Standard No. S24.809
December 01, 1989
(Revised 12/22/2000)

GROUNDING STANDARD
1.0 SCOPE

1.1 Scope. This document establishes standard dectrica, eectronic, and mechanica requirements for
ground el ectronic equipmen.

1.2 Application. The requirements of this standard shdl apply to equipment developed or fabricated to
Government specifications, induding commercia production (origina equipment manufacture (OEM))
items. When gpplied to OEM items, the requirement of this document shal serve as abasis of sdection
among comparably performing equipment.

1.3 Contracting Officer's Technica Representetive. The Contracting Officer's Technical Representative
(COTR) sndl provide thefind interpretation of any conflict between this standard and specific contract
requirements.

1.4 Waivers. Any request for waiver of specific requirements of this stlandard shal be submitted in writing
to the COTR and to the Contracting Officer. A request for waiver must include: @) identification of the
paragraphs for which the waiver is requested; b) identificationof the systems, equipment, or components
for which the waiver is requested; and c) adiscussionof rationde for granting the waiver, induding impact
on rdiability, maintainability, schedule, and cost if the waiver is not granted.

2.0 APPLICABLE DOCUMENTS

2.1 Government documents. The following documents, of the issue in effect on the date of invitation for
bid or request for proposal, form a part of this standard to the extent specified herein:

The requirements of the folowing NOAA/NESDI S standards shal apply to al hardware and software,
as described in this document.

Standard No. S24.801 - Preparation of Operation and Maintenance Manuals.
Standard No. S24.802 - Generd Requirements for Ground Electronic Equipment
Standard No. S24.803 - Cable and Wire Identification.

Standard No. S24.804 - General Requirements for Training on Electronic and Computer Equipment



Standard No. S24.805 - Spare Parts
Standard No. S24.806 - Software Development, and Maintenance and User Documentation

NOAA/NESDIS standards are avalable from: U.S. Department of Commerce, Nationa Oceanic and
Atmospheric Adminigtration, National Environmental Satellite, Data, and Information Service, OSD3,
Washington, D.C. 20233.

Military specifications and standards are available from: Commanding Officer, U.S. Nava Supply Center,
5801 Tabor Avenue, Philadel phia, Pennsylvania 19120.

Federal Specifications and Standards are available from: The Superintendent of Documents, U. S.
Government Printing Office, Washington, D.C. 20402.

Federal Informaion Processng Standards Publications are avalable from: The Suprintendent of
Documents, U.S. Government Printing Office, Washington, D.C. 20402.

ANSI Standards are available from: American National Standards Ingtitute, Inc., 1430 Broadway, New
York City, New York 10018.

NASA/GSFC specifications are availablefrom: Nationa Aeronauticsand Space Administration, Goddard
Space Flight Center, Greenbelt Road, Greenbelt, Maryland 20771.

NFPA Standards are available from: Nationa Fire Protection Association, Batterymarch Park, Quincy,
Massachusetts 02269.

ElA Standardsareavailable from: Electronics Industries Association, 2001 Eye Street, N.W., Washington,
D.C. 20006.

The National Oceanic and Atmospheric Adminidtration, Nationa Environmenta Satellite, Data, and
InformationService(NOAA/NESDIS), operatessatelitetracking and computer processing sysemswhich
require a comprehensive grounding standard to ensure personnel and equipment safety.  This grounding
standard provides equipment requirements, design and instalation procedures, and test methods, suitable
for dl communications and data processing systems.  Specific requirements are defined for perimeter
grounds, ar terminds, down conductors, equipment rooms, antennas withintegra eectronic rooms, power
grounds, and the interconnection of these subsystems throughout a widely spread site. The need for
lightning and power fault protection, ground returns for signal and control cables, and radiation and
interference suppression are addressed and integrated into a system for the entire fadlity. Priorities for
upgrading exiging facilities are identified, post ingtdlation and maintenance test procedures are detailed,
and guiddines are given for tracing and correcting problems that may arise during the upgrade process.



This document was developed by MITRE Corporation under NOAA/NESDIS Contract Number 50-
DGNE-5-0089. It wasreviewed and approved by apand of twenty people concerned with the grounding
of dectronic equipment, from both within and outside of the NOAA/NESDIS organization, which was
convened by NOAA/NESDIS on November 8, 1989.
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SECTION 1

INTRODUCTION

1.1 BACKGROUND

The National Oceanic and Atmospheric Adminigtration (NOAA), Nationd Environmenta Satdllite, Data,
and Information Service (NESDIYS), operates and maintains severad communication and data processng
fadlities, through whichit provides arange of weather rel ated informationto users. Some of these fecilities
contain many large satelite tracking antennas, with related eectronics, spread over many acres of land.
All fadlities contain computer and communication sysems spread over severa rooms. Over the years
since Congress directed its formation in 1961, continued improvements in technology have required that
NOAA/NESDIS obtain many additions and changes to the equipment used to fulfill it's misson. This
piece-by-piece acquisition of equipment has resulted in a grounding system at NOAA/NESDI S facilities
that has adso grown in a piece-by-piece fashion. This has resulted in varied ingtalation practices and
documentation procedures being applied to different parts of afacility and from one facility to another.

Recent lightning strikes at the Command and Data Acquisition (CDA) dtation at Wallops, Virginia, have
highlighted the need for an overdl grounding standard that would apply to dl NOAA/NESDI Sfadlitiesto
provide the maximum possible protection and safety for personne and equipment.

1.2 SCOPE

This NOAA/NESDIS standard defines the requirements for the design, ingtdlation, modification, and
testing of grounding systems at dl NESDIS facilities. It gppliesto dl fadility constructionand modification
projects requiring the design or modificationof, or the additionto, grounding systems within any NESDIS
fadlity.

The grounding systens a exigting facilities need not necessarily be modified for the sole purpose of
complying with this standard. However, this document defines the ultimate grounding requirements to
which dl exiging and any new NESDIS fadilities must eventudly comply. If problems exist at afacility
which indicate a grounding system deficiency, if anormd facility upgrade includes work to the grounding
system, or if new equipment isbeing ingdled, al work performed on the grounding syssem must comply
with this standard, unless specific exemption is provided, in writing, by the Contracting Officer or his
Technica Representative.

This document is based on the premise that safety is the prime requirement, for both personne and
equipment. No other requirement can be dlowed to compromiseit. Current technology, including fibre
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optics, baanced amplifiersand transmisson lines, and waveguide theory as gpplied to ground planes, can
provide solutions to interference problems that do not compromise safety.

1.3 DOCUMENT ORGANIZATION
1.3.1 Section Organization

The following sections of this document are organized in order of increasing complexity of the equipment
and assemblies discussed in each section. Section 2 ligts the references used in creating this document.
Section 3 provides the requirements of the individua componentsto be used inthe grounding sysems and
definitions of the specia terms used herein. Section 4 shows how these components are to be assembled
into the grounding subsystems and section 5 defines how those subsystems are to be interconnected
throughout the facility. Section 6 provides guiddines for upgrading the exiging fadlities to comply with
these requirements, section 7 definesthe test proceduresto beused after ingalationand to performroutine
maintenancechecks, and section 8 providesatrouble shooting guide to assist inhandling problemsthat may
arise during an upgrade process.

1.3.2 Verification Requirements

Many places in sections 3, 4 and 5 contain a number in brackets next to the word "shall". These are
provided to identify the items for which some form of verification is required. Verification could take the
formof ingpection, andys's, demondtration, test, or sampletest. Verification of individud requirementsmay
be a part of the find acceptance tests or may be performed as a pre-test during the ingtallation period, as
identified in section 7.4. Each numbered shall is referenced in table 1, where the specific verification
requirementsfor each aretabulated. Section 7.4 dso providesmoredetailed descriptionsof theverification
requirements and defines the code letters used in table 1.



SECTION 2

REFERENCE DOCUMENTS

2.1 DOCUMENTS

Thefollowing documents provide theory, principles, and gpplication steps and procedures in the areas of
grounding, bonding, and shidding:

1.

5.

6.

MIL-HDBK-419, Military Handbook dated 1-82: Grounding, Bonding, and Shidding for
Electronic Equipment and Facilities

MIL-STD-188-124A, Military Standard dated 2-84: Grounding, Bonding, and Shielding for
Common Long Haul/Tacticd Communications Systems, induding Ground Based
Communications-Electronics Facilities and Equipments

Federal Information Processing Standards Publications (FIPS PUB) No. 94, Nationa Bureau
of Standards dated 9-21-83: Guideline on Electrical Power for ADP Ingtallations

Nationa Fire Protection Association (NFPA) No. 70, Nationa Electrica Code
NFPA No. 78, Lightning Protection Code

MIL-F-29046(TD), Hooring, Raised, General Specification For

Item 1 above isthe primary reference for this document. Users requiring additional details or theory for
the procedures and practices defined herein shoud consult that document, unless another document is
gpecificdly cited inthistext. All therequirementsin this stlandard arein agreement with reference 1, except
for the fallowing:

The spacing of air terminals on flat roofs, paragraph 1.3.2.1.2 of volume 2, is
not salf-consstent. This standard uses the equation derived for the spacing
of ar terminals and the coverage so provided, but not the specific spacings
cited in parts"'c" and "€’ of the paragraph which areillugtrated in figure 1-18.

2.2 SOURCES

Military Specifications, Standards, and Handbooks may be obtained from:



Nava Publications and Forms Center
Attention Code 3064

5801 Tabor Ave.

Philadelphia, PA 19120-5099

Federa Information Processing Standards Publications (FIPS PUB) may be obtained from:

Nationd Technica Information Service
U.S. Department of Commerce
Springfield, VA 22161

Publications of the National Fire Protection Association (NFPA) may be obtained from:

National Fire Protection Association, Inc.
Batterymarch Park
Quincy, MA 02269

2.3 CONFLICT RESOLUTION

If any conflict is found between the requirements of this standard and the reference documents identified
in section 2.1, the requirements of this standard take precedence. In the event of conflict between this
document and any specification or other document into which it is incorporated by reference, the
Contracting Officer's Technica Representative must

decide the order of precedence.



SECTION 3

BASIC REQUIREMENTS

3.1 APPLICATION

A grounding system must be inddled at each NESDIS fadility that houses or is intended to house
communications, computing, or other eectronic equipment. All eectrica and eectronic systems must be
attached to the grounding system with low impedance connections, in accordance with the requirements
of the applicable paragraphs of this document. The ground system must dso be connected to al metdlic
structures, provided they can be accessed in a reasonable manner, and without damage to their strength.
This design standard isto be gpplied to dl such facilities and systems.

3.2 DEFINITION OF COMPONENTSUSED
The following paragraphs identify and define the component parts to be used in the grounding system.
3.2.1 Vertical Ground Rods

All ground rods shdl[ 1] be copper clad sted and shdl[2] be 3/4 inch or larger diameter, and with alength
of 10 to 40 feet. They are to bedrivenverticaly into undisturbed earth, or earththat hasbeen compacted
and settled. The tops of the ground rods shdl[ 3] be between 1 and 2 feet below fina grade leve.

3.2.2 Horizontal Ground Conductors

Horizonta ground conductors shal[1] consist of No. 4/0 AWG bare copper cables, aminmumof 16 feet
in length, and shdl[2] be buried a minimum of two feet below find grade. They shdl[3] be run
perpendicular to an interconnecting cable, such asthe perimeter ground cable, or redidly from a snge
interconnection point. Horizonta ground conductors are permitted only when the use of vertical ground
rodsis not feasible due to geologica conditions or other subterranean obstructions at the Site,

3.2.3 Perimeter Ground Cable

The perimeter ground cable shdl[1] be aNo. 4/0 AWG bare copper cable, buried dl the way around the
perimeter of one or more structures and with its two ends fused together to completely encircle the
structure(s). Theactud route taken around astructure must be acompromise between thefollowing needs:

1. Toensurethat dl precipitationsoaks the soil around the cable, locate it 2 to 6 feet outsdethe
drip line of the structure. This includes kegping to a minimum those parts of the cable that are
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routed under roads, wakways, or other areas covered by material water can not penetrate.

2. To minimize the impedance of the cable, diminate as many bends as possble. When
necessary, bends should be of the smallest angle and the largest radiusthet is practical.

3. To keep the cable length as short as possible.

The contractor shdl[2] submit a diagram for the approval of the Contracting Officer's Technica
Representative, showing the compromises proposed.

The perimeter ground cable shdl[ 3] be buried between 1 and 2 feet below find gradelevd. It shdl[4] be
bonded to any incidentd, buried, metal structures that are within 6 feet of the perimeter ground cable
through a No. /0 AWG bare copper cable, which must be routed in the shortest possible path from the
perimeter ground cable to the metal structure.

3.2.4 Ground Terminal Plate

The ground termind plate shal[ 1] be solid copper and aminimumof 1/4 inchby 2 inchesby 6 inches. This
gze shdl[2] beincreased, if necessary, to dlow connection of dl the cables that may be required in the
specific gpplication, plus a least 25 percent extrafor future expansion. Each plate shdl[3] beingdled in
an dectricd service wdl large enough to alow easy connection of additiond cables and easy access for
test purposes.

3.2.5 Interconnections

Unless otherwise specified inthis document, dl interconnections betweenthe parts of the grounding system
shal[1] be made by No. 4/0 AWG or larger, bare copper cable, buried between 1 and 2 feet below find
grade level.

3.2.6 Bonding

Unless otherwise specified, dl connections required by this standard shdl[1] be made through a fuson
process, suchas cadwelds, brazing, or other process which causesthe conductors to be melted and fused
into a solid homogeneous mass. Thisis the only method that may be used to join dissmilar metals. Each
such junction of dissmilar metds shdl[2] be coated whennecessary to prevent corrosion due to moisture.

When damping is permitted, the connection shall[3] be easly accessible for ingpection and test, by
providing an eectrica service wdll, if necessary, to dlow access below grade level. If connection is
required between a pipe carrying aflanmable substance, suchas ail or natural gas onwhichfusoncannot
safely be used, and the copper ground system; the pipe shdl[4] be wrapped with a band of smilar metd,
that has been bonded previoudy to a copper cable, and clamped to the pipe. All dlamped connections
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shdl[5] be able to withstand a pull test of 200 Ib minimum, except for clampson waveguide. Conductive
adhesive may aso be used, provided the current capacity of the joint shall[6] be not less than the current
capacity of the smdlest of the conductors being joined.

3.2.7 Air Terminals

Air terminas shdl[1] be made of solid copper or bronze, shal[2] be no lessthan 1/2 inch in diameter, a
minmumof 2 feet inlength, and extend at least 1 foot above the object being protected. Airterminasover
24 inches high shdl[3] berigidly supported at a point not less than one half their height.

3.2.8 Roof Conductors

Roof conductors shdl[1] be routed around the perimeter of a flat roof or dong any ridges on the roof.
They shdl[2] be No. /0 AWG copper cable, which shal[3] be insulated to prevent corrosion between
dissmilar metds wheningadled onameta roof. Roof conductors shall[4] beingdledinarectangular grid
layout, inddethe perimeter roof conductor, witha maximum spacing betweenany two pardle internd roof
conductors, or between aninternd roof conductor and apardld portion of the perimeter roof conductor,
equd to the spacing between the air terminas, dong one axis of the rectangular grid, and three timesthe
gpacing betweenthe ar terminds, dong the other axis of the rectangular grid. Theroof conductorsshal[5]
be clamped or bonded at each crossover and to the perimeter roof conductor at each end and to the ar
termind at that point. If necessary, due to a change in spacing between the air terminds for example, an
interna roof conductor may be terminated in abond to another internal roof conductor.

3.2.9 Down Conductors

The down conductors connect the roof conductors to the perimeter counterpoise. They shdl[1] be No.
1/0 AWG copper cable, which shdl[2] be insulated to prevent corroson between dissmilar metds, if
ingalled where contact is possble with meta sding or other metalic objects.

3.2.10 Chemical Treatment

When chemica trestment is required, magnesium sulphate, MgSO,, aso known as epsom sdts, shdl[1]
be used.

Chemicd trestment of verticad ground rods is to be accomplished by digging a trench around the top of
each vertica ground rod. The average dimensions for each trench shdl[2] be an inner diameter of 18
inches, adepth of 12 inches and awidthof 12 inches. A service wdl for inspection purposes shdl[3] be
placed around each ground rod treated with chemicals.

Chemicd trestment of horizonta ground conductors is to be accomplished by digging a trench directly
above each horizonta ground conductor. Each trench shdl[4] average 6 inches deep, 1 foot wide, and
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16 feet long. A service well shal[5] be placed at the center of the horizontal ground grid where the
horizontal ground conductors are connected together to alow inspection of the conductors and the
magnesum sulphate. The quantity of magnesium sulphate used shdl[6] be sufficent to fill each trench a
least 75 percent.

Users are cautioned that the introduction of large quantities of a chemica substance into the environment
may require animpact statement. 1f necessary, copper sulphate, CuSO,, or cacium chloride, CaCl,, may
be used provided thearr impact onthe environment islessthanthat of the magnesum sulphate. Alternatively,
anon-dispersive conductive gel may be used.

3.2.11 Signal Reference Grid

The sgnd reference grid is an gpproximation of an equipotentia plane to provide a ground reference for
al sgnd and control lines. A sgnd reference grid shall[1] be indadledindl areas of any NESDI S facility
containing more than two racks or cabinets of communications or computer equipment. The grid shdl[2]
conss of aNo. /0 AWG bare copper cable routed around the perimeter of the area where the grid is
required, withitstwo ends bonded together. At intervasof not morethan 2 feet, other conductorssndl[3]
be routed directly between opposite sides of the perimeter cable, fused toit, and connected to each other
at each intersection. Non-metalic conduit shal[4] be used to route the cablesthroughwalls or partitions.

The sgnd reference grid may be located under araised (computer) floor, in or on a floor, or suspended
above the equipment. Under some conditions, araised floor may be made part of the signal referencegrid.

The 2 foot conductor spacing defined above provides an adequate equipotential plane for frequencies up
to goproximately 50 MHz, sne wave, or 10 Mbps, digitd. For areas where higher frequencies are of
interest, closer spacing may be necessary, i.e., So the Sze of the openingisequal to or lessthan one eighth
of awavelengthat the highest frequency of interest. However, dueto the highreative difficulty in providing
such closer spacing in an exiding facility and the comparatively smdl areain which such frequencies are
used, it isrecommended that thisnot be done unlessinterference problems are shown to exist whichinvolve
such higher frequencies.

3.2.12 Electrical Service Wdl

An eectrica service wel is a hole in the ground to alow access to eectrica connections for test and
ingpection as part of along term maintenance plan. A well is required whenever a connection is made
bel ow grade level usngacompressionor damping bond or as otherwise stated herein. The top of the well
shdl[1] beleve with, or above grade, and the bottomat least 6 inches below the leve of the object to be
inspected. The sides may be round, square, hexagonal, or octagona. It shal[2] be made of a non-
conductive materid, and shdl[3] be able to support the stresses that may reasonably be expected to be
placed on it, in its gpedific location. The well shdl[4] have a removable cover of competible strength.
Cable entrance shdl[5] be through holesin the wall of the well, large enough to accept a cable of at least
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2inchesindiameter. Eachwell shdl[6] have at least 8 such holes, or break-out areas, so cables may enter
with minimum bending.

3.2.13 Cable Entrance Plate

The cable entrance plate is a metal plate, mounted in or on the wall of a building or antenna mounted
equipment room, through which the waveguides, cables, metd pipes, and metal conduits which enter that
building or equipment room must pass. When these items are run outside of equipment rooms, they will
tend to pick-up voltages and currents from undesired sources. The purpose of the cable entrance plate
isto keep these induced voltages or currents outside the equipment rooms, as much asis compatible with
the congtruction style of the structure involved. |If the construction style of the wall to be penetrated
provides sgnificant shielding of the interna space, the cable entrance plate shall[1] bemadefrom ameta
that is compatible withsuch shidding materids and be bonded to them, continuoudy if possible, al around
the edges of the cable entrance plate. If the wal does not provide any significant shielding, the cable
entrance plate is not required.

All waveguides, cables, metd pipes, and meta conduits that pass through a cable entrance plate shdl[2]
have their outer surfaces bonded to that plate, provided the outer surface is a anomina ground potentid.
The bond shdl[3] be continuous dl around the perimeter of the item passing through the plate and shdl[4]
be made by weding, brazing, soldering, other exothermic process, by means of a feed-through connector,
or as provided in section 4.3.4 of this sandard. The procedure chosen for any specific case shdl[5] be
the one that does not damage the item passing through the plate and which will produce the longest lagting
and lowest resistance bond for the particular materids to be bonded.

The cable entrance plate shdl[6] be Sized so that there is a least 6 inches of clearance between the edge
of the plateand dl of the items passing through it. The cable entrance plate may be part of abox, vault or
other structure, used to facilitate ingtalation and maintenance of cables where they enter a building.

3.3 DEFINITION OF SPECIAL TERMS
3.3.1 Zoneof Protection

In this standard, the concept of atal object protecting nearby, shorter objects from lightning discharges,
isreferred to as a zone of protection. Research has shown that the length (R) of the find step of the leader
in alightning drike (R) is generdly 100 feet or more. It can therefore be shown that the zone of protection
concept isvdid only when the height of the "tal object” isequal to or lessthan R feet above the leve of the
earth'ssurface, or above an effective ground plane, which extends at least R feet out from the base of the
tall object. Objectsgreater than 100 feet highwill only provide azone of protection equa to that of a 100
foot high object, if the find leader step is100 feet. For the percentage of lightning strikesin which thefind
leader step isgreater than100feet, ataler object will provide a correspondingly greater zone of protection,
proportional to the actua leader step length. At thistime, no data exists on the probability that alightning
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drike may have afind |leader length of any specified vaue greater than the minimum. Therefore 100 feet
is used throughout this standard.

The zone of protection provided by asngle obj ect, is defined as the space enclosed by aright circular cone
with its axis coincident withthe tal object and its gpex at the top of the object. The doping surface of the
coneisformed by an arc with aradius of 100 feet, tangent to the earth's surface at one end, and passing
through the top of the object at the other end. Where two or more protecting objects are used, the same
concept is applied, however, in this ingance, both ends of the arc defining the protected volume must
terminate at the top ends of the protecting objects, or at the 100 foot point, whichever islower. Thebasc
equations derived from this concept are givenin gppendix A and afull explanation, induding the derivation
of these equationsis published in MITRE Technical Report No. MTR-89W00206 entitled Cal culating
Lightning Protection Zones.

3.3.2 Minimum Sope
Thetermminimumd opeis defined as the angle between the edge of the cone definedin3.3.1 and avertica
line at the point where the cone touchesthe tip of the air termind, madt, etc. If the height of the protecting
object isH, and H islessthan 100 feet, this dope is given by:

sn?((200 - H)/100)

Thisprovidesasmple, conservative estimate of the zone of protection given by asingle air termind onits
own. The derivation of this equation will dso be given in the above report.

3.3.3 Structure

In this standard, a structure is any object which supports or contains equipment used by NESDI'S for
computing or communicating.

3.3.4 Group of Structures
A group of structuresis any two or more structures that arelocated so the draight line distance of closest
approach to each other is 20 feet or less, or when one or more structures is within, or partly within, the
zone of protection of another.

3.3.5 Distance M easur ements

Unless otherwise stated, dl distances given in this document are to be measured aong the route a cable
takes or isintended to take, not the straight line distance.

3.3.6 Conductor Sizes
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Whenever aconductor Sze isspecified in this document, it means that it is the minimum Sze acceptable for
the specific gpplication. A larger Sze conductor is aways acceptable.

3.3.7 Paralld Connections

Many of the requirements in this standard specify the ingdlation of cables or wires that create parallel
conducting paths, from item toitem, and structure to structure, at aste.  Unless otherwise stated herein,
combining the requirements of severd paragraphsinto one physica wire or cable is not permitted. The
needs of each individud requirement must be met by a unique conductor. For example, the required
connectionsfor the power ground systemmay not "share" the connections required for the equipment room
ground system, nor may the requirement to connect the power system ground at a remote structure to the
power systemground at the primary structure, "share”’ any conductor withthe requirement to interconnect
the perimeter counterpoise of each structure.
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SECTION 4

GROUNDING SYSTEM COMPOSITION

The grounding system at eschNESDI Sfadility must consst of one or more of each of the following parts:
1. Perimeter counterpoise
2. Ground termind plate
3. Lightning ground sysem
4. Equipment room ground system
5. Power ground system

6. Interconnections between these ground systems

4.1 PERIMETER COUNTERPOISE

The perimeter counterpoise (PCP) shdl[1] consst of a perimeter ground cable and two or more vertical
ground rods. The ground rods shdl[2] be evenly spaced dong the perimeter ground cable at intervas of
between 1.5 and 2 times their length. The tops of the ground rods shdl[ 3] be directly under the perimeter
ground cable and shdl[4] be bonded directly toit. The ground rods shdl[5] be long enough to maintain
contact with damp or moist soil year round, or else awaiver must be obtained.

4.1.1 Adjacent Structures

Structures within 20 feet of each other at their nearest points shall[1] share the same PCP, preferably
routed around the combined perimeter of the structureswithout any internd cross-connections. However,
suchinterna connections are not prohibited, provided the outer-most cable meets the requirements of this
sandard. It istherefore not necessary to remove any of an existing PCP when it is extended to include a
new adjacent structure.

Structures separated by more than 20 feet, but with one inside the zone of protection of another, may be
included withinthe same PCP.  Alternatively, they may each have their own PCP, joined to each other by
two interconnecting cables. If more than two structures exist with overlapping zones of protection, each
PCP shall[2] be joined to &l adjacent PCPs.
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The requirements for interconnecting the PCP's are depicted in figure 1 and defined as follows:

1.

The points of connection on the smdler of the two structures shal[3] be a the extreme ends
of that sectionof its PCP that is closest to the larger structure. If the direct path from suchan
end point is obstructed, the connection may bemadeat an internd point where amore direct
routing is possible. See note 3 of figure 1.

The points a which the joining cables are attached to each PCP shdl[4] be separated by at
least the distance equal to the spacing betweenground rods, or, if the spacing betweenthe rods
isgreater thanthe lengthof the side closest to the other structure, the connection pointsshal[5]
be within 1 foot of each corner of the PCP.

The cable shdl[6] be routed in a Sraght line over the shortest possible distance, unless an
increase of 10 percent or less in the cable length will alow the connection to be made to a
ground rod, instead of the perimeter ground cable.

If the PCP of one structure is rounded, or at anangle to the other structure, the minimumlength
connection is only possible at the Sngle point of closest approach. Inthiscase, thetwo points
of atachment shall[7] be separated from each other by aminimum of 6 feet. This separation
shdl[8] beincreased until the incrementa increaseinthe separationisless than the incrementa
increase in the length of the connecting cable.

If structure A must be joined to Structure B because of an overlapping cone of protection and
Structure A must be joined to structure C because of other connecting cables, then structure
B shdl[9] bejoined to structure C.

Structures separated by distances greater than defined above must be treated as separate
structures or groups.

412 Resistanceto True Ground

The resistance betweenthe PCP for any structure, or group of structures, at asite, and true ground shdl[1]
be 5.0 ohm or less. Thisresstance must be measured, for eachindividud PCP in isolation, using the test
procedures provided in paragraph 7.2.

4.1.3 Achievement Methods

The required resistance between a PCP and true ground may be achieved by the following methods, in
order of preference:

1.

Use rods longer than the 10 foot minimum, but not exceeding 40 feet in length.
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2. Usethe vertica rods a the minimum spacing.

3. Add chemicd treatment to the rods.
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4. Add verticd rods, outsde the basic PCP, at the minimum spacing.
5. Use horizontal ground conductors, aswell as, or instead of, the vertical ground rods.
6. Add chemicd treatment to the horizontal ground conductors.

4.1.4 Selection Criteria

Thefallowingfactorsshould be cons dered when determining the method to be used to achieve the required
resistance to true ground.

1. The ground rod should make contact with the water table throughout the year.
2. At least 50 percent of the ground rod should be below the frost line.
3. Underground rock formations, if present, may limit the depth to which the rods canbe driven.

4. If no other dternative providesthe required resistance to true ground, the ground rod spacing
may be either or both wider or narrower than the standard spacing.

415 Structural Steed Columnsand Other Building Metal

When the PCP dissipates the energy in alightning strike, al the conductors connected to it are raised to
some high voltage, due to the finiteimpedance of the grounding system. Any item connected between one
of these conductorsand any other conductor normally at ground potentid, but not connected to the same
PCP, will have this high voltage applied across it. This will cause a hazard to both personnel and
equipment.

The procedure that provides the greatest safety isfor dl structurd sted, and any other conducting items
in the structure, such as water pipes, ducts, etc., and to conducting items buried inthe vicinity of the PCP,
be made a part of the ground system by connecting it to the PCP. If this preferred procedureisfollowed,
any metdlic object that is at anominad ground potential and comeswithin 10 feet of any PCP or the cables
which interconnect them, shdl[1] be connected to that PCP or interconnect cable. In an old or shared
building, it is often difficult to be sure of the routing and interconnections made by al the metdlic objects
in and around the Structure. This could result insome objects not being connected to the PCP due to ther
existence being unknown, a lack of access without interrupting operations, etc. Every effort should be
made to determine the safest action in any specific set of conditions. If this preferred procedure is not
followed, the reasons shall[ 2] be documented and approved by the COTR.

Whenit isdecided to make these interconnections, the cable used shdl[ 3] beaNo. 1/0 AWG barecopper
cable, [4] bonded at each end, and [5] routed between the metal object and the PCP in the shortest
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possible manner.
4.2 GROUND TERMINAL PLATE

A ground termind plate must be clamped to the PCP wherever needed to dlow connections to other parts
of the ground system that must be removed for test purposes.

4.2.1 Connection tothe PCP

When required, this connection shdl[1] be made by damping the plate directly to aground rod, or by
damping the plateto a short length of No. 4/0 bare copper cable, whichisbonded to the ground rod. The
cable shdl[2] be theminimumlength necessary for accessto disconnect and visudly inspect the parts. That
rod and the ground termind plate shdl[3] be in an dectricd service well large enough to dlow easy
inspection and test, as well as the necessary access to make the connections to the ground termind plate.

4.2.2 Connectionsto Other Cables

At fadilities with many dructures, e.g., the CDA dations, it is necessary to interconnect the PCP's of the
various structures, or groups of structures, and aso to be able to isolate them from each other, so that
maintenance measurements may be made. All such connectionsto the PCP's musgt be made via one or
more ground termina plates.

At these sites, dl down conductors shal[1] be bonded directly to the PCP, except if a down conductor
is aso an interconnect to asignd reference as required by subsection4.4.6, item 4a. All other cables that
arerouted to the PCP shdl[2] be connected viathe ground termind plate. These cablesshdl[3] berouted
to acommon ground termina plate, whenthe additional length of cable required, above the shortest, most
direct route, isnot morethan 10 percent of itslength. If thisrouting would increasethe lengthof any cable
by more than 10 percent, an additional ground termind plate shadl[4] be ingtdled. The location of dl
ground termind plates shdl[5] be such that the total number required is minimized.

At fadlitieswithonly one structure, or group of structures, e.g., Federal Building4 at Suittand MD, no such
disconnect isrequired and dl connections may be made by bonding directly to the PCP.

4.3 LIGHTNING GROUND SYSTEM

A lightning ground system must be ingtdled on each dtructure that is not entirdly within the zone of
protectionof another structure. Structures that are partly within suchazone of protectionmay ill require
some parts of the lightning ground system, as designated herein. Thelightning ground systlem must provide
asdirect as possble apath to ground for dl lightning induced currents.

The lightning ground system consists of air terminals, roof conductors, and down conductors. The
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requirementsthat define how these componentsare incorporated into the system are given in the following
paragraphs and illustrated with various examplesin figures 1, 2 and 3.

4.3.1 Air Terminal Mounting

Whennot within the zone of protectionof another structure, ar terminas shal[1] be permanently and rigidly
attached to the roof or upper walls of abuilding, or at the highest point(s) of a tower or antenna, so that
thetips of the air terminas are at the desired height, or more, above the structure, or any other objects
mounted on the top of such structure.

Mounting to structural metd is permitted, provided dl structural metd and dl conductive items within 6 feet
of any structura metd arebonded together to form part of the lightning protection systemand, for antennas,
that any bearings are bridged by suitable jumpers, as defined in subsection 4.3.3.3. Air terminds shdl[2]
be mounted so they do not interfere with the operationof antennasor lighting fixtures, but protrude above
dl objects by the designed amount. Examplesof acceptable mountsfor buildingsare shown infigure 3.10-
1 of NFPA 78, Lightning Protection Code.

If meeting al the requirements of section 4.3 would cause interference to, or degradation of, the normal
operation of any equipment at a facility, an additiond structure shdl[3] be built to provide the required
lightning protection without the undesired effects.

4.3.1.1 Roof Mounting

The preferred method of attachment to buildings isto use lagboltsinto masonry or concrete. Through bolts
are dso permitted. Either method must have at least 6 feet of clearance between dl the conductive parts
of the atachment device and any other conductive materia that is not part of the lightning protection
sysem.

For doping roofs, air terminas shdl[1] be placed ascloseas possible to, and in any case within 2 feet of,
each end, or each corner, of the peak of the roof. Thisis the minimum requirement. The ar termind
gpacing dong the peak of the roof shdl[2] be such that the maximum distance between them is no greater
than 28 feet if the air terminals project 1 foot above the level of the roof peak, 40 feet for a 2 foot
projection, or 48 feet for a3 foot projection. Thiswill provide sufficient protection, provided the sope,
from the tip of the ar terminds to the building edge, including any protrusions (e.g., dormer windows,
chimney, vent pipe), is less than the minmum dope. If it is greater than the minimum dope, the more
accurate caculation given below must be made, and the locations modified to comply with the results.

Onfla roofed structures, ar terminds shdl[ 3] be mounted at each corner, dong each edge of the roof, and
in asguare pattern over the rest of the roof. Air terminas at the edge and corners of the roof shal[4] be
mounted as close as possible to the outermost edge or corner, and in any case, within 2 feet of that edge
or corner. The maximum length of the Sde of any such square pattern shal[5] be 20 feet if thear terminds
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project 1 foot above the leve of the roof, 28 feet for a2 foot projection, or 34 feet for a 3 foot projection.
The minimum requirement shal[6] be two ar terminds at diagondly opposite corners, projecting 1 foot
above theroof line or anything mounted on the roof. Thisis adequate provided no wall of the structureis
greater than 14 feet long. Figures 2 and 3 show some generd examples of these requirements.
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The above requirements are pecific ingtances of the following general equation, which shal[7] be used
whenever necessary to determine the protection range of any air termina, provided only that H does not
exceed 100 feet.

S=(200H - H?)Y2
Where:

S= The protection range, i.e. the horizonta distance from an ar termind to the point where
protection isdesired. Thisisnormally the upper surface, such as the roof of a building, or
the highest point of an antenna or support pole where protection is required from a direct
lightning drike.

H = The haght of the top of the ar terminal above the roof or the highest surface on the
protruding object.

If a square pattern of ar terminals does not economicaly cover the roof area, arectangular pattern may
be used, provided the above equation is used to ensure the center of the rectangles are protected by the
ar termina height and spacing to be used.

Whenthere are other items onthe roof whichproject above the roof surface, such as a sair well entrance,
a chimney, or an arr conditioner heat exchanger, the tops of these items shdl[8] be the reference plane
above whichthear termindsmust protrude, as defined above. The additiond height thet thesear terminas
are above the main roof surface may enable themto protect alarger areaof the roof, adjacent to the roof
mounted items. The protected area is defined by the above equation, applied to each surface in turn.

4.3.1.2 Towersand Masts

Air terminds on towersor masts shdl[ 1] be mounted directly to the Structural metd, or shal[2] be bonded
to it by aNo. 6 AWG bare copper cable in the shortest possible distance. Only oneair termina and one
down conductor isrequired per tower or mast, unless otherwise recommended by the manufacturer, or
unless more are needed to protect equipment mounted on the tower or mast. If the sructural metd of the
tower or mast isnot used as the down conductor, as provided in subsection 4.3.3.2, the down conductor
and the cable bonding the air terminal to the structurd meta shal[3] be one continuous conductor.

4.3.1.3 Antennas

Air terminds shdl[1] be mounted so that thetip of at least one ar termind is the highest object on the
antenna, for any direction in which the antenna can be oriented.
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4.3.1.4 Partial Protection

If one structureis partly, but not completdy within the zone of protection of another structure, the need for
some of the ar terminds may be diminated on the partly protected structure. An air termina may be
diminated only if the area of protection it would have provided istotaly covered by other ar terminds.
If any ar terminas are required on a structure, the interconnecting roof and down conductor must still be
provided, as specified below.

4.3.2 Roof Conductors

A continuous roof conductor shal[1] be routed around the perimeter of aflat roof and dong the ridge on
aridged roof. There shdl[2] be at least two current paths from each air termind to ground. Any internd
ar terminds shdl[ 3] be connected together by other roof conductorsin agrid layout, with each end of the
interna roof conductors bonded to the perimeter roof conductor. The maximum size of the grid shdl[4]
be equd to the spacing of the ar terminals, inone dimengon, and threetimesthe ar termind spacinginthe
other dimension. The conductors shal[5] be bonded or clamped at al crossover points.

Asalast resort, isolated air terminals may be connected to the grid, or a down conductor, by a dead end
cable no morethan 16 feet long. This should only be necessary on structures with anirregular outline, and
such usage must be kept to the minimum possible,

All the conductors shdl[6] beruninas sraight aline as possible, on the surface of the roof. Thereshdl[7]
be no turns of more than 90°, nor with lessthan an 8 inch radius at any point in any roof conductor run.
If it is necessary to meet this requirement, the roof conductors shal[8] be run through walls, cornices,
parapets, etc., usng a non-conductive, nonHflammable duct. All roof conductors shal[9] be securely
fastened to the object on which they are placed, at intervas of not more then 5 feet. The fasteners may
be attached by bolts, screws, nails, or adhesive and shal[10] withstand a 200 Ib pull without loosening.
They shdl[11] be made of amaterid that isat least as equaly resstant to corrosion as the conductor and
which does not form an dectrolytic couple with the conductor or any other metal with which it may be
placed in contact.

When two roof conductors meet in acrossover or a"T" type intersection, they shdl[12] meet at asharp
90° angle, i.e.,, no bending of either conductor is required. (Seefigure 4)

4.3.3 Down Conductors

Down conductorsshdl[1] berunin as sraight aline as possible and located so as to minimize the number
of bends required. There shdl[2] be no turns of more than 90°, nor with less than an 8 inch radius a any
point in any down conductor run. Where possible, the down conductors should be run on the surface of
the structure, but may be run through walls, cornices, platforms, balconies, etc., to avoid sharp bends.
When thisis necessary, the conductor shdl[3] be run in a non-conductive, non-flammable duct.
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The down conductors shal[4] be securely fastened to the object on which they are placed, a intervas of
not more then 3 feet. The fasteners may be attached by bolts, screws, nails, or adhesive and shdl[5]
withstand a 200 Ib pull without loosening. They shdl[6] be made of a materid that isa least asequdly
resstant to corrosion as the conductor and which does not form an eectrolytic couple withthe conductor
or any other metal with which it isto be placed in contact.

4.3.3.1 Down Conductorsfor Buildings

There shdl[1] be a minimum of two down conductors on dl buildings, unless the structural metd isused
as the down conductors. Down conductors shdl[2] be located:

1. At the diagondly opposite corners of square or rectangular structures, and symmetricaly
digtributed around cylindrica structures

2. Onirregularly shaped buildings, eg., L, T, or E shapes, at the two corners separated by the
greatest distance

3. So that the down conductors may be conveniently attached to roof conductors and to the PCP
4. So that the down conductors are aways routed downward, with aminimum of horizonta run

The spacing between down conductors shall[3] be a maximum of 100 feet, measured aong the perimeter
roof cable. The down conductors shall[4] be equaly and symmetricaly spaced dong the perimeter of the
structure, except smal variations are permitted to accommodate doors, windows, or conducting objects
that should not be grounded. Buildings higher than 60 feet shal[5] have one additional down conductor
for each additiona 60 feet, or fraction thereof, in height. Figures 2 and 4 also illustrate these down
conductor requirements.

If the structural metd is used as the down conductors, each riser shdl[6] be bonded to the PCP, in the
shortest, most direct manner, using No. 4/0 AWG bare copper cable.

4.3.3.2 Down Conductorsfor Towersand M asts

The structural metd of towers or masts may be used as the down conductors, provided each joint in each
leg and mgor cross member can maintain eectrical continuity under dl conditions of use. If nat, thejoints
may be bridged by minimumlength No. 1/0 AWG or larger copper cable, bonded to the Sructureoneach
sdeof each joint that requires bridging. Alternatively, aNo. 1/0 AWG insulated copper cable shdl[1] be
run from top to bottom of the structure and extended to connect to the PCP for the structure. The down
conductor shdl[2] be bonded to the top and bottom of the Structure.

If the tower or mast has a single support point, an additional No.1/0 AWG copper cable shal[3] be
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bonded to the structure, opposite the point where the down conductor is bonded to the structure, and
connected to the PCP inthe shortest, most direct manner. If the tower has multiple legs, each shdl[4] be
connected to the PCP in the same way. Circular towersshdl[5] be connected to the PCP by afour No.
1/0 AWG bare copper cables, spaced at 90 degrees around the circumference.

4.3.3.3 Down Conductorsfor Antennas

On antenna structures, the air terminals shall[1] be connected together by the shortest possible runof No
1/0 AWG insulated copper cable which does not interfere with the performance of
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NOTES:

1.

Ground rod spacing is shown at 20 feet, equad to twice a 10 foot rod depth, as
required for the PCP per subsection 4.1.

Air terminads st in asquare grid patternwiththe sdes 34 feet long. This assumes
an ar termind protrusion of 3 feet above the surface of the roof or items mounted
on the roof.

The spacing of the roof conductors is shown at maximum, i.e., three times the
pacing of the ar termindsin one dimension and equd to the air termina spacing
in the other dimension.

Maximum down conductor spacing of 100 feet isshown. Thisis measured dong
the roof perimeter cable.

Trangtion between ar termind spacing of 34 feet and 20 feet. Coverage of the
roof in this areashould be checked by careful graphical layouts, or by applying the
equations given in subsection 4.3.1.1. Note that "T" connections for roof
conductors are permitted if necessary.

If amast wereto be erected beside this building, in the insde corner of the"L", so
asto provide a zone of protection from lightning strikes, as shown by the dotted
line, the air terminds shown with (6) beside them, would not be needed. Other air
terminds, which are dso located withinthe dotted circle, are dill required because
part of the area of the roof they protect falls outside of the dotted circle.

If thear terminals (6) are not required, thenthose portions of the roof conductors
shown with (7) beside them are aso not required. All the other sections are
needed to provide at least two paths to ground from al air terminds, or else they
are part of the roof perimeter cable, which must be retained in full.

Figure 4. Example Lightning Protection Layout for Large Buildings
(Concluded)
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the antenna, so that dl air terminals have at least two paths to the PCP. Two down conductors shdl[2]
be bonded to these interconnecting cables, routed down the antenna structure, as far from each other as
possible, and connected to the PCP. Under no circumstancesis any down conductor to enter the feed
box, vertex box, or other shelter housng eectronic or eectrica equipment that may be present on the
antenna structure.

Alternatively, dl, or any part, of these cables may be replaced by the Structurd metd of the antenna. This
isacceptable, provided the cross section of the meta that may carry the lightning induced currents shdl[ 3]
be at least twice that of the copper that would otherwise be used. All bearings shdl[4] be bridged by a
minimum practical lengthNo 4/0 AWG cable bonded to the structural metal on either side of each bearing.

There shdl[5] be 4 No. 1/0 AWG cables bonded to the PCP and to the outer most structural metal of the
base (fixed) portion of the antenna structure and equaly spaced around the antenna base. If down
conductors are used, two of these shdl[6] be a continuation of the down conductor. Antenna structures
that have a central "maypole’ type cable entrance, shdl[7] have these four cables run redidly from the
maypole to the PCP, at 90° spacing.

4.3.4 Waveguide, Coaxial and Shielded Cable Grounding

Each waveguide, coaxiad and shielded cable shdl[1] be bonded to the PCP of any structurethat it enters,
and [2] as close as possible to the highest and lowest points that it reaches on any tower or antenna
structure to which it is atached. The bonds shdl[3] be made before the bend that directsthe waveguide
or cable away fromthe tower. |If the run on atower exceeds 200 feet, the waveguide or cable shal[4] be
bonded to thetower at additiona points so that the distance between any two bond points does not exceed
200 feet. Each waveguide or cable entering a large antenna structure shal[5] aso be bonded to the
sructureat the point at which it entersthe feed box, vertex box, or other equipment shelter mounted within
the antenna structure. Paragraph 4.4.7 also applies.

Connection to the waveguide or cable shal[6] use ground kits supplied by its manufacturer, if available.
Otherwise connectionto rigid waveguide shdl[ 7] be madeusngaNo. 6 AWG bare copper cable bonded
to a lug mounted under a flange bolt, or by wrapping a copper ground strap around the waveguide and
clamping themfirmly together, but without distortingthewaveguideshape. A minimum length pigtail shal[8]
be l€ft to the tower metd, entrance plate, or interconnecting cable. Connection to dliptica waveguide, or
coaxia or shielded cable, shdl[9] be made by tightly wrapping a minimum of three turns of bare copper
braid, at least one inch wide, around the waveguide or cable, a a point where the outer sheath has been
removed, exposing the outer conducting surface. Thisjoint shall[10] thenbe clamped, taped, and sealed,
leaving a minimum length pigtail of flattened braid to be bonded to the tower metal, entrance plate, or
interconnecting cable. Other acceptable grounding methods are given in MIL-HDBK-419, paragraphs
1.3.3.3.and 1.3.34.

Individua connections shdl[11] useaNo. 6 AWG copper wire, if its length does not exceed 12 inches.
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If a longer length is needed, a No. 1/0 AWG copper cable shdl[12] be used. Multiple waveguide or
cables may be jumpered to the one No. 1/0 cable using No. 6 or larger wire. Waveguide or cables
entering an enclosure shdl[13] pass through an entrance plate and begrounded to it. The plate shdl[14]
be grounded to the PCP for the Structure by the shortest route, using aNo. /0 AWG cable,

The generd direction of the waveguide and cable grounding components on the outside of an enclosure,
shdl[15] dways guide lightning induced currents towards the PCP, i.e., the placement of al connections
and therouting of al cables must not attempt to route the current back on itsdlf.

Waveguide and cables shdl[16] aso be grounded to the signd reference grid, using these procedures and
the requirements of paragraph 4.4.4. In some ingtances, this may require attaching two ground kitsto a
cable withinafew inchesof each other. However, both are necessary and must be separately ingtalled and
connected, one outside the wall and the other insde the equipment room.

If any cable has more than one shidd, or if a shidded cable in run ingde a metd pipe or metal conduit,
these requirements apply only to the outermost item providing the shidding. The other shidds may, but
need not, be connected aswel, depending onthe source and strengthof the interference againgt whichthey
are intended to protect the conductors inside each shield.

44 EQUIPMENT ROOM GROUND SYSTEM
4.4.1 Signal Reference Grid

A sgnd reference grid shdl[1] be formed by routing, onthe sub-floor, aNo. /0 AWG bare copper cable
around the perimeter of the entire equipment area. The cable shdl[2] be continuous withboth ends fused
together, forming acomplete loop. At intervas of not morethan2 feet, No. 4 AWG conductors shal[3]
be routed across the area, fused to the 1/0 perimeter cable at each end and fused or clamped at each
intersection. If the conductors pass through any wadls or partitions they shdl[4] be bonded to any metdlic
itemsthat are in the wal and within 6 feet, or the reference grid cable shal[5] be enclosed in non-metalic
conduit. 1f routed under araised floor the support pedestals shal[6] be grounded to the grid at intervals
of 10 feet or less, by bonding the grid cable to the pedesta column.

4.4.2 Raised Floor as Reference Grid

If desired, the raised floor supporting structure may be used inplace of the above No. 4 AWG copper grid,
provided the following conditions are met.

1. The pedestds and stringers are bolted together usng soring washers or equivdent, and are

made of duminum, or tin or zinc plated sted, so that low resistance, long life, pressure
connectionscanbe made. Thedectrica res stance between anindividud stringer and pedesta
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dhdl[1] be less than 0.1 milliohm. Clip nuts and sheet metal screws must not be used.
(Reference MIL-F-29046(TD)).

2. Thejoint areas shdl[2] be clean and free from oxidation. A light coating of ajoint protective
compound shall[3] be used to protect the joints againgt oxidation after ingtalation.

3. TheNo. /0 AWG perimeter cable shdl[4] be bonded to the outer row of support pedestals
on dl sides of thegrid area. If any Sdeis greater than 20 feet, intermediate cables of No. 4
AWG shdl[5] be routed across the sub-floor and bonded to the perimeter cable, at intervas
of no more than20 feet. The routing shall[6] be dong the line of arow of support pedestas,
each of which shall[7] be bonded directly to the No. 4 AWG cable.

4. The ground connectionfromeach piece of equipment inthe roomto the grid, and fromthe grid
to the perimeter cable, shdl[8] be made without joining dissmilar metds, except by afuson
process.

5. Therased flooring materials shall[9] conform to the requirements of MIL-F-29046, revison
2.

4.4.3 Other Reference Grids

If an exiding equipment area does not have araised floor, the Sgnd reference grid may be implemented
in @ther of the following ways

1. A grid shdl[1] beformed usng 1 inchwide by 1/16 inch copper strap with a center to center
spacing of not more than 2 feet, bonded at al intersections, laid on the exigting floor and
covered with carpet or tile. Accessshdl[2] be provided through the covering to allow ground
straps to be connected to the equipment.

2. A grid shdl[3] beformed usngNo. 4 AWG copper wirewithacenter to center spacing of not
more than 2 feet, bonded at al intersections, and suspended from the celling.

The perimeter wirearound the grid area shdl[4] beNo. /0 AWG. If the spacing of the conductorsisless
than 2 feet, their Sze may be reduced proportiondly, toaminimum of No. 14 AWG wire, or 1/8 inch by
1/16 inch strap.

4.4.4 Spacing Variations

If the exiging cabinets, racks, ducts, pipes, etc, in the equipment area, do not alow this spacing of the
conductors, the following modifications are alowed:
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1. Each bay or group of cabinetsor racks shdl[1] have the conductor run in front, behind and at
eachend of the bay and asclose as possible toit. If possible, intermediate conductorsshal[2]
be run between the conductorsat the front and rear of the racks of cabinets. If it canfit in the
available space, the conductor shdl[3] be the same sze as the conductorsin the grid. If not,
any conductor of No. 14 AWG or larger may be used.

2. Each cabinet or rack that stands done, shal[4] have the conductor runinfront, behind and at
each side.

3. Thedesired 2 foot maximum grid spacing may be increased to fit around obstructions, but to
the minimum extent possible.

445 Entranceto Signal Reference Grid Area

All items at anomina ground potentia, except the neutral and ground wires of the power system, shdl[1]
be grounded to the signa reference grid at the point where they enter the area of the Sgnd reference grid.
This applies to dl waveguides, coaxid cables, shieded cables, pipes, conduits, ducts, and cable trays,
except items that are run indde of other grounded conductors. For example, a coaxid cable with two
shields, must have the outer shield grounded to the signd reference grid, but need not have itsinner shidd
grounded at the same point, as long as the outer shidd is not terminated there and the inner isthenexposed
to contact with other objects. Multiple shielded pairs in a cable with an overdl shidd, and shielded or
coaxid cableswithin ametd pipe or ametal conduit, could be trested in the same manner.

If the entrance point is closer to the perimeter cable than it isto other items that must be connected to the
perimeter cable, the connection shall[2] be made directly from the item to the perimeter cable using No.
6 AWG copper wire, if further away, the connection may be made viathe closer item. If theitemisone
of agroup, dl theitemsin the group may be bonded to each other with aNo. 6 AWG copper wire, each
end of whichshall[3] be bonded to the perimeter cable. Alternatively, each item may be bonded, by aNo.
6 AWG copper wire, toaNo. /0 AWG jumper wire, whichisinturnbonded to the perimeter cable. The
total length of wire between any one item and the perimeter cable shall[4] be no more than 20 percent
longer than the straight line distance from the item to the perimeter cable.

If power digtribution equipment, which provides power to the equipment in the reference grid area, is
mounted in, or immediady adjacent to, asgnd reference grid, any digtributionboxes, conduits, pipes, and
any ground bus therein, shall[5] be connected to the grid by the shortest possible No. 6 AWG wire.

Items crossing fromone Sgnd reference grid area to another, shal[6] be bonded to eachat the respective
entrance points.

4.4.6 Interconnection of Signal Reference Grids
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If abuilding has more than one signa reference grid, they must be interconnected as follows:

1. Sgnd reference grids with less than 6 feet spacing between their adjacent sides shdl[1] be

combined into one grid with a Sngle perimeter cable. Gridswith larger spacing may aso be
combined, if desred.

. Signd reference grids on different floors of the same building, if they overlap in the vertical
plane, shdl[2] be connected at the corners of the overlapping area, with a No. /0 AWG
copper cable, by the shortest possble route. Additiona connections shal[3] be made, if
necessary, so that the distance between the connecting points on ether grid perimeter cable
is not greater than 20 feet, provided such additiona cables can be routed at least 6 feet avay
from, and are no more than 20% longer than, the cables connected to the corners.

. Signd reference grids on different floors of the same building, that do not overlap inthe vertical
plane, or onthe same floor but separated by morethan 6 feet, shdl[4] be connected by at least
two No. /0 AWG copper cables, routed betweenthe corners of eachgrid that are closest to
the other grid, by the shortest possble route. Additiona connections shal[5] be made, if
necessary, so that the distance between the connecting points on ether grid perimeter cable
is not greater than 20 feet, provided such additiona cables canberouted at least 6 feet away
from, and are no more than 20% longer than, the cables connected to the corners.

. The perimeter cable of each signd reference grid shall[6] be connected to the building PCP,
by the shortest, most direct route, with No. /0 AWG copper cables using the following
guiddines

a. Connections to the PCP shdll[ 7] be made from each corner of the grid perimeter cable.
Additiona connections shdl[8] be made, if needed, so that the distance between the
connecting points on the grid perimeter cable is 20 feet maximum.

b. Ifthereisalarge differencein the distancesto the building perimeter cable whenmeasured
from the different corners of the grid perimeter cable, the connections need be made only
from the two sides of the grid perimeter cable that are closest to the building perimeter
cable.

c. If thegrid perimeter cable is connected to another Sgnd reference grid, which is between
it and the building perimeter cable, and to which connection is made as required above,
additiona cables are not required in that direction to connect to the building perimeter
cable.

d. If any of these cables would come within 6 feet of a down conductor of the lightning
protectionsystem, the cable fromthe grid perimeter cable shdl[9] be routed directly to the
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down conductor and be bonded to it. If desired, the cables may be located so as to
maximizethese junctions withthe down conductors, provided the other requirementsof this
paragraph are met.

5. Ifany referencegridsare separated by too great a distance, or if the available routes for cable
interconnections are too few or too complex, so the above requirements seem unreasonable,
they may be reduced to asingle No. 1/0 AWG cable, provided awritten waiver is obtained
from the Contracting Officer's Technical Representetive.

If any of these interconnecting cables are located so that contact is possible with any other bare
interconnecting cable, or any other metdlic items, that connectionshdl[10] be bonded or clamped to make
a permanent connection.

4.4.7 Equipment Connections

Each equipment rack or cabinet shal[1] contain a ground bus clamped or bonded to it and to the sgna
reference grid a the closest point by aNo. 6 AWG copper wire. All equipment chassis within the rack
shall[2] be connected to the ground bus through a copper wire or braid of cross section equa to No. 12
AWG copper cable. The chassisjumper shall[3] be just long enough to dlow the access necessary for
maintenance, and shall[4] be clamped to the outside of the chassis, whenever possible.

Any individud item of equipment in an equipment room shdl[5] have its chasss directly connected to the
ggnd reference grid by a No. 12 AWG copper wire, or an equivdent strap or braid. This connection
shdll[6] be as short as possible.

Interconnections between individual equipments in an equipment room, using waveguide, coaxid, or
shielded cables, will normaly have their outer conducting surfaces grounded through their connections to
the equipmentsto which they are attached. No additiona grounding is required, provided the waveguide
or cables do not leave the equipment room. The practice of leaving one end of the shield of a cable un-
grounded, to prevent ground loops, €tc., is permitted asalast resort, and only for shielded cablesthat
do not leavethe area of thereferencegrid.

The requirements of this subsection are in addition to the requirements in subsection 4.5.3.
4.4.8 Electronic Equipment Mounted in a Feed Box or Vertex Box

All mounting hardware, grounding lugs, etc., shal[ 1] be surface mounted ontheingdeor outside of the feed
box, or vertex box. Penetration of the wal of the box is not permitted.

All waveguide, coax, and shielded cables shdl[2] be grounded to the outside of the feed box, or vertex
box, immediately prior to entry.
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All non-coaxid wires and cables which enter the feed or vertex box shdl[ 3] have anexternal shidd, or be
run in conduit or pipe. This shield, conduit, or pipe, and the outer conductor of coax cables and
waveguides, shdl[3] be bonded to the outer surface of the box so that the entire perimeter of the shield or
outer conductor and the outer surface of the box form a continuous conducting surface. Feed through
connectors may be used, if they can provide such bonds. If possible, these shields should be continued
ingde the box to the equipment chassis they are intended to serve and then be terminated on, or bonded
to, the outsdewall of the chassis. If possble, thisshould be done through the body of a suitable connector,
mounted on the equipment chassis, inwhichédectrica contact is made between the connector shdl and the
outside of the chassis.

All ground surfaces in the ingde of the feed or vertex box shdl[4] be madeinto an equipotentid plane, by
mounting equipment on common olid plates, multiple connections betweenthe plates, bonding equipment
grounds together uang wide straps, etc. If arack style is necessary to mount some equipment, it must
comply with the following requirements:

=

. Therack shdl[5] be located as close as possible to an insde wall of the feed or vertex box.

2. Itshdl[6] be bonded to the insde surfaces of the feed or vertex box at aminimum of 6 places.
Each area of contact between the rack and the feed or vertex box, shal[7] have a perimeter
of at least one inch, induding any intermediate item in the current path between the rack and
the surface of the box. If smdler items must be used, a bridging strap shal[8] be added with
aperimeter of at least one inch.

3. A ground bus shdl[9] be run at one side of the rear of the rack and bonded to it at top and
bottom. The bus shal[10] be copper or brass with a minimum cross section of 1 inch by 1/8
inch. 1t shal[11] bedirectly connected to theinside surface of the feed or vertex box by aNo.
1/0 AWG copper cable, or an additiona 1 inch by 1/8 inch copper strap, routed in the
shortest, most direct manner possible.

4. All equipment mounted in the rack shal[12] be connected to the ground bus by a copper wire
or strap equivaent toaNo. 6 AWG or larger, of the minimumlengthnecessary to alow access
to the equipment for testing and maintenance,

All AC power cables shdl[13] have the ground lead attached to the chassis of the equipment item using
the power, preferably the outside of the chassis. The neutral conductors shdl[14] beisolated fromground
at dl points except at the service disconnect point, reference subsections 4.5.2 and 4.5.3. Contact
between the neutra and ground wires in any item of equipment is prohibited.

Sincethe AC power for blowers, heaters, and lightsis required to be run onaseparate digtributionsystem

from the AC power for the technical equipment, reference subsection 4.5.1, each digtribution system
shdl[15] have a separate ground conductor. These ground conductors may be interconnected at any
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convenient points, e.g., power outlets or distribution boxes which are close to each other.

4.4.9 Electronic Equipment Mounted Elsawhere on an Antenna Structure

Equipment mounted in shelters which are located within the structure of alarge antennamust meet dl the
grounding requirements for equipment rooms and for cable entrance to a building, with the following

exceptions:

1. The cable shields and outer conductors, waveguides, pipes, etc., shal[1] be connected to the
sructurd metd of the antenna, immediately prior to entering the shelter.

2. A dgnd reference grid need not be inddled in existing shdlters if it can be shown that the
exising ground system complies with the requirements of this document in al other respects.
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4.5 POWER GROUND SYSTEM

This system provides personnel and equipment with protection against power fault currents and static
charge buildup. It ispart of the power digtribution system, with the power distribution conductors and the
power ground system conductorsrun close and pardld to each other. Sincethe power ground conductors
are only to be connected to the neutral conductor at a single point, reference subsection 4.5.2, the power
ground conductors will only carry current under fault, or lightning strike, conditions.

45.1 Power Distribution Systems

There shall[1] be separate power distributionsysems for technicad and utility power which must meet the
following requirements:

1. Utility power shdl[2] be used for dl lights, heaters, air conditioners, blowers, antenna
postioning motors, and any other high current consumption parts of the antenna postioning
system that are located at or near the antenna. It is desired that as much of the antenna
positioning system as possible draw power from the utility bus, except for the remote control

equipment in the primary equipment building.

2. Technica power shdl[3] be used for dl Sgnd processing equipment, such as receivers,
down/up converters, tranamitters, computers, disk and tape drives, displays, printers, etc, and
the parts of antenna positioning systems that are located in the primary equipment building.

3. Most convenience outlets are intended to power test equipment. They shal[4] be connected
to the technica buss and colored brown. Other outlets are required for cleaning equipment,
etc. They shdl[5] be connected to the utility buss and colored white.

45.2 Neutral Grounding

The neutral of dl three-phase and single phase power digtribution systems shdl[1] be connected to the
ground system only at the main service disconnect for the station. Thisisthe point where theload circuits
are switched to the incoming power linesfromthe utility, or the back-up power source. All return currents
of al power supply circuitsare therefore only able to flowinthe neutra conductor. The ground conductor
is only used to carry fault currents. If any electrical equipment requires a ground conductor to carry
currents under norma operating conditions, such as phase imbaance currents, a separate insulated
conductor shdl[2] be used, isolated from dl other conductors, except at the sngle point of connection
between the neutral and ground system, as defined above.

45.3 AC/DC Power System Grounds

Each item of equipment that uses AC power shdl[1] have an insulated ground wire connected to it. If
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possible, this connection shdl[2] be made to the outside of the chasss of the item. The wire size shdl[3]
conform to the requirements of the Nationa Electric Code. Thiswire isinadditionto the requirements of
subsection 4.4.7.

DC powered items shdl[4] have one Sde of the DC supply grounded, directly through a copper cable, if
possible, or through a capacitor if necessary.

These ground wires shdl[5] be routed with the active and neutral conductors back to their power
digtribution pands, where branch feeder cables may be commoned with other branch cables and fed by
larger digtribution cables. The line, neutra and ground conductors in the technica power subsystem and
the line, neutra and ground conductorsin the utility power subsystem must each remain separated fromthe
other until they arebrought back to the primary AC didtributionpands at the main service disconnect point
for the gtation. The ground conductors may be connected to each other whenever convenient, but thisdoes
not change the need for a separate ground conductor to be run with each group of line and neutrd
conductors. This gppliesto al power runs at the station. The presence of connections from each power
distributionpanel ground bus to the Sgnd reference grid and to the ground termina plate at each structure
location, which are then interconnected throughout the Site, does not compromisethe above requirement.

The size of each ground wire shdl[6] be calculated, in accordance with the Nationa Electric Code, asif
each power distribution run were an isolated cable, not connected in any others.

If any transformers are used in the power distribution system, the neutral conductor shdl[7] dways be
connected to the power ground conductor on the load side of the transformer and not on the source side.
Thiswill provideaground reference for the neutral conductor at the source of each voltage, and a suitable
conductor in which fault currents may flow, without dlowing any ggnificant current flow in the ground
conductor under normal operating conditions.

4.5.4 Pipes, Tubesand Conduit

All metalic pipes, tubes and conduits, with their supportsshdl[1] be dectricaly continuous and shdl[2] be
grounded, at a minimum of one point, to the power ground system, using aNo. 6 AWG copper wire, or
larger. All threaded connections shall[3] be trested with a conductive lubricant and tightened firmly.
Gouging lock nutsshdl[4] positively penetrate dl paint or other finish. All runsgreater than 10 feet shdl[5]
be grounded at both ends. Runs which enter an area where there is a sgnd reference grid shall[6] be
bonded to that grid as specified in 4.4.5.

455 CableTrays
All metdlic cable trays and their supports shdl[1] be dectricaly continuous and shdl[2] be grounded at

dl ends. When run outside the building, they shdl[3] be grounded in the same manner and a the same
locations as required for the cables they carry. Wheninanareawithasgnd referencegrid, the cable tray
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shdl[4] be grounded to the grid, as specified in4.4.4. Other internal runs shal[5] be bonded to the power
ground system at each end of their run, usng aNo. 6 AWG copper wire.

45.6 Other Enclosures

All metalic enclosures, including pipe, conduit, and boxes, that are part of the power distribution system
shdl[1] be connected to the power systemground viathe ground wireswhichare runinsdethe enclosures,
and to any other object a ground potentia that comes within 10 feet of the power digtribution system. If
the enclosuresareinanareawherethereisasigna referencegrid, they shdl[2] be connected to it by aNo.
6 AWG copper wire. Connections may be made by lug fasteners to the enclosure.

45.7 Motors, Generators, Transformers, and Switchgear

The frames of the equipment shdl[ 1] be grounded in accordance withthe Nationa Electrical Code, except
that the cable sze must be No. 4/0 AWG copper cable.
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SECTION 5
SITE CONFIGURATIONS

All NESDIS stes must have a ground system that consists of the necessary number of the subsystems
described in the preceding sections. Compromises may be required for siteswhich are leased or where
occupancy is shared with other organizations so that the overdl safety of the facility ismaintained. If o,
the extent to which this standard applies must be closely examined by the Contracting Officer's Technica
Representative or, if the work is undertaken as an internad NOAA/NESDIS project, by other cognizant
engineering personnd designated by the project manager. The areas of concern are where the NESDIS
ground system could interface with items controlled by others, eg..

1. Lightning protection on a shared roof.

2. Connection to structural metal, water pipesand other conducting items that extend throughout
the structure.

3. Location of, and connection to, the PCP.
4. Cableroutesfor the down conductors.

5. Interconnection of grounds in the power supply system.

51 PCPINTERCONNECTIONS

The PCP of each structure, or group of structures, shdl[1] be connected to aground termind plate of the
PCP of the primary dructure at the facility. Thisconnection may be made directly, or by adaisy chainin
which the PCP of a remote structure connects to the PCP of a structure that is closer to the primary
structure, which connects to a dill closer PCP, etc., until connection is made to the PCP of the primary
structure. Thetota cable distance of such adaisy chain (measured aong the shortest cable routethrough
the intermediate PCPs) shdl[2] be not more than 30 percent longer than adirect cable run, if lessthan 300
feet, or not more than 50 percent longer if 300 feet or longer. The interconnecting cable shal[3] aso be
connected to any other buried metdlic objects that come within 10 feet, and are at a nominal ground
potentid.

The connection between eachPCP and eachinterconnecting cable shdl[3] be made via a ground termind
plate, so that each PCP can be isolated, whenrequired for test measurements. Theinterconnecting cable
may aso be used as a buried guard wire, as defined in subsection 5.3.4, over dl or part of it's route,
provided al the requirements of this subsection and subsection 5.3.4 are met.
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5.2  SPECIAL CONDITIONSFOR IRREGULAR BUILDINGS

Many structures, especidly those withan irregular shape, may pose difficult problems inthe routing of roof
conductors, down conductors and the PCP. In resolving such problems the designer should ensure that
the path provided for lightning energies connects to a ground rod in the PCP in the most direct manner
possible under the following guiddines:

1. The PCP shdl[1] be routed on the outside of cluttering objects, such as sheds, tanks, or
generators near building walls, to avoid excessive bends.

2. The PCP sndl[2] be routed across the open end of an dley, i.e., the space between two
pardlel wings of abuilding, and shal[ 3] be connected to a single conductor to branch into the
dley dong the sraightest route possible.

3. If the disgtance from the building wall to the PCPis 10 feet or more, in either of these cases, a
ground rod shdl[4] be driven between 2 and 6 feet from the drip line of the structure and
bonded to the down conductor, whichisthenrouted to the PCP or the inward directed branch.

4. Ifabuilding is no more than 100 feet high, and an dley, internd courtyard, air sheft, etc.isno
wider (in itssmdler dimenson) thantwice the building height, the alley, etc., may be treated as
is it were a covered part of the roof. The building PCP, the roof perimeter cable, and the
interna roof conductors, may be continued across the opening, asif it were asolid part of the
roof. The amount of droop alowed for al cables that pass over the opening shall[5] be
approved by the COTR. If thisis done, dl the requirements given in paragraph 4.3.2 are to
be met, except that the dlowable spacing for the internd conductors shdl[6] be amaximum of
three times the air termind spacing, in each dimension.

The vertical distance between the top of the air terminas and the height of any objectsin the
dley, courtyard, etc., shdl[7] comply with the equation given in paragraph 4.3.1.1.
53 UNDERGROUND CABLES
All cablesthat are run between structures, except the ground system interconnect cables, areto berunin
corrosion-resstant metal pipes or meta conduit, in meta covered cable troughs, or must have their own
shield, or buried guard wire, for protection againg lightning effects and other interference.

5.3.1 Underground Pipesor Conduit

If metal pipesor meta conduit are used, they shdl[1] be eectricaly continuous and shal[2] be bonded to
the PCP of all structures they enter, or pass within 10 feet of, and any other buried meta within 10 fedt,
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by aNo.1 AWG copper cablein the shortest, most direct manner. The connection to each PCP shdl[3]
be made viaa ground termind plate.

The connection at the point of entry into a structure shal[4] be made through a cable entrance plate. The
pipe or conduit shal[5] be bonded to the entrance plate o that the entire perimeter of the pipe or conduit
and the outer surface of the entrance plate form a continuous conducting surface. The entrance plate
shdll[6] be bonded to the PCP for the structureby aNo. 1 AWG copper cable, inthe shortest, most direct
manner, viaa ground termind plate.

5.3.2 External Cable Troughs

If cables are routed in metal cable troughs, the meta shal[1] be madedectricaly continuous and shdl[2]
be bonded to the PCP of al structuresthat the cablesinthementer and any PCP that passes within 6 feet
of the trough. Connection to the metal shall[3] be madeto itsoutside surfaceby a No. 1/0 AWG copper
cable in the shortest, most direct manner.

5.3.3 Underground Cableswith Shidds

All cables that run between structures and are not enclosed in metdlic pipe or conduit mus elther have an
outer shidd to protect againgt the pick-up or radiationof interfering energy, or comply withparagraph5.3.4
below. If acableisshidded, the shidd shdl[1] be bonded to the PCP of dl structuresthat it enters, and
to any PCP that passes within 10 feet of the cable, by No. 1 AWG copper cable.

The connection to the shield, at the point of entry into a structure, shal[2] be made via a cable entrance
plate. The shied shall[3] be bonded, or joined by afeedthru connector, to the entrance plate so that the
outer surfaces of the shield and the entrance plate form a continuous conducting surface. The entrance
plate shal[4] be bonded to the PCP for the structure by aNo. 1 AWG copper cable, inthe shortest, most
direct manner, viaaground termind plate.

5.3.4 Buried Guard Wire

Unshielded buried cables, not in a metalic pipe or conduit, may be protected from lightning-induced
transents by a buried guard wire. Thiswire shall[1] beaNo. /0 AWG bare copper cable and sndl[2]
be run parale to and at least 10 inches above the cablesto be protected. For cablerunsor ductslessthan
3 feet wide, only one guard wireisrequired. For wider cablerunsor ducts, additiona guard wires shall[3]
be ingtalled so the outermost wires are between 12 and 18 inches inside the edge of the duct or run, and
the spacing between the guard wiresis between 12 and 36 inches.

The guard wires shdl[4] be bonded to the PCP of the structure at each end of the run and to any other

PCP within 10 feet of the run. The guard wires shdl[5] continue to the cable entry plate and be bonded
toit. If the cable entry plate is shared with other cables, the guard wires can dso be used as the wire that
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connectsthe plateto the PCP. The connection to each PCP shdll[6] be made viaaground termind plate.

Thismethod of protectionis not recommended for new constructionasit does not provide shidding aganst
pick-up or radiation of other interfering signals.

54  GROUNDING FOR FILTERS AND SURGE ARRESTERS

Filtersand surge arresters may be required on some or dl wiresand cablesat afadilityto reduce the effects
of power and lightning induced surges and interference to the sgnds carried on those wires and cables.
Many such systems require severa levds of protection, applied sequentidly, and may use the cable run
between each protection level as a series inductance to assst in the reduction of the trangents.

Thefird leve of protection from lightning induced trangents shdl[1] belocated as close as possible to the
point where the conductors enter the structure. The components selected shdl[ 2] be housed inameta box
grounded to the PCP inthe shortest, most direct manner possible. Any other interconnecting leads shdl[ 3]
be as short as possible and sized to minimize the added resistance and inductance in the transient path to
ground through the surge arrester.

Other leves of protection and interference filters shal[4] be connected to the appropriate ground circuiit,
i.e. the power ground for power circuits or the Sgnd reference grid for signd circuits. All connections
shall[5] be made in the shortest, most direct manner possible.

55 GROUND RETURN PATHS

5.5.1 Signal and Control Return Paths

Each sgnd and control cable shal[1] provide dl the necessary return paths for the information carried
withinit. These paths may be one or more conductorsinamulti-conductor cable or the shields of coaxia
cables, but may not be the shields of multiconductor cables. The ground systeminter connections may
not be used to provide signal return paths.

The shidds of multiconductor cables and the outer conductors of coaxia cables shall[2] aways be
grounded at bothends, unlessthey remain entirdly withinan areahavingasignd reference grid and dl other
requirements for connection to the sgnd reference grid are met.

5.5.2 Power Didgribution Ground Paths

The power return path is the neutral conductor, under normal conditions. The ground conductor is only
intended to carry currents under fault conditions. The power ground wire shdl[1] be szed inaccordance
withthe National Electric Code, asit would gpply if there were no other grounding systems at the fecility.

42



The power supply, power return, and power ground conductors shdl[2] be routed together and separated
only by the necessary insulaing materids. This appliesto eachleve of the power distributionsystem, from
the main service disconnect to the most remote using device.

5.6 FENCE GROUNDING

Any metd fence a a facility isto be grounded to protect personnd from hazardous voltages that may be
carried from adistant location. All such fences are to be congtructed of gavanized sted in the chain link
gyle, with gavanized sted posts and top rail. No vinyl coating may be used.

5.6.1 ReinforcingWire

A No. 6 AWG duminum wire shdl[1] be woventhrough the linksof the fenceaong itsentirelength. This
iscdled areinforcing wire. 1t shdl[2] be bonded or clamped to each of the support posts of the fence.
Any splices that may be necessary shdl[3] be made at the supporting posts.

5.6.2 Grounding

The fence shdl[1] be grounded at intervas of between 100 feet for small sitesto a maximum of 500 feet
for large sites. The ground connection shall[2] be made by driving aground rod adjacent to a fence post
and bonding themtogether viaaNo. 6 AWG copper wire. |f desired, the bond may be madeto the clamp
for the reinforcingwire. Grounding shal[3] aso be provided on each side of every gate and [4] at points
approximately 150 feet on elther Sde of any place where high tenson power lines cross the fence.

Fences shdl[5] be connected to any other metalic object, & nominal ground potentia, that passeswithin
10 feet of the fence.

5.7 PERMAFROST CONDITIONS

At fadlities with permafrost, such as Fairbanks, Alaska, it becomes impossble to achieve the desired
resstance to ground as specified in paragraph 4.1.2 above. Under these conditions it is much more
important to ensure that the low impedance continuity of dl the interconnections of the grounding sysems
specified in this document is maintained at dl times. When a lightning srike or power fault occur, the
absolute voltage of the "ground" systemwill be higher thanif there were no permafrogt, but the differentid
voltage between any two items within the facility will be the same as @ other Stes. Therefore the hazard
to personnd and equipment will be totally dependant on these interconnections, without the back-up
provided by conduction through low resistance soil that gpplies to facilities where there is no permafrost.

All damp connections in the grounding systems and a representative sample of the bonded connections
shdl[1] be visudly ingpected during the warm season each year.
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SECTION 6

IMPLEMENTATION GUIDELINES

6.1 PRIORITY

At dl timesin an up-grade process, care must be taken to ensure the changes being implemented do not
create a hazard to personnel or equipment. Thisis mogt likely to occur if things which were connected
together are separated, or an item is connected to aground system component when it is not fully known
what else is connected to that item. The following generd order of priority should be followed:

1.

3.

If grounding related problems are known to have occurred inthe past at any part of the fadility,
eg., sgnificant AC power currents flowing in ground conductors under non-fault conditions,
interference that was difficult to diminate, or indalation of some equipment producing an
unexpected effect on other equipment, the exact connections of dl the grounding and shidding
conductors in or near the effected areas should be carefully checked and compared to the
requirements of this standard. All differences should be identified and the steps necessary to
comply with this standard should be determined. The source of any AC power currents
flowinginthe ground conductors must be found and eliminated before any other step istaken.
If the other steps cannot al be made continuoudy, the configuration of the connections a the
break points should be checked for possible bad effects on other equipments or systems. If
the effects of any of the steps cannot be predicted with reasonable confidence, those steps
should be made so they canbereversed aseadly aspossible. If unexpected results occur, the
procedures given in section 8 of this standard should be used to provide information for
andysis and correction of the problem.

Thelightningprotectionsystemfor dl exiding structures should be checked as soonaspossble
and any discrepancy with this standard in the routing of down conductors corrected. If a
structure has no lightning protection systemand it is, for example, within the zone of protection
of another structure if the lightning striking distance were 200 feet, it may be made a low
priority item with rddively little risk.

CAUTION: Lightning is an unpredictable phenomenon, the absence of strikesinthe past isno
guaranteefor the future; nor isthere any way to determine the chance alightning strike will have
agriking disance of twice the minimum.

Any structure without a PCP that complies with this standard should have one ingdled and
tested. Down conductors and cable entrances should be connected immediately.

Other connections to the PCP should not be made until a safety check has been run. This

should indude an andlysis of the possible lightning voltages and voltage differencesthat may be
induced, possble ground loops, and AC power fault andyss. If no indication of problems
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arise, start at the man equipment room and bring it to compliance with this document, then
proceed to other areas in order of increasing distance from the main equipment room.

5. The equipment areas should be checked and the configuration of their ground systems
determined. Even if there is no indication of a problem in this area, the designer should be
aware that adding and interconnecting other parts of the ground system, as specified in this
document, may cause interference problems that can be solved by implementing sgna
reference grids for the equipment aress.

6. Congtruct the other parts of the ground system, so they may be connected in the order
indicated by the above andyds. Note that some of the additiond items required may be put
in place but will have no effect on other items until they are actually connected. Make a
temporary connection from them to the rest of the ground system and check for problems
before making the connections permanent. If problems do occur, re-connect to the old
configuration, so norma operation can be maintained, and construct additiond parts of the
ground system that may dleviate the problem.

7. Connect structures that are physcaly close to each other before ones that are separated by
large distances, unless specific problems, such as ground loops, power or signd routing,
indicate otherwise. If atemporary connection produces problems, first check the expected
effects of implementing other portions of this ground standard, to see if they could solve the
problem. If not, other possible solutions given herein should betried, or othersmay be derived
from the principles given in Volume 1 of MIL-HDBK-419.

6.2 GROUND SYSTEM FILE REQUIREMENTS

Each NESDI S fadility will create and maintain a file of documents showing the grounding history and
current satus for that facility. Thisfile will contain the following information:

1. Anovedl fadlity diagramshowing dl ground system interconnects in sufficient detall to alow
their easy location. This diagram will be maintained to reflect the current condition of the
fadlity. A ligof dl changesto the ground system will dso be maintained, giving a description
of the change and the dates on which they were made.

2. Ddail drawings of the parts of the ground systems. This should include the drawings, tables,
and descriptions necessary to give the location of, and method of accessto, dl clamped joints
on the facility.

3. Anhigtorica record of dl tests and ingpections madeto, and dl maintenancework performed
on, the ground systems at the fadility. Thetest datamust bein sufficient detail to allow accurate
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repetition of any test a any time.

4. A copy of this standard, maintained with al revisons.

6.3 CONTRACTOR DOCUMENTATION REQUIREMENTS

Aspart of any contract whichindudesthis standard as a referenced document, the contractor must provide
a detailed record of additions, deetions, repairs, etc., to the ground systems that were made under the
contract to eachfadlity. If the contract requireswork a morethan onefacility, the contractor must provide
a separate record for the work done at each facility. This must include descriptions, drawings, test
procedures, test results, and any other information necessary to provide a complete understanding of the
ground systems status and any changes to the maintenance requirements. Three copies of dl documents
must be provided in paper form, plus a disk copy, in WordPerfect file format, of al items that can be
handled by this word processng program. If provided by the Contracting Officer's Technica
Representative, the contractor may be required to up-date existing NESDIS documents.

SECTION 7

INSPECTION AND TEST PROCEDURES

71  SOIL RESISTIVITY TEST

The s0il resigtivity measurements, required by other paragraphs of this standard, are to be made using a
megger earth tester as described below and illustrated in figure 5.

Four probes, spaced at intervals of 20 to 30 feet and designated P1, P2, C1, and C2, are to be inserted
into the ground to a depth of not more than 1/20th of the spacing. The test set is to be connected to the
probes according to the manufacturer's ingructions, and a resistance reading made. The power line
frequency should not be used to make this measurement, as stray currents may affect the results. Convert
the probe spacing actudly used to centimeters (1 foot = 30.5 centimeters). The soil resigtivity inohm-cm
is found by muitiplying the measured resistance by the probe spacing in centimeters and multiplying the
result by 6.28. For example, if the res stance measurement was 2 ohms with aprobe spacing of 25 feet,
then the resdivity is

p = 2x25x30.5x6.28 = 9577 ohm-cm.

Thetest must be performed under norma weather conditions, i.e,, close to the average for the month in
whichthetestismade. If thetest is performed during unusudly dry or rainy periods, the results of the test
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will not bevdid.

If no previous residtivity results are available, this test should be done a 100 - 200 feet intervals over the
dtearea. Theinterva isto be measured betweenthe centersof the test probe line and adjacent tests are
to be done with the probe lines at approximateright angles. A diagram of the test locations must be made
by the personnd performing the tests. Sufficient detail and locating dimensions must be included so that
the tests may be re-run if and when desired.

7.2  GROUNDING RESISTANCE TEST

A resistance test shdl be performed on each PCP at all NESDIS facilities, using the fall-of-potential
method. Thistest shdl be performed fallowing ingdlaion, every 3 months during the next 12 months, and
goproximately every 9 months theregfter.

All ground termind plates at the PCP to be tested are to be disconnected. All necessary ground terminal
plates a other PCP's at the facility are to be disconnected also, so that the PCP to be tested is isolated
from the other PCP's a the facility. These disconnections must be made only when actudly necessary to
isolate a specific PCP for testing, and must be reconnected as soon as possible thereafter, so they can
protect the facility as intended.

page for figure 5
page for figure 6

The eectricd center of the PCP mugt be determined. For PCP'swith uniform spacing of ground rodsand
no large difference in the soil resdtivity in the immediate area, the electrical center is the same as the
geometric center of the PCP. If the spacing is not uniform, the PCP must be divided into convenient
subsections and the theoretical resistance to true ground of each subsection calculated independently.
Equations and proceduresfor this calculaionare giveninMIL-HDBK-419, valume 2, paragraph1.2.2.3,
and, if necessary for more complex arrangements, volume 1, paragraph 2.6. The distances of each
subsection from the geometric center should be weighted by their relative resstance to true ground, and
the wel ghted geometric center calculated. The choice of axes, their reference point, and orientationto the
rest of the fadlity, for the distances used in these cdculations, is purdy a matter of convenience. This
method will provide a reasonable approximation of the eectrical center for that configuration. Note that
the resstanceto true ground of muitiple interconnected ground rods is never alinear functionof the number
of rods. Therefore, there must be a reatively large difference in the ground rod spacing to make it
necessary to make the weighted calculations.

A megger earth tester is to be used with the test set up as shown in figure 6. Probes C1 and P1 may be

connected to any convenient point on the PCP. This point must be located such that probe C2 can be
located at adistance, X, from the point where probes C1 and P1 are connected, so that the distance X +
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Y is equd to at least 5 times the longest dimension, D, of the PCP under test. Y isthe distance from the
point where C1 and P1 are connected to the PCP and itselectrical center. Probe C2 must be located on
a draght line running through the dectrica center of the PCP and the point where C1 and P1 are
connected. If possible, probe C2 should aso be located so that thereis no buried metal between it and
the point where P1 and C1 are connected to the PCP, nor for a distance equd to 0.5X on either side of
adraght linejoining C1 and C2. If the desired orientation is not possible, the best possible compromise
should be used. Refer to MIL-HDBK-419, subsection 2.7.1 for further information, if required.

Probe C2 mug remain fixed while at least seven resistance measurements are taken with probe P2 at
distancesof 0.3X, 0.4X, 0.5X, 0.6X, 0.7X, 0.8X, and 0.9X aong adraght linefromprobe C1 to probe
C2. Probe C2 should bedriven about 1 foot into the ground and probe P2 should be driven gpproximately
the same distance as C2. The data obtained is to be plotted as resistance versus distance. Additional
measurements may be made at other fractions of X, if necessary to obtain a suitable plot. The true
resistance of the PCP is obtained fromthe plot a the point wherethe distance fromthe point of connection
to the PCP isequa to 0.62X - 0.38Y.
Reconnect dl ground termina plates to the PCP's as soon as possible after the test is completed.
A ful record mus be made of each grounding resistance test by the testing personne, including the
distancesto dl probes, the layout of dl known buried metd within a distance equa to X from the probes,
including the PCP under test, the equipment used, dl the readings taken, and the res stance obtained.
If any resstance reading shows sgnificant change from previous readings, dlowing for the expected
seasonal variaions, the following checks shdl be made to determine the cause and the necessary corrective
action:

1. Check for new congruction in the vicinity.

2. Inspect rods for dried out or dagged soil around them.

3. Inspect bonds between the rods and the cables.

4. Check cable continuity.

5. Check soil resitivity.

7.3  INSPECTIONS

The following ingpections shdl be performed on the ground systems of al NESDISfadllitiesat intervas of
gpproximately 9 months.
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. Viaudly inspect and veify that dl damped bonds between the ground conductors are
aufficiently tight, thoroughly clean, and show no signs of corrasion.

. Inspect ar terminas for corrosion or mdting. Replace terminds that show any signs of these
conditions.

. Inspect dl bonds between roof conductors, down conductors, and ar teminds for
degradation. If degradation is present, the joint must be cleaned and rebonded. If thejointis
beyond repair, the materids may be replaced with the same types and szes (or larger) of
meaterias.

. Ensurethat any additions to the structure are protected by the lightning ground system. Record
any modifications to the lightning ground system on the facility drawings.

. With the power on and udng a clamp-on ammeter, measure the stray current levels in the
power ground system at severd points through out the facility. The current levels should not
exceed 0.1 ampere. If the current exceeds 0.1 ampere the neutra wire is likely to be
connected to the green wire ground at a point other than the service disconnect.

. Udng a clamp-on anmeter, measure the stray current levels in the sgna ground system at
severd points throughout the fecility. The current levels should not exceed 0.1 ampere. If the
current exceeds 0.1 ampere the neutral wireis most likely connected to the ground wire at a
point other than the service disconnect.

. If the eectricd power can be temporarily turned off, ensure that the neutral wire is not
grounded anywhere except at the service disconnect. This should be done by turning off the
electrica power, disconnecting the neutra wire in the power supply cable from the neutral
digtribution bus in the loca power distribution box, and checking the continuity between the
neutral bus and the grounding bus. A low resistance (less than 10 ohms) indicates the neutral
is probably connected to the ground some where other than at the service disconnect. This
connection must be located and removed.

TEST VERIFICATION PROCEDURES

The Test Verification Table, givenin table 1, ligts dl occurrences of shdl[#] in the text of

the preceding requirements, in the order of their appearance. Opposite each item is given the verification
method to be used to show compliance. Only those requirements that apply to a specific contract need
to be incorporated into the test procedures for that contract.

Theletter "P" in the firgt postionindicatesthisis part of the Pre-Acceptance Testing requirements, i.e., to
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be performed during the ingtalation process and not as part of the find acceptancetests. However, andl
inclusive "check-off" step in the test procedure for the find acceptance tests must be used to indicate that
al the"P" requirements have been met prior to the start of the forma test procedure. Compliance with the
"P" requirements may be shown by progress ingoections made during the performance of the contract
works, submission of desgn caculaions, providing other documents giving proof of compliance, or
methods approved by the Contracting Officer's Technica Representative. Theletter "F" inthefirgt position
indicatesthat aforma showing of compliancefor that requirement, must be included inthe find acceptance
tests.

The letter in the second position may be ether |, A, D, T, or S, sanding for Inspection, Analysis,
Demondration, Test, and Sampletest, repectively. Themeaningsof these designationsare defined below.

7.4.1 Inspection

This method requires visud examination to prove compliance and may include Smple measurements of
distance, such as 5/8 inch diameter rod, 20 feet maximum spacing.

7.4.2 Analyss

Thismethod is based on proving by inductionor deductionthat the requirementshavebeenmet. Thisrdies
upon a technical andysis and evauation of datathat relates indirectly to the requirement, i.e. equations,
graphs, diagrams, amulations, etc. All submittals based on this method must be gpproved by the
Contracting Officer's Technica Representative.

7.4.3 Demonstration

This method requires observation of the result(s) of a action, or series of actions, without the need for
Specia test equipment.

744 Test

This method requiresthe use of special test equipment to either smulate an input to, or measure the result
produced by, the syssem under test, or to both smulate and measure.

745 SampleTest
Thismethod is used when there is alarge number of items that must meet the same requirement, the same
method hasbeenused to create and ingtdl each item, and no Sgnificant variation is expected betweenthe

items. Theterm"large number” isrdlative to the quantities of other itemsisthe systlem under test. A ratio
of a least 10:1 is required to be considered aslarge.
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Tablel. Test Verification Table

REQUIREMENT
SECTION #/SHALL # TEST LEVEL/METHOD

3.21 Vertical Ground Rods

[1] Type Pl
[2] Sze =
[3] Depth

Pl

3.2.2 Horizontal Ground Conductors

[1] Type Pl
[2] Depth

Pl

[3] Orientation Pl

3.2.3 Perimeter Ground Cable

[1] Sze PI
[2] Proposed compromise PA
[3] Depth

Pl

[4] Metd connections Pl

3.24 Ground Tarmind Plate

[1] Type Pl
[2] Capacity Fl
[3] Access FI

3.25 I nterconnections

[1] Sze PI
3.26 Bonding
[1] Fusion Pl
[2] Coating Pl
[3] Clamp access Fl
[4] Hammables Fl
[5] Pul FT
[6] Capacity PA
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3.27  Air Terminds
[1] Type
[2] Sze
[3] Support

3.2.8 Roof Conductors
[1] Route
Fl
[2] Sze
[3] Insulation
[4] Grid
[5] Bonding

3.29 Down Conductors
[1] Sze
[2] Insulation

3.2.10 Chemicd Trestment
[1] MgSO,
[2] Rod trench
[3] Servicewdl
[4] Horizontd trench
[5] Servicewdl
[6] Fill percent

3.2.11 Signd Reference Grid
[1] For two or more racks
[2] Perimeter cable
[3] Internd conductors
[4] Conduit

3.2.12 Electrical Service Wdll
[1] Sze
[2] Non-conductive
[3] Support stresses
[4] Cover
[5] Holeszefor cables
[6] Quantity

4.1 Perimeter Counterpoise
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Pl
Fl
Fl

Fl
Fl
Fl
Fl

Fl
Fl

Pl
Pl
Fl
Pl
Fl
PA

Pl
Fl
Fl
Fl

Fl
Pl
PA
Fl
Pl
PA



[1] Components
[2] Rod spacing
[3] Rod location
[4] Bonding
[5] Damp soil

411  Adacent Structures
[1] PCP sharing
[2] Overlgpping zones
[3] Small structure connection
[4] Cable spacing
[5] Corner connections
[6] Cablerouting
[7] Minimum separation
[8] Incremental separation
[9] Other connection

412 Resistance to True Ground
[1] Fveohmsor less

415  Structurd Sed Columnsand Other Building Meta

[1] Within 10 feet a must
[2] Documentation

[3] Cablesze

[4] Bonded

[5] Routing

4.2.1  Connection to the PCP
[1] Clamp connection
[2] Cablelength
[3] Electricd service wdl

4.2.2  Connection to Other Cables
[1] Down conductors
[2] Other cables
[3] Common routing
[4] Separate routing
[5] Quantity minimized

4.3.1  Air Temind Mounting
[1] Location
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Pl
Pl
Pl
Pl
PA

PA
PA
PA
Pl
Pl
Pl
PA
PA
PA

FT

Pl
PA
Pl
Pl
Pl

Fl
Fl
Fl

Pl
Fl
FA
FA
FA

Fl



[2] Non-interference
[3] Separate structure

4.3.1.1 Roof Mounting
[1] Soping roof location
[2] Soping roof spacing
[3] Hat roof location
[4] Edge/corner distance
[5] Squaresze
[6] Minimum requirement
[7] Coverage equation
[8] Reference plane

4.3.1.2 Towersand Masts
[1] Direct mount
[2] Cablebond

[3] Down conductor connection

4.3.1.3 Antennas
[1] Location

4.3.2  Roof Conductors
[1] Routing
[2] Two paths
[3] Internd grid
[4] Gridsze
[5] Crossovers
[6] Straght lineruns
[7] Tumns
[8] Conduit
[9] Fastening
[10] 200 Ib pull

[11] Corrosion resistance

[12] "T" intersection

4.3.3  Down Conductors
[1] Sraght lineruns
[2] Turns
[3] Duct
[4] Fagtening
[5] 200 Ib pull

Fl

FA
PA

Fl
Fl
Fl
Fl
Fl
Fl
FA
Fl

Pl
Pl
Pl

PA

Fl
Fl
Fl
Fl
Fl
Fl
Fl
Fl
Fl
FS
Pl
Fl

Fl

Fl

Fl
FS



[6] Corroson resstance

4.3.3.1 Down Conductors for Buildings
[1] Minimum
[2] Locationrules
[3] Maximum spacing
[4] Equa spacing
[5] High buildings
[6] Riser bonding

4.3.3.2 Down Conductors for Towers or Masts
[1] Route
[2] Bonding
[3] 2nd point grounding

4.3.3.2 continued
[4] Multipleleg grounding
[5] Circular tower grounding

4.3.3.3 Down Conductors for Antennas
[1] Air termind connection
[2] Route
[3] Structurd metd sze
[4] Bridge bearings
[5] PCP connections
[6] Down conductor continuation

[7] Maypole case

434  Waveguide, Coaxid and Shielded Cable Grounding

[1] PCP bonds

[2] Tower/antennabonds
[3] Bond location

[4] 200 feet spacing

[5] Entrance bonds

[6] Ground kits

[7] Rigid grounding

[8] Figtall

[9] Elliptica grounding
[10] Covering

[11] No. 6 AWG
[12] No. /0 AWG
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Fl
Fl
Fl
Fl
Fl
Pl

Fl
Fl
Fl

Fl
Fl

Fl
Fl
PA
Fl
Pl
Fl
Fl

Fl
Fl
Fl
Fl
Fl
Pl
Fl
Fl
Fl
Fl
Fl
Fl



[13] Entrance plate

[14] Entrance plate grounding
[15] Routing

[16] Signd reference connection

44.1  Sgnd Reference Grid
[1] Perimeter
[2] Loop
[3] Internd conductors
[4] Bonding
[5] Conduit
[6] Pedestal connection

442 Rased Hoor as Reference Grid
[1] Resgtance
[2] Cleanjoints
[3] Protect joints
[4] Outer cable
[5] Intermediate cable
[6] Routing
[7] Pedestal connection
[8] Equipment to grid connection
[9] Hooring meterids

443  Other Reference Grids
[1] Copper strap
[2] Access
[3] Copper wire
[4] Perimeter wire

444  Spacing Vaidions
[1] Rack surrounds
[2] Intermediate conductors
[3] Conductor size
[4] Single cabinet or rack

445  Entranceto Sgnd Reference Grid Area

[1] Connection of grounded items
[2] Bond routing

[3] Group bonding

[4] Percent increase

Fl
Fl
Fl
Fl

Fl
Fl
Fl
Fl
Fl
Fl

FS
Fl
Fl
Fl
Fl
Fl
Fl
Fl
Pl

Fl
Fl
Fl
Fl

Fl
Fl
Fl
Fl

Fl
Fl
Fl
FA



[5] Power digtribution Fl
[6] Multiple connections Fl

446  Interconnection of Signd Reference Grids

[1] Combining grids Fl
[2] Overlgpping grids Fl
[3] Connection spacing Fl
[4] Other grids Fl
[5] Connection spacing Fl
[6] PCP connection route Fl
[7] Connection from grid Fl
[8] Connection spacing Fl
[9] Down conductor connection Fl
[10] Insulated cable Fl
447  Equipment Connections
[1] Ground busto grid Fl
[2] Ground bus to equipment Fl
[3] Length Fl
[4] Clamp Fl
[5] Sngeitems Fl
[6] Length Fl
448  Electronic Equipment Mounted in a Feed Box or Vertex Box
[1] Surface mounting Fl
[2] Externd grounding Fl
[3] Shidding Fl
[4] Equipotentid plane Fl
[5] Rack location Fl
[6] Rack to box connection Fl
[7] Contact perimeter Fl
[8] Bridging strap Fl
[9] Busrouting Fl
[10] Bustype Fl
[11] Bus to box connection Fl
[12] Equipment connection Fl
[13] AC ground Fl
[14] AC neutra Fl
[19] Utility and technical grounds Fl

449  Electronic Equipment Mounted Elsewhere on an Antenna Structure
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[1] Grounding connection

451  Power Digribution System
[1] Utility and technica power
[2] Utility power use
[3] Technical power use
[4] Technicd outlets
[5] Utility outlets

452  Neutrd Grounding
[1] Only at disconnect
[2] Separate conductor

453 AC/DC Power System Grounds

[1] Ground connection
[2] Outsde of chasss
[3] Conformto NEC

[4] DC ground

[5] Routing

[6] Sizecdculation

454  Pipes, Tubesand Conduit

[1] Continuous

[2] Grounded

[3] Threaded connections
[4] Lock nuts

[5] Longruns

[6] Referenceqgrid

[7] Transformer grounds

455 CdbleTrays
[1] Continuous
[2] Grounded al ends
[3] Externd
[4] Referencegrid
[5] Other internd

45.6  Other Enclosures
[1] Power distribution enclosures
[2] Connection to reference grid
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Fl

Pl
Pl
Pl
Pl
Pl

FT
FI

Fl
Fl
PA
Fl
Fl
FA

Pl
Fl
Fl
Pl
Fl
Fl
Pl

Fl
Fl
Fl
Fl
Fl

Fl
Fl



457  Motors, Generators, Transformers, and Switchgear
[1] Frame grounding Fl

5.1 PCP Interconnections

[1] Connect to primary PCP Pl
[2] Dasy chainlength PA
[3] Ground termind plate Pl

5.2 Specid Conditionsfor Irregular Buildings

[1] Outsde clutter Pl
[2] Acrossanaley Pl
[3] Alley branch Pl
[4] Ground rodsfor down conductors Pl
[5] Cabledroop FA
[6] Conductor spacing F
[7] Protection zone FA

5.3.1  Underground Pipes or Conduit

[1] Continuous Pl
[2] Bondto PCP Pl
[3] Ground termind plate F
[4] Cable entrance plate Fl
[5] Bonding F
[6] Plateto PCP Pl
532  Externd Cable Troughs
[1] Continuous F
[2] Bonding to PCP Fl
[3] Routing Fl
5.3.3  Underground Cableswith Shields
[1] Bonding to PCP Fl
[2] Viacable entrance plate F
[3] Continuous bond Fl
[4] Plateto PCP F

534 Buried Guard Wire

[1] Type PI
[2] Routing Pl
[3] Additiond wires Pl
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[4] Bonding to PCP Fl
[5] Bond to cable entrance plate F
[6] Viaground termind plate Fl

5.4 Grounding for Filters and Surge Arresters

[1] Location F
[2] Housng Fl
[3] Leads Fl
[4] Lower levds Fl
[5] Connections F

55.1  Sgnd and Control Return Paths
[1] Sef contained PA
[2] Ground connections Pl

552 Power Digtribution Ground Paths
[1] Sze PA
[2] Wiresrouted together Pl

5.6.1  Renforcing Wire

[1] Wire Pl
[2] Clamping Pl
[3] Splices Pl
5.6.2  Grounding
[1] Intervds Pl
[2] Connection Pl
[3] Gates Pl
[4] Power lines Pl

5.6 Permafrost Conditions
[1] Inspection Pl

SECTION 8

TROUBLE CORRECTION GUIDE

8.1 CONDUCTED OR RADIATED INTERFERENCE
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If the ingtdlation of any part of this ground standard cauises an unacceptable increase in conducted or
radiated interference into any circuit, the following procedure should be followed.

Due to the frequencies and circuit distances used at the NOAA facilities, the most probable interference
coupling mechaniams are conduction and radiation. Capacitive and inductive coupling, the other two
possble mechanisms, are much less likely to occur, except if the power line is the source of the
interference. In this case, the coupling mechanism will most likely be inductive.

811 Tracethe Source of I nterference

Starting from the place where the interference is noticed, check back up the victim sgnd path to find the
point where the interference enters that path. Usevoltage, current, magnetic, or electrogtatic probes and

anostilloscopeor spectrum andyzer so the waveform canbe firg characterized, thenidentifiedwhenfound

elsawhere. (Uncalibrated probes are adequate for this type of work and may be bought cheaply, or be
of ahome madetype.) If it is necessary to search for a source that emits the interfering energy in anon-

conducting manner, any item carrying that energy that is greater than 0.1 wavelength long can be a
ggnificant antenna. Its efficiency increases with incressing sze.

8.1.2 CharacterizetheInterfering Waveform
If the interfering waveformis a sine wave, record its frequency and amplitude. If not, determine maximum
amplitude (A) of the waveform, the time between repetitions of the waveform, the width of the pulses at
the hdf amplitude points, and the shortest rise, or fdl, time, measured between the 10 and 90 percent
points. These measurements can be used to calculatethe characteritic frequenciesand amplitudes of the
waveform.

1. Thefundamentd frequency = F = 1/ (waveform repetition rate)

2. Thefirg corner frequency = Fo; =1/ = * (pulse width)

3. The second corner frequency = Fe, =1/ = * (rise, or fdl time)

»

The amplitudeof F=2* A * (pulse width) / (waveform repetition rate)

The envelope of the maximum amplitudes that could be produced by this Sgnd is defined as equd to the
amplitude of F up to F,, thendecreasing at 20 dB per decade to F,, and then decreasing at 40 dB per
decade until the noise floor is reached.

The source of the interfering waveform is often obvious from the waveform shape. If not, the waveform

characteristicswill make it easier to determine the waveshape on the source side of componentsthat could
sectivey filter the interfering waveform, thereby changing its shape, eg. increased high frequency
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attenuation due to propagation down along coaxid cable.

8.1.3 Determinethe Coupling Mechanism

Choose the mogt probable mechanism on the basis of the following guide lines.
8.1.3.1 Conductive Coupling

Thisrequiresat least two pointswhere the source and victim circuits are physcaly interconnected by low
impedance paths. Low impedance refersto the impedance at the interfering frequency and with reference
to the actua impedance of the source circuit. Make sure al impedances are included in this evauation.
If necessary, draw adircuit diagram, showing every wire in the path and assgn animpedanceto eachone,
a the frequencies of the interfering waveform.

8.1.3.2 Radiative Coupling

If thereare not two or more points of physica connection between the source and victim circuits, estimate
or measure the distance between the two circuits and compare it to the wavelength(s) of the interfering
ggnd. If thedistanceisgreater than onewaveength for most of the length of the victim circuit, the coupling
mechanism is probably radiative. If the distance is less than one wavelength, but more than 1/n
wavelengths, radiation is a possible mechanism, withthe probability reduced as the separation distance is
reduced.

8.1.3.3 Inductive and Capacitive Coupling
I the distance between the source and victim signals is less than one wave ength, measure or caculatethe
impedance of the source circuit. If it is less than 377 ohms, the impedance of free space, the coupling
mechanism is probably inductive, if more, it is probably capacitive. These probabilities increase in
proportion to the difference between the circuit impedance and 377 ohms.
The following checks may be made to determineif the coupling mechanism isinductive or capacitive.

1. If the coupling is affected by the insertion of non-conducting, non-magnetic materia between
the source and victim circuits, or by movement of this type of materid in the vicinity of the
circuits, the coupling is capacitive, if not, it isinductive.

2. If grounding or un-grounding any shidding (conducting) material between, or close to the

source or victim circuits, creates an effect, the coupling is capacitive, otherwiseit isinductive.

8.1.4 Reducethelnterference

62



Before implementing any of the following steps, determine the amount by which the interference must be
reduced, and estimate the amount of reduction that could be expected by the proposed step. If theseare
not a least close, re-examine the available options.

8.1.4.1 Conductive Coupling Reduction

The connections between the source and victim circuits must be reduced to one, a the frequencies of the
interference. This could be done by one or more of the following:

1. Changethevictim circuit to a balanced configuration.
2. Insert an opticdl isolator into the source or victim circuit.
3. Replace the source or the victim circuit with afibre optic link.

4. Replace part of the connection betweenthe source and victim circuits with two diodesinanti-
pardld. Thiswill provide effectiveisolation between the two circuits, provided the voltage of
the interfering sgnd is not so large as to exceed the forward bias of the diodes. High power
diodes should be used and their exact location chosen with care, to minimize the chance thet
the diodes could be destroyed by the high currents that may flow under lightning strike or
power fault conditions.

5. Ingdl one or more filters to block the interfering frequencies (This could be done by adding
abaun, thinner wire, longer wire, coiled wire, increasing the sze of a current loop, inddling
ferrite beads, or waveguidestubs, instead of lumped inductors and capacitorsinaphysca box
cdled afilter.)

The added inductance which can be achieved by physically separating the desired and undesired current
paths, can provide sgnificant reductionto the interference. Sincethisisaninductiveeffect, it will begrester
at higher frequencies than a lower frequencies. However, even at 60 Hz, between 10 and 20 dB change
in the interference level can be achieved by thismethod. The relevant parameter is the tota impedance
around theloop it isdesired the interfering current should take, as compared to the total impedance around
the undesired loop.

When conductors are run close to each other and carry a current in opposite directions, their mutual
inductance causes areduction of the total inductance of thel oop as compared to the sum of the inductances
of the individua conductors, when consdered in isolation. Equations which can be used to caculate the
inductance of a dngle loop and of along straight wire in isolation are included in gppendix A to this
gsandard. They will provide reasonable gpproximations to allow comparisons to be made of the rdative
impedances of the circuit loops to be expected at NESDIS facilities.

8.1.4.2 Radiative Coupling Reduction
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Radiative coupling can be reduced by applying the following to the source or the victim circuit, or both.
1. Absorb the energy with lossy didectric or magnetic materias.
2. Reflect or divert the energy with ametdlic enclosure.
3. Convert thesgnd to light pulses and transmit it through fibre optics.
4. Reducethe sze of that portion of the circuit which is acting like an antenna.

5. Reorient the source or victim circuits so the radiationis not aswell coupled betweenthem, i.e.
run cables at right angles, instead of parald to each other.

Item 2 is probably the most effective way to reduce radiaive coupling at reasonable cost in the norma
conditions expected at aNESDI Sfadlity, eg. change acoaxia cable from atype with a braided shield to
atype with asolid shidd.

8.1.4.3 Inductive Coupling Reduction

Inductive coupling is caused by the mutud inductance between the source and vicimcircuits. Thisrequires
aloop of current flow in both circuits, and is proportiona to the gze of the source and victim loops and
inversaly proportiond to the distance between them. This coupling can usudly be reduced by identifying
exactly which conductors make up the actua source and victim current loops, and reducing their Sze as
much as possible, or increasing the spacing between them, over dl or asgnificant part of their routes. If
necessary, ether or boththe source and victimloops could have their conductors twisted, so the inductive
coupling would act in opposite directions a different portions of the loop.

8.1.4.4 Capacitive Coupling Reduction

Capacitive coupling can be reduced by ether reducing the capacitance between the source and victim
circuits, or by inserting a capacitive shield between the two circuits. The capacitance between two
conducting surfaces is proportiona to their opposing surface areas and inversdy proportiona to the
distance between them. If the circuits can be re-routed to reduce their capacitance to a sufficiently low
vaue, this is the preferred solution.  If not, a shidd must be inserted between the circuits. To function
properly, a capacitive shield must be grounded at one point only. The location of that grounding point is
criticd, as it mugt effectively bypass al noise sources to the ground side of the load in the victim circuit.
This frequently requires a shield around one or more Sgnd wires that is only grounded a one end.

Thistype of connection is contrary to the basic safety requirement of this andard, asit permits possible

highvoltage differences to devel op between two nominaly grounded conductorsthet are near each other,
under power fault or lightning strike conditions. However, thisis permitted, provided the entire shidld is
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inside an area with a ground plane or signa reference grid. In this case it is assumed that the other
grounding paths throughout the area are sufficient to keep the voltage difference to a non-hazardous levdl.

8.1.4.5 Transent Suppression Plate

It is possible that the reinforcing mesh in a concrete floor, whether grounded or not, may be energized by
dray radiation, which may then be coupled to the conductors routed over it. If this occurs, a capacitive
bypass might be used to reduce the leve of this interference. Such a bypass could consist of a copper
plate, approximately 4 feet by 4 feet by 1/16 inch, or larger, which would be laid directly on the concrete
floor, and be bonded to the power system ground and the Sgnd reference grid. An exampleisgivenin
FIPS PUB 94, September, 1983, pages 46-49.

82  CONTINUED LIGHTNING DAMAGE

Users of this slandard should be aware that the requirements for locating air terminds specified herein is
based on a theory, not known physca fact. The theory is conastent with the observationd and
experimenta evidence currently available.

8.2.1 Interconnections

The lightning protection requirements incorporated in this standard are based on the principle that if dl
objectsintheareaof alightning strike are connected together, the lightning caninduce voltages and currents
that will cause the entire group of interconnected objects to rise to a voltage far above the true ground
potentia. However, thiswill not cause any hazard to equipment or personnd, if ever ything inthe vidnity
is raised to the same voltage, with no significant potentia differences possible between any two objects.

If lightning damage does continue to occur, the most probable cause is that some object or objects that
should have been connected together, were not so connected, or at least not through a low enough
impedance. The best method of correcting this type of problem is therefore to look for ways in which
additiond interconnections can be made, or ways in which the impedance of the exigting interconnections
can be reduced.
8.2.2 Desred Path Checks
Check al dong the desired lightning peath for any of the following:

1. Any bend more than 90° or with aradiuslessthan 8".

2. Any connection, particularly between dissmilar metds, withan impedance grester than afew
millichms
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3. Ifthereisapath to re-route the down conductors to provide amoredirect path fromthe point
of the lightning strike to true ground. This could require less bends, or bends with smdler
angles or larger redii.

8.2.3 Actual Path Checks
If the actud path taken by the lightning strike can be determined, look for any of the following:

1. Thepoint, if any, where the dirike energy left the desired path. If this exigts, determine what
re-routing of the desired path, or connection from it to any other possible path is necessary.

2. Any placewherethe desired path comes close to the actua path takenby the lightning energy
without aphysica connectionbetweenthem. Energy may be coupled into the undesired path
by the mutud inductance or capacitance between these conductors. If the close part of these
conductorsis 10 feet or more in length, they should be bonded together a both ends of their
closepardld run. Alterndivey, the conductor inthe undesired path may be enclosed inapipe
which must be bonded to the desired path a each end of the close pardld run.

3. If theactud lightning strike did not occur to anar termind, the requirements for the layout of,
and connection to, air terminals, in section 4.3 of this standard must be re-examined.

83 MULTIPLE SHIELDS

If necessary, conductorsmay be protected frominterference by running shiddswithin shields. Thisconcept
includes an outer shield of pipe or conduit, or running a guard wire above dready shielded cables. The
benefit of such asystem is enhanced if the several shiddsare ended at separate |ocations aong the length
of the conductor, provided the effect of the shield can be maintained.

For example, a cable of multiple shilded pairs may have anouter shield around the entire cable and berun
ina metd pipe. If the source of the interference againgt which these shields are intended to protect is
outside the structures in which the shielded pairs terminate, the pipe could be terminated at the cable
entrance plate of the structures. The outer cable shield could then beterminated &t its entrance point to the
cabinet housing the equipment to whichthe pairs connect, and the shidds for the individua pairs could be
terminated within that equipment, or at the point of entry into its chasss

The best protection will be achieved when the shield being terminated can be bonded to the outside of an

enclosure. Thiswill tend to make any currentsflowing onthe outside of the shidd a so flow onthe outside
of the enclosure, isolaing them from dl items within the enclosure.
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APPENDIX A

REFERENCE EQUATIONS AND PROCEDURES

A.1 CALCULATIONSTO DEFINE LIGHTNING PROTECTION ZONES
ThefdlowingeguationsaretakenfromMITRE Technica Report M TR89W00206 inwhichthe derivations
are given. They are included here for easy reference.

A.1.1 Protection Zone of a Single Object

The zone of protection provided by asingle, isolated, grounded object, such as a angle lightning rod or
meadt, projecting above the surface of asmooth earth, is given by:

S = (2RH-H)¥2 (1)
Where:

S = Radius of the base of the
cone

R = Radius of curvature of the
cone's surface
= The mnmum striking
distance

H = Heght of the object above

surface of the earth (but not Figure A1 Protection Zone For aSingle Rod
greater than the distance R)

Thisreationship, between"S" and "H" can aso be gpplied at any location within the zone of protection,
provided both "S" and "H" are referenced to the point where the curve is horizontd. This is necessary
because of the smple geometrica relationships used to derive this equation.

A.1.2 Rapid Approximation

If atangent to the arc isdrawn at the top of the mast, the dope of that tangent is given by:
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SINY((R - H)/R) 2

Any object withina straight Sided cone with this gpex angle, must be within the zone of protectioncreated
by the mast. Note that the dope is measured from the vertical, not from the horizontd.
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A.1.3 Finding The Low Point Between Two Lightning Rods

The fallowing equations may be used to calculate the haght of the low point betweentwo mastsor lightning
rods, or with reference to any two other points on the arc.

Infigure 2

R = Striking distance.

H, = Heght of fird mad.

H, = Heght of second mast, < H;.

H = H,-H,

S, = Digance from fird mast to
wherethe protectioncurve is
horizonta.

S, = Digance from second mast

to where the protection Figure A2. The Low Point Between Lightning Rods
curve is horizontd.

X =S+t

A = The minimum height of the curve between the madis.
A = H,-R+Rsin{cos((X? + H)Y22R) + tar*(H/X)} 3
S, =(2RH;-A)- (H.- A2 (4)

If the two known pointsare both onthe same side of the low point, both the above equations gpply, except:

H, = The height of the object to be protected.
S, = The distance from the low point to the nearest point on the protected object.
X =5-S

For thistype of caculation, the distance from the low point to the second mast and the haght of the second
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mast are both unknowns with an infinite number of interrelated solutions. One must be chosen by other
considerations, e.g., amast of mnimumheght (= A) or a need for clearance past the end of the protected
object.
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A.14 Protection Zonefor Two or More Masts

For the case of two protecting masts,
and referring to figure A3, most of the
protection zone is defined as for one
mest by caculating for each mast
Sseparately. However, between the
madts, the protection zone is found by
the fallowing:

1. Given H,, H, and X, equation
(3) givesA.

2. GivenH,; and A, and withH =
H, - A, equation (1) gives S;.
If H; = H,, then S, =S,. If not: Figure A3. Protection Zone Between the Masts

3. Equation (4) will give S,. S;, S, and A definethe
lowest point on the protection curve directly between the masts.

4, To find the height, B, of some other point on the protection curve, again apply equation (1) and
defineH asB - A.

5. To find the haight of the protection zone at some distance at right anglesto the plane containing the
two lightning rods, again use equation (1) with A or B in place of H.

A smilar sequence may also be applied to three or more irregularly spaced rods. Determine the location
of the low paoint betweeneach par of therods. Some of the pairs can beignored if they obvioudy produce
a protection zone that is over-shadowed by another pair. The size of the protection zone around the
outside of the group of rods isfound as above. For the areaingde the lines joining the rods together, the
low points of dl the pairs should be determined and avirtud rod inserted at eachlow point and of the same
height as each low point. Recdculate where the low points would be if these were the protecting rods.
Repest as necessary until the low points so cal cul ated are close enough together to be considered the same

point.
A.15 Calculating Mast Heights

When the object to be protected is known, to find the masts heights needed, use:

H = R_(RZ_SZ)lIZ
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Here, H is the difference in height between the tops of the object to be protected and the mast, a a
distance S that will provide that protection. The actual mast haght will be the height of the object to be
protected plus H.
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A.2 INDUCTANCE OF COPPER WIRES

Inmost casesthe wires and cablesinterconnecting the fadilities at a station canbe approximated asaseries
of straight wires and loops. If the return current flows in a conductor close to the conductor carrying the
out going current, the loop equationshould be used. If there is enough separation so the magnetic fied of
the wires do not sgnificantly interact with each other, the inductance should be caculated by adding the
results for theindividua wires, each caculated separately.

Thetotal inductance for any specific circuit may be found by breaking it into anumber of subsections that
can be approximated by sraight isolated wiresand/or oops, whoseaverage dimengons can be determined.
Each subsection shoud be caculated separately and the results added together for the overal circuit
inductance.

The following equations are for lengths measured in centimeters, if inchesare used, multiply the results by
2.54.

A.2.1 Inductance of an Isolated Straight Wire
The inductance of a single straight round copper wire, isolated from other wiresis given by:
L = 0.002a{2.303 log (4a/d) - 1 + &}
where:
L = Inductance in microhenrys
a = length of wireincm
d = diameter of wireincm
& = skin effect correction factor from teble A1
(varies between 0.25 t0 0.0)
A.2.2 Inductance of a Single L oop

The inductance of a single rectangular loop of round copper wire:

L = 0.00921 {(at+b) log (4ab/d) - alog (a+ g) - blog (b + g)}
+0.004 {8 (a+b)+2(g+d2)-2(a+b)}

where:
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L = Inductance in microhenrys
a = length of rectanglein cm
b = width of rectanglein cm
d = diameter of wireincm

g - (a2+ b2)1/2

& = skin effect correction factor, as above
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Table Al. Propertiesof Standard Size Annealed Copper Wires

AWG Diameter Skin Effect Correction Factor (5) DC Resgstance
Sze mils cm 10kHz 100kHz 1MHz 10MHz  Q/1000ft Q/km
4/0 4600 117 0.060 0018 0.004  0.002 0.049 0.161
2/0 3648 0.93 0.070 0022 0.007  0.002 0.078  0.256
1/0 3249 083 0.080 0024 0.009 0.002 0.098  0.322
2 2576  0.65 0100 0030 0.010  0.003 0.156 0512
4 2043 0.52 0.120 0.040 0.011 0.004 0.248 0.814
6 1620 041 0150 0050 0.015  0.005 0.395 1.296
8 1285 033 0190 0065 0.020  0.006 0.628  2.060
10 1019 026 0220 0085 0.025  0.008 0.999 3.278
12 808 021 0230 0095 0.030 0.010 1588  5.210
14 641 016 0.240 0.018 0.040 0.014 2.525 8.284
Notes:

1. Vaues derived from MIL-HDBK-419, volume 2, pages 5-2 and 5-8.
2. For 60 Hz, 6 = 0.25 for dl the above wire sizes.
3. For frequencies above 10 MHz, § is essentidly zero.
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AC
ADP
AWG
CDA
DC
FIPS
MHz
NOAA
NESDIS
NFPA

PCP

APPENDIX B

LIST OF ABBREVIATIONS
Alternating current
Automatic data processing
American wire gauge
Command and data acquisition
Direct current
Federa information processing standards
Megahertz
Nationa Oceanic and Atmaospheric Adminigtration
Nationa Environmenta Satellite, Data, and Information Service

National Fire Protection Association

Perimeter counterpoise
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