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INTRODUCTION DISCUSSION

PURPOSE. DESCRIPTION.

This report describes the instal— The model K2—10 XIT rod in figure 1 is
lation , test , and analysi& of results a type K copper tube , 10 feet long ,
of mode l K2—l O XIT ground rod , 2 1/8 inches outer diameter , and a
procured from the XIT Rod Company and wall thickness of 0.083 inch. It
installed at the following six sites : contains metallic salts with spun
the National Aviation Facilities glass inside each end where holes have
Experimental Center (NAFEC), Atlantic been provided behind the capped ends.
City, New Jersey; Wi ldwood , New The materials within the tube absorb
Jersey, remote center air—ground the external atmospheric moisture
facility (RCAG); Chesterfield , South through the top entry holes where it
Carolina , very hig h frequency is chemically converted to an elec—
omnirange (VOR); Beaumont , Texas , trol ytic and by gravity enters the
airport surveillance radar (ASR); El soil. The XIT Rod Company manu—
Paso , Texas , ASR; and Phoenix , factures four different patented rods
Arizona , H Marker , between October all of the same material , diameter ,
28 , 1975 , and January 20 , 1978. and wall thickness. The difference in

these rods are their 8— , 10— , and
BACKGROUND. 20—foot lengths or the L shaped rod

which is used in areas where bedrock
Prior to solid state electronics , a is close to the earth ’s surface.
ground rod impedance to earth of 25
ohms was sufficient protection for INSTALLATION.
personnel and hi gh—current vacuum
tube electronic equipment. Since the The installation procedure for the XIT
introduction of solid state elec— rod is to auger a hole to the XIT
tronics , it has been realized that rod length , insert the rod into the
ground rod impedance to earth of 5 hole (insure that the shipping tape
ohms or less is required for elec— has been removed from over the XIT rod
tronic equipment protection . This holes), pour in sufficient salt to
requirement is due to the low cover the bottom holes , pour several
voltage and current capacity of solid gallons of water into the hole to
state electronic equipment . cover the bottom rod holes , back fill

the hole with earth , and tamp. It
Earl y in 1974 , several Federal should be noted that the rod’s upper
Aviation Administration (FAA) facil— holes are to be exposed to the outside
ities began installation of XIT rods air in order that it may function
and have since attained a measure of properly.
success with them. Late in 1975, FAA
Headquarters Research and Development TEST DESIGN.
requested that NAFEC conduct tests
to validate the manufacturer ’s The established procedure was to corn—
specification. pare the XIT—rod—to—earth impedance
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with those of a copper—clad steel selection , earth r e s i s t i v i t y
(CCS) rod and a CCS rod centered in a measurements were made at each
salt ring (CCSS) for at least a of the potential sites with a hand—
15—mo nth period. The tests were cranked Bidd le Megge r Null Balance
performed in various soil resist— Earth Tester model 63220 (figure 3).
ivities under predominately moist or Unfortunately , these measurements were
dry ‘ conditions. Six sites were not conducted at identical temperature
selected under the following con— and moisture conditions at all
ditions : locations due to trave l difficulties.

1. Low soil resistivity (up to 300 These measurements , as shown in figure
meter—ohms ) with relativel y high 4, were made at 10—foot depths (length
rainfall, of each test ground rod) in three or

more different locations , in an
2. Medium soil resistivity (300 to equilateral triangular fashion 30 feet
600 meter—ohms) with relatively apart. The purpose of the 30—foot
high rainfall, triangular spread between ground rods

was to avoid interaction between rods ,
3. High soil resistivity (greater and to attempt to attain equal and
than 600 meter—ohms ) with relatively uniform resistivity for each ground
high rainfall, rod.

4. Low soil resistivity with A 15—month data collection period was
relatively low rainfall, established to verify and compare

the XIT Rod Company ’s specification
5. Medium soil resistivity with impedance—time curve with those of the
relative ly low rainfall. CCS and CCSS rods, It can be seen in

figure 5, that several months of this
6. Hi gh soil resistivity with period were required for the XIT rod
relative ly low rainfall, to chemically react with the earth

before the impedance to earth averages
Weather data were obtained from the 4.5 ohms . The 12 remaining months
Atlantic City Weather Service con— were established to determine the
cerning average yearly temperature effects of seasonal temperature
and rainfall throughout the nation , changes on the test ground rod
In addition , a Federal Communications impedance to earth (figures 6 through
Commission (FCC) estimated con— 11).
ductivity (reciprocal of resistivity)
map (figure 2) was obtained for the During the above—mentioned tests , a
purpose of determining prospective modified XIT rod test was conducted
FAA test locations. Soil resistivity at NAFEC. This effort was made to
data on specific soils within the determine if the XIT—rod—to—e arth
areas of possible interest were impedance could be further reduced and
obtained from each of the local remain so during the 15—month test
county agriculture departments. It period. This XIT rod was modified
should be noted that the resist— with additional 1/4—inch holes 1 foot
ivities at each of these locations apart along the length of the rod. It
were to depths less than 10 feet. To was installed and tested in the same
further insure success in site fashion and test area as the standard

XII rod. Figure 11 g ives data
results.

9 2



CERTIFICATION. table 3 and figure 13. Soil resist-
ivity can be further reduced when salt

The XIT rod had undergone corrosion is added as shown in fi gure 13.
tests by Underwriters Laboratories
and granted a listing under UL467J. The resistance of a rod is directly
These tests show t Iat the XIT rod is affected by changes in the length of
less susceptible to corrosion effects the rod and by the logarithm of the
than the standard CCS rods with length. Changes in the diameter only
direct current (d.c.) voltage applied show up as sli ght changes in the
for periods of 6 months and 1 year. logarithm of the length. Figures 14

and 15 show the measured changes in
THEORY, resistance that occur with rod length

and rod diameter. It is evident that
Because of the distributed nature of effects of rod length do predominate
the earth volume into which elec— over the effects of rod diameter.
trical energy flows , the resistance
to earth is defined .~~~ the resistance Soil resistivities may be obtained
in ohms between the point of con— from (1) the FCC Conductivity Charts ,
nection and a very distant point on (2) United States (U.S.) Department of
the earth. Resistance to current flow Agriculture Soil Survey Reports of
through a ground rod depends on (a) counties of interest , and (3) field
resistance of the ground rod and measurements. The FCC Conductivity
connections to it , (b) ground rod and Charts are appropriate for locating
earth contact resistance , and (c) general soil conductivity data in a
resistance of the surrounding earth region , but are not accurate for a
(figure 12). specific area.

In table 1 , the resistivity of the The U.S. Department of Agriculture
various metallic compounds may be (USDA) Soil Survey Report contains
determined by obtaining the reci p— aerial photograph maps and tables of
rocal of their relative conduc— all the soil types within a specific
tivities. If the size and cross— county. A location can be pinpointed
sectional areas of these materials on the aerial photograph map, and the
are large , their resistances will soi l type outlined on it. The tables
be negligible. It should be noted reveal all the soil particulars
that copper and silver are the two including c o n d u c t i v i t y  and/or
hig hest conductivity materials , resistivity at various depths. These

measurements , however , do not
The contact resistance of a ground necessarily reflect the specific point
rod to earth depends on the rod that may be of interest.
surface area contact with the soil.
Corrosion has little effect on Field measurement s with a Negger Earth
contact resistance , providing it has Tester provide the most accurate
not corroded to the extent of method of determining earth resist—
reducing the length of the rod. ivity of a specific point. The other

two above—mentioned methods are of
The resistivities of variou s soils value in the attempt to locate a
may be seen in table 2. Soil resist— low—resistivity area.
iv it ies also vary according to
moisture and temperature , as shown in Soil resistivity can be expressed

as P = 2ii AR , where P is the average

3 
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TABLE 1. RELATIVE CONDUCTIVITY OF COMMON METALS

Relative Relative
Metal  Conductivity Co~~ents Meta l  Conductivity Co~~ents

(gr )

Alfeno l .011 Nickel—silver .062 64% Cu , 18% Zn ,
18% Ni

Beryllium .377

Brass .442 66% Cu , 34% Zn Palladium .160

Cadmium .230 Permalloy .038 45% Ni , 55% Fe

Chroinax .017 15% Cr , 35% Ni , Perinendure .066 50% CO , 1—2% V ,
50% Fe bal. Fe

Chromium .663 Platinum .164

Cobalt .177 Rodium .338

Constantan .039 55% Cu , 45% Ni Rhometal .011; 36% Ni , 64% Fe

Copper 1.000 Commercial an— Sendust .022 — .029 10% Si , 5% A l ,
nealed 85% Fe (cast)

Cold .707 Silver 1.064

HyMu8O .030 80% Ni , 20% Fe Steel .078 — .133 0.4%—0.5% C,
bal. Fe

hon , Pure .178 Annealed
Steel , .025 13% Mn , 1% C ,

Iron , Swedish .172 manganese 86% Fe

tron , cast .057 Steel , .034 4% Si , 96% Fe
silicon (hot rolled)

Kovar A .006 29% Ni , 17% Co,
0.3% Mn , 53.7% Fe Steel , .019 0.1% C , 18% Cr ,

stainless 8% Ni , 73.9% Fe
Lead .079

Magnesium .387 Supermalloy .029 79% Mi , 5% Mo,
16% Fe

Manganin .039 84% Cu , 12% Mn , Tin .151
4% Ni

Monel Metal .041 67% Ni , 30% Cu , Titanium .036
1.4% Fe , 1% Mn

Mumetal .034 — .069 71—78% Ni , 4.3— Tungsten .315
6% Cu , 0—2% Cr ,
bal. Fe Zinc ,287

Nicke l .250

4
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TABLE 2. RESISTIVITY VALUES OF EARTHING MEDIUMS

Medium Resistivity
Minimum Average Maximum
(ohm—cm) (ohm—cm) (ohm—cm)

Surface soils , loam, etc. j~2 - 
5 x

Clay 2 x 1 02

Sand and gravel 5 x i0~ 
IO~

Surface limestone 106

Limestones 5 x 102 4 x 10~

Shales 5 x 102

Sandstone 2 x l0~ 
2 x

Granites , basalts , etc. 106

Decomposed gneisses 5 x 10~ 
5 x 10~

Slates , etc.

Fre8h Water Lakes 2 x 2 x

Tap Water 5 x 10~

Sea Water 20 102 2 x 102

Pastoral , low h i l l s , rich
soil , typ ical of Dall as ,
Texas; Lincoln , Nebraska
areas 3 x l0~

Flat country , marshy
densely wooded typical
of Louisiana near -

Mississippi River 2 x 102 l0~

Pastoral , medium hills and
forestation, typical of
Maryland , Pennsylvania ,
New York , exclusive of
mountainous territory
and seacoasts 2 x



TABLE 2.  RESISTIVITY VALUES OF EARTH ING MEDIUMS (Continued)

Medium Resist ivi ty
Minimutr Average Maximum
(ohm—cm ) (ohm—cm ) (ohm—cm)

Rocky soil , steep hills ,
typical of New England i03 5 x 1O~ i05

Sandy, dry, flat , typical
of coastal country 3 x l0~ 5 x i0~ 5 x l0~

Ci ty ,  industr ial  areas io~ 106

Fills , ashes, cinders ,
brine , waste 6 x 102 2.5 x 7 x i0~

Clay , shale , gumb o , loam 3 x i~ 2 4 x 2 x l0~

Same——with vary ing proportion
of sand and gravel l0~ 1.5 x

Gravel, sandstones , wi th
l i t t l e  clay or loam , granite 5 x i04 i05 106

TABLE 3. APPROXIMAT E SOIL RESISTIVITY

Type of Soil Resistivity
(ohm—m) (ohm—cm ) ( ohm— f t)

Wet Organic Soil 10 33

Moist Soil 102 330

Dry Soil l0~ 3 ,300

Bedrock 1O~ 106 33 ,000

6
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so i l  r e s i s t i v i t y  t o  d e p t h  A in  team had d i f f i cu l t y in obtaining more
cent imeter-ohms , and R is the Megger d a t a  f r o m  C h e s t e r f i e l d , S o u t h
e a r t h  t e s t e r  r e a d i n g  in ohms . In C a r o l i n a , d u e  t o  t h e  l a c k  o f an
table  4 , each test  s i te  name appears earth tester for these monthl y
in the far  l e f t  column. To the right measurements. I t  shou ld  a l so  be
o f this column are the meter readings n o t i c e d  t h a t  the  m e a s u r e m e n t s  for
t a k e n  a t e a c h  o f t h e s e  s i t e s  a t  Phoen ix , Ar iz o n a , d r o p p e d  to ze ro
2—foot  and 10—foot depths .  It should through the la ter  ha l f  of this stud y.
be noted th at at Beaumont an addi— T h i s  c o n d i t i o n  is t o t a l l y u n e x —
t ional 3—foot  depth reading was made p lainable , since several cal ibrated
to see  i f t h e  s o i l  r e s i s t i v i t y  i n s t r u m e n t s  w e r e  u s e d  to  i n s u r e
prog ressively reduced be tween 2 and c o n f i d e n c e  in these  m e a s u r e m e n t s .
10 fee t .  Addi t iona l  readings were The average measurement for Phoenix
not  made due to l i m i t e d  t ime . At CCS rod wou ld  c e r t a i n l y have  bee n
Ches te r f i e ld , South Ca roli na , 30—foot higher than 49 ohms had this  condit ion
read ings  were  made  a f t e r  1 0 — f o o t  not appeared.
read ings app eared too h igh .  It was
d i s c o v e r e d  t h a t  t h e  r e s i s t i v i t y  A p lot of the measurements in table 5
remained approximatel y the same at 30 may be seen in f igures 6 th rough 10
feet  as it was at 10 fee t .  fo r  each r e s t  s i t e .  These p l o t s

c o m p a re e a c h  t y p e  o f  g r o u n d  rod
Ground rod resistance to ear th  can be resistance to earth over a time
ex pressed as R = f ~ \ ( i n  ~~~~~~~~ i\, period .

a /
where P is the soil r e s i s t i v i t y  in
cent imeter—ohms , L is the length of RESULTS
the ground rod in centimeters , and a
is the d iameter of the ground r od in
cen t ime te r s,  In table 4 it may be JEFFERSON COUNTY AIRPORT ,  BEAUMONT ,
seen that  ground rod re s istances to TEXA S.
e a r t h  we re c o m p u t e d  b y us ing t he
earth measu rements at various depths In t a b l e  5 and f i gure  6 , i t can  be
at a ll s i tes .  The dimensions of the s e e n  t h a t  t h e  a v e r a g e  CCSS rod
ground  rods  used in these  compu— res is tance  of 2 .2  ohms to earth was
t a t i o n s  w e r e  s t a n d a r d  1 0 — f o o t  twice as hi gh as the XIT rod res is t=
len gth , 5 / 8 — i n c h — d i a m e t e r  CCS rods. ance of 1.1. In fact , the standa rd
It sh ould be noticed in table 4 that  CCS rod average resistance of 6.9 was
the average computed ground—rod—to— approximately six times the XIT rod
earth resistance is compared with the resistance. The Morey—type soil is of
average actual measurement for each a gumbo texture where a CCS rod
test location. It should also be can be pushed into the earth but next
noted that the average measured to impossible to remove due to a
resistivity is compared with the FCC vacuum created . The ground rod bond
chart and the USDA resistivities for to the earth was excellent . The XIT
each test site. rod was hand augered into the earth by

FeA employees. The average rainfall
Monthl y ground—rod—to—earth re— ~ 55.21 inches , and the average
sistance measurements with tern— temperature is between 22° Fahrenheit
perature and moisture can be seen in (F) and 98° F. The soil resistivi !y is
table 5. Unfortunately, the test 9 to 19 meter—ohms at 9— to 12- foot

7
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TABLE 4. EART H RESISTIVITY AND CR0111
COPPER— CLAj~ ST~Y.L GROUND I

Meter Readings Meter Read ing, Resist Iv i t y  K .-~~ is  n u t ty Average 4 , , ?  A . , , a~~ IU I ... 4 ? ?  tha n
in Oh,, at 2— ,n Oh~ v at (0- Met er—Oh., at M,’ I .- ,  —Oh,. Depth Re. t . t  ,, ( , ~~ K ty 9 v i

Foot Depth Foot Depth 2—Foot Depth at t ( ’ -# , , , , c  91n.ce r- ?h., t..rpt W,- c ,- , i,,. H.ter-061
Enrept Where E..ept Where Depth Whet,’ lnd~~ated
(nd,,’ated ,nd,r.t,d

BEAUMONT TX. 2.63 (3) 0.45 15. 11 (3) 14.62 15 .11 (3) 9. J K 1 . 33

Earth resi .tivity 5.09 0.48 (9.5 9.19 (8 .68
between 0—300 5.0 0.43 19.15 8.23
meter-ohm, and 5.4 0.52 - 20.68 9.96
hig h rain fall 4.4 0.49 16.85 9.38

4.5 0.51 (7.24 9.77

EL PASO . TX. 20.3 3.21 77. 15 61.98 70,99 61.91 (25.0
Earth re.i~ tivity (9.8 3.4 75.84 65.11
between 300—600 (9.5 3.08 14.69 58.99
meter—ohm , and 20.3 3.15 77. 75 60.33
low rainfal l (3.9 3.6 53.24 68.94

17.4 2.93 66.65 56 .11

WILDW000, N.J. 610 20 (.800.21 383.02 l .445.I~ 316.95 250.0
Earth r e s i s t i V i t y  680 77 2 ,604,56 224.07
between 300—600 270 13 1 ,034.16 248.96
meter—oh ,. a n d  295 23 1 ,129.92 440.48
high rainf.L1 310 20 1 ,187.37 383.02

240 ((.6 9(9.26 222.15

PHEO ENIX , AZ. 233 50.8 892.44 972.88 888 .61 7 7 3 . 1 1  66 .67
Earth rel is tiv it y 231 56.3 884.78 1 ,078.21
between 600-1100 34.5 660.71
meter—ohm. and 32.4 620.5
Low rainfall 30.2 578.36

31.7 722.0

NAFEC , N.J. 463 184 1 ,773.4 3 ,523.81 1 ,886.39 3 ,590.84 250.0
Earth re .ist iv ity 522 191 1 ,999.38 3 ,657.87
above 600 meter-
ohm, ..d hi gh
rainfall

CHESTERFIELD , S.C 437 (30) 1 ,430 25 ,107.16 (30) 27 ,386.0 ~~~~~~~~ (30) 29 ,971.’. 500.0
Earth re l i .tivi ty 595 (30) 1 ,700 34 ,184.8 (30) 32 ,557 .0
above 600 meter-
oh.. and hi gh
rainfall

I
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)UND ROD CALCULATIONS FOR

~ RODS 5/8 —INCH DIAMETER

ber t Co.pated Crovind Aue rait e Nea .sred U.S. Department of Agricu lture Soil Survey Oat s For Each Locat , 3Iiv,tv Rod Re n i st a n c. 0—Foot Ground
OR,., in Ohm. Rod Re si ,tan ce

in Oh.,

L33 19.68 (~~) Morey ,oil . clay and ai lty or g,ambo te.L,ire . Average r .isFalI
11 .68 (3) ‘ 55.21 incIte.. Avera ge temperat sre 22’F—98’F. Re.ist ,vity ,.
2.11 (ID) 6.9 9-19 meter—ohms at 9 to (2 feet depth.

74.fl (2) Koeco—w ink soil wh,th i, a fine loam ,and asd oi.t 80 inch..
14 .2~. (10) 20.7 below surface. Average rainfall 7.89 inch... Average tempera c,re

49.9’F-77.2~F. Conductivity is less than 2 ~~.os~cm or S meter—oh..
down to 80 inch e s de pth.

.0 l57~ .97 (2) Ham.onton .and y loam soil with sater table S fee t below surfare .
93.4 (10) 146.0 Average rainfall 43 inch.,, average temperature lO’F—94°F.

Pes,sr,oi t y is (0 to SO meter—oh., to 50 inches depth.

*7 935.97 (7) All uvial .oil which is a very aa.d y loam and dry bel.w 10 feet.
227 .143 ((0) 49.0 This soil prevails along riverbed. in thi, region. Average

rainfall 6—8 inche.. Rain is e .ce,sive at time.. Average
temperayu re 40’p—lOO’F. No Re .i,tivi ty or conductivity
measure,ent~ given.

0 1986.92 (2) Quart:ip,an,.ent, soil which is coar,e sand wfth qi.art .rose
1058.21 (10) 450.0 gravel. Resi stivity is greater than 50 meter—ohm , down to

60 inch depth.

.0 814 32.52 (10) > (0000.0 Typic quartzipsannenta lake land ,oil which is coarse grain sand
3479.08 (30) 100-200 feet to rockbed . Average rainfall 55 inches. Average

temper,ture hh~F. No resistivity or conductivity measurements given.

8
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TABLE 5. MONTHLY GROUND ROD RESISTANCE MEASUREME NI

97’, 9(8 1976 19 77
OtT . NOV . DEC. JAR. FLI. MAR. AP R . MAO 185. JUL. AUC. SEP. OCT. 500. DEC . JAN. FtR . MAR. AP R. MAY iSp,

IEA UPR?5T . 13 16 (4 7 5 22 24 29 5 9
SIT led (.15 1.2 1. 3 1.1 0.2 0.7 0.7 1.0 (.2 1.6
i~CS Rod 3.05 3.0 3.1 6.1 7.6 6.4 6.1 10.0 6 .9 7 .8

CCII Nod 3.3 7 2.6 2.6 2.3 2.0 2 .0 (.8 2.2 2.3 2.0
Temper atuec l~~P ( 59’ 90’ 65’ 65 • 42’ Si’ hO~ 73’ 50’ *4’
Soi l  M o i s t u r e  mois t  moist dry  eel we t net dry wet mo is t  dry I
fl . PA So , 1I. II I I 2 4 9 2 I l  2 I

S I T  sod 9.04 8 . 1  5. 4 9 .07  9 .4 9 .4  9 .4  9 .6  9 .4 9.9
CCS Rod 9.01 ( 7 .3 (9 , )) 1 8 .5  2 1 .0  22.5 21 .0  21 .0  10.0 22.0

CCSS lcd 21 .9  21 .4  2 3 . 0  23 . 0  36.0  16 .0  1 3 . 0  2.0 ( 2 . 0  14 .0
Iemper .t.eo l ’ P7 95~ *9’ hi. ’ 39’ 56 ’ 48’ 50’ 58 ’ 68 ’ 910
S,,l Mo i , tur .  dry  mo ist  moi s t  moist  dry moi,t dry dry  dry dr y

wI L DWOOD . S . J .  9 Il 7 9 10 12 IS 10 IS 16 (4
X II Sod 42 .0  4 1 . ’ .  35.0 4 3 . 0  ‘.0.0 58.0  76.0  60 .5  65 . 0  6 4 . 2  59.1)
CCS Sod 150.0 140 .0 ( 3 5 . 0  l ’ .3 , O  180.0 360.0 135 .0  130.0 130 .0  130 .0 1 1 3 . 0  I

CCSS Rod ( 5 3 . 0  50. ’, 4 5.0 4 5 . 0  50.0 67 .0 78 .0  51 .0  8 7 . 0  90.0 82.0
Iomp.eatote (‘ F) 7 3’ 56’ 7R~ 40 ’ 48. II ’ 46 ’ 50~ hO’ 55• y

~ •
Soi l Moisture wet w et dry  mo is t  mon. t ic e ice m o i s t  dry  d ry  mo ist

PNOENIS , AZ . 19 2 1 18 20 (3  (7  IS  12 26
SIT  Rod 21.0 28.0 22.0  22 .0  21.0 23.0 31.0  31 .0  31.0  2 2 .0
CCI Rod 89 .0 65.0 63 .0  64.0 80.0 75.0 58.0 85.0 9 3 . 0  9 3 . 0

CC0 S Sod ‘ .0.3 4 3 . 5  42 .0  44 .0 84 .0  56.0 64.0 66 .0 66 . 0 66 .0
Tm.pe ratw r . ( V P)  , 103’ 98’ 90’ *6’ 67’  50 ’ 86’ 72’ 86’ (1’
Soil M,nst,C , dr y d r y  d r y  dry dry dry dry dry dry dry

AT LA NTIC Ct?? . N .J .  2R I 6 8 5 22 6 2 1 24 3 (4 5 29 3 4 10 10 14 3 3
‘It ? sod 408.0 2 97 ,0  111.0 110 .0 17 2 .0  221 .0  210.0  2 ( 2 . 0  1 8 7 . 0  222 .0  210 .0  210.0 210.0 260.0 390.0 400.0 4 10.0 400.0 410 .0 422.0 4~CCI Rod 425 .0  642.0 640.0 ‘ .40.0 541 .0  49 5 .0  424 ,0  394.0 4 1 3 .0  350.0 350.0 390.0 445 .0 520.0 670.0  510.0 460.0 430 .0  4 3 7 . 0  II

CCII led 1 9 5 . 0  202.0  340.0 340.0 330.0 295 .0  280.0 3 13 .0  2 ( 5 . 0  2 7 0 . 0  270.0 400.0 430.0  685.0 570.0 570.0  820.0 600.0 31
Modn fi •d It T Rod 240.0  129.0 120.0 116 .0  110 .0 125. 0 110.0 10 1 . 0  100.0 100.0 104.0 115 .0  120.0 1(0 .0 110 .0 108.0
Tem~ .eat .ir e (~~F) 80’ 35’ 30’ 25’ 23~ 70’ 61 ’ NO’ 78 ’ 13’ *6’ 68 ’ 55’ 30’ 37’ 46’ 50 ’ 60 ’ 69’ 61’
Soil  Moi s ture dry m o i s t  moist m o i s t  ic e wet dry moist dry dry dry wet wet dry •nou ice m.i.t dry m o i s t  dry

cHcsTcsFIELO . S.C . 26 30 28
SIT s.d 2y40.0 3500.0 2200,0 2200.0 2100.0
CCX Nod 4350 .0 >106 ‘ 106 338 >36

CCSS S.d >10 6 2700,0 1900,0 030.0 950,0
T..p.eatur. (S F) 61 ’ 7 5’ 62’ 75’
Soil N.i.tor. dry dry wet dry mo ist

I 
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~ NTS IN OHMS

19 77  978
JUN. JUL. ALIt. SEP. OCT. NOv . DEC. JAN. NIGH LOv AVG. RtsAacs
9 7 A Ii. lb
1,6 1.1 1.2 1.2 .2 1. 75 0.2 1,1 Febr wa ry 1977 r .adisgs wee .
7.5 7 .2 10.0 10 .2 8.2 10.2 3.0 6,9 made M ar ch I , 1977 , •.d Mactb
2,0 2.0 .8 1.8 2 . 0 3. 37 I .R 2.2 1977 readin1 , wer, mad. Macrb
54’ 84’ 94’ 72’ 52’ 29 , 1977,

dry dr y .o.,l dry uCt

I I I 4 I 12 6
1 3 . 0  12 .0  1 2 . 0 (2 .0  14 . 0 6.0 16. 0 8 . 1  10 .7 Addi t ional  salt e,ha,c.m.nt us.

12.0 22 ,0  20.0 20. 0 20.0 23 . 0 24 .0 24.0 1 7 . 5  2 0 . 7  made to the CCSS rod to drop
14.0 (5.0 11. 0 10.0 12.0 1 2.0 12.0 36.0 10.0 t o .S  rss,.tsmc. bet., the CCS nod

91’ 94’ 91 ’ 67’  63’ 63’ 53’ on Feb ruary 9 , (977.
dry d r y  dry wet dry dry  wet

IA II II 12 5 16
M .D 60,0 77,0 71.0 71.0 62.0 17.0 35.0 59.0
53.0 96.0 105.0 113.0 130.0 132.0 360.0 96.0 146.0

~2.0 50.0 90,0 93.0 99.0 (22.0 1143.0 45.0 82.0
10’ 75’ 89’ 15’ 72’ 64’

mai .t dry moi s t dry dry son.t

20 IV 6 13 21 II
0.0 0.0 0.0 0.0 0,0 0.0 31.0 0.0 16.1 October 1976 read isga wa r, made
0.0 0.0 0.0 0.0 0.0 0.0 93.0 0.0 49.0 November 2 , 1976 , asd lovember
0.0 0.0 0.0 0.0 0.0 0,0 86.0 0.0 55.0 1338 r.aAi.gs oc r. mad. 8o,m.bmr
98’ 109’ 101’ 86’ 14’ 69’ 1$ , 1916 .

dry dry dry dry dry dry

3 22 6 IS 4
1.0 42N.0 383.0 375.0 371.0 425.0 110.0 297.0 October 1976 readisgd were mad.
3 ,0 396.0 361.0 365.0 358.0 hyo.0 350.0 450.0 on the 3d ,  mad 28th. Is readisg .
1.0 340.0 486.0 ‘.39.0 552.0 . 685.0 195.0 611.0 wer , made on Novembe r 1916.
1,0 92.0 90.0 86,4 81.9 240.0 86.4 114.0
II’ 51’ 84 ’ 10’ 66’
7 dry wet dry moist

2740,0 2100.0 2348.0 The last two readings were mode
>10 6 4300 0 >106 with a Vibro5roond earth caster
>106 950.0 3320.0 w hich ha. a 3k—ohm masimsim scale.

The first three readi sRs wer, made
with a MANIC N idd Is girth tester
ohm mastm,,. scale.

9
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depths. Our resistivity measurement earth would be onl y 2—oh ,as dif—
for this site averaged 2 .7 1 meter— ference , wh il e the CCS rod is tw ice
ohms at 10—foot depth. During the the resistance of the Xii rod ,
15—month period of varying temper-
ature and precipitation , the resist— The Hueco—Wink soil is a fine loam
ance to earth change of the CCSS rod sand , and a CCS rod can be easil y
was only 0.02 ohms higher than the hammered into the soil. The XIT rod
Xii rod ’s 1.55 ohms . In fact , the i n s t a l l a t i o n  cos t  was $45.00 and
CCS rod resistance change was only required heavy equipment for m etal—
7.2 ohms for the same period. lation in this soil. The average

rainfall is 7.89 inches , and the
in table 6, it can be seen that the average temperature is between
average ground—rod—to—earth resist— 49,9° F and 77.2° F. The soil regis—
ance of the XIT rod (1.1 ohms) was tivity is greater than 5 meter—ohms to
half that of the CCSS rod (2.2 ohms) a 6.67—foot depth .
and a sixth of that of the CCS rod
(6.9 ohms). The resistance variation In table 6, it can be seen that the
during the entire test period for the average ground—rod—to—earth resistance
XIT rod ( 1.55 ohms ) was almost  the of the XIT rod ( 10.7 ohms) was four—
same as that of the CCSS rod ( 1.57 f i f t h s  of the CCSS rod ( 12.6 ohms ) and
ohms ) and about a fifth of that of half of the CCS rod (20 .7  ohms) .  The
the CCS rod (7 .2  ohms) . resistance var ia t ion during the ent i re

test period for the XIT rod (7.9 ohms)
EL PASO A I R P O R T ,  EL PASO , TEXAS. was 1.9 ohms more than the CCSS rod

(6.0 ohms ) and 1.4 ohms more than the
As indicated in table 5 and f igure 7 , CCS rod (6.5 ohms) .
i t  was d i s cove red  t h a t  an i n s u f -
ficient amount of salt was p laced WILDWOOD RCAG SITE, WILDWOOD,
around the CCSS rod. Additional salt NEW JERSEY.
was added around this rod on February
9, 1977. If the CCSS rod measure— In table 5 and figure 8, it can be
ments were considered beginning at seen that the XIT rod average ground—
this date , the average ground—rod— rod—to—earth resistance was 59 ohms ,
to—earth resistance would be 12.63 and the resistance variation was 39
ohms , and the resistance variation ohms. The CCS rod average ground—
would be 6 ohms instead of 26 ohms. to—earth resistance was 146 ohms , and
The XIT rod average ground—rod—to— the resistance variation was 264 ohms.
earth resistance was 10.7 ohms , and The CCSS rod average ground—to—earth
the resistance variation was 7.9 resistance was 82 ohms , and the
ohms. The standard CCS rod average resistance “ariation was 138 ohms .
ground—rod—to—earth resistance was Although the CCSS rod average ground—
20.7 ohms , and the resistance to—earth resi stance was onl y ‘8
variation was 6.5 ohms , percent higher than the XIT rod , the

resistance var ia t ion  was 3.5 t ime s the
It can be seen that if the revised xii rod resistance variation, The CCS
CCSS rod measurement readings were rod average ground—to—earth resistance
considered , then the CCSS and the CCS was 146 ohms , and the resistance
rods resistance variations were less variation was 264 ohms. These
than the XIT rod. The CCSS rod and readings were approximatel y twice
the Xli rod average resistance to the readings on the CCSS rod ,

8 10 
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TABLE 6. GROUND ROD RESISTANCE COMPARISONS

SITE RESISTANCE MOD. XIT XIT CCSS ‘ CCS

Average 1.1 2.2 6.9
Beaumont Variation 1.55 1.57 7.2

TX. Ratio to XIT 2:1 6.3:1

Average 10.7 12.6 20.7
El Paso Variation 7.9 6.0 6.5
TX. Ratio to XIT 1.2:1 1.9:1

Average 59.0 82.0 146.0
Wildwood Variation 39.0 138.0 264.0
N.J. Ratio to X1T 1.5:1 2.5:1

Average 16.1 35.0 49.0
Phoenix Variation 31.0 66.0 93.0
AZ. Ratio to XIT 2.2:1 3:1

Average 114.0 297.0 411.0 450.0
NAFEC Variation 153.6 318.0 490.0 320.0
N.J. Ratio to XIT 0.4:1 1.4:1 1.5:1

Average 2348.0 3320.0 >3k
Chesterfield Variation 640.0 9050.0

S.C. Ratio to XIT 1.4:1

Li
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approximately eight times the Xli rod average temperature is between
res ista nce variation , and twice the 40° F and 100° F. The USDA made no
Xli rod average resistance. The resistivity or conductivity readings
Hammonton soil is a sand y loam in this soil. The Xli rod instal—
with a water table approximately 5 lation cost was $60.00 , and a backhoe
f eet be low the earth surface . The was required instead of an auger due
average r a i n f a l l  is 43 inches , and to the fine sandy texture of the
the average temperature is between soil.
100 F and 940 F. The soil resistivity
is between 10 and 50 meter—ohms to a In table 6, it can be seen that the
6.67—foot depth. The extreme ly high average ground—rod—to—earth resistance
ground—rod—to—earth resistance for of the XIT rod (16.1 ohms) was about
the CCS rod of 360 ohms was due to a half of the CCSS rod (35 ohms) and a
s e v e r e l y  co ld  w i n t e r  in 1976 and third of the CCS rod (49 ohms). The
1977. The XIT rod was hand augered resistance variation during the entire
into the earth by NAFEC employees, test period for the XIT rod (31 ohms)

was half the CCSS rod (66 ohms) and a
With all three ground rods about third of the CCS rod (93 ohms).
3 ,000 feet from the bay and
encou n t e r in g gr oun d w a t e r  5 f eet  The last 6 mon ths of data  col lect ion
be low the ear th  su r face , it can be r e s u l t s  showed ze ro  ohms fo r  a l l
seen in t a b l e  6 that the average three test ground rods. These results
ground—rod—to—earth resistance of the are totally unexplainable , since field
Xli rod (59 ohms) was three—fourths sector personnel calibrated three
of t he  C C S S  r o d  ( 82 o h m s )  and  a d i f f e r e n t  type earth testers and got
f o u r t h  o f the  CCS rod ( 146 o h m s) .  t h e  same  m e a s u r e m e n t  f r o m  e a ch
The resistance variation during the instrument in the test site. One
entire test period for the XIT rod possibility for these zero readings
(39 ohms) was 99 ohms less than the for the last 6 months is that the
CCSS rod (138 ohms) and 225 ohms less water table rose due to the above—
than the CCS rod (264 ohms), normal rainfal l in the area and the

location of site in a former salt
PHOENIX H MARKER SITE, PHOENIX, riverbed area.
ARIZONA.

NAFEC, ATLANTIC CITY, NEW JERSEY.
In table 5 and figure 9, it will be
noticed that the average XIT rod In table 5 and figure 10, it can be
earth—to—ground resistance is half seen that the modified XII ground—
the value of the CCSS rod and a rod—to—earth average resistance was
third of the CCS rod. It is further 114 ohms , and the variation of
noticed that the same is true of the resistance was 154 ohms. The standard
resistance variations . During the XIT ground rod average resistance was
eleventh month of testing , all ground 297 ohms , and the variation of
rod readings dropped to zero. This resistance 318 ohms. The CCS rod
phenomenon cannot be exp lained. This average resistance was 450 ohms , and
test bed is located in Alluvial soil the variation of resistance 320 ohms.
that is very sandy loam. The average The CCSS rod average resistance was
rainfall is between 6 and 8 inches 411 ohms , and the variation of resist—
but can be excessive at times. The ance 490 ohms.



____ 
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It  shou ld  f i r s t  be n o t e d  t h a t  the should also be noted that  the Xli rod
mod i f i ed  XIT rod’ s average resis tance resistance increased above the CCS
and var ia t ion  ot res is tance  were less rod dur ing the June—Jul y 1977 per iod
tha n h a l f  the r e s i s t a n c e s  of the  a n d  r e m a i n e d  so t h e r e a f t e r .  The
sta ndard XIT rod . The CCSS ground m o d i f i e d  Xli  rod r ema ined  s u b s t a n —
rod’ s poo r r es i s t ive performance tially lower and at steady resistance
relative to the CCS ground rod in the value during the entire test perio.!
last 5 months of the 2—year test In fact , it was continuing a slightly
appears to be due to the loss of salt downward resistance trend. The
enhancement. All ground rods except modified Xli rod , CCSS rod , and CCS
for the modified XIT rod appear to rod resistance ratios to the Xli rod
have increase in resistance during were 0.4 to 1, 1.4 to 1 , and 1.5 to 1 ,
the very cold winter of 1976—1977. respectively. Testing of the modified
It further appears that these ground Xli rod should be continued to deter—
rod resistances never returned to mine if the same favorable results can
their original low summer values. It be obtained in soils in other regions
should be further noted that the of the country .
modified XIT rod resistance to earth
versus time p lot more closel y CHESTERFIELD VOR SITE, CHESTERFIELD,
resembles the Xli rod company ’s SOUTH CAROLINA.
standard XIT rod plot in figure 5.
NAFEC ’s quartzipsamments soil is Despite the poor data return , it was
a coarse sand with quartzrose gravel believed that these few data were
mix. The average rainfall is 43 of significant importance. Unfortu—
inches , and the average temperature nately, these data were obtained from
is between 100 F and 940 F. The soil two different earth testers with
resistivity is greater than 50 different maximum scales. The first
meter—ohms to a 5—foot depth. The three measurements were made with a
XIT rods were mach ine augered into NAFEC Biddle tester with 10,000—ohms
the earth by NAFEC employees, maximum scale , and the last two

measurements were made with a Southern
In table 6, it can be seen that the Region ’s Vibroground tester with
average ground—rod—to—earth resist— 3,000—ohms maximum scale. Assuming
ance of the XIT rod (297 ohms) was 2 that the Vibroground tester ’s maximum
1/2 times the NAFEC—modified XIT rod scale was the same as the Biddle
(114 ohms), three—fourths of the CCSS tester ’s maximum 10 ,000—ohm scale ,
rod (411 ohms), and two—thirds of the the CCS rod average ground resistance
CCS rod (450 ohms). The resistance would than approximate 10 ,000 ohms
variation during the entire test as shown in table 5 and figure 10.
period for the XIT rod (318 ohms) was The XIT rod earth—to—ground average
twice that of the modified XIT rod resistance was 2 ,348 ohms , and the
(153.6 ohms) , three—fifths of the variation of resistance was 640 ohms.
CCSS rod (490 ohms), and about equal The CCSS rod earth—to—ground average
to the CCS rod (320 ohms). resistance was 3 ,320 ohms , and the

variation of resistance was approxi—
In figure 11 , it should be noted that mately 9,050 ohms. This test bed is
the CCSS rod lost its salt enhance— located in typical quartizpsamments
ment during the January—February (Lakeland Series) soil that is of a
1976 per iod and remained higher in c o a r s e — g r a i n  sand t e x t u r e  down to
r e s i s t a n c e  t h a n  the  CCS rod .  I t  be tween 100 and 200 fee t  to bedrock.

1.3
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The average r a in fa l l  is 55 inches , of 3/8—inch—diameter  bare copper wire jand the average temperature is 66° F. at $14.40 u s i n g  gove rnmen t  labor
The  U S D A m a d e  no r e s i s t i v i t y  or  wi thout  special instal lat ion equi p—
co n d u c t i v i t y  m e a s u r e m e n t s  of t h i s  m e n t  a m o u n t s  to  a t o t a l  c o s t  of
so il .  The XIT rod was installed by $110.40.
Southern Reg ion per sonnel w ith a hand
auge r. In table 7 , a compa ri son has been made

o f t h e  r e s i s t a nce  and c o s t  of  a
Due to  th e lack of f u n d s  fo r  t h i s  s i n g l e  X I T  rod f o r  each t e s t  s i t e
proj ect and available earth testers  v e r s u s  v a r i o u s  CCS g r o u n d  g r id
in the Florence , South Carol in a , AFS , systems . It should be noted , howev er ,
data  co l lect ion was sparse. This was that a ground grid of Xli rods would
u n f o r t u n a t e , s i n c e  t h e  L a k e l a n d  be an excellent means of a t ta in ing  a
se r ies so i l e x t e nds f r om Texas  to  low res is ta n ce gr ound at si tes li ke
V i rg in ia  and covers bedrock and has NAFEC and Ches te r f i e ld .
rap id perme abi l i ty  in the Chester—
f ield area . The average res is t ivi ty  Although the XIT—rod—measured r e s i s t—
measure ments at a 2—foot  depth was ance a p p e a r e d  lower  than  the CCS
29 , 646 meter—ohms and 29 , 971 meter— ground gr ids fo r Phoe ni x , i t should be
oh ms at a 10—foot depth . no ted  t h a t  the  e a r t h  r e s i s t i v i t y

cont inued dec reas in g to ze r o dur ing
W ith the small amount of data co l— the test period . The CCS ground grid
l e c t ed , i t  can  be seen in t a b l e  6 c o m p u t a t i o n s  w e r e  b a s e d  on t h e
that  the average g round—rod—to—earth o r i g i n a l  773 .11  m e t e r — o h m s  r e s i s t —
res i s t a n c e  of the  X l i  rod (2 , 348 ivi ty .
ohms ) was two—th irds of the CCSS rod
(3 ,320 ohms) .  The CCS rod resistance The method used in d e r i v i n g  these
wa s o f f  the meter scale resu l t ing  in computat ions , u t ilized the fo l lowing
an u nknown f igure .  The resis tance formulas for a square or rec tangular
var ia t ion  for  the en t i r e  test  period ground gr id.
fo r the X IT rod , 640 ohms , was much
less tha n the CCSS r od , 9 ,050 ohms . ( 1)  The t o t a l  r e s i s t a n c e  of N CCS

rods.
A grou nd grid of 20—foot  XIT rods may
pr ove a be ne f i c ial tes t  fo r th is ty pe R R = .366~ K log 3L R
of fac ili ty grou n d env ironme nt , since NL Rlo nge r  g r o u n d  rods  f u r t h e r  r educe
g r o u n d — g r i d — t o — e a r t h  r e s i s t a n c e .  ( 2 )  The t o t a l  resistance of con-

necting wire to the ground rods .
COST ANALYSIS.

Since XIT rods cost $141.75 each and 
Rw = 

2~ Z~i~require contractor augering equipment
with labor cost up to $65, a single (3) The total mutual resistance of
Xli rod installation amounts to a wire and rods.
total cost of $206.75. By com-
parison , installation of 12 CCS rods RWR = .73p log 2 Lwat $72 interconnected with 360 feet

Lw LR
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(4) The total resistance of the by such a ground grid woul d accom—
ground grid. modate most FAA facilit ies. See

column 5 of table 7.

RT = R
~ RR 

— R~ R 3. At sites where soil resistivity is
+ RR — 2 RVR medium and under humid conditions ,

a CCS ground gr id  of 12 rods sho u ld
Where p is the soil resistivity main tain seasonal resistance changes

in meter—ohms , near 5 ohms . If a 90—square—foot area
A is the ground grid area is too large , a ground grid of four
in square meters, XIT rods would be needed to reduce the

L
~ is the total leng th of area to a 20—square—foot area. It
connec ting wire, should be noted that the cost of the
LR is the leng th of each CCS ground grid would be $124.80 (see
rod , column / of table 7), whi le  the XIT
dR is the diameter of each rod ground grid would be $570.20
rod , exc luding installation costs.

K is the resis tance ra t io
(see f i gure 16). 4. Since the Phoenix , Arizona , soil

resistivi ty became r e d u c e d  to so me
See appendix for prog raming pro— value below 773.11 meter—ohms , where
cedures for these computations in a even the CCS rod—to—earth resistance
T 158 or T159 pocke t calculator. was z e r o , the a v e r a g e  m e a s u re d X I I

rc’i—to—earth resistance value of 16.1
ohm s is rather meaning less. The CCS

CONCLUSIONS ground grid calc ulations in table 7
are based on the maximum 773.11
meter—ohm resistivity. U it could be

From the results , it is concluded assumed that the data were meaningful ,
that: then the same conclusion could be made

for si tes with medium soil resistivity
1. A t sites where soil resistivity under humid conditions , wi th exception
is low and under humid conditions , ~ tha t a larger  CCS ground grid wou ld be
sing le CCSS rod would be sufficient required.
to maintain a low earth resistance
during seasonal weather changes. If 5. At sites where soil resistivities
the rep lenishment of salt is cumber— are high and unde r humid cond i t ions ,
some , then a CCS ground grid of four a gro und grid of XIT rods would be
rods should maintain seasonal resist— more practicable , e s p e c i a l l y w h e r e
ance changes below 5 ohms . Either area is limi ted.
method would be cheaper than an Xli
rod. 6. In view of the excellent results

ob tained with the modified XII rod
2. At sites where soil resistivity (see figure 15), this type XIT rod in
is low and under dry conditions , a a ground grid would require fewer
CCS ground grid of eight rods should ground rods , thus reducing ground grid
maintain seasonal resistance changes area and cost while still obtaining a
below 5 ohms . The area encompassed low ground grid resistance .

‘4
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RECOMMENDATIONS 8. At sites with high soil resist-
ivity, a ground grid of 20—foot—long
modified Xli rods may be the solution

From the conclusions , it is rec— to the ground resistanc e problem.
ommnended that:

1. Earth resistivity measurements REFERENCES
should be made prior to installation
of facility electronic equipment.

1. “Electrical Protection Grounding
2. Local county agriculture depart— Fundamentals ,” Rural Electrification
m e n t s  should be c o n s u l t e d  to Administration , Telephone Engineering
determine soil salinity and/or and Construction Manual , Section
resistivity, depth of bedrock , 802 Issue No. 1 , June 1975.
permeability, water table , etc.

2. “Corrosion Considera tions in
3. Computations should be made to Outside Plant ,” Rural Electrification
determine whether an XIT rod , CCS Administration , Telephone Engineering
rod , or CCSS rod ground grid would and Construction Manual , Section
attain the desired earth—ground rod 670 Issue No. 1 , December 1970.
resistance and if the cheaper CCS rod
grid system would suffice in lieu of 3. FAA/Georgia Institute of Tech—
the XII rod grid system. n o 1 o ,~j~ Grounding Workshop and

Ligh tning Protection Seminar , Repor t
4. Cons ideration should be made for No. FAA— RD—75—106 , May 1975.
the use of the modified XIT rod ,
espe c ia l ly in hi gh soil resis tivi ty 4. Grounding, Bonding, and
areas. Twenty—foot XIT rods should Shielding Practices and Procedures for
also be considered for these areas. Electronic Equipments and Facilities ,

Report No. FAA—RD — 75—2 1 5 , June
0 5. The use of XII rods in low earth 1975.

resistivity areas with hi gh or
low rainfall is questionnable , since 5. Federal Aviation Administration
an increased number of CCS rods in a ——G eorgia Institute of Technology
grid co uld do the job at lower Workshop on Grounding, Bonding and
cost. Shielding , Report No. FAA—RD—76—104 ,

May 1976.
6. The use of XII rods in medium
earth resistivity areas is worth 6. FAA/Georg ia Institute of Tech—
considering if a ground grid size is nology Workshop on the Grounding of
li m ited by the facility area. Electronic Systems , Report No. FAA—

RD—74—l47 March 1974.
7. The XIT rod resis tance at all
si tes except one averaged well 7. Technical Specifications , XII
above the company ’s low claim. Its Rod Company .
resistance variation over the test
period was as large as the CCS rod at 8. XII Rod Law Impedance Electrical
NAFEC. See table 6 and figures 10 Grounding System , XIT Rod Company .
throug h 15.
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9. An E ffective Ground Con— 20. Soil Survey of Apache County,
duct ivity in the Eastern United Arizona , Central Part , USDA.
States, FCC Office of Chief Engineer
Technical Research Division TRR 21. Soil Survey of Tucson—Area
Report No. 2.1.4 (Revised). Valley Area , Arizona , USDA.

10. Estimated Effective Ground 22. Soil Survey of Eastern Moricapa
Conductivity in the Eastern United and Northern Pinal Counties Area,
States , Chart 004— 000—00279—2. Arizona , USDA .

11. Estimated Effective Ground 23. Soil Survey of Palo Verde Area ,
Conductivit y in the Western United California , USDA .
States, Chart 004— 000—00280—6.

24. Soil Survey of Lexington
12. Interim Soil Survey Report County, South Carolina , USDA .
Atlantic County, New Jersey National
Cooperative Soil Survey, U.S. 25. Interim Soil Survey of J im
Depar tm en t of Agriculture (USDA). Hogg, Storr , Webb , and Zapata

Counties, Texas , USDA .
13. Interim Soil Survey Report
Cuniberland County, New Jersey 26. Soil Survey of Oklahoma County,
National Cooperative Soil Survey, Oklahoma , USDA .
USDA.

27. Soil Survey of the Gallatin
14. Soil Survey of Chari ston Valley Area , Montana , Series 1931
Count y, South Carolina , USDA. Number 16 , USDA .

15. Soil Survey of Salem County, 28. Interim Soil Survey——Tas Animas
New Jersey , USDA . County, Colorado , USDA .

16. Soil Survey——Jefferson County , 29. Gu i d e  for I n t e r p r e t i n g
Texas , USDA . Eng ineering Uses of Soils , USDA.

17. Soil Survey of El Paso County,
Texas , USDA . 30. Soil Survey Labora tory Methods

and Proced ures for Collecting Soil
18. Soil Survey of Hidago County, Samp les , USDA.
New Mexico , USDA.

31. Getting Down—To—Earth , James C.
19. Soil Survey of Yellowstone Biddle Company.
County, Montana , USDA . 
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TECHNICAL SPECIFICATIONS
Xit—Rods are used In any electric , comnunication, or process system. in arid or wet conditions.
and their impedance to ground averages 4 ohms or less. They cost less to use tha n any other
made or 1nve~tment system because only one X it Rod is necessary as compared to the plural i ty of
other rods usually required . No periodic checking or adjustments are necessary .

Diameter of all models is 2-1/8” 0.D.
Wall thickness 01 .083”
Material = Type K Copper

.K2-8 Standard model for general use 8’ lengths.

.K2-lO Is recoiuunended for installations in jurisdictions where 10’ depth is mlni,mjm
requ irement , and in areas where a high resistivity factor is known.

.K2-H Where bedrock is encountered too impervious for drilling with auger bit. Use
this I shape horizontal model . Specify vertical depth requirement.

.K2-20 Is available in 20’ length for power stations, microwave and conmiunication

good consistent coimnunicatlon. Also in areas where installations are vul-
towers, where there exists known earth resistance variables too great for

nerable to l ightning .

I Note Resonant lengths for RF frequencies on special order.

Ground Clamp Tested For

#8 AWG Brass Cable Fastener LiSt d
To

#3/0 AWG U—Bolt and Pressure Plate

5 RESEARCH and F I E L D  TESTS  REVEALED

2 - Coarse Gravel 

Test Method - Fall of Potential
3 Clay 

and Sand

Instrument - Vibroground Model 263

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ with constant readings. June 1974 .

114
Note: These 3 test units are all over 4 years

114 — I

0.
1 - Diatomaceou s Earth 

-
, * 

;- ; • ; ;.

1 2 3 4 5 6

T I N E  I N  M O N T H S

Patented U.S. #3,582,531, U.K. #1,343,182, Pending In
Canada, Europe, and As ia .

78-50-5)(TAv•p 
~~~~~~~ 

p.c ~ . Box 1314
Covn’a . C.hf~~ioi. 91722
(714 ) 845—39S6

SUS I U SI US SIVI C I S  CM

P~int •d USA 745

FIGURE 5. XIT ROD TECHNICAL SPECIFICATION (SHEET 1 OF 2)
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A HOLLOW -TUBE, CHEMICALLY-CHARGED-ROD ELECTRODE

~“ 
~~~~~ ~~~~

~~~~~~~~~~ 1
~A’~ _/ ) . 

On October 6. 1972 acceptance for Underwriters’
- Laboratories Listing wdS granted under Ut.467J

-~ - and on January 30, 1974 the Electrical Council
of Underwriters ’ Laboratories Inc.. adopted Re-
visions of the Standard for Grounding and Bond-
Ing Equipment , in Appendix A , paragraphs 6.7L ,

k - 6 .714, and 6 .7N exclusivel y covering the paten-
- 

~~. ted Xit Rod system , and which is now eligible
for inclusion in the Revised National Electri-

- 
C 

cal Code. Approval as an American National
- Standard has been estab lished under A NS I—C33.8

- 
- 

- 
- 

/ effective April 24 , 1974

SPECIAL FEATURES
Grounding in earth is variable by (1) soil type . (2) chem ical content , (3) moisture , and since
the size and depth of Xit Rod is compatible for good grounding , it also overcome s the three
variabl es above by generating its own moisture and metallic salts and , most impor tantl y, uses

the resulting electrolyte as the interface medium between the conducting surface o~ X i t  Rod and

outwardly in the soil , which lowers resistance markedly.

Its conception and development results from the impasse between building , plumbing, and electri-
cal officials and their codes because of:

1) The expanding use of plastic pipe which excludes its use for grounding .

2) The costly degradation of galvanic action in metal systems and equi pment.

3) Shock hazards of water pi pe grounding can be eliminated if grounding is isolated .

4) Because earth grounding is so variable and difficult. 
-

5) Safety devices require consistent low resistance to ground .

6) Freezing temperature nas no effect on Xit-Rod or its function .

7) Xit-Rod functions indoors or out.

8) Brazing directly to Xlt—Rod is not harmful , although it may dry out and cause a
short delay in elecrol yte formation in that portion of rod heated .

78-50-5
A 5  T I-I l F I N I  , -, C- D E 5 y 5 T ( M  / ‘ s  ~ B L (  1 ( 5 ,  R L J L Y  T H E  M O S T  N E G A T I V E  A P P R O A C H  T O G R O U N D ’ N C -

FIGURE 5. XIT ~0D TECHNICAL SPECIFICATION (SHEET 2 OF 2)
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FIGURE 12. EARTH RESISTANCE SHELLS SURROUNDING A VERTICAL EARTH ELECTRODE
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FIGURE 13. TYPICAL VARIATIONS IN SOIL RESISTIVITY AS A FUNCTION
OF MOISTURE, TEMPERATURE, AND SALT CONTENT
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FIGURE 14. EFFECT OF ROD LENGTH UPON RESISTANCE
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FIGURE 15. EFFECT OF ROD DIAMETER UPON RESISTANCE
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NIfl~~ER OF RODS IN ARRAY,N
78—50—16

FIGURE 16. RATIO OF THE ACTUAL RESISTANCE OF A ROD ARRAY
TO THE IDEAL RESISTANCE OF N RODS IN PARALLEL
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