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4. Every effort has been made to reflect the latest information on the interrelation of considerations
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PREFACE

This volume is one of a two-volume series which sets forth the grounding, bonding, and shielding applications for
communications electronics (C-E) equipments and facilities. Grounding, bonding, and shielding are complex
subjects about which in the past there has existed a good deal of misunderstanding. The subjects themselves are
interrelated and involve considerations of a wide range of topics from electrochemistry and metallurgy to
electromagnetic field theory and atmospheric physics. These two volumes reduce these varied considerations
into a usable set of principles and practices which can be used by all concerned with, and responsible for, the
safety and effective operation of complex C-E systems. Where possible, the principles are reduced to specific
steps. Because of the large number of interrelated factors, specific steps cannot be set forth for every possible
situation. However, once the requirements and constraints of a given situation are defined, the appropriate
steps for solution of the problem can be formulated utilizing the principles set forth.

Both volumes (Volume |, Basic Theory and Volume Il,_Applications) implement the Grounding, Bonding, and
Shielding requirements of MIL-STD-188-124A which is mandatory for use within the Department of Defense.
The purpose of this standard is to ensure the optimum performance of ground-based telecommunications
equipment by reducing noise and providing adequate protection against power system faults and lightning
strikes.

This handbook emphasizes the necessity for including considerations of grounding, bonding, and shielding in all
phases of design, construction, operation, and maintenance of electronic equipment and facilities. Volume I,
Basic _Theory, develops the principles of personnel protection, fault protection, lightning protection,
interference reduction, and EMP protection for C-E facilities. In addition, the basic theories of earth
connections, signal grounding, electromagnetic shielding, and electrical bonding are presented. The subjects are
not covered independently, rather they are considered from the standpoint of how they influence the design of
the earth electrode subsystem of a facility, the selection of ground reference networks for equipments and
structures, shielding requirements, facility and equipment bonding practices, etc. Volume | also provides the
basic background of theory and principles that explain the technical basis for the recoin m ended practices and
procedures, illustrates the necessity for care and thoroughness in implementation of grounding, bonding, and
shielding; and provides supplemental information to assist in the solution of those problems and situations not
specifically addressed.

In Volume Il, Applications, the principles and theories, including RED/BLACK protection, are reduced to the
practical steps and procedures which are to be followed in structural and facility development, electronic
engineering, and in equipment development. These applications should assure personnel, equipment and
structural safety, minimize electromagnetic interference (EMI) problems in the final operating system; and
minimize susceptibility to and generation of undesirable emanations. The emphasis in Volume |l goes beyond
development to assembly and construction, to installation and checkout, and to maintenance for long term use.

Four appendices are provided as common elements in both volumes. Appendix A is a glossary of selected words
and terms as they are used herein. If not defined in the glossary, usage is in accordance with Federal Standard
1037, Glossary of Telecommunication Terms. Appendix B is a supplemental bibliography containing selected

references intended to supply the user with additional material. Appendix C contains the table of contents for
the other volume. Appendix D contains the index for the two-volume set.
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CHAPTER 1

NEW FACILITIES DESIGN CRITERIA

1.1 INTRODUCTION.

This chapter presents the design, installation practices, test and acceptance procedures associated with the
incorporation of effective grounding, bonding, and shielding for a new facility.* The major elements of the
facility covered are the (1) earth electrode subsystem, (2) fault protection subsystem, (3) lightning protection
subsystem, (4) signal reference subsystem, (5) bonding, and (6) shielding. Design and construction steps for
these six elements are contained in the following sections:

1.2 Earth Electrode Subsystem

1.3 Lightning Protection for Structures

14 Fault Protection Subsystem

15 Signal Reference Subsystem for New Facilities
1.6 Grounding, Philosophy for Equipments Processing National Security Related Information
1.7 Bonding Practices

1.8 Shielding

1.9 Common-Mode Noise and Instrumentation

110 EMP Protection

111 Military Mobile Facilities

1.12 Fences

1.13 Inspection and Test Procedures for a New Facility

Secure transmission facility requirements are covered in Section 1.6. Supplemental measures which are needed
to be incorporated in a facility to help reduce common-mode and instrumentation noise problems are presented
in Section 1.9, Common-Mode Noise and Instrumentation. The special construction practices recommended to
reduce facility vulnerability to the electromagnetic pulse (EMP) threat are contained in Section 1.10, EMP
Protection. Tactical grounding requirements are presented in Section 1.11, Military Mobile Facilities.
Inspection and Test Procedures for a New Facility, provided in Section 1.13, should be utilized in verifying that
recommended practices and procedures are properly implemented and to help establish a perform ante baseline
against which future measurements can be compared.

To obtain optimum performance of electronic equipment and personnel safety while providing adequate
protection against power system faults, EMP, and lightning strikes, thorough consideration must be given to the
grounding system for the building; to the bonds needed and the method of their implementation and to the
shielding needed throughout the building for personnel safety and equipment interference control. For a new
facility, the requirements in each of these areas are defined and appropriate design steps set forth to assure
that the necessary measures are incorporated into the final structure and equipment installation.

*A new facility is considered to be one of new construction or an existing one that will undergo major
renovation or major equipment reconfiguration. The project engineer shall determine the grounding
requirements  whenever minor equipment reconfigurations are accomplished in existing facilities. Refer to
Chapter 2 for additional information.

1-1
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1.2 EARTH ELECTRODE SUBSYSTEM. The earth electrode subsystem establishes the electrical connection
between the facility and earth. This connection is necessary for lightning protection, useful in power fault

protection, and and in the minimization of noise. The system should be tailored to reflect the characteristics
of the site and the requirements of the facility.* It must be properly installed and steps must be taken to
assure that it continues to provide a low resistance connection throughout the life of the structure. To achieve
these objectives, first determine the electrical and physical properties of the site, design an earth electrode
subsystem appropriate for the site, install the subsystem in accordance with the recommended procedures, and
finally, measure the earth resistance of the subsystem to verify that it meets the recoin mended goals or design
specifications.

1.2.1 Determination of Site Parameters (Site Survey). Before beginning the design, conduct a survey of the
site where the earth electrode subsystem is to be installed. Through this survey, determine the resistivity of

the soil, identify significant geological features, gather information on architectural and landscape features
which may influence the design of the subsystem, and review local climate effects. (If possible, conduct this
survey in advance of the final site selection in order to avoid particularly troublesome e locations.)

1.2.1.1 Soil Resistivity. As the first step of the site survey, measure the resistivity of the soil at several
points over the area of the planned facility. For even the smallest facility, the effective facility area in so far
as the electrode subsystem is concerned is assumed to be at least 15 meters by 15 meters (50 feet by 50 feet).
For larger facilities, the facility areas are assumed to extend at least 6 meters (20 feet) beyond the basic
building or structural outline, i.e.,, the ground floor plan, substation grid, tower footing, transformer housing,
etc. It is necessary that the soil resistivity be known over the area encircled or covered by the earth electrode

subsystem.

a A single soil resistivity measurement is made using the four-probe method (see Volume I, Section
2.4) in the following manner:

(1) At a location near the center of the site, insert the four short probes supplied with the earth
resistance test set into the soil in a straight line as illustrated in Figure 1-1. A convenient probe spacing of 6
to 9 meters (20 to 30 feet) is recommended as a start. If probes are not supplied with the test set or if they
have been lost or misplaced, four metal (steel, copper, or aluminum) rods, 1/4 to 3/8 inch in diameter and 12 to
18 inches in length, may be used. Drill and tap No. 6-32, 8-32, or 10-24 screws, according to rod size and
securely fasten the test set leads to the rods. Clamps may aso be used for connecting the leads to the probes.

*The relationship between the performance of an electronic system and the resistance of the earth ground is

unclear. The value of 10 ohms earth electrode resistance recommended in Section 1.2.2.la represents a
carefully considered compromise between overall fault and lightning protection requirements and the estimated
relative cost of achieving the resistance in typical situations. In locations characterized by high soil
resistivities, to achieve 10 ohms could be very expensive. In such locations, examine all elements of the site,
consider the requirements of the planned facility, and then choose the best compromise based on soil conditions,
relative costs, etc.
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(2) Following the manufacturer's instruction, obtain a resistance reading, R, with the test set

(3) Convert the probe spacing, A, to centimeters. (See Page xvi for metric conversion factors.)

(4) Compute resistivity from

p = 6.28AR (in ohm-cm) (I-1)

EXAMPLE: Assume that a resistance of 2 ohms is measured with probe spacings of 20 feet

Convert 20 feet to centimeters: 20 ft x 30.5 cm/ft = 610 cm

Calculate resistivity p = 6.28 x 610 x 2 = 7662 ohm -cm
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. 7777 7777/ 7/ // 4
//[/ RN A

B
M

//”{/t G B EARTH
s S

———— o
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A = ELECTRODE SPACING
B = DEPTH OF PENETRATION < A/20

D = DEPTH AT WHICH RESISTIVITY IS DETERMINED = A

Figure 1-1. Measurement of Soil Resistivity
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b. The reading obtained indicates the average resistivity of the soil in the immediate vicinity of the
test area. A resistivity profile of the site requires that the above procedure be repeated at many sample
locations over the region being mapped. For small sites up to 2500 square feet (232 square meters), make at
least one measurement at the center of the site and at each of the four corners of a 50-foot square as shown in
Figure 1-2. Drive a stake or marker at the locations shown. Position the potential and current probes in a
straight line with the stake or marker centered between the probes. Make a resistance measurement at each
location and calculate the resistivity as in step a-4 above. Take the average of the five readings as the
resistivity for the soil at the site. If possible, soil measurements should be made during average/normal
weather conditions. Measurements should never be made immediately after a rain or storm.

C. For larger sites, make measurements every 100 to 150 feet (30 to 45 meters) over the site area
Include in the site area the locations of support elements such as transformer banks, towers, engine-generator
buildings, etc. Choose a sufficient number of test points to give an indication of the relative uniformity of the
soil composition throughout the area. Be particularly alert for the presence of localized areas of very high or
very low resistivity soils.

STAKES OR
MARKERS
!

— cra s e

l 20 IIO'I lO'I 20 |
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i
NOTE: NOT DRAWN TO SCALE.

Figure 1-2. Resistivity Determination of a Small Site
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1.2.1.2 Geological Effects.

a Identify the significant geological features of the site. Specifically, attempt to establish:

(1) the distribution of major soil types (see Volume |, Section 2.3.2 ) to include the locations of
sand and gravel deposits,

(2) major rock formations,
(3) the presence of water sources to include underground streams, and
(4) the depth of the water table.

Utilize test borings, on site inspections, studies of local maps, and interviews with local construction
companies, well drillers, and other local personnel to obtain the desired information.

b. Evaluate the information provided by these sources for indications of particularly troublesome (or
particularly helpful) characteristics that may influence the design or installation of the earth electrode
subsystem of the facility.

1.2.1.3 Physical Features. Locate and identify those other physical features that will influence the general
placement of the earth electrode subsystem, the location of test and access points, physical protection
requirements, and the cost of materials and installation. For example, indicate on the general site plan:

a the planned physical layout of the building or structure,

b. locations of paved roads and parking lots,

C. drainage, both natural and man-made, and

d. the location of buried metal objects such as pipes and tanks.
1.2.1.4 Local Climate.

a Review local climatic conditions and determine the annual amount and seasonal distribution of
rainfall, the relative incidence of lightning, and the depth of freezing (frost line) typical of the area. Obtain
the rainfall and frost line information from the local weather service; project the relative lightning incidence

from the isokeraunic maps given in Volume |, Section 3.4, Figures 3-2 and 3-3.

b. Record the data and make it a part of the facility files for the site. Immediately, however, use this
information to aid in the design of the earth electrode subsystem for the facility to be constructed at the site.
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1.2.2 Design Procedure.

1.2.2.1 Selection of Electrode Configuration. Determine what type of earth electrode subsystem is most

appropriate for the facility (complex, building, structure, transformer bank, substation, etc). The directed
configuration is a ring ground outlined in paragraph 5.1.1.1.3 of MIL-STD-188-124A. If this configuration
cannot be employed, alternate configurations meeting these requirements are described in Section 1.2.2.3 of
this volume.

a Establish the primary functional requirements to be met by the earth electrode subsystem. For
example.

Lightning. For a facility located in an area of high lightning incidence or a high degree of exposure
to lightning, or both, (see Volume 1, Section 3.4) the earth electrode subsystem must safely dissipate the
lightning energy without melting conductors or overheating the soil (see Volume I, Section 2.8.2.2). Also, the
subsystem must minimize step voltages in areas where personnel are present.

Impulse Properties and RF Impedance Characteristics. If the antenna counterpoise must serve as an
earth electrode subsystem, it must have low rf impedance properties.

Mobility. ~Mobile facilities or temporary transportable facilities will generally not justify the
installation of an extensive fixed electrode subsystem. For such facilities, install only a basic system capable
of providing the minimum acceptable lightning and personnel fault protection (see Section 1.11).

Resistance. At fixed C-E facilities, the earth electrode subsystem should exhibit a resistance to
earth of 10 ohms or less. If 10 ohms is not economically feasible by the ring ground, alternate methods should
be considered. Paragraph 5.1.1.1.3.2 of MIL-STD-188-124A refers. Resistance measurements using the
fall-of-potential method shall be accomplished in 3-month increments for 12 months following installation.
Measurements shall be conducted in 21-month intervals after the first year.

b. Evaluate local conditions.

Soil resistivity. Is soil resigtivity low (< 5000 ohm-cm), average (5000 to 20,000 ohm -cm), or high
(> 20,000 ohm-cm)? The higher the soil resistivity, the more complex (and expensive) will be the electrode

subsystem necessary to achieve 10 ohms resistance.

Moisture content. Is the water table near the surface or far below grade, and is it subject to large

seasonal variations? Design the earth electrode subsystem so that it makes and maintains contact with soil that
stays damp or moist year round if at all possible. Penetration of the permanent water table is highly desirable.

Frost line. How deeply does the frost line extend, even during coldest periods? The resistivity of
soil rises greatly (see Volume |, Section 2.3.3) as the soil temperature drops below 32° F. Thus for maximum
stability of electrode resistance, the subsystem should penetrate far enough into the soil so that contact is
always maintained with unfrozen soil. The earthing techniques described in this chapter are not directly
applicable to permafrost. In permafrost, fault protection must be provided through the use of metallic returns
accompanying the power conductors to insure the existence of a return path to the transformer or generator.
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Personnel protection in permafrost requires an even greater emphasis on the bonding of all metal objects
subject to human contact and to the power system neutral and is described in Volume |, Chapter 2. Because of
the high resistance of permafrost, stray earth currents can be expected to be minimal with consequently
reduced concern with inter-facility power frequency noise problems (see Volume |, Section 2.1.3). In the event
that earth-current related noise problems exist, the common-mode rejection techniques described in Volume I,
Section 6.4 should be applied.

Rock Formations. Are major rock formations near the surface and are they large enough to
influence the design and layout of the earth electrode subsystem? In regions of shallow bedrock, vertical
ground rods may not be usable and horizontal grids, wires, or plates must be used. Large rock outcropping or
subsurface boulders may force the alternate routing of conductors or the placement of rods. There is no need
to incur the expense of drilling holes in rock to insert rods or lay wires because the resistivity of rock is so high
that generally the rods or wires would be ineffective.

Architectural layout. Design the earth electrode subsystem so that it will not be materially
influenced by the weather shielding effects of parapets and overhangs. Lightning down conductor placement
and routing will frequently be influenced by architectural considerations. Design the earth electrode subsystem
to accommodate such considerations by providing convenient connection points near the down conductors.
Route the interconnecting cable of the earth electrode subsystem near down conductors to avoid long
extensions between the down conductor and the effective grounding point. Configure the earth electrode
subsystem such that convenient connections are possible between the earth electrode subsystem and grounding
conductors of the power and signa ground systems inside the facility.

Landscape features. Preferably locate ground subsystem conductors under sodded areas or those
otherwise covered with vegetation. Locate conductors to take maximum advantage of the wetting effects of
runoff or drainage water from the roof, parking lots, etc. Try to avoid placing major portions of this earth
electrode subsystem under extensive paved areas such as roads and parking lots.

C. Considering the relative advantages and disadvantages given in Table 1-1, choose a basic type of
electrode most appropriate for meeting the functional requirements of the facility at the site under

construction.

d. Estimate the relative costs to meet the objectives with the different types of configurations.
Include the cost of materials, installation costs, and relative maintenance and upgrading costs.
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Table 1-1

of Earth Electrodes

Relative Advantages and Disadvantages of the Principal Types

_ Type

Ring Ground

Horizontal Bare
Wires (Radials)

Horizontal Grid
(Bare Wire)

Vertical Rods

Plates

Incidental
Electrodes
(Utility pipes,
building
foundations,
buried tanks)

Advantages

Straightforward design. Easy to instal
(particularly around an existing facility).

Hardware readily available. Can be
extended to reach water table.

Can achieve low resistance where rock
formations prevent use of vertical rods.

Low impulse impedance. Good rf
counterpoise when laid in star pattern.

Minimum surface potential gradient.
Straight for ward installation if done
before construction. Can achieve low

resistance contact in areas where rock
formations prevent use of vertical rods.

Can be combined with vertica rods to
stabilize resistance fluctuations.

Straightforward design. Easiest to

install (particularly around an existing
facility). Hardware readily available.
Can be extended to reach water table.

Can achieve low resistance contact in
limited area.

Can exhibit very low resistance.

Disadvantages

Not useful where large rock
formations are near surface.

Subject to resistance fluctuations
with soil drying.

Subject to resistance fluctuations
with soil drying if vertica rods not
used.

High impulse impedance. Not useful
where large rock formations are near
surface. Step voltage on earth
surface can be excessive under high
fault currents or during direct
lightning strike.

Most difficult to install.

Little or no control over future

alterations. Must be employed with
other made electrodes.
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1.2.2.2 Calculation of Earth Resistance.

Once the most appropriate configuration is chosen for the facility, calculate the resistance to earth for the
configuration. If the calculated resistance meets the design goal (or requirement), complete the design to
include all necessary interconnections. To illustrate this design procedure, assume that a 100 ft x 160 ft
rectangular configuration like that shown in Figure 1-3 is initially chosen. Further, assume that the soil
resistivity measurements made during the site survey showed an average resistivity of 10,000 ohm-cm for the
area. In addition, the site survey indicated that all rock formations are at depths greater than 10 feet; the
water table never drops more than 5 feet below grade; and the frost line extends only to 1 foot below grade.
Therefore, 10-foot ground rods are initially selected for evaluation. (The minimum rod diameter required in
MIL-STD-188-124A, para 5.1.1.1.4 is 3/4 inch.)

a Determine the resistance of one of the ground rods from Figure 1-4. First, place a straight edge
between the point marked 3/4 on line “d” and the point marked 10 on line "&". Indicate on line “q" where the

straightedge crosses. Next, place the straightedge between the point just marked on “q” and the
10,000 ohm-cm point on the vertical line labeled “Resistivity.” Read the resistance as 32 ohms at the point

where the straightedge crosses the vertical line labeled “Resistance.”

b. Assume an initial spacing of 20 feet or twice the rod length (see Volume I, Section 2.6.2) between
rods. Figure 1-3 shows that 26 rods are required to encircle the structure. Use Figure 1-5 to determine the
relative lowering of the resistance of one rod that is produced by 26 rods in parallel. (The answer is about 5.5
percent.) Thus the resistance of the 26 rods in 10,000 ohm-cm soil is

R = 32 x 0.055 = 1.76 ohms.

Figure 1-5 primarily applies to ground rods laid out in a straight line or around the perimeter of a site whose
dimensions are large with respect to the rod spacing. If the rods are distributed in a grid pattern, as will
frequently be done for substations, use Figure 1-6 to estimate the net resistance. In many instances, the
answers provided by Figures 1-5 and 1-6 will agree. For this example, the resistance multiplier given by Figure
1-6 for 26 rods over an estimated area of 16,000 square feet (100" x 160" is 0.056 for a net resistance of
1.9 ohms.

1.2.2.3 Alternate Configurations. Nonideal sites will frequently be encountered. For example, large rock
formations may be present which prevent the uniform placement of ground rods around the site; bed rock may
be relatively near the surface; the water level may drop to several feet below grade; the soil resistivity may be
very high; or architectural and landscape requirements may preclude locating ground rods at particular points.
In such cases, modify the electrode configuration to conform to the constraints while achieving the desired
resistance. Typical suggested alternatives are:



MIL-HDBK-419A

Aymowg padeyg aenduejoay 10§ uonBINdjuo) washsgng apoajoarg yaeg wnwiury ‘g-1 aandig

ﬂl.'l.l.lol.n..l-l-lo|Iu|.ll0|..|tallnlo, lllll @ — e = — —— — oi.l.l'ﬂ
_ _
[ _
_ _
| h
! i
_ _
| _
| _
| |
[ [ ]
_ _
_ _
_ |
_ _
l |
? 1
" 34V ‘Q30NVHLS OMV O/ L.,“
| |
| I
® [ ]
] |
| _
| |
| !
! . .
——— e A @ s e - o e ) —— ———— —— ) — o e @ o= e e s @ i ) — ———
9NIVdS 1004 02 |o_ T /lhll SQ0Y ONNOYY

1-10



MIL-HDBK-419A

2
100 q
90
80
70
60 1F 8 "
+7
50 w
g 10001-100,000 o T x
z = o - %0 4s g
| 5004 50000 [ uw 4 =
] ; 4004 40,000 % 1 30 4
o 3004 30.000 a + ]
9] © © o 3 o
o | 200 20,000 | o 20 - e 4
a >\150 15,000 > o 12 [a)
2 ="1009e-10,000 = z z
) S ~3 =) 2
[e] = =0 -+ (o)
o - ~10
4 w» 50 5,000 o @
o 5 4 4000 ~ Qo =~ — o
AL w30t 3000 W & ~ - +' 8§
w9 o 201 2000 ¢ T
= = =
- o o © +5/8
< a2 10 1,000 @ > w
b s . u w 4 412 f"t
] Q Q -
m 5 500 » 3 o)
c ¢ > '
] o
x 37 2 d1/a
Q
2

Figure 1-4. Nomograph for Determining the Resistance to Earth
of a Single Ground Rod (I-1)

a Change number of ground rods. The above example shows that fewer rods could be used and still
meet the 10-ohm goal. Thus, if rock outcropping were present at certain points around the perimeter, it would
be permissible to omit some of the rods. Since 10 ohms (the net effective resistance desired) is 31 percent of
32 ohms (the resistance of one 10-foot rod in soil of 10,000 ohm-cm), Figure 1-5 shows that as few as 3 rods
would be acceptable. On the other hand, if the soil resistivity is very high more rods will be necessary.
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b. Use longer ground rods. Rods longer than 10 feet (can be realized by assembling 10-foot sections)
may be used in high resistivity soil in place of a larger number of 10-foot rods. Where the ground water table is
greater than 10 feet below the surface at any season of the year or where the frost line is greater than 10 feet,
use the longer rods to maintain contact with the permanently moist, unfrozen soil. Use Figure 1-4 to estimate
the length needed, given the soil resistivity.

c. Use horizontal wires or grids instead of vertical rods. Where bedrock or other obstacles prevent the
effective use of vertical rods, horizontal wires, grids, or radials should be used. (See Volume |, Section 2.6.1.2
for design data and equations.)

d. Lower the soil resistivity through chemical enhancement (salting). Where the above alternatives are
not possible or are not cost effective, chemical enhancement is frequently the only choice left. Consult
Volume I, Section 2.9 before deciding what to do in this regard.

1.2.3 Design Guidelines.

a At each facility supplied by electric power, at least one ground rod should be installed near the
service disconnecting means and bonded to the earth electrode subsystem. If the transformer is located on the
site, a bare 1/0 AWG wire or cable should interconnect the ground rod at the transformer with the earth
electrode subsystem at the first service disconnect for lightning protection purposes.

b. For lightning protection purposes, all facilities large or small or located in areas of low or high
lightning incidence will require an earth electrode subsystem, described in the previous section. Facilities
having structural extensions or equipment protrusions (such as antenna elements or towers) extending above the
surrounding terrain should have a continuous earth electrode subsystem enclosing each facility or should have
individual earth electrode subsystems connected together. See paragraph 5.1.1.3.8.1 of MIL-STD-188-124A.

C. Most installations will require many interconnected ground rods. The configuration shown in Figure
1-3 is adequate for most facilities. (The number of ground rods actually required at a given location will be
determined by the resistivity of the soil and the configuration of the installation.) Three-meter (ten-foot)
ground rods installed at 20-foot intervals around the perimeter of the structure provide good utilization of the
effective radius of the rod while providing several points of contact with the earth. If longer rods are required
to reach the water level, to make contact with lower resistivity soils, or to penetrate below the frost line,
greater spacings may be employed. The nomina spacing between rods should be between one and two times the
length of the rod however, it is necessary for a ground rod to be placed near each lightning down conductor, so
spacings should be limited to not more than 50 feet in order to conform to lightning protection requirements
(see Section 1.3.2.2.2).

d. The rods and interconnecting cable comprising the earth electrode subsystem should be positioned
0.6 to 1.8 meters (2 to 6 feet) outside the drip line of the building or structure to insure that rain, snow, and
other precipitation wets the earth around the rods.

e For facilities which do not conform to a rectangular or square configuration, lay out the rod field to

generally follow the perimeter of the structure as illustrated in Figure 1-7.
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f. Where two or more structures or facilities are located in the same general area (less than 200 feet)
and are electrically interconnected with signal, control, and monitor circuits, either provide a common earth
electrode subsystem, or interconnect the separate earth electrode subsystems with two buried bare cables. A
common example of an installation where two separate structures are involved is a radar or communications
site where the equipment shelter is adjacent to the antenna tower. Signal cables (both coaxial and waveguide),
control cables, and power lines typicaly run between the tower and the shelter. The tower, being taller than
the shelter, is more susceptible to lightning strikes. To minimize voltage differentials between the two
structures, the facilities should effectively share a common earth electrode subsystem. Separate structures
spaced closer than 6 meters (20 feet) should have a common earth electrode subsystem installed that encircles
both facilities as shown by Figure 1-8. Figure 1-9 shows the recoin mended arrangement when separations equal
to or greater than 6 meters (20 feet) but less than 60 meters (200 feet) are encountered. One of the
interconnecting buried bare cables may also serve as a guard for buried signal or power cables. A typical site
installation involving three structures separated less than 200 feet is illustrated in Figure 1-10. Structures or
facilities having no interconnecting cables and separated by a distance greater than 60 meters (200 feet)
generally do not require their earth electrode subsystems be interconnected.

g. There may be a number of incidental, buried, metallic structures in the vicinity of the earth
electrode subsystem. These structures should be connected to the subsystem to reduce the danger of potential
differences during lightning or fault protection; their connection will also reduce the resistance to the earth of
the electrode subsystem. Such additions to the earth electrode subsystem should include the rebar in concrete
footings, and buried tanks and pipes.

h. To minimize resistance variations caused by surface drying of the soil and by the freezing of the soil
during winter and to minimize the possibility of mechanical damage to ground rods, connections, and
interconnecting cables, the tops of ground rods should be at least 0.3 meters (1.0 foot) below grade level. Bury
the bare 1/0 AWG interconnecting cable at least 0.45 meters (1.5 feet) below grade level. The recommended
practices are illustrated in Figure 1-11.

i. If the subsystem is installed after foundations are poured, cables are installed, utility pipes installed,
etc., make proper provisions for performing the needed interconnections between the water system, lightning
down conductors, structural steel, buried lines and cables, and the electrodes.

j. Access to the earth electrode subsystem should be provided through the installation of one or more
grounding wells at each site. Two acceptable types of grounding wells are illustrated in Figures 1-12 and 1-13.
Either clay pipe or poured concrete may be used. Removable access covers must be provided. In very large
structures, particularly those in which grounding grids are installed underneath, the grounding well or wells may
be located inside the building in an accessible location. More than one grounding well may be necessary
depending upon the size of the facility, the extent of the electrode subsystem, and the degree of accessibility to
the electrodes deemed desirable. Locate at least one of the ground wells in an area with access to open soil so
that resistance checks of the earth electrode subsystem can be made once the building is in use. The top view
of a representative ground rod installation shown in Figure 1-14 illustrates the required connections to the
signal reference subsystem, the lightning protection subsystem, and the facility ground network.
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1.2.4 |Installation Practices.

a. Schedule the installation of the earth electrode subsystem so that any needed excavation, such as
hole and trench digging, can be performed while other excavating, clearing, and earth moving operations
associated with construction of the facility are in progress. If the subsystem is installed prior to completion of
other earth moving operations, take the precautions necessary to assure that the components are not damaged
or broken.

b. Take special care to ensure that all metallic lines, such as water lines, sewer lines (if metal),
armored cable, etc., are carefully bonded to the earth electrode subsystem. Bonding jumpers of 1/0 AWG, or
larger, bare copper wire are to be used for this purpose.

C. Before covering the earth electrode subsystem with backfill dirt or otherwise rendering it
inaccessible, make visual checks of all joints and connections to check mechanical integrity, to verify the
absence of voids or other indications of poor bonding, and to see that all required interconnections are made.

d. All bonds in concealed locations must be brazed or welded. Any bonds between dissimilar metals,
such as between a copper wire and cast iron or steel pipe, must be thoroughly sealed against moisture to
minimize corrosion. Bolted clamp connections are to be made only in manholes or in grounding wells and are to
be readily accessible for verification of integrity.

e Drive rods only into undisturbed earth or into thoroughly tamped or compacted filled areas. Rods
and cables should be placed in the backfill around foundations only after the soil has been compacted or has had
adequate time to settle. Do not drive or lay rods in gravel beds which have been instaled for drainage purposes
unless the rods extend through such beds far enough to provide at least 1.8 to 2.4 meters (6 to 8 feet) of contact
with the undisturbed earth underneath. Do not lay horizontal cables in such beds under any circumstances.

f. Rods may be driven either by hand sledging, slide hammer, or with the use of power drivers. Use
driving nuts to prevent damage to the driven end, particularly, if two or more sections are to be joined. Deep
driven rods or those driven into hard or rocky soil generally require the use of power drivers with special driving
collars to prevent damage to the rod.

g. Attach the interconnecting cable to the rods by brazing, welding, or clamping. Use bolted, clamped-
type connections only if the tops of the rods are accessible through grounding wells and a periodic maintenance
program is established to verify the integrity of the connection on a regular basis.

h. As rods are installed, make a one-time resistance check of each rod once it reaches its intended
depth. After fulfilling the requirement of paragraph 5.1.1.1.7 of MIL STD 188-124A, resistance measurements
shall be conducted on the earth electrode subsystem (as a system) at 3-month intervals for 12 months after
installation and every 21 months thereafter. Use the measurement procedure outlined in Section 2.2.2.2.1.f. In
this way a continuous check is made of the electrode design. If the measured resistance of the rods is less than
the calculated resistance, the use of fewer rods may be acceptable as long as the minimum number required for
terminating lightning down conductors is installed. On the other hand, if the measured resistance of the rods is
greater than calculated, additional rods or longer rods should be installed during the construction stage rather
than waiting until the facility is completed to add additional rods.
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1.3 LIGHTNING PROTECTION FOR STRUCTURES.

1.3.1 Principles of Protection.

A structure, for lightning protection purposes, is defined as a building mast, tower, or similar self-supporting
object other than power lines, power stations, and substations. To provide minimum protection for structures
against direct lightning strikes, four requirements must be fulfilled:

a an air terminal must be provided to intentionally attract the leader stroke,

b. a path must be established that connects this terminal to earth with such a low impedance that the
discharge follows it in preference to any other,

c. a low resistance connection must be made with the earth electrode subsystem, and
d. a low impedance interface must be established between the earth electrode subsystem and earth.

These conditions are met when a lightning discharge is permitted to enter or leave the earth while passing
through only conducting parts of a structure. The conditions can be satisfied by one of two methods, each
having specific applications. These methods are:

a the installation of an integral protection system consisting of air terminals interconnected with roof
and down conductors to form the shortest practicable distance to ground, or

b. the installation of a separately mounted protection system of one of two types:

(1) a mast type consisting of a metal pole which acts as both air terminal and down conductor (a
nonconductive pole may be used if provided with metal air terminals and down conductors connected to an earth

ground), or

(2) two or more poles supporting overhead guard wires connected to an earth electrode subsystem
with down leads.

1.3.2 Integral Protection System. When designing and installing an integral system of protection, perform the
following steps:

a Erect air terminals on the points of highest elevation and on other exposed areas to intercept the
stroke before it has an opportunity to damage the structure or equipments or components mounted thereon.
The terminal points must be placed high enough above the structure to eliminate the d