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ABBREVIATIONS
ASTM American Society For Testing And Materials
AVG American Wre Gauge
B D stance between el ectrodes
cm Centi neter
cm'm Centi neter per neter
dc Direct current
EMF El ectronoti ve Force
m Met er
NOy Ni t rogen oxi des
ohmcm Ohm centineter
o Hydr oxyl ion
P Average earth resistivity
pH Potential of hydrogen
R Resi st ance
REA Rural Electrification Adm nistration
S Sul f ur oxi des
TE&CM  Tel ecommuni cati ons Engi neering and Construction Manual
b G eek Letter, Pi, = 3.1416

DEFINITIONS

Active: A state in which a netal tends to corrode (opposite of
passive). In a corrosion cell the active or corroding netal is
the netal which is nore negative in potential.

Amphoteric Metal: A netal susceptible to corrosion in both
acidic or alkaline environnents.

Anode: The electrode of an electrolytic cell at which oxidation
or corrosion occurs (opposite of cathode). (Electrons flow away
fromthe anode in the external circuit. It is usually the

el ectrode where corrosion occurs and netal ions enter solution.)

Cathode: The electrode of an electrolytic cell at which
reduction (and practically no corrosion) occurs (opposite of
anode). (Electrons flow toward the cathode in the external
circuit.)

Cathodic Polarization: Polarization of the cathode; a reduction
fromthe 1nitiral potential resulting fromcurrent flow effects at
or near the cathode surface. Potential becones nbre active
(negative) because of cathodic polarization.

Cathodic Protection: Reduction or elimnation of corrosion by
maki ng the netal a cathode by nmeans of an inpressed direct
current or attachnment to a sacrificial anode.




Bulletin 1751F-670
Page 4

Concentration Cell: A cell involving an electrolyte and two
Identical electrodes, with the potential resulting from
differences in the chemstry of the environnents adjacent to the
two el ectrodes.

Differential Aeration Cell: A concentration cell caused by
differences 1 n oxygen concentration along the surface of a netal
in an el ectrol yte.

Electrolyte: A substance that dissociates into ions in solution
or when tused, thereby becom ng electrically conducting.

Electromotive Force Series: A list of elenents arranged
according to their standard el ectrode potentials within an

el ectrolyte, wth noble nmetals such as gold being positive and
active nmetals such as zinc being negative.

Galvanic Cell: A cell consisting of two dissimlar netals in
contact wmth each other and with a conmmon el ectrol yte (soneti nes
refers to two simlar netals in contact with each other but with
dissimlar electrolytes; differences can be small and nore
specifically defined as a concentration cell).

Galvanic Corrosion: Corrosion associated with the current
resulting rromthe electrical coupling of dissimlar electrodes
in an el ectrol yte.

Galvanic Series: A list of nmetals and alloys arranged according
to their relative corrosion potentials in a given environnent.

Holiday: A discontinuity (hole or gap) in a protective coating.

Local Cell: An electrochemcal cell created on a netal surface
because of a difference in potential between adjacent areas on
t hat surface.

Monel: A corrosion-resistant alloy of nickel, copper, iron, and
manganese.

Noble: The positive (increasingly oxidizing) direction of
electrode potential .

Oxidation: Loss of electrons by a constituent of a chem cal
reactiron. (Also refers to the corrosion of a netal that is
exposed to an oxidizing gas at elevated tenperatures.)

pH: A neasure of the acidity or alkalinity of a solution,
nunerically equal to 7 for neutral solutions, increasing with
al kalinity and decreasing with increasing acidity.

Passive: The state of the nmetal surface characterized by | ow
corrosion rates in a potential region that is strongly oxidizing
for the netal.
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Pitting: Corrosion of a netal surface, confined to a point or
s area, that takes the formof cavities.

Polarization: The change fromthe open-circuit el ectrode
potential as the result of the passage of current.

Reduction: The gain of electrons by a constituent of a chem cal
reaction.

Stray Current Corrosion: The corrosion caused by electric
current froma source external to the intended el ectrical
circuit, for exanple, extraneous current in the earth.

Stress Corrosion Cracking: A cracking process that requires the
SI nmul t aneous action of a corrodent and sustained tensile stress.
(Thi s excludes corrosion-reduced sections which fail by fast
fracture. It also excludes intercrystalline or transcrystalline
corrosion which can disintegrate an alloy w thout either applied
or residual stress.)
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1. GENERAL

1.1 Corrosion of netals is one of the nany problens that has to
be consi dered by engi neers when designing aerial, direct buried,
or underground tel econmuni cations systens. |f not controll ed,
corrosion can result in costly replacenent of facilities. The
informati on and recommendations in this bulletin are advisory.

1.2 The Rural Electrification Adm nistration (REA) Tel e-
communi cati ons Engi neering and Construction Manual (TE&CM 218,

Pl ant Annual Cost Data for System Desi gn Purposes (Planned
conversion to REA Bulletin 1751B-230), provides cost data show ng
the depreciation rates and mai nt enance expenses to be applied to
the various plant itens in different areas throughout the United
States. However, in sone |ocations, corrosive conditions may
exi st which can greatly increase nmai ntenance expense and cause
the early replacenent of sonme plant itens. This can result in a
severe econom c burden on the operating tel ecommunications

conpany.

1.3 Corrosive atnospheric conditions may exi st over an entire
service area of a tel ecomrunications system or may be confined
torelatively small areas within the total service area. Rura
environments which are usually free fromindustrial contam nants,
represent nost of the total |and area of the United States.
Exposed netals are expected to provide a relatively |long service
life when installed in rural areas. For exanple, gal vanized
steel has |ong been used in the tel econmuni cations and el ectric
power utilities and to learn of conductors and strand still in
use after 40 years of service is not uncomon. The life

expect ancy of gal vani zed steel wll vary with the anmounts of
contam nants present in the atnosphere. In severely corrosive
envi ronnments, Cl ass A gal vani zed coatings on steel conductors and
strand may last for as little as 3 years.

1.4 The processes of corrosion are not always sinple and their
effects are not easily predicted. |In many cases the effects of
one type of corrosion wll mask the effects of another type of
corrosion so that neither is recognized. The follow ng sections
di scuss the theory of corrosion and the application of this
theory to practical situations in tel ecomunications systens.

1.5 A conprehensive set of definitions of terns relating to
corrosion can be found in American Society For Testing And
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Materials (ASTM G 15, Standard Term nol ogy Relating to Corrosion
and Corrosion Testing.

2. CORROSION THEORY

2.1 Corrosion may follow any one of several general patterns.
Basically stated, corrosion results fromthe instability of a
construction material with the environnent in which the materi al
is placed. Al materials, both organic and inorganic, can react
with their environnments and may eventually | ose their useful ness
for a given application. Sone nonnetals tend to deconpose,
usually as the result of chemcal interaction with sone conponent
of their environment.

2.2 Corrosion is the result of electrochem cal, chemcal, or

bi ol ogi cal reaction between a netal and its surroundi ngs. Many
of the destructive effects of corrosion are due to

el ectrochem cal reaction. The basic requirenents for corrosion
to occur in a given corrosion cell are as foll ows:

a. An anode and cat hode nust be present to forma cell;

b. An electrically conducting nedium (el ectrol yte)
contacting both the anode and cat hode nust be present;

c. A netallic connection between the anode and cat hode
must be present; and

d. A direct current (dc) potential between the anode and
cat hode causing current to flow nust be present.

2.2.1 The anode is that netallic part of a corrosion cell from
whi ch netal ions separate fromthe netal and flow into the
surrounding electrolyte. The netal is consunmed (corroded) at the
anode by this action. The cathode is that netallic part of a
corrosion cell to which positively charged ions in the
electrolyte flow and react with the negatively charged el ectrons
in the netal. The cathode netal in an individual corrosion cel
does not normally corrode, except when anphoteric netals are

i nvol ved. Anphoteric nmetals are nmetals that corrode in either
acidic or alkaline environments. |If such netals are nade
excessively cathodic, the chem cal reaction at the cathode can
make the environnent extrenely al kaline and can cause corrosion
to occur. Alum num and | ead are exanpl es of anphoteric netals.

2.2.2 The anodes and cat hodes can be adjacent (local cells) or
far apart. The current can be self-generated or it can be

i npressed on the system from an outside source. The conducting
medi um can be water, wet soil or any solution which conducts
electricity.

2.3 The anode corrodes. Metal at the anode chemcally reacts
with the electrolyte causing mnute pieces of netal to dissolve
and flow into the electrolyte. In the process the m nute pieces
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of netal | ose negatively charged el ectrons to the anode netal and
the mnute pieces of netal enter into the electrolyte as
positively charged ions. The loss of electrons by the netal ion
at the anode is referred to as oxidation. The excess el ectrons
left by the netal ions at the anode flow through the netal or

t hrough an external netallic path to the cathode. At the

cat hode-el ectrolyte interface electrons | eave the netal and
chemcally react with positively charged ions in the electrolyte.
The el ectron gain by the positively charged ions in the

el ectrolyte at the cathode is referred to as reduction.

2.3.1 Since the generally accepted concept for the flow of
electric current is opposite to the direction of electron flow,
current flowin a corrosion cell is fromanode to cathode in the
el ectrolyte and from cathode to anode in the netal or netallic
pat h.

2.3.2 The quantity of netal |ost by the corrosion process is
directly proportional to the anmount of direct current which flows
t hrough the corrosion cell and early in the 19th century was
quantitatively shown by M chael Faraday to be in accordance with
the foll om ng equati on:

Wer e:
W= Weight Loss in grans
k El ectrochem cal Equival ent in grans/coul onbs

Current in anperes
Time in seconds

I
t
It can be seen that for a given anmobunt of current over a given

period of tinme, the electrochem cal equivalent (k) is the
vari abl e which determ nes the actual weight |oss of the netal or

material. Each netal or material has its own el ectrochem ca
equi val ent which is a natural characteristic of that netal or
material. For exanple, one anpere of current flow ng for one

year will corrode about 9 kilograns of steel.

2.4 \Wen the positive netal ions | eave the netal anode
(corrosion sites), the remaining electrons flowto cathodic sites
where they are discharged during the cathodic reactions. The
princi pal cathodic reactions include hydrogen ion reduction to

f orm hydrogen gas, oxygen reduction to form hydroxyl ions (OH),
and reduction of water to hydroxide ions. Cathodic polarization
occurs when the reaction products cover the cathodic sites. The
rate of corrosion in soils is often controlled by the rate at

whi ch the reactants are supplied to, or the reaction products are
removed fromthe cathodic sites (cathodic depol arization).
Simlarly, polarization may occur at the anode due to
concentration of nmetal ions although this phenonena is of |esser
inportance in the soil. In the presence of noisture, the netal
ions react with hydroxide ions to form hydroxides which in turn
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react wth oxygen to form oxides thus producing both cathodic and
anodi ¢ depol ari zati on.

3. TYPES OF CORROSION

3.1 Galvanic Corrosion

3.1.1 The corrosion resulting fromcurrent generated from
differences in potential of netals in an electrolyte is referred
to as gal vani c corrosion.

3.1.2 Dissimlar netals, coupled electrically and placed in a
conductive solution, satisfy the requirenents for the basic
corrosion cell. Two electrically coupled netals, in the presence
of an electrolyte, constitute a special corrosion cell, called a
gal vanic cell, wherein one of the netals becones cathodic and the
ot her becones anodic and corrodes. |If the potential difference
between the netals is small, corrosion usually will be slow
Conversely, if the potential difference between the netals is

| arge, corrosion will usually be rapid.

3.1.3 During the galvanic corrosion process, an electric current
flows as a result of the difference in the electrode potential of
the two netals coupled electrically. The magnitude of the
current determ nes the degree of corrosion of the nore vul nerable
mat eri al over and above the material's natural rate of
deterioration alone in the sane electrolyte. The quantity of

gal vanic corrosion is defined as the corrosion resulting fromthe
el ectrochem cal reaction. In the past gal vani c has been
erroneously defined as the total corrosion including nornal
deconposi tion.

3.1.4 An exanple of Galvanic Corrosion is shown in Figure 1

The gal vani zed steel 3-bolt clanp and the gal vani zed steel anchor
rod act as anodes and the copper-steel guy strand acts as the

cat hode. The corrosion of the anchor rod and the 3-bolt clanmp
W Il be increased over the normal rate of corrosion by gal vanic
effect, unless the hardware is provided with sone coating to
prevent air and noisture frompenetrating to the dissimlar netal
connecti on.

3.1.5 Fromthe gal vanic corrosion behavior of netals and all oys,
metal s can be arranged in a series which will indicate their
general tendency to formagalvanic cells. Such a series can be
used to predict the probable direction and the extent of gal vanic
effects. Table 1 is such a galvanic series and includes nost
metal s used in outside plant environnments. The table is
qualitative and is intended only to indicate trends. The
arrangenment of the netals in the series is based on actual
corrosion testing experience wwthin sea water. Since nore
observati ons of gal vani c behavi or have been nmade in sea water
than in any other single environnent, the galvanic series |isted
in Table 1 should be used as a first approxi mation of the
probabl e direction and extent of the galvanic effects in other
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environnents in the absence of data nore directly applicable to
such environnents. The only way of predicting the direction and
extent of the galvanic effects on a material in a specific
environment is to perform potential neasurenents in the specific
environment. The galvanic series |listed in Table 1 should not be
confused with the El ectronotive Force (EMF) Series. In the EMF
series the netals are arranged according to the potentials

devel oped when immersed in a solution of their own ions of
prescribed conposition as to strength and chem cal nature. The
EMF series is of theoretical value and cannot be relied upon to
predict the potential differences between netals in outside plant
operating conditions.

TABLE 1
Gal vanic Series of Metals in Sea Wit er

ANODI C END ( Most Active)

Magnesi um
Magnesi um Al | oys

Zi nc
Al um num
Cadmni um

Steel or Iron
Cast Ilron

18:8 Stainless Steel (active)
18:8:3 Stainless Steel (active)

Lead-Tin Sol ders
Lead
Tin

Ni ckel (active)
| nconel (active)
Hastel l oy (active)

Brass

Copper

Bronze

Copper: Ni ckel Al'l oys
Monel

Si |l ver Sol der

Ni ckel (passive)
| nconel (passive)
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18: 8 Stainless Steel (passive)
18:8:3 Stainless Steel (passive)
Hastel |l oy C (passive)

Silver

G aphite
ol d
Pl ati num

CATHODI C END (Least Active)
3.1.6 Some of the netals in Table 1 are grouped together to
i ndicate that the grouped nenbers have little tendency to produce
gal vanic corrosion on each other and, therefore, are relatively
safe to use in contact with one another. However, the coupling
of nmetals widely separated in the series can result in galvanic
corrosion of the netal higher in the list, i.e., the one nost
anodic. Usually the farther apart the two netals are in the
series the greater the corrosive tendency. The relative position
of a netal within a group sonetines changes with the environnent,
but rarely does a netal change fromgroup to group. Note that
stainless steel alloys 18:8 and 18:8:3 appear in two places in
Table 1. They frequently change positions as indicated in the
t abl e dependi ng upon the corrosiveness of the sea water. These
two al |l oys denonstrate relatively good resistance to corrosion in
t heir passive, nore noble, condition.

3.1.7 The surface areas of the netals formng a gal vanic cel

are a major consideration in the rate of corrosion. A small

pi ece of alum num coupled with a | arge piece of copper wll
corrode nmuch faster than a piece of alumnumequal in area to the
copper. If circunstances dictate that dissimlar netals be in
contact with one another, the area of the active (anodic) netal
should be large with respect to the area of the passive
(cathodic) netal.

3.2 Concentration Cell Corrosion

3.2.1 Another source of corrosion is ion concentration variance
within an el ectrolyte surrounding a single piece of netal.
Usually this formof corrosion originates in or around crevices.
Early detection and prevention depend | argely upon know edge of
the corrosi on nechani sm

3.2.2 In general, the lower the netal ion concentration, the

greater the tendency of the netal to dissolve, i.e., the |ower
the netal ion concentration, the higher is its solution
potential. Wen a single netal surface is exposed to a corrosive

environment which is not uniforminits nmetallic salt
concentration frompoint to point, corrosion results in areas of

| oner concentration. D fferences in oxygen concentration at a
metal surface within a solution also develop different potentials
over the points of contact with netallic surfaces. |In both
cases, the zone of greatest attack will be in the area of the
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nore dilute ion or oxygen concentration. This explains the rapid
metal destruction associated with lap joints, crevices, or
deposits that interfere wwth the flow of electrolyte over the
entire surface of the netal.

3.2.3 As nentioned in Paragraph 3.2.2, differences in oxygen
concentration on a netal surface will cause voltage differences
to arise and thus accelerate the rate of corrosive attack. These
oxygen concentration cells are typically associated with crevices
or deposits that hinder diffusion of oxygen into the solution
under the deposit. The | ower concentration of oxygen creates an
anode fostering corrosion which can eventual |y weaken the
structure. Wth sone alloys the effect of the oxygen
concentration cell is exacerbated by electrolytic cells forned
between the relatively small areas of activated all oy (anode)
within crevices and | arge areas of passive alloy (cathode) around
crevices. These cells are simlar to, but generally nore
destructive than, normal oxygen concentration cells because
corrosion activity is concentrated in small areas. This type of
corrosion is nost likely to be found in alum num and stai nl ess
steel, although any netal which has been treated to forma
protective coating may al so be affected because of the
possibility for holidays or aberrations in the coatings where
corrosion may concentrate.

3.2.4 The concentration cell corrosion depicted in Figure 2
shows one cause for failure of corrosion-resistant steel
(stainless steel) cable suspension strand in industrial and

mari ne atnospheres. Dirt and soot froman industrial area or
salt deposits in a marine atnosphere can settle upon the surface,
enter into the interstices of the strand and retain noisture. A
differential aeration cell is set up and the steel under the
deposit becones active (anodic) to the passive steel (cathodic)
on the outer surface of the strand. Pitting of the stainless
steel on the inside of the strand under the deposits wll result,
which may lead to stress corrosion cracking. Galvanized steel
strand on the other hand will behave quite differently under
simlar conditions. The zinc coating on the gal vani zed st eel
strand will protect the steel until the zinc coating is

conpl etely consuned. The outside surfaces of the strand can show
extensive corrosion while the inner surfaces of the strand are
relatively unaffected.

3.2.5 Some netals formtight protective oxide filns that

normal ly resist corrosion. |If the filmis damaged, the filmwl|
repair itself if sufficient oxygen is present to oxidize the base
metal. In the absence of sufficient oxygen to keep the oxide

filmin repair, the netal under the damaged fil m becones active
relative to the filmprotected surfaces and, as in the case of

t he oxygen cell, corrosion pitting will occur under the deposit.
Simlarly, concentration cell corrosion may occur on netal
surfaces which are covered with nonnetallic materials. |If

manuf acturi ng voi ds, cracks, scratches, or other accidental
openings in a protective coating occur, noisture can enter under
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the coating and cause a corrosion site. Severe pitting may
result fromlocal corrosion with the net danage nore severe than
if the entire netal area was exposed to the el enents.

3.2.6 Dissimlar surface conditions on a netallic surface such
as scratches or other abrasions and nonhonogeneous soil backfills
can cause gal vanic corrosion. For exanple, wench abrasions on a
metal surface will be anodic to the area around it and begin to
corrode if there is an electrolyte. Also dissimlar soils in a
backfill will induce galvanic corrosion. Were rocks and clay in
a sand matrix are in contact wwth an exposed netal surface,
pitting of the metal will occur from gal vanic action.

3.3 Bacteriological Corrosion

3.3.1 Certain types of bacteria can establish conditions on the
surface of underground netallic structures which will result in
nmore rapid corrosion by existing cells. The nost significant
type of bacteria which can cause corrosion is the anaerobic type
whi ch nmeans that the bacteria thrive in the absence of oxygen.
The anaerobic bacteriumwhich is the nost comon probl em causi ng
corrosion bacteriumis known as Desul fovibrio Desul furicans.
This formof bacteria reduces any sulfates present at the
underground netal surface to produce hydrogen sulfide and
consunes hydrogen in the process. At the netallic surface,
hydrogen is consuned at the cathodic surfaces of the existing
corrosion cells. This intensifies the action of the corrosion
cell by depolarization. Fromthe above it is apparent that the
bacteria do not thenselves attack the netal, but do result in the
intensification of existing corrosion cells.

3.3.2 Anaerobic bacteria are likely to be found in heavy, dense,
wat er | ogged soils where oxygen content is at a mninmum They
can exist, however, under |ess favorable conditions or under a
mat erial coating which locally restricts the oxygen content.

3.3.3 Bacteria require organic material as a food supply. This
food supply is normally available to sone degree in the earth.
However, if a major food supply is conbined with a restricted
oxygen content, the rate of corrosion can be intensified. An
exanple of this action is a piece of wood |ying agai nst an
underground netallic structure.

3.4 Stray Current Corrosion

3.4.1 Stray current corrosion is due to direct currents of
external origin leaving a netal. Since corrosion is

el ectrochem cal in nature, netals ordinarily wll corrode
whenever current |eaves the netal to pass into the electrolyte,
regardl ess of the current source. Stray current corrosion can be
caused by dynam c stray current and static stray current.

3.4.1.1 Dynamc stray currents are currents which change with
time. Sources of dynam c stray current can cause changes in the
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areas where current enters and | eaves the structure and can cause
reversal of current flom/on a structure in sone instances. Thl$
all results in changes in the |location of the anodic and cathodic
ar eas.

3.4.1.2 Static stray currents are currents which are froma
steady state external dc voltage source which results in fixed
anodi ¢ and cathodic areas on the affected structure with a
relatively constant current flow on the structure.

3.4.1.3 Static stray currents tend to be nore corrosive than
dynam c stray currents per anpere of current |eaving the
underground structure and entering the environment. This is
because the variable characteristics of dynamc stray currents,
particularly where current reversals occur, cause themto take on
sone of the characteristics of alternating current which is
relatively an insignificant source of corrosion. Therefore, the
alternating current characteristic of dynamc stray current tends
to reduce its corrosive inpact to sone degree. However, dynam c
stray currents can cause serious corrosion problens where | arge
stray currents are encountered.

3.4.2 Stray current corrosion can be either man-nmade or natural.
Sone of the man-nade sources of stray direct current are as
fol | ows:

a. Variable speed drives in transit systens;
b. Load-carrying devices;

c. Mning operations;

d. Welding operations; and

e. High voltage direct current electric power
transm ssi on systens.

The natural source of stray current is referred as telluric or
earth current of magnetic origin. These are direct currents in
the earth's crust which result fromthe variations in the earth's
magnetic field which in turn result fromvariations in solar
activity. The telluric currents are dynamc in nature because

t he anodi ¢ and cathodic areas on the structure are constantly
changing as a result of reversals in the direction of current
flow on the structure. The telluric currents usually affect |ong
structures such as pipelines and tend to cause nore corrosion
problens in sonme parts of the world other than the United States.

3.4.3 Stray current corrosion was noted years ago in cities
where direct current was used widely in industrial applications.
In the rural areas |ead sheathed tel econmunications cabl es buried
by tel ecommuni cati ons conpani es have been corroded by cathodic
protection applied to cross-country pipelines to prevent
corrosion of the pipelines.
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4.4 1In pipeline cathodic protection, a negative potential is
npressed on the pipeline which causes electrical earth currents
o flowto the pipeline, protecting it against corrosion. Since
the conductivity of nost nmetals exceeds the conductivity of
average soils, buried netallic pipes or cables act as | ow
resi stance paths and tend to collect stray earth currents which
may be present in the surrounding earth electrolyte. At the
poi nt where the stray currents enter these auxiliary conductors
the earth becones anodic and the pipe or cable becones cathodic.
But where the currents | eave the auxiliary conductor (a pipe or
cable) to enter the cathodically protected pipeline (See Figure
3), the netallic auxiliary conductor becones anodic, and the
resulting localized corrosion can be quite severe.

3.
|
t

3.4.5 A conparison of stray current corrosion to galvanic
corrosion reveals several differences. The danage caused where
the direct current froman external source | eaves a grounded
metal is independent of oxygen concentration of the surroundi ng
environnent. The flow of stray currents usually devel ops
sufficient voltage to force hydrogen di scharge so corrosion is
not limted to the oxygen reduction reaction. Likew se, stray
current corrosion is not affected by deposits of corrosion
products or protective coatings unless the coatings are perfect
insulators. Defects in the coatings can actually result in nore
severe | ocalized corrosion since the current is concentrated at
t hese sites.

4. CORROSION BEHAVIOR OF METALS USED IN OUTSIDE PLANT
CONSTRUCTION

4.1 Atmospheric Environments

4.1.1 Corrosive atnospheric environments have caused REA to
becone increasingly aware of the need for special attention in
the choice of materials and construction practices. There are
areas of the United States where plant maintenance and

repl acenent costs are excessively high because of the corrosive
nature of the atnospheres. The atnospheres are grouped into

t hree general classifications which are industrial, marine, and
rural .

4.1.2 Industrial atnospheres are anong the nost corrosive. The
at nosphere around industrial plants may contain sul fur oxides and
carbon dioxides in relatively high concentrations. Sulfur oxide
and carbon di oxide both formacid filns on exposed netals and,
since nost pollutants present in the atnosphere attract noisture,
at nospheres high in these contam nants usually are very
corrosive. Long range transport of industrial pollutants is
responsi ble for acid deposition over |arge areas of the United

St at es.

4.1.3 Marine atnospheres are corrosive because of the sea air
and because of the industry usually located in those areas. The
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depth of these coastal areas vary from approxi mately three

kil ometers to as nmuch as thirty kilonmeters fromthe ocean. In
sone areas, such as along the Gulf Coast of Louisiana and Texas,
typi cal marine corrosive atnospheres exist as far inland as 160
kil onmeters due to a conbination of salt atnosphere and industri al
funes. Sea air contains chlorides and may contain traces of

sul fur, carbon dioxide, and other conponents that, over a period
of time, can becone concentrated on netal surfaces. Furthernore,
in areas immedi ately adjacent to the shore, the salt spray from
the ocean thrown up by strong breezes contributes to the buil dup
of sea salt deposits on netals which keeps them wet a good
portion of the tine.

4.1.4 Years ago, exposed netals were expected to obtain their

| ongest possible service life in rural atnospheres which
represented approxi mately 80 percent of the United States.
However, industrial pollutants which consist of sulfur oxides
(SOy) and nitrogen oxides (NOy) are subject to chem cal
transformation in the atnosphere to formacids. These

pol l utants, which can be carried hundreds and soneti nes thousands
of kiloneters cause acid deposition over wide areas of the United
States. Consequently rural atnospheres can becone corrosive.

4.1.5 Glvanized steel is widely used in the REA program for
both hardware itens and cabl e nessenger strand. In industrial

at nospheres the corrosion products fornmed on gal vani zed steel are
zinc sulfate and zinc carbonate with zinc sul fate predom nati ng.
The zinc sulfate is soluble and is washed off by rain and bl own
off by wwnd. The zinc carbonate is renoved chiefly by the
erosion action of wnd driven dirt and dust. This |oss of
corrosion products results in an accelerated deterioration of
zinc in industrial atnospheres. The chlorides present in both

i ndustrial and marine atnospheres will attack the zinc coating on
gal vani zed steel to forma zinc chloride. This zinc chloride
conpound will attract and retain noisture and then wll react
with other elenents in the air to form zinc oxychloride and zinc
carbonate. The resulting coating is porous and powdery and can
be washed off quite easily. Because of the noisture-|laden w nds
al ong the coast, corrosion products can build up faster than the
rain can wash themoff. Since the material renains wet nost of
the tinme, the corrosion will progress until the zinc is

conpl etely changed to conpounds | eavi ng base steel unprotected.
The chem cal conposition of the base steel wll determ ne the
integrity of the oxide coating forned after the zinc has been
sacrificed. Carbon steel wll devel op an oxide coating which
w Il be porous and flaky. The oxide is not soluble but may be
readi |y dislodged. Thus the carbon steel will continue to
corrode. The oxide coating on the low alloy steel will be |less

porous and nore adherent than the oxide on the carbon steel. The
rate of diffusion of corrosive elenents to the base netal wll be
| ow;, consequently, the low alloy steel will be nore corrosion

resi stant.
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4.1.6 Copper and copper alloys, as well as copper-covered steel,
are used to a great extent in the REA tel ecommuni cati ons program
for conductors, shielding, and a variety of hardware itens.

Copper is the nost sensitive to the sul fur oxides present in

i ndustrial atnospheres. New copper exposed to an industrial

at nosphere will forma copper oxide coating which is not porous
but is quite brittle. The sulfur dioxide and noisture in the air
will conmbine with the copper oxide to convert part of it to basic
copper sulfate. Copper corrosion products provide the famliar
green pati na appearance on copper. The recognized |ow rate of
copper corrosion in the atnosphere is due to the protective
patina. As long as the patina is not disturbed, the corrosion
reaction will continue, but at a very slowrate. However, if the
cuprous oxi de underlayer is disturbed, fresh copper is exposed
anew to the accel erated corrosi on process.

4.1.7 The sonmewhat protective copper coating on a copper-covered
steel conductor can be dislodged by vibration or abrasi on under
tension. Copper and copper-covered steel w il probably corrode
at a faster rate in a marine atnosphere than in an industri al

envi ronnent because of the presence of chlorides and traces of
sulfur. The surfaces of the netals are likely to remain wet a

| arge share of the tinme because of salt spray. The copper wll
react wth oxygen to produce a |ayer of basic copper oxide which
is converted to basic copper sulfate and basic copper chloride in
the salt air. The sanme copper oxide would be present as in the

i ndustrial environment but its conmbination with the chloride
woul d cause the corrosion reaction to be stronger. The coating
woul d probably be nore porous which would hold nore noi sture and
would allow nore air to diffuse through to the base netal to
continue the corrosion of the copper. Because there is a
relatively thin | ayer of copper over the base steel in the
copper-covered steel conductors, the tendency for the steel to be
exposed to the atnosphere is very real. Once the steel is
exposed to the atnosphere, a galvanic corrosion cell is forned
with the steel anodic to the copper. Since the exposed area of
the steel (anode) is small conpared to the area of the copper
(cathode) on the surface of the wire, the galvanic cell that
results is active and the corrosion of the steel wll be rapid.

4.1.8 Certain grades of stainless steel have been used for cable
suspension and guy strands in industrial and marine areas to
provi de additional service life over that offered fromdCass C
gal vani zed steel strand. Corrosion resistant steel fornms a
protective oxide coating to corrosive elenents in the industrial
and mari ne at nospheres by preventing noisture penetration to the
base netal. However, when dirt and soot fromindustri al

at nospheres and salt deposits from marine atnospheres settle upon
the surface and into the interstices of the strand, an oxygen
concentration cell is created. The corrosion resulting fromthe
concentration cell and the subsequent stress corrosion cracking
of the strand is quite serious. Cable suspension strand nmade of
stai nl ess steel can appear perfect but fail because of corrosion
pitting inside the strand that is not apparent from visual
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i nspection. Some outside plant engineers favor the use of C ass
C gal vani zed steel strand over the corrosion resistant steel
because of the oxygen concentration, stress corrosi on phenonenon.
Al t hough the O ass C gal vani zed steel strand has a shortened life
span in a corrosive atnosphere, replacenent can be pl anned
whereas the failure of the corrosion resistant steel strand can
not be predicted with certainty. The serious effects of
premature or unexpected failure of a suspension strand carrying

t el ecommuni cati ons cable should be a significant factor in

sel ecting strand.

4.1.9 In addition to the three basic types of atnospheres found
within the United States, there may exi st commercial operations
that coul d change the characteristics of the atnosphere in the
envi ronment which could result in accelerated corrosion of

t el ecomruni cati ons outside plant products. Such operations exist
in areas of high air pollution and include drilling or mning
installations, chemcal or fertilizer plants, burning slag dunps,
sour gas field, etc. Also in hot humd areas, vegetation such as
Spani sh Moss can absorb noisture and in contact wwth a netallic
structure can create a galvanic corrosion cell which could |ead
to serious corrosion. Al of the above factors nust be

consi dered when eval uating the possibility of atnospheric
corrosion of outside plant facilities.

4_2 Underground Environments

4.2.1 Underground equi pnment in the REA tel ecommunications
program consi sts of anchors, anchor rods, ground rods, buried

pl ant term nal housings, and buried cables and wires. A mgjority
of currently installed tel ecommunications cable and wire plant is
buried directly in the soil. The various shielding and arnoring
materi als, when exposed to the environnent of different soils,
are subjected to all of the corrosion nechanisns. These
corrosion nechanisns include the effects of dissimlar netals
(gal vani ¢ couples), soil conditions, differential aeration, stray
currents, and bacteria. From past experience the corrosion of
anchor rods has proven to be the nost inportant aspect of outside
pl ant construction. The corrosion of gal vani zed steel anchor
rods may be caused by dissimlar netal affects (gal vanic
couples), soil conditions (differential salt concentration or
differential aeration) or by stray currents.

4.2.2 The general practice has been to use gal vani zed or copper-
covered steel ground rods for grounding of netallic facilities or
structures. Also a requirenent on joint use construction, where
the power systemis of the multigrounded neutral type, is to bond
the guy strand to the neutral either directly or through the
cabl e nmessenger (suspension strand). The zinc and iron in a

gal vani zed steel anchor rod, when buried in conducting earth,
tend to develop a dc voltage that is nore negative (anodic) than
that of buried copper (cathodic). Wen the buried steel and
copper are connected together by the power system neutral, as
shown in Figure 4, currents will begin to flow through the
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conpleted circuit fromthe steel through the conducting earth to
the copper on the ground rod and the copper pole-butt grounds.
Corrosi on associated with such current flowis an exanple of

gal vani ¢ corrosion.

4.2.2.1 Polarizing effects occur at the steel and copper
surfaces in nost soils and interfere with the flow of current so
that it soon decreases to the point where no serious damage
results. In the nore aggressive soils, however, the current may
continue to flow so that the steel is corroded at an excessive
rate. Excessive underground corrosion is generally noticed on
anchor rods first, and in many cases anchor rod corrosion is
believed to be the entire problem but other buried structures
may be affected. Any buried structure connected to the power
systemneutral may be corroded as a result of gal vanic action.
Anot her exanpl e of corrosion due to galvanic action is the
connection of tel ephone system copper covered ground rods to
steel anchors and anchors rods.

4_.2.2.2 Ungal vani zed anchors are considered an inportant
contributor to corrosion of steel anchor rods and may be the
maj or contributor where the corrosion is not associated with
currents in guys due to copper grounds. The mll scale on hot-
rolled steel and oxide filnms on other steel is cathodic to

gal vani zed and bright surfaces in nmuch the sanme way as copper
causes corrosion. @l vanizing of anchors requires prior renoval
of all oxide filnms, and the gal vani zing offers additional
corrosion protection to the anchor rod as well as to the anchor.

4.2.3 Differential aeration corrosion of an anchor rod can
occur, regardless of the material used, even though it is
electrically isolated fromthe power system s multigrounded

neutral. A differential aeration corrosion cell (See Figure 5)
may begin on the surface of the anchor rod where the | ower
portion of the rod, in contact with a soil |ow in oxygen, becones

anodic to the upper portion of the rod which is in contact with a
soi | having higher oxygen contents. Mst corrosion failures of
anchor rods occur within 15 centinmeters of the anchor, and ot her
structures also likely to have the greatest damage deep in the
ground where noisture is present and oxygen excl uded.

4.2.4 Stray currents from cathodic protection applied to cross-
country pipelines have caused REA borrowers a nunber of corrosion
problens. Stray currents fromthese cathodically protected

pi pel i ne systens can cause rapid corrosion of anchor rods, ground
rods, netal sheathed cables, and other netallic structures placed
underground. The first signs of stray current corrosion damage
is likely to be failure of one or nore anchor rods in | ow or wet

| ocations. In the majority of cases this anchor rod failure can
be noted fromslack guys. This initial corrosion signal should
initiate an investigation into the problem before further damage
occurs.

5. CORROSION PREVENTION MEASURES
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5.1 Atmospheric Environment

5.1.1 The atnospheric environnment that exists in the area of
proposed construction should be determ ned by the engi neer during
the early stages in the design of the tel ecommunications system
Corrosive atnospheric conditions may exi st over an entire service
area of a tel ecommunications systemor may be confined to
relatively small areas within the total service area. In heavily
popul ated industrial areas that are spread over several square
kil ometers, the entire project area may be corrosive and require
speci al consideration. On the other hand, in an area that is
generally classified rural, a comercial operation could affect
the service life of just a few kiloneters of plant. One of the
nost val uabl e sources of information for the engineer is the

hi storical performance of the various materials that are being
replaced in a particular area. Cbviously, if the material in the
pl ant being replaced has been in service for 20 to 25 years there
is no reason for serious concern.. Wen it is not possible to
determ ne the service life of the existing plant because of a

| ack of records or personnel who renenber when a certain section
of line was built, the local electric utility nay be able to
furnish the necessary information. Many of the materials and the
problens in the use of these materials are common to both the

t el ecomruni cations and the electric utilities. Al so a survey of
the comercial and industrial activities in the service area
shoul d pi npoi nt those areas where special corrosion preventive
measur es shoul d be taken.

5.1.2 Once the type of atnosphere in the proposed area of
construction has been identified, a determnation of materials
best suited for use in that particular environnent should be
made. For best results consider areas immediately adjacent to

t he east coast and to the northwest coast of the United States to
be mari ne, whereas the areas within 30 kil oneters of the Gl f
Coast of Loui siana and Texas and the coast of California south of
San Francisco would be classified as marine-industrial. 1In the
GQul f Coast areas of Louisiana and Texas, the belt from 30
kKiloneters to 160 kilonmeters fromthe coast would be classified
as industrial because of the nunerous oil wells, chem cal
processing, and oil and gas refinery operations.

5.1.3 @Glvanized steel has been widely used for many years in
t he tel econmuni cations industry for hardware itens. Cenerally
speaki ng, hardware itens such as 3-bolt clanps, cabl e suspension
cl anps, machine bolts, thinble-eye bolts, etc., are avail able

only in galvanized steel. However, in the past several years
al um num covered steel and al um num alloy hardware itens have
been devel oped for use in outside plant construction. |In

severely corrosive industrial areas , where gal vani zed stee

woul d have a shortened service life, the use of alum num covered
steel or alum numalloy hardware is recommended where avail abl e.
I f the use of alum num covered steel or alum num all oy hardware
is not used in these situations, galvanized steel hardware mde
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fromlow alloy steel should be used in preference to carbon
steel .

5.1.4 One of the nost inportant considerations in materi al
selection for a given environnent is to choose netals that wll
gi ve good performance when fastened together. Mtals that are

w dely separated in the galvanic series (Table 1) should not be
pl aced in contact with one another. |If the use of dissimlar
nmetal s cannot be avoi ded, then renenber that the | east damage
occurs when the ratio of exposed area of noble (protected) to the
exposed area of |ess noble (corroding) netal surfaces is kept as
smal | as possible. Also, stranded wire used for bondi ng purposes
shoul d be tinned copper to mnimze corrosion fromjoining
dissimlar nmetals. Wen grounding wire is required to contact
the soil, the bare copper should be insulated. Wenever possible
a connection of dissimlar netals should be coated. Wen
properly applied, the coating materials will prevent noisture and
air fromcontacting the dissimlar netal connection and thus
prevent gal vanic corrosion at the jointing interface.

5.1.5 @Glvanized steel has been used for many years in the

t el ecommuni cations industry for cable nessenger strand and for
guy strand. The material is not adequate for applications in the
nore corrosive industrial and marine atnospheres. Experience to
date indicates that alum num covered steel nessenger strand and
guy strand should be used in areas high in sulfur content, such
severely corrosive industrial atnospheres and near sulfur m ning
activities.

5.1.6 Polyethylene jacketed and insulated facilities are
expected to experience good perfornmance characteristics in al
types of atnospheres. Theses products should be installed in
areas that are highly corrosive.

5.2 Underground Environments

5.2.1 Corrosion of underground tel econmuni cati ons systens is the
nost difficult to prevent because of the many factors that

singly, or in conbination, affect the course of the el ectro-

chem cal reaction. The major problemin corrosion prevention is
to decide the corrective nmeasures that wll give satisfactory
results at the least cost. Care nust be taken to insure that the
corrective nmeasures taken to cure the corrosion does not reduce

t he i ntended performance of the tel ecommunications system The
inportant need is to adequately recogni ze the processes that are
happeni ng or can happen and the alternatives avail able, so that
future corrosion problens can be mnimzed. There should be no
need to reengi neer for corrosion each tine that a systemis

desi gned, constructed, or nodified.

5.2.2 The guidelines set forth in the foll ow ng paragraphs are

intended to m nimze underground corrosion of buried netal that

is connected to or a part of the electrical grounding system and
to reduce the difficulty and the cost of applying cathodic
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protection where needed for further reducing the anount of
under ground corr osi on.

5.2.2.1 @Gl vanic corrosion, caused by connecting dissimlar

nmet al s under ground, has been the nost preval ent and nost serious
type of corrosion experienced by the tel econmunications and
electric utility industries. In order to elimnate or to

m ni m ze gal vani ¢ corrosion of gal vani zed anchor rods, plunbing
and wel|l casings, and other netals connected to the grounding
system REA suggests that grounding of electrical protection
apparatus on tel econmmuni cati ons systens foll ow the guidelines
contained in this bulletin.

5.2.2.2 \Were a driven ground rod is required for electrical
protection (grounding) of the subscriber's prem se in buried
pl ant construction, a galvanized steel ground rod should be used.

5.2.2.3 On pole line construction, where a driven ground rod is
required for electrical protection purposes and is to be
interconnected with the guy and anchor assenblies, a gal vani zed
steel ground rod should be used. In the event the ground rods
are not interconnected with the guy and anchor assenblies, a
copper-covered steel ground rod may be used.

5.2.2.4 \Where joint use construction is contenplated with a

mul ti grounded neutral power systeminquiries should be nade of
the electric conpany as to its history of underground corrosion.
A corrective program may have al ready been established. |If so,
t he tel econmuni cati ons system should follow a simlar program

| f there has been no experience of underground corrosion on the
el ectric system standard tel ecommuni cations construction
practices can probably be followed wth satisfactory results.

5.2.2.5 The use of galvanized anchors, in addition to the

gal vani zed anchor rods, wll further reduce the rate of
corrosion. A substantial anount of protection agai nst corrosion
can be achieved at very little increase in cost. This is
especially inportant in areas of low earth resistivity.

5.2.2.6 Stray current corrosion, resulting from cathodic
protection, can be reduced in underground tel ecommuni cations
plant by either electrically insulating the tel ecommunications
facilities fromthe stray currents or installing a mtigation
bond between the tel ecommunications facilities and the foreign
structure being cathodically protected. Usually the anchor rods
and anchors can nore easily and nore econom cally be protected by
insulating themfromthe dc source; however a mtigation bond can
easily be provided between the dc source and the nultigrounded
neutral. |[If stray current corrosion is being experienced on
buried netallic sheathed cables, the best nethod for reducing its
effects probably will be to install a mtigation bond.

5.2.2.7 \Wien new construction is being contenplated in the
vicinity of a buried pipe system municipal water system or a
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gas utility system a determ nation should be nade as to the
corrosi on protection neasures being enpl oyed between the

tel ecommuni cations facilities and the foreign structure being
cathodically protected. Every effort should be made to outline a
program wi th these conpanies that will assure the

tel ecomuni cations facilities of the maxi num practical corrosion
protection fromthe effects of these cathodically protected
foreign structures. Figure 6 shows an exanple of a coordi nated
effort to arrest the corrosive effects on the buried cable of the
stray currents generated by the cathodic protection applied to
the pipeline. A mtigation bond was pl aced between the buried
met al shi el ded cable and the cathodically protected pipeline to
provide a | ow resistance path back to the rectifier station for
the stray currents.

6. ENVIRONMENTAL CONDITIONS AFFECTING THE SELECTION OF
CABLE OR WIRE SHIELDS

6.1 Muny factors, such as construction personnel, equipnent,
rock, etc., can damage the cable or wire sheath during
construction. Manufacturing defects, |ightning, and rodents can
al so contribute to sheath damage. A greater incidence of sheath
damage i s experienced in gopher areas and exposure of the
metallic shield is nore prevalent. Filled cable and wire designs
and good construction practices have substantially reduced sheath
damage, but are not likely to elimnate it conpletely. The
proper selection of shielded cable or wire for use in problem

areas W || provide nmaxi mum corrosion protection for buried cable
or wre.
6.2 The evaluation of the corrosivity of a soil is conplex.

Sonme of the soil properties that affect corrosion are soi
resistivity, stray currents, pH, drainage or aeration, noisture
content, and soluble salts present. Studies sponsored by REA
have shown that NO SINGLE PROPERTY OF A SO L is an accurate
indicator of its corrosivity to a particular netal

6.3 Shields incorporating copper, copper alloys, and
copper/all oy steel and copper/stainless steel conbinations
conprise a significant portion of the cable or wire system
Copper exhibits slow, uniformcorrosion in nost soil conditions.
However, in highly acidic or in sulfur-containing soils,
corrosi on of copper may accel erate. Because copper is cathodic
to nost netals in the outside plant (i.e., carbon steel or cast
iron), it will receive cathodic protection fromthese netals

W thin reasonable proximty, thus extending its life. However,
in newer installations the water and gas systens are often
nonnetallic or electrically insulated, which elimnates the cast
iron or steel as a sacrificial anode. Wen galvanically coupled
Wi th other copper structures such as power system neutrals, these
shields are not susceptible to accelerated corrosion. |In many
envi ronments copper exhibits satisfactory corrosion resistance;
however in an aggressive environnment copper may corrode.
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6.3.1 Wen certain chem cal constituents are present in the soi
such as sul fides, bicarbonates, and ammoni um conpounds, corrosion
of copper can occur. In soils contam nated by fertilizers,
cinders, and decaying organic matter, the rate of corrosion wll
be greater than that observed in | ess aggressive environnments.

6.3.2 Marine and industrial environnments, which nay transport
pol lutants great distances, frequently contain sulfur conpounds
such as hydrogen sul fide which nay perneate the jacket and cause
corrosion of copper. The soils containing sulfate ions and
anaerobic, sulfide generating bacteria have in sone isolated

i nstances al so caused treeing of the cable or wire jacket.

6.3.3 Copper clad stainless steel or copper clad alloy steel

| am nat es have denonstrated satisfactory corrosion resistance in
tests and in service in a wide range of environnments. The outer

| ayer perfornms conparably to solid copper and to copper alloys in
soils where copper has satisfactory corrosion resistance. In
nore aggressive soils i.e., low pH high sulfide | evels, where
copper corrosion is accelerated, test and fields results have
shown that the stainless steel or alloy steel remains passive and
acts as a corrosion barrier protecting the inner copper |ayer
fromcorrosion. Thus the shield integrity may be prol onged.

6.3.4 The primary nechani sns which can contribute to the
corrosive attack of copper are as foll ows:

a. Direct attack in acidic, sulfide, and ammoni a
cont ai ni ng soils;

b. Electrolytic corrosion fromexternal sources of
direct current; and

c. Corrosion under the influence of alternating current.

6.4 The use of plastic coated alum num since the early 1960's
indicates its use as one approach in controlling corrosion for
shields in buried cables used in the outside plant. Plastic
coated al um num has denonstrated satisfactory corrosion
resistance in fields tests, |laboratory tests, and service in a
wi de range of environments for over 25 years.

Note: For uniformty, the words coated and coating are
used in this bulletin to describe netallic conponents
covered with plastic materials whether by solvent rel ease
coating, filmlam nating or extrusion coating. The intent
of the reference is to address the performance of the
coated materials, not to describe the process of
preparation.

6.4.1 The plastic coating restricts the area of al um num
subjected to corrosion. The polynmer coating fornms a chem ca
bond with the nmetal which effectively counteracts the mechani cal
forces generated during the corrosion process that attenpt to
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detach the coating. Also, the chem cal bond prevents the
m gration of nmoisture and chemi cals along the interface of the
copol ynmer coating and al um numthus retardi ng corrosion.

6.4.2 The forces which damage the outer jacket also wll |ikely
damage the plastic coating. |In this case, |ocalized corrosion of
the al um num may occur wherever the coatings are damaged due to
the sane factors which corrode bare alum num However, coatings
whi ch are chem cally bonded to a netal substrate will generally
restrict the corrosion to the vicinity of the damaged region. In
out side plant areas where the jacket is nore susceptible to
mechani cal danmage, the coated al um num shoul d be bonded to the

j acket since bonded-sheath inproves the puncture resistance and

t oughness of the cable and thus reduces the possibility of cable
damage.

6.4.3 Since galvanized steel is recommended for use as ground
rods, galvanic corrosion of the plastic coated alumnumshield is
greatly reduced. However, where the plastic coated al um num
shield is coupled to a copper shield, careful consideration needs
to be given to the area of cathode (copper), anode (coated

al um num, and distance of the electrolyte between the netals.

6.4.4 |If the plastic coating on the alum numis danmaged,
corrosion may be initiated. Factors which are |likely to corrode
the bare alum numare as follows:.

a. Direct attack in soils;
b. Galvanic corrosion;

c. Dynamc and static stray currents from external
sources; and

d. Differential aeration.

Alum numis an anphoteric netal and it corrodes nore rapidly in
highly acidic and highly alkaline nedia, i.e., at pH levels bel ow
5.0 and greater than 8. 5. The rate of corrosion also depends on
the specific ions present. Chlorides and sulfates are consi dered
aggressive towards alum num Al so when alum numis coupled to
copper and ot her passive netals, corrosion of alum num can be
severe due to galvanic effects. Al though these nechani sns are
pertinent to exposed bare alum num at defects in plastic coated
alum num the rate at which corrosion occurs for plastic coated
alumnumis mtigated by the presence of the plastic coating, as
described in the previous paragraphs.

6.4.5 Marine and industrial environnments, which may transport
pol lutants great distances, frequently contain sulfur conpounds
such as hydrogen sul fide which may perneate through the jacket
and cause corrosion.
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6.4.6 The primary mechani sns which can contribute to the
corrosive attack of bare al um num are:

a. Direct attack in highly acidic and highly
al kal i ne soils;

b. Chlorides and sul f ates;

c. FElectrolytic corrosion fromexternal sources of
direct current;

d. Corrosion under the influence of alternating current;
e. Glvanic effects when coupled to copper;

f. Galvanic effects when coupled to other passive netals;
and

g. Differential aeration.

6.5 The corrosion of bare steel due to the various factors thus
far described for alum num and copper in the text is well

recogni zed. Bare steel is nore susceptible to corrosion in
acidic rather than neutral or alkaline nedia. The plastic
coatings on both alum num and steel reduce the corrosion fromthe
environnent. The use of coated steel provides the first |line of
defense fromcorrosive elenents if the jacket is damaged and al so
protection to the coated alumnumfor it to performvita
shielding functions. |If the plastic coating on the steel is
damaged, corrosion nmay be initiated with subsequent dissolution
of the steel. Further corrosion of the exposed steel may proceed
according to the primary nmechani sns referenced in Paragraph

6. 4. 6.

6.6 Certain locations in the country may have severe corrosion
condi tions which are nore harnful to one type of cable or wre
shield or cable arnor than another. |In such areas, the engi neer
shoul d determ ne the cable or wire material which is best suited
for these particular soil conditions. To determne a potentially
corrosive environment, the engineer should neasure the earth
resistivity, identify the pH level of the soil, and gather

hi storical data fromconpany files and fromother utilities in

t he exchange area. Soil resistivity is an indicator of
corrosivity as shown in Table 2; as well as, is historical data.
However, the latter should be viewed in |light of changi ng soi
conditions caused by acid rain, |ong-range transport of

industrial pollutants in the atnosphere, deicing practices,
fertilizers, etc. |If there has been no prior construction in the
vicinity of a newsite, the soil resistivity and pH at the new
site should be determ ned and conpared to neasurenents taken at
simlar sites with sone long-termin place construction. For
exanple, if soil neasurenents along a new cable or wire route
indicate a neutral pHwth low soil resistivity and a simlar
site with long lived coated alum numcable plant is nearby with a
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good performance history, coated al um num shi el ded cable could
probably be used at the new site with no probl ens.

TABLE 2
Soil Corrosivity Versus Resistivity
Soi |

Resistivity Corrosivity

(Chmcm (descri ption)

Bel ow 500 Very Corrosive

500 to 1000 Corrosive
1000 to 2000 Moder ately Corrosive
2000 to 10, 000 Ml dly Corrosive

Above 10, 000 Progressively Less Corrosive

6.7 Soil properties can be obtained fromthe | ocal Soi
Conservation office or sanples can sent to an i ndependent

| aboratory for property nmeasurenents. Soil resistivity is the
easi est neasurenent and should be nade on site foll ow ng the
recommended techniques listed in Section 7. Figures 7 through 11
show t he general soil resistivity throughout the United States
but are not neant as a substitute for |ocal nmeasurenents.

7. SOIL MEASUREMENTS

7.1 Soil Resistivity

7.1.1 Soil resistivity can be neasured in a nunber of ways. The
nost accurate nethod is to obtain sone soil at the cable or wire
burial depth and nmeasure the resistivity in the |aboratory under
controlled conditions which include saturating the soil with
distilled water. A field neasurenent can be nade at the soi
burial depth using the four term nal nethod shown in Figure 12.
Four small test electrodes (stubs of nunber 8 American Wre Gauge
(AWG) wire wll suffice) are placed to the sane depth and equa

di stances apart in a straight line. Four separate |lead wres
connect the electrodes to the four termnals on the soi
resistivity tester as shown in Figure 12. Hence, the nane of the
test: The Four Term nal Met hod.

7.1.2 The theory behind the Four Term nal Method showed that if
el ectrode depth Ais kept small conpared to the di stance between
el ectrodes B, the follow ng equation applies:

P = 2pBR
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VWher e:

Average soil resistivity to depth B in ohmcm
3.1416

D stance between el ectrodes

| nstrunment reading in ohns

pullosiuine)

7.1.3 Since copper cable or wire is usually buried at a depth of
0.6 to 1 meter (n), the average soil resistivity should be
measured to at least 1.2 m For buried fiber optic cable, the
average soil resistivity should be neasured to at 1.5 m because
this cable is usually buried at a depth of 1 to 1.2 m \Were a
cable is to be buried at a depth greater than 1.2 m the average
soil resistivity should be neasured at the 1.2 mdepth plus 25
percent. The el ectrode depth should not exceed 10 percent of the
el ectrode spacing dinmension. A 7.6 centineter (cn) el ectrode
depth shoul d be adequate. Black vinyl tape may be placed 7.6 cm
fromthe ends of the electrodes as a depth gauge. Assum ng an
i nstrunment reading of 30 ohns is obtained at 1.2 m el ectrode
spacing, the soil resistivity would be cal cul ated as foll ows:

P 2bBR
2 * (3.1416) * (1.2 mx 100 cmMm * (30)
754 * (30 ohns)
22,620 ohmcm

Therefore, if the 1.2 melectrode spacing is maintai ned the soi
resistivity is 754 tinmes the instrunment reading in ohns. [|f an
el ectrode spacing of 0.86 mis maintained a multiplier of 500
Wll result yielding resistivity at 0.86 mwhich is a realistic
cable or wire placenent depth. Typical soil resistivity val ues
to be expected are given in Table 3.

TABLE 3
Typical Soil Resistivity Val ues
Soi |
Resistivity
Soi |l Types (Chm cm

Sand Saturated with Sea Water 100 - 200
Mar sh 200 - 400
C ay 200 - 15,000
Sand and G avel 5,000 - 100, 000
Clay Mxed with Sand G avel 1,000 - 135,000
Shal e 1, 000 - 50,000
Rock 50, 000 - 1, 000, 000
Li nest one 500 - 400, 000

Note: A description of the Four Term nal Method is
described in ASTM G 57, | atest issue, Standard Method for
Field Measurenent of Soil Resistivity Using the Wenner
Four El ectrode Met hod.
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7.2 Soil pH

7.2.1 Soil pH can be neasured with a nunber of comrercially
avai l abl e battery-powered neters. These high-inpedance neters
nmeasure the potential difference between a sensing el ectrode
whose potential changes with the hydrogen ion concentration and a
reference electrode (usually calonel). Commercially available
conbi nation el ectrodes consisting of a saturated cal onel
reference el ectrode and an el ectrode conbi ned as one single

el ectrode are available. The easiest and nost practical nethod
to nmeasure soil pHis the use of a commercial neter in
conjunction with a conbination el ectrode.

7.2.2 The pH neter and el ectrodes are standardi zed by i mrersion
in standard sol utions of known pH and adj ustnment of the
standardi zed dial in accordance with the manufacturers
recommendations or ASTM G 51, | atest issue.

7.2.3 The contact area of the glass electrode or conbination

el ectrode shoul d be pressed agai nst undi sturbed soil at the

| ocation of interest. Wth the electrodes in place, set the
meter to read pH, allow sufficient time for equilibriumto be
established, then take the neter reading. Again allow the neter
to equilibrate, then reread the neter. The val ues obtai ned
shoul d agree wwthin 0.2 units to be acceptabl e.

7.2.4 It is best to bore and nmake the pH neasurenent at the
depth of interest. A subsurface probe for acconplishing this is
described in ASTM G 51, latest issue, Standard Test Method for pH
of Soil for Use in Corrosion Testing. Soil sanples can be
brought to the surface with a boring tool or post-hole digger and
t he neasurenent made in the field on the soil thus obtained. The
| east desirable nethod is to nmake the neasurenent on soi

returned to the | aboratory, however, if this is done the

measur enent shoul d be made within 24 hours fromthe tinme the
sanpl e was obtained. Under no circunstances should a surface pH
measur enent be construed as the pH of the soil at the cable
dept h.
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FIGURE 1 EXAMPLE OF GALVANIC CORROSION
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FIGURE 2 EXAMPLE OF CONCENTRATION CELL CORROSION

. Anode
Corrosion Current Flow
—— Cathode
Win
— Deposit
Deposit
Cathode

Anode



Bulletin 1751F-670
Page 32

FIGURE 3 EXAMPLE OF STRAY CURRENT CORROSION
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FIGURE 4 ANCHOR ROD CORROQOSION — GALVANIC COUPLE
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FIGURE 5 ANCHOR ROD CORROSION - DIFFERENTIAL AERATION CELL
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FIGURE 6 COORDINATED STRAY CURRENT PROTECTION
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FIGURE 7 ESTIMATED AVERAGE EARTH RESISTIVITY
NORTHEAST REGION
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Note: Resistivity is in Meter—Ohms
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FIGURE 8 ESTIMATED AVERAGE EARTH RESISTIVITY
SOUTHEAST REGION

Note: Resistivity is in Meter—Ohms
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FIGURE 9 ESTIMATED AVERAGE EARTH RESISTIVITY
NORTH CENTRAL REGION
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FIGURE 10 ESTIMATED AVERAGE EARTH RESISTIVITY
WESTERN REGION

Note: Resistivity is in Meter—Ohms
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FIGURE 11 ESTIMATED AVERAGE EARTH RESISTIVITY
SOUTHWEST REGION
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Note: Resistivity is in Meter—Ohms
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FIGURE 12 SOIL RESISTIMITY MEASUREMENT PROCEDURE
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1. Electrodes are placed in a straight line at equal intervals.

2. "A" must be less than "B"/10.
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