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by

Alfred E, Hanna

ABSTRACT

The U, S. Naval Civil Engineering Laboratory was requested to inves-
tigate various metals now in use as ground rods, and metals which might
be acceptable substitutes, NCEL ceoperated with the National Associstion
of Cerrosion Engineers in the latter's ''Driven Ground Rod Test Program'
by installing a series of test rods at the Laberatory. A description of
the site and details of the actual installetien of the rods are given,
along with similar information relative to a short term test being con-
ducted at the Naval Air Station, Peint Mugu, Celifornia., Results will be
included in a forthceming report,.
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INTRODUCTI ON

Power transformer stations, radar installations, and radio stations
all require extensive buried greunding netwerks. The metal most commonly
used for this purpose is bare copper as s solid rod or wire, or as a
coating or cladding on a stronger base metal such as steel, A serious
problem arises when extensive amounts of copper are buried in proximity te
a2 less noble (less corrosion-resistant) metal: corrosisn of the other metal
iz sccelerated and the second metal eventually fails to perform its primary
function, This is particularly true when the copper and the other metal
‘ars bonded electrically, as in the case of a steel-framed or steeli-covered
building where parts are buried in the earth, A second example exists where
an inter-connection is made to both a copper ground and the water line,

The Bureau of Yards and Docks authoriged the Naval Civil Engineering
Laboratery (NCEL) to investigate several metgls which might serve as greund
rods, An economically acceptable substitute for copper would be desirable,
if compatible with steels or other buried metals, as would alternates that
might be used in emergency situations when cepper is unavailable. The
Laberatery then arranged to cooperate with the National Association of
Corrosion Engineers (NACE) in its "Driven Ground Rod Test Program”.
£ This report presents NCEL's test program, & description of the test
sites, and installation details,

TEST PROGRAM
A, General
The NACE test program, modified to suit NCEL's needs, is as follews:

Rods of various metals are obtained, weighed; and driven inte the ground
in three grewps., At intervals of ene, three, and seven years after the
initial installation the rods in one of the groups are to be removed,
examined, and reweighed. The corrosion loss will be determined and the
rate of cerresion calculated as grams per square centimeter per year,

Each group of rode consists of twe sub-groups. The first sub-greup
consists of single rods of all the metals being considered., The second sub-
gowup consists of a rod of each metal coupled to one or more mild steel reds.
The coupled rods, by their dissimilarity, ferm the ansdes and rathodes of
galvanic cells; varying the number ef steel reds coupled te che other




metals prevides a esmparisen of the effect of different anede-to-cathede i
ares raties fer the same metal systems.

B, Test Reds

Thirty-ene reds of eight different metal systems are included in each
group, (Figure 1) The reds are neminglly $5/8 inch in dismeter by eight
feet in length, peinted on ene end te facilitate driving and chamfered en
the sther and to minimise mushreeming of the red when driven. They are
ususlly ene centinueus piece, net shorter pieces joined te form the desired
length, The metal systems are mild steel, galvanised steel, Ni-Resist,
Type 302 stainless steel, cepper-clad steel, high-purity sime. AZ31B
magnesiwm alley, and No. 6061-T6 aluminum allsy. Single reds of mild steel
are esupled te single reds of the other sever metal systems; in additiem,
twe mild steel reds are cowpled te single reds of cepper-clad steel, mag-
nesivm, and sine, te previde the different snede-te-cathede area raties
namtioned previeuwsly,

Cs Data

All reds are weighed prisr te instzllatiem, When each growp is remeved
frem the grewnd, the individual reds will be freed of corresien preducts,
reveighed, and their esrresieon lesses Jetermined. At the time of instaila-
tiem, saeh rodts petential te a ecopper-sulfate half-ecell snd its resistance
te earth are determined. The same data is edtained fer pairs o mild steel
reds as seen 88 they are eemnected te egeh other, The petential te a
copper-sulfate half-eell, the resistance ts earth, and the current flew
sre determimed for 2ll cewples ss seen 23 they are fermed, Subsequent data
ineludes the resistance to earth of esch red or esple, the petential te a
espper-sulfate half-cell of ea¢h red or ceuple, snd the current flew in
ea¢ch couple, te be sbtained menthly er as dictated by weather cenditiens,
The ampunt of %in that falls during the test peried is te be determined,
as will ether dats which may be considered pertinent as s result eof further
" {investigatiens

TEST SITES
A. NCEL

The NCEL test site is leasted in the seutheast cermer of the mein
Labsratery copound, (Pigures 2 and 8) It is sppreximately 200 feet lemg
and 20 feet wide, with twe referemce ¢lectredes permsmently installed at
S0 and 100 feet frem the mearest odge of the site and en 2 line perpendieular:
te the lemgth of the site st the site’s aenter. The site parsllels the
south boundary femee, with the first rew of test reds six fest fram the
fenee 1ine, The seil censists of 2 three feet layer of crushed sandatene .
2111 en top, fellowed by adeut f£ive feet of sand snd gravel hydrsulie £111, .




and a natural deposit of sand and gravel of undetermined thickness. The
resistivity of the soil to an eight-foot depth averages 1200 ohm-cm,

B. Mugu

The site at the Naval Air Station, Point Mugu, is located as shown in
Figures 4 and 5. This location is sometimes covered by water at high tide
and during the rainy season. The site is roughly 20 feet wide by 70 feet
long; two reference electrodes are located at 50 and 100 feet from the
nearest edge of the site, on a line perpendicular to the length of the site
at the site's center, The top soil consists of a fine, silt-like materia)
to a depth of 28 inches, At that level a sand is evident and i mixed
with thin layers of silt or clay for two inches. The sand, ligat brown or
tan in color, continues for six more inches, At a 36 inch depth the sand
changes to a blue-grey color and becomes slightly finer in texture. Beyond
four feet in depth the most obvious change is the appearance of at least
two different types of sea shells. The resistivity of the soil to an eight
foot depth averages 85 ohm-em,

INSTALLATION DETAILS
A, NCEL

Rods were installed in a rectangular pattern on 6 foot centers as shown
in Figure 3. An air hammer, with & special driving head, (Figure 6) was
used to drive the rods after they had been started with a sledge hammer.

A steel rod, 5/8 inch in diameter, was used to make pilot holes for the
aluminum, magnesium, and Ni-Resist rods, The hardness of the soil surface,
and the large stones known to be present could cause the Ni-Resist rods to
fracture, and the other two materials to mushroom abnormally. A slightly
larger rod was used for meking pilot holes for the zinc rods, since they
were so soft that other than minimum resistance could cause them to bend
sbove ground level, Fine sand was poured into the holes after the rods
were inserted to insure good contact between the rod and the earth.

B. Mugu

The same basic pattern was used at Mugu as at NCEL. The actual
installation was much simpler, however, since the rods could be pushed into
the ground until the sand layer was contacted. A light hammer was used to
drive the rods the rest of the way into the ground (Figure 7), with a simple
driving head used on the softer metals t¢ minimize mushrooming, Pilot
holes were not needed for any of the metals.

SUMMARY

No results are included in this report, since the two one-year groups
of test rods were removed from the ground a short time ago. A roport will
be prepared which will include all test results obtained from those groups.
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From left: wild

steel, copper-clad steel, galvaniszed steel, sinc,
Ni-Resist, stainless steel, magnesium, aluminum,

Figure 1. Typical group of ground rods,
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GROUND ROD TEST SITE — PONT MUGU

FIGURE 4




Ground rod test site, Point Mugu.

Figure 5.
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