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Cathodic Corrosion

Dissimilar metals and alloys have different electrode potentials, and when two or more come into
contact in an electrolyte, one metal (that's more reactive) acts as anode and the other (that's

less reactive) as cathode. The electropotential difference between the reactions at the two
electrodes is the driving force for an accelerated attack on the anode metal, which dissolves into the
electrolyte. This leads to the metal at the anode corroding more quickly than it otherwise would and
corrosion at the cathode being inhibited. The presence of an electrolyte and an electrical conducting
path between the metals is essential for galvanic corrosion to occur. The electrolyte provides a
means for ion migration whereby ions move to prevent charge build-up that would otherwise stop the
reaction. If the electrolyte contains only metal ions that are not easily reduced (such as Na+, Ca+ K+,
Mg?, ar Zn#), the cathode reaction is the reduction of dissolved H* to H. or O, to OH- MeEk

In some cases, this type of reaction is intentionally encouraged. For example, low-cost household
batteries typically contain carbon-zinc cells. As part of a closed circuit (the electron pathway), the
zinc within the cell will corrode preferentially (the ion pathway) as an essential part of the battery
producing electricity. Another example is the cathodic protection of buried or submerged structures
as well as hot water storage tanks. In this case, sacrificial anodes work as part of a galvanic couple,
promoting corrosion of the anode, while protecting the cathode metal.

In other cases, such as mixed metals in piping (for example, copper, cast iron and other cast
metals), galvanic corrosion will contribute to accelerated corrosion of parts of the system. Corrosion
inhibitors such as sodium nitrite or sodium molybdate can be injected into these systems to reduce
the galvanic potential. However, the application of these corrosion inhibitors must be monitored
closely. If the application of corrosion inhibitors increases the conductivity of the water within the
system, the galvanic corrosion potential can be greatly increased.

Acidity or alkalinity (pH) is also a major consideration with regard to closed loop bimetallic circulating
systems. Should the pH and corrosion inhibition doses be incorrect, galvanic corrosion will be
accelerated. In most HVAC systems, the use of sacrificial anodes and cathodes is not an option, as
they would need to be applied within the plumbing of the system and, over time, would corrode and
release particles that could cause potential mechanical damage to circulating pumps, heat
exchangers, etc.i=
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CHAPTER 2
CATHODIC PROTECTION DESIGN

2-1. Required information,

Before deciding which type, galvanic or impressed
current, cathodic protection system will be used
and before the system is designed, certain prelimi-
nary data must be gathered.

a. Physical dimensions of structure to be pro-
tected. One important element in designing a
cathodic protection system is the structure's phys-
ical dimensions (for example, length, width, height,
and diameter). These data are used to calculate the
surface area to be protected.

b, Drawing of structure to be protected. The
installation drawings must include sizes, shapes,
material type, and locations of parts of the structure
to be protected.

¢, Electrical isolation. If a structure is to be
protected by the cathodic system, it must be elec-
trically connected to the anode, as figure 1-2
shows. Sometimes parts of a structure or system
are electrically 1solated from each other by insula-
tors. For example, in a gas piﬁelinc distribution
system, the inlet pipe to each building might
contain an electric insulator to isolate inhouse
piping from the pipeline. Also, an electrical
insulator might be used at a valve along the pipeline
to electrically i1solate one section of the system
from another. Since each electrically i1solated part
of a structure would need its own cathodic
protection, the locations of these insulators must be
determined.

d. Short circuits. All short circuits must be
eliminated from existing and new cathodic protec-
tion systems. A short circuit can occur when one
pipe system contacts another, causing interference
with the cathodic protection system. When
updating existing systems, eliminating short circuits
would be a necessary first siep.

e. Corrosion history of structures in the areq.
Studying the corrosion history in the area can
prove very helpful when designing a cathodic pro-
tection system. The study should reinforce predic-
tions for corrasivity of a given structure and its
environment; in addition, it may reveal abnormal
conditions not otherwise suspected. Facilities per-
sonnel can be a good source of information for
corrosion history.

I Electrolyte resistivity survey. A structure's
corrosion rate is proportional to the electrolyte
resistivity. Without cathodic protection, as electro-
Iyte resistivity decreases, more current is allowed to
flow from the structure into the electrolyte; thus,
the structure corrodes more rapidly. As electrolyte

resistivity increases, the corrosion rate decreases
(table 2-1). Resistivity can be measured either in a
laboratory or at the site with the proper instru-
ments. Appendix A explains the methods and
equipment needed to complete a soil resistivity
survey. The resistivity data will be used to calculate
the sizes of anodes and rectifier required in
designing the cathodic protection system.

Table 2.1, Corrosivity af soils on steel based on soil resistivity

Soil restetivity range (ohmmem) Clorrodivity

0 to 2000 Severe

2000 to 10,000 Moderte to severe
10,000 (o 30,000 ild

Ahove 30,000 Naot likely

U.S. Air Force.

2. Electrolyte pH survey. Corrosion is also pro-
portional to electrolyte pH (see glossary for defini-
tion of pH and other terms). In general, steel's
corrosion rate increases as pH decreases when soil
resistivity remains constant,

h. Structure versus electrolyte potential survey.
For existing structures, the potential between the
structure and the electralyte will give a direct
indication of the corrosivity. According to NACE
Standard No. RP-01, the potential requirement for
cathodic protection is a negative (cathodic) poten-
tial of at least 0.85 volt as measured between the
structure and a saturated copper-copper sulfate
reference electrode in contact with the electrolyte.
A potential which is less negative than -0.85 vaolt
would probably be corrosive, with corrosivity in-
creasing as the negative value decreases (becomes
more positive).

i. Current reguirement. A critical part of design
calculations for cathedic protection systems on
existing structures is the amount of current re-
quired per square fool (called current density) to
change the structure’s potential to -0.85 volt. The
current density required to shift the potential indi-
cates the structure's surface condition. A well
coated structure (for example, a pipeline well
coated with coal-tar epoxy) will require a very low
current density (about 0.05 milliampere per square
foot); an uncoated structure would require high
current density (about 10 milliamperes per square
foot). The average current density required for
cathodic protection is 2 milliamperes per square



foot of bare area. The amount of current required
for complete cathodic protection can be determined
three ways:

—An actual test on existing structures using
a temporary cathodic protection setup.

~—A theoretical calculation based on coating
efficiency.

—An estimate of current requirements using
tables based on field experience.

(1) The second and third methods above can
be used on both existing and new structures,
Appendix B contains a detailed review of current
requirement testing,

(2) Current requirements can be calculated
based on coating efficiency and current density
{current per square foot) desired. The efficiency of
the coating as supplied will have a direct effect on
the total current requirement, as equation 2-1
shows:

I= (ANI')(1.0-CE), (eq 2-1)

where [ is total protective current, A is total struc-
ture surface area in square feet, I' is required cur-
rent density, and CE is coating efficiency. Equation
2-1 may be used when a current requirement test is
not possible, as on new structures, or as a check of
the current requirement test on existing structures.
Coating efficiency is directly affected by the type of
coating used and by quality control during coating
application. The importance of coating efficiency 1s
evident in the fact that a bare structure may require
100,000 times as much current as would the same
structure if it were well coated.

(3) Current requirements also can be esti-
mated from table 2-2. The table gives an estimate
of current, in milliamperes per square foot, required
for cnrggletﬂ cathodic protection. That wvalue,
multiplied by the surface area of the structure to be
protected (in square feet) gives the total estimated
current required. Caution should be used when
estimating, however, as under- or overprotection
may result.

Table 2-2. Typical current density requirements jor cathodic
prafection of uncoated sicel

Environment Current density (mA/sqg fi)

AFM 885 Gt 2

Neutral soil 04 wl.3 Ddw 1.5
Well aerated neutral soil I o3 2w 3
Wetsoil 1 toh 25t b
[lighly acidic soil 3 s 5 w [3
Soil supporting active

sulfate=reducing bacteria & tod2 Up to 42
Heated so1 3 w25 5 w23
Stationary freshwater (Y 5
Mowving freshwater containing

dissolved oxygen 5 w5 5 ot IS
Secawaler 1 wld 5 e 25

"rata are from Air Force Manual AFM B89, Corrasion Comtrol (115,
Adr Force, August 1962}, chap 4, p 203,

"Data are from 15, Gerrard, “Practical Applications of Cathodic
Protection,” Corvasion, Yol 2 (LL. Shreir, Ed), MNewncs
Butterworths, London, 1976, p 1 1:65. Used wilh permission,

j. Coating resistance., A coating's resistance
decreases greatly with age and directly affects
structure-to-glectrolyte resistance for design caleu-
lations. The coating manufacturers supply coating
resistance values,

k. Protective current reguired, By knowing the
physical dimensions of the structure to be pro-
tected, the surface area can be calculated. The pro-
duct of the surface area multiplied by current den-
sity obtained previously in / above gives the total
current required.

I The need for cathodic protection, For exist-
ing structures, the current requirement survey (7
above) will verify the need for a cathodic protec-
tion system. For new systems, standard practice is
to assume a current density of at least 2 milliam-
peres per square foot of bare area will be needed to
protect the structure. (However, local corrosion
history may demand a different current density.} In
addition, cathodic protection is mandatory for
underground gas distribution lines (Department of
Transportation regulations—Title 49, Code of
Federal Regulations, Oct 1979) and for water stor-
age tanks with a 250,000-gallon capacity or
greater. Cathodic protection also is required for
underground piping systems located within 10 feet



a. Sacrificial anode (galvanic) cathodic protec-
tion sysiem design. The following eight steps are
requtred when designing galvanic cathodic pro-
tection systems. Appendix C gives examples of
galvanic cathodic protection designs.

(1) Review soil resistivity. The site of lowest
resistivity will likely be used for anode location to
minimize anode-to-electrolyte resistivity. In addi-
tion, 1f resistivity variations are not significant, the
average resistivity will be used for design
calculations.

(2) Select anode, As indicated in paragraph
1-4, galvanic anodes are usually either magnesium
or zine. Zine anodes are used in extremely corro-
sive soil (resistivity below 2000 ohm- centimeters).
Data from commercially available anodes must be
reviewed. Each anode specification will include
anode weight, anode dimensions, and package
dimensions (anode plus backfill), as table 2-3
shows for magnesium-alloy anodes. In addition, the
anode’s driving potential must be considered (para
a|3] below). The choice of anode from those
available is arbitrary; design calculations will be
made for several available anodes, and the most
economical one will be chosen.

Table 2-3. Weights and dimensions of selected high-potential
magnesium-ailoy anodes for use in soil or waier

Packaged
Weight Packaged size
k) Size (in.) wi (Ib) (i)
3 375x375x35 12 fhx 10
5 175x375x75 17 Gx 12
a9 275x275x26 35 fx 31
9 175 x3.75x 153,25 a7 Gx 17
12 175x3.75x 18 36 6x23
14 275x 27541 50 6 x 46
14 1.75x3.75x 121 42 6.5%x 26
17 275x 275550 Gl fix 55
17 31T5x3.75x26 45 6,5 % 29
20 215x25x5925 70 5% 66
24 45x45x23 &0 Tx30
1z 55x55x21 74 8 x 28
40 375 x 375 x 59.25 105 6.5% 66
48 55x55x30 100 4 x 38
48 BEx b 100k 12x 25
ol 45x4.5x60 — —

Note: Core material is a galvanized 20=gage perforated steel strip.
Anodes longer than 24 inches have a S-gage core, The connecling
wire is a 10-foot length of solid Ne, 12 AWG TW insulated copper
wire, silver=soldered o the core with joinis sealed against moisiure,
Special wires or other lengths are available.

115, Air Force.

(3) Calculate net driving potential for
anodes. The open-circuit potential of standard alloy

magnesium anodes is approximately -1.55 volis to
a copper-copper sulfate half-cell. The open-circuit
potential of high-manganese magnesium anodes is
approximately -1.75 volts to a copper-copper sul-
fate hali-cell.

(a) The potential of iron in contact with
soil or water usually mn%eq around -0.55 volt rela-
tive to copper-copper sulfate. When cathodic pro-
tection is applied using magnesium anodes, the iron
potential assumes some value between -0.55 and -
1.0 volt, depending on the degree of protection
provided. In highly corrosive soils or waters, the
natural potential of iron may be as high as -0.82
volt relative to copper-copper sulfate. From this, it
is evident that -0.55 volt should not be used to
calculate the net driving potential available from
magnesium anodes.

(b) A more practical approach is to con-
sider iron polarized to 0.85 volt. On this basis,
standard alloy magnesium anodes have a driving
potential of 0.70 volt (1.55-0.85 0.70) and high-
potential magnesium anodes have a driving poten-
tial of 0.90 volt (1.75-0.85 0.90). For cathodic
protection design that involves magnesium anodes,
these potentials, 0.70 and 0.90 voli, should be
used, depending on the alloy selected.

(4) Calculate number of anodes needed to
meet groundbed resistance limitations, The total
resistance (RT) of the galvanic circuit 1s given by
equation 2-2:

RT - Ra 1 Rw ' Rc' (eq 2_2}
where R, is the anode-to-electrolyte resistance, R,
is the anode lead wire resistance, and R, is the
structure-to-electrolyte resistance. The total resis-
tance also can be found by using equation 2-3:

_AE
T I’

R (eq 2-3)

where AE is the anode’s driving potential discussed
in a(3} above and [ is the current density required
to achieve cathodic protection (para 2-1). K, in
equation 2-2 can be calculated by using equation
2.4

(eq 2-4)

where R is the average coating resistance, in ohms
per square feet, at the end of the proposed lifetime
for the system (R is specified by the supplier), and
A is the structure’s surface area in square feet.
Assuming R, in equation 2-2 is negligible, that
anode-to-electrolyte resistance can then be calcu-
lated from equation 2-5:
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CHAPTER 1
INTRODUCTION TO CATHODIC PROTECTION

1-1. Purpose,

This manual presents design guidance for cathodic
protection systems.

1=2. References.

a. Government publications.

Department of Transportation
Superintendent of Documents, U.S. Gov-
emment Printing Office, Washington, DC
20402

Transportation of Natural and Other Gas by
Pipeline: Minimum Federal Safety Stan-
dards, Subpart 1 - Requirements Register,
Vol 36, No. 126 (June 30, 1971).

h. Nongovernment publications.

National Association of Corrosion Engineers
(NACE), P.O. Box 218340, Houston, TX
77084

Standard RP-01-69 Control of Exiernal
{1972 revision Corrosion on Under-

ground or Submerged
Metallic Piping Systems
Standard RP-02-72 Direct Calculation of

Economic  Appraisals
of Corrosion Control
Measures

1-3. Corrosion.

Corrosion is an electrochemical process in which a
current leaves a structure at the anode site, passes
through an electrolyte, and reenters the structure at

one small section of a pipeline may be anodic
because it 1s in a soil with low resistivity compared
to the rest of the line. Current would leave the
pipeline at that anode site, pass through the soil,
and reenter the pipeline at a cathode site. Current
flows because of a potential difference between the
anode and cathode. That 1s, the anode potential 1s
more negative than the cathode potential, and this
difference is the driving force for the corrosion
current. The total system—anode, cathode, electro-
lyte, and metallic connection between anode and
cathode (the pipeline in fig 1-1)}—s termed a
corrosion cell.

1=4, Cathodic protection,

Cathodic protection is a method to reduce corro-
sion by minimizing the difference in potential
between anode and cathode. This is achieved by
applying a current to the structure to be protected
{such as a pipeline) from some outside source.
When enough current is applied, the whole struc-
ture will be at one potential; thus, anode and
cathode sites will not exist. Cathodic protection is
commonly used on many types of structures, such
as pipelines, underground storage tanks, locks, and
ship hulls.

1-5, Types of cathodic protection systems,
There are two main types of cathodic protection
systerns: galvanic and impressed current. Figure 1-2
shows these two types. Noie that both types have

the cathode site as figure 1-1 shows. For example, anodes (from which current flows into the
Corrosion Electrolyte Carrosion
Pit Current Current
Corrosion

Anode Site

Cathode Si're\\_

= Electrons ——————— ._"—-S

Steel Fipe —/

Reprinted from Cathodic Protection, L.M Applegole, 1960, with permission

of Mc Graw - Hill Book Campany

Figure 1-0. Corrusion of @ pipeline due o localized arede pond codlode sifes,
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~

~

The ANODE of Cast fron or Other
Suitable Material Which Will Bast
Discharge the Impressed Current.

IMPRESSED CURRENT SYSTEM
{b)

Figure 1-2. fa) Galvanic and (b) impressed current systems for eathodic protection.

electrolyte), a continuous electrolyte from the
anode to the protected structure, and an external
metallic connection (wire). These items are
essential for all cathodic protection systems.

a. Galvanic system. A galvanic cathodic pro-
tection system makes use of the corrosive poten-
tials for different metals. Without cathodic protec-
tion, one arca of the structure exists at a more
negative potential than another, and corrosion
results. If, however, a much less inert object (that
is, with much more negative potential, such as a
magnesium anode) 1s placed adjacent to the struc-
ture to be protected, such as a pipeline, and a
metallic connection (msulated wire) 1s installed
between the object and the structure, the object will
become the anode and the entire structure will
become the cathode. That is, the new object cor-
rodes sacrificially to protect the structure as shown
in figure 1-2. Thus, the galvanic cathodic protec-
tion system is called a sacrificial anode cathodic
protection sysiem because the anode corrodes
sacrificially to protect the structure. Galvanic
anodes are usually made of either magnesium or

zinc because of these metals” higher potential
compared to steel structures.

b. Impressed current systems. Impressed current
cathodic protection systems use the same elements
as the galvanic protection system, only the
structure is protected by applying a current fo it
from an anode. The anode and the structure are
connecied by an insulated wire, as for the galvanic
system. Current flows from the anode through the
t:]cctmlytc onto the structure, just as in the ng\'dl'l]L
system. The main difference between galvanic and
impressed current systems is that the galvanic
system relies on the difference in potential between
the anode and structure, whereas the impressed
current system uses an external power source to
drive the current, as figure 1-2b shows. The
external power source is usually a rectifier that
changes input a.c. power to the proper d.c. power
level. The rectifier can be adjusted, so that proper
output can be maintained during the system’s life.
Impressed current cathodic protection system
anodes typically are high-silicon cast iron or
graphite.



Anode

Efficiency (%)

Energy Capability (Ah/Ib)

Consumption Rate

Potential vs CuCuS04 (volts)

(Ib/Ay)
Zinc 95 335 23.5 -1.1
Aluminum (Al, Zn, In) 85 1150 6.5 -1.1
Magnesium (H-1 Alloy) 50 500 8.7 -1.45
Magnesium (High Potential Alloy) 50 500 8.7 -1.7
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(3) The voltage output of the anode.

This test is a comparative test using the
copper sulfate half-cell as in Test 1. The
normal anode potential voltage will be in the
range of 1.4 to 1.6 volts. A 0 to 0.3 voltage
reading means the wire or a connection is
broken between the test box and the anode.

CuluS50g HALF CELL
N MOIST SO/L.

TEST LEAD TO
WRE TO ANODE

Sometimes this can be corrected by digging
to the base of the post, back toward the
anode, and checking the wire for breaks,
since the break often is at the base of the
post due to the post having been knocked
over. A schematic of the test is:

TEST LEAD TO
COPPER SULFATE
HALF CELL

o -dl
VOM wity scaLe
- SET TO LOW
oc @ DC VOLTAGE
¥

(4) The measuring of the current flow
from the anode(s) to the pipe.

This could vary from 5 ma (0.005 amp) to
300" ma (0.3 amp), depending on pipe area,
soils resistivity, and soil moisture. A current
flow larger than the design current usually
means the pipe is protected to a higher level

than needed and a waste of the anode,
which will result in a reduced anode life. If
the current is more than 1.3 times the
design needs, a resistance should be added
to the circuit to extend the life of the anodes.
This is done with a length of special high-
resistance wire between the connections in
the test box. Schematic follows:
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WIRE
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M.C. Miller RE-5 Electrode

Call for pricing

ADD TO CART
(HTTP:/MWWW.AEGION.COM/ABOUT/RESOURCES/CORRPROCATALOG/REFERENCE-
ELECTRODES/PORTABLE-

REFERENCE-
ELECTRODE/RE-5-
ELECTRODE#)

M.C. Miller offers a large selection of portable copper/copper sulfate refer nce el ctrodes. The RE-5 model is their most standard model with a flat surface
ceramic plug. The flat plug allows for good performance in all soil conditions including when the soil is hard packed. The main body is built out of a Lexan
tub with a side viewing window to check on the reference c II's condition. Inside the tube, the r ference cell comes with a high purity copper core rod an
some initial copp rfcopp r sulfate crystals for initial use.



Test Station - Magnesium Anode

\When indalling a sacrificial magnesium anode in the gmound, an Anode Ted Station would be
recommended to go along with it. Made using a ted station head and industry approved shunt,
the anode ted station can assg in monitoring the curent drawon the anode bed to help show
the effectiveness of the anode overits designed lifespan.

Specification

Built with a ted gation head and industry dandardized test gation shunt
Shuntsavailable in 0.1, 0.01 and 0.001 Chms

Comeswith a 5foot mounting pog and a 24oot anchoring post.

Analog ammeter also avail able to show anode bed's curent cutput

Application

To be installed over top of the anode bed, the Anode Test Station helps monitor the
effectivenes s of the sacrificial cathodic protection system while also being an
effective marker of where the anode bed was installed. Alead wire comes from the
anode(s) and is attached to the shunt. From the other terminal of the shunt, a

structure connection wire is connected onto the pipe or tank o complete the

cathodic protection circuit. Using a True-RMS woltmeter, you can measure the woltage difference across the shunt and calculate the current being drawn

from the anode bed.

Ordering Information

When omering the Anode Test Station, please keep in mind if you al= require any mcifidal anodes, lead wire ora
connedion method to the pipeline ortank
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ASHLAND SITE
Project 18G2P

Date of Report October 18, 2018

Structure Height and Type 299' Guyed Tower

Year Constructed 1998; Mfg. by Allied Tower
Anchor Style, if known Single ring of steel I-Beam anchor shafts

ASR # and FACILITY 1035230

Longitude and Latitude 46.6081, -90.8364

Physical Address 324 Industrial Park Road
Ashland, WI 54806



CORROSION RISK

LOW

Risk for corrosion of steel is HIGH for both soils. Site-wide, corrosion risk for concrete is MODERATE



pH ranges between very strongly acid to

strongly alkaline, with the average pH slightly
alkaline.

pH RANGE, BY DEPTH:
= Soil #1
0to 17 inches: 4.5 to 7.3
17 to 35 inches: 6.1to 7.8
35 to 80 inches: 7.9 to 9.0

= Soil #2
0Oto 12 inches: 4.5t0 7.3
12 to 30 inches: 5.1to0 7.8

30 to 80 inches: 7.9 t0 9.0

<3.5 3.5-44 4550 5.1-55 5660 6.1-65 66-7.3 7478 79-84 8590 >9.1
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SUMMARY

The Ashland tower has been in service approximately 20-years.

DUAL RISK INDEX"®
CORROSION

POTEMTIAL NOME/SLIGHT Low MODERATE VERY HIGH

RISK FOR SLIGHT RISK MINOR RISK MODERATE RISK HIGH RISK VERY HICH RISK

LONG-TERM discoloration of thinning, flaking bovis aof galvanizing - Ioas of gabvanized deep/sigaificant
MATERIAL gakainized coating - ol galwamizing - surfoce covresion coanng - flaking, ot of steel
LOSS" aarly stage of steel loss not lkely and gitling pitting and corrodion
CONTOEan - Material of steel, with

Vhosed an Merag wivkel muaterial foss
£0il ¢fermisty
and #te

conaditions CORROSION POTENTIAL: 8

toonsigers
anchor

properties CORROSION OF STEEL — High

inenees CORROSION OF CONCRETE — Moderate
Mearby streams and proximity to Lake Superior may have created
underground streams, as well as those visible on the surface.
Soil pH ranges from very acid to strongly alkaline, increasing risk potential for
both concrete and steel
Electrical Conductivity is 0.47 to 0.40 dS/meter — corrosive to steel
Entire site is somewhat poorly draining, with ponding likely at C Anchaor,
A welding facility and source of stray current (Mike's Automotive), is located
approximately 800-feet from A anchor.

RISK FOR LONG-TERM MATERIAL LO5S: &

Zoil chemistry, high electrical conductivity and high water table all contribute to this
potentially corrosive environment for unprotected steel anchor shafts, At present, risk for
steal loss s modergte. Over time, the risk will continue to increase.
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BLOOMINGTON
Project 18G2P

Date of Report October 10, 2018

Structure Height and Type 299" Guyed Tower

Year Constructed 1983

Anchor Style, if known  Single ring of 1.5-inch double solid round rod

ASR # and FACILITY 1035075

Longitude and Latitude 42,9024, -90.9464

Physical Address 10602 Hickory Road
Bloomington, W1 53804




DUAL RISK INDEX"
CORROSION

POTENTIAL' MOME/SLIGHT LOw MODERATE HIGH VERY HIGH

RISKFOR  SLIGHT RISK MINOR RISK MODERATE RISK HIGH RISK VERY HIGH RISK
LONG-TERM disooloration of thinning, tlaking less of galvanizing - loss of galvanized deep/significant
MATERIAL E2hvainized coating - of galvanizing - SUrfOCE COMmosion coating - flaking, Ioss of stegl
LOSs" early stage of steal loss not likely and pitting pitting and corrosion

carrosion - materia! of steel, with

thased on . terigl los
ollc ey Inss uniikely iy ]

ond sife

conditians POTENTIAL FOR CORROSION: 7
FHeansioens

. CORROSION OF STEEL— Ninety-four percent Moderate

and ather

influences CORROSION OF COMCRETE = Moderate
Average soil pH is moderately acidic for the majority of the site, increasing risk for
corrosion, Slightly acid soil is present in 6% of site soil. Slightly alkaline is ideal for
concrete
Electrical Conductivity — Soil #3 (C anchor) is displays the highest conductivity
{0.30 d5/m), followed by Soil #1 (A anchor) with 0.25 dS/m.
Soil 2 has negligible conductivity.
Soils are well-drained Potential drainage issues will be atfaround C Anchor,
Site is on actively-farmed land.
Overhead electrical transmission lines are found ~ 30-feet from B and C Anchors

POTENTIAL FOR LONG-TERM MATERIAL LOSS: 8

Soil chemistry is moderately corrosive. Low (acid) soil pH and high electrical conductivity increase
the likelihood of material loss. In addition, steel anchor shafts have been in direct contact with the
soil for over 35 years, ample time for some degree of material loss to occur. Complete loss of
protective galvanized coating and pitting, along with significant material loss, should be
anticipated.
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FENCE SITE
Project 18G2P

Date of Report October 27, 2018

Structure Height and Type 425" Guyed Tower

Year Constructed 1991, by PiRod®

Anchor Style, if known Single ring of double solid-round

ASR # and FACILITY 1035582

Longitude and Latitude 45.7354, -88.4272

Physical Address 368 Memory Lane
Fence, W1 54103




Risk fioer corroskoen of stoed & HIGH.

Lra WIODERATE 0 HEGH

€35 3544 4558 GEI-5S5

23

Risk is MCCDERATE dor CoenCrete COnmosi 0.

Awgrape pH & 5.5 and stvongly add. Tho dato,

below, Tustrates the varging pH roatings.

pH RANGE, BY S0IL AND DEFTH:
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Cathodic Protection-Galvanized Anchor Rods in Soil
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