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ABSTRACT

In cooperation with the National Association of Corrosion Engineers,
NCEL conducted a 7-year program of field testing metal rods for electrical
grounding. Single rods of galvanized steel, copper-clad steel, Ni-Resist cast
iron, type 302 stainless steel, type 304 stainless-clad steel, zinc, magnesium,
and aluminum were tested along with couples of these to mild steel rods.
Sets of both single and coupled rods were removed, cleaned, and weighed
after 1, 3, and 7 (or 5) years. Potential, resistance, and current measurements
were made monthly as far as practicable. Weight losses and electrical data
were analyzed for correlations. It was concluded that type 302 stainless steel
and type 304 stainless-clad steel rods were the best choices for general use.
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FOREWORD

The Naval Civil Engineering Laboratory prepared the following report
to meet the requirements of the National Association of Corrosion Engineers
(NACE) Program. The other participating agencies will submit their findings
to NACE as soon as they complete their work. NACE will then evaluate all
the information and will prepare a summary report.
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INTRODUCTION

Grounding in electrical installation and other construction is important

for at least six reasons:1

1. To protect personnel from electrocution in case they accidentally
ground a circuit whose potential is different from the structure
or earth with which the person is in contact.

2. To equalize potentials among components of electrical systems.

3. To decrease the potential difference between the earth and
structures that may accumulate static electric charges.

4. To provide a path to ground for electric currents produced by
lightning.

5. To provide a low impedance connection through the earth between
parts of an electric power system.

6. To minimize interference with or radiation from communications
systems.

In the past it iias been a standard practice to use water piping systems
for electrical grounding. Now many water companies object to their piping
systems being used as a ground for electrical systems, and at least one company
has a regulation that holds the customer responsible for any damage resulting
from ground wire attachment. 2

A physical limitation associated with grounding to water piping systems
is the increased use of cement, plastic, and wrapped pipe, as well as metal pipe
with neoprone joints, in water mains. Also, many water systems install an
insulating bushing between the house lines and meter or street mains, thus
reducing the size of the grounding network. Several years ago gas companies
started a program of installing an insulated meter swivel on the inlet side of
meters to prevent an arc or spark when removing a gas meter from the service
line.

National, state, and local safety codes usually specify that electrical
grounding be made to a continuous metallic underground piping system when
such is available. Where this is not available, the grounding connections may
be made to other local metallic underground piping systems or plate, pipe,
or metal ground rods.
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The Navy is especially concerned about the extensive buried grounding
networks required for power transformer stations, radar installations, and radio
stations. Copper rod or wire or copper-clad steel rods are the ones most com-
monly used for this purpose. When copper is connected underground to steel
pipes, lead cable sheaths, etc., the copper receives cathodic protection from
the other less noble (less corrosion-resistant) metals connected to it, at the
expense of these other metallic structures. The damage to a large area of steel
when a small area of copper is connected to it is not very great. However, a
small area of steel connected to a large area of copper will promote rapid corro-
sion of the steel. 3 Because of its interest in the corrosion problems associated
with ground rods, the Naval Facilities Engineering Command (NAVFAC)
directed the Naval Civil Engineering Laboratory (NCEL) to conduct a field
testing investigation in this area. This investigation was coordinated with a
1-, 3-, 7-year test program of the National Association of Corrosion Engineers
(NACE). This report describes the installation and testing of driven electrical
grounding rods conducted by NCEL.

NACE TEST PROGRAM2 4 5

In 1960 a proposal for a "Driven Ground Rod Program" was first
formulated by NACE. The purpose of this program was "to find a metal that
(a) can be readily driven into the ground at or near the electric service entrance
to a residential or commercial building to provide a satisfactory ground elec-
trode; (b) will have the property of adequate underground corrosion resistance;
and (c) will not cause serious galvanic corrosion to other metals or pipes buried
nearby and connected to the grounding rod and electric neutral network."
Fourteen sponsors, including NCEL, with 21 test sites agreed to participate in
the program.

Three complete sets totaling 33 driven ground rods were to be buried
at each !ocation for removal after 1, 3, and 7 years. Each set of 11 were to
consist of single rods of SAE Grade 1060 mild steel (I), galvanized steel (G),
copper-clad steel (C), Ni-Resist cast iron (N), and type 302 stainless steel (S)
and couples of mild steel to copper-clad steel (I-C), mild steel to Ni-Resist
cast iron (I-N), and mild steel to type 302 stainless steel (I-S). The Ni-Resist
oast iron and type 302 stainless steel rods were to be furnished by the
International Nickel Company, the .... w -'' -a' 'V the Copper-weld
Steel Corporation, the galvanized steel rods by U. S. Steel, Tennessee Coal
and Iron Division, and the mild steel rods by the individual sponsors. The
coupled rods were to be used to simulate buried steel pipes connected to •
corrosion-resistant ground rods.
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Each rod was to be a single piece 8 feet in length and 5/8 inch in
diameter. Pointed tips would permit easier driving into the earth with either
a hand-held or a power-driven hammer. Three inches of the rod were to extend
above the ground to permit coupling to other rods (for the three coupled pairs
in each set) and to make electrical measurements periodically. Care was to be
taken during driving of the ground rods to prevent vibrations that might make
a hole in the ground larger than needed. Tests by the National Bureau of
Standards and others indicate that driven steel ground rods have a longer service
life than rods buried in disturbed or excavated soil; driving the rods seems to
limit the amount of oxygen on their surfaces.

A 6-foot minimum separation was chosen to allow a variation of plot
designs that should be free of stray currents. The coupled rods were to be
connected with a No. 10 TW wire and a split-bolt type connector; the connec-
tions were then to be covered with a putty-type insulating material.

Each single test rod or couple was to be weighed to the nearest gram
before installation and after removal and cleaning so that corrosion losses could
be calculated. Also, the following electrical measurements indicating changes
in corrosion rates were to be made on the ground rods monthly when practical
and as permitted by weather conditions:

1. Potential of single rods and sets of coupled rods to a copper-copper
sulfate reference electrode.

2. Resistance of single rods and sets of coupled rods to earth using
two auxiliary reference electrodes with a sensitive resistance meter.

3. Current flow in coupled sets using a small shunt that was permanently
installed and joined only during measurements.

Electronegative potentials of metals and current flow are directly related to
corrosion rates. A buildup of corrosion products, causing a decrease in corro-
sion rates, may be detected by an increase in resistance.

NCEL TEST PROGRAM

The NCEL test program was an expended form of the NACE test
program. Thirty-one rods of eight different metal systems (Figure 1) comprised
each group. In addition to the five metal systems in the NACE program, high-
purity zinc (Z). AZ31B magnesium alloy (M), and 6061-T6 aluminum alloy (A)
rods were used. Single rods of all eight matal systems were tested; single rods
of mild steel coupled to rods of the seven other metal systems and two m ld
steel rods coupled to rods of copper-clad steel. mgneslum, and zinc were also
tested. The latter couples were used to obtain data on corrosion losses with
different anode-to-cathode ares ratios.
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Figure 1. Typical group of electrical grounding rods.

Two years after initiation of the test program, sets of type 304
stainless-clad steel rods (B) were included for 1-, 3-, and 5-year exposures.
The 1- and 3-year sets had one single stainless-clad steel rod and one coupled
to a mild steel rod; the 5-year set had these plus two stainless-clad steel rods
coupled to a mild steel rod.

The rods were installed in the NCEL test site located at the southeast
corner of the main Laboratory compound (Figure 2). The site was approxi-
mately 200 feet long and 20 feet wide, with two reference electrodes for
resistance measurements permanently installed 50 and 100 feet from the edge
of the site area on a line perpendicular to the length of the site and located
at its center. The site paralleled the south boundary fence and ocean, with
the first row of test rods 6 feet from the fence.

The soil in the test site consisted of a 3-foot layer of crushed sandstone
fill covering a 5-foot layer of sand and gravel hydraulic fill and a natural deposit
of sand and gravel of undertermined thickness. The resistivity of the soil to an
8-foot depth averaged 1,200 ohm-cm.

Rods were installed in the rectangular pattern on 6-foot centers, as
shown in Figure 3. An air hammer with a special driving head (Figure 4) was
used to drive the rods into the soil after they had been started with a sledge
hammer. A 5/8-inch-diameter steel rod was used to make pilot holes for the
aluminum, magnesium, and Ni-Resist cast iron rods. The first two rods are
relatively soft and tend to mushroom when driven; the third is quite brittle
and might break if driven into rocks present in the fill. A slightly larger pilot
hole was drilled for the zinc rods which were so soft that even slight resistance
to driving might cause them to bend above ground. After the rods were inserted,
these holes were backfilled carefully with fine sand to insure good contact
between the rods and the soil.
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Figure 2. Grour.d rod test site at NCEL. Breakwater and boundary fence
are at left with the test area in the center foreground.

7-Years 3-Years 1 -Year

I
I l I I I I I I I I I lI I I III I I I I I I l I

ZZ M MAGS N C C C NS GA MMZ ZMM AG S NCCC
Z MAGS NC I I C N S GA MZ I Z MA G S NC I
0 0 0 0 0 0 0 010 0 0 0 0 0 00

Note: Rods are on 6-foot centers. Each group contains 31 rods. "

also pattern for Point Mugu site
I - Mild steel
C - Copper-clad steel A - Aluminum
N - NI-Resist cast iron M - Magnesium
S - Type 302 stainless steel Z - Zinc 0 Single rods
G - Galvanized steel II - Two mild steel rods o---o Coupled rods

Figure 3. Arrangement of test rods at NCEL test site.

A separate set of ground rods was also driven into a very aggresive
soil at the Naval Air Station, Point Mugu, for a 1-year exposure. The test
pattern is shown in the right-hand portion of Figure 3. It was hoped that
these rods would show accelerated corrosion when compared to the test rods
in the less aggressive soil at NCEL. The Point Mugu site 'shown in Figure 5)
was located in an area sometimes covered with water at high tide and during
the rainy season. The site was approximately 70 feet in length and 20 feet
in width. Two reference electrodes were located 50 and 100 feet from the
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edge of the site area and on a line perpendicular to the length of the site and
located at its center. The top soil consisted of a fine, silt-like material to a
depth of 28 inches, overlying a 2-inch layer of a sand-silt mixture and a 6-inch
layer of brown sand. Below the 36-inch depth, the sand was blue gray in color,
and sea shells were present in the sand below the 4-foot depth. The resistivity
of the soil to an 8-foot depth averaged 85 ohm-cm. A chemical analysis of the
soil at the Point Mugu site is given in Table 1. A, Point Mugu the rods were
hand-pushed into the ground until the sand layer was contacted and then
driven the rest of the way with a light hammer (Figure 6). Pilot holes were
not needed for any of the rods.

Figure 4. Installing rods with air hammer at NCEL test site.
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At the conclusion of each phase of the 1-, 3-, and 7-year program, the
ground rods for that phase were removed from the ground. At NCEL a forklift
truck similar to that shown in Figure 4 was used, while at Point Mugu the rods
were pulled up by hand. If the ground rods broke during extraction because of
weakness from excessive corrosion (for example, magnesium and zinc rods) or
because of inherent brittleness (for example, Ni-Resist cast iron rods), a hole
was dug to expose the broken end and the remainder of the rod was again pulled.

The test rods at both sites were cleaned in a similar manner after remo,' I
from testing. The dirt and loosely adhering corrosion products were brushed
off with a stiff-bristle scrub brush. The remaining corrosion products were
removed by a combination of scrubbing and chemical cleaning, as indicated in
Table 2.

The cleaned rods were weighed to the nearest gram on the platform of
a laboratory top-loading counter balance. Each rod was placed on the balance
so that its center of gravity was directly over the center of the platform.

Table 2. Cleaning Procedures for Test Rods

Test Rods Chemical Treatment Methoda

Mild steel 10% ammonium citrate Rods immersed and scrubbed
(heated to 120°F)

Galvanized steel 10% ammonium chloride Rods immersed and scrubbed
(heated to 120 0 F)

Copper-clad steel 18% hydrochloric acid Acid swabbed on cladding only

10% ammonium citrateNi-Resist cast iron (heatedRods immersed and scrubbed

Type 302 stainless steel concentrated nitric acid Acid swabbed on rods

10% ammonium chloride
High purity zinc 10%am ni o ride Rods immersed and scrubbed(heated to 1200F)

AZ31B magnesium 6.5% chromic acid Rods immersed and scrubbed

6061-T6 aluminum concentrated nitric acid Acid swabbed on rods

.TVle304_'tiin-dc Y Id 'Y1"" cbnrentrated nitricacid-, -Acid swabbed on cledding only

'After cleaning, all rods were rinsed with deionized water.
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RESULTS

1-Year Rods

During a routine inspection about 2 months after installation of the
ground rods at Point Mugu, it was found that the coupled magnesium rods
had corroded to complete separation at the ground level. Both these and the
mild steel rods coupled to them were removed at this time. The single magne-
sium rod at Point Mugu corroded to complete separation 4 months after
installation, and it was removed from the test.

The 1-year group of test rods at NCEL and the remaining test rods at
Point Mugu were removed about 13 months after installation. The coupled
magnesium rods in the 3- and 7-year program were so badly corroded that they
and the mild steel rods coupled to them were also removed at this time. As
shown in Figures 7a and 7b, there was relatively little corrosion damage to
most of the rods when compared with the magnesium rods. With the exception
of the magnesium rods and the mild steel rods coupled to them, 'he rods from
Point Mugu generally looked as good as or better than those from the NCEL
site. The weight losses for the rods from both test sites are given in Table A-1
and the electrical measurements on these rods in Tables B-i, B-2, C-I, and C-2.

3-Year Rods

The 3-year group of rods was removed about 36 months after installation.
As expected they were noticeably more corroded than the !-year rods. Their
weight losses are given in Table A-2 and their electrical measurements ;.. Tables
B-3 through B-5 and C-3 through C-5.

7-Year Rods

The 7-year group of rods was removed almost exactly 7 years from
the date of installation. The 5-year group of stainless-clad steel rods and the
mild steel rods coupled to them were also removed at this time. Both the
5- and 7-year rods were generally most corroded at the tip. The corroded tips
of the single and selected coupled rods are shown in Figures 8a and 8b respec-
tively. The same rods after cleaning are shown in Figures 9a and 9b. The weight
losses for all of the rods removed at this time are given in Table A-3 and their
electrical measurements in Tables B-6 through B-12 and C-6 through C-12. The
two Ni-Resist cast iron rods were broken during removal, but all of the broken
pieces were recovered. The single magnesium rod was also broken during removal,
but only four pieces, totaling 40-1/2 inches in length and 274 grams in weight,
were recovered. The condition of the individual 5- and 7-year rods after removal
is described below.

10
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Single Rods Comments

Mild steel There was nonuniform rusting and pitting.
Some of the pits were quite broad. The
rust scale adhered very tightly.

Galvanized steel Most of the galvanizing had been lost.
Rusting of steel was greatest near the
surface of the ground. Pitting was worst
here and near the tip.

Copper-clad steel The copper cladding was virtually free of
corrosion, but the steel core had corroded
at the tip to a point 2 inches inside the
cladding.

Ni-Resist cast iron The rod broke into four pieces during
removal. It had rather light corrosion
somewhat worse near the surface of the
ground.

Type 302 stainless steel There was very little corrosion except for
localized deep pitting near the tip and
near the surface of the ground.

6061-T6 aluminum There were 3/16-inch deep, broad pits near
the tip and near the surface of the ground.
These pits were filled with a bluish-white
corrosion product. In other areas there
was much less corrosion.

AZ31B magnesium The rod was very badly pitted and reduced
in diameter so that only four pieces, totaling
40-1/2 inches in length, were recovered. The
rest of the rod was too deeply buried for
easy recovery. The pits were filled with a
thick, white, tightly adhering corrosion
product.

High purity zinc There was deep pitting near the tip and
near the surface of the ground. The rod
was covered with a tight film of white
corrosion product.

Type 304 stainles-clad steel The cladding was free of corrosion, but at the
tip the steel core had corroded to a point
about 1 inch Inside the cladding.
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Coupled Rods Comments

Galvanized steel to mild steel Most of the galvanizing had been lost, and
there was nonuniform rusting and pitting

of the underlying steel.

Copper-clad to mild steel The copper cladding was virtually free of
corrosion, but at the tip the steel core had
corroded to a point about 1 inch inside the
cladding.

Ni-Resist cast iron to mild steel The rod broke into two pieces during
removal. It had light corrosion and no
pitting.

Stainless steel to mild steel This rod was virtually free of corrosion.

Aluminum to mild steel There was extensive corrosion with deep,
broad pits along the entire length. The
rod was covered with a bluish-white,
tightly adhering corrosion product. A
green corrosion product occurred in many
of the pits. At the tip there was considerable
reduction in diameter and a 3/4-inch reduc-
tion in length.

Zinc to mild steel There was extensive corrosion with scattered

broad, deep pits, and it was reduced in
diameter and length at the tip. There was

a layer of white, tightly adhering corrosion
product.

Stainlem-clad steel to mild steel The cladding was free of corrosion, but at
the tip the steel core had corroded to a
point about 5/8 inch inside the cladding.

Mild steel to glanizrid steel There was nonuniform rusting elnd pitting.
At the tip there was considerable reduction
in diameter and a 1-1/2-Inch reduction in
length.

Mild steel to stainless steel There was extensive nonuniform rusting
and pitting. At the tip there was a consid-
erable reduction in diameter and a 1-1/2-inch
reduction in length.

Mild steel to aluminum There wee only slight corrosion. The rod
was covered with a tight, hard film.

12
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Mild steel to zinc There was only lightly scattered rusting
near the surface of the ground. The rod
was covered with a tough, tightly adhering
film.

Mild steel to stainless-clad steel There was considerable nonuniform rusting
and pitting. Some pits were quite broad.

Copper-clad to two mild steel The copper cladding was virtually free of
corrosion, but at the tip the steel core had
lost about 1/8 inch from corrosion.

Zinc to two mild steel The rod had been severed into two pieces
by corrosion about 2 feet underground.
There was extensive corrosion and pitting,

and it was considerably reduced in diameter
and length at the tip. The rod was covered
with a thick layer of white, tightly adhering
corrosion product.

Two mild steel to copper-clad steel Both rods had gereral nonuniform rusting.
At the tip they were considerably reduced
in diameter and had 1-inch reductions in
length.

Two mild steel to zinc Both rods had only lightly scattered rusting,
mostly above ground. They were covered
with tough, tightly adhering films.

Two stainless-clad steel to mild steel The claddings were free of corrosion, but

at the tips the steel cores had corroded to
points 3/8 inch and 5/8 inch inside the
claddings.

Mild steel to two stainlua.clad steel There was considerable nonuniform rusting
and pitting. At the tip there was a consid-
erable reduction in diameter and a 1/2-inch
reduction in length.

DISCUSSION

Tables 3. 4. and 5 list the percent weight losm of the 1-. 3-. end 7-year
ground rods at ?JCEL. These data were extracted from Tables A-1. A2. and
A-3. Since the different test metals vary greatly in density, percent Ios rather
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than actual weight losses are given. For both single and coupled rods the
relative orders of weight losses were quite similar after 1, 3, and 7 (or 5)
years. The losses per year, however, decreased with time as the buildup
of passive films of corrosion product tended to mitigate further corrosion.

II
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(a) NCEL site.
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(b) Point Mugu site.

Figure 7. Cleaned 1-year test rods.
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(b) Coupled rods.

Figure 8. Seven-year rods after removal from ground.

15



mild steel

galvanized steel

copper-clad steel

Ni-Resist cast iron

stainless steel

aluminum

magnesium

(a) Single rods.

zinc

stainless-clad steel

mild steel (as anode)

mild steel (as cathode)

galvanized steel

copper-cled steel

Ni-Resist cast iron

stain less steel

aluminum

(b) Coupled rods.
zinc

stainless-clad steel

Figure 9. Seven-year rods after cleaning.
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Table 3. Percent Weight Loss of Single Rods

Percent Weigitt Loss for-
Type of Rod

1-Year Rod 3-Year Rod 7-Year Rod

Mild steel 2.6 6.11 7.61

Galvanized steel 1.5 2.4 2.2

Copper-clad steel 0.52 0.93 1.4

Ni-Resist cast iron 0.68 1.2a 1.9

Type 302 stainless steel 0.2 0.53 1.4

6061-T6 aluminum 0.92 1.6 2.3

AZ31B magnesium 6.3 b 25c

High purity zinc 1.2 1.2 4.11

Type 304 stainless-clad steel 0.29 0.63 0.87"

a Different manufacture for 1- and 7-year rods.

b Undetermined length of rod recovered.

c Percent weight loss for 40-1/2 inches of recovered rod.

d Value for 5-year rod.

Corrosion is an electrochemical oxidation process in which an electron
loss corresponding to 96,500 coulombs (1 faraday) of electricity is accompanied
by loss of one gram equivalent weight of metal. Thus by knowing the average
current flow of the test couples in which a pure elementary metal of known
equivalent weight serves as the anode, it is possible to calculate the weight losses
of the anode rods that resu!t from coupling. By adding to these the weight
losses that occur to the corresponding sing!e (uncoupled) rods, it is possible to
estimate the total weight losses of these rods when coupled. The average current
flow in the couples of high purity zinc and those in couples where mild steel
rods served as anodes (mild steel was assumed to be pure iron) were determined
from the 3- and 7-year data in Tables C-3 through C-12. These values were used
for the weight loss calculations shown in Table 6. It can be seen that calculated
and actual weight losses were quite close, especially with the couples where
anode weight losses were greatest and the corresponding current flows could be
measured with much more accuracy.

17
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Table 4. Percent Weight Loss of Rods Coupled to Mild Steel Rods (I)

Percent Weight Loss for-
Coupled Metal Couple

Design 1-Year 3-Year 7-Year
Rod Rod Rod

Galvanized steel (G) G-1 3.72 6.24 5.66

Copper-clad steel (C) C-I 0.38 0.35 0.73

Copper-clad steel (C) C-21 0.35 0.32 0.1

Ni-Resist cast iron (N) N-I 0.26 0.35 0.29

Ni-Resist cast iron (N)4 N-I - 0.95 -

Type 302 stainless steel (S) S-I 0.05 0.01 0.05

6061-T6 aluminum (A) A-I 7.4 20.5 22.7

AZ31B magnesium (M) M-l 55.8 b b

AZ31B magnesium (M) M-I 69.2 b b

High purity zinc (Z) Z-1 6.88 13.0 29.66

High purity zinc (Z) Z-Zl 8.32 20.1 30.11

Type 304 stainless-clad steel (B) B-I 0.1 0.1 0.581

Type 304 stainless-cled steel (8) 2B-1 - - 0.581

Type 304 stainless-clad steel (B) 2B-1 - 0.40F

'Of different manufacture than above rod.
b Rod previously removed.

Value for 5-year rod.

18
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Table 5. Percent Weight Loss of Coupled Mild Steel Rods (1)

Percent Weight Loss for-

Rods Coupled to Steel Rods Couple -

Design 1-Vear 3-Year 7-Year
Rod Rod Rod

Galvanized steel (G) G-1 1.2 2.85 5.95

Copper-clad steel (C) C-I 4.83 14.8 25.9

Copper-clad steel (C) C-21 3.83 10.3 17.2

Copper-clad steel (C) C-21 3.85 13.4 16.9

Ni-Resist cast iron (N) N-1 2.4 7.46 10.9

Ni-Res'st cast iron (N)a N-1 4.89 -

Type 302 stainless steel (S) S-1 2.5 6.79 11.8

6061-T6 aluminum (A) -A-1 1.0 0.53 0.38

AZ318 magnesium (M) M-1 0.85 b b

AZ31B magnesium (M) M-21 0.80 b b

AZ31B magnesium (M) M-21 0.88 b b

High purity zinc (Z) Z-1 0.88 0.82 0.

High purity zinlc (Z) Z-21 0.88 0.91 0.1

High purity zinc (Z) Z-21 0.89 0.77 0.1

Type 304 stainless-clad steel (B) B-1 2.3 5.56 6.4

Type 304 stainless-clad steel (B) 2B-1 - -7.2

aOf different manufacture than above rod.
bRod previously removed.

c Value for 5-year rod.
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Table 7. Weight Changes Due to Coupling for 1-, 3-, and 7-Year Rods

Weight Changes (g) for-

Description of Rods 1 -Year 3-Year 7-Year

Rod Rod Rod

Galvanized steel to mild steel -82 -145 -128
Copper-clad steel to mild steel +5 +20 +24
Copper-clad steel to two mild steel +6 +21 +45
Ni-Resist cast iron to mild steel +16 +10 +61
Type 302 stainless steel to mild steel +5 +15 +50
6061-T6 aluminum to mild steel -84 -245 -265
AZ31B magnesium to mild steel -420 b b
AZ31B magnesium to two mild steel -538 b b
High purity zinc to mild steel -194 -400 -868
High purity zinc to two mild steel -243 -645 -885
Type 304 stainless-clad steel to mild steel +6 +7 +11C
One of two type 304 stainless-clad steel to mild steel - - +11C
One of two type 304 stainless-clad steel to mild steel - - +l8
Mild steel to galvanized steel +50 +122 +64
Mild steel to copper-clad steel -85 -327 -685
One of two mild steel to copper-clad -48 -155 -364
One of two mild steel to copper-clad -38 -274 -344
Mild steel to Ni-Resist cast iron +6 -50 -127
Mild steel to stainless steel +1 -26 -158
Mild steel to aluminum +58 +209 +271
Mild steel to magnesium +64 b b
One of two mild steel to magnesium +66 b b
One of two mild steel to magnesium +63 b b
Mild steel to zinc +63 +198 +278
One of two mild steel to zinc +63 +195 +280
One of two mild steel to zinc +69 +200 +281
Mild steel to stainless-clad steel +10 +22 +296
Mild steel to two stainless-clad steel - - -30

= The 3-year Ni-Resist cast iron rods were of different manufacture than the 1- and

7-year rods.
b Coupled magnesium rods previously removed.

C The 5-year stainless-clad steel rods were removed at the same time as the 7-year rods.

Table 7 lists the changes in weight loss of each type of ground rod due
to coupling. These data were derived by subtracting the weight loss of each
coupled rod from the weight loss of the corresponding single (uncoupled) rod.
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It can be seen that positive changes of one rod of a coupled pair were
accompanied by negative changes of the other rod of the pair. Exceptions
occurred with some of the couples of mild steel to stainless-clad steel rods
where weight loss changes were relatively small. With coupled rods the rod
with the more electronegative potential (the anode) cathodically protected
the other rod of less electronegative potential (the cathode) from corroding.
This was accomplished by a sacrifice in weight loss by the rod serving as the
anode. The greater the differences of open circuit potentials of the coupled
rods, generally the greater was the current flow and thus the corrosion of the
anode rod. Electron flow in coupled rods was always from the rod of higher
to the rod of lower electronegative potential.

As expected, doubling the number of mild steel rods coupled to
individual magnesium and zinc rods increased the weight loss of these latter
rods, but the increase was considerably less than twofold. Conversely, doubling
the number of mild steel rods coupled to copper-clad steel rods reduced the
weight loss of each of the mild steel rods by about one-half.

Table 8 summarizes weight loss and average potential, resistance, and
current measurements for the 1-, 3-, and 7-year rods. From this table (or
from Tables B-3 through B-1 2 and C-3 through C-1 2 from which the averages
of electrical measurements were derived), it can be seen that there was a general
overall decrease in electronegative potential and current and an increase in
resistance with time. Considerable periodic variations also occurred in electrical
measurements in addition to the general trends. These variations were frequently
associated with rainfall which initially decreased electrical resistance and thus
increased electronegative potential and current flow. Continued rainfall some-
times had the opposite effects by leaching from the soil conductive, water
soluble salts introduced by salt spray.

Appropriately selected columns of T.ible 8 were treated statistically on
a computer to obtain the correlation coefficients listed in Table 9. A correlation
of 1 would indicate a perfect direct correlation, while one of -1 would indicate
a perfect inverse correlation, and 0 would indicate no correlation. For single rods,
there was only a fair overall correlation of percent weight loss and electronegative
potential measurements. A similar correlation for the coupled rods was much
better. Percent weight loss and electrical resistahce did not correlate well with
either the single or coupled rods. As might be expected from the previous dis-
cussion of Table 6, the best overall correlation occurred between the average
current of couples and the weight loss of the rod coupled to the mild steel rod.
There was only a fair inverse correlation between weight loss of mild steel rods
and that of the rods coupled to them. Obviously there were many factors that
contributed to irregularities in measurements and consequently less correlation.
Two factors not previously discussed are localized variations in the soil substrate
at different depths and locations in the test plot and localized anode and cathode
areas on the same rod, especially on the galvanized rods and those with cladding.
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Table 8. Dat

Single Rods

Rod' Average A
Percent Weight Electronegative Res

Loss Potential
(v)

M 6.3 1.539 1
12.6 0.618 1

G 1.5 0.845
Z 1.2 1.065 1
A 0.92 0.776
N 0.68 0.509 1
C 0.52 0.331 1
B 0.29 0.516
5 0.2 0.092

16.11 1 0.664
G 2.4 I 0,728
Z 1.2 1.068 1
A 1.6 0.776
N 1.2 0.554
C 0.93 I 0.353
B 0.63 0.407
S 0.53 J 0.133

17.61 0.647 1
G 2.2 0.6852
Z 4.11 1.048 1
A 2.3 0.768
N 1.9 0.537 1
C 1.4 0.328
Be 0.87 0.322
S 1.4 0.080

*M magnesium Z -nzinc
I - mild steel A - aluminum
G - galvanized steel N w Ni-Resist cast ir

b Minus Indicates flow ot current from, rather than to, mild
CThe stainless-clad steel rods were exposed for only 5 years.
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Table 8. Data Summary for 1-, 3-, and 7-Year Rods at NCE L

Single Rods Couple of One Rod to One Mild Steel Rod

Average Percent Weight Loss Average
Averaogeaiv Average Average

Weight Electronegative ResistanceElectronegative Resistance Currentb
Iss Potential (ohms) Mild Steel Other Potential (ohms) (Mal

(v) Rod Rod (v)

1-Year Rods

3 1.539 10.1 0.85 55.8 1.147 3.1 38.6
5 0.618 11.1 - .- - -

5 0.845 8.3 1.2 7.4 0.651 4.5 8.7
2 1.065 11.3 0.88 6.88 0.924 3.9 16.8
92 0.776 8.1 1.0 3.72 0.725 2.8 9.3
68 0.509 12.7 2.4 0.26 0.559 7.8 -2.1
52 0.331 10.9 4.83 0.38 0.550 4.0 -10.5
29 0.516 5.7 2.3 0.1 0.608 6.5 -0.4
2 0.092 5.6 2.5 0.05 0.581 5.7 -1.9

3-Year Rods

11 0.664 6.0 -.....
4 0.728 7.8 2.85 6.24 0.660 4.4 4.5
2 1.068 17.2 0.82 13.0 0.966 4.0 12.3
6 0.776 5.5 0.53 20.5 0.733 2.7 9.6
2 0.554 8.3 7.46 0.35 0.632 3.2 -2.6
93 0.353 5.1 14.8 0.35 0.584 2.6 -11.7
.63 0.407 5.7 5.56 0.1 0.584 19.9 -0.9
.53 0,133 5.3 6.79 0.1 0.621 3.2 -1.4

7-Year Rods

.61 0.647 10.0 - - - -

.2 0.685 29.1 5.98 5.66 0.639 6.5 2.2

.11 1.048 16.5 0.2 29.66 0.915 6.4 10.4

.3 0.768 8.1 0.38 22.7 0.793 4.0 5.0

.9 0.537 13.4 10.9 0.29 0.616 4.6 -1.5

.4 0.328 8.2 25.9 0.73 0.549 3.9 -10.5
.87 0.322 7.5 6.84 0.58 0.549 16.9 -1.4
.4 0.080 8.5 11.8 0.05 0.596 3.8 -1.5

Z - zinc C - copper-clad steel
A = aluminum B - stainle-dd steel

teso N - NI-Resist cast Iron S a stainless steel

flow of current from, rather than to, mild steel rod.

J steel rods were expoed for only 5 yar

2i
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Table 9. Correlation of Corrosion Measurements

Correlation Coefficient for-
Measurements Correlated

1-Year Rods 3-Year Rods 7-Year Rods

Percent weight loss and average 0.815 0.297 0.5m
electronegative potential of single rods

Percent weight loss and average 0.277 .0.101 0.532
resistance of single rods

Percent weight loss of single rods and 0.996 0.482 0.872
of these rods coupled to one mild steel rod

Percent weight losses of mild steel
rods and of other rods coupled to them

Percent weight Ios of coupled rods other then
mild steel and average electronegative potentials

Percent weight loss of coupled rods other than -X471 .05 -0.176
mild steel and average resistance of couples

Percent weight loss of coupled rods other than OLss ae o~em
mild steel and average current of couples

All test ground rods met the requirements of the National Electrical
Code7 Section 250-83 that (1) the rods be driven to a depth of at least 8 feet,
(2) the iron or steel rods be at least 5/8 inch in diameter, and (3) the nonferrous
rods be at least 1/2 inch in diameter. Section 250-84 of the National Electrical
Code requires that ground rods have a resistance to ground, as measured for
single rods in this report, not to exceed 25 ohms When the resistance is not
this low, it is necessary to connect in parallel two or more rods. It is also
suggested that resistive measurements be repeated at intervals of a few months
to determine whether conditions have changed due to corrosion of the rods
or drying out of the soil. Resistances measured at the Point Mugu site for 1
year were usually less than 1 ohm. At the NCEL site resistance measurements
were several times higher than those of Point Mugu, but usually less than 25
ohms. Notable exceptions (resistances above 25 ohms), especially after several
years of exposure, were single rods of zinc, magnesium, and galvanized steel.

NAVFAC Specification 9Yie specifies that grounding shall be in
accordance with the National Electrical Code except for the following values
of resistance to ground:

I
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Ohms

For grounding generating stations ... ....... 1

For grounding main substations, and switching
stations on primary distribution system 3.....3

For grounding metal enclosures of electrical and
electrically operated equipment and cable sheaths
of connecting cables .... ............ 3

For grounding systems to which portable electrical
utilization equipment or appliances are connected 3

For grounding secondary distribution systems
(neutral), non-current carrying metal parts
associated with distribution systems, and enclosures
of electrical equipment not normally within reech
of other than authorized and qualified electrical
operating and maintenance personnel ......... 10

For individual transformer and lightning arrester

grounds on a distribution system ........... 10

For equipment not covered above ... ....... 10

When grounding rods are used because buried metal water piping is
not practicable, NAVFAC Specification 9Yi states that the rods shall be of
the sectional type and of cone-pointed, copper-encased steel or solid copper.

The previously stated criteria for a superior ground rod were that it
(1) could be easily driven. (2) would have wdequate corrosion resistance, and
(3) would not cause serious galvanic corrosion to metals or pipes buried
nearby. The magnesium, aluminum, zinc. and galvanized steel rods do not
meet requirement 2 The copper-clad steel rod does not meet requirement 3.
The Ni-Resist cost iron. type 302 stainless steel, and type 304 stainless-cled
steel rods meet requirements 2 and 3, but the Ni-Resist cast iron rods are
difficult to drive because of their inherent brittlenes. The necessity of making
pilot holes and beckfilltng would contribute appreciably to costs associated
with their use. Types 302 and 304 stainles steel are quite similar in compo-
sition. Other stainks steels in the 300 eries might have performed well, but
types 302 and 304 e among the east expensive and are more readily avilab.
Thus type 302 stainlm steal and type 304 stainksclad steel ground rods are
the logical choices based on results of the NCEL study.

4
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In 1965, the city of Los Angeles Department of Water and Power initiated
a program using type 304 stainless-clad steel ground rods for such installations
as transformer mounts. Mild steel ground rods could be used satisfactorily if they
were cathodically protected. Thus magnesium anodes were installed to protect
mild steel ground rods at Bethlehem Steel's Fairless Works near Morristown,
Pennsylvania.9 It would appear more economical for general use, however, to
utilize rods requiring no cathodic protection.

FINDINGS AND CONCLUSIONS

1. The relative orders of percent weight loss of different types of ground rods

were quite similar after 1, 3, and 7 years.

2. Weight losses per year decreased with time.

3. Weight losses of selected coupled rods calculated from current measurements
compared well with the actual weight losses.

4. For the coupled rods, an increased weight loss for one rod was accompanied
with a decreased weight loss for the other.

5. Doubling the number of cathode rods in a couple increased the weight loss
of the anode, while doubling the number of anode rods decreesd the weight
Ios of each anode rod.

6. There was a general overall decrease in electronegative potential and current
measurements and an increase in resistance measurements with time.

7. The direct correlation between percent weight loss and electronegative
potential was only fair for the single rods but good for the coupled rodL

8. Percent weight loss and resitanc measurements did not correlate well.

9. There was a good direct correlation between current measuremnts and
weight loss of rods coupled to mild steel.

10. Magnesium. aluminum. zinc, mild stee. and galvanized se rods did not
hove the desired cormson rstance.

11. Copper-clad sel rods cae apprecible 9avanic corrosion to coupled
mild ste ro .

procedures because of their brittlens.

13. Type 302 stainkm el aid type 304 stainle-cled seel rods performed
the bast overl nd ae the best choice of the differen tW of gtound rods
tested.
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RECOMMENDATIONS

It is recommended that type 302 stainless steel or type 304 stainless-
clad steel rods be used throughout the Naval Shore Establishment where driven
ground rods are required.

28
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Appendix A
WEIGHT CHANGES FOR TEST RODS
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Table A-1. Weight Changes for 1-Year Ground Rods

NCE L Site Point Mugu Site

Description of Test Rod Initeal Weight Weight Initial Weight Weight
Weight Loss Loss Weight Loss Loes

(g) ( ) (-) (g)

Single mild steel rod 3,751 96 2.6 3,776 52 1.4
Single galvanized steel rod 3,629 56 1.5 3,662 90 2.5
Single copper-pled steel rod 3.449 18 0.52 3,381 19 0.56
Single Ni-Reslst cast Iron rod 3.819 26 0.68 3.560 14 0.39
Single type 302 stainless steel rod 3,822 7 0.2 3,803 2 (105
Single 6061-TO aluminum rod 1,303 42 0.92 1.306 4 0.3
Single AZ31B magnesium rod 857 54 6.3 852 a I

Single high purity zinc rod 3,416 41 1.2 3.412 40 1.2
Single type 304 stainless-clad steel rod 3,785 11 0.29 - - -
Galvanized rod coupled to mild steel rod 3,713 138 3.72 3,619 94 Z6
Copper-clad steel rod coupled to mild steel rod 3,442 13 0.38 3.392 6 0.2
Ni-Resist cast iron rod coupled to mild steel rod 3.814 10 0.26 3,557 4 0.1
Stainless steel rod coupled to mild steel rod 3,832 2 0.05 3,811 2 0.05
Aluminum rod coupled to mild steel rod 1,307 96 7.4 1,340 20 1.5
Magnesium rod coupled to mild steel rod 849 474 55.8 852 b b
Zinc 'od coupled to mild steel rod 3.415 235 6.88 3,419 105 3.07
Stainleu.clad steel rod coupled to mild steel rod 3,783 5 a 1 - - -
Mild steel rod coupled to galvanized rod 3,748 46 1.2 3,782 33 0.87
Mild steel rod coupled to copper-clad steel rod 3,749 181 4.83 3.776 65 1.7
Mild Mel rod coupled to Ni-Resist cast. iron rod 3,754 90 2.4 3.777 88 2.3
Mild steel rod coupled to stainless steel rod 3,752 95 2.5 3,775 76 2.0
Mild steel rod coupled to aluminum rod 3,743 38 1.0 3,771 37 Q-98

Mild steel rod coupled to magnesium rod 3,748 32 0.85 3,768 b b
Mild steel rod coupled to zinc rod 3,749 33 0.88 3,781 29 0.72
Mild steel rod coupled to stainless-clad steel rod 3,660 86 2.3 - - -
Copper-clad steel rod coupled to two mild steel rods 3,461 12 0.35 3,393 5 0.2
Magnesium rod coupled to two mild steel rods 856 592 69.2 847 b b
Zinc rod coupled to two mild steel rods 3,413 284 8.32 3,415 161 4.72
One of two mild steel rods coupled to copper-clad steel rod 3,764 144 3.83 3,769 70 1.9
One of two mild steel rods coupled to copper-clad seel rod 3,757 134 3.57 3,775 86 2.3
One of two mild steel rods coupled to magnesium rod 3,746 30 0.80 3,781 b b
One of two mild steel rods coupled to magnesium rod 3,752 33 0.88 3,768 b b
One of two mild steel rods coupled to zinc rod 3,743 33 0.89 3,782 61 1.6
On. of two mild steel rods coupled to zinc rod 3,751 27 0.72 3,785 37 0.98

Rod removed after 4 months.
bRod removed after 8 weeks
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Table A-2. Weight Changes for 3-Yer Ground Rods at NCE L

Initial Weight Weight
Description of Test Rod Weight Lous LOW

Single mild steel tod 3.749 229 6.11
Sing*e gelvenized steel rod 3525 86 2.4
S!ngle copper-clad steel rod 3.451 32" 0.93
Single Ni-Resist cast iron rodb 3.536 44 1.2
Single type 302 stainless steel rod 333 20 053
Single 6061-T6 alumirwimo rod 1.302 21 1.6
Single AZ31B mapaeslum rod 851 C C
Single h;gh purity zinc rod 3.423 42 1.2
Single stainlesded steel rod 3.785 24 063
Galvanized rod coupled to mild st M rod 3.702 231 6.24
Copper-cl"d steel rod coupled to mild steel rod 3.452 12d  035
Ni-Resist cast iron rod couped to mild steel rod 3.992 14 035
Ni-Resist cast iron rod coupled to mild steel rod' 3.595 34 095
Stainkss stoel rod coupled to mild steel rod 3.795 5 0.1
Aluminum rod coupled to mild steel rod 1,300 265 20.5
MEinesium rod coupled to mild steel rod f  ....
Zinc rod coupled to mild swel rod 3A13 442 13.0
Stainlesaclad steel rod coupled to mild steel rod 3.783 5 01
Mild steel rod coupled to gaenized steel rod 3.760 107 2.85
Mild steel rod coupled to copper-clad steel rod 3.761 556 14.8
Mild steel rod coupled to Ni-Resist cast iron rod 3.740 279 7.46
Mild seel rod coupled to Ni-Resist cast iron rod' 3.744 183 4.89
Mild steel rod coupled to stainless steel rod 3.735 255 6.79
Mild steel rod coupled to aluminum rod 3.749 20 053
Mild steel rod coupled to magnesium rod - - -

Mild steel rod coupled to zinc rod 3.760 31 082
Mild steel rod coupled to stainless-clad steel rod 3,728 207 5.56
Copper-clad steel rod coupled to two mild steel rods 3,481 118 0.32
Magnesium rod coupled to two mild steel rod/ - _ -
Zinc rod coupled to two mild steel rods 3.417 687 20.1
One of two mild stelrods coupled to copper-clad steel rod 3.744 384 10.3
One of two mild steel rods coupled to copper-clad steel rod 3,757 503 13.4
One of two mild steel rods coupled to magnesium rod3 - - -

One of two mild steel rods coupled to magnesium rodf - - -

One of two mild steel rods coupled to zinc rod 3.751 34 0.91
One of two mild steel rods coupled to zinc rod 3,752 29 0.77

1-3/16 inch of steel core lost by corrosion.
b Original rod broken during driving; this rod of different manufacture.
C Rod only partially recovered.

d 1/4 inch of steel core lost by corrosion.

'Similar to single Ni-Resist cast iron rod described in b.
f Previously removed from test.
* 1/8 inch of steel core lost by corrosion.
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Tab!e A-3. Weight Changes for 7-Year Ground Rods at NCEL

Initial Weight Weight
Description of Test Rod Weight Loss Loss

S(g) (g) (%)

Single mild steel rod 3.746 285 7.61
Single plvanized steel rod 3,650 82 2.2
Single copper-clad steel rod 3.451 49 1.4
Single Ni-Resist cat iron rod 3.859 72 1.9
Single type 302 stainless steel rod 3,849 52 1.4
Single 6061-TB aluminum rod 1.310 30 2.3
Sinlqe AZ31B magnesium rod 855 a 25 .b

Single high purity zinc rod 3,457 142 4.11
Single type 304 stainless-clad steel rod 3.781 33 0.87
Galvanized steel rod coupled to mild steel rod 3,710 210 5.66
Coppor-clad steel rod coupled to mild steel rod 3.432 25 0.73
Ni-Resist cast iron rod coupled to mild stqel rod 3.816 11 0.29
Stainless steel rod coupled to mild steel rod 3,845 2 0.05
Aluminum rod coupled to mild steel rod 1.302 295 22.7
Magnesium rod coupled to mild steel rodd - -

Zinc rod coupled to mild steel rod 3.405 1.010 29.66
Stainles-clad steel rod coupled to mild steel rodc 3.782 22 0.58
Mild steel rod coupled to galvanized stel rod 3,693 221 5.98
Mild steel rod coupled to copper-clad steel rod 3.747 970 25.9
Mild steel rod coupled to Ni-Resist cut iron rod 3,766 412 10.9
Mild steel rod coupled to stainless steel rod 3.740 443 11.8
Mild steel rod coupled to aluminum rod 3.697 14 0.38
Mild steel rod coupled to magnesium rodd - - -

Mild steel rod coupled to zinc rod 3.775 7 0.2
A . Mild steel rod coupled to stainless-clad steel rodc 3,743 256 6.84

Copper-clad steel rod coupled to two mild steel rods 3,472 4 0.1
Magnesium rod coupled to two mild steel rodsd  - - -
Zinc rod coupled to two mild steel rods 3,411 1.027 30.11
One of two mild steel rods coupled to copper-clad steel rod 3,769 649 17.2
One of two mild steel rods coupled to copper-clad steel rod 3.763 629 16.7
One of two mild steel rods coupled to magnesium rodd - - -
One of two mild steel rods coupled to magnesium rodd - - -
One of two mild steel rods coupled to zinc rod 3,720 5 0.1
One of two mild steel rods coupled to zinc rod 3,693 4 0.1
One of two stainless-clad steel rods coupled to mild steel rods" 3,785 15 0.42
One of two stainless-clad steel rods coupled to mild steel rods" 3,784 22 0.58
Mild steel rod coupled to two stainle-clad steel rods" 3,732 288 7.72

€ The 40-1/2 inches of rod recovered weighed 274 grams,
b The 40-1/2 inches of rod recovered had lost 25% of its weight.

C Five-year rods removed at same time 7-year rods were removed.

d Rods previously removed from test.
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Appendix B

ELECTRICAL MEASUREMENTS FOR SINGLE TEST RODS
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Appendix C

ELECTRICAL MEASUREMENTS FOR COUPLED TEST RODS
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Table C-1. Electrical Measurements for 1-Year Coupled Rods (NCEL)

(Unless otherwise specified, the couple consists of the indicated rod connected to a single mild steel rodJ

Coupled Monthly Measurements . Average

Roo,4  1 21 3 14 15 16 1 7 8 '9 10 11 121

Potential (couple to Cu/CuSO4)

G -0.830 -0.724 -0.671 -0.613 -0620 -0.600 -0.639 - -0.605 -0.617 -0.603 -0.639 -0.651
C -0.563 -0.556 -0.542 -0.537 -0.550 -0.537 -0.542 - -0.537 -0.553 -0.545 -0.593 -0.550
Cb -0.558 .0.554 -0.548 -0.546 -0.565 -0.551 -0.584 - -0.538 -0.560 -0.558 - -0.556
N -0.552 -0.540 -0.538 -0.520 -0.550 -0.532 -0.567 - -0.557 -0.570 -0.590 -0.637 -0.569
S -0.598 -0.579 -0.573 -0.567 -0.583 -0.572 -0.590 - -0.560 -0.567 -0.567 -0.642 -0.581
Z -0.910 -0.907 -0.893 -0.890 -0.899 -0.882 -0.952 - -0.937 -0.936 -0.965 -0.995 -0.924
zb -0.850 -0.833 -0.820 -0.820 -0.837 -0.822 -0.916 - -0.862 -0.863 -0.835 - -0.845
A -0.741 -0.721 -0.712 -0.704 -0.713 -0.700 -0.738 - -0.731 -0.750 -0.737 -0.728 -0.725
M -1.335 -1.308 -1.295 -1.280 -1.290 -1.270 -1.235 - -1.155 -0.913 -0.837 -0.708 -1.147
Mb -1.340 -1.315 -1.300 -1.275 -1.270 -1.245 -1.175 - -1.135 -1.147 -1.070 - -1.229
B -0.583 -0.575 -0.575 -0.576 -0.590 -0.580 -0.622 -0.605 -0.672 -0.662 - -0.648 -0.608
BC - - - - - - - - - - - - -

Resistance to Ground (ohms)

G 3.3 3.8 4.2 7.4 4.5 4.4 4.4 - 4.8 4.7 - 3.1 4.5
C 3.6 3.4 3.7 4.1 4.1 4.4 4.6 - 5.2 5.5 5.0 1.2 4.0
Cb 3.5 3.4 3.6 3.9 3.9 4.2 3.6 - 5.0 5.0 4.3 - 4.0
N 6.9 7.3 8.0 8.9 8.9 10.0 6.2 - 9.3 10.6 8.9 1.3 7.8
S 4.9 5.4 5.9 6.3 6.2 6.3 4.8 - 7.1 7.5 7.1 1.1 5.7
Z 3.8 3.0 4.0 4.6 4.2 4.5 3.2 - 4.6 4.8 2.9 2.5 3.9
zb 4.1 3.85 4.3 4.5 4.3 4.6 3.1 - 4.6 4.8 3.3 - 4.1
A 2.7 2.6 2.8 2.9 3.0 3.1 2.6 - 3.3 3.4 3.2 1.1 2.8
M 2.8 2.5 2.7 3.2 32 3.3 3.1 - 3.5 4.0 4.2 1.9 3.1
Mb 3.3 3.4 3.6 4.1 3.8 4.1 4.0 - 5.5 5.5 4.3 - 4.1
B 4.1 4.3 4.4 13.0 13.9 4.3 5.8 3.7 - - - 5.3 6.5
Bc _ _ . .. . . . . .. . . ..

Current Flow Between Coupled Rods (me)

G 21.7 15.3 11.1 7.5 6.8 6.2 - - 4.5 4.8 5.8 3.0 8.7
C 11.8 11.9 10.9 11.3 9.8 9.3 - - 8.1 9.9 10.3 11.9 10.5
Cb 11.5 11.3 9.9 8.8 8.7 8.2 - - 6.1 6.1 8.3 - 8.8
N 3.6 2.9 2.1 1.6 1.8 1.5 - - 1.6 1.5 1.9 2.2 2.1
S 2.5 2.3 2.1 1.8 1., 1.6 - - 1.3 1.5 1.9 1.8 1.9
Z 22.0 19.8 20.3 18.8 16.9 15.9 - - 12.0 12.5 15.3 14.0 16.8
zb 25.3 23.5 22.8 20.8 21.8 19.1 - - 16.1 17.1 19.4 - 20.7
A 14.1 10.9 10.5 9.4 8.8 8.3 - - 5.7 6.4 7.8 11.2 9.3
M 64.2 51.8 55.0 48.2 46.7 44.7 - - 30.8 18.2 16.3 10.4 38.6
Mb 71.8 68.6 65.7 57.3 55.5 51.5 - - 28.0 30.5 35.0 - 51.5
B 0.6 0.5 0.3 0.4 0.1 0.2 0.5 0.8 0.3 0.7 - 0.5 0.4
BC - - - - - - -- . . ..

G galvanized steel N * NI-Resist cast iron Z - zinc M - magnesium
C - copper-clad steel S - stainless steel A - aluminum B = stainless-clad steel

bOne rod coupled to two mild steel rods.

c Two rods coupled to one mild steel rod.
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Table C-2. Electrical Measurements for 1-Year Coupled Rods (Point Mugu)

(Unless otherwise specified, the couple consists of the Indicated rod connected to e single mild steel rod.)

Coup.ed Monthly Measurements• iC o u p le d A v e r a ge..

Ro"2 3 4 5 6 7 8 9 10 T 1 1 vrg

Potential (couple to Cu/CuSO 4 )

G -1.125 -1.110 -1.000 -0.875 -0.795 -0.723 -0.768 - -0.710 - -0.717 -0.713 -0.853
C -0.692 -0.683 -0.658 -0.662 -0.670 -0.657 -0.678 - -0.690 - -0.690 -0.680 -0.676
Cb -0.692 -0.683 -0.648 -0.680 -0.683 -0.664 -0.680 - -0.650 - -0.675 -0.681 .0.689
N -0.690 -0.697 -0.665 -0.675 -0.678 -0.661 -0.675 - -0.662 - -0.687 -0.680 -0.687
S -0.695 -0.699 -0.670 -0.678 -0.681 -0.673 -0.678 - -0.670 - -0.685 -0.691 -0.682
Z -1.120 -1.105 -1.065 -1.085 -1.092 -1.080 -1.105 - -1.060 - -1.080 -1.065 -1.085
Zb -1.110 -1.100 -1.060 -1.080 -1.085 .1.075 -1.100 - .1.060 - .0.807 1 -1.052
A -0.838 -0.823 -0.810 -0.825 -0.833 -0.833 -0.827 - -0.815 - -0.844 .0,813 -0.826
M -1.465 -1.320 .. . ... . . . . - - -1.392
Mb -1.45 -1.280 ... - - - - - - 1.367
B - • -.- - I -BC . . . . .. .- . . .. . .- -

Resistance to Ground (ohms)

G 0.45 0.47 0.52 0.47 0.63 0.56 0.55 - - - 0.52
C 0.40 0.55 0.43 0.29 0.42 0.26 0.35 - - - 0.42 0.23 0.37
Cb 0.37 0.50 0.41 0.27 0.39 0.26 0.31 - - - 0.47 0.22 0.35
N 0.44 0.46 0.42 0.57 0.55 0.26 0.54 - - - 0.78 0.27 0.47
S 0.48 0.47 0.43 0.29 0.44 0.27 0.41 - - - 0.30 0.18 0.36
Z 0.44 077 0.53 0.47 0.60 0.59 0.58 - - - 1.25 0.47 0.63
Zb 036 0.50 0.48 0.38 0.52 0.36 0.38 - - - 3.30 0.48 0.74
A 0.47 0.47 0.44 0.32 0.48 0.29 0.31 - - - 0.33 1.40 050
M 0.43 0.68 - - - - - -. .. - 0.55
Mb 0.38 0.58 - - - - - - 0.47

BC - - , . . . .. . . ..

Current Flow Between Coupled Rods (me)

G 28.1 9.1 3.8 0.8 0.5 1.0 06 0 0.5 - 0.5 0.4 4.5
C 4.1 4.6 1.9 1.8 1.6 2.5 1.2 - 0.4 - 0.4 0.3 1.9
Cb 4.8 6.7 5.7 3.1 6.6 1.5 1.3 - 2.8 - 1.5 1.0 3.4
N 3. 2.0 1.0 06 0.5 0.7 0.5 - 08 - 0.3 0.3 1.0
S 1.6 2.0 0.4 0.2 0.2 0.7 0.5 - 0.5 - 04 01 0.7
Z 34.0 11.0 6.4 3.4 4.7 4.1 2.4 - 5.6 - 2.0 3.7 7.7
zb 66.5 18.5 8.3 5.3 8.0 6.6 4.6 - 9.8 - 4.3 10.4 14.0
A 3.6 5.2 4.4 1.8 2.2 1.2 0.48 - 1.1 - - 0.5 2.3
M 1.1 0.5 - - - -. . - - 0.8
Mb 1.1 0.4 - -.. ..- - - - 0.8B_ - -_ -. . . - . .

a G w galvanized steel N = Ni-Resist cast Iron Z = zinc M magnesium

C - copper.clod steel S - stainless steel A -aluminum B stainles-cled steel

bOne rod coupled to two mild steel rods.

t Two rods coupled to one mild steel rod.
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Table C-3. Electrical Measurements for 3-Year Coupled Rods (First Year)

(Unless otherwise specified, the couple consists of the Indicated rod connected to a single mild steel rod.)

Coupled Monthly MeasurementsCou.e IAverage i

Rod 1  2 -3 4 5 16 7 18 9 10 11 12 Avrg

Potential (couple to Cu/CuSO4)

G -0.884 -0.752 -0.747 -0.692 0.683 .0.658 -0.890 - -0.698 -0.648 -0.645 -0.667 -0.706
C -0.594 -0.560 -0.569 -0.551 -0.55 -0.551 -0Q613 - -0.569 -0.583 -0.600 am63 -0.580

Cb -0.608 .0.571 -0.578 -0.560 0.571 -0.561 -0.637 - -0.582 -0.596 .0.613 -0.650 -0.5g3
N -0.627 -0.606 .0.626 -0.606 -0.617 -0.609 -0.655 - -0.616 -0.637 -0.639 .0.695 -0.630
S -0.631 -0.610 -0.631 -0.625 -0.631 -0.623 -0.650 - -0.625 -0.644 -0.670 -0.667 -0.637
Z -0.910 -0.877 -0.895 -0.873 -0.890 .0.877 -0.920 - -0.845 -0.850 -0.951 -1.035 -0.902
Zb -0.840 -0.805 -0.817 -0.802 .0.816 -0.820 -0.780 - .0.804 -0.618 .0.793 .1.035 -0.830
A .0.777 -0.735 -0.747 -0.727 -0.742 -0.730 -0.760 - -0.734 -0.747 -0.733 -0.764 -0.745
M . . . . . . . . . .. .. - -

Mb - - - - - - - - - - - -

B -0.551 .0.562 -0.610 -0.590 .0.598 .0.588 .0.624 -0.606 -0.682 -0.680 - 0.665 -0.614

Resistance to Ground (ohms)

G 2.9 3.2 3.4 3.6 4.0 3.8 3.6 - 4.1 3.8 4.5 1.8 35
C 2.5 2.6 2.5 2.9 2.9 3.0 2.1 - 3.2 3.3 2.9 0.9 2.6
Cb 2.1 2.2 2.6 2.5 2.5 2.9 1.8 - 2.8 2.9 2.2 1.0 2.3
N 3.0 3.1 3.4 3.5 3.5 3.9 2.5 - 3.8 3.8 3.5 1.3 3.2
S 2.8 2.8 2.7 2.7 2.9 3.2 2.4 - 4.1 4.6 2.6 1.1 2.9
Z 3.3 3.4 3.7 4.1 4.0 4.5 3.7 - 5.6 4.9 2.5 1.7 3.8
Zb 2.5 2.5 2.6 2.6 2.8 2.9 2.4 - 3.3 3.3 3.6 2.6 2.8
A 2.6 2.7 2.9 3.1 3.0 3.3 2.4 - 3.4 3.3 2.5 1.0 2.7

Mb . . . . . . . . . . . ..

B 4.4 12.2 4.0 11.1 8.6 11.2 10.5 6.4 9.3 1.1 - 28.0 9.7
Bc - - - - - - - - - - -

Current Flow Between Coupled Rods (ma)

G 15.7 11.7 10.7 8.2 7.0 6.2 - - 4.0 3.5 4.1 2.3 7.3
C 13.8 15.9 13.4 13.0 15.8 12.2 - - 11.6 12.2 15.6 12.1 13.5
Cb 19.2 18.1 17.7 16.4 15.9 15.6 - - 14.5 17.4 20.5 16.1 17.1
N 5.6 4.5 4.1 3.5 3.2 2.6 - - 1.7 2.4 3.5 4.4 3.5
S 2.6 2.1 2.1 1.9 1.7 1.6 - - 1.6 1.4 1.9 1.1 1.8
Z 21.7 19.4 20.4 16.7 18.2 15.2 - - 1W 13.5 19.5 13.9 17.1
Zb 30.1 31.0 31.0 27.5 26.8 26.0 - - 23.8 24.5 35.3 19.3 27.5
A 9.7 9.1 9.9 8.9 8.8 8.4 - - 8.6 8.9 10.8 7.2 9.0
M - - - - - - - - - - - - -
Mb -- - - - - - - - --

B 1.1 0.7 0.9 0.6 0.6 0.5 0.7 0.7 0.5 0.8 - 0.8 0.7

'G - galvanized steel N - NI-Resist cast iron Z - zinc M , magnesium

C - copper-clad steel S - stainless steel A w aluminum B , stainless-clad steel

b One rod coupled to two mild steel rods.

C Two rods coupled to one mild steel rod.
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Table C-4. Electrical Measurements for 3-Year Coupled Rods (Second Year)

(Unless otherwise specified, the couple consists of the Indicated rod connected to a single mild steel rod.)

Monthly Measurements
Coupled Average

Rcf 1 2 3 4 5 18 7 18 9 10 11 12

Potential (couple to Cu/CuSO4)

G - -0.690 -0.57 -0.650 -0.658 -0.830 -0.615 -0.613 -0.618 -0.615 -0.620 -0.632 -0.638
C - -0.643 -0.632 -0.608 -0.618 -0.595 -0.573 -0.575 -0.573 -0.560 -0.560 -0.562 -0.590
Cb - -0.657 -0.650 -0.635 -0.640 -0.610 -0.593 -0.590 -0.592 -0.580 -0.575 -0.572 -0.608
N - -0.685 -0.659 -0.650 -0.655 -0.640 -0.605 -0.615 -0.618 -0.610 -0.610 -0.620 -0.633
S - -0.718 -0.680 .0.65 .0.670 -0.618 -0.595 -0.605 -0.611 -0.595 -0.595 .0.590 -0.631
Z - -1.060 -1.040 -1.040 -1.030 -0.985 -0.890 -0.905 -0.908 -0.905 -0.935 -0.972 -0.970
Zb - -1.055 -1.045 -1.020 -1.045 -0.915 -0.828 -0.878 -0.872 -0.880 -0.900 -0.948 -0.944
A - -0.793 -0.770 -0.755 -0.755 -0.735 -0.715 -0.795 -0.798 .0.727 -0.720 -0.715 -0.752M, i ..... - ' --

Mb -- -

B - -0.650 -0.090 -0.663 -0.655 -0.655 - -0.532 -0.557 -0.519 - I-0.489 -0.601
Be - - - - - - - - - - -

Resistance to Ground (ohms)

G - 2.0 20 5.5 2.4 2.2 0 3.7 6.6 5.3 5.3 5.5 3.9
C - 1.0 2.0 1.4 1.3 2.1 2.6 3.2 3.2 3.2 3.3 2.9 2.4
Cb - 0.9 1.9 1.2 1.4 1.6 2.2 2.6 2.7 2.8 2.6 2.4 2.0
N - 1.3 2.1 1.6 1.9 2.0 3.0 3.3 37 as 3.9 3.9 2.8
S - 1.2 1.7 1.4 1.4 2.0 3.4 4.2 4.1 4.4 4.8 4.6 3.0
Z - 1.1 3.3 2.9 1.6 as 5 4.3 4.8 4.7 4.8 4.1- 3.5
Zb - 1.9 1.8 1.7 1.7 1.9 3.6 2.8 5.5 5.0 4.5 3.2 3.0
A - 1.0 3.3 1.3 1.5 1.9 2.6 3.0 3.. 3.0 3.1 2.8 2.4

Mb" - I I - - - - '- . . ... .-

B 12.5 10.5 46.0 28.0 47.0 2.6 24.0 30.0 26.0 .27.5 25.1
- - - - I- - - -- -

Current Flow Between Coupled Rods (ma)

G - 2.5 2.1 1.1 1.6 3.6 5.1 5.0 3.5 5.0 4.8 4.5 3.6
C - 15.7 8.8 14.4 9.5 11.2 136 12.5 11.8 12.2 12.2 12.8 12.2
Cb - 20.8 10.8 22.5 11.2 15.8 18.6 16.3 161 16.5 16.6 19.1 16.7
N - 3.9 2.8 2.4 2.0 2.9 5.6 3.6 2.2 3.1 2.8 1.9 3.0
S - 1.3 0.5 1.9 0.9 1.0 1.3 1,3 1.3 1.4 1.4 1.5 1.2
Z - 20.8 13.7 160 7.5 16.2 19.2 I13.6 13.6 15.0 14.8 14.6 15.0
zb - 2&5 17.8 22.5 1&2 29.0 28.5 25.0 21.7 11.1 9.2 7.8 19.0
A - 9.0 63 3.8 4.8 7.4 13.3 14.0 12.8 19.5 18.0 15.0 11.2
M - - - - - - - - - - - -. -
Mi - - - - - - - - - - - - -

- 1.0 0.8 08 0.90Q6 12 1.2 0.8 1.0 1.21 0.9
- - -- - - -

'G -gewnized steel N N-Rasist cast iron Z - zinc M -magnesium
C w copper-clad teal S -stainl steel A a aluminum B -stainles-ld steal

b One rod coupled to two mild steal rods.

C Two rods coupld to one mild steel rod.
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Table C-5. Electrical Measurements for 3-Year Coupled Rods (Third Year)

(Unless otherwise specif led, the couple consists of the Indicated rod connected to a single mild stel rodJ

Coupled Monthly Measurements ..
Rod" 1 12 13 14 15 18 _ 7 A 9 110 11 11

Potential (couple to CulCuSO4)

G -0.625 -0.633 -0.549 -0.641 .0.642 -0.623 -0.634 -0.642 -0.662 -0.645 -0.682 -0.080 -0.638
C -0.550 .0.557 -0.630 -0.567 .0.578 -0.541 -0.548 -0.571 -0.592 -0.570 .0.638 -0.640 -0.581
Cb .0.560 .0.563 -0.604 .0.578 .0.594 .0.560 -0.569 -0.585 -0.610 -0.584 -0.612 -0.683 .0.594
N -0.610 -0.618 -0.662 .0.628 -0.633 -0.608 -0.615 -0.628 .0.651 628 -0.663 -0.668 -0.634
S .0.572 -0.577 -0.658 -0.607 -0.591 .0.588 -0.592 -0.632 -0.646 -0.626 -0.682 -0.680 -0.595
Z -0.970 -0.982 -1.020 -1.020 -1.085 -0.990 -0.985 -1.060 -1.075 .1.020 -1.060 .1.055 .1.026
Zb -0.948 -0.963 -0.965 -0.942 .0.975 .0.919 -0.972 .1.045 .1.020 -0.976 .1.065 4,065 -0.987
A -0.717 -0.723 -0.658 -0.641 -0.642 -0.718 -0.732 -0.735 -0.750 -0.730 -0.690 -0.697 -0.702
M - - - . . . . .- - - - -1 -
Mb - - - - - - - - - - -
B -0.501 -0.538 -0.525 -0.510 -0.518 - -0.522 -0.520 -0.510 -0.502 -0.665 -0.617 -0.538
BC - - - - - - - - - - -1 -

Resistance to Ground (ohms)

G 53 5.0 8.0 9.7 4.2 11.0 8.8 4.4 4.5 7.5 1.2 1.3 5.7
C 333.3 3.7 3.6 2.9 &6 4.0 3.1 2.5 2.8 1.2 1.2 2.9
Cb 2.8 2.8 3.0 2.7 2.4 a1 2.8 2.7 2.2 2.7 1.1 1.3 2.4
N 3.9 3.9 4.7 4.0 4.2 4.4 4.2 3.8 3.2 as 1.7 1.5 3.6
S 4.5 3.2 4.5 4.6 as 4.8 4.9 as ao 3.8 1.2 1.3 as
Z 4.4 4.5 5.0 4.5 4.0 .7 6.8 4.0 5.0 6.4 1.6 4.6 4.7
Zb 4.4 4.8 6.3 6.0 4.0 4.7 4.6 3.2 aS 3.8 1.3 3.2 4.2
A 2.9 33 at 6.6 a aV 34 3.1 2.8 at 1.1 1.3 a1

Mb -- - - - - - - - - -

B 12.5 2.7 3.9 18.5 33.5 - 55.0 47.0 8.6 5.9 43.0 42.6 24.8

Current Flow Between Coupled Roas (ma)

G 4.3 4.0 4.5 3.6 3.4 3.4 24 2.1 2.2 1.8 0.2 0.1 2.6
C 14,6 12.4 10.4 11.9 9.8 9.5 6.8 8.9 9.4 10.4 4.1 5.9 9.5
Cb 12,4 19.2 18.4 17.2 15.0 14.0 10.1 12.1 138 15.0 3.6 6.5 13.1
N 1.8 1.6 2.0 1.6 1.0 0.9 0.9 1.0 1.0 1.3 0.8 0.9 1.3
S 1.5 1.5 1.5 1.4 1.7 1.6 1.0 1.3 1.6 1.6 0.5 .8 1.3
Z 6.5 6.0 13.9 6.7 33 38 2.8 2.9 2.7 5.2 2.3 2.9 4.A
Zb 12.9 11.4 12.0 9.5 7.0 7.2 5.0 7.6 6.1 7.6 2.9 4,3 7.8
A 13.7 12.8 13.2 11.0 8.3 9.2 6.3 7.1 7.4 7.9 2.5 3.7 8.5

Mb - - - - - - - - - - -

B 1.2 1.2 1.2 1 1.2 - 0.6 0,8 0.9 1.2 1.1 0.8 1.0

G aOelvenlred ee N N-FNesist cet iron Z zlnc M - gnelm"

C oppir-clmd sM 5 stainless stel A- aluminum - stainle*dd steml
b One rod coupled to two mild sMl rods

c Two rods coupled to one mild steel rod.
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Table C-6. Electrical Measurements for 7-Yer Coupled Rods (First Yew)

(Unku otherwise specffled, the couple consists of the Indicated rod connected to a single mild stol rod.)

Coupled Monthly Measurements~Awrge
1 2 3 4 5 6 7 8 9 10 11 12

Potential (couple to CulCuS04)

G .0.817 -0.728 .0.068 4.643 .0.640 4X628 -0.742 - 41.623 -0.621 -0.643 -0.667 -0.673
C -0.506 -0.965 -. 540 0.541 4X60 .0.541 -0.585 - 10.548 -0.545 -0.570 -0.622 -0.563
Cb  4.651 -0.617 -0.600 4.591 406 4591 -0.06 - 1-0,603 0.597 0.627 0.670 .0.610
N .2 .40.607 -507 .0.588 .0.58 -0.591 .0.637 - -0.620 0,620 .0.641 -0.671 -600
S .0.643 -0,623 4.607 -0.9 -0.603 -4596 4.052 - -0.63 -0.23 0.634 -0.667 0.624
Z 4.948 -0920 4897 -0.887 0.902 -0.693 4M991 - 4X910 4X905 -0.910 -1.035 -0.927
Zb -0.886 -0823 -4796 0.823 .0.835 4833 .0.091 - -0.824 -0.83 .837 -1.000 .0.862
A .0.763 -0740 4717 -41721 .0730 0.719 -0.765 - 0.730 4734 4747 -. ,770 -0.739

B -0.472-0570 4617 -4592 -0.608 0.600 4621 460 4.706 -0.690 - 4687 0,615
B 0.563 4573 4L627 4551 .0.582 -581 -605 4581 40685 4682 - 4670 -608

Ristance to Ground Iohms)

G 3.1 32 4.4 4.0 4.0 4.7 3 - 5,0 4.9 2.6 1.5 3
C is 2. a. 2. 2.8 0 2.4 - ai 3.3 2.9 1.1 2.5
Cb 2.4 2.6 2.7 2.9 2.9 2.9 25 - 32 3. 3.2 1.1 2.7
N 2.6 2.8 3.0 3.3 3.3 3.0 2.4 - 3.4 3.8 3.U 1.1 3.0
S 2.4 2.6 2.8 3.2 3. &S5 2.2 - 3. U 14 0.9 2.8
z 2. 927 3.0 3.3 10 14 3.2 - 4.4 82 3.0 1.6 a
Zb 2.2 2.9 32 2.6 2.6 &0 2.2 - 4.3 .0 46 3.2 3.3
A 2.2 2.3 2.7 2.6 3.1 2.7 2.1 - 2.8 2.9 2.6 1.0 2.4

a 4.3 10.8 7.6 13.4 7.6 12.0 6.7 26.0 7.0 1.6 - 10.1 9.7
S 5.3 10.2 4.9 12.5 5.6 11.0 8.7 26.0 7.0 1.0 - 45.0 12.4

Cunt Flow Behtw Coupled Rods Ine)- "- I, o - ,. I-- - - = - -- I -, I- I ,
G I6?714.0 9.0 I7.0 V. 4.5 - - 2.2 2.2 2.4 8. 7,41
C 16.1 14.9 155 1.3 ILI 148 - - 14.6 1&5 21.6 6IU 16.2
CO 146 l6 1 12.5 12.1 11.6 - - 144 14.5 17.6 21.6 146
N L.2 U. 2. 2.3 2.3 1.5 - - 1.7 1.4 1.9 2.9 2.6
S It1 1.8 1.5 1.2 1.1 1.0 - - 0.9 0.9 1.1 1.2 1.3
Z 3063 W. 27.9 3.3 2119 24.3 - - 111 9.6 27.3 13. 212
Z6b U 3 . 2 L3 21.7 31.031.0 - - 17.2 25.8 W0.3Z3. 27.2
A 19.0 16.2 14.7 13.1 IIA 1067 - - 9.4 10.6 11.6 7.0 12.3Ib - -l- - -I - I- I- -u - -lt~ -

* 1.1 0.3 1.0 1.7 1.3 0.9 2.2 1.9 117 1.3 - 2. .2
W0 0.5 1.6 4.4 3.2 2.1 4.2 2.9 1l - 14 2.4

G - v ifeds Na ,Ni.Nu lt cuiron Z uimW Mnmnesium
C a cappecled seel S - stainlm Md A - amnm S sdlseded smed

Oerod coupled to two mild OWe MOds.
Two rds coupled to ene mild tel od.
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Table C-7. Electrical Musuremmnts for 7-Yer Coupled Rods (Second Yeer)

(Unlesorim owwe lffled, the couple condela of the Indicated rod connected to a single mnild sted rodi

CuldMonthly Meaurementsj
Ro 1 1 2 3 4 5 7 18 1 9 10 11 A" ag

Potential (couple to Cu/CuSO4)

G - -0.e7 -.Om A065 466e6 e-2 0.620 0620 4025 -620 415 -020 6o 3
C - -.. -0.630 -0.08 -0.590 -0.582 -0.558 -0.560 .53 -11540 -11528 .523 .572
0 - -0.682 4640 4623 -0.610 4..6W 4607 4600 4600 4)546 40575 -.579 -06
N - 46608068 -4640 -464 -0.618 -0.600 4596 4095 459 -0.5 80 4.57 4617
S - .670 465 -0.68 .6 0622 465 4X570 -0.570 5 -0.560 4.56 -t5o
Z - -1.060 -1.030 -1.040 -1.045 -1.015 .930 4940 - 4 -0.945 4943 46 49
Zb  - 4 .95 .805 -4815 -0.863 -0.588 4745 -0.790 O780 4635 .807 4.780
A - -803 .775 70 -0.760 4L742 -0.722 4730 -0.730 4725 A715 -0.730 -0.744

-M673 4.690 4672 A6 -03 - A565 A575 4X545 - 4400 11614
v-04.05046O73 450 45014X651 ,- 45L37 4557 4513 - 4451 4192

Ru ianow to Ground onilxh m

G - 1.7 10.5 32 2.7 2.4 U 4.3 4.3 . 4.5 52 4.3
C - 1.1 1.5 1.2 1.3 1.7 2.7 3.U 3.4 3.4 31 3.0 2.3
C* - . 1.6 1.5 1.5 1.9 2.5 3.2 V, U &3.2 .0 2.3
N - 1.1 1.6 1.4 1.4 1.8 2.9 3.6 3.6 3.8 4.2 3.3 2.6
S - 1.0 Is 1.3 1.3 1.6 2.6 3.2 3.4 .4 &5 2.9 2.3
Z - 1.3 . 1.7 1.4 1.7 2.5 ZL. 4.0 L5 4.5 2.7 0
A - 2.9 2.3 1.6 1.6 1 3.0 3. 30 33.2 5.2 2.7 2.8
A - 1.1 1.9 1.4 1.8 1.7 4 2.8 2.9 2A8 32 2.5 2.2

6 1.3 21.5 40.0 50.0 35. 15.2 350 8.0 7.5 U-5. 22
9, - 3.5 2. 8.1 30.0 W 014.0 3.2 2.2 8.3 - 1O 13.2

CU - - - - - -A - -mmmI - -li, sl

Cwvent Flow aetwan coupled Aof Ii(a

SIS IA 2.0 0 1. 2.1 L 1.? 2.2 2.5 U 2.
C - 21.6 U8 11.4 12.6 I1 17.5 1U9 M 17.2 17.5 S 1

C& - K43 10.5 12.7 17.9 18. 17.5 1&.1 14.5 10. 17.2 17.7 16.
N - 4.0 2.2 1.6 1.5 2.0 4.1 3.6 2.1 30 3.0 2.2 2.1
s I - I . 0is 0. 1. 1.5 Us 6 1.5 1.4 1.5 1.6 1s IA
z - 32 17.5 8.0 14.0 W 2U 2&03.02SU 19. 102 17.2 19.7

A - 4017 0 15.7 2. 20. &A4 .5 27.5 3.0 3.0O 24. 20*
A - 8. 5* 5.4 29 &. 2 31 11 0 U S 12.2 12. 1.7 9.

9 - W5 TA 1.3 0 0*105 1.1 1.3 1.2 - 1. 10
B' - 2A 2 .0 1 1* 1.4 0A 1.6 0. 0. U 0U 1.2

*C 16 mOPWinde WO S a smaii WMa A d* % alhidrum S sdl so
SOe red aew to two Oa m M&

two mad coupWe an owK oft OW red.
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Table C-8. Electrical Measurement.- for 7-Yeer Coupled Rods (Third Year)

(Unless otherwise specifled, the couple consists of the Indicated rod connected to a single mild steel rod.)

Monthly MeasurementsCoupled Average

Rod" 2 3 4 5 1 6 7 8 9 10 11 12

Potential (couple to Cu/CuSO4)

G .- 0.624 -0.836 -0.632 -0.647 -0.643 -0.827 -0.640 -0.635 -0.664 -0.658 -0.678 -0.887 -0,647
C -0.525 -0.538 -0.537 -0.553 -0.568 -0.535 -0.545 -0.550 -0.582 -0.564 -0.838 -0.630 -0.563
Cb -0.580 -0.593 -0.550 -0.608 .0.620 -0.581 -0.591 -0.594 -0.627 -0.600 -0.643 -0.653 -0.03
N -0.590 -0.801 -0.584 -0.608 -0.610 -0.598 -0.612 -0.612 -0.643 -0.626 -0.665 -0.671 -0.618
S -0.570 -0.579 -0.578 -0.591 -0.598 -0.573 -0.587 -0.587 -0.620 -0.599 -0.660 -0.662 -0.600
Z -0.ge1 -0.978 -0.454 -0.993 .1.085 -0.990 -1.015 -0.988 -1.050 -0.985 -1.055 -1.050 -0.967
Zb -0.181 -0.781 -0.333 -0.809 -0.975 -0.798 -0.790 -0.798 -0.834 -0.840 -0.930 -0.965 -0.802
A -0.728 -0.740 -0.508 -0.748 -0.760 -0.738 -0.752 -0.747 -0.763 -0.745 -0.850 -0.828 -0.742

SM . . . . . . . . . . . .. - - - -

Mb - - - - - -I

5 -0.510 -0.547 -0.553 -0.538 -0.529 - -0.510 -0.515 -0.510 -0.482 -0.427 -0.483 -0.509
Bc -0.477 -0.538 -0.512 -0.500 -0.487 - -0.478 -j..485 -0.477 -0.443 -0.477 -0.483 -0.487

Resistance to Ground (ohms)

G 3.7 3.6 8.5 5.9 4.7 6.4 6.9 7.9 4.7 13.0 2.8 2.1 5.8
C 3.1 3.2 3.3 3.3 3.0 3.6 3.5 3.2 2.7 3.1 1.3 1.3 2.9
Cb 3.0 3.0 3.3 3.4 3.3 3.8 3.6 3.2 2.9 3.1 1.2 1.5 2.9
N 3.9 4.0 4.1 4.2 3.7 4.6 4.1 3.7 4.0 3.7 1.3 5.5 3.9
S 32 &3 3.4 2.8 3.0 3.7 3.6 3.7 2.9 3.4 0.9 1.1 3.0
Z 4.5 4.3 4.1 6.0 4.0 4.7 4.9 4.0 3.5 5.8 2.0 - 4.3
Zb 3.1 4.6 4.3 5.9 .4 - 5.0 5.1 5.9 8.6 3.3 - 4.9
A 2.8 2.8 2.9 4.4 2.8 3.1 2.9 2.8 2.8 3.1 2.1 1.1 2.8

Mb - - - - - - - - - - - - -

B 7.7 10.5 9.3 8.7 9.1 - 8.5 9.6 37.0 44.0 47.0 52.0 22.1
SB 13.2 13.9 14.8 16.7 19.2 - 24.5 26.5 28.2 31.5 51.0 54.0 28.6

Current Flow Between Coupled Rods (me)

G 2.5 2.5 2.8 2.2 2.0 1.9 1.3 1.4 1.2 1.2 0.1 0.7 1.7
C 20.1 19.3 17.7 16.4 14.8 13.9 10.2 12.6 15.5 15.9 5.4 6.3 14.0
Cb 18.2 10.9 15.3 14.4 11.3 13.1 9.3 11.9 13.1 15.1 6.0 13.0 13.1
N 1.7 1.7 1.2 1.7 1.7 1.1 0.9 0.9 0.8 1.4 0.5 1.0 1.1
S 1.9 1.9 1.8 2.2 1.9 1.8 1.2 1.4 2.1 1.7 0.6 1.4 1.7
Z 17.2 16.3 26.0 13.5 9.0 9.2 8.4 7.7 7.1 5.8 8.8 4.3 10.9
Zb 25.0 13.5 17.0 13.8 10.8 8.3 5.8 7.9 6.9 4.2 5.5 6.1 10.4
A 11.0 9.7 10.8 8.9 6.4 7.1 4.9 5.2 5.3 6.1 0.5 1.6 6.5

iM

B 0.0 0.3 0.3 0.5 0.7 - 0.9 1.0 1.1 1.0 10 0.8 0.7
B 0.0 0.0 0.0 0.0 0.4 - 1.4 1.5 1.8 2.3 2.1 0.9 0.9

a G a glvanized steel N - Ni-Resist cast Iron Z a zinc M magnesium

C - copper-clad steel S * stainless steel A - aluminum B * stainless-clad steel

b One rod coupled to two mild steel rods.

C Two rods coupled to one mild steel rod.
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Table C-9. Electrical Measurements for 7-Year Coupled Rods (Fourth Year)

(Unless otherwise specif led, the couple consists of the indicated rod connected to a single mild steel rod.)

Coupled Monthly MeasurementsCoupledAverage

Rod4  1 2 3 4 5 6 17 8 9 1 11 12

Potential (couple to Cu/CuSO4)

G - -. 678 -0.679 -0.697 -0.692 -0.680 -0.687 - - -0.635 -0.619 - -0.670
C - -0.625 -0.623 -0.653 -0.628 -0.618 -0.620 - - .0.542 -0.535 - 0.605
Cb  - -0.650 -0.652 -0.688 -0.647 -0.645 -0.654 - -0.591 -0.605 - -0.641
N - -0.670 -0.673 -0.700 -0.680 -0.675 -0.683 - - -0.628 -0.600 - -0.701
S - -0.655 -0.660 .0.689 -0.677 -0.660 -0.677 - - -0.618 -0.587 - -0.655
Z - -1.060 -1.055 -1.090 -1.060 -1.050 -1.070 - - -0.970 -0.933 - -1.036
Zb - -0.785 -0.827 -0.870 -0.841 -0.852 -0.908 - - -0.803 -0.763 - -0.831
A - -0.790 -0.789 -0.825 -0.791 -0.772 -0.778 - - -0.732 -0.717 - -0.774

Mb . . . . . . . . . .. ..

B -0.500 -0.515 -0.537 -0.545 -0.537 -0.517 -0.508 -0.497 -0.485 -0.473 -0.413 -0.447 -0.498
Bc -0.489 -0.492 .0.503 -0.522 -0.501 -0.513 -0.497 -0.473 -0.461 -0.439 -0.458 -0.495 -0.487

Resistance to Ground (ohms)

G - 1.1 7.8 2.6 2.7 4.1 4.1 5.6 - 10.0 9.2 - 5.2
C - 1.3 1.6 1.3 2.3 2.4 2.3 4.6 - 3.8 5.1 - 2.7
Cb - 4.3 1.8 1.4 2.5 2.7 3.2 5.1 - 3.7 4.4 - 3.2
N - 5.7 7.6 1.5 2.1 2.8 2.8 4.8 - 4.1 5.3 - 4.1
S - 1.1 1.3 1.0 1.7 2.3 1.9 3.8 - 2.7 3.4 - 2.1
Z - 3.6 4.5 1.9 2.4 2.6 3.0 5.6 - 4.0 4.7 - 3.6
Zb - 3.3 3.9 3.8 5.3 3.2 2.7 10.0 - 5.3 F.3 - 4.9
A - 4.3 1.8 1.3 1.9 2.3 2.2 4.1 - 2.7 3.4 - 2.7
M - . . . . . . . . . . .. - -

Mb . -- - -- - - - -

B 55.0 43.0 21.5 8.9 9.5 9.3 8.9 9.4 9.7 8.9 9.3 - 17.6
BC 59.0 47.0 26.0 18.9 23.5 27.1 26.0 27.0 29.2 31.1 55.0 - 33.6

Current Flow Between Coupled Rods (me)

G - 1.0 1.5 1.1 0.5 0.7 0.5 0.6 - 0.4 0.3 - 0.7
C - 12.0 11.3 9.2 6.9 6.9 5.6 6.4 - 6.1 7.1 - 7.9
Cb - 13.4 11.6 9.2 9.4 8.9 6.1 7.6 - 6.6 7.6 - 8.9
N - 0.5 1.2 1.0 0.4 0.4 0.2 0.9 - 0.9 1.3 - 0.8
S - 1.4 1.5 1.1 0,7 0.8 0.7 1.1 - 1.2 1.6 - 1.1
Z - 10.4 8.5 4.A 5.2 5.2 3.2 5.5 - 4.1 6.3 - 5.9
Zb - 3.8 8.3 5.3 4.7 1.3 2.5 3.4 - 3.8 5.4 - 4.3
A - 2.3 2.4 1.8 0.8 0.8 0.7 1.5 - 0.8 3.3 - 1.6

Mb - - - - - - - - - - - - -

B 0.6 0.6 0.5 0.5 0.5 0.6 1.6 0.9 1.0 1.0 0.9 0.8 0.8
BC 0.0 0.7 0.6 0.7 0.3 1.3 0.9 1.4 1.6 1.7 1.6 1.2 1.0

a G = galvanized steel N - Ni-Resist cast iron Z - zinc M = magnesium
C = copper-clad steel S - stainless steel A - aluminum 8 u stainleu.cld steel

b One rod coupled to two mild steel rods.

C Two rods coupled to one mild steel rod.
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Table C-10. Electrical Measurements for 7-Year Coupled Rods (Fifth Year)

(Unless otherwise specif led, the couple consists of the Indicated rod connected to a single mild steel rod.)

Monthly Measurements Average

1 2 3 4 15 16 7 8 9 10 11 12

Potential (couple to Cu/CuS04) -

G -0.602 -0.600 -0.642 -0.635 -0.630 -0.622 - -0.608 -0.610 -0.605 -0.585 -0.590 -0.612
C -0.515 -0.529 -0.557 -0.561 -0.585 -0.567 - -0.505 -0.505 -0.495 -0.469 -0.483 -0.525
Cb -0.582 -0.559 .0.611 .0.603 -0.595 -0.585 - -0.580 -0.587 -0.570 -0.545 -0.555 -0.579
N -0.575 -0.581 -0.622 -0.625 -0.C20 -0.605 - -0,581 -0.615 -0.605 -0.563 -0.571 -0.597
S -0.560 -0.573 -0.595 -0.590 -0.585 -0.572 - -0.558 -0.602 -0.555 -0.521 -0.513 -0.566
z -0.875 -0.635 -0.697 -0.702 -0.715 -0.730 - -0.753 -0.965 -0.940 -0.908 -0.895 -0.801
Zb -0.625 .0.900 -0.957 -0.952 -0.960 -0.957 - -0.940 -0.757 -0.740 -0.730 -0.730 -0.841

-0.708 -0.710 .0.750 .0.713 -0.725 -0.727 - -0.732 -0.725 -0.720 -0.701 -0.710 -0.720

Mb - - - - - - - - - -

B -0.543 -0.565 -0.489 -0.520 -0.550 -0.354 -0.438 -0.428 -0.619 -0.460 -0.650 - -0.511
Be -0.531 -0.522 -0.519 -0.395 -0.600 -0.400 -0.395 -0.378 -0.328 -0.415 -0.425 - -0.446

R ristance to Ground (ohms)

G 6.6 6.2 4.3 5.4 7.1 7.6 - 01.8 11.3 11.1 10.7 10.4 8.4
C 6.0 6.1 3.0 3.2 3.3 5.5 - 6.7 6.6 6.4 6.1 6.0 5.4
Cb 5.5 5.2 3.3 4.1 4.7 5.8 - 6.3 6.2 6.1 5.8 5.6 5.3
N 6.2 6.5 8.0 7.5 7.9 7.6 - 7.4 7.3 7.1 6.7 6.3 7.1
S 5.3 5.4 2.7 5.8 6.1 6.8 - 7.0 7.0 6.8 6.1 5.4 5.9
Z 20.0 20.0 21.5 18.5 20.5 19.5 - 10.5 12.1 11.6 9.2 9.3 15.7
Zb 7.7 7.1 4.0 5.1 6.0 6.9 - 15.0 10.3 9.8 9.1 8.9 8.2
A 4.5 4.1 2.9 3.1 3.8 4.6 - 7.0 7.3 7.1 6.6 6.8 5.3

Mb - - - -- - - - - - - -

B 2.2 39.0 4.5 8.8 6.0 8.2 13.4 13.5 17.1 11.5 20.0 - 13.1
Be 2.2 35.0 2.7 29.5 6.0 7.6 9.9 9.6 31.5 8.1 66 - 13.5

Current Flow Between Coupled Rods (ma)

G - 1.0 1.1 1.1 1.9 1.1 - 1.3 1.3 1.4 1.6 1.4 1.3
C 8.4 8.5 8.7 7.7 7.2 7.1 - 6.2 6.9 6.8 7.4 7.1 7.5
Cb 7.7 8.1 8.8 8.5 8.0 7.4 - 6.3 6.9 7.0 7.3 6.9 7.5
N 2.7 I2.5 1.2 1.7 1.7 1.8 - 1.9 1.6 1.4 0.8 1.0 1.7
S 2.0 2.0 1.9 1.8 1.7 1.6 - 1.4 1.5 1.6 1.9 2,1 1.7
Z 9.9 8.5 7.7 6.4 5.8 5.1 - 4.1 4.2 4.7 4.9 9.1 6.4
Zb 6.1 4.2 0.9 1.3 1,7 1.9 - 2.8 2.5 1.6 1.0 6.1 2.7
A 4.3 4.0 1.5 1.5 1.5 1.5 - 1.5 1.5 1.5 1.5 1.7 2.0

Mb . - . . . . . . . . .
B 0.3 0.4 3.0 0.5 0.8 08 0.8 0.7 - 0.6
Be 0.9 0.8 1.8 1.4 1.4 1.4 1.4 1.5 -1 1.3

G a galvanized steel N NI-Resist cast Iron Z a zinc M -magnesium
C - copper-clad steel S * stainless steel A s aluminum 8 stainle-cld steal

b One rod coupled to two mild steel rods.

C Two rods coupled to one mild steel rod.
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Table C-11. Electrical Measurements for 7-Year Coupet Rods (Sixth Yeer)

(Unless otherwise specifled, the couple consists of the Indicated rod connected to a single mild steel rod J

Coupled Monthly Measurements
C l Average

Rod" 1 2 3 4 5 6 7 1 8 9 10 11 12

Pocntial (couple to Cu/CuSO4)

G -0.611 -0.605 -0.627 -0.622 -0.618 -0.617 -0.612 .0.599 -0.595 -0.677 -0.633 -0.648 -0.622
C -0.497 -0.491 -0.487 ..0.417 -0.515 -0.553 -0.585 .0.527 -0.520 -0.510 -0.478 -0.492 -0.506
Cb -0.567 -0.570 -0.565 .0.562 -0.585 -0.571 -0.574 -0.567 .0.572 -0.563 -0.540 -0.566 -0.587
N -0.582 -0.585 -0.597 -0.605 -0.590 -0.587 -0.582 -0.582 -0.619 -0.611 -0.569 -0.578 -0.591

S -0.531 -0.540 -0.553 -0.567 -0.543 -0.558 -0.561 -0.541 -0.597 -0.581 -0.532 -0.543 -0.554
Z -0.863 -0.890 -0.843 -0.836 .0.846 -0.875 -0.867 -0.893 -0.912 -0.895 -0.878 -0.893 -0.874
Z - -0.695 -0.700 -0.713 -0.724 .0.737 -0.750 -0.742 -0.764 -0.766 -0.746 -0.732 -0.707 -0.731
A -0.717 -0.708 -0.725 -0.705 .0.714 -0.715 -0.763 -0.716 -0.705 -0.703 -0.697 -0.702 -0.714
M . . . . . . . . . .. .. - -

Mb . . . . . . . . . .. ..
8 - - . . . . . . . . . .. -- -

Resistance to Ground (ohms)

G 10.3 11.0 6.3 7.2 8.0 8.7 8.3 13.5 13.1 12.8 11.3 10.9 10.1
C 5.9 5.4 3.0 3.4 3.8 6.1 6.9 7.4 7.2 7.1 6.4 6.2 5.7
Cb 4.7 4.8 3.0 3.0 3.3 5.3 6.1 5.9 5.7 5.8 5.6 5.7 4.9
N 5.8 5.5 7.7 6.9 6.4 6.2 5.5 6.1 6.2 6.2 6.3 6.3 6.3
S 4.7 4.9 2.6 5.1 5.4 5.9 4.7 6.2 6.1 6.0 5.7 5.5 5.2
Z 9.4 7.6 7.2 6.9 7.1 6.9 6.7 7.1 7.8 7.1 5.8 9.1 7.4
Zb 8.2 7.4 6.1 5.8 6.7 7.5 7.4 16.3 10.0 9.7 9.0 9.0 8.6
A 7.1 7.5 3.7 4.9 5.2 5.3 5.1 7.8 7.7 7.8 7.2 7.1 6.4
M - - -. . . - . . ..-

Mb - -- - - - - - - - - -

BC - -- - - - - - - - - -

Current Flow Between Coupled Rods (ma)

G 1.2 1.6 1.0 1.1 1.9 1.1 0.9 1.4 1.5 1.5 1.3 1.3 1.3
C 7.6 5.9 6.1 7.8 7.4 7.2 5.9 6.2 6.8 6.9 7.3 7.1 6.8
Cb 7.1 6.2 6.3 6.1 5.9 5.8 4.8 4.9 5,2 6.9 7.3 6.9 6.1
N 0.5 0.0 1.7 1.9 2.0 2.2 0.7 2.4 2.2 1.9 0.7 1.0 1.4
S 1.7 2.3 2.3 2.3 2.2 1.9 0.9 1.7 1.7 1.8 1.5 2.0 1.9
Z 9.2 5.9 6.2 1.2 1.2 1.4 1.6 2.0 1.8 1.3 4.7 9.6 3.8
Zb 6.0 3.8 1.6 6.3 5.9 5.0 4.8 3.8 3.7 4.3 6.1 6.0 4.8
A 2.2 1.4 1.5 1.5 1.6 1.6 1.4 1.5 2.2 2.4 2.4 2.2 1.8

a G - galvanized steel N a NI-Rmist cast iron Z - zinc M * magnesium

C - copper.clad steel S stainless steel A - aluminum B * stilnles-lad steel

bOne rod coupled to two mild steel rods.

' Two rods coupled to one mild steel rod.
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Table C-12. Electrical Measurements for 7-Year Coupled Rods (Seventh Year)

(Unles otherwise specified, the couple consists of the Indicated rod connected to a single mild steel rod.)

Coupled Monthly Measurements
, Average

R~" 1 2 3 4 5 6 ) 7 1 8 9 10 11 12

Potential (couple to Cu/CuSO 4)

G -0.828 -0.633 -0.835 -0.609 -0.710 -0.535 -0.610 -0.621 -0.573 -0.585 -0.621 -0.558 -0.610
C -0.499 -0.527 -0.513 -0.501 -0.490 -0.520 -0.618 -0.499 -0.500 -0.482 -0.492 -0.487 -0.511
Cb -0.574 -0.592 -0.597 -0.564 -0.615 .0.408 -0.495 -0.594 -0.430 .0.580 -0.561 -0.585 -0.548
N -0.597 -0.617 -0.635 -0.588 -0.600 -0.475 -0.502 -0.605 -0.545 -0.584 -0.600 -0.580 -0.577
S -0.585 -0.597 -0.627 -0.570 -0.630 -0.490 -0.571 -0.582 -0.582 -0.568 -0.570 -0.561 -0.574
Z -0.906 -0.930 -0.855 -0.884 -1.000 -0.430 -0.591 -0.860 -0.825 -0.828 -0.850 -0.820 .0.815
Zb -0.659 -0.600 -0.887 -0.648 -0.875 -0.850 -0.985 .0.580 -0.780 -0.743 -0.533 .0.525 -0.705
A -0.719 -0.722 -0.733 -0.702 -0.825 -0.500 -0.551 -0.740 -0.730 -0.721 -0.725 -0.720 -0.699
V! - - - - - - - - - - - - -

M b . . . . . . . . . .. ..

Resistance to Ground (ohms)

G - 2.8 2.2 4.2 8.3 1.1 8.2 9.5 15.5 19.1 8.5 11.5 8.1
C - 2.6 1.6 3.4 5.8 6.7 5.5 8.1 8.7 7.5 6.7 5.4 5.6
Cb - 2.8 1.6 3.8 4.8 8.1 4.8 7.3 6.8 6.8 6.6 4.8 5.1
N - 2.4 3.4 3.3 6.1 5.4 4.7 7.6 8.2 7.6 6.3 5.8 5.5
S - 2.1 1.5 2.8 5.8 5.1 4.8 7.5 8.0 7.5 7.0 6.0 5.3
Z - 3.9 3.4 5.5 6.5 5.5 8.2 11.1 10.5 10.5 9.9 8.0 7.5
Zb - 2.9 1.6 10.1 7.7 8.5 6.8 14.0 14.2 18.9 11.8 9.7 9.7
A - 2.5 2.1 3.1 4.5 9.4 7.8 8.4 8.1 8.1 6.8 5.8 6.1
M . . . . . . . . . .. .. - -

Mb - - - - - - - - - - --

Be . . . . . . . . . . . ..

Current Flow Between Coupled Rods (me)

G 1.2 - 1.0 - - - 1.0 1.1 1.0 1.1 1.3 - 1.1

C 6.8 - 5.7 - - - 5.5 5.1 5.1 5.3 5.8 - 5.6
Cb 6.3 - 5.8 - - - 6.0 4.9 5.0 5.4 6.9 - 5.8
N 0.4 - 1.7 - - - 0.8 0.5 0.5 0.8 1.0 - 0.8
S 2.0 - 2.3 - - - 1.5 1.4 1.3 1.3 1.6 - 1.0
Z 9.1 - 1.7 - - - 3.7 3.4 0.7 0.4 0.5 - 2.8
Zb 5.9 - 5.9 - - - 1.7 1.2 1.3 1.2 0.8 - 2.6
A 2.0 - 1.4 - - - 0.7 0.7 0.8 0.8 1.0 - 1.1M - - - - - - - - - - - -
Mb - - - - - - - - - - - - -

U G - galvanized steel N - NI-Ruist cast Iron Z - zinc M - magnesium

C - copper.clad steel S * stainless steel A - aluminum B stainless-cled steel
b One rod coupled to two mild steel rods.

c Two rods coupled to one mild steel rod.
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