UNITED STATES DEPARTMENT OF AGRICULTURE
Rural Utilities Service

BULLETIN 1751F-810

SUBJECT: Electrical Protection of Digqital and Lightwave
Telecommunications Equipment '

TO: Telecommunications Borrowers
RUS Telecommunications Staff

EFFECTIVE DATE: Date of Approval
EXPIRATION DATE: Seven years from effective date

OFFICE OF PRIMARY INTEREST: Central Office Equipment Branch,
Telecommunications Standards Division

PREVIOUS INSTRUCTION: This bulletin replaces Telecommunications
Engineering and Construction Manual (TE&CM) 810, Electrical
Protection of Electronic Analog and Digital Central Office
Equipment, number 6, issued September 3, 1983 and Addendum
number 1 issued September 1984.

FILING INSTRUCTION: Discard TE&CM and Addendum 1 and replace
with this bulletin. File this bulletin with 7 CFR 1751 and
RUSNET. '

PURPOSE: To provide information in the design, installation and
operation of RUS borrowers' telecommunications systems. In
particular, this pulletin now covers electrical protection
practices recommended for digital and lightwave ‘
telecommunications systems. These practices were originally
developed for application to digital switching systems housed in
central office type buildings. :

/ 7"

5 I S ~r S VR

Aésistant Administrator ‘ “Date

vr" A
ayd
i




RUS Bulletin 1751F-810

Page 2
TABLE OF CONTENTS

1. GENE R AL . & i it it ittt ettt ettt e et eeeeeeeseeseeseesesenesenenesas 6
1.1 Electronic Telecommunications Systems ........c.ievieeeen.. 6
1.2 The Basic Grounding SySLem .. v it ittt tnteetneeneeneenens 6
1.3 The Single Point Grounding System ........ciiiiieneenennnn 6
1.4 Egquipment ManuUfacChUrersS . vi it ittt ittt eeeeeeeeeoneenennens 6
1.5 RESISLANCE vttt ittt it it et ettt eeeeeeseaeeessnnsoeeseess 6

2. DEFINTITTIONS . &t it ettt et ettt et et et e eeeeeeeeeeeeeeseeeneeenenas 6
2.1 IntrodUcCtion . it ittt i et e e e e e e e e e et e 6
2.2 Building Structural GrouUnd .......e.eeeeeeeeeneeeeoeeeneeens 7
2.3 Cable Entrance Ground Bar (CEGB) .t i ittt it ittt eeenneen 7
2.4 Central Office Ground Field (COGE) ...t eneenennennnn 7
2.5 Collocated Switching SySTems ...ttt ittt ittt eneeeeneeans 7
2.6 Electrostatic Discharge (ESD) Protection ................. 7
2.7 Fuse Link ..ttt ittt et ittt ettt e e e e g
2.8 Green Wire GroUNd .. vi v ii ittt eeeeeeeeeneeeeneeeeneenennns 7
2.9 GroOUNA LOOD vttt teeoeeneeneeneeeeeeeeneeeeeaeeaeeneeneeans 7
2.10 Ground Window Bar (GWB) .t vttt ittt eeeeneeeenneeeeeneens 7
2.11 Insulating JOINES v vt i ittt ittt eeeeeeeeeeesoeseeseesens g
2.12 Intermediate Ground Bar (IGB) ... vt eeeeeeennennennns 8
2.13 Isolated Ground Zone (IGZ) .. vui i iin et eeneeeenenoenenenns 8
2.14 Main Distributing Frame (MDE) ...t ii ittt eneeneeeenneans 8
2.15 Master Ground Bar (MGB) . v v ittt eeeteeeeeeeeeeeeeeeeeen 8
2.16 MDF Ground Bar (MDEGB) .. cu et teeteeeenensonsonsonsonsens 8
2.17 MDF Protector ASSemMbD Ly .. iiitieteeeeeeeeeeeeeeneeneeans 8
2.18 Metallic Water Pipe vi ittt ittt it eeeeeeeeeeeeeeoneeneeans 8
2.19 Multigrounded Neutral (MGN) ...t iiiiitententenreneeeeens 8
2.20 Personnel Discharge PlatesS . .u.i ittt ittt teeeneeneenns 9
2.21 Single Point GroUNding .. i it ieteeeeeeeeeeeeeeneeneeans 9
2.22 5Urge ADSOTrDETrS (A) vttt ittt ittt et eeeeeeeeeeeeeeeeeeas 9
2.23 Surge ProduUCerS (P) vt ii ittt et teeeeeeeeeeeensoneseesoeesens 9

3. SINGLE POINT GROUNDING. & i ettt ettt eeeeeeeeeeeeaeeeaeaeaeeneas 9
3.1 Single Point GroUnding .. u it ie et tneeeeeeeeeeoeeneeneeas 9
3.2 Surge Potentials . uui ittt ittt ettt 9
3.3 The Purpose of Single Point Grounding .........eeveeeeeenen 9
3.4 MGB Bonding Configuration ......ueiiiiiitinteneneeneennenn 10
3.5 Potential of IGZ EqUipment ......ii ittt eneeneenennns 10

4. MASTER GROUND BAR (MGB) ¢t v ittt ittt ettt eeeeeeeeeeneeanennns 10
4.1 Purpose and General DesCripfion .......cueiiiiiinninnnnnn. 10
4.2 Surge Producers (P Section o0f MGB) ..vivieernnenennnnens 11
4.3 Surge Absorbers (The A section of MGB) .......cciiin.... 12
4.4 Non-IGZ Grounds (N section o0f MGB) ..ttt ittt teeneneen. 14
4.5 TIGZ Grounds (I Section O0f MGB) vt ittt teeeeeeeeeeneen 14
4.6 Ground Resistance Objective ...i.iii ittt ittt eneennnn 14

5. CENTRAL OFFICE GROUND WINDOW BAR (GWB) ¢ vttt ittt it i it ee e 16
5.1 Equipment Ground Originating inside IGZ ........c..eecu... 16
5.2 Equipment Located in a Remote Area ......ieiiiereereeeenns 16
5.3 Connect Each GWB to the MGB .. ...ttt tenteneenns 16
5.4 The Conductors Terminating on the GWB ................... 16



RUS Bulletin 1751F-810

Page 3
5.5 The Frame Grounds of Equipment Located inside IGZ ....... 16
6. ISOLATED GROUND ZONE (IGZ) ¢ttt ittt teeeeeeeeeneneaeaeaeaean 18
6.1 IntrodUCEIOn & v vt ittt it ettt e ettt et eneeseneeseneeeenans 18
6.2 1Installation and Bonding of Metal Framework ............. 18
7. MAIN DISTRIBUTING FRAME (MDE) &t v ittt ittt ettt it teeeeneenenn 18
7.1 Special Grounding Considerations ........ciiiiiiereeeenns 18
7.2 Transmission Equipment Termination and Protection ....... 19
7.3 Entrance and Tip Cables ...ttt ittt e teeteeennns 19
A S = a3 o Y 2 s I 3 o R 21
7.5 Current Limitation ...t ii ittt tieeeteeeeeeeneoeeseeseens 22
7.6 Heal CoOlls ittt ittt ettt e ettt ettt taeennneenn 22
8. GROUNDING CONDUCTOR SIZING, ROUTING AND TERMINATING........ 22
8.1 Sizing of Protective Grounding Conductors ............... 22
8.2 The Planning and Installation of the Wiring ............. 23
8.3 Stenciling and Tagging .« v e it ettt eeeeeeeeeeeneeneeneenns 24
9. POWER SERVICE PROTECTION. & vttt ittt teeeeeeeeenneeneeneeaeeans 25
9.1 The Minimum Protection for AC Power Serving Central Office
2 @ o 25
9.2 Power Arrester Protecting Kilowatt-hour Meter ........... 25
9.3 Protecting the AC Power Service Entering a Central Office2b
10. RADIO OR MICROWAVE INSTALLATIONS . . it ittt ittt ettt teeeennan 26
10.1 Radio or Microwave Towers Which Are Located on or in
Close Proximity to CO BUIldINgS vt vttt iteneneeeeeneeneeneens 26
10.2 Protection of the Tower and Associated Equipment ....... 26
10.3 Bonding Tower Ground to CO Grounding Systems ........... 26
11. ELECTROSTATIC & ELECTROMAGNETIC FIELD EFFECTS.........c... 26
11.1 Static EleCtriCity viw e i ii ittt ittt te it tneeneenennns 26
11.2 FET, MOS, and CMOS . . ittt ittt ittt eee et eeneneaaeneanens 26
11.3 The Accumulation of Electrostatic Discharge by a Human
@ Y Y 27

11.4 Electrostatic Conditions That Produce Equipment Problems27
12. GENERAL ENVIRONMENTAL AND HANDLING REQUIREMENTS FOR

ELECTROSTATIC SENSITIVE EQUIPMENT . .. ittt ittt eeeeeeenenenenes 27
12.1 Proper Environmental and Handling Considerations ....... 27
12.2 Environmental Conditions ... i teeneeeeneeeenenannens 277
12.3 Precautions for Maintenance Procedure ........c..eeeeoeoe.. 27
12.4 Precautions for Operating Motor Driven Devices ......... 28
12.5 Precautions for MemoOry DeVICES vt tententonsenseneens 29

13. DISCHARGE PLATE S . it it ittt ee o eeeeeeesassassansossoassonsesss 29
13.1 For Protection of Static Sensitive Equipment ........... 29
13.2 1Installation of Electrostatic Discharge Plates ......... 29
13.3 Supplemental Discharge Plates ......cii ittt iieteneeeeens 30
13.4 WarnNing SiglS v e vt i ittt tetneeeeeeeeeeoeeneeneeneeneenns 30

APPENDIX A: VOLTAGE FROM SURGE CURRENTS........cctiiiieteernn.. 38

APPENDIX B: PROTECTION FOR ANTENNA INSTALLATIONS....¢eeeeeenn. 42

APPENDIX C: ANALYSIS OF CENTRAL OFFICE GROUNDING SYSTEMS...... 55

TABLES

Tabl @ G d. . .. 67



RUS Bulletin 1751F-810

Page 4

FI GURES

Figure
Figure
Figure
Figure
Figure
Figure
Figure

~N oy O b w N

Figure Bl:
Figure B2:
Figure B3:
Figure B4:
Figure B5:
Figure B6:
Figure B7:

Figure Cl:
Figure C2:
Figure C3:

Figure C4:

| NDEX:

Protection

Master Ground Bar. ... ei et it ittt et eeeeeeeenenenenenns
Outdoor Grounding Conductor ConnectionS..............
Entrance and Tip Cable Arrangements..........e.eeeo..
Cable Entrance without Vault........... ... ... ...
Typical Power Service Protector Installation.........
Central Office Protection Grounding...........c..ee...
Maximum Conductor Length to Meet the Grounding

Conductor Resistance ObjecCtivesS. .. vttt ieneennn.

Self SUPPOTrtINg TOWET ¢ v vt ittt ettt ettt eesoneonseesens
Bonding Details . v e et ee i it tteeneeeeeeeaeeneeneeas
Guyed Tower Installation.......eeeieeieeeeeeennennns
Pole Mounted Installation.......eieieeneeneeeeeneans
Building Mounted Installation............coiiieenn..
Tower Ground Kit Installation..........c.eieeeeeen..
Entrance Grounding at Central Office................

Master Grounding Bar Currents.......coiee e teneennes
CEGB Currents. ...t ittt ittt ittt nenenenenns
Undesirable Reduction in Size of Grounding

(@) 0 @ 1 5 2 i @ 1
Undesirable Butt-Splice. ...ttt ittt eniennennes

Protection, Central Ofice

ABBREVI ATI ONS

Surge Absorbers, a section of the M3B
Amperes, unit for nmeasuring the flow of current
Anerican National Standards Institute
Communi ty Antenna Tel evi sion, cable
Cabl e Entrance G ound Bar

Compl enmentary Metal Oxide Sem conduct or
Central Ofice

Central Ofice Gound Field

El ectrostatic Di scharge

Field Effect Transistor

G ound W ndow Bar

| &Z Grounds section of the M3

| nt ermedi at e Ground Bar

| sol ated Ground Zone

One Thousand Circular M1s



RUS Bulletin 1751F-810
Page 5

Mai n Di stributing Frame

MDF Ground Bar

Mast er Ground Bar

Mul ti gr ounded Neutr al

Met al Oxi de Seni conduct or

M crohenri es

Non-| GZ Grounds section of the M3
Nati onal El ectrical Code

Nati onal Fire Protection Associ ation
Surge Producers section of the M3B
Pol yvi nyl Chl oride

Rural Utilities Service

Silicon Controll ed Rectifier

Tel ecommuni cati ons Engi neeri ng and Construction Mnual

DEFI NI TI ONS

Section 2 of this bulletinis devoted to definitions.
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1. GENERAL

1.1 Electronic Tel econmunications Systenms nmay experience

mal functions, erratic operation, and total disruption of service
as a result of excessive induced transient voltages which nay be
i ntroduced through incomng circuits, the central office
groundi ng system or by electrostatic action. Electronic

swi tching systens are vul nerable to voltage sources because of
the fragile nature of sem conductor conponents and their fast
transi ent response characteristics. Sem conductors typically
have | ow breakdown voltage ratings and can be permanently damaged
by excessive voltage and current spikes.

1.2 The Basic G ounding Systemdiscussed in this section is
primarily designed for single floor office buildings and outside
cabi nets which are typical in RUS financed systens.

1.3 The Single Point Gounding Systemdescribed in this bulletin
nmeets the protection requirenents of nost central office and

ot her el ectro-optic equi pnent manufacturers. The descri bed

nmet hods shoul d be foll owed unless there are conpelling reasons
for change (see 1.4).

1.4 Equi pnent Manufacturers may request groundi ng systens that
exceed those recomrended herein. Manufacturers mght include a
rigid, |ow nmaxi mum resistance requirenment for the equi pnent site
ground fields or various forms of extraordinary |ightning
protection.

1.5 Resistance: This bulletin is based on resistance since this
is a primary paraneter that is readily understood. However, the
essential factor in tel ecomunications service system protection
is the groundi ng system i npedance, especially the reactance
conponent, of the grounding conductors. The general guidelines
presented in this bulletin are based on providing a system having
a relatively |low overall grounding system i npedance to the flow
of lightning and power fault currents.

2.  DEFI N TI ONS

2.1 |Introduction: The followng terns are defined as an aid to
understanding their usage in this bulletin. These terns are
commonl y used for describing tel ecommunications groundi ng
systens. Different terns have been used by indivi dual

manuf acturers and operating conpani es other than those commonly
used. Such terns are included in parentheses at the end of each
definition, where applicable.

2.2 Building Structural G ound: A grounding el ectrode source
provi ded by structural steel and/or reinforcing steel rods
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contained within the building walls, roofs, floors, footing, or
f oundat i ons.

2.3 Cable Entrance Ground Bar (CEGB): A copper ground bar to
term nate incom ng tel ephone cable shields on a conmon connecti on
point. The bar is normally |ocated close to the entrance

| ocation (Cable Vault G ound Bar).

2.4 Central Ofice Gound Field (COGF): A series of

i nterconnected ground rods, buried perineter cable or a netallic
wel | casing for a |low inpedance path to earth ground (Centra
Ofice Gound Gid).

2.5 Collocated Swtching Systens: Two or nore switching (i.e.
central office or renmpbte switching termnals) systens at a single
| ocati on.

2.6 Electrostatic Discharge (ESD) Protection: The protection of
el ectroni c conponents fromstatic voltage discharges. Static
charges are conmonly generated by personnel or air noving in a
work area where the relative humdity is | ow

2.7 Fuse Link: A section of fine wire in a conductor designed
to melt during a current-surge condition. This elenment normally
protects fromcurrents which could otherw se heat conductors and
start fires.

2.8 Geen Wre Gound: A normally non-current carrying
conductor that protects personnel and equi pnent. The green col or
code di stinguishes the lead fromthe current carrying grounded
conductors (neutrals) which are natural, gray or white (Equi prent
G oundi ng Conductor).

2.9 Gound Loop: Gound |oops exist when there is nore than one
el ectrical path to a ground connection. Such parallel paths to
ground are normally not a problemif associated with nonsensitive
circuitry located outside the Isolated G ound Zone (I&.) G ound
| oops are undesirable for equipnent |located in the | GZ

2.10 Gound Wndow Bar (GAB): A copper bar for the comon
connection of all equipnent located in the |GZ. See Geen Wre
G ound, Master G ound Bar.

2.11 Insulating Joints: Nonconducting inserts in netal
framewor k of equipnment located in the 1GZ. These inserts
insulate the 1 GZ equi pnent from outside ground connecti ons.

2.12 Internediate Gound Bar (1@&B): A copper bar, insulated
fromits support, used to connect a ground wire fromthe Mster
Ground Bar (M3B) (see Ground Wndow Bar) to several racks or
frames of equipnent, usually in the non-1G&Z area, but not to

i nclude battery (+) fromthe mai n power board.
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2.13 lsolated Gound Zone (1&): A dedicated area within an

of fice building where all equipnment is electrically insul ated
fromall external grounds except through a single ground
connection between the GAB and the M. The isolated area should
preferably extend a m nimumof six feet (two neters) on all sides
fromthe equi pmrent franmes and framework and where practical be
separated from ot her equi pnent by permanent walls. The |1GZ w !l
normal Iy house sensitive electronic conponents (lsolated Area).

2.14 Min Distributing Frane (MDF): A distributing frame where
outside plant cables are term nated on vertical protection
assenblies. Cable pairs are also cross-connected on this frame to
equi pnent term nated on horizontal bl ocks.

2.15 Master Gound Bar (M3B): A copper bar used as single point
connection for surge producers, surge absorbers, non-1 &

equi pnent grounds, and | GZ equi pnent grounds. The M3 is
normal Iy non-current carrying and isolated fromthe

bui | di ng/ structural ground.

2.16 MF G ound Bar (MDEGB): A copper bar comonly found at the
bottom of the MDF for the connection of tip cable shields and MDF
protector assenblies. It may be used as a connection point for
MDF ironwork (see 7.1.3). The MDFB may be used as an M@ in
smal | offices (Entrance Cable Protector Bar).

2.17 MDF Protector Assenbly: An assenbly consisting of a
protector nodul e and a connector nodul e.

2.18 Metallic Water Pipe: An outdoor section of buried netallic
water pipe at least 10 feet (3.0 neters) in |length and owned by
t he tel ecommuni cati ons conpany.

2.19 Miltigrounded Neutral (M3\): A continuous electrical
conductor on a power distribution systemwith multiple direct
connections to earth ground at multiple points. 1In this system
at | east 4 grounds have to be provided in each mle of line (2.5
grounds in each kilometer of Iine), not including grounds at

i ndi vi dual services. This nultiple grounding arrangenent

provi des a very | ow i npedance path to earth ground for absorbing
lightning and other surges. It also provides a return path for
resi dual (unbal anced) currents resulting fromless than perfect
bal ance on associ ated t hree-phase power distribution systens.

2.20 Personnel Discharge Plates: Plates found in equi prent
areas contai ning voltage-sensitive el ectronic equi pnent. These
pl ates are connected to ground and are used to di scharge body
voltages to ground rather than through sensitive electronic
conmponents by accidental contact.

2.21 Single Point G ounding: A grounding systemusing a single
point, usually the M3, for a zero reference potential to ground
for an entire system \Wile the voltage at this connection point
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may rise above zero volts-to-earth-ground under fault conditions,
the entire systemwi Il also rise at the sane rate to the sane
voltage. This helps mnimze any circulating currents between
conmponents from|lightning or power surges.

2.22 Surge Absorbers (A): Paths with a | ow i npedance connection
to a renote earth ground. A grounding el enent which has a | ow

i npedance path to earth ground is considered a prinmary surge
absorber. There are three primary surge absorbers: (1) the
service systemground field, (2) the power system nultigrounded
neutral (M3), and (3) a netallic water system

2.23 Surge Producers (P): Connections to netallic sources of

[ ightning and/ or power surges. For exanple, radi o/ mcrowave
towers, tel ephone cable shields, telephone cable pairs and power
syst em conduct ors.

3.  SINGLE PO NT GROUNDI NG

3.1 Single Point G ounding: There is a need to control the high
vol tage di fferences produced between the ends of single
conductors by fast rising electrical surges. Reference Appendi x
A for a discussion of the voltage effects fromfast rising surge
currents.

3.2 Surge Potentials need to be equalized through bondi ng of
central office or other service systemground el enents. Anong

t hese ground el enments are: Surge Producers (P), Surge Absorbers
(A), Non-1G&Z equi pnent grounds (N), and | GZ equi pnent grounds
(). See Figure 1, “Master Gound Bar.”

3.3 The Purpose of Single Point Grounding is to reduce voltage
differences and control surge currents. The basic elenents of a
si ngl e point grounding systeminclude the foll ow ng:

3.3.1 A Master Ground Bar (M3) w th connections grouped to
confine lightning and power surge activity. This is the point
for establishing a conmon reference plane, with respect to earth
ground, for the entire system

3.3.2 A Gound Wndow Bar (GAB) establishes a single |ocation
for grounding sensitive electronic equipnment within the | GZ
Section | of the M3 (see Section 4) provides a single-point
term nation and ground reference to which the GAB and associ at ed
el ectroni ¢ equi pnent are bonded.

3.3.3 An Isolated G ound Zone (1GZ) surrounds the electronic
switch and ot her sensitive electronic equipnent. The |GZ wll
consi stently have the same voltage potential as the GAB.

3.4 M3B Bonding Configuration: A high nonmentary or transitory
vol tage rise that can occur between the point of strike and
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poi nt (s) of dissipation would result fromdirect or indirect
lightning strike to cable or other outside plant connected to the
MEB. The M3 bonding configurations illustrated, in Figure 1 and
Figure 6, “Central Ofice Protection Gounding,” allow high
current surges to be concentrated and di ssipated through the P
and A sections of the bar. This maintains the | owest possible

el ectric potential at the point of MEB-GAB connection. The
connection sequence of P-A-N-1 as shown in Figure 1 is inportant
to assure the overall protection effectiveness.

3.5 Potential of 1GZ Equipnent: Al equipnent inthe |&Z
electrically floats at essentially the sane potential as the GAB
when a single-point grounding is used. Wen all equipnent is at
t he sane potential, no damagi ng vol t ages appear across sensitive
conponents and surge currents are elim nated.

4. MASTER GROUND BAR ( M3B)

4.1 Purpose and General Description: The M3B is the hub of the
basic central office grounding system It is a common point of
connection for the P-surge producers and A-surge absorbers, and
equi pnent grounds for both the N-nonisolated and I-isol ated

equi pnent areas. The sizing of ground conductors is discussed in
Section 8. The MEB is a copper bar insulated fromits support.
The MEB may be |l ocated either on a wall near the MDF, or on the
cable vault wall. In small offices the M3B may be | ocated on the
MDF as described in 4.2.2 and 7.1.4. The various connections to
the ME should be tagged or stenciled for identification as
described in 8. 3.

4.2 Surge Producers (P section of M3B): The ME3B is the
preferred connection point for surge producers such as MF
protector ground, entrance ground bar, etc.

4.2.1 Cable Entrance Ground Bar (CEGB): The CEGB is a copper bar
insulated fromits support. Cable shields should be bonded
directly to a CEGB in offices with a cable vault. The CEGB is
connected by an insul ated conductor sized according to Section 8
using the nost direct route to the M3

4.2.2 MXF Gound Bar (MOF@): The main frame protector bl ocks
shoul d be bonded directly to the MDFGB. A detailed discussion of
MDF protection is found in Section 7. The MDFGB is the bondi ng
point for termnating the MDF end of tip cable shields to ground.
The MDFGB nmay be used as the M3B in very small offices where
installation of a wall-munted M3B is inpractical. Wth this
application, the bar should be insulated fromits support and
have sufficient length for the connection sequence shown' in
Figure 1. It is inportant, that the integrity of all sections of

! For presentation purpose the MGB shown in Figure 6 is square shaped to

neatly arrange the multitude of connections involved. In reality the MDF is a
straight slab of copper not squared shaped.
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the bar are preserved for the |life of the ground bar arrangenent.
The MDFB rmay be insulated fromits support as required by the
manuf act ur er.

4.2.3 Radio and Mcrowave Egqui pnent Grounds: Connect all indoor
cabinets of the radio and m crowave equi pnment directly to the
M3B. No connections should be made to the GAB or other central
office ironwork. Wiere the MDFGB is used as the M3, these

equi pnment grounds should be connected to the P section of the
bar. Radi o/ m crowave towers have their own outdoor, dedicated
groundi ng systens. Surge voltages should be equalized by bondin
t he dedi cated groundi ng systemto the central office ground fiel
outside the building for personnel safety and equi pnent
protection. This connection is discussed in 4.3.2.

g
d

4.2.4 Standby Power Plant Framework G ound: Unless the Central
Ofice ground field is within three feet of the generator frane,
a ground rod is recommended. This ground rod should be driven
into the earth as close as possible to the generator franme and
wher e sonmeone woul d be expected to be in contact with both the
frame and the ground. This ground rod should be solidly bonded
to the generator frame using a conductor sized according to NEC
Article 250-95.

4.2.4.1 The ground rod should be installed in addition to the
connection to the M. Because the generator frane is connected
to the M3 via equi pnment groundi ng connections (the generator

installer provides), the frame will be at the electrical
potential of the M&. This potential could be nuch different
than the potential existing on the surface of the soil in the

i medi ate vicinity of the generator. (The generator installer
connects the NEC Article 250-50(a) required green wre equi pnent
groundi ng conductor fromthe generator frame to the electric
service neutral which, in turn, is connected to the MaB.) Wth
the frame connected to the M3 wi thout a ground rod install ed,
there is a possibility for a potential difference (voltage)
between the franme and the soil. Wth the ground rod installed,
the frame-to-soil potential differences are mnimzed.

4.2.4.2 Because one can never be certain of the exact |ocation
of buried facilities and in the interests of being consistent
frominstallation to installation, it is better to sinply
standardi ze on and always install a ground rod. NEC Article 250-
91(c), “Supplenentary G oundi ng” discusses this perm ssible, not
mandat ory, nethod of augmenting the grounding. The equi prment
groundi ng conductor is detailed in Article 250-91(b).

4.3 Surge Absorbers (The A section of M3B): The MaB is the
preferred connection point for the three primary surge absorbers.
They are the power system nultigrounded neutral, the central
office ground field, and the nmetallic water system Bondi ng of

t he power neutral and water pipe, on the M3 does not replace the
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requi renents of the National Electrical Code for separately
bondi ng the commrerci al power servi ce.

4.3.1 Miltigrounded Neutral (MaN): The MaNwith its nultiple
connections to earth throughout the power systemnormally has a
| ow i npedance to earth ground. Because of its |ow inpedance the
McN i s an excel |l ent surge absorber and the nost inportant ground
connected to the M3B. The MGN nay occasionally becone a

nmoment ary surge producer because of nearby lightning strikes or
power systemtransients. Refer to Section 8 for a discussion of
ground system conductor sizes. In any case, the grounding
conductor between the MAN and the M3 should be the sane size or
| arger than the commercial MGN service entrance conductor to the
buil ding. GOccasionally a non-MaN power system (e.g., delta or
uni grounded we system) will be encountered. A bond is still
requi red between the central office power service grounding

el ectrode and the M3B. Non-MaN systens do not qualify as primary
surge absorbers. Therefore Non-MaN systens have to be excl uded
fromthe cal cul ati ons of ground resistance discussed in 4.6.1

4.3.2 Central Ofice Gound Field: The outdoor portion of the
ground conductors connecting the central office ground field to
the M3 should be buried a mnimumof 2.5 feet (0.76 neters)

bel ow fini shed soil grade and should enter the building through a
nonnetallic conduit. The conductor should be placed in a
straight line with no splices to reduce the inpedance presented
to fast rising surges. See Section 8 for a discussion of
groundi ng conductors. Lightning rods and/or radi o/ m crowave
towers shoul d be connected to the central office ground field

out side the building as described bel ow.

4.3.2.1 Lightning Rod G ound: Lightning rod systens are
grounded via a separate dedicated ground field. A bond should be
install ed between the central office ground field and the
lightning rod ground field, to mnimze inductive noise coupling,
reduce the chance of flashover, and to protect personnel and

equi pnent. A connection point between the two ground fields
shoul d be nade accessible to permt tenporary disconnection for
earth resistance-to-earth nmeasurenents. The preferred | ocation
for this access point is above the central office ground field
near where the attachnment to the central office ground field is
made. An easily accessible, permanent handhol e closure is
recomrended for this connection. All conductors should follow
the nost direct route with a m nimum of bends. See Figure 2,
“Qut door Groundi ng Conductor Connections,” and Figure 6, “Centra
O fice Protection G ounding.”

4.3.2.2 Radio/Mcrowave Tower and Fence G ound: A bond should
be made between the central office ground field and the

radi o/ m crowave tower and fence ground for the sane reasons

di scussed above. Al provisions for this grounding shoul d be
identical to those described in 4.3.2.1 and in Appendix C
paragraph C. 4.2. Were lightning rod, tower and fence ground
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systens exist, all systems nay be connected to the central office
ground field in the same handhol e cl osure.

4.3.3 Central Ofice Metallic Water System It is inportant to
bond to the central office netallic water system where one
exists, to conply with National Electrical Code (NEC

requi renents. The bond to the netallic water systemis also an
addi tional |ow i npedance connection to earth ground. Wen no
water systemis present in the building, this bonding connection
is omtted. |If the central office water system entrance piping
includes at least 10 feet (3.0 neters) of buried netallic pipe in
direct contact with earth (NEC Articles 250-80 and 250-81) from
either a drilled well or public water system it wll qualify as
a netallic water system The water systemnetallic entrance pipe
has to be owned and controlled by the tel ephone conpany, if it is
to be used as a primary surge absorber. Gound w re connections
shoul d be nade to the nmain entrance pipe of the water system
Wen there is a water neter or insulating joint in the pipe, a
bypass bonding wire should be installed to ensure electrical
continuity. Permssion fromthe owner of the water systemis
requi red when the pipe on the street side of the neter, is not
owned by the tel ephone conpany or where there is an insul ated
coupling at the neter. To conply with Article 250-80 of the
Nat i onal Electrical Code, an electrician should bond the electric
servi ce grounding systemto the water piping as shown in Figure
6, “Central O fice Protection G ounding.”

4.3.4 Building Structural G ound: A connection should be nade
to the building structural ground for earth groundi ng and
potential equalizing. This ground is not considered to be a
primary surge absorber. A low resistance path to ground is
provi ded by reinforced concrete that is in direct contact with
bare earth, such as building footings. Structural steel used in
sonme buil di ngs can have voltage differences from equi pnent framnes
installed in the building. These voltage differences occur when
equi pnent frames rise in voltage because of current surges

t hrough the M3 or when lightning strikes the structure. During
bui I di ng construction, rebars should be | ashed to steel colum
anchor bolts at each floor/roof |evel. Connection to the steel
col ums shoul d be nade between the nearest accessible point and
the MaB. Gound wire connections should be made directly to the
rebar during construction of new reinforced concrete buil di ngs
cont ai ning no steel colums.

4.4 Non-1GZ G ounds (N section of M3B): The N section is
primarily a common voltage reference point to which all non-1&Z
equi pnent frames are connected. The single-point grounding
systemis designed to confine all |ightning and surge currents to
the P and A sections of the Ma&. The connections to the N
section prevent voltage differences between equi pnent racks,

etc., in the non-1& area. Surge currents and shock hazards for
personnel in the building are thereby effectively mnimzed. Al
equi pnent frames, ironwork (not cable rack ironwrk, see 5.5.2),
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and ot her exposed netallic surfaces that could beconme energized
are bonded to the MaB at this point. The N section is also the
connection for equalizing voltages on the positive (+) central
of fice power bus. This connection between the positive (+)
battery termnal and the MaB is not norrmally a dc power current
carrying conductor and is provided only for equalizing voltage
di fferences.

4.5 1& Gounds (I section of M3): The | section of the M3B
normal Iy shoul d have the | east voltage variation of any section
along this ground bar. Al ground connections to the GABs are
made in this section.

4.6 Gound Resistance Qojective: Mking a reasonable effort to
nmeet the objective ground resistance is an inportant factor in

i npl ementing a single-point grounding system Installation of a
peri neter ground around and outside the building foundation
perimeter is recoomended. O her types of ground fields are
accept abl e where the ground resistance objective can be net (see
4.6.2).

4.6.1 The conbined central office ground resistance fromthe
three primary surge absorbers, as defined in 4.3, should be

five ohnms or |ess when neasured at the M3B, subject to the
limtations of 4.6.2. \Were all three primary surge absorbers
are present at a central office, the five ohm objective should be
net when any two of the grounds are connected. For central

of fice buildings where only two surge absorbers are avail abl e,
the objective for the central office ground field is five ohns or
| ess. (See Bulletin 1751F-802 for a discussion of grounding

t echni ques.)

4.6.2 Establishment of a | ow resistance ground field can be
difficult at the location of sonme rural central office buildings.
The actual measured resistance to renote earth of the ground
field provides a guide for determining if it is practical to
attenpt achieving the five ohm objective resistance. Were the
neasured val ue of the ground field alone is between five and

25 ohns, further efforts to reduce the resistance are not
recommended. The work required to reduce the resistance an
addi ti onal one or two ohms could be very expensive. Wen the
actual measured resistance exceeds 25 ohns, additional effort
shoul d be nmade to reduce the resistance. Earth resistivity
nmeasur enents shoul d be conpl eted at vari ous depths and | ocati ons
around the building before initiating any reduction effort.

Cal cul ation of the approximate anticipated resistance to earth
based on the recorded results of the neasurenents shoul d be

conpl eted for various ground configuration and el ectrode | engths.
The results of these calculations will indicate the probability
of attaining the objective ground resistance (see Bulletin
1751F-802) .
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4.6.2.1 Following are sonme techni ques which may reduce the
central office ground field resistance:

4.6.2.1.1 Attach to building rebar ground.

4.6.2.1.2 Drive extended or sectional ground rods to a depth of
up to 30 feet (9.1 neters).

4.6.2.1.3 Establish a second ground field.

4.6.2.1.4 Install one or nore 6 to 10 inch (15 to 25 centinmeter)
wel | casings. The well casing should extend bel ow t he water
table | evel.

4.6.2.2 Application of chemcal soil treatnent is not
recommended. Chemical treatnent is not permanent and has to be
periodically renewed. Were chemcal treatnment is used, a
program should be initiated to nmeasure the ground resistance at
six-month intervals to ensure they are all still effective.

4.6.3 The resistance of the central office ground field should
be determined prior to selecting the specific equipnent for
installation. The manufacturers of equi pnment shoul d be advi sed
when the five ohmcentral office ground field objective cannot be
achi eved by established net hods.

5. CENTRAL OFFI CE GROUND W NDOW BAR ( GAB)

5.1 Equipnent Gound Oiginating inside |&GZ: Al equipnent
grounds that originate inside the |IGZ are ternm nated on the GAB
whi ch shoul d preferably be physically located inside the | &Z and
insulated fromits support. The use of a GAB provided by the
equi pnent manufacturer as an integral part of the swtching

equi pnent is acceptable. Normally those groundi ng conductors
originating inside the IGZ that are term nated on the GAB will be
pl aced by the personnel installing the switching equiprent.

5.2 Equipnent Located in a Renbte Area: A separate |&Z should
be established wwth its own GAB where additional electronic or

digital switching equipnent is located in a renote area of the

sanme floor or on another floor of the building.

5.3 Connect Each GMB to the MEB with a conductor follow ng the
nost direct route. This groundi ng conductor should be 2/0 gauge
or coarser copper with a resistance of |ess than 0.005 ohns (see
Section 8). The use of parallel conductors for redundancy is
accept abl e.

5.4 The Conductors Term nating on the GAB shoul d be suitably
identified as described in Paragraph 8. 3.
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5.5 The Frane G ounds of Equipnent Located inside |IGZ: The
frame grounds of ONLY that sw tching equi prment and associ at ed
el ectrical equipnent |ocated INSIDE the | GZ should be connected
to the GAB. This includes but is not limted to those itens
described in the foll ow ng paragraphs:

5.5.1 Al netal frameworks of the switching systens (e.qg.,
frames, cabinets, bays, etc.) should be connected to the GAB
The manufacturer's recommendati ons for establishing these
connections should be foll owed.

5.5.2 The cable racks (insulated from MDF ironwork, see 7.1),
static control ground mats, discharge plates, transm ssion

equi pnent, and protective grounds of any other | GZ equi pnent that
obtains power fromthe main power plant should al so be connected
to the GAB. Borrowers should conply with any speci al
recomendations fromthe equi pnent manufacturer.

5.5.3 The manufacturer's instructions on isolation of the
battery charger framework ground fromthe internal positive (+)
chassi s connection should be foll owed.

5.5.4 The ac conductors including the protective grounding
conductors serving all 120 volt ac electrical convenience
receptacles and all direct wire peripheral equipnent, |located in
the 1G&Z, should be sized in accordance with normal "green wre"
criteria. Each term nation point should be tagged to indicate
that the green wire is a GMB isolated ground wire. The

manuf acturer's recomendation for the netallic racks within the
|&Z will determ ne how the green wire is handled in the 1GZ. The
metallic racks may be insulated fromthe concrete floors and
reinforcing steel or connected to the green wire, depending on
the manufacturer’s reconmendation. Routing of the ac conduit and
protective green wire ground in the manner descri bed bel ow
ensures conpliance with National Electrical Code requirenents.

5.5.4.1 Racks insulated frombuilding: The conduit carrying

120 volt ac conductors into the | &Z should be routed to a
junction box | ocated adjacent to the GAB. The green wire should
be solidly connected to the junction box and a wire connection
establ i shed between the junction box and the GAB. Use of
nmetallic or non-netallic conduit for extending and bonding the ac
conductors into the 1GZ is at the option of the manufacturer.
Where nmetallic conduit is used, care should be taken during
installation to assure it is insulated fromforeign grounds
(building structural steel and reinforced concrete nenbers)
beyond the GAB. There is no need to install isolated orange
conveni ence receptacles with this configuration since everything
beyond the GMB in the 1GZ is at GAB ground potential. 1solated
ac ground conveni ence receptacles may be installed as required by
t he manuf acturer.




RUS Bulletin 1751F-810
Page 17

5.5.4.2 Racks not insulated frombuilding: The conduit carrying
120 volt ac conductors into the 1GZ should be routed directly to
the nmetallic racks. Since these racks are at the sanme ground
potential as the conduit and green wire by being connected to the
reinforced concrete floor, there should be no connection to the
GAB. Isolated ac ground conveni ence receptacles may be installed
as required by the manufacturer. Equipnment in the | GZ should be
isolated fromthe netallic racks which are not isolated from
bui | di ng grounds.

5.5.5 Wiere overhead lighting fixtures located in the |1GZ are an
integral part of, or are in electrical contact with, the

equi prent frame(s), the associated green protective ground wres
shoul d be connected to the GMAB isolated ground wire system For
conveni ence, they may al so be connected to the GAB where the
connections above do not exist. All fixtures connected to the
GMAB system need to be isolated frombuilding structural steel and
reinforced concrete nenbers. Geen wres associated with
lighting fixtures having no electrical contact with the equi pnent
frames nmay be connected in the conventional way to the ac

di stribution panel ground.

5.5.6 The protective grounds for facsim|e machines, conputer
nmonitors, test equi pnent and other ac powered devices |ocated or
used within the | GZ area are normal l'y provided by the green wire
l eads in the attached power cords. The green wire pins should
not be renoved fromthe 3-wire power cords of such equi pnent and
2-wi re adapters should not be used.

5.5.7 Every precaution should be taken to ensure the integrity
of the 1GZ. No foreign grounds should be permtted to conme into
contact with any equi pment within the |1 GZ except through the GAB,
except as indicated by the equi pnent manufacturer.

6. | SOLATED GROUND ZONE (1 &)

6.1 |ntroduction

6.1.1 |If practical, permanent narkers should be placed on the
floor to identify the | &Z boundaries. Paint or tape of
di stinctive color such as orange shoul d be used.

6.1.2 Precautions should be taken to ensure that no permanent or
tenporary ground connections are permtted to cross the |&XZ
boundary except as defined in 5.5.4.2.

6.2 Installation and Bonding of Metal Framework: The netal
framewor k associated with digital electronic central office

equi pnent and associ ated peri pheral equi pment should be installed
and bonded according to the manufacturer's requirenents. Sone
manuf acturers require the franes be isolated fromthe floor while
others permt anchoring directly to the floor.
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7. MAI'N DI STRI BUTI NG FRAME ( MVDF)

7.1 Special Gounding Considerations are required at the MDF to
control incom ng surges and protect personnel. The design should
provide for this wth any of the existing or new MDF protectors
that are available. The MDF is treated as being outside of the
|&Z in all cases. Cable rack, grid or runway netal should be
insul ated from MDF ironwork and grounded to the GAB, see 5.5. 2.

7.1.1 NDF protector assenblies may be nounted directly on the
vertical frame ironwork. The assenblies nmounted on each vertica
frame i ronwork should be interconnected with a #6 copper
conductor to provide a | ow resistance path for surge currents.
Each vertical group of protector assenblies should be connected
to the MDFB with a #6 copper conductor. Alternative neans of
connection to the MDEB which do not rely on the franme ironwork
for conducting surge currents to ground are acceptabl e.

7.1.2 The NMDFB should be insulated fromthe ironwork in al
cases where it is used as a M3B (see 4.2.2). The MDFB may be
insulated fromits support as required by the CO manufacturer

7.1.3 Protective "ground connections” should be nade between the
MDFB and frame ironwork for personnel protection regardl ess of
the type protector assenblies used. The protective ground | eads
shoul d be 14 gauge and | ess than 12 inches (30 centineters) in
length. Paint has to be thoroughly renoved at points of
connections to the ironwork. One connection should be nade for
every 35 feet (10.7 nmeters) of frane |ength.

7.1.4 \Were the MDFB is used as the M&@B in very small offices
(4.2.2), the protective "ground connections" (7.1.3) should be
connected in the N section of the bar. The MDF protector ground
shoul d be connected to the P section of the bar.

7.2 Transm ssion Equipnent Term nation and Protection: Digital
carrier equi pnment and sensitive electronic pair gain systens
should normally be located inside the 1GZ.  Sonme carrier

equi pnent have internal gas tubes for bypassing voltage surges to
ground. Equi prent of this type should be | ocated outside the
|&Z. Al equipnment frames | ocated outside the | &Z should be
grounded t hrough connections at the N section of the M&B. The
equi pnent | ocated inside the |1 &Z should be grounded to the GAB

7.2.1 Protectors for all carrier equipnent are normally | ocated
on the MDF, though exceptions may be nmade to this rule. The
protectors for some toll carrier entrance cables are nounted in
the carrier bays located in a non-1GZ area.

7.2.1.1 Shields of intraoffice cable connecting the MDF to
carrier equi prent bays should be open at the MDF end and grounded
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at one point to the M&B or GMAB. This groundi ng arrangenent
provi des electrostatic shielding and maintains GAB integrity.

7.2.1.2 Separation of the transmt and receive sides of the
cable for T-carrier systens should be maintained. This may be
acconpl i shed by using conpartnental separation or separate
transmt and receive cables all the way to the NMDF protector
assenbly. Between that point and the carrier equipnment the
separation is usually maintained through use of shiel ded junpers,
separate shielded transmt and receive cables, or nmultipair
cables with individually shiel ded pairs.

7.3 Entrance and Tip Cables: The nost inportant characteristics
of tip cables, froma protection standpoint, are resistance to
flammability and ease of termnation. They should also be
chemcally conpatible (i.e., should not chemcally react) with
the outside plant cables. They should be sized as described in
7.3.3.

7.3.1 Most RUS accepted pol yvinyl chloride (PVC) insulations and
j acket formulations used in tel ephone cabl es have adequate fl ane
resi stance. They can, however, be damaged chemically by cable
filling conpounds that are in conmon use. Pol ypropyl ene and

pol yet hyl ene i nsul ati on, polyethyl ene jackets, and sone filling
conmpound types will pronote conbustion. Use of filled cables in
swi t chboard roons shoul d be avoi ded because of fire hazard.
Because of these considerations, nonfilled PVC insul ated and

j acketed cables (or other insulation with equivalent flane

resi stance) are preferred for use inside central office buildings
and for termnations on the MDF. For conpatibility reasons,

pol yet hyl ene grease (| ow nol ecul ar wei ght pol yet hyl ene) and
petroleumjelly (petrolatuns) filled cables should not be spliced
to conductors insulated with PVC. PVC jacketed tip cables
currently avail able are not usually suitable for outdoor use
because of their lowresistance to ultraviolet attack and their
tendency to becone brittle at | ow tenperatures.

7.3.2 The recommended procedure, for use with either filled or
nonfilled 24 gauge or smaller gauge pol ypropyl ene and

pol yet hyl ene i nsul ated outside plant cables, is to use a special
22 gauge pol yet hyl ene i nsul ated PVC covered conductor tip cable
with a PVC outer jacket (ALVYNR), or equivalent, in place of PVC
insulated. Only those cables that are included in the “List of
Mat erial s Acceptable for Use on Tel ecomruni cati ons Systenms of RUS
Borrowers," Informational Publication 344-2, should be used.

Wth this arrangenent, if the outside cables are filled, the
outer PVC covering of the tip cable conductors can be attacked by
the filling compound. The PVC covering may crack in the

i medi ate vicinity of the splice after having been in place for
sonmetime. Tests have shown that the polyethyl ene insulation on
the wire beneath the PVC covering will remain intact and retain
adequate dielectric strength. This provides an electrically
satisfactory splice in spite of the loss of the thin PVC outer
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| ayer. The portion of the tip cables run in the office and
term nated on the MDF retain their PVC covering and renmain flame
resistant.

7.3.3 If the first sections of the outside plant cables are
coarser than 24 gauge, an additional splice would be needed to
install a fuse link between the tip cables and each outside pl ant
cabl e coarser than 24 gauge. Fuse links are typically 24 gauge
and have a mninmumlength of 4 feet (1.2 neters) as shown in
Figure 3: Entrance and Tip Cable Arrangenments. The additi onal
splices are expensive and undesirable. Therefore, they should be
avoi ded when possible. One neans of avoiding the extra splice is
to use a 24 gauge entrance cable between the office and riser
pol e, manhol e or pedestal outside the office.

7.3.4 In the event that neither a cable vault nor a splicing
trough exists, the outside plant cables should be brought into
the central office and spliced to the ALVWNR or equivalent, tip
cables as close as practicable to the cable entrance. Wen this
design is used, the entrance of the outside plant cable into the
buil ding and the splice itself should be enclosed in a fireproof
box nmounted on the inner side of the building wall as shown in
Figure 4. Cable Entrance without Vault. Were this is not

feasi ble, and a pedestal is to be used for outside plant cable
term nation, the follow ng recormmendati ons are nade:

7.3.4.1 \Wen the pedestal closest to the central office is used
in place of a cable vault, the follow ng are reconmended:

7.3.4.1.1 The pedestal should be a BD-7 or larger. The steel
groundi ng bar in the pedestal should be replaced with a

ti nned- copper groundi ng bar which will becone the Cable Entrance
Ground Bar (CEG). The CEGB should be bonded to the pedestal
housi ng.

7.3.4.1.2 The pedestal CEGB should be solidly bonded to an

8 foot (2.45 m ground rod driven into the ground near the
pedestal entry access door to be used by personnel. |If

mul ti-door access is expected, installation of a small groundi ng
ring around the pedestal should be considered. This ring should
consist of 8 foot (2.45 m ground rods at each corner of the
pedestal connected to one another using at |east a #6 AWG copper
conduct or.

7.3.4.1.3 The CEGB should be bonded to the COGF via a 2/0 AWG
i nsul at ed copper conductor using the nost direct route with few
or no bends.

7.3.4.1.4 1f the COG- is not readily accessible, the CEG should
be connected to the P Section of the Master G ound Bar (M3B) in
the central office via a copper conductor sized in accordance

wi th paragraph 8. This conductor should enter the COvia a
non-netal lic conduit.
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7.3.4.1.5 The outside plant cable shields should be connected
(solidly bonded) to the CEGB using the proper size grounding
straps, lugs, and bolts. At the pedestal the TIP cable shields
shoul d not be connected to anything and shoul d be taped or

ot herwi se insulated. The TIP cable shields should be grounded at
the Main Distributing Frame (MDF) Gound Bar inside the CO TIP
cabl es outside of the CO should be installed inside weather proof
condui t.

7.4 Protection: Incomng cable pairs term nated on MDF
protector assenblies should be protected with protector nodul es.
These nodul es, which connect an arrester between each cable
conductor and ground, effectively limt foreign potentials that
will reach the equipnment in the office. The nodul es shoul d
contain white coded carbon bl ocks, orange coded gas tube, or
other (i.e. solid state) arresters that are RUS accepted. The
arresters breakdown at |ess than 1000 Volts under surge
condi ti ons.

7.4.1 Cable pairs associated with carrier, concentrator special
circuits or other systens should be protected with orange coded
gas tube or other protector nmodules. This equipnment is tested to
wi t hstand only the maxi mum vol t age passed by these nodul es. Past
experience with nost el ectronic equi pmrent has shown there is very
little margin above the test level. Oher types of special high
vol tage gap protection as reconmended by the equi pnent
manuf act urer are accept abl e.

7.4.2 There have been reports of electronic equipnent failures
in central offices equipped with blue coded arresters. The

repl acenent of existing blue coded with white coded carbon bl ock
arresters is essential when an existing mainfrane is retained for
protection of a new electronic digital swtch.

7.5 Current Limtation: RUS accepted mainframe protectors are
capabl e of carrying, w thout hazard, the sustained current which
may result from comercial ac power contacts to outside plant
cabl e having 22 gauge or finer wwre. There are a nunber of MDF
protectors avail able on the nmarket which do not have adequate
current carrying capability. It is inportant that the borrower's
engi neer ascertain that the MDF protectors delivered by the COE
contractor are actually RUS accepted.

7.6 Heat Coils: Since heat coils proved to be "high

mai nt enance” itens conpared to fuse |links, fuse links are
preferred for neeting National Electrical Code objectives in the
Central O fice. Heat coils should not be used with carrier
frequency pairs because of high frequency attenuation. Because,
the addition of heat coils increased the cost of tel ephone system
with virtually no protection benefits, their use by RUS borrowers
has been nostly elim nated.
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8. CGROUNDI NG CONDUCTOR SI ZI NG ROUTI NG AND TERM NATI NG

8.1 Sizing of Protective Gounding Conductors: The point of
reference for sizing all protective groundi ng conductors except
green wire conductors and dc power conductors is the M&B. To
determ ne the appropriate conductor size first establish the
actual conductor routing di stance between the two points of
connection via the desired route (i.e., between the M&B and
CEGB). Next refer to Figure 6 to determ ne the resistance

obj ective between the two points. Finally, fromFigure 7:

Maxi mum Conduct or Length to Meet the G oundi ng Conduct or

Resi stance Objectives, find the wwre size with a maxi num f oot age
for the desired resistance objective equal to or greater than the
w re di stance between the two points. Use of Figure 7 or

cal cul ated resistance values are permssible in |lieu of
measurenent. Al t hough m ni num conduct or inpedance is the
ultimate goal in installing a grounding conductor, for purposes
of ease in sizing, dc resistance of the wire is used. The

resul ting conductors for the dc resistances shown on Figure 6
will result in |arger conductors than would otherw se be used for
normal power wiring. These |larger size conductors are intended
to handl e expected rapidly rising surges prevalent in central
offices. The general guidelines in the foll ow ng paragraphs are
al so recommended.

8.1.1 The finest recommended conductor size is 6 gauge, except
for the 14 gauge protective grounds at the NMDF described in
7.1.3.

8.1.2 The conductor between the M&3B and GAB shoul d al ways be
2/ 0 gauge or coarser. The suggested size provided in this

par agr aph pertains to protective groundi ng conductors only, not
to dc power conductors. The maximumresistance of this conductor
shoul d be |l ess than 0.005 ohns.

8.1.3 The conductor between the M3&B and the neutral ground bar
in the ac service entrance panel board should al ways be 2/0 or
coarser. The maxi mum resistance of this conductor should be |ess
t han 0. 005 ohns.

8.1.4 The maxi mum conductor resistance fromthe M&3B to the
initial point of connection with all surge producers should be
| ess than 0. 01 ohns.

8.1.5 The maxi mum conductor resistance fromthe M3 to the point
of connection with all surge absorbers should be | ess than
0. 01 ohns, except as described in 8.1.3.

8.1.6 The maxi mum conductor resistance fromthe M3 to the point
of connection with all equi pment grounds should be | ess than
0. 01 ohms.
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8.1.7 Were an internediate ground bar (I GB) or connection is
provi ded, the 0.01 ohm objective should be divided on either side
of the 1A or ground connecti on.

8.2 The Planning and Installation of the Wring is critical to
the provision of an effective grounding system Care should be
taken to mnimze induction that may appear in groundi ng system
wiring. Recommended guidelines for installation of grounding
syst em conductors i ncl ude:

8.2.1 Gounding conductors should be insulated to permt
integrity testing. Conductors should also be free of splices.
| f splices have to be made, only conpression connectors or
exot herm ¢ wel di ng shoul d be used.

8.2.2 Gounding conductors should be routed in a manner that
will avoid sharp or right angle bends. Routes should followthe
nost direct path with gradual bends to mnimze the inductive
reactances that tend to i npede surge currents and reduce the
overal |l effectiveness of the groundi ng system

8.2.3 Gounding conductors except the green wires and dc power
conductors should not be routed closely parallel to other
conductors in the office so as to mnimze induction of surges
into equi pmrent wiring. These conductors should not be routed

t hrough cabl e racks or troughs, or within confines of any iron
wor K.

8.2.4 Gounding conductors should only be placed in nonnetallic
conduit. If a grounding conductor has to be routed through
metallic conduit both ends of the conduit need to be bonded to

t he groundi ng conductor. In addition, grounding conductors should
not be encircled with netal clanps as such clanps could create

hi gh inductive reactance that will inpede the flow of surge
current al ong the conductor.

8.2.5 Wre-to-wire and wire-to-ground rod connections should be
made only with conpression connectors or exothermc weld
connections. Solder joints should not be used for any central

of fi ce system groundi ng connecti on.

8.2.6 Wre-to-bonding-bar (busbar) connections should be nade
with lugs that have a conpression connector or exothermc weld
connection. The lugs should have bolt-on provisions for the
busbar connections using copper bolts and nuts. Periodically,
some of the busbar connections may be renoved for test purposes.
Two hol e, bolted connections are recomended for term nating
groundi ng conductors on the M3B, MDFB, GWB.

8.3 Stenciling and Tagging: It is desirable that the foll ow ng
stenciling and taggi ng be provided for sinplification of
mai nt enance and testing:
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8.3.1 Permanent adhesive cable |abels or suitable plastic tags
shoul d be provided on ground wire |eads at all busbars to
identify the origin of each conductor.

8.3.2 The location for each groundi ng conductor should be
identified on each ground bar by permanent adhesive |abel or
stenci | i ng.

8.3.3 The designated P, A, N and | segnents of the M3 shoul d be
clearly identified.

8.3.4 Permanent identification tags should be placed on

Il ightning, CO and radi o/ m crowave ground | eads at their
accessi bl e points of connection to the central office ground
field outside the CO building.

9. POWER SERVI CE PROTECTI ON

9.1 The Mninmum Protection for AC Power Serving Central Ofice
Bui | di ngs shoul d consist of a suitable arrester in the electric
power secondary circuit. The borrower is responsible for

determ ning that the characteristics of the secondary power
arrester coordinate with the dielectric strength and surge
current carrying ability of all itens of ac powered equipnent in
the central office. These itens would include heating, air

condi tioning equi pnent, etc. This normally means a secondary
power arrester having a surge breakdown not exceeding 1800 volts
peak, and a val ve device to prevent power follow current.

9.2 Power Arrester Protecting Kilowatt-hour Meter: In sone

i nstances a secondary power arrester may be provided by the power
conpany to protect its kilowatt-hour neter at the buil ding
service entrance. These devices may not be suitable for
protecting central office equi pnent because they are usually
designed to coordinate only with the dielectric strength of

kil owatt-hour neters (usually 9 to 10 kV). This voltage is
normal Iy too high for tel ephone equi pnrent powered by conmerci al
AC li nes.

9.3 Protecting the AC Power Service Entering a Central Ofice:
The use of a secondary arrester to protect the ac power service
entering a central office building is strongly recommended. Sone
secondary arresters have a rapid response and coordinate readily
wi th normal ac powered equi pnent. The arresters may be nounted
either at the weather head or at the load center. Ohers have
poorer characteristics and have to be nounted at the weat her

head, with at |least 20 feet (6.1 neters) of steel conduit
separating the arrester fromthe |oad center to assure proper
oper ati on.

9.3.1 If, after the installation of a secondary arrester, power
failures are still experienced fromsurges on the ac bus, a
suppl ementary protector; as shown in Figure 5 Typica
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Install ation of Secondary Arrester and Branch G rcuit Power
Service Protector, should be applied to the affected branch
circuit. Reconmended suppl enmentary protection consists of a
maxi mum duty gas tube in series with self-restoring circuit
breakers or an inpedance, to prevent the tube from hol di ng over
after the surge has passed.

10. RADI O OR M CROMAVE | NSTALLATI ONS

10.1 Radio or Mcrowave Towers Which Are Located on or in O ose
Proximty to CO Buildings require special protective
considerations. Their height and conductivity increases the
probability of a direct lightning strike.

10.2 Protection of the Tower and Associ ated Equipnent: Details
for the protection of the tower and associ ated equi pnent are
covered in Appendix B of this bulletin and in TE&CM 825 (proposed
conversion to Bulletin 1751F-825).

10.3 Bonding Tower G ound and Area Fences to CO G ounding
Systens: It is inportant for protection of the central office
equi pnent that the tower grounding system be bonded to the CO
groundi ng system Fences and gates shoul d be grounded as
detailed in Appendi x C paragraph C. 4.2. These connections should
be made outside the building as described in 4.3.2. Thus a
direct strike to the tower or fence should be diverted to the
groundi ng systemrather than enter the office.

11. ELECTROSTATI C & ELECTROMAGNETI C FI ELD EFFECTS

11.1 Static Electricity is the accunul ation of stationary

el ectrical charge on a body or conducting nmedi um created by
physi cal notion such as drawi ng a conb through hair. Even
circulating air currents can cause a charge buil dup, especially
during periods of Iow humdity. The electrostatic charge is

di scharged by groundi ng the charge storing nedi um

11.2 FET, MOS, and CMOS: Many circuit packs used in el ectronic,
digital swtching equi pnent contain active devices such as field
effect transistors (FET), netal oxide sem conductors (MXS), and
conpl enentary netal oxide sem conductors (CMOS). These static-
sensitive conponents can be pernmanently damaged when vol t ages

hi gher than their breakdown point are applied to them The human
body can devel op and store a charge of up to 40,000 volts by
wal ki ng across a nonconductive floor during periods of |ow

hum dity. Because of this possible build up of static charge,
speci al provisions should be applied to prevent circuit conponent
damage fromthis potential hazard when handling printed circuit
cards designated by the supplier to be sensitive to static

di schar ge.
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11.3 The Accunmul ation of Electrostatic D scharge by a Human Body
may be reduced in a confined area such as a central office by
increasing the relative humdity. Body electrostatic

accurrul ation, at 60%relative humdity, is mninal. Even at this
excessive humdity level there is no guarantee the electrostatic
build up is elimnated. Further, the humdity may al so cause
equi pnent contam nation, corrosion, or |eakage path problens on
the printed circuit cards and associ ated conponents.

11.4 Electrostatic Conditions That Produce Equi pnent Probl ens:
There are two kinds of electrostatic conditions that produce

equi pnent problens; direct arcs into the el ectronic equi prent,
and radi ated energy that reaches circuits through electric and
magnetic field coupling. Discharged electrostatic energy can
create a localized voltage (electric) field and current
(magnetic) field in adjacent circuit cards. Both types of fields
can cause permanent equi pnent danage and/or logic circuit errors.

12. GENERAL ENVI RONVENTAL AND HANDLI NG REQUI REMENTS FOR
ELECTROSTATI C SENSI TI VE EQUI PMENT

12.1 Proper Environnental and Handling Considerations for
el ectrostatic sensitive equi pnent are essential to prevent
conponent damage and service systens downtinme. The genera
procedures recommended in 12.2 and 12.3 will reduce the
probability of equipnment danage.

12.2 Environnental Conditions: The follow ng environnental
condi ti ons shoul d be mai ntai ned where possi bl e:

12.2.1 Appropriate relative humdity | evels should be naintained
since static charges accunul ate nore readily under very dry
climatic conditions. Refer to the equipnment manufacturer's
relative humdity reconmendati ons.

12. 2.2 Adequate air and dust filters should be installed in air
duct s.

12.3 Precautions for Mintenance Procedure: The follow ng
precautions shoul d be observed when perform ng buil ding and
equi pnent nmai nt enance procedures:

12.3.1 Gounding straps should be worn when handling printed
circuit cards designated by the manufacturer as being susceptible
to damage. Refer to the equi pnent manufacturer's procedures
relating to this subject.

12.3.2 Gounded conductive floor tiles or mats shoul d be
installed, where required. The manufacturer's reconmendati ons
shoul d be followed for installation connection to ground, and
mai nt enance of the floor to preserve conductivity.
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12.3.3 Printed circuit cards should not be touched or handl ed by
t heir conponents or connector pins.

12.3.4 The repair or nodification of circuit cards should not be
attenpted in the local office. Units should be returned to the
manufacturer for repair if tests have shown that particul ar cards
are defective. An adequate stock of spares should be maintained
in proper storage containers (See RUS Form 522, Bulletin

1753E- 001, Part 1, Paragraph 24.6)

12.3.5 Conductive printed circuit card containers should be used
as recommended by the equi pnent manufacturer.

12.3.6 Cards should be installed according to manufacturer’s

i nstructions, especially where an Enabl e/ Di sable feature is
provi ded and the manufacturer recomrends that no card shoul d be
inserted or renoved until the Enable/Di sable switch is in the
di sabl e position and/or the card slot connection is disabled by
sof twar e conmand.

12.3.7 Only the grounded conventional or isolated ac ground
conveni ence outlets located in the 1GZ may be used for operating
tools, test equi pnent and custodi al equi pnent inside the | GZ
Refer to the equi pnent manufacturer's instructions regarding the
use of ac tools or test equipnent in the equipnment area.

12.3.8 Steel wool, steel wool pads or dry untreated cloths or
nmops for floor maintenance should not be used.

12.3.9 Defective fluorescent lighting conmponents shoul d be
repl aced. These include defective starters, flickering

fl uorescent tubes, or noisy ballast transfornmers. Failure to
repl ace these itens nmay introduce noise into power supply |ines
and syst ens.

12.4 Precautions for Operating Mdtor Driven Devices: The
foll owi ng precautions should be observed when operating notor
driven devices in the central office building:

12.4.1 Al cleaning equipnent and notor driven tools should be
i n good working order.

12. 4.2 NMotor driven devices should all have grounded 3-conduct or
cords to bleed-off static charges or brush-noi se generated radio
frequency transients.

12.4.3 NMotors that are not an integral part of the manufacturers
equi pnent shoul d not be started, operated or stopped inside the
| GZ.

12. 4.4 Equi pnent shoul d be renoved from servi ce when addi ng or
removi ng wire-wap connections. Were this is not possible,
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manual or pneumatic wire-wapping tools with insulated bits
shoul d be used.

12.4.5 Tools with Silicon Controlled Rectifier (SCR) notor speed
controls should not be used. The SCR can cause transients in the
power supply line and generate magnetic fields.

12.5 Precautions for Menory Devices: The follow ng precautions
shoul d be observed for magnetic tapes, hard drive, floppy discs,
and ot her nenory devi ces:

12.5.1 Motor driven equi pnment should not be |ocated adjacent to
tape transports or nenory devices. An extra |ong hose should be
used when vacuuming with the cleaner itself |ocated several feet
outside of the 1&Z. A centralized vacuum cl eaner system shoul d

be considered at | east for new CO buil di ngs

12.5.2 Magnetic apparatus such as recordi ng tapes and tape
transports shoul d not be exposed to the magnetic fields produced
by electric notors.

12.5.3 Magnetic tapes should be stored in radio frequency tight
high nu ferrous netal cabinets to avoid information |oss.

13. DI SCHARCE PLATES

13.1 For Protection of Static Sensitive Equipnent, all personnel
shoul d fully discharge any static charge on their body before
touching or handling any part of the service system This is
especially inportant in common control areas. Central office
personnel when working in the switching area should touch the
near est di scharge plate before touching any part of the service
system

13.2 Installation of Electrostatic D scharge Plates should be
consi dered where they have not been provided by the equi pnent
manuf acturer. They should not be installed until the
manuf act urer has been consulted for recommendati ons on | ocations
and ground connections. The shape and nethod of attaching the

pl ates shoul d be acconplished in a manner that will not create
any hazard to personnel or |imt access to the equipnent.
Personnel discharge plates should be | ocated, where practical, at
intervals within an arns | ength of any mai ntenance | ocati on.

13.3 Supplenental D scharge Plates may al so be provi ded by:

13.3.1 Hinged netallic doors when they are grounded with a

14 gauge conductor to the building structural steel or the M3B
Conducti ve paint should be applied to the doors and netallic door
knobs shoul d be left bare.
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13.3.2 Light switches and ac power outlets with nmetallic
pl at es/ covers which are electrically connected to the grounded
green wire inside the electrical box.

13.4 Warning Signs: Appropriate warning signs should be posted
on all equipnent area entry doors and inside the CO where they
can be easily seen without creating a safety hazard. The signs
shoul d be worded to warn personnel of the electrostatic sensitive
area and the need for discharging body static before handling
equi pnment .
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Figure 1: Master Ground Bar
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Figure 2: Qutdoor G oundi ng Conductor Connections

h Ground conductors to Lightning
- Rod and\or Radio Tower ground fields.

Ground Conductor to Ground Conductor to
MGB CO Ground Field
NN

Note: End of conductors from
lightning rods and\or radio towers
should be toward CO ground field.

Outdoor Handhole
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Figure 3: Entrance and Tip Cable Arrangements

24-Gauge or Smaller, Polyethylene or Polypropylene Insulated
Conductors in Filled or Nonfilled Cable. Minimum Length 4 feet (1.2 m)

MDF

22-Gauge Polyethylene Insulated
Conductors with PVC Covering

22-Gauge ALVYN® Tip Cable. All Tip
and\or Stub Cables Nofilled, PVC
Jacketed
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Figure 4. Cable Entrance w thout Vault
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Figure 5. Typica
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O fice Protection G ounding

Figure 6: Central
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Figure 7: Maxi mum Conductor Length to Meet the G ounding
Conduct or Resi stance Cbjectives

Conductor Size dc Resistance Objective Resistance
(English/Metric) 0.0050 0.010
#6 AWG 0.4110/kf 12' 24
1.348/km 3m 6m
#4 AWG 0.2548/kf 19' 38’
0.8478/km 5m 11m
#3 AWG 0.2050/kf 24 48’
0.6726/km 7m 14m
#2 AWG 0.1625/kf 30’ 61"
0.5331/km 9m 18m
#1 AWG 0.1289/kf 38’ 7
0.4229/km 11m 23m
1/0 AWG 0.1022/kf 48' 97"
0.3353/km 14m 29m
2/0 AWG 0.0802/kf 62’ 124'
0.2631/km 18m 37m
3/0 AWG 0.0636/kf 78' 157"
0.2087/km 23m 47m
4/0 AWG 0.0505/kf 99’ 198'
0.1657/km 30m 60m
250 MCM 0.0440/kf 113" 227
0.1444/km 34m 69m
300 MCM 0.0367/kf 136" 272’
0.1204/km 41m 83m
350 MCM 0.0314/kf 159' 318’
0.1030/km 48m 97m
400 MCM 0.0275/kf 181" 363"
0.0902/km 55m 110m
500 MCM 0.0220/kf 227" 454’
0.0722/km 69m 138m
750 MCM 0.0147/kf 340’ 680’
0.0482/km 103m 207m
Characteristics of Bare Copper at 68°F (20°C)
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APPENDI X A

VOLTAGE FROM SURGE CURRENTS

Al. CENERAL

Al.1 Purpose: This appendi x discusses the voltage effects on
groundi ng conductors fromself inductance in the presence of high
surge currents with fast rise tinmes. The discussion is designed
to provide a better understanding of the basis for sonme of the
general rules relating to routing of grounding conductors in
central office buildings.

Al.2 Self-Inductance of Conductors: Every conductor has self

i nduct ance whi ch provides an i npedance to |ightning and ot her
surges. A significant voltage difference will occur between the
ends of a groundi ng conductor during the period a surge current
is flowwng. This potential difference should not appear across
sensitive electronic equiprment. In addition, points in the
overal | groundi ng system between which the potential can appear,
shoul d not be | ocated so personnel can touch both sinultaneously.

A2.  SELF-1 NDUCTANCE

A2.1 Equation of Self-Inductance: The self-inductance (L,) of

a solid, round, non-magnetic and straight ground wire in air or
pl astic conduit nay be approximted wth:

155\
Lg=0.2)\()\n ; ) (A1)

Wiere: L, = Self-inductance, mcrohenries (pH
A = Wre length, neters
d = Wre dianeter, centineters

A2.1.1 Al grounding connections in a typical small rural
central office can probably be made using only #6 (0.162 inches,
0.411 centinmeters in diameter) and 2/0 (0.365 inches,

0.927 centinmeter in dianeter) conductors. Lengths of 30 feet
(9.1 neters) mght be required for some connections. From
equation (Al) the self-inductance for 30 feet (9.1 neters) of #6
wireis 14.9 pH and with 210 feet (63.7 neters) is 129 uH

A2.2 The self-inductance (L,) of a ground wire in steel conduit
where ends of conduit are not bonded to wire is given as:
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L= o.zx(m ISdSA ‘ IZOOMZ—IJ (A2)

2

Where: 1200 = estimated perneability of iron relative to air
d, = outside dianeter of conduit in centineters
d, = inside diameter of conduit in centineters

A2.2.1 The self-induction of the 30 feet (9.1 nmeters) | engths of
#6 and 2/0 wire encased in unbonded rigid steel conduit with an
outer diameter of 1.315 inches (3.340 centineters) and inner

di aneter of 1.049 inches (2.664 centinmeters) may now be

determ ned fromequation (A2). The self inductance of the #6
wireis 511 pyH and 2/0 wire is 509 pH

A2.2.2 A grounding conductor 30 feet (9.1 nmeters) |ong would not
likely be placed in steel conduit. A nore common use of conduit
is for carrying the conductor through a wall via a one foot

(0.3 neters) length. A one-foot (0.3 neters) length of #6 wre

t hrough a one-foot (0.3 neters) unbonded rigid steel conduit wll
have a self inductance of 16.8 pH and 2/0 will have 16.8 pH  The
sel f inductance of one-foot (0.3 neters) of wire in steel conduit
is higher than for 30 feet (9.1 neters) of bare wire in air.

A3. VOLTAGE LEVEL FROM SELF-| NDUCTANCE

A3.1 The calculation of the nonentary voltage that will devel op
across a length of conductor using the conductor self-inductance
is possible. This voltage is given by the differential

rel ati onshi p:

di
=L A3
e=L—  (A3)

Were: e = vol tage (volts)
L = i nduct ance (Henries)
di = change in current (Amperes)
dt = change in tine (seconds)

A3.1.1 Assum ng a noderate surge of 2000 peak anperes with a
rise tinme of 10 m croseconds through the 30 feet (9.1 neters)

bare wire described in A2.1.1, fromequation (A3), the voltage
devel oped across the wire coul d be:
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#6
2/ 0

2980 volts
2680 volts

A3.1.2 If this wire is placed in unbonded 30 feet (9.1 neters)
rigid conduit as described in A2.2.1 the voltage devel oped woul d
be:

102, 200 volts
101, 800 volts

#6 =
2/0 =
A3.1.3 Study of the exanple described in A2.2.2 where a one foot
(0.3 neters) length of unbonded rigid steel conduit is used to
pass the groundi ng conductor through a wall is nore practical.
From equati on (A3) the voltage devel oped across the one foot

(0.3 neters) conductor |length would be 3360 volts for #6 and
3350 volts for 2/0 wire. The voltage devel oped across one foot
(0.3 neters) of wire in conduit is 13 percent higher than for

30 feet (9.1 nmeters) of bare #6 wire and 25 percent hi gher than
for 30 feet (9.1 neters) of 2/0 wire.
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APPENDI X B

PROTECTI ON FOR ANTENNA | NSTALLATI ONS

Bl. GENERAL

Bl1.1 This appendi x provides guidelines for designing and

constructing protection systens for antenna installations. It is
not meant to suggest devel opnent of systens that are unreasonably
expensive or otherwi se inpractical. Wre and ground rod sizes

are presented as mninma and do not preclude the use of |arger
si zes.

Bl.2 Susceptibility to Lightning Stokes: Antennas and
supporting structures for mcrowave, nobile radio and pagi ng
systens are generally susceptible to lightning strokes because of
t heir height and high conductivity. Rural conditions contribute
even nore to this susceptibility because of generally poorer
groundi ng conditions and the lack of shielding by tall buildings.
Digital central office equipnent is especially vul nerabl e since
even | ow vol tages can severely damage conponents of a digital
swi t ch.

B2. Protection G ounding and Bondi ng

B2.1 Bonding of all-nmetal elenents: Large currents caused by
near or direct lightning hits to towers and associ ated structures
can cause hazardous voltage differences between netal parts.
These voltage differences result fromcurrent flow ng through the
resi stance and i nductance of these nmetal parts and grounding
conductors. Bonding is essential to prevent voltage differences.
Al -nmetal elenments of the building structure, such as steel
reinforcing rods in concrete, netal sheathing, netal roof
supports and trusses, and netal piping and conduit systens should
be bonded to the station ground. Although it is desirable that
the central office ground have | ow resistance, it is nore
inmportant that all nmetal parts be bonded together to keep them at
the sane voltage. Thus, sensitive equipnment such as digital
switches can remain at the same potential relative to the rest of
the office, even though there may be a rise in the overall ground
potenti al .

B2.2 Placing Gounding Conductors in Metal Conduit: Avoid

pl aci ng groundi ng conductors in netal conduit, if possible.
However, where groundi ng or bondi ng conductors are run in netal
conduit to avoid nechani cal damage, the conductor shoul d be
bonded to the conduit at both ends to decrease inductance and
prevent arcing.
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B2.3 Buried Connections should be welded to assure a pernmanent
| ow resi stance.

B2.4 Gound Rods should always be driven straight into the
ground to achi eve maxi mum depth and | owest resistance to ground.

B3. TOWER | NSTALLATI ONS

B3.1 Design bjective: The design objective of the tower ground
is to produce a network that matches or cones close to matching

t he ground resistance of the central office. This match should
prevent a large current fromflowng into the central office by
giving it a |ow inpedance path to ground at the tower. Refer to
Bul letin 1751F-802 and to the manufacturer's instructions for
additional information. Every effort should be made to obtain

t he design objective.

B3.2 Self-Supporting Tower Installations: A typical self-
supporting tower installation is shown in Figure Bl: Self-
Supporting Tower Installation. As a mninum these structures
shoul d have a ground rod 5/8 inch x 8 foot (1.6 centineters x

2.4 neters) driven at the base of each footing and bonded to the
tower leg with a #6 copper conductor. This conductor shoul d
gently slope dowmward with no sharp bends (as shown in Figure B2:
Bondi ng Details). However, ground rods should be placed close to
t he tower base and the conductor dressed in a manner that wll
avoi d accidental damage to the grounding systemor injury to
workers. Al of these ground rods should be bonded together with
a #6 bare copper conductor buried at |east two feet underground.
Rei nforcing bars in the concrete base should be bonded to the
ground rods as well as to the tower structure. \Were these bars
touch each other, they should be fused together to prevent

arcing. Wavegui de and coaxi al cable should be bonded in
accordance with 6.3 and 6.4. It is also necessary to bond the
antenna supporting structure to the Central Ofice ground (see
3.4).

B3.3 Guyed Tower Installations: A guyed tower installation is
shown in Figure B3: Guyed Tower Installation. Guyed towers
shoul d be protected by a ground ring at least 10 feet (3 neters)
across. This ring should be made of #6 bare copper conduct or
buried at |least two feet underground and bonded to at |east four
5/8 inch x 8 foot (1.6 centinmeter x 2.4 meters) ground rods. The
structure itself should be bonded to the ground ring by two
separate connections of #6 copper conductor. |If the base is
concrete, the reinforcing bars should be bonded to the structure
and to the ground ring. Wavegui de and coaxi al cable should be
bonded in accordance with 6.3 and 6.4. The ground ring should

al so be bonded to the central office ground. A ground rod should
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be driven at each guy anchor and bonded to the guy wire with a #6
or |larger copper conductor. Miltiple guy wires on the sane
anchor should all be bonded together and to the ground rod with a
#6 conduct or.

B3.4 Bonding the Tower G ound to the Central Ofice G ound:
Al t hough the tower ground should absorb nost of the |ightning
energy, it should be bonded to the Central O fice ground to
prevent a voltage difference from devel opi ng between the two.
Thi s connection should be made outside the central office
building in a ground well as shown in Figure 24 of 1751F-802.
Refer to Figure 6 and Table C-1 of this bulletin for proper
conductor si ze.

B4. POLE- MOUNTED ANTENNAS

B4.1 A pole-nounted installation is shown in Figure B4: Pole
Mounted Installation. Gounding systenms for protection of pole
nmount ed antennas need to protect both the pole and the equi pnent
connected to the antenna. Poles that have antennas extendi ng
above the top of the pole are in a cone of protection formed by
the antenna. The antenna acts as a lightning rod and needs to be
appropriately grounded (see 6.2). M crowave, and ot her
installations in which the top of the pole is exposed, need a
lightning rod nounted on top of the pole extending at |east

1 foot (30 cm above the top of the pole. A down |ead of #6
copper conductor should be used to connect the |ightning rod or
antenna to the ground ring at the base of the pole. The ground
ring should consist of at |east 3 ground rods separated from each
other by at least 10 feet (3 nmeters), and bonded together with #6
bare copper conductor buried at |east two feet underground. The
ground ring should be bonded to the Central Ofice ground field
external to the Central Ofice building. This connection should
be made to a ground rod inside a ground well as shown in

Figure 24 in 1751F-802. Refer to Figure 6 and Table C-1 of this
bulletin for proper conductor size.

BS. ANTENNA TOAERS MOUNTED ON TOP OF BUI LDI NGS

B5.1 Gounding and Bonding of Antenna Towers: Antenna towers on
top of buildings should have a ground ring of #6 copper conductor
bonding the legs at their bases. #2 copper conductor down | eads
shoul d be bonded to each tower | eg and brought down the outside
of the building to ground rods except on structural steel
bui l di ngs (See Figure B5: Building Munted Installation). These
ground rods should al so be bonded together with #6 bare copper
conductor buried between them This ground ring should be bonded
to the central office ground in a ground well as shown in

Figure 24 in Bulletin 1751F-802. A reinforced concrete buil ding
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shoul d have its antenna structure bonded to the reinforcing bars
in the concrete. These bars should in turn be bonded to the
ground ring. Reinforcing bars should be fused together wherever
they touch to prevent arcing.

B5.1.1 Structural steel buildings should have each | eg of the
tower bonded to the structural steel with #2 copper conductor.
The structural steel should be bonded to the ground ring with #2
copper conductor at each corner of the building. |If these bonds
are made, the structural steel usually provides an adequate
ground itself without use of the #2 copper conductor ground

| eads, down the side of the building.

B5.1.2 Structural steel or reinforcing bars should be integrated
into the building ground and bonded to the water system and power
system neutr al

B6. ANTENNAS AND CONNECTI NG COAXI AL TRANSM SSI ON LI NES AND
WAVEGUI DES

B6.1 Antennas and connecting transm ssion lines need to be
suitably protected fromlightning w thout introducing significant
attenuation to the radio signal. |Ideally, lightning current
shoul d flow t hrough other conductors such as netal towers and
grounded down | eads. However, since this is not always the case,
bondi ng procedures have to be enployed to protect equi pnent
connected to the transm ssion |ine.

B6.2 Antennas should have a good ground path to adequately

di ssipate lightning currents. Gound plane antennas, such as

f ol ded nonopol e antennas, can be directly bonded to the tower or
ground down | ead. M crowave horns, dishes, and reflectors should
al so have a direct path to ground via a grounding kit connected
to the waveguide at a point close to the antenna (see 6.3).
Coaxi al antennas should be protected by a star gap arrester. A
star gap arrester is a serrated washer connected directly to the
center conductor of the antenna. Lightning surges effectively
see a short circuit across the gap to ground through the outer
conductor while the transm ssion path is left relatively
unaffected. Oher types of air gap arresters nmay al so be used.
One additional nethod enploys a shorted quarter wavel ength stub
connected to the coaxial cable at the base of the tower or pole.
The shorted end of the stub is connected to ground giving
[ightning a good ground path. Since the shorted stub is a
quarter wavel ength, it should not affect the radio signal.

B6.3 Wavegquides: Using a grounding kit, wavegui des shoul d be
bonded to the tower or ground down |ead at |east at the top and
bottom of the antenna structure. Gounding kits are usually

avai |l abl e fromthe manufacturer. The brai ded conductor of the
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grounding kit should be connected in a dowward direction from

t he waveguide to the tower since lightning will generally not
flowin an upward direction fromthe waveguide to the tower. A
properly installed ground kit is shown in Figure B6: Tower
Grounding Kit Installation. Wveguides should be bonded to the
tower at points of support to prevent arcing. 1ce shields or

ot her supporting structures running between the tower and central
of fice should he bonded to both the tower and central office
ground field. A grounding kit should be used to bond wavegui des
to the central office and tower ground field just prior to the
wavegui de's entrance to the building (as shown in Figure B7:
Entrance Gounding at Central Ofice).

B6.4 Coaxial Cable: The outer conductor of the coaxial cable
shoul d be bonded to the tower or ground down | ead at |east at the
top and bottom of the antenna structure. Non-insul ated coaxi al
cabl e shoul d al so be bonded at internedi ate points of support to
prevent arcing. Added protection can be provided by neans of a
ground entry plate connected to the building (see Figure B7).

Al'l transm ssion |ines should be bonded to the plate with
grounding kits. The braided end of the grounding kit should run
in a downward direction. The plate itself should be bonded to
the central office and ground field by a #6 copper conductor. |If
convenient, this connection should also be to a ground rod in a
ground well as shown in Figure 28 in Bulletin 1751F-802.

B7. PROTECTI ON OF RADI O EQUI PMENT

B7.1 Radio equipnent should be integrated into the central

of fi ce groundi ng schene to divert lightning currents fromit and
the Central Ofice switch. Transmitters, receivers, and

mul ti pl exers shoul d be mounted on grounded netal racks bonded to
t he master ground bar by a conductor or bus with a resistance no
greater than 0.01 ohns (refer to Figure 6).
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Fi gure Bl: Self-Supporting Tower
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Fi gure B2: Bonding Details
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Fi gure B3: CGuyed Tower Installation
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Figure B4: Pole Muunted Installation
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Fi gure B5: Building Munted Installation
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Figure B6: Tower Gound Kit Installation
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Figure B7: Entrance Gounding at Central Ofice
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APPENDI X C

ANALYSI S OF CENTRAL OFFI CE GROUNDI NG SYSTEMS

Cl. GENERAL

Cl.1 Evaluating a Central Ofice Gounding System This
Appendi x di scusses a technique for analyzing a central office
groundi ng system The nethod presented will provide information
as to where there may be missing elenents in a groundi ng system
Use of this technique is recomrended for analyzing newy

i nstall ed groundi ng systens. Further, annual analysis of al
groundi ng systens is reconmended so that any problens which may
have arisen during the year may be detected and corrected.

Cl.2 Ameter for Gounding System Analysis: The procedure uses
a small clanp-on probe together with a portable anmeter. The
amret er shoul d have a useful range frommllianperes to at |east
twenty anperes. There are several types available which are
capabl e of conpleting these tests.

C2. PROCEDURE

C2.1 Start of Procedure: Start the analysis at the Master
Gound Bar (M3B). This is the hub of the central office
groundi ng system (the single point ground).

C2.1.1 First, prepare a sketch of the MaB with all of the
conductors, |abeling each with the nane of the ground bar to
which it is connected at its other end.

C2.1.2 Second, place the clanp or probe around each conduct or
and read the ac current. Then, record the current at the
appropriate conductor on the sketch. Repeat until the current
associated with each conductor has been recorded on the sketch.
The conpl eted sketch at this location will be simlar to the one
shown in Figure Cl1. Master G ound Bar Currents.

C2.2 Cable Entrance G ound Bar: Proceed next to the Cable
Entrance Gound Bar (CEGB) and prepare a sketch simlar to the
one prepared for the MaB. Then conplete the neasuring and
recordi ng of the conductor currents in the same nmanner as with
the MaB. A sanple CEG sketch is shown in Figure C2: CEGB
Currents.

C2.3 Oher Gound Bars: Conplete the same operations for all of
the remai ning ground bars in the office: MDF G ound Bar (NDFB)
G ound Wndow Bar (GAB), and any Internediate G ound Bars (IGB).
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C2.4 Checking the Conductors: During preparation of the
sketches at each location, check to determne if all of the
conductors are connected to the ground bar in accordance with the
guidelines of this bulletin. The nost critical conductors are
those to the Surge Producers (interior radio equi pnent, cable
shi el ds, and cable pairs), and the Surge Absorbers (power

neutral, Central Ofice ground field, and water systen)

C3. ANALYSI S OF THE CONDUCTOR CURRENTS

C3.1 Predicting Current Levels: Prediction of the precise
current level that will be flow ng al ong each groundi ng conduct or
is not possible. These levels are determ ned by the anmount of

vol tage induced in the outside telecommunications facilities from
paral | el i ng power systens. Therefore, only a conparative

anal ysis of the recorded current values can be nade. Table C1
lists the typical range of currents for various groundi ng
conduct or s.

C3.2 Current Levels of Conductors Connected to Surge Absorbers:
The nost inportant factor in the analysis is the conparison of
current |evels on conductors connected to the Surge Absorbers
(power neutral, water system and Central Ofice ground field).
The maxi mum current should be flowi ng on the ac bypass conductor
(the conductor between the ME and the neutral ground bar in the
power system entrance panel.) Were there is a netallic water
system the next highest current should be flowing in the
conductor between the M&B and the water system There should be
| ess current flowi ng on the conductor to the central office
ground field than on the other two conductors.

C3.2.1 Systens installed in areas where there are no netallic
wat er systens that can be integrated into the system shoul d have
the maxi mumcurrent flowng to the power systemneutral via the
ac bypass conductor. The current flowing to the central office
ground field should be smaller than that flowng to the power
systemneutral as it would be in systens where all three Surge
Absor bers are present.

C3.2.2 Sone systens will be installed in areas where not only
are there no netallic water systens but, sonetines the power
systens are operating with either unigrounded neutrals or in a
delta configuration. |In these areas, the only ground avail abl e
for the central office will be the central office ground field.
The | evel of induced power influence in these areas will normally
be quite |l ow and the neasured current to the ground field wll
usually be in the sane range as that found at all offices.

C3.3 Current Flowing to Power System Neutral: The range of
current that will be typically found flowng to the power system
neutral will be in the range of one to twenty anperes. The
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actual level wl

| fluctuate within this range depending on the
| evel of power infl

uence.

C3.3.1 Current flowng toward the water systemw || be | ower
than that flowing in the ac bypass conductor. There are several
factors that control the level of current in the conductor to the
wat er system The mmjor factor is how extensive the netallic

wat er systemis. Wien the netallic portion of the systemis only
ten to fifteen feet (3 to 4.6 neters) in length, the current wll
typically be in the range of 100 to 1000 millianperes in offices
that are served by power systens that do not have a grounded
neutral. Currents in this range found in offices served by
grounded- neutral power systens usually indicate that one of two
groundi ng conductors are m ssing or open circuited. Either the
ac bypass conductor or the conductor between the water system and
the neutral ground bar in the power entrance panel (required by
the National Electrical Code) is mssing or open circuited. This
shoul d be corrected before proceeding further. Wen the office
is served by a grounded neutral power systemor when the netallic
wat er system covers an extensive area, the current in the
conductor to the water systemw |l be in the range of one to

five anperes or nore

C3.3.2 The current nmeasured on the conductor to the central
office ground field will be significantly I ower than that flow ng
to the other Surge Absorbers in all cases. This current wll
typically be in the range of 100 to 500 m |l i anperes.

C3.4 The ac Current from Power System Induction in the Qutside
Plant Flowing into the Central Ofice on the cable shields wll
be in the range of one to twenty anperes. This is controlled by
the |l evel of power influence and will fluctuate over a w de range
during the day as power system | oad demand changes. This current
wi |l be nmeasured on the conductor between the CEG and the M3B
Where the conductor fromthe central office ground field enters
the office in the cable vault and is connected to the CEGB, the
total current to the MaB w il be less than current that flows
directly to the ground field fromthe cable shields. Because of
the normal current fluctuations, the currents assuned to be
flow ng toward and away from each ground bar will not always add
precisely. Differences as high as fifteen percent are nornal.
When the difference is higher than this, remeasure the currents.

C3.4.1 The induced current flowng into the office on the cable
pairs will normally flow to ground via the battery feeds on the
line cards. This current returns to the M3 via the conductor to
the positive battery termnal. Its magnitude is typically in the
range of 100 to 500 mllianperes. Should a significantly higher
current be neasured, the ac bypass conductor is usually m ssing
or open-circuited. Sone offices have line circuits with a high
i npedance to ground (10,000 ohnms and over). The current between
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the positive battery termnal and the M3B in these offices wll
be negli gi bl e.

C3.4.2 Some central offices are collocated with CATV systens. A
significant current will flowinto the offices on the outer

shi el ds of the coaxial cable associated with these systens.

These cabl e shields should be integrated into the central office
groundi ng systemvia the CEGB. The current from CATV systens can
exceed that which is associated with the outside plant of the

t el ecommuni cati ons system This current will typically range
fromone to twenty, or nore, anperes.

C3.5 Current on Oher G ounding Conductors: The range of
current neasured on all other groundi ng conductors associ at ed
with the grounding systemw |l vary froma trace to severa
hundred mllianperes. These currents are normal and relate to
how cl osely the equi pment in the bays is associated with the
out si de pl ant.

C3.6 Current on Conductor to the G ound Wndow Bar: There wll
al ways be sone current neasured on the conductor to the G ound

W ndow Bar (GMB). This current will usually be in the range of
50 to 200 mllianperes. Wen, a higher current is found, the
search shoul d proceed beyond the GAB to determ ne why the higher
current is present and whether such current is detrinental to the
specific equipnent installed in the office.

C4. VI SUAL | NSPECTI ON

C4.1 Ceneral: A visual inspection should be conpleted during
measuring. Each groundi ng conductor should be traced fromthe
ground bar to its far end. There are several itens which should
be cl osely checked during this stage of the operation. These are
outlined in the foll ow ng paragraphs:

C4.1.1 Conductor: The conductor should be continuous, end to
end, with no splices, or internediate termnations. Also, the
conduct or shoul d be sized for the di stance between the two ends,
as shown in Figure 7 of this bulletin.

C4.1.2 Sharp Bends: There should be no sharp bends al ong the
entire length of the conductor. Sharp bends increase the surge
i npedance of the conductor reducing the grounding system

ef ficiency.

C4.1.3 Gounding Conductors should not pass through any netallic
conduit or pipe as this wll also increase the surge inpedance of
t he groundi ng conductor. Should an existing groundi ng conduct or
be found passing through a netallic pipe, solidly strap it to the
pi pe at each end. This will elimnate the adverse condition and
provide a | ow i npedance path for surge currents.
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C4.1.4 Copper Gound Bars in the grounding system shoul d be
nmount ed on insul ators except for the MDFB and as noted in
paragraph 7.3.4.1.2. The MDFB nay be nounted directly on the
nmetal frame. The protector strips on the MDF should be connected
together with #6 solid copper wire, rather than relying on the
steel frame to conduct surge currents to ground.

C4.2 The Area outside the Building should al so be inspected to
determ ne that the entire groundi ng system has been properly
integrated. The follow ng paragraphs |ist those itens which
shoul d be studied during the outside inspection:

C4.2.1 Were a fence exists near or adjacent to a central office
or simlar type telecommunications facility, the foll ow ng
groundi ng provisions of a chain link post, chain Iink fence and,
wher e equi pped, fence barbed wire should be installed at each
corner fence post, at |east one fence post between corner fence
posts and at each post supporting a gate, supporting a gate |latch
unit or a security provision providing a novable fence opening:

At a point within 6 inches (15 centineters) laterally away from a
fence post or the vertical projection of the fence post, instal
a 6 AWG solid bare copper groundi ng conductor by:

C4.2.1.1 Bonding one end of the conductor to the upper nost
strand of barbed wire, if barbed wire is not installed go to
4. 2. 1. 3;

C4.2.1.2 Interweaving the other conductor end vertically down
t hrough the remai ning | ower strands of barbed wire;

C4.2.1.3 Bonding the conductor to the upper nost horizontal rai
of the chain link fence at the point on the conductor where the
conductor is adjacent to the upper nost fence rail when the
conductor is pulled down tightly;

C4.2.1.4 Interweaving the free conductor end down through the
chain link fence nesh;

C4.2.1.5 Bonding the conductor to the | ower nost fence rail of
the fence at the point on the conductor where the conductor is
adj acent to the upper nost fence rail when the conductor is
pull ed down tightly;

C4.2.1.6 Bonding the conductor end to an 8 foot (2.4 neters)
ground rod driven into the soil approximtely two feet

(60 centineters) horizontally away fromthe plane of the chain
link fence, vertically inline with the conductor feed, and on
the outside of the fence. The top of the ground rod should be
one foot (30.5 centinmeters below the soil surface; and
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C4.2.1.7 Bonding at |east one of the installed fence ground rods
to the central office or renote access node ground field with at

| east a 6 AWG bare copper wire. Bonding to the ground field
shoul d be conpl eted sonmewhere outside of the building, preferably
i n a handhol d.

C4.2.1.8 The bondi ng and groundi ng described in C4.2.1.1 through
CA4.2.1.7 should be bare copper bonding junper. Al wire to

nmetal lic post or ground rod bonding should include the options of
brazi ng, wel di ng, nechani cal and hi gh conpressi on connecti ons,
and ground clanps listed for the purpose by a testing | aboratory
acceptable to the authority having jurisdiction. (Reference
UL#96 and | EEE 837 docunents.) Any tower within a fenced area
shall be grounded as noted in C4.2. 2.

C4.2.2 Radio towers |ocated adjacent to the central office
bui | di ng shoul d have a dedicated ground field as if they were

| ocated in an isolated area (Refer to Appendix B). This ground
field should be bonded to the central office ground field outside
of the building.

C4.2.3 Air conditioning or heating systens that are nounted on
pl atforns, outside and adjacent to the building should al so be
provided with a separate dedicated ground field. This ground
field should be bonded to the central office ground field outside
of the building. Further, air ducts fromthe systemthat enter

t he buil ding should have fiber insulating sections in themjust
before they enter the building. The internal duct systens should
be bonded into the building steel.

C4.2.4 Connections to the central office ground field, outside
of the building, should be nounted in hand hol es or ground wells.
Refer to Bulletin 1751F-802.

C5.  COMMON PROBLEMS

C5.1 Introduction: Several conmon problens |isted bel ow have
been found during visual inspections of central office grounding
systens. They are included in this Appendix to alert the person
reviewi ng the groundi ng systemto sonme specific itens of

i nport ance.

C5.2 Routing of Surge Producers and Surge Absorbers: The
routing of surge-carrying groundi ng conductors (Surge Producers
and Surge Absorbers) in cable racks and troughs parallel to
signal carrying-conductors that enter the isolated zone is a
rather frequently observed condition that can result in |ine
circuit damage during periods of surge activity. Since the
signaling conductors in this area are not shiel ded, the coupling
is fromthe E, the voltage field, rather than the H, the magnetic
field. The location of the signaling conductors is on the
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central office side of the main frame protectors and thus they
are extrenmely vul nerable to surge danage.

C5.3 Conductor Size should not change at the end of a grounding
conductor routing. This will reduce the efficiency of the
groundi ng conductor's ability to carry surge currents to ground.
This condition is nost frequently found in the ac bypass
conductor near the point where the conductor enters the power
system entrance panel, as illustrated in Figure C3: Undesirable
Reduction in Size of Gounding Conductor. The ac bypass
conductor should be continuous fromend to end with no change in
conduit or size.

C5.4 Butt Splices: At some locations not only has the conductor
si ze been reduced but an unacceptable splice is used, as shown in
Figure C4: Undesirable Butt-Splice in G oundi ng Conductor.

Surge currents will not follow a sharp turn, which presents a
very high inpedance to fast rising surge currents. |Instead, the
surge currents will seek and find another path to ground. This

is likely to result in danmage to the sensitive electronic
equi pnent. Therefore, butt splices should never be used in
groundi ng connecti ons.

C5.5 Routing the ac Bypass Conductor to a Branch Power Panel:
Soneti mes, the ac bypass conductor is found routed to a branch
power panel rather than back to the power entrance panel. This
condition can also |lead to sone unexpected problens. First, the
si ze of the conductor between the branch and entrance panels is
apt to be smaller than the recommended size. Second, the

conductor between the two panels will be located in netallic
conduit and the conductor and conduit will not be solidly bonded
at each end. This will cause a high voltage differential to be
present during periods of surge current. Last, the conductor

bet ween the two panels will be carrying |oad current from

el ectrical service beyond the branch panel. Part of this current

is likely to flow back through the M3B. Transients which can be
transmtted into the switching equipnment can result in damage to
el ectroni c conponents. These transients are caused by swi tching
in the power | oads. The ac bypass conductor should be routed in
the prescribed manner for maxi mum protection of the sw tching
equi pnent .

C5.6 The protector strips at the MOF should be bonded toget her
with a #6 solid copper conductor but inspection may find that the
string of strips has not been bonded to the MDFB. This
arrangenent produces a high inpedance to surge currents and w ||
force the surge into the line circuit.

C5.7 Secondary Power Protection: Many offices are found | acking
secondary power protection. Secondary power protection is a very
i nportant aspect of Central Ofice protection. There is
justification for using such protection regardl ess of the




RUS Bulletin 1751F- 810
Appendi x C
Page 61

lightning activity of the area since even in areas of noderate to
light activity there will be an occasional thunderstorm and power
systemtransients (swtching, etc.) take place in all areas. The
cost of the secondary protection is small conpared to the cost of
repairing damage.

TABLE G 1
TYPI CAL GROUNDI NG CONDUCTOR CURRENT RANGES

AL Ofice with COground field, MGoN and netallic water system
B. Ofice with CO ground field and MG\

C. Ofice with COground field and netallic water system (delta
or uni grounded wye connected power)

D. Ofice with COground field (delta or unigrounded we power

system

Ofice Type: A B C D
Conduct or

Bet ween M@ and ..

Power Entrance Panel Board 1- 20A 1- 20A 10- 500mA 10-500mA
Wat er System 1-5A 1-5A L1-1A

CO Ground Field 100-500mA  100-500mA  100-500mA  100- 500mA
CE@B 1- 20A 1- 20A .2-1A 100- 800MA
Positive Battery 100-500mA  100- 500mA 10- 200mA 10- 200mA
G\B 0- 100mMA 0- 100mMA 0- 100mMA 0- 100mMA
MDFB 100- 300mA  100- 300mA 50- 100mA 50- 100mA
CXR, or other

Equi prent Bays 100- 300mA  100- 300mA 50- 100mA 50- 100mA

C5.8 The Conductor fromthe Central Office Gound Field
Connected to the CEGB: Sonetinmes, the conductor fromthe central
office ground field is brought into the cable vault and connected
to the CEGB. This configuration can be used where the conductor
install ed between the CEGB and the ME is | arge enough to nake
one bar an extension of the other. This is acconplished when the
conductor is at least 750 MCM  Snmal |l er conductors may cause
probl ens and shoul d not be used.

C5.9 Dviding the MEB into Two Bars: Sonme offices have an
arrangenment where the MaB is divided into two bars. The Surge
Absorbers and Surge Producers are all connected to one bar and
all other grounding conductors are connected to the other. The
conductor between these two ground bars is sonetines undersized.
This arrangenent is acceptable if the conductor is |arge enough
to make one bar an extension of the other. Installation of a
4/ 0, or larger, conductor is recomended.

C5.10 Avoiding Bends: The bends placed in the conductors to

i nprove the appearance increase the inpedance to flow of surge
currents and reduce the efficiency of the overall grounding
system The conductors should be connected to the ground bars
and routed in the nost direct manner possible with, ideally, no
bends in the conductors. Were bends are necessary, they should
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be gentle so as to add m ni num i npedance to the flow of surge
currents.
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Figure C2: CEGB Currents
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Figure C3: Undesirable Size Reduction in G ounding Conductor
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Figure C4: Undesirable Butt-Splice
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