabbed" before car-
rier pipe 1s placed inside so that the possibility of coat-
ing damage from foreign material will be minimized.

3. As a further precaution against coating damage,
rock shleid or anh extra thickness of coating can be applied
to the cdrrier pipe between, spacers,

4, Casing to plpe resistance should be measured.
(At best this could mean observations both before and after
"road section" is vied into line. At least it could mean a
welding generator "test".)

Needless to say, 1t is advantageous to install test wires on
casing and adjac=ntv carrier pipe so that periodic internal
resistance tests can be made.

10.3 Forelgn Plpeline and Drainage Crossings. It is
usually standard practice for a newly constructed pipeline
to pass under an older structure unless the latter is unusu-
ally deep. This 1is of some advantage to the party laying
the new line in that maintenance wor: on the old line will
not disturb the new one (coating damage, etec.). However, it
1s probably more a matter of courtesy because, ir thils way,
the operator there {irst has the easlest access. Althoush
not always pocssible in the more congested areas, one should
strive for a structure-to-structure clearance of from 18" to
2'. Contacts between two structures should be avoided at
almost any cost,

When a pipeline or other construction project is underway,
1t is good practice to contact the owner of any structures

which will be crossed, or could later become involved in
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mutual corrosion problems., Thls should be done well in ad-
vance of the time work rorces actually arrive at the area,
80 that:

1. Arrangements can te made $o install test leads
on the lines,

2. Special coating applications, to increase inter-
nal resistance between structures, can to planned.

3. A general knowledge of any speclal problems
peculiar to an area can be ypalned, and cooperatlve solutions
sought.

Field drainage tlle is a problem in some sections of the
ountry - Lhe flatlands of the Midwest, ete. The usual
method of replacing dilsplaced sections of t*le across a pipe-
line ditch employs metal "tile supports"”. Here it is import-
ant to allow clearance between thése upponts and the line,
s> that even after settling, contact is not possibls, This
usually means that the pipeline diltch be deep enough, and
that inspectors do not miss any drainage lines. While the
ditch 1s being cut, close inspection shoull be maiavained,
and location of all fleld dralnage recorded and marked, If
some lines are missed completely, 1t may be necessary to
lower long sections of the pipeline later on. This 1s only
another opportunity for coating damage. 1If it 1s not pos-
3ible to lower the line because of other obstructlons,
"eatch basins" are sometimes build around pipelines. This
is senerally undesirable because moisture, silt, ete., can
"41811y collect here,

10.4 ZInsulating Joints. Insulating material in the
form of gaskels, sleeves, washers, special threaded coup-
lings, unions, etc, is available for almost every size
and type pipe connection in common usage today. This
discusgion will be limited to flange type joint. However,
regardxess of what type is needed to do a particular job,
the engineer should always remember that his installation
is most satisfactory when:

1. The material can be assembled in as ‘'roolprooi™
2 mannér as possible.

2, It 1is assembled so that suitabls tests can be
made to ascertain its effectlveness,

In consldering the flange type insulating join®t, three sug-
sestions to help achleve the above are:

1, Assemble the pair of flanges with insulating
material inserted before welding elfher into the pipelline,
(A short "spool™ can be welded to each flange,) Thils mini-
mizes the change o!f damaging lasulating material by prying
or driving flange components together, It also l2ssens the
chance of dirt or moisture damasze since in-shop assembly is
possible. At the same btime, it 18 possible to et a pODitive
test across the insulating Joint while it is complein]y inan-
lated rrom yreounsl, {Reslsbance shoad §obe infind b
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) 2. Use insulating washers on both ends. of studs,
and sleeves Walch cover. fﬁe“sfﬁas Tfrom washer to washer.
Mhis practice makes possIBIe a poaitive test ol resistance
betwren cach individual stud and its flanges after the insu-
lating Joint assembly has been welded into the pipeliqe,

(1t must always be assumed that internal resistance between
two sections of buried plpe is extremely low compared with

infinitely high resistance through good insulating material.)

Also, with this type assembly, the chances of a faulty joint
when it 1= impossible or impractical to test are lessened.

3. Box coat insulatin oint with coating material
2"minimum G outer edge ol coating |

methiod ol coating S sSomewhat expensive. However, 1t mini-
mizes the possibilit; .of volds between flange faces, studs,

etc., and 1s fairly good i1isurance the the assembly bottom
is covered.

When coating insulating joints, it is also important to re-
member that water, mud, dirt, etc. must be kept away from
the 1nsu1at1ng Joint until it is finally coated. If the

Joint %3 shop-assembled, it is helpful to wrap tape around
1t during handling.,

One number 12 tést lead is attached to the 1liné on each side

of insulating flanzes Tw~ number 4 leads (one on each side
of joint) will make future resistance bonding a simple
matter, and nake it possible to test internal resistance

betwoen the two sactions of line without inclusion of test
lead resistance.

If an: insulating Joint is installed in a bare plpeline, 1t
is more effective when the pipe on each side of 1t 1s coated.

One recommended rule~of<thumb for this is 100 pipe dlameters
on each slde of the joint,

When installing insulating Joints, the engineer Should
always look for the unexpectéd which will render the entire
installation ineftective, Scraps of metal, or any other
conductor, can provide a short circult acéross the flanges.
Test leads connccted to opposite sides of the joint couild

be in contact, I the Joint 1s placed in the yard of a ter-
miral, pump station, or compressor station, a "bypass"

around it can be made up of fenc&s gauge 11nes, condult
runs, water lines, ete, It 1s somewhat risky to inscall and
rely on the integrity of inculating material in valve.
flanges, When maintenance crews remove valves fcr repair,
1nsu1at*ng material may not be replaced at all 2r only aiter
1t. has absorbed molsture or become damaged. Also the com-
mon pressure lecaknge around vialves may be somewhat hazardous

in the presence of pofentlal gradlent across an insulating
Joint,
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Hhen insulating material is installed in ring joint flanges,
foreign material can Lecome lodged between flange faces in
the space between insulating ring and incide pipe wall. .
(it is conceivalle that much of tliis dirt, etc. is forced
into the space during scraper runs.) 1If foreign material
involved is conductive, the insulating joint will become in-
effective. This can be controlled by placing a flat gasket
in the space between flanges.

10.5 Test Stations. While test stations connected to a
pipeline for future use in electrical measurements night
be considered strictly part of the cathodic protection sys-
tem, they are easily installed during construction of the
structure to ba protected., Therefore,. their installation
shall be considered a part of that phase.

Various configurations of test stations can be installed.
slost of these are basically test leads (usually No. 12 insu-
lateu copper wires) thermit-welded to the structure and
terminated in a junction: box or condulet for easy access.

In some cases, No. 4 insulated copper cables (for future
bonding) are included. Wire insulation is color coded to
designate its position on the structure.

abironn test lead locatlons -ave usually zelecied prior to
sonstrnchbion and incorporated in structure design, it 1s
MLt 0 ESNArY O desirable to move some of Lhen. or to add
11l ones Selection of test lead locations 1is impor-
o Test Ieads shculd always be installed where it 1is
cro T lpaved that perlodic repetitlive structure-to-eleztro-
e Joltare anifor current readings will Le taken, This
:uuli be necessavy in detection of strav current, ?alvart¢,
2 cathedle intcrlerence effects, coatl~: conductance tests,
and eathodle peotection effectiveness Lezbs, Test stations
are also doslirable where invernal resistance Lists are peri-
odizally reyulred: at forelgn structure crossings or pruxi-
mity points, insulating Joints, and cased sectlons of pipe-
Tines. Practlcal conslderations for positlonin> test leads
fneludes
1. Possible development or fuvure use of land,
2. Tuture road or runway construction and repair.
3. Couvenltence and accesSibility.

5oll vest stations (test access holas) contain no test leads
and are a means of contacting the electrolyte throurh black-
fon or nonerate for structupre-to-eclectrolyvie povential imeas-
uriments,  They mast be installed at the elevation of fin-
tehed pavewment in the area. Care wst be taken rhqt thoy

e ot Tnadveptent iy coverel ovepr Jnpein- pa ~iny or constiruc-
i.ton opevrations,
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10.& Cathodic Protection Equipment. Installation cori-
$iderations lcr magnesium anc } anode systems arec plvr
here.,

10.6.1  Magneaium Anodrs,  Installation of a mumentio
anede (Fiquee TOO) nnually consists of plucling the anode
vertically In an augered hole (3 to 10 fecet from the struc-
ture to be protected); olacing the anode lead wire in a
trench, and connecting wire to protected structure. The top
-of the anode must be at least 3 feet below grade. ‘The top
also must be at least as deep as the protected structure,

Permission to install magnesium anodeés along a pipeline
right-of-way (not on government property) is most often co'-
ered by the original pipeline easement., Howaver, 1t 1z usu-
ally advisable to contact property owners before beginning
work, and to exert every effort toward reduction of property
damazes which must always be paid. ({Thesc can ‘be minimized
through use .or hand labor.) .

The vertical hole in which a magnesium anode 1is placed will
accommodate most of the common size packaged units 1f 1t 1l¢
10" in dfameter. For plpelines, 1f anodes are placed on
alternate sides, protective current distribution over the
structure surface Is generally somewhat lmprcved, and mutuul
interference effects minimized. Occasionally, a layer ¢f
s0lid stone will be encountered. Here, 1t may be necessary
to plase anodes horizontally so that anode bottom is at
least as deep as structure bottom (Figure T0). Anods-to-
structurs separation of 2 feet 1s recommended. If condite-
lons along the ri~ht-of-way obstruct working area or limlt
anode-to~-svructure distance, ancdes can be installed horloon-
tally (Figure 71) under the pipe (using an "extra dcep”
augered nole so that sufficient anode-to-structure dlstanco
will be obtained), This 1s also worth consilderation when
anodes are to be 1nstalled on pipelines whielr are llkely to
be “"looped" (possibllity of construciion damagze will be re-
duced). 4n aided bonus here 1s the more permanent molsture
generally found at the sreater depth,

Galvaric anod:s protectling und-rground stora:ze tanks ure
placed in augered holes about 5 feet from the tank surflace,

(Cr possibly under the tank,) Holes shonld be approximatel:
5 feet drep.

Eazh anodé may be attached to the protected structrre lnli-
vidually, or ceveral anodes may be connceted toiriher on a
header wire (usually No. 10; scldd) which 1s in turn con-
nected back to the plpe throush a test statlen, 1 a rroup
is connected together, the number of plpe conncetlons is re-
duced, and sometimes less excavatlion 1ls required. How-ver,
any accldental break in the header wire dlscomments several
anodes, Chances of thils can be veduced L1f he’ i¢r cables ave
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VERTICAL MAGINESIUM ANODE INSTALLATION 1

connected in at both ends of a plpeline, tank, etc, fThis is
also useful for stream crossings and other locations where
1t is difficult or impractical to make 2 connection to ihe
. structure, even though usual practic:z mey be the direct con-
Ly nection of individual anodes. ]

E Damage to the cloth bag of prepackaged galvanic arodzs re-

3 sulting in loss of backfill will seriously »educe the effect- i

- . ive current output. Each anode should be centered in 1ts .

S hole as It iIs belng backfilled with earth, Pulling on andde

VR 2 leads to place the connection with the anode 1a tension can-
: not be tolerated as 1t may damage the cruclal anode lead

connectlon., Lowering a packaged anode into the hole by

i ik B o

S }  means -of the lead wire is also potentially damaging, Anode
‘ leads should not contact sharp edges of vools and obStrfaec-" ~ -
% tlons, .

~»"  Backfilling holes for anodés is done with fine soll free of ;
debris such as stone, brickbats, ete., (Sand should not bhe e
ased.) Work musé be done carvefully to asoll injury to -
anodes and cables, Soll is moderately compuazted 1n sive-ineh
layers by hand %o the top of the holes, Partiecular care
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HOMZONTAL MAGNESIUM ANODE INSTALLATION
WHERE OBSTRUCTIONS ARE ENCOUNTERED

must be taken in plaecing; and tamping soil around anodes to
assure complete and intimate contact free from volds -
tween anodes and backfill,

The most generally used method of connectins; anode Wlres o
steel surfaces 1s the thermit weld. It 1s importani tu s
a 3leeve of the cosrect slze over thé wire., Figurc 2 *u
a cross~section of a thermit mold with charge in pluce,

-Connections should be ceoated. Cold-applied masties ar:

often used for this, and one convenient method of applizi-
tion 1s by filling paper cups with coating materlal, aud
then pressing them (1nverted) over the welds, Moldcd plag-
tic shieldu are also available to cover these connnaji)n .

When splic_ng andde wires together or connecting them %o
header cables, thermit welds, soldered U-belts, or cc.prer-
sion connectors -can be used., 'Here, the connectlon rouid b
flrst covered with clectrical putty, then plastic tape. il
finally sealing compound.
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At least 298 of any salvanic anod~ installation -oat is in
the actual handling of matertal, and eartimocrk. Thic must
b2 sar:fally nlammed, it 2 Job iz S0 b~ dome nUI'iciently,
and prop«:rty demages kept to 2 wmtilmmm, The type and pune-
tity of mechanized equipment, and amount of labor bes: used
for installation itz determined by economics of cont vs,
special right-of-way conditions (accessibility, ete.), and
property owners' or base personnel’s attitude toward a pro-
Ject, If base personnel are, in peneral, hostilec toward v x-
cavation, fence cutting and the movement of heavy m>chantized
equipment through their area will certainly be prohibited or
extremely expensive. Hand labor, in conjunection with smal}
portable power tools, may be the solution. If lawms and
cultivated fields cover a large percentage of the work area,
the same 13 true, In "open" sections, rugged terrain and
801l types may dictate the best construction practice. It
i1s often advantageous to wait until after certaln ~vrops ape
harvested before inatalling anodes,

Power-driven earth augers vary in size and capacity fiom
small hand-carrisd, two-man-operated, chain-saw-attachment
type, to large, six-wheel-drive, trucke-mounted unitsc. The
same is true for ditchinz machines and backhoes, Ilowever,
there 1is seldom need for larger ditching machines nnless
special installation procedures are required. (Normally, a
"Jeep"-mounted machine is large enongh for cable trenching, )
The usual backhoe might be mounted on a "Jeep" or famm
tractor. If this equipment is to be used only occasionally,
leasing what is necded for each particular job may be most
economical.

tYhen anode holes are augered, occasional "eaving in" and
"quick sand" will be encountered. If' the holes arc "cased”,
installation can be accomplished at some locations where 1t
would otherwise be impossible. In other instances, greater
depths can be reached and the material positioned better
when casing is used, Common stovepipc i3 readlly available
and reasonably priced f'or this use,

Care snould be taken In wxeiting anodes and coune:ting wires
to a depth below possible disturbance. 1In cultivatod land,
this will normally be in the neighborhood of 24" minimum.
In some instances, 1t is most economical to punch or auger
a small hole through the section of earth located hetween
the bell hole and the augered anode hole,

When backfilling packaged galvanic anodes, it 1s good prac-
tice to f1ill the fine augered "chips" around the anod: it~
self., This should lessen the chances of voids around it,
and therefore give faster current output resnlts. When
working in lawns, water added as the soil is backfilled and
care 1n replacling carefully cut sod, will minimize damagces,
In open {lelds, mirmon boards or tractor blades can be beut
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for vackrilling, If the work 1s done by hand, soil can be

"“raked" back into the ditches and holes with potato hoes,

After 2li 2arthwort: has been completed, and one or two soak-
ing rains have penetrated the pround (several wecks later),
the backfill -irouni all trenches and holes :hould be cleaned
up and leveled of'f, Since this is actually the completion
of the Job, it ls also a good time to settle any outstandin:
damaye ciaims property ownmers may have submitted.

Masmesium anodes are avallable in almost any size or shape.
Many are also obtainable in the packaged form, (A ~omplet~
unit, ready to install - with lead wire attached and snr-
rounded by especlally prepared backfill material.) Th ad-
vantages of these should always be carefully welyihod uninoe
any speclal size anodes which might require ('fe¢ld assembly
and/or backfill., Currently, packaged anodes are widely use
for underground applications.

If it 1s necessary to store packaged anodes out ol douen,
they should be kept skidded up, and under a watarpruof cover,
When unloaded, they should be piled with that sid: un botton
which had been on top during shipment. (This helps ke~p Lhe
anode centered in the backfill material.) As unodes are
hauled out to the right-of-way and "strung", they shouid be
kept away from livestock. (Farm animals will tear open the
bags and eat the contents, if given an opportunity.) When
2loth bags contalning backfill around packared ancdes are
broken, and this material lost, pure gypsum which is famll-
iarly known to the building trade as "moulding plaster" ~u.
be cubstituted with satisfactory results,

If bare masnesium anodes are used, a package, or :zontalner
for backfill materlal, may be improvised., However, yeneradiy
the material 1s mixed in the Tield and poured into the hcl. .
at the time the anodes are installed., Standard ;;alvanic
anode bazkfill containing bentonite and gynsum will swell
wher wet and shrink when dry, thus reduclns anode output br-
cause cf poor soll contact., For this reason packaged anoi =
and ‘anode backfill should always be installed dAry and the
soll tamped around and over the installed anod~ to Insue
tight contact with the surrounding soil.

Magnesium and zine¢ ribbon is usually installed without bach-
£111, It can be placed in a trench or "plowed in" and con-
nected to the structure at specifled intervals,

It should be remembered that the main advanta,e o ba~kfill
around a marnesium anode 1s the 3zain iIn current outpuu,
Therefore, in the lower resistance soils, this maiterial Lo
unnezessar;y, Bare anodes of some forms can be driven,
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Also, man 1 :m I - 7atlable in the form of rods which can
Le welded voether, Backf1ll should always be used with
“ine,

12,6.2 Iggresaed Current Installaiions, “vhe installa-
vion of impresssd current ca c pro.etion (using recti-

Meore) nan be divided into five phases hlch -.re:

e, Site selection, right-of-way pr-iurement, and
vt tlon with power companies,

e sirthwork - installing groundb. i, buried
«tbeg, and polas,

¢. Underground connections,

1, Mounting and connecting rectiflers,

¢e. Clean-up and damage sevtlement,

Jhen considoering possible rectifier sites, after current re-’
mtrerents and seneral area have been doclded, it 1s good
rrercbice te 4iligently search the aresa for forelimn buriei
‘Lmerures,  All operators of buried struztures sihiould also
v 2ontacted to be certain that nonc ave overiooked, If-a
oordinatioge romalittee is actlve, auy proposal should b«
iTsenssed before its members. Preliminar; tests, using -
vouperary croundbed, to determine effects on other burled
cteuctures may be necessary., Power avallabllity must be
“ept U omindg at all times, If an extension to existiny ser~
.i22 1ines 1s necessary, one should determine whether or not
dr puwer company will pay any or all the cost. This may
tetate deviation froxm optimum location, or additional expen-

. . .
fivnie,

" 1 tentatlve site 1s beins selected, the ease of secur-
"tir pight-of-way should recelve serious consideration before
nlazing the rectifier on a drawing. It Is -1sually esasier to
obtain a »roundbed easement along a prigerty line road, or
i a swampy wasteland than in the center of 2 cultivatea
*1eld. Tractc of land likely to be subdivided in the nzar
Mture should be given speclal =0 . ..+ "itilon or avoldeld en-
Lirely.

1i* easemente are difficult to obtail: a-. /or soil resistivity
extremely hich, a "deep well" type 1c¢u dbed may be consid-
ceed,  Distributed sproundbeds have Leen used in areas where
forelgn stiructures are numerous, 1n some steves, 1t 1s nec-
assary to obtaln an easement from both *he township or
county, as well as the property owner, vhen an installarion
lies within the bLounds of a road rlihit-of-way. It 1s < =zoo0d
td~a to have draviigs for one or two alternate ventif! . in-
stallation sltes avallable for each lozatlon, Tiw:r  un
then be Murilshed the right-ci-way agent on his fio-o crlp,
poussibly saviin him several rvepeat calle,

he plghteof'=vwu,; 2,0 nf 2un Ulect parecha, 2an wotn ol oz

Toptton" buslis, Tn'o ocan be dons L, bttt peonoe s

102

|
3
:
i
!
|
3

1

*

2 b Yo TIITRA Yae AN




- v

u:ﬁ;“t: 04 2 revniner of one v e 1331w,
~lut. payrensn 1z mele, The easement Loxom:n
% ?e°ntlx sover sorpanies can bz contw iy

L% . &, .:- 4

2in pu3lilve riatereats oP servite 2vallabllity odbtalin..i

£ prepes-isits to the "Tirmiar up” of casements,

Arsar ausaments have been purchased and areancemants nad -

..Ta pousr songanies, earthwerk (ususlly the mijor chorw .- -
nszrel ulth lLispreased curreat installacion) can bepii.

ers, tnu earvawork phase 13 construed as installattion ¢ :
sroundbedn complete with all buricu connestline cables. ' '

Toelaal aylindrical anoies used for rectiflier zroundbeds e
lanter *aan c2lvanic anodes and thzrefore require deepar
les {1 vercical) or longer ones (1f horizontal). Alse,

o*s diching for connecting cables is required. Power
auzers suitable for drilling vertical anode holes to th: 9t
T2 12° depths usually required are sometimes difficult to
sate, Lcﬂe-haﬂdled hani tools suzh as post hole aup=prs
visn pipe extansliouns, pole llne dizsinz bars, post hole :iig-
sers, spocns, spades, and wooden tanpers are useful as aux-
1l2apy egulpment or as a means of a.ing the entire Jobt bt .
by hani, 1

The graphite or HSCBCI ground anoles used are usnally sur-
rouniel by caroonaceons backfill mazerial., Vhen these an.: =
ars not pa~k3 i with thelr backii:-, one construcvion prei-
iem 18 ra2tting the backfill in plaxs., This material can B
£amped in, 1 the hole 1s dr.;. A loug-hanidled woodan tayn,
z:27 as pole line rews use, .15 suizable for ~ompactir- ?k-
£217 relow vertizal anoivs., If larze diameter holes {127 1
) are augered, this tool 1s alsc “suitable for tampln
mi the anod=s. In smaller diamzter holes, a 2" pol. 112
west, I augered holes are waser-Tilled, it is hei+-
surp them out bafore instzlling znodes, However, war
s 3houli o= allowed to "settle! overni-ht, Yhen it
, 1t vﬁl’ te foundi that the carbonaceous rateprial 1.~
is into the hole, makisg 1t necessarr to add more, - -
114 pedize the chances of bac&fill volls, whizh coul: 1+ -
1z in anode {ailure, The backiill should be {"11l2d U.
atove the ancies to within a few in:hes of wradc, unl: s 2
lcose material such as zravel can e placed on top of ‘i,
This 1s to 2llow for ventinzg. It i1s a sood idea to test
sarples from each shipment cf coke treeze backfill for r««'.:-
*74ty, partisle size, and ash contant,
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T 2t 18 negessary to install bPOUﬂJ anodes 1in a horizos, 7
csition because of speclal soll ccriitions, a continnovs
ditsh can be cut. This can then bz filled from enl vo ent

with backfill material, with the anoies centered in 1t,

If holes are difficnlt to auger because of cavini=-in roll, Lo
stovepipe casing can be used. HSCECI anodes are alrc ;
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somctimes installed without backfill, and satisfactory ser-

vice 13 reported. These can be "jetted" in, using water
pressure,

"Deep well" type groundbeds require well-drilling equipment,
and speclal procedures for positioning anodes.

HSCBCI anodes are more fraglle than graphite (at least par-
tinlly due to the fact that smaller diameter rods are often
substituted for thicker sraphite anodec). Therefore, they
must be paddcd wvhen hauled. Coke breeze or other carbonac-
eous backfilll mauterlal 1s much easler to use when packaged
in sacks. Even though it costs more when purchased this
way, savings in handling labor, waste, and special equipment
often will be the deciding factor. It should be remembered,
however, that sacks (especially burlap) deteriorate rapidly
when stored with coke breeze in them. Furthermore, there
seems to be no advantagzge to covering this material if it is
kept outside, but "skidding up" is advisable,

All buried cables and connections should be deep enough be-
low ground (usually 2' minimum) so that the possibility of
damage from farming, etc. will be minimized. It is also
necessary to exercise extreme caution when backfilling in

roc ground, and in avoiding damage to the cables with tools
and/or machinery.

Generally, conwe:cions in the buried wiring of a rectifier
installatior -ausi be made at:

l. ..ipeline to negative return lead.

2. Header wire to each individual anode lead.

3 Any point- where cable size changes.

As previously mentioned in the magnesium anode discussion,
cables and lead wires can be joined by thermit weld, solder,
U-bolt, or compression connectors although thermit weld is

‘preferred.

Where a pole-mounted rectifier is to be used, it is usually
economical to install the rectifier pole and the pipeline
negative return lead at the same time the other earthwork 1s
done. A 25" pole, heavy enough to support the size recti-
fier used, 1s usually sufficient. However, more height will
be required 1f the distance to the closest power company
pole is unusually great. This should be determined before
beginning construction, so that pole extensions will not be
necessary. If the direction from which service drops will

come is known at that time, guy anchors and cables can also
be installed.

a. HSCBCI Anodes,.
Cylindrical HSCBCI anodes may be installed horizontally or
vertically. Type "K" (Button) anodes are bolted to the pro-
tected structure., Groundbed anodes (buried in soil) may be
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surrounded by eliher carbonaceous or soil backfill, When
2k 111 42 uced, the ditch or hole is first excavated,

Th. unodes are centerecd in the excavation, while backf11l

's -urefally tamped arouni them, In some types of soil,

Al S swampy Aareas and aqulcksand, it ma:r not be possiole

Po a8 carbonaceous backf1ll, Packaged anodes containing
~arbor.aceous backf11l wsy then be used and the complete pack-
ara {incde surrounded bz backf111l) placed in an excavation.
care "duet” or "sausage" anodes are oi'tcn pulled “ntc empty
uble auets, 1w this way, they are in position to supply

. tuotite prot -ctlon to burled cable sheaths in adjacent
l.!cts.

1.5CBCI anodes must be handled with care because they are

- stremely brittle. They must not be throwm, aropped or
1led, Th: anode-to=-cable connection is eritical., Pullins
. mmuode 1eads to place this :unneetion in tension 2annot be
. tepnerd,  Anode leads and ennectins cables :annot be

Jlowed to contact sharp edges of tools ¢y obstrucilons,

ANl connecticns or seals which seem o bz damared should not

o6: used before consulting the suppliew,

(1) Vertical Soil Installations. TFor typical in-
sunllation, a vertical hole 10" in dlameter is Loraed into
ihe soll, For 60" anodes tnis should be at least nine or
son teet deep. Backfill (soll nr carbenaceous material) 1s
~hen earefully placed around centered anodes, and tamped in
‘1z=3 .~ layers, This material can be fllled into the tops

* the holes 1f rizht-of-way conditlons permit. T2 not, a
w in-hes of top soll may be placed cver ancd:cs,

Power equipment cr hand tools can be used to auger vertical
wnode holes,

4 lono-handlad wooden tamper, such as uced by vele line
‘1eWs, 1s sultable for compacting 111 around vertical
wodes 1f holes are not more than 10' to 12' d~ep. In
.maller diameter holes, a 2" pole works best ror vamping,

T qunered holes are water-filled, 1t 1s helpful to pump
nem out before installing anodes, However, the backfill
111 be mixed intoc & slurry with water and poured in, Vet
i1oles should be 2llowed to settle overnight., When this is
t.0e, bhe carbonaccous material (usually coke) descends into
v hole, makin.: it necessary to add more, This should re-
i :2 Lho possibility of backf'1ll volds, It 1s goocd practice
to tesi samples {rom each shipment of coke breeze backfill,
i, be cure that 1t mcets speeiriatlons. (Resistivity ecan
bee tested 4h a soll box,)

i hi,ne7eloelty water-jetting method 7o introducing anodes
'ntv the grcund has been used, This wethol 1s most adzpt-
b1 vo sand soll, but it has also been successfull;y appli=ad
o mth more conpact seoll contalinin. ¢la, ani chale,
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Typical vertl:al anode lristallatiom in soil is shomm in
Figure T3, This method, using unpackaged anodes, is pre-
ferrei for most installations. However, in swampy areas and
‘quicksanl where it may be impossible to use backfill, pack-
aged anoies may be used (Picure 74).

(2) Horizontal Soil Installations. HSCBCI anodes
are often instalied horizontally even though anode-to-snoil
resistance is somewhat higher in this position (Figure 75).
In this manner they can be placed in a low-resistance so0il,
and/or rock formations can be avoided., Strings of "duct”
anods=s can he placed in trenches to form distributed anode
systems when ducts are not available for them,

If horizontal anodes are spaced fairly close (approximately
5! to 10'), the entire trench may be filled with carbonace-

. ous backfill., When trenching for distributed anodes, all
connecting cables and anodes should be buried at least two
feet below grade so as to minimize physict.l damage, Treated
boards or concrete slabs are sometimes placed over cables
for furth2r »rotection, Trenches can be cut somewhat deeper
at anode locations to allow extra space for carhonaceous
backf1ll (if used).

Horizontal metal pipes, or porous tile ducts can be instal-
- led nnder large tank bottoms or other structures plas: in
contact with soil., This 1s easiest to do during construct-
ion of the structure, Then anodes can be pulled throu:h at
any time in the future.

Backrill (soil or carbonaceous material) should bz car:fully

. tamped around anodes., If soll is used, every eftfort should
be made to obtaln a low-resistivity grade of uniform quality.

. (3) Deep Anode Installation. Anodes which are

: placed fifty feet or deeper below the earth's surface are

commonly called "Deep groundbeds", A complete deep anodc

installation can be made on a plot of ground no larger than

five feet square, For typlcal installatlon, see Figures

7€ and  T7.

A six-inch hole 1s recommended, and either rotary or cable
tool drlilling r»1g may be used. Drilling with a cable vool
usually takes longer than the rotary drill., However, vhe
rotary drill, with the drilling mud used, usually rosulto
. In & cleaner and drler hole. The more available and ezonom-

i1cal means should be selected, however, Because decp well
groundbeds are usually less than 300 feet decep, most local
water well drillers are capable of drilling the well.

A dry hole 1s not nceded, so0 no more casing than absolut:ly
necessary to prevent caving durins installation should be
used. Deep metal casinzs will transmit protective current
to the surface., The resultant surface dischar» will null-
i1fy many advantapgecs of the deep well groundbed., If 1t in
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TYPICAL VERTICAL INSTALLATION - HSCBCI ANODE 3
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TYPICAL VERTICAL INSTALLATION FOR
IMPRESSED CURRENT PACKAGED ANODE
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necessary to extend the casing beyond fifty feet below the
surface, every offort should be made to pull at least the
top fifty feet of the casing out, If this s not possible,
the casing above the anode string can be ccated to reduce
carrent discharge. Plastic casing can also be used for this
upper portion. Finally, prior to the installation of the
anodes, the casing u.on be separated at the fifty-foot lewel
with casing~cutters or dynamite, When the well 1s ready,
the drilling rig is used to lower in the anode string.

Type M HSCBCI anode, 2" x 60" with enlarged heads and epoxy
cap, is most suitable for deep groundbeds. Because of the
1naccessib111tv of the anodes, individual anode leads shoul-l
extend to the surface. Thus, difficulty with one lead or
anode conmnection: would not lead to fallure of the entire
groundbed, When more thar:‘ten anodes are used, the wire
bundle becomes rather bulky In this case, not more than
two anodes may be spliced to a single header. To reduce the
number of wires, No. 8, stranded copper wire with HMWPE insn
lation 1s suggested.

Anodes should not be suspended Crom lead wires as prolonged
stress may lead to difficulties, Instead, anodes should be
fastened to a 1" support pipe as shown 1n Migure 77 using
steel banding or large hose clamps. Not more than three
anodes should be attached to each section of support pipe.
Sections are Joined together with pipe unions.

Gases liberated by electrolysis -of the electrolyte in the
groundbed should be vented. They form an insulating barrier
and decrease anode current output. Gas blocking results in
a gradually increasing resistance that eventually can causec
the groundbed to become ineffective,

One or more plastic vent pipes from the bottom anode to the
surface will aid in dissipating gases to the atmosphere. A
combined vent and support pipe system is shown in Figures

76 and  77. This method of support is only Lemporary in
nature (the metal section will corrode) and therefore ran be
used only with backflll. For a permanent type support-vent
pipe system that can be uséd in backfill or water-fillcd
deep groundbeds, the total system of brackets and pipe
should be made of plastic.

Before lowerlrnz anodes, the well should be bziled as dvy as
possible to facilitate backfilling. Anode scctiens ar~ low-
ered in one at a time. Anodes must be lined up when s -etio:
are Jolned, Wires and the plastic tublng should be tapcd to
each succeeding section to prevent fouling, Plastic tubline
must not become bent or kinked., When the last anode sectlion
1s ready for lowering, wires and tublins;: shonld be bupndled
and bound with tape at flve-Toot intervals, The compleien
anode string is thén lowered down the well by one of tvo
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5'" Mipe swedgeu 13 2%,
Used os Vent

Fiid withe Gi'cve‘“\-‘ﬁ‘_‘

Fil. to T.is Point ﬁth/

s7. b, of Coxz2 Bresze
nd Enouy Water for
au Gal, Sturr:

4" Welding Caup.
otd. Wr, to -Suide

Anode: Siring \

Lead Wires in Conduit

,;, <" E“ ond 2% Niﬁ‘ S'ipp'dfOVgr
Il Cobles or Use Fecas o: Rubber Huss

B Plastic Pipe for Vant

: I Perforated 3/4" Siecl Pipe

/4 Holes Drilled Every 6"

(Sec Figure 77)

y Anode

(See Figure  *7)

Anode Lewd Caulas
Friction laped to Pipe

(See Figure /)

Figure 76
DEEP ANODE
IMPRESSED CURRENT SYSTEM
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Perforated 3/4" Pipe

- 1" Mctic Kpe Slipped Onto 3/4" Nipple,

ecured with Stainless Steel Bonds,

3/4* Union 10 Connect
Fipe. Sections

“’,02.‘ .0", .Qﬂ"&
Welcded tc *cr 1vHook

Higa-Silicon, __—®
Chromim-Bearing, Cast-

Iron Anodes, Type M
174" Holes Every o® )

No. 8, 7-Strund Copper

Anode Cable Friction Taped
to Pipe .

/4% Steel Straps
Binding Anodes to Pipe

3% 3crap-Pipe Welded
to Side of 3/4* Pipe,
to Support Anodes

4" Weldin, Cop 5td, Wi

v

Welded to Bottom of L/ |][*
Pipe to Guide Anode
String '
a) b) c)

Figure 77
~ DEEP WELL - ANODE DETAILS
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mathods,

and the entire assembly lowered, After the stipt ns has
reached bottom, the lowerine pipe is removed joint by jJoins.
To Insurc rapoval of the lowering pipe from the anode string,
the connectlon should be made with a left-hand thread or a
hand-vicht vlishi-hand thread.. :

1 2, It Ls also possible to attach a pulley to the

o top of the aned~ sirinyg and lower the string with the dril-

: ler's bellae cable. Clothesline 1s then attached to the end
1 the ~uadls; and the cable retrieved, The lowerdng nips :
howev -p, mekes 4t possible o turn or manipulate the ano;n
cteince, should it beeomz fouled on the way dowm.,

s

3
‘4
v

i

}

k‘ .
1, Joints of 1" pipe are attached to the string ;\

¥

!

!

#

L]

reekf’illingeg 1s recommended fo lower anod: teo gsround resis-
cEnle, A slarry of flake gvaphibe<has proven the most WODK~
3V . Yater in the hole will notb affe2t baskrilling bacause
ceupitite willl sotile throush the watoer and surecand the

anlrz,  Abont a cup of liquid honzchold leterrent should be
nixed with the ¢ lurrv to inerease the wetuving action. I
ionkf111 48 mixed in a slizhtly 2levated vank, 1t may easily
be plped intc thn top of the hole,
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The wll head m2y ‘terminate above or below ground. For zbove E
‘round tevmination., four feet of casing should DPOo"udu above
fpvr onpface, A vented cap should hie sc'ewel onto the top of
roe. rapeing, for access, Anode leads should terminate in a

ce % whe top of the well head. For bhelow ground vermina- o
" 105, place 2 steel cap over the well to pnrevent earth settl-
inp* avove 1t. 2Anode leads should be run thrcush an under-

ol condult to a ferminal box at some convenient location.
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1wstall the reetisfier 15 close as possible to the well head.
Grven, ntility gole ~an be loeubed nexi. te it; 1f necessary,
tue vectiflier can be installed on the well head itself, An
iasulated copper <able 1s then run from the pocitive torminal
. ¢ the rectifier to the anode lead Terminal vox.

: (4) Mavine, Vater Tank, and Process Egulpment
- Znstallation. 1In most marine, water tank and procvess equlp- *
n ot installations, HSCBCI ancdecs zye suspended in the solu-

tion at some distanc~ {rom the <athodlrnally proteated stiuc-

tiee, However, button anodes are bolied onto the plath of .

: nwetal, Here 1t 1ls necessary tTo apnly ﬂoatin; and/or a dielec-

B tric pad betuween anode and structure metal

Susprnded anodes should never bLe supported by connecting
cables; a nylon rope or net bajy 1s suggested,

b, Cables., Every effort must be made te avold damage -
1r- eable insulation. Small breaks will result in early falls
e whcn positive cable 1s suspended or buried in elcetro-
lyte, When cables ave placed in trenches, sand o gof't

carth padding shonld be providcd to ninimize the chance of
insulatlon damage by rocks and/or othere deoris,
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Baried ocables and connections must be placed deep enough
below grade so that the possibility of damage from coustruce
tiod, farming, «te,, will be minimized. Two fect 1s usually

’satSstaczory. Further protection from physical damage to
buried cables can be provided by placing treated boards or
concrete slabs over and/or around them.

Insulated cables, suspended {n watcr or chemicals, must he

~pr0v1ded with brackets to prevent wear failure of insula-

tion due to movemént. They must ° 2 securely fastened in
turbulent areas, and kept out of .low streams where trash
-could foul them,

¢. Rectifiers. Rectifiers can be attached to poles
with through bolts for large units, and lag screvuc for
smaller ones, Units must be installed to standards of
local power companies and/or elcctrical inspectors. It ln
best to get information on this before beginning to wirc np
a unit, Meter sockets are usually furnished by the power
company, but must be wired in by the electrician connectins:
the rectifier, 80met1meu the power company wires down the
pole to the meter socket, and in other cases to the top of
the pole only. In some localities, all wiring must be con-
tained in condult, while exposed wiring is permissible in
others. The following are advantages to using conduit whi :h
point toward long life and trouble-{ree operation:

(1) Possibility of damage from vandalism or animals
minimized.

(2) Safety - reduces the changes of children bein:-
hurt when tampering with exposed wires, and provides con-
nection to ground for switch boxes, wmeter case, and recti-
fier case,

(3) Reduced possibility of weatheriny damage to
cable insulation,

"Light wall" conduit is easy to bend in the {16él1d and j-lver
satisfactory servic=., A separated fused switch at the A,C,
inlet side of the rectifier should alsc be included, i'or
additfonzl overload and fault protection, (See Figure 7§,
showing rectifier, fused switch and clectric meter,)

When installation work has becn completed at a rectlficv
site, 1t is important to thoroughly clean up ihe arca.
Trash must be removed, backfill ,moofhed up, loose stone
removed, etc, It is good practice to "mound up" loosec
backfill soil over trenches, if it has not been tamped.
Most of the fill will then settle back down into the ditch,
It is helpful to contact property owners upon completion,
to be certain they are satisfied with the appearance of the
Job., Final clean-up will be necessary after the soll has

settled, Any damage claims should also be pald at the same
time.
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Figure 78
POLE-MOUNTED RECTIFIER AND FUSED SWITCH
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S:hedulinzt roctifior 1ustallation 1s important, ospeeially
rvhere larece numbers of rectifiers are involved, Vhor pole-
"cs T24 uniys sre ased, as soon as posslble after Ciuul
sement payments have vcen mede, a crew of three to four
mew sets out to install rectitier poles and negative rctuen
leads, This has the dual advantage of beginning work on
the property omers' land while their agrecment and relim-
bursement is still fresh in mind, and also pinpointin: the
location for power company personnel so that they may
promptly proceed with any necessary or unforeseern probiems.

ATter poles have been set, ‘the same ¢rew now strenisthenr:d
by additional manpower, bcols, and/br other cquipment may
bein installation of sgroundbeds with thelr agsociated
cables ‘and connections. One crew should: bé able to com-
plete 2 25 to 35 anode sroundbed: in a working day. Upon
completion of groundbnds, a test of pipe-to-jroundbed reci.~
tance will make 1t possible to size rectifiers and have
them shiuped promptly. At this time, power éompanicS can

also bve given a reasonably accurate estimate of the electri
cal load,

Upon recelpt of rectifier uniss, a crew of two-or threc meu
can mount and connect rectifiers, If large sectificr units
are being useéd, it may be best to divide this work betweer
two groups ol people - one of which simply hangs units on

the poles, vhile the other actudlly does the electrical
work., .

Typical installations are showm in Figures 79 and 8o.

Pole-t « "l rectifiers are also typleal of those mounted
on oufl. s wzlls. 1In less stable arcas and/or for oxircme-
ly hne. < units, floor-mounted (or slab-mounted) rectifiers

may be ilised. A dlagram of a mounting slab is jlven in
Figure 81, '

10.7 PRonds Between Structures, 1In almost any catho e

protection system, 1t 1s necessary to make conne:tiong be-~

tween isolated structures. These may be:
1. Sectlons of 1line suparated by lInsulating joints.
2. Completely separate plping systems.

3. Separate plpelines, or piping system 3, connectnd
to a common cathedlc protection unit,

The basic componenis of such bonds should be:

1. Cables from stractures involved,

2, Resistor for the control of currcnt flow (ir
cables have a lower resistance value than that required for
current drainage).

3. Callbrated shunt, ammeter, or other current {low
measuring device,
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Enclosure (Ophoml)
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from Neutral in. XS
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N
' : Existing Grode
i y 25N
’ i N " :‘: 'E' 72
0 I 20 Min.
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izel Ground R°":! N Bush Ends of Conduit
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Negative Cable, to
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Figure 79
TYPICAL POLE OR WALL MOUNTED RECTIFIER
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Vhen ihstalliris bonds, it is advantasreous to. uge cables
heavier than the number lo‘throughzlﬁ‘cqmmonly'eMpJOyed as
tes? leads, evan though resistancc¢ or current-carryinsg
capacity may not be critical. This 1s because larger size
cables are less susceptible to physical damege during exca-
vation and other routing maintenance. Also, they -are usu-
ally very important factors in -maintaining protective poter-
tlals, while at the same time not numercus enough to notic-
ably affect installation costs., 'No., & cables are recom~-
mended for military use., Bonding cables should always be
marked immediately, as they are installed, to avoid confu-
sion and unnecessary testing later on. ) Thls
can be done by color coding, metal tags attached to the
wires, marks on the test box panel, or combinations of these.

Components of a bond test station are generally installed

in & vweathertight, galvanized box mounted conveniently abov~
ground (with Joint lock, if required). This may be wall-

or pole-mounted as with a rectififer. Typically, a 4" cedar
post G feet long (2 feet below grade, U feet above) 1s used
for a mounting pole where no convenient wall, fence post,
etc, 1s available. This provides relatively convenient
access, ‘when required. Where such a bond station is imprac-~
tical or not allowed, such as in a farmer's field, the bond
test components can be installed in a curb box buried 18"
below grads, Thils provides limited access, since it must

be located and dug up whenever ‘testing is required.

11  MAINTENANCE. All cofrosion control systems must be-
maintained. This established ¢ost goes with them and should
be accepted as such, If maintenance is neglected, the use-
fulness of any corrosion control system will 'soon end.

'Part of maintenance 1s replacement and repalr of coatings,
electrical componénts, anodes, chemlical feeders, etc.

In corrosion prevention, another facct of malntenance must
be considered, This 1s the fact that the corrosion enviro:-
ment of most faclllitles changes over the vears, generally
slowly but occasionally radically and rapidly. Factor:s
which commonly change are addition of new structurecs, aliirr-
ation of existing ones, and chemlcal composition of the
electrolyte.

Maintenance is especlally important in cathodlec protection
systems, These electrical systems rcquire the same care
as any othér electrical installation. Thelr effectivencess
1s especially responsive to alterations or additions to
structures in thé area, These structurecs may shield or
channel protective current flow,
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A sulde fOv maintaining cathodic prctectlon systems 1is

AFM :85-5 = "Maintenancée and Opération of Cathcdic Protection

Systems™ (1 Hovember 1965). An effedtive maintenance sched-

uie should be established for all cathodic protection instal-
lations; based oii this manual. A reécommended schedule,

after the initlal installation checks, and six-month inspec-

vlons, is: '

I. Xeep 2 record of all rectificr cutputs _
(volts, amperes) monthly, and report any varia-
tions because these may 1indicate system mal-
functions,

2. Once a:yearn, base personnel should make a cathodle
protection base survey, tdaklng structure-to-
clectrolyte and any other necessary measurements
(e.z. current output of galvanic anodes).
Rectif'iers should be adjusted as needed av this
time,
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APPENDIX A.

GLOSSARY OF CORROSION TERMS
(*Definitions from NACE Standard RP-01-69)

Ag-ggggéon, The taking up of one substance at the surface
of another. The tendency of all so0lids to condenss upon

their surfeces a layer of any gas or solute which contact
such solids,

Aeration cell (o ell An electrolytic cell in which
a erence in oxygen concentration at the electrodes ex-
ists, producing corrnsion.

Aﬁﬁggggggggg Materials subject to attack by both acid and
alkaline environments. Aluminum, zinc, and lead, commonly

used in construction, are examples,

%ggigggig& Free of air or uncombined oxygen; an aerobic
cteria are those which do not use oxygen in their life

cycle.

5%%8“ A negatively charged ion which migrates toward the
anode under influence of a potential gradient.

*Anode, An electrode at which oxidation of its surface or
some compcnent of the solution is occurring. Antonym:cathode.

*Bell hole, An excavation to expose a buried structure.

Cathode, An electrode at which reduction of its surface or
some component of the solution is occurring. Antonym:anode

Catgod%s gg;gosion, Corrosion resulting from a cathodic

co on of a structure, usually caused by the reaction of
alkaline products of electrolysis with an amnhoteric metal.
‘Cathod%c Protection, A technique to prevent the corrosion
of a metal surface by making that surface the cathode of an
electrochemical cell,

Cati A positively charged ion of an electrolyte which
Eigra%

es toward the cathode under the influence of a po-~
tential gradient,



an&gn&xg&ign_g%}li An electrolytic cell in which a dif-
ference in electrolyte concentration exists btetween anode
and cathode, producing corrosion.

*Continuity bond, A metallic connection that provides
electrical continuity.

*Corrosion. The deterioration of a raterial, usually a
metal, because of a reaction witbh its environment.

*Current density, The current per unit area,

"Electrical isolation, The condition of being electrically
scparated from other metallic structures or the environment.

*Elcctro-osmotic effecct, Passage of s charged particle
“Yrough 8 membrane unﬁer the influence of a voltage. 3Soil
uay act as the membrane,

*Electrode tential, The potential of an electrode as
measured agagnaf a reference electrode. The electrode po-
tential does not include any loss of potential in the sol-
ution due to current passing to or from che electrodes, i.e.
it represents the reversible work required to move a unit
charge from the electrode surface through the solution to
vne refcrence electrode.

Electrolyte, A chemicel substance or mixture, usually
1quid, containing ions that migrate in an electric field,
Cxamples are soil and seawater,

Electromotive fo series (EMF geries). A list of ele-
ments arranged according to their standard electrode po-
tentials, the sign being positive for elements having
potentiais that are cathodic to bydrogen and negative for
those elements having potentisls that are anodic to hydro-
gen,

*Forei structure. Any structure that is not intended as
a part ol the system of interest.

*Galvanic anode, A metal which, because of its relative
position in the galvanic series, provides sacrificial pro-
tection to metal or metals that are more noble in the ser-
i»8, when coupled in an electrolyte. These anodes are the
current source in one type of cathodic protection.
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Galvanic cell .. A corrosion cell in which anode and cath-
ode are dissimilar conductors, producing corrosion because
of their innate difference in potential.

*Galvanic series, A list of metals and alloys arranged
accgﬁaing to E%eir relative potentials in a ziven egggron-
ment, ’

*Holid A discontinuity of coasting that exposes the met-
al auriace to the enviromment,

gfggggin ovgrvoltggg, Voltage characteristic for each met-
a -enx ronment combination above which hydrogen gas is 1ib-
erated,

*Tmpressed current, Direct current supplied by a power
source externa 0 the electrode system.

‘Inauliting coating aﬁgtem, All components comprising the
protective coating e sum of which provides effective
electrical insulation of the coated structure.
*Interference bond, A metallic connection designed to con-
trol eIecE%icaI current interchange between metallic sys-
tems,

Ion, Electrically charged atom or molecule.

*IR drog‘ The voltage across a8 resistance in accordance
w1l m's Law,

*Line current, The direct current flowing on a pipeline.

Local action, Corrosion caused by local cells on a metal
surface.

M3ill scale, The heavy oxide layer formed during hot fabri-~
cation or feat-treatment of metals. The term is applied
chiefly to iron and steel,

Hglnlitzi Concentration of 8 solution expressed as the
number of gram molecules of the dissolved substance per
1000 grams of solvent,

gg‘ A measure of hydrogen ion activity defined by pH =
og10 (1/8H*) where aH' = hydrogen ion activitg = molal
concentration of hydrogen ions multiplied by the mean ion
activity coefficient (= 1 for simplified calculations).
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Folsrization, The de-:iatiun from the open circuit potent-
1al of an electrode vesulting frow the passage of current.

*Re ference e trode A device whose open circuit potent-
10 s constant under similar conditions of measurement.

*Reverse-current switch, A device that prevents the rever-
sal of dire~t current Eﬁrough a metallic conductor.

*Stray current Current flowing through paths other than
the interded circuit.

*Stray current corrosion, Corrosion resulting from direct
current flow tErougE pa?ﬁa other than the irtended circuit,

'Snructure-to-electrolzge voltagiz (also siructure-to-soil
Sotential or pipe-to-soll potential). The voltage differ-
~nece between a buried metallic structure and the electro-

lyte which is measured with a reference electrode in con-
tact with the electrolyte.

*Structure-to-structure voltage., (also structure~to-struct-
ure potential). e erence in voltage between metallic
sructures in a common electrolyte.

Toltage. An electromotive force, or e difference in elec-
frode potentials expressed in velts.
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APPENDIX B,
DEPARTMENT :OF ‘TRARSPORTATION
REGULATIONS ’

Title 49 -~ Trensportation

Chapter )-Hasardous Meteriels Regulstions Board, Depert-
ment of Trensportatiom,
(Docket Ko. 5; Amdt. 192-4)

Part 192-Trensportation of Natursl and other gas by pipe-
1ine: ‘Minimum Pedersl safety stendards & b’ Prpe

-Subpert. 1-Requirements for
Corrosion Control

152.451 Scope.

This ‘subpert :prescribes minimum requiremsnts for the pro-
tection of metallic pipelines from external, internal, end
ateospheric corrosion.

192,453 General.

Each operstor shall establish procedures to implement the
requirements of this subpart. These procedures, including
those for the design, installation, operation and mainten-
ance of cathodic protection systems, must be carried out by,
or under the direction of, a person qualified by experi-
ence and training in pipeline corrosion control methods.

192,455 External corrosion control: buried or submerged .

pipelines installed after July 31, 1971.

(8) Except as provided in paragraphs (b) and (c) of this
section, each buried or submerged pipeline installed after
July 31, 1971 must be protected against external corrosion,
including the following: ‘

(1) It must bave an external protective coating meeting
the requirements of 192.46,

(2) It must have a cathodic protection system designed to
protect the pipeline in its entirety in accordsnce with this
subpart, installed .and placed in operation within one year
after completion of construction.

(b) An operator need not comply with paragraph (a) of
this section, if the operator can demonstrate by tests, in-
vestigation, or experience in the area of application, in-
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cluding, as a minimum, s0il resistivity nessurements and
tests for corrosion sccelerating bacteria, thst a corros-
ive environsent does not exist, However, within 6 months
after an installation made pursuant to the proceding sen-
Sence, the operator shsll conduct tests, including pipe-
to-3011 potential measurements with respect Uo eithber a
continuous referenge electrods or an electrods using close
spacing, not to exceed 20 feet, amd s0il resistivity meas-
srements at potentisl profile pesk locetions, to ‘adequ-
ately evaluate the potentisl profile slong the entire pipe~
line. If the tests pade indicste thai a oorrosive con-
diton exists, the pipeline must be cathodicully protected
in sccordance with paregraph (a) (2) of this section.

(¢) An operator need not .comgiy with paragraph (a) o
this section, if the operstor can demonstrate by tests,
ir--stication, or experience - -.u~

(1) For a copper pipeline, : zoxrizgive enviromment does
not exist; or

(2) For s temporsry pipeli; ‘. an opersting period of
service not. to exceed 5 year. '-yond installation, corro-
sion during the S-yesar pericd of service of the pipeline
will not be detrimentai to. public safety,

(a) Notwithstending the provisions of parsgraph (b) or
fc) of this section, if w pipeline is externslly costed,
1t must be cathodically pxdtected in accordance with pera-
-reph: (a) (2) of this section,

(») Aiuminum may not be installed in a buried or submerg-
2d pipeline if that aluminum is exposed to an environment
with a ratural pH in ercess of 8, unless tests or expes-
ience indiczte its suitability in the particulsr environ-
ment involvazd.

192,457 External corrosion control: bduried or submerg-
od pipelines installed before August 1, 1971, '

(a) Except for buried piping at compressor, regulator,
and measuring stations, each buried or submerged trans-
mission line installed before August 1, 1971, that has an
cffective external coating must, not later than August 1,
1974, be cathodically protected along the entire area that
is effectively coated, in accordance with this subpart.
For the purposes of this subpart, a pipeline does not have
an effective external coating if its cathodic protection
current requirements are substantially the same as if it
were bare. The operator shall make tests to determine the
cathodic protec¢tion current requirements.

(v) Except for cast iron or ductile iron, each of the
following buried or submerged pipelines installed before
August 1, 1971, must, not later than August 1, 1976, be
cathodically protected in accordance with this subpart in
areas in which active corrosion is found: .
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{1; Bare or ineffectively cceted tretismission lines.

2 !lre coutod.pipoc st osmpiessor, rngnlater; and

(5) llre coatod di-tribution lines. The operstor shali
tho aress -of octivt cerrosion by electrical sur-
vn \mm slectricsl survey is imprectical, by the stu-

~¢y oorro.ion ead leak history recomds, by lcuk detection

)},,,,:';““" £ this subpart, sctive oorrosi
purpese o 8 Su sctive oo on

- oorrosion which, unln-t controlled, could
rosult in a ' tion that is dotri.iattl t0 pudblic safety.

192,459 Externsl corrosion control: examination of bur-
ied pipclin. vhen exposed.

Whenever an operator has knowledge that any portion of e
buried pipeline is exposed, the exposed portion must be ex-

amined for evidence of external corrosion if the pipe is

bare, or if the coat is deéterioreted. If exterxal cor-

:::t“ T I+ 3l ot P i e exe
req . a e appliceble pars hs of

192.‘85' 1920 2 or 192.‘89. mp

192,461 External corrosion control: protective coating..

(a) Esch sxternal protective coating, whether comductive
or insulating, applied for the parpose of externsl corro-
sion control must-
slg Be applied on 2 properly prepared surface;

2) Have sufficient adbesion to the metal surface to
effectively resist under<film migration of moisture;

23 Be sufficiently ductile to resist cracking;

4) Have sufficient strength to resist damage -due to
bandling snd soil stress; and

(5) Have properties conpatible with any supplemental
cathodic protection.

(b) Each external protective coating which is an elect-
rically insulating type must also have iow moisture ab-
sorp*ion and high electricsl resistance,

{¢) Each external protective coating must be inspected
Just prior to lowering the pipe into the ditech and back-
filling, and any damage detrimental to effective corrosion
control must be repaired.

(d) Esch external protective coating must be protected
from dsmsge resulting from adverae ditch cornditions or dam-
age from supporting blocks.

(e} If coated pipe is installed by boring, driving,. or
othex similar method, precautions must be taken to minimize
da-ase to the coating during installation.
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192,853 External corrésion control: cathodiec protection.

() Each catbodic protection ag::;i required by this sub-
pert must provide a level of cat ¢ protection that com-
piies with one or more of the appiicable criterias contained
in Appendix D of this subpart. If none of these criteria
is applicable, the cathodic protection system must provide
2 level of cathodic protection at least equal to tbet pro-
vided by compliance with one or more of these criteria.

(b) If ampnoteric wetals sre included in a buried or sub-
mergeg pipeline containing a metal of different anodic pot-
=ntial-

(1) The smphoteric metals must be electrically isolated
fnog gbe remainder of the pipeline and cathodically pro-
tecteds or

: ue entire buried or submerged pipeline must be cath-
odicala r protected at a cathodic potential that weets the
rgquirements of Appendix D of this part for smphoteric met-
8l8.

(c) The amount of cathodic protection must be controlled
so as not to damage the protective coating or the pipe.

192,465 External corrosion control: monitoring.

(a) Except whére iupractical on off-shore pipelines, each
pipeline that is under cathodic protection must be tested
% leasi once each calendar ycar, but with intervals not
excs ~1ing 15 months, to determine whether the cathodic pro-
tection meets the requirements of 192.46%, However, if
tests at those intervals are impractical for separately
protected service lines or short sections :of protected

mains, not in excess of 100 feet, these service lines and

mains may be surveyed on a sampling basis, At least 10
percent of these protected structures, distributed over the
entire system must be surveyed each .calender year, with a
different 10 percent checked each subaequent year, so that
the entire system is tested in each 10-year period.

(b) At intervals not exceeding 2 months, each cathodic
protection rectifier or other impressed current power
source must be inspected to ensure that it is opersting.

(¢) At irntervals not exceeding 2 months, each reverse
current switch, each diode, and each interference bond
whose failure would jeopardize structure protection, must
be electrically checkéd for proper performance., Each other
interference bond must be checked at least once each calen~-
dar year, but with intervals not exceeding 15 months.

(d) Each operator shall take prompt remedial action to
correct any deficiencies indicated by the monitoring.

(e) After the initial evaluation required by paragraphs
(b) and (c) of 192.455 and paragraph (b) of 192,457, each
operator shall, at intervals not exceeding 3 years, reevalu-~
ate its unprotected pipelines and cathodically protect them
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in sccordance with thia subptrt in aress 1n.ibicb sctive

-corrosion is found. The opsrstor sball deteraine the

areas of active corrosion by electrical survey, or where

electirical survey is imprectical, by the ctu‘y ot 0OTTOS-~
ion and leak history records, by leak detection snrvey, or
by other means.

IBEiAGV Externsl corrosion control: electricidl isole~
on.

(a) Each. buried or subme pipeline must be electric-
ally isolated from other erground metallic structures,
unless the pipeline and the other structures are electric-
::11 interconnected and cathodicslly protected as a single

(b) An insulating device must be installed where electri-
cal isolation of 2 portion of a pipeline is necessary to
facilitate the application of corrosion control.

(c) Except for unprotected copper inserted in férrous
pipe, :each pipeline must be electricslly isolated from
metasllic casings that are a part of the underground system,
However, *f isolation is not achieved because it is im-
practical, other measures must be taken to-minimise cor-
rosion :of tte pipeline inside the casing.

{4) Inspection and electrical tests must be made to
assure that electrical 1aolat10n is adequate.,

(e) An insulating device may not be installed in an area
where a combustible atmosphere is anticipated unless pre-
cautions are taken to prevent arcing.

() Where a pipeline is located in close proximity to -
eléectrical transmission tower footings, ground cables or
counter-poise, or in other areas where fault currents or
unususl risk of lightning may be anticipated, it must be
provided with protectlon against damsge due to fault cur-
rents or 11ghtn1ng, and protective measures must also be
taken at insulating devices.

192,469 External corrosion control: test stations.

Except where impractical on offshore and wet marsh area
pipelines, each pipeline under cathodic grotectlon requir-
ed by this subpart must have sufficient test stations or

other contact points for electrical measureme.it to deter-
mine the adequacy of cathodic protection.

192,471 External corrosién control: test leads.

(a) Each test lead wire must be connected to the pipe-
line so as to remain mechanically secure and electrically
conductive,

(b) Each test lead wire must be attached to the pipeline
so a8 to minimize stress concentration on the pipe.
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_ (e) Each bared test lead wire and bared metallic srea at
point of connection to the pipeline must be coated with an
electrical insulating material compatible with the pipe
coating and the insulation on the wire.

192.423: Externsl corrosion control: interference cur-
renvs,

(a) After July 31, 1973, each operator whose pipeline
systea. is subjected to stray currents shall have in effect
.a continuing program to minimize the detrimental effects of
such currents,

(b) Each impressed current type cathodic protection sys-
tem or galvanic anode system must be designed .and installed
80 as *¢ minimize any adverse sffects on existing adjacent
underground metallic structures,

192,475 Internsl corrosion control: genersl.

(a) After July 31, 1972, corrosive gas may not be trans~
ported by pipeline, unless the .corrosive effect of the gas.
-on the pipeline hes been investigated and steps ‘have been
taken to minimize internsl corrosion.

(b) Whenever any pipe is removed from a pipeline for any
reason, the internal surface must be inspected for evidence
cf corrcsion, If internal corrosion is found-

(1) The adjacent pipe must be investigated to determine
the extent of internal corrosion;

(2) Replacement must be made to the extent required by
the applicable paragraphs of 192,485, 192.487, or 192.489;
and

(3) Steps must be taken to minimize the internal cor-
rosion, :

(c) Gas containing more than 0.l grain of hydrogen sul-
fide per 100 standard cubic feet may not be stored in pipe-
type or bvottle-type holders..

192,477 Internal corrosion control: monitoring.

If corrosive gas is being transported, coupons or other
suitable means must be uséd to determine the effectiveness
of the rteps tsken to minimize internal corrosion, After
July 31, 1972, each coupon or other means of monitoring
internal corrosion must te checked at intervals not exceed-
ing 6 months.

192.479 Atmospheric corrosion control: general.
(a) Pipelines installed after July 31, 1971, Each above-
ground pipelines or portion -of & pipeline installed after

July 31, 1971 that is exposed to the atmospbere must be
cleaned 'and either coated or jacketed with a material suit-
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‘8ble for the prevention of atmospheric corrosion. An oper-
ater need not comply with this peragreph, if the operator
can demonstrate by test, inrestigaﬁioni or experience in

the area of application, that a corros
not exist.

(b) Pipelines installed before .August 1, 1971, Not later
than August 1, 1974, each operator having an above-ground
gipelina or portion of a pipeline installed before August

s 1971 that is exposed to the atmosphere, shall-
i(ll_Determine the areas of atmospheric corrosion on the
P inej .

2) If atmospheric corrosion is :found, take remedial
measures to the extent required by the applicable para-
‘graphs of 192,485, 192.487, or 192,489; and

(3) Clean and eitheér coat or jacket the areas of atmos-
pheric corrosion on the pipeline with a meterisl suitable
for the prevention of atmospheric corrosion.

ve atmosphere does

192,481 Atmospheric corrosion control: monitoring.

After meeting the requirements of paragraphs (a) and (b)
of 192.479, each operator shall, at intervals not exceeding
3 years, reevaluate its sbove-ground pipelines or portions
of pipelines that are exposed to the atmosphere and take
remedial action wherever necessary to maintain protection
against atmospheric corrosion.

192,483 Remedial measures: .general,

(a) Each segment of metallic pipe that replaces pipe re-
moved from a buried or submerged pipeline because of exter-~
nal corrosion must have a properly prepared surface and
must be provided with an external protective coating that
meets the requirements of 192.461.

(b) Each segment of metallic pipe that replaces pipe re-
moved from a buried or submerged pipeline because of exter-
nal corrosion must be cathodically protected in accordance
with this subpart.

(¢) Except for cast iron or ductile iron pipe, each seg-
ment of buried or submerged pipe that is required to be re-
paired because of external corrosion must be cathodically
protected in accordance with this subpart.

192,485 Remedial meesures: transmission lines.

(a) General corrosion, Each segment of transmission line
pipe with general corrosion and with a remaining wall
thickness less than that required for the maximum allow-
able operating pressure of the pipeline, must be replaced
or the operating pressure reduced commensurate with the
actual remaining wall thickness, However, if the area of
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genersl corrosion is small, the corroded pipe may be re~
paired., Corrosion pitting so closely grouped as to affect
) the overall strength of the pipe is considered genersl cor-
h{ rosion for the purpose of this paragraph,

3 (b) Localized corrosion pitting. Each segment of trans-
mission line pipe with localized corrosion pitting to a de-
gree where leakage might result must be replaced or repeir-
2d, or the operating pressure must be reduced commensurate ;
with the strzngth of the pipe, based on the actual remsin- !
ing wall thickness in the pits,

TET™
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192,487 Remedial messures: distribution lines other
tnan ‘cast iron or ductile iron-lines.

(a2} General corrosion. Except for cast iron or ductile
iror pipe, each segment of generally corroded distribution
line pipe with a remaining wall thickness less than that
r2quired for the maximum allowable operating pressure of
the pipeline, or a remaining wall thickness less then 30
percent of the nominal wall thickness, must be replaced.
However, if the area of general coirosion is small, the cor- 3
roded pipe may be repaired. Corrosion :pitting so closely 1
erouped as to affect the overall strength of the pipe is E
considered general corrosion for the purpose of this para- ]
gsraph, : 3

(b) Localized corrosion pitting. Except for cast irom or
iuctile iron pipe, each segment .of distribution line pipe A
with localized corrosion pitting to a degree where leakage ]

TR Y I TY T
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might result mist be replaced or repaired. 4

192,489 Remedial measures: cast iron and ductile iron ]
pipelines. ’

4

(a) General graphitization. Each segment of cast iron or
ductile iron pipe on which general graphitization is found é
to a degree where a fracture or any leakage might result, 3
must be replaced. §

(b) Localized graphitization. Each segment of cast iron - "3
or ductile iron pipe on which localized graphitization is
found to. a degree where any leakage might result, must be
replaced or repaired, or sealed by internal sealing wethods
adequate to prevent or arrest any leakage.

Satcan sy 2,

192.491 Corrosion control records.

O W DL R N LYY

(a) After July 31, 1972, each operator shall maintein re-
cords or maps to show the location of cathodically protect-
ed piping, cethodic protection facilities, other than unre-
E corded galvanic anodes installed before August 1, 1971, and
| neighboring structures bonded to the cathodic protection
system,

- y(b) Each of the following records must be retained for as
3 long 2s the pipeline remains in service:
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(:2 Eguch record or msp required by parsgraph (a) of this
section.

(2) Records of each teat, survey, or inspection required
by this subpert, in sufficient detail to demonstrate the
adequacy of corrosion control measures or thet a corrosive
condition does not exist,

Appendix D-Criteria for Cathodic Protection and Determina-
tion of Measuremenis

I. Criteria for cathodic protection-A;, Steel, cast iron,
and ductile iron structures. .

(1) A negative (cathodic) voltage of at least 0,85 volt,
with reference to .a saturated copper-copper sulfate half
cell, Determinetion of this voltage must be made with the

rotective current applied, and in accordance with sections

and IV of this appendix,

(2) A negative (cathodic) voltage shift of at least 300
millivolts, Determination of this voltage shift must be
made with the protective current applied, and in eccordance
with sections II and IV of this appendix. This eriterion
of voltage stiift applies to structires not in contact with
metals of different anodic potentials,

(3) A minimum negative (cathodic) polarization voltage
shift of 100 millivolts, This polarization voltage shift
must be determined in accordance with sections III and IV
of this appendix.

(4) A voltage at least as negative (cathodic) as that
originally established at the beginning of the Tafel seg-
ment of the E-log-I curve. This voltage must be measured
in accordance with section IV of this appendix.

(5) A net protective current from the electrolyte into
+he structure surface as measured by an earth current tech-
nique applied at predetermined current discharge (anodic)
points of the structure.

B. Aluminum structures. (1) Except as provided in sub-
aragraphs {3) and (4) of this paragraph, a minimum negative
Scathodic)volgage shift of 150 millivolts, produced by the
application of protective current. The voltage shift must
be determined in accordance with sections II and IV of this
appendix,

23) Except as provided in subparagraphs (33 and (4) of
this paragraph, a minimum negative (cathodic) polarization
voltage shift of 100 millivolts. This polarization volt-
age shift must be determined in accordance with sections
111 and IV of this appendix.

(3) Notwithstanding the alternative minimum criteria in
subparagraphs (1) and (2) of this paragraph, aluminum, if
cathodically protected at voltages in sxcess of 1,20 volts
as measured with reference to a copper-copper sulfate balf

© ——
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cell, in accordance with section IV of this appendix, and
compensated for the voltage (IR) drops other than those
across the structure~electrolyte boundary, may suffer cor-
rosion resulting from the build-up of alkali on the wetal
surface, A voltage in excess of 1.20 volts may not be used
unless previous test results indicate no appreciable cor-
rosion Will occur in the particular environment,

(4) Since alurinum may suffer from corrosion under high
pH .conditions, and since application of cathodic protection
tends to increase the pH at the metal surface, careful in-
vestigation or testing must be made before applying cathodic
protection to stop pitting attack on aluminum structures in
~avironments with a natural pH in excess of 8,

C. Coprver structures. A minimum negative (cathodic) po-
1avization voltage shift of 100 millivolts. This polariza-
ticn vottage shift must be determined in accordance with
sections III and IV of this appendix.

D. Metals of different anodic potentials, A negative
tcathodic) voltage, measured in accordance with section IV
of this sppendix, equal to that required for the wmost anod-
ic metal in the system must be maintained. If amphoteric
structurss are involved that could be damaged by high alka-
linity covered by subparagraphs (3) and’(4§ of paragraph B
of this section, they must be electrically isolated with
insulating flanges, or the equivalent,

II. Interpretation of voltage measurement, Voltage (IR)
‘ror ocher than those across the structure-electrolyte
o0ur tary must bte considered for valid interpretation of the
voltage measurement in paragraph A(1l) and (2) and paragraph.
3(1l) of section 1 of this appendix.

III. Determination of polarization voltage shift., The
polarization voltage shift must be determined by .interrupt-
ing the protective current and measuring the polarization
decay. When the current is initially interrupted, an im-
mediate voltage shift occurs. The voltage reading after
the immediate shift must be used as the base reading from
which to measure polarization decay in paragraphs A%B), B
(2), and C of section 1 of this appendix.

IV. Reference half cells. A, Except as provided in parsa-
graphs B snd C of this section, negative (cathodic) voltage
must be measured between the structure surface and a sat-
urated copper-copper sulfate half cell contacting the elec-
rolyte.

BY Other standard reference half cells may be substituted
for the saturated copper-copper sulfate half cell. Two
commonly used reference half cells are listed below along
with their voltage equivalent to -0,85 volt as referred to
a saturated copper-copper sulfate half cell:

(1) Saturated KCI calomel half cell: -0,78 volt.

o(g% Siiver-silver chloride half cell used in sea water:
Ve vo t.
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C. In sddition to the standard reference half cells, an
alternate metallic material or structure may be used in
place of the saturated copper-copper sulfate half cell if
its potential stability is assured and if its voltage equi-
valent referred to a saturated copper-copper sulfate hslf
cell is established. '

(MR Doc. 71-9221 Piled 6-29-71; 8:48 am)

TRANSPORTATION OF LIQUIDS BY PIPELINE®
SUBPART A - GENERAL
AFFECTED FACILITIES
195.,1 Scope. |

(a) Except as provided in psrsgraph (b) of this section,
this part prescribes rules governing the transportation by
pipeline in interstate and foreign commerce of hazardous
saterisls that are subject to Parts 172 and 173 of this
chapter, petroleum, and petroleum products,

b) Tbis part does not apply to-

1) Transportation of water or any commodity that is
transported in a gaseous state;
gag Transportation through a pipeline by gravity;

3) Transportation through pipelines that operate at a
stress level of 20 percent or less of the specified mwini-
mum yield strength of the line pipe in the system; and

(43:Bxcept for Subpart B of this part, transportation of
petroleum in rural areas between a production facility and
the point where the petroleum is received by a carrier.

SUBPART D —- CONSTRUCTION
‘REQUIRED PROTECTIVE MEASURES

195,236 External corrosion protection.

Each component in the pipeline system must be provided
with protection against external corrosion.

195,238 External coating.

(a) No pipeline 'system component may be buried unless
that component ‘has an external protective coating that-
(1)tIs designed to mitigate correosion on the buried com-
nent;
p0(2) Has sufficient adhesion ‘to- the metsal surface to pre-
vent underfilm migration of moisture;
(3) Is sutficiently ductile to resist cracking;
(4) Has enough strength to resist damage due to handling
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and soil stress: and

(5) Sugporta any supplemental cathodic protection,
In -addition, if an insulating-type costing is used it must
have low moisture absorption and provide bigh electrical
resistance.

(b) A1l pipe costing must be inspected just prior to low-
ering the pipe into the ditch and any damage discovered
nust be repairad.

195,242 Cathodic protection system.

(a) A cethodic protection system must be installed for
911 buried facilities to witigate corrosion deteriorstion
that might result in structural failure. A test procedure
must be developed to. determine whether adequate cathodic
orotection has been achicved,

(b) & cathodic protection system must be installed not

.ater than 1 year after completing the construction,

195,244 Test leads,

(a) Except for offshore pipelines, electrical test leads
used for corrosion control or electrolysis testing must be
installed at intervals frequent enough to obtain electrical
measurements indicating the adequacy of the cathodic pro-

action,
(32 Test leads must be installed as follows:
(- Cnough looping or slack must be provided tc prevent
tust l:ads from being unduly stressed or broken during baek
£illing.

(2) Each lcad must be attached to the pipe so as to pre-
vent stress concentration on the pipe.

(3) Each lead installed in a conduit must be suitably in-
sulated from the conduit,

SUBPART .F _-- OPERATION AND MAINTENANCE

CATHODIC PROTECTION REQUIREMENTS
195.414 Csathodic protection.

(a) After March 31, 1973, no carrier may operate a pipe-
line ihat has an external surface coating material, unless
that pipeline is cathodically protected. This paragraph
does not apply to tank farms and buried pumping station

iping.

° %b)gEach carrier shall electrically inspect each bare
pipeline before April 1, 1975, to determine any areas in
which active corrosion 1s taking place. The carrier may not
increase its established maximum operating pressure on a
section of bare pipeline until the section has been so
electrically inspected. In any areas where active corros-
ion is found, the carrier shall provide cathodic protection.

2ed
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Section 195.416 (f) and (&) spplies to ail corroded pipc
thet if fousd.

{e) Each soiwier shall elsctricslly inspect all tank
fearas snd buried punping atation pip before April 1,
1973, a8 to the need for cathodic protection, anmd cathodic
protection shall be provided where necessary,

EXTERNAL CORROSION CONTROL
TESTING AKD INSPEC?ION
195,416 External -co¥rosion control.

(a) Each carrier shall, at intervals not exceeding 12
-wonths, cenduct tests on each underground facility in its
pipoline systems that is under cathodic protection to de-
termine whether the protection is adsquate,

(b) Each carrier sball smaintsin the teat leads required
for cathodic protection in such a condition that olectrical
‘méasurements can be obtained to ensure sdequate protection.

(¢) Each carrier shall, at intervals not exceeding 2 mon-
ths, inspect each of its cathodic protection rectifiers.

& ) Each carrier shall, at intervals not excacding 5
years, electrically inspect the bare pipe in its pipeline
sytem that is not cathodically protected and must study
leak records for that pipe to determine if additionsl pro-

tection is needed.

(e) Whenever any buried pipe is exposed for any reason,
the carrier shall =xsmine the pipe for evidence of external
corrosion, If the carrier finds that tiere is active cor-
rosion, tbat the surface of the pipe is generally pitted,
or tba% corrosion has caused & leak, it shall investigate
further to determine the extent of the corrosion,

(f£) Any pipe that is found to be generally corroded so
that the remg¢ining wall thickness is less than the mini-
mum thickness required by the pipe speczfzcat¢on tolerances
aust either be replaced with coated pipe that needs the re-
quirements of this part ory if the area is small, must be
repaired. Hovever, the carrier need not replage generally
.corroded pipe if the operating pressurec is reduced to be
commensurate with the limits on operating pressure speeif-
ied in this subpart, bssed on the actual remsining wall
thickness,

(g) If isolated corrosion pitting is found, the carrier
shall repsir or replace the pipe unless-

(1) T™e diameter of the corrosion pits, as measured at the
surface of the pipe, is less than the nominal wall thicknéss
of the pipe; and

(2) T™he remaining wall thickness at the bottom of the pits
is at least 70 percent of the nominal wall thickness.

(h) Each carrier shall clean, coat with material suitable
for the prevention of atmospheric corrosion, and, maintain
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this. protection for, each component in its pipeline systen
tiat is exposed to the atmosphere,

INTERNAL CORROSION ‘CONTROL
105,418 Internsl corrblion<c6ntrol.

(a) Ko carrier may transport any compodity that would
corrode the= pipe or other components of its pipeline ays-
tom, unless it has investigsted the corrosive effect of the
commodity on the system and has taken adequate steps to
mitigate corrosion, o .

(b) If corrosion inhibitors are used to mitigate internal
corrosion the carrier sball use inhibitors in sufficient

-ga8r 5ity to protect the entire part of the system that the

-"b.bitors are designed to protect and shall also use cou-
rons or other monitoring equipment to determine their
:ffectiveness.

(c) The carrier sball, at intervals not exceeding 6 mon-
ths, exesmine coupons or other types of monitoring equipment
to deterwine the effecliveness of the inhibitors or the ex-
tent of any corrosion, ] .

(d) Whenever any pipe is removed from the pipeline for
8uy reason, the carrier must inspect the internsl surface
for evidence of corrosion, If the pipe is generslly cor-
‘odel such that the remaining wall thickness is less thén

.2 ainimum thickness required by the pipe specification
tolerances, the cerrier shall investigate adjacent pipes to
dztermine the extent of the corrosion. The corroded pipe

must be replaced with pipe that meets the requirements of
this part. )

(*) Excerpt from Federal legister, October 4, 1969, Title
49 -~ Transportation, rart ISE - Transportation of iiquids
by Pipeline,
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APPENDIX €. ' |

- o L Stan ' Electrode Potential
= —Elsetrode Resglticn B (vo)ta), 25 Co .
S Potessivm = X* 4 o7 _ 2,932
o Celeiva .+ Ca " + 2e «2,87
: j . Sodiuu o= *’Kl+++ e - -2,712
o Megnesium = Mg " + 26 ~2.34
, Berylliva =~ Be ™ + 2& %3070
. Alusinum = AL}TY + 3e” -1.67
8 Henganese -!In+; + 2e_ <1.05
%ne  =2n, .+ 2 -0,762
| ~ Coromlum = Cryils 3o~ ~0171
S © Gallium =GB + Be <0,52:
; Ifon = Feio + 2¢ ~0.440
.; Codmium = CdJ) + 287 ~0,402
o Indive = In/"" + e 0,380
. Thellium = Tl +e =0,336
;! Cobalt = Co'* + 2e ~0.277
Nickel = Nil T + 2e” ~0,250
; m = sn++ + 23- "00136
Tesd = Po't + 2e -0.126
v Hydrogen = 2H, + 2e _ 0.000
s Copper = Cu  + 2e 0.345
- Copper = Cuj .+ e~ 0.522 ;
: z Mercury = Hgf"’I +_2e 0,799 |
Lo 8ilver =Ag. +e_ 0,800 i
': Pslledium = Pd '~ + 2e_ 0.83
Mercury = Hg + 2e 0.854
" Platinum = Pt]] + 2¢™_ 1.2
‘ : Gold = Au"" + Je i.42
: Gold = Au + e 1.68
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o’} APPENDIX D,
PAGLE D-1

GALVAIIC SERIES WITH RESPECT
TO SATURATED: CALOMEL ELECTRODEX
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TABIE D-1 (Continued)

GALVANIC SERIES WITH RESPECT
TC "SATURATED CALOMEL FLECTRODE!

llepative Potent Lal
tn Saturat~d Cialomel

Motal . . __Fleetrods; volts!
Mickel 0.20
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TABLE D-2

SALVANIC SERIES VITH RESPECT TO
CATHRATED COPPER-COPPER SULFATE VLECTRODEI

ileizatlve Potentlal to Saturated

intal Copper-Copper Sulfate electrode
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APPENDIX E.
TYPICAL .GOVERIMENT REGULATIONS
FOR SELECTION

- OF PIFE
1. Secops.

This sudbpert scribes minisum roqniro-cnta ‘for the se~
lection and itication of pipe and components for use in
pipelines.

2. Genersl,.

Materials for pipe -and components must be~-
(a) Able to maintain the structursl integrity of the

pipeline undér temperature and otber ervirommental condit-
ions that mey be anticipated;

(») Chemically compstible with any gas that. they trans-
port and with any other material in the pipeline with whickt
they are in contact; and

(e) Qualified in agccordance with the applicable refjuire-
sents of this subpert.

3, Steel Pipe..

(a) DNew steel pipe is qualified for use under this .part
) O
(1) It was wanufactured in accordsnce with a listed spec-
ification;

(2): It mests the requirements of paragraphs II-A through
II-D of this part; or

(3) It is used in sccordance with paragrsph (c¢) or (d)
of this section.

(b)° Used steel pipe is qualified for use under this part

(1) It vas manufactured in sccordsnce with & listed

specification and it meets the requirements of paragraph
II-C of this part;

gz) It meets the requirements of II-A through II-D of
this

part.
(3) It has been used in sn existing line of the seme or

‘hiigber pressure and meets the requirements ¢f paragrsph II-

C of this 3 ox
(&) It is used in accordance with paragraph (c¢) of this

‘section.

(ec) Wew or used steel pipe way be used at a pressure re-
sulting in a hoop stress of less then 6,000 p.s.i. where no
closc coiling or close bemding is to be done, if visunl ex-
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amination indicates that the pipe is in good condition and

that it is frees of split seams and other defects that would

cause leskage, If it ism to be welded, steel pipe that has:

not been manufactured to s listsd specification must also

ggss thetvoldability tests prescribed in persgraph II-B of
is. part,

(@) Steel pipe that has not been previously used may be
used as replacement. pipe: in :a segment of pipeline if it
has been unnuractured prior to November 12, 1970, in accor-
donce with the ssme specification as. the pipe used in con-
structing that segment of pipeline.

(e) New steel pipe that bas beeu cold: axpanded must
comply with the mandatory providsions of API ‘Standard SLX.

&, Copst Iron or Ductile Iron Pipe.

(a) New cast iron or new Quctile irom pipe is qualzfied
for use under this part if it has been manufactured in acc-
ordance with a 11sted specification.

(b) Used cast iron or used ductile iron pipe is quali-
fied for use under this part if inspection :shows that the
pipe is sound:..and allows the makeup of tight joints and--

? It has been removed fromw an existing jpipeline that
operhted at the same or higber pressure; or

(2) It wds menufactured in ‘accordarnce with :a listed
specification.

5, TPlastic Pipe.-

(a) New plastic pipe is qualified for use under this
part if~-
(1): I% is manufactured in accordence with a list spec-
ification; ard
(2) It is resistant to chemicals with which contact may
be anticipated.
(b) Used plastic pipe is qualified for use under this.
art if--
P (lg It meets the requirements of a listed specification;
(2) It is resistant tc chemicals with which contact may
be -anticipateds
{(3) It has been used only in natural gas services
(4) Its dimensions are still within the tolerances of
the specification to which it was manufactured; and
(5) It is free of visible defects.

€. Copper Pipe.

Copper pipe is quallfled for use under this part if it
has ‘been manufactured. in accordance with a listed specifi-
cation.

7. Qualification of Pipe.
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I. Listed Pigg Spgﬁifiggtgogg. Numbers in parentbeses
indicate applicable e ons. ?

API S5L--Steel and irom pipe (1967, 1970).

: API SLS--Steel pipe\§1967. 1970).

s API 5LX--Steel pipe (1967, 1970).

T AS™ A53--Steel pipe (1965, 1968),

ASTM A106--Steel pipe (1966, 1968).

AS™ Al34==8teel pipe (1964, 1968).

AS™ A135--Steel pipe (1963%, 1968).

AS™ A139--Steel pipe (1964, 1968),

ASTM A155--Steel pipe (1965, 1968),

AS™ A211--Steel and iron pipe (1?63, 1968).
ASTM A333--Steel pipe (1964, 1967).

AS™ A377--Cast iron pipe (1966).

AS™M A38l--Steel pipe (1966, 1968).

AST™ A530--Steel tubing (195).

ANSI A21,.3~~Cast iron pipe (1953).

ANSI A21.7-~Cast iron pipe (1962),

ANSI A21,9-<Cast iron pipe (1962).
ANST A2]1,52--Ductile iron pipe (1965).
AS™ A72--wrought iron pipe ?§9G4T, 19e8).
AS™ B42-Copper pipe (1962, 1966).
AST™M B68-~Copper tubing 1§65, 19683.
AS™ B75--Copper tubing (1965, 1968
ASTM B8B--Copper tubing (1966).

AST™ B25]--Copper pipe and tubing (1966, 1968).

AS™ D2513--Thermoplastic pipe and tubing, (1966T, 1968).
Asggeg§517-Thermosetting plastic pipe and tubing (1966T,

II., Steel pipe of unknown or unlisted specification.

A. Bending Propertiegs. For pipe 2 inches or less in -dia- f
meter, a Iengﬁﬁ of pipe must be cold bent through at least .
90 degrees around a cylindrical mandrel thet has a diameter :
12 times the diameter of the pipe, without developing

cracks at any portion and without opening the longitudinal
weld,

¥
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For pipe more than 2 inches in dismeter, the pipe must
meet the requirements of the flattening tests set forth in
AST™™ AS53, except that the number of tests must be at least
equal to the minimum required in paragraph II-D of this
appendix to determine yield strength.

B. Weldability. A girth weld must be made in the pipe i
by a welder who 1s quelified under Subpart E of this part, 3
The weld must be made under the most severe conditions un- ;
der which welding will be allowed in the field and by means
of the same procedure that will be used in the field. On
pipe more than 4 inches in diameter, at least one test weld ;
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‘must be made for each 100- lengths of pipe, On ‘pipe ‘4 in-

ches or less in diameter, at least one test weld must be
made for each 400 lengths of pipe. The weld must be test-

ed in sccordance with API Standard 1104, If the require-

ments of API Standard 1104 .cannot be met, ueldability -y
be established by making chemical tests for .carbon and
manganese,. and proceeding in sccordsnce with section IX

of the ASME Boiler and Pressure Vessel Code. The .same num-
ber of chemi :l tests must be mede as sr= regquired for
testing a cirth weld.

‘C. Inspection., The :pipe ‘must ‘be :clean enough to permit
adequate inspecf;on. t must be visuelly inspected to en-
sure that it is reasonably round and straight and there gre
nr dofects which might impair the strength-or tightness .of

Lac pip=.

I, Tensile Properties. If the tensils properties of the
pipe are not known, the minimum yield strength may be teken
as 24,000 p.s.i.g. or less, or the tensile properties may
be established by performing tensile tests as set forth in
API Standard SIX., All test specimens shall be selected at
random and the following number -of tests. must be :performed,

Number of Tensile Tests--All Sizes

1C lengths or lesS......l set of tests for each
length,

11 to 100 lengthS.-.....1 B8et of tests for each 5
lengths, but not less than
10 tests,

Over- 100 lengthS..esce..1 set -of tests for each 10
lengths, but not less than
20 tests,

if the yield-tensile ratio, based on the properties determ-
ined by those tests, exceeds 0,85, the pipe may be used
only as provided in 3 (c¢).
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AFPENDIX F.

UNDERGROUND CORROSION SURVEY .

New Construction
I, Meeting with A/E or owner,
A. Description of facilities to be conetructed,
1, Wkat is included?

a, Gas
be Water
¢. Buried electrical and grounding systea
d. Buried communications or signal
¢, Tanks
f. Piling
1) Mﬂlkb eads
b, Building structural members
1 . Other\
2. Materigis to be used and where?
8, Steel
b, Cast Iron
Ce Lead
d. Concrete
e. Copper
f. Aluminum
ge Other

3, Construction methods specified.

a., Costings - Types?

b. Insulation between structures?

c. Are special fills being used?

d. Rosd and rsilrosd casings?

Are they insulated?

e. Type pipe joints - weld, flange, dresser, other?

f. Type groundirg connecting cables?

g. Layout of structures (distance between those of
verying materials, etc.)?

b Rosdways - Will deicing salts leach down into

) buried structures?

i, Lawns - Their location., Is it objectionable to
install above grade test stations, etc, in or
near them?

Je Pavement - Its location and type, What buried
facilities will be placed under it?

B, Get coumplete drawings of all facilities,
1. The following are usually included:

8., Electricsal

b. Mechanical

¢. Communications

d. Pire Protection

e, Piling

f. Fuel systems
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g. Storage tanks !
2., Be sure they sre the latest, A
3. Ask to be kept advised of any changes, o
C. Ownership -of Pacilities. i
1. Gas, water, power, telepbone, etc. = Which are to P

bgngncluded in project? Which are "utility own- ;

ed"?

2. Yhere does utility's ownesrasbip and pleant's juris- L
di~*ion begin? ) |

3, Will the utility instell insulation? -

D. What life does the owner expect from bis facilities? B
How many years? i

L. What does a corrosion failure cost? (Each type -
facility)

F  Are any facilities extremely critical? {no failures
ogdpgy kind to b tolerated because of cost or has-
ard,

G, Ts direct current being used anywherz in this plant
or nearby?

1, Get complete information on where and why,
2, Wiring disgrams and schematics.
3. Method of grounding.

lie Are any abandoned facilities located in the vicinity?
(Metal pipes, etc. might be used as groundbeds,)

Are they connected or to be connected to anything
=~]8e?

e w e e v

II. tield Tests

) A, Soil Resistivity

' If site is uniform, take S' and 10' (usual depth of
buried structures) readings 8t suitably spaced grid,
(P0' to 100' readings may be required.) Do not ex-
ceed 100' spacing with Vibroground instrument., If
route of piping or structure known, follow route.
Take readings of fill, if any.

B. Soil pH
Take pH at same places resistivity, if soil is moist.

C. Soil Samples and/or Water (steam riser, etc.)
Take samples for sulfides and sulfate zand pH) at re-
presentative grid locations. (Min, = 6)

D. Stray Currents
Using 2 copper sulfate cells, take soil potential
profile reading in a rosette pattern as necessary.

e e s =
. P 1 Lo

III, Consulting
A. Contact Corrosion/Maintenance Engineers of operators
, in aresa,
‘ 1. O0il Transmission Pipelines
2. Gas Transmission Pipelines
3, Gas Distribution Company
4, Telephbone Company
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1,

Uator Departsent
Electricsl Power Compeny

‘Menufacturing Plants in area

Corrosion Coordinating Committee

Reilrosd (do nearby reilroeds have signal systems?
Electrical Propulsion - AC or DC?)

B. Date to get from those contacted in A,

8.

Peilure and -dorrosion experience,

Tu .cathodic. provection being used?

Type?

Rectifier locstions?

Personnel to contact for coordination tests-
nases, sddresses and telephone numbers,

Place and time .of Coordinating Committee meeting.,
Is stray current a problem? Its source?

What structures have been affected?

Are deicing sdlts used in ‘streets?

Are underground structures coated?

Which ones’

Type Coating

Get dravingl and/or -other location information on
all structures in the area.

‘Mark those protected and locations of rectifiers,

9.
10,
11,

Are other new: facilities planned for this area?
Utilities, pipelines, etc.

Will these new facilities be coated and/or cathod-
ically protected?

Is it objectionable to use impressed curr=nt cath-
odic protection?

Existing Stgucthres

Meeting with A/E or owner.
A. PFind out what facilities are to be covered by this
investigation. Also get data on all others in area,

1.
a.
b.
Ce
d.

e
h.
i,
2.
a8,
be
Ce
d.
e,

Look for the following:
Gas
Water
Buried electrical and grounding system
Buried communications or signal
Tanks
Piling
Bulkheads
Building structural members
Other
What materials have been used and where?
Steel
Cast iron
Lead
Cornicrete

Copper
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f.
Lo
L1
8,
b.
Ceo
a,
Ce
f.

h.

~ e

'jO

k.

L.

2, Ge
1,

Aluminum
Other
Construction methods used.
Coatings - Types? :
Insulation between structures?
Are special fills being used?
Road and railroad cesinge?
Are they insulated? -
T, pe pipe joints - weld, flange, dreascr, other?
Type grounding cornecting ceables?
Lsyout of structures (distance between those of
varying materials, etc.)?
Roadways ~ Will deicing salts leach down into
huried structures?
Lawns -~ Their location, Is it objectionable t¢
install above grade test stavions, etc. in or
near them?
Favement - Its location and type. What buried
facilities will be placed under it?
Have test wires been installed on buried struc-
tures?
Where can connections to buried structures be
made? TExposed valves, sections of pipe, ete.
t complete drawings of all facilities.
The following are usually inecluded:
Electrical
Mechanical
Communications
Fire protection
Filing
Fual systems
Storage tanks
Be sure they are the latest.
Ask to be kept advised of any changes,
Test station locations,
Test station wiring diagrams,
Insulation joint locations,
Insulation joint types.

C. Ownership of Facilities,

i W
[ ]

D. Wh

Gas, water, power, telephone, etc. -Which are to be
included in project?
Which are "utility owned"?

Where does utility's ownership end und plant's

jurisdiction begin?

Will the utility install insulation?

Are utility companies using cathodic protection?
Have the utility company's made any tests or in-
vestigations on the systems covered by this survey?
at life does the owner expect from his facilities?

How many years?

EPR N2 P - S TV Y V)
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E, What does & corrosion failure cost? (Esch type
fecility) *

P. Are any facilities extremely critical? (No feilures
of lus*k;nd t0 b2 tolerated because of cost or he-

G. Have any corrosion failures been experienced?
I, Bow wany?

2., When (dates)?
3. Where? (Mark on drewings)
&, VWhat was their appearsnce?

H. Bave other failures cccurred?

(investigate to be sure they ware not resily cor-
rosion,)

I. Is direct current being used anywhere in this plant
or nearby?

l. Get complete inforwation on wlere and why.

2. Wiring disgrems and schematics,

2, Method of grounding.

Jo. Are any sbasndoned facilities locsted in the viecinity?
(Metal pipes, etc. might be used as groundbeds.) Are
they connected or to be comnnected to anything else?

K. Are additional facilities plsnned? (Iumediate or
long renge) If so, get information.

1. Type and methods of construction,.

2., Probable location.

3, How will they be connected to éxisting facilities?
&, Will direct current be usged?

II. 7Field Teasts
A. 8S0il Resistivity .
If site is uniform, take 5' and 10' (usual depth
of buried structures) readings st suitably spaced
grid, (20' and 100' readings msy be required.) Do
not exceed 100' spacing with Vibroground instrument..
If route of piping or structure known, follow route.
Take readings of fill, if any. "
B, Soil pH
Take pH at same places resistivity, if soil is wmoist.
C. Soil Semples and/or Water (steam riser, etc.)
Take samples for sulfides and sulfate (and pH) at
representative grid locations. (Min. = 6)
D. Structure-to-Soil Voltage (at descretion of engineer)
1, Thorough test of bare structure requires one over
structure and one on each side every 25°'.
2. Coated Structure-less frequent,.
E. I.R. Drop (get at least one on every structure,)
1. Always test external circuit resistance,
2. Correct readings if necessary.
3, Be sure to indicate polarity of all readings.
F., Voltage between structures. Test vcltage bhetween all
setallic structures. (Be sure to indicate polarity
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-of -each reading.)

G Insilating Joint~ Test resistance of sll known and
look for others.

1. Use four connectiors (two on each side of joint)
WItb .Do Co Hetb(’d.
He Mechanical pipe Joi~ta,
1. Test cach piping system to find if mectanical
‘ Joints axist,
2. Test representative number of méchanical joints to
determine quantitative resistance per joint.

3. 1Br sure to use four point contact method with di-
rect current,,
I, Electrlcal and coumunications cables in .duct,
1, All,ﬁlectrlcal tests at each manhole..
a. As in D, E, snd F (above),
L. Be sure t0 test voltage between all cables in
multlple run duct systems,

2., Visuslly inspect all hardware in each manhole,
a, Brackets

b. 'Bonds
c.. Condition of cables

d. Note material of each component and its condition

e, Note fastening metbods and insulation between
components’ .

Jde “ay Current Invest;gatlon
15 Stray currents will be indicated by abnormal struc-
ture-to-soil voltages and/or IR drop. (Either
steady or fluctuating.)
?. If stray current is suspected, investigate:
8. Any possible source of direct current in area,
b. Operating cathodic protection,
3. Have suspected source turned oif and on to estab-
lish i“s affect on any structure.
4, Get additional IR and voltage readings to estab-
lish circuit,.

K, Current requirement tests (for cathodic protection).
At least cursory current requlrement tests should
usually be conducted if theve is any chance of using
cathodic protectlon at the site,

1. Test using artificial groundbed for both magnesium
anode and impressed current design,
2. Extent of testing will be determined by scope of

work laid out by client., (Is all design data to be
included witl this survey’)

L. Existing cathodic protection.
1. Visually inspect 8ll equipment,
2., Test to determine protection being afforded and
possible interference to other structures.
5. Get operatlnp record.

Find out when installed and turned on.
M. Mlacellaneous - Note -any other corrosion probdlems
" (chemical, water, atmospheric, ete.) which could use
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further detailed study.

III.. Consulting -

A. Contset all plant personnel who have knowledge of
‘structures being studied and get sll possible in-
formation from them.

B, ggntact Corrosion/Maintenance Engineérs of operators

n ares,
de Oil Trensmission Pipelines.
€. Ges Trensmission Pipelines

3. Gas Distribution Compeny

4. Telephone Compeny

5. Water Depertament

6. Electrical Power Compery

7. Manufscturing Plents in area )

8, Corrosion Coordinating ‘Committee

9. Railroad (Do nearby reilrosds bave signal systems?
Electrical Propulsion - AC or DC?)

C. Data to get from those contacted in B,.

l. Pailure and corroaion experience,

2. Is cathodic protection being used? Type? Recti~
fier Locations?

3« Personnel to contact for coordination tests - names,

) addresses and telephene numbers.

4, FPlace and time of Coordinating Committee meating.

5. Is stray current a problem?
Its source?
What structures have been affected?

6. Are deicing salts used in streets?

7. Arve underground structures coated?
Which ones?
Type coating? )

'8, Get drawings and/or other location information on
8ll structures in the area, Mark those protected
and locetions of rectifiers,

9. Are other new facilities pleanned: for this area? )
Utilities, pipelines, etc. f

10, Will these new facilities be coated and/or cathod-

ically protected? '

11, Is it objectionable to use impressed current cath-
odic protection. ~
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