
Pericle Communications Company

May 2, 1994

Mr. Harold C. Ingersoll
President
Cheyenne Propagation Company
P.O. Box 60277
Colorado Springs, CO 80960

Subject:  Ground System Measurement Report, Building 6171 on Cheyenne Mountain

Dear Buck:

This letter serves as the ground system measurement report for Building 6171 on Cheyenne
Mountain.  The resistance-to-earth of the building ground system was 1.03 ohms, which is
better than our design goal of 10 ohms.  This resistance-to-earth measurement was also lower
than any of the other building ground measurements on Cheyenne Mountain.  The next best
reading is the Interlink building at 2.8 ohms, measured in December 1991.

Background

Grounding systems serve three main functions:  personnel safety, equipment and facility
protection, and electrical noise reduction.  Mountain top radio sites need low resistance-to-earth
(i.e. good ground) for two important reasons:  (1) lightning strikes and high voltage equipment
faults can cause step voltages exceeding fatal levels when poor grounds are present, and (2) a
good ground system tends to keep noise levels down, an essential requirement for two-way
radio and cellular radio systems.  Unfortunately, mountain top sites like Cheyenne Mountain
usually have high soil resistivity, making it difficult to achieve a good ground.

Work on the ground system for building 6171 and the new 300’ tower began in 1991 when we
first measured the soil resistivity at the site of the tower foundation.  This measurement showed
a soil resistivity of 45,000 ohm-cm.  Based on this measurement, a ground system was designed
for the tower and the building with a resistance-to-earth design goal of 10 ohms or less.

The building ground system consists of an earth electrode system with 20 copper clad steel
ground rods driven at 13’ intervals along the perimeter of the building.  Each rod is 10’ long
and 3/4” diameter.  The rods are installed in drilled holes and backfilled with a slurry of
bentonite (also known as well-driller’s mud).  A 2/0 copper stranded cable is bonded
(Cadwelded™) to each rod and to the building’s reinforcing steel.  The entire system is also
bonded to the tower earth electrode system which was installed in November 1992.  

Measurement Procedure

Measurements were taken on November 10 and 22, 1993 before the electrical supply neutral
was bonded to the earth electrode system.  The test equipment was a Biddle earth tester, model
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250241, serial number C9118.  The earth tester was calibrated on November 5, 1993.  We used
the fall-of-potential method as described in IEEE Standard 142-1991.  This method is widely
accepted in industry as the proper technique for measuring resistance-to-earth. 

Figure 1 is a simplified model of the fall-of-potential method.  The resistance-to-earth of the
electrode under test is simply V/I where V is the voltage reading at the voltmeter and I is the
current reading at the ammeter.
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Figure 1 - Fall-of-Potential Method

When using the fall-of-potential method, the correct reading is found when the P distance is
62% of the C distance.  It is also important that the C distance be large relative to the largest
dimension (the diagonal) of the earth electrode system.  For example, in our case, the largest
dimension is approximately 90’.  The corresponding distance for C should be at least 475’.1

When measuring individual ground rods, we used a P distance of 62’ and a C distance of
100’.  When measuring the entire system, we used a P distance of 304’ and a C distance of
490’. 

Measurement Results

Figure 2 shows the measurements for the 20 individual ground rods taken on November 10,
1993 before the rods were bonded to each other, the tower earth electrode system, and the
building reinforcing steel via 2/0 stranded copper cable.  The mean value is 862 ohms.  When
the rods were bonded to each other, to the tower ground and to the building reinforcing steel,
the measured resistance-to-earth was 1.03 ohms.  We also checked the quality of the
reinforcing steel bond to the earth electrode system by measuring the resistance between a roof
I-beam and the earth electrode system.  The resistance was measured at 0.33 ohms.    

It will be helpful in future ground system design on Cheyenne Mountain if we can separate the
contribution of the building earth electrode system from the tower and the reinforcing steel.
1G. F. Tagg, Earth Resistances, London:  George Newnes, 1964.
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From Military Handbook 419, we know the resistance-to-earth of a single ground rod is given
by 

R0  =  
ρ
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where ρ is the soil resistivity in ohm-cm, l is the rod length in centimeters (cm), and d is the
rod diameter in cm.  In our case, l = 305 cm (10’) and d = 1.9 cm (3/4”).  From this equation
and the mean resistance-to-earth for a single rod of R0 = 862 ohms, we can solve for the mean
value of soil resistivity, 

ρ =  256,000 ohm-cm  

Note that the mean soil resistivity is about six times greater than our 1991 measurement of
45,000 ohm-cm at the tower location.  This difference is due to the difference in soil
composition between the tower location and the building location.  The tower sits mostly in
topsoil and decomposed granite whereas the building foundation rests on solid granite.

When n rods are combined in a ring as shown in Figure 2 (attached), the resistance-to-earth of
the earth electrode system is given by 
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where r is the radius of the rod and s is the rod spacing.  In our case, r = 0.95 cm and s = 397
cm (13’).  From equation (2) with n = 20, the predicted resistance-to-earth is 67 ohms.  But
this does not include the effect of the building reinforcing steel and the tower earth electrode
system.  The combined effect of these three systems (building ground, reinforcing steel, and
tower ground) is a reduction in resistance-to-earth from 67 ohms (estimated) to a measured
value of 1.03 ohms.  This result shows the importance of bonding reinforcing steel to the earth
electrode system.  

Sincerely,

Jay M. Jacobsmeyer, P.E.
President     

 
Attachment:  Figure 2
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Transmitter Building

3/4" dia. copper clad steel rod, 10' long
Drill if necessary.  Top at 18" below surface.

2/0 stranded bare copper wire.
Bury at least 18" below grade and 
2' outside drip line of building.

Electrical Service.  Bond Neutral to 
building earth electrode system

Aluminum Plate Bulkhead/Cable 
Entry

Notes:
1.  All bonding to be Cadweld™ exothermic connections where possible
2.  Dissimilar metal bonding to be protected against moisture.
3.  Electrical service to be buried from nearest utility pole/pad transformer
4.  All earth electrode connections to be buried at least 18" below finished grade.
5.  Use isolated ground receptacles only

Bond mat to building structural steel.
All structural steel bonded together.

Existing tower earth electrode
system, 2/0 bare stranded 
copper.

Figure 2 - Ground System (Not to Scale)

Building earth electrode system.  
Space rods every 12-13' as 
shown.

North

Bare copper clad steel
mesh AWG #6, poured in concrete floor  

Gradual turns at corners. 
No 90° or smaller bends

4" PVC elbows poured In floor 
to bring in various utilities and ground conductors.
Output at 12" below finished grade.
Install caps at both ends on unused elbows.

Bond to Door Frame
w/ AWG #6 bare copper wire

300' Tower

= ground rod
= bond

Bond to Neutral at 
Service Entrance

Bond structural steel to 
earth electrode system
every 12'

Bond to Door Frame
w/ AWG #6 bare copper wire

Bond to structural steel every 10’


