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OFFICE OF PRIMARY INTEREST: Engineering Standards Branch,
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PREVIOUS INSTRUCTIONS: This bulletin replaces
Tel ecommuni cati ons Engi neeri ng and Construction Manual (TE&CM
Section 805, Nunber 8, issued August 1980.

FILING INSTRUCTIONS: Discard TE&CM 805 and replace it with this
Bulletin. File this bulletin with 7 CFR 1751 and REANET.

PURPOSE: To provide technical information for use in the

desi gn, construction and operation of RUS Borrowers'

t el ecomruni cati ons systens. This bulletin includes an outline
of protection principles that should be enpl oyed on

tel ecommuni cations circuits at custoner service access

| ocations, including the application and installation of
subscri ber primary protectors and applicabl e groundi ng

techni ques. Suppl enental information with respect to
installations at custoner locations is included in RUS
Bul | eti ns 345-52 and 345-154.
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ABBREVIATIONS
A Unit of electrical current, anperes
ac Al ternating current
AHJ Aut hority Having Jurisdiction
AVG American Wre Gauge
ANSI American National Standards Institute
CATV Communi ty Antenna Tel evi sion
CPE Cust omrer Prem ses Equi prent (custoner owned)
cm Unit of length, centineter (1/100 of a neter)
FCC Federal Communi cations Conmi ssion

Hz Unit of Frequency, hertz (cycles per second)

km Unit of length, kiloneter (1000 neters)

m Unit of length, neter (equivalent to 3.28 feet)

mm Unit of length, millinmeter (1/1000 of a neter)

MGN Mul ti grounded Neutr al

NEC Nat i onal El ectrical Code

NESC Nati onal Electrical Safety Code

NFPA National Fire Protection Association

PABX Private Autonatic Branch Exchange

TE&CM Tel econmuni cati ons Engi neeri ng and Construction Manual
0 G eek letter Omega, synbol for resistance unit, ohns

DEFINITIONS

Authority Having Jurisdiction: The state, county, or | ocal
agency that regulates the requirenents to be observed for
installing electrical wiring and equi pnent in, on, or near
prem ses and buildings. (Note: By RUS | oan contract and

nort gage provisions, RUS requires borrowers to observe the
Nat i onal El ectrical Code provisions when using RUS | oan funds
and, thus, in areas where there is no local Authority Having
Jurisdiction, RUS is effectively the Authority Having
Jurisdiction.)

Common grounding: The intentional interconnection of al
separate groundi ng systens and grounded facilities existing at a
prem ses. This includes such entities as the power system
ground, netallic water systens, tel econmunications primary
protector grounds, comunity antenna tel evision grounds, etc.

Fuse Link: A length of finer gauge wire in series with a
coarser gauge wire, for the purpose of "fusing" open during an
abnormally high current condition. A fuse link normally

provi des protection fromcurrents which could otherw se heat
conductors and start fires.
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Listed: Equipnment or materials included in a |list published by
an organi zation which is acceptable to the Authority Having
Jurisdiction (AHJ). The organi zation has to be concerned with
product eval uation and maintain periodic inspection of the

manuf acturers' production of |isted equi pnment or materials. The
listing has to state either that the equi pnment or material neets
appropri ate designated standards or has been tested and found
suitable for use in a specified manner. (This includes

organi zati ons such as Underwriters Laboratories, ETL Testing
Laboratories, etc., but not RUS and RUS List of Mterials.)

Multigrounded Neutral: A power system neutral conductor which
is connected to purposefully installed (nmade) el ectrodes or

exi sting electrodes at |least four tines per mle (1.6 km in
addition to the groundi ng connections at individual services and
each transforner |ocation.
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1. GENERAL

1.1 Scope: This bulletin considers telecomunications

subscri ber primary protector installations at private

resi dences, small businesses, and nobile hones. The information
presented is general in nature and is intended to apply to the
typical installations that nost RUS borrowers will encounter.
Details on other specific protection installations may be found
in the 800 series of the Tel econmuni cati ons Engi neering and
Construction Manuals (TE&CM (proposed conversion to REA
Bul l etins 1751F- 801 t hrough 1751F-825). It should be noted that
protection of tel ecomrunications custonmer prem ses equi pment at
power generating stations and power substations involves special
concerns. Because of their special considerations, RUS
recomends that borrowers consider retaining the services of a
consul ting engi neer that specializes in such protection designs.

1.2 Primary Protector Use: To limt hazards resulting from
power circuit and |ightning surges, rural area tel ephone
conpanies install suitable primary protectors at virtually al
custoner access locations. This practice applies whether the
custoner is served by aerial, buried or underground plant. All
primary protector installations have to conply with applicable
requi rements of the National Electrical Code' (NEC) [formally
identified as ANSI/NFPA 70] and any applicable |ocal codes which
are nore stringent. The NEC requires that prinmary protectors be
installed on all telecommunications circuits unless the circuits
are served entirely within a city "block™ and the circuits
serving the custoner are not exposed to possible contact with
power circuits operating at 300 volts or higher. Because RUS
borrowers rarely encounter such (unexposed) circuits, RUS
expects all custonmer circuits to be protected.

2. PROTECTION PRINCIPLES

2.1 Problem Sources: Subscriber circuits and the custoner

equi pnent connected to them nay be subjected to abnormal voltage
and current transients caused by: (1) lightning surges,

(2) contacts between tel econmuni cations outside plant conductors
and power distribution conductors, (3) induction fromthe

! Al references to the National Electrical Code in this
docunment pertain to the 1993 edition. Readers are urged to
refer to the edition of the NEC and any, nore stringent, |ocal
codes adopted by their AHJ.
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magnetic fields associated with power circuits or |ightning, and
(4) conduction of power fault or lightning currents in the earth
or other electrical conductors nearby the tel ecommuni cations
plant. A detailed discussion of these sources is provided in
RUS Bul letin 1751F-801.

2.2 Protection Objectives: Tel ecommuni cations protection
measures are necessary to help prevent: (1) electric shock to
t el ecomruni cati ons users and the general public that nay cone
into contact with plant facilities, (2) damage to the

subscri bers' prem ses or equi pnent; and (3) damage to tel ephone
conpany equi prent.

2.2.1 Customer Equipment Attachments: Rulings by the Federal
Commruni cati ons Comm ssion (FCC) have nmade it acceptable for
subscribers to attach their own equi pnment directly to the

swi tched network where it may be exposed to the transients

di scussed in 2.1. Today's custoners are taking advantage of
this freedom and are connecting several telephones to their
lines. In addition, custoners are al so connecting sophisticated
el ectroni c devices such as facsim | e machi nes, tel ephone
answering devices, burglar and fire alarnms, conputers (via
nodens) and many ot her types of devices. To help avoid possible
equi pnent operational upset or damage, RUS recomends t hat
primary protectors be installed on all telecomunications
circuits financed with RUS | oan funds.

2.3 Protection Methods: The basic principles which help to
prevent harnful potentials at telecomrunications subscribers

| ocations are twofold: (1) common groundi ng (bondi ng) of al
metallic utilities at the prem ses, and (2) use of appropriate
primary protectors on tel ecommunications conductors to divert

I i ghtni ng and abnormal power currents to earth.

2.3.1 Common Grounding (Bonding) of Utilities: Uilities
requiring common grounding are: (1) the tel ecomrunications
system (2) the power system (3) netallic water pipe systens
and (4) Community Antenna Television (CATV). Metallic hardware
associated with all of these systens nay be handl ed by custoners
and the devel opnent of excessive voltages between them which
coul d present a serious shock hazard, can be m nim zed by conmon
groundi ng (bonding). The grounding el ectrodes of all these
systens have to be bonded together at all installations.

Bondi ng has to be done whether or not the water systemis
considered to be a | ow resi stance ground or not.
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2.3.2 Bonding Purpose: The purpose for bondi ng separate
groundi ng el ectrodes is depicted graphically in Figures 1 and 2.

2.3.2.1 Without Bonding: Figure 1 illustrates how the voltage
di fference between two el ectrodes rises to hazardous | evel s when
a lightning surge on the power grounding systemflows to earth
via the power grounding electrode. 1In the exanple, a 500 A
surge flows through the 25 6 power el ectrode resistance and
causes 12,500 volts to appear across the power grounding

el ectrode. Since the telecommunications electrode is renotely

| ocated (and for illustration purposes here not affected by the
rise in potential at the power grounding el ectrode) the
12,500 volts appears between the two systemelectrodes. |If the

current surge entered via the tel econmuni cati ons groundi ng
system results would be about the sane with (500 A x 37.5 8) or
18, 750 vol ts appearing across the tel ecomruni cati ons groundi ng
el ectrode and between the two system groundi ng el ectrodes.

2.3.2.2 With Bonding: Figure 2 illustrates how the voltage

di fferences between the two el ectrodes are m nimzed when the
el ectrodes are bonded to one another as required by the NEC
(I'n the exanple a 100 foot (30.5 m length of #6 AWG copper
conductor is assunmed to bond the two el ectrodes together).
Figure 2 shows that the surge current divides between the two
bonded el ectrodes. In our exanple, a 500 A surge arriving on
the power systemsplits with about 300 Aflowing to earth via
t he power grounding electrode and 200 A flowng to earth via the
bondi ng conductor and the tel ecomuni cati ons groundi ng

el ectrode. The voltage drop between the two el ectrodes
calculates to be (200 A x 0.04 8) or 8 volts. If the 500 A
surge entered via the tel ecommunications system results would
be simlar with (300 A x 0.04 8) or 12 volts appearing between
the two electrodes. In both situations the voltage difference
is drastically reduced from val ues expected w t hout bondi ng of
the two el ectrodes. Shorter bonding conductors or use of the
power grounding systemfor grounding primary protectors wll
help to reduce voltage differences between utilities even nore.

2.4 Additional Information: Supplenentary information on
grounding is covered in RUS Bulletin 1751F-802.

3. TELECOMMUNICATIONS PRIMARY PROTECTOR TYPES

3.1 Preferred Protectors: There are two types of primary
protectors: fused type and fusel ess type. Fuseless type
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protectors are preferred because they provide nore effective
protection than fused types and because the mai ntenance
associated with these units is normally | ower than that for
fused type protectors. Fused type prinmary protectors should be
avoi ded except where the requirenents for fuseless primary
protectors cannot be nmet. The follow ng paragraphs describe the
two types of protector in nore detail.

3.2 Fuseless Primary Protectors

3.2.1 Design: A fuseless primary protector enploys white coded
(350 to 600 Volts) carbon air-gap, orange coded gas tubes, or
equi val ent surge arresters connected between each |ine conductor
and ground. These arresters have a breakdown val ue adequate for
the protection of personnel and well below the dielectric
strength of equi pnrent and wiring furnished by a tel ephone
conpany. Mnufacturers produce fuseless primary protectors with
various current-carrying capacities which "Listing" agencies
recogni ze by noting the maxi nrumfuse link with which fusel ess
primary protectors can be used. Common maxi num fuse |ink
ratings for fuseless primary protectors include 22, 24, and

26 AWG copper conductors with thernoplastic insulation and

20 AWG, 40 percent, copper-clad steel wire (bridle wre).

Tel ephone conpani es have to be certain to coordinate the fuse
link rating for a particular fuseless primary protector with the
installation circuitry. This nmeans making certain that the
protector used has a current-carrying capacity appropriate for
the wire or cable pair and/or the fuse link to which the

fusel ess protector will be connected. On RUS financed projects,
t he maxi mnum fuse |ink should be 24 AW because RUS requires al
service drops to have 22 AW: conductors.

3.2.1.1 Advantages: Fuseless primary protectors are

advant ageous because, unlike fused primary protectors, their
groundi ng connection is maintained during a tel ecommunications
line contact with a power line. The uninterrupted grounding
hel ps in de-energizing a power circuit by offering additional
paths to ground which pronotes hi gher nmagnitude power |ine fault
current to facilitate sensing and speedi er operation of power
line fuses and circuit breakers. Elimnation of fuses al so
prevents the excessive potential on drop wire and protector
termnals as would be the case with a fused type prinmary
protector after fuse operation resulting froma power contact.
Use of fuseless primary protectors results in a reduction in
custoner mai ntenance visits for fuse replacenent.
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3.2.1.2 Disadvantages: Fuseless prinmary protectors can not be
used at every installation site and their use requires
judgenents on the part of the installer with respect to the
maxi mum fuse wire with which the protector can be used.

Fusel ess prinmary protectors can only be installed when the
installation will be conpliant with NEC Sections 800-30(a)(1)a
t hrough 800-30(a)(1)e. Oherwise a fused primry protector has
to be used. As noted in 3.1.1, fuseless primary protectors
require coordination with the installation circuitry's
current-carrying capacity and the maxi mum fuse |ink design of
the protector.

3.3 Fused Type

3.3.1 Fused Primary Protectors: Fused type primary protectors
enpl oy white coded (350 to 600 Volts) air-gap, orange coded gas
tube, or equivalent surge arresters for the limtation of
excessive potentials, and fuses to |limt sustained currents to a
val ue | ess than which the protector can safely carry. (Fuses in
fused type prinmary protectors are rated for 7 anps and the
wiring inside a fused primary protector is rated for 15 anperes
per conductor continuously). The fuses are required to open the
circuit on currents resulting frompower contacts which would
otherwise result in a fire hazard because of protector
overheating. One fuse is connected in each side of the line on
the line side of the arrester.

3.3.1.1 Advantages: Fused primary protectors provide effective
safety fromfire hazards related to power contact problens for
installations where fuseless primary protectors are not all owed
by the NEC.

3.3.1.2 Disadvantages: Wth fused type primary protectors, the
groundi ng connection for the drop wire is | ost when the fuses
operate and the drop wire and protector line term nals may
remai n energized at an excessive potential. Because the |ine
termnals of a fused-type prinmary protector nmay renmain energi zed
after the fuses have operated, craftspersons shoul d exercise
caution in touching termnals until it has been verified that
the termnals are safe.

3.4 Solid-State Arresters

3.4.1 Solid-State Primary Protectors: At the present tine,
because of their |ower peak current-carrying capability, RUS
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does not recommend the use of solid-state arresters in primry
protectors used at custoner prem ses.

4. PRIMARY PROTECTOR INSTALLATIONS

4.1 Protector Locations: Wen planning and staki ng custoner
installations the selection of primary protector |ocations
shoul d be nmade with maj or enphasis on achi eving common groundi ng
of the tel ephone conpany's primary protector ground with the
power system ground. The NEC requires primary protectors to be
| ocated as close as practical to the point at which exposed

t el ecommuni cati ons conductors enter or attach to the buil ding.
The NEC also requires that the netallic shield of a

t el ecomruni cati ons cabl e be grounded (or insulated) as cl ose as
practicable to the point where the cable enters the building.
RUS recommends t hat wherever possible grounding of a cable
shield and a primary protector be acconplished at the sane

| ocation and that the power service grounding established at the
bui | di ng served be used as the tel ecommuni cations prinmary
protector grounding electrode. See REA Bulletin 345-52, "REA
Standard for Service Entrance and Station Protector
Installations”". (Proposed codification to 7 CFR 1755. 500

t hrough 7 CFR 1755. 510)

4.2 Primary Protector Selection: Protector types and i ndoor
ver sus outdoor nountings are covered in REA Bulletin 345-52. 1In
addition to utility needs, primary protectors should be "Listed"
by Underwiters Laboratories, ETL Testing Laboratories, or other
simlar organization acceptable to the Authority Having
Jurisdiction (AHJ). Primary protectors should al so be RUS
accepted or technically accepted.

4.3 Listed Drop Wire: The NEC requires conmuni cations wires
and cables wthout a netallic shield (usually aerial drop wire
and cabl e) between the | ast outdoor support and the primary
protector to be "Listed."

4.4 Telecommunications Service Drop Designs

4.4.1 Shieldless Drops: Wen shieldless cable or drop wire is
used between the | ast outdoor support and a fuseless primary
protector, the NEC relies on conductor fusing coordination to
hel p prevent fire hazards caused by a possi bl e power conductor
contact to tel ecommunications plant. The NEC requires the
primary protector grounding conductor and drop wire conductor to
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be sized and the primary protector to be sized (see

Paragraph 3.1.1) such that none of these circuit elenments fuse
open before conductors ahead of them (towards the central
office). These sacrificial conductors have to be | ocated

bet ween t he possi bl e point of power conductor exposure and the
service drop and may be in the formof a cable stub or a

suppl enentary fusible Iink between the wire or cable plant and
the custonmer drop, or they may be the outside plant wire or
cabl e conductors thensel ves.

4.4.2 Shielded Drops: Wen shielded cable is used between the
| ast outdoor support and a fuseless primary protector, the NEC
relies on the effectively grounded netal shield to help prevent
fire hazards caused by a possi ble power conductor contact to

t el ecomruni cations plant. The grounded cable shield helps to
draw power line current of sufficient magnitude to cause power
line fuses, circuit breakers, etc., to quickly open the power
circuit and renove the hazard. Additionally, the NEC requires
the sizing of the conductors wthin shielded tel ecommunications
drop cable to be purposefully chosen (coordi nated) such that
conductors within the drop cable safely fuse open before the
protector groundi ng conductor or conductors within the protector
(see Paragraph 3.1.1).

5. GROUNDING AND BONDING - PERMANENT INSTALLATIONS

5.1 Copper Grounding and Bonding Materials: Copper is the nost
commonly used material for bonding and groundi ng conductors and
its exclusive use has been assuned throughout this bulletin.
Article 800-40(a)(2) of the NEC states: "...the groundi ng
conductor shall be copper or other corrosion-resistant
conductive material, stranded or solid."

5.2 Bonding Power and Telecommunications Systems: As indicated
in Paragraph 2.3, it is essential that power and

t el ecomruni cati ons groundi ng systens at a subscriber's access

| ocati on be connected (bonded) to each other and to any netallic
wat er piping systemin order to avoi d dangerous voltage
differences within the subscriber's prem ses. Common grounding
(bondi ng) is essential whether or not such piping systens neet
the m ninumrequirenents as preferred groundi ng el ectrodes or
whet her the tel ecommunications facilities are buried. A |ow
resi stance ground is desirable in that it aids in assuring
de-energi zati on of the power systemin the event of a contact.

A low resistance ground is also beneficial in mnimzing the
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devel opnent of excessive potential differences between systens,
but | ow resistance grounds are not a substitute for potenti al
equal i zati on by common groundi ng.

5.3 Grounding Primary Protectors at Premises: Part D of
Article 800 of the NEC provides detailed information on the
proper nethod for grounding primary protectors and cabl e shields
at custoner prem ses.

5.4 Grounding Electrode Choices

5.4.1 NEC Provisions: 1In Part D of Article 800, the NEC has
establi shed three sel ection groupings or orders of preference
for the choice of a grounding electrode for a primary protector.
These preferences are contained in Section 800-40(b)(1),
800-40(b) (2) and 800-40(b)(3). 1In the first selection grouping,
Section 800-40(b)(1), the NEC requires that the primry
protector groundi ng conductor be connected to the nearest of any
of sone seven (7) cited "acceptable" electrodes. It is
inportant to note that the nunbering within this selection
grouping is not an order of selection but sinply a nmeans to
separate and conveniently list choices. The intent of the NEC
is that the primary protector groundi ng conductor be connected
to the "acceptable" electrode which is nearest to where the
primary protector is installed.

5.4.2 NEC Grounding Selection Order: |f none of the el ectrodes
cited in Section 800-40(b)(1) are available at the prem ses, the
installer defers then to Section 800-40(b)(2) and then to
Section 800-40(b)(3) should there be no el ectrodes of the type
cited in Section 800-40(b)(2).

5.5 Recommended Primary Protector Installations

5.5.1 General: Primary protectors and cable drop shields
shoul d al ways be installed as near as is practicable to the

sel ected grounding electrode with the desired installation

i nvol ving as short and as straight a primary protector grounding
conductor as possible. The |ocation should al so be
coincidentally designed to be as close to where the conductors
will enter the building. As can be seen from Paragraph 5.4, the
choi ces of el ectrode can be confusing because of their nunbers
and the specifics involved to assure NEC conpliance. To reduce
t he confusion sonme, the follow ng presents the RUS recommended
order of preference for installing primary protectors:
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5.5.1.1 Power Service Grounding System (Preferred): Instal
primary protectors as close as practicable to where the

t el ecommuni cations wire or cable is to enter the building served
choosing a point which is coincidentally planned to be as cl ose
as practicable to where sone accessible part of the prem ses’
power service grounding systemexists. The desired installation
will involve as short and as straight a primary protector
groundi ng conductor as possible attached directly to the nearest
accessi bl e point on the prem ses power service groundi ng system
The power service grounding systemincludes any of the
followng: (1) the power service accessible neans external to
encl osures as covered in NEC Section 250-71(b), (2) the netallic
power service raceway, (3) the power service equi pnment

encl osure, (4) the power service grounding el ectrode conductor
or groundi ng el ectrode conductor netal enclosure, or (5) the
groundi ng conductor or the grounding el ectrode of a building or
structure power disconnecting neans, that is grounded to an

el ectrode as covered in NEC Section 250-24. Tel ephone conpani es
can ask custonmers to have an electrician provide the nmeans for
bondi ng as prescribed in NEC Section 250-71(b) when there is no
ot her accessible portion of the power service grounding system
avai |l abl e at the prem ses;

5.5.1.2 Premises Grounding Electrode System: |If there are no
el ectric power facilities at the prem ses, install primry
protectors as close as practicable to an accessible point on the
bui l ding or structure groundi ng el ectrode system as covered in
NEC Section 250-81. This grounding el ectrode choice introduces
sonme confusion because NEC Section 250-81 requires that if two
or nore of the four possible electrode sources cited are present
at the prem ses that they be bonded together. Included are (1)
any nmetal underground water piping in direct contact wwth the
earth for 10 feet (3.05 neters) or nore, (2) the nmetal frame of
a building if the frane is effectively grounded,

(3) concrete-encased el ectrodes neeting the provisions of NEC
Section 250-81(c), and (4) a ground ring of the type cited in
Section 250-81(d). Sone of these electrodes may be quite sinple
to find while others may not be so easy to spot. However, al

wi |l have to be bonded together to forma groundi ng system
before they can be used as the protection groundi ng el ectrode;

5.5.1.3 Grounded Interior Metal Water Piping System: |If there
are no electric power facilities at the prem ses and no prem ses
groundi ng system as described in Paragraph 5.5.1.2, instal
primary protectors as close as practicable to a grounded netal
under ground water pipe which is in direct contact with the earth
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for 10 feet (3.05 neters) or nore as discussed in NEC

Section 250-80(a). Please note that there are two provisos with
respect to this electrode choice: (1) The buried piping cannot
be relied upon alone as the NEC requires water piping to be
attached to another, supplenental, acceptable grounding

el ectrode, and (2) attachnent to the water piping has to be nmade
within5 feet (1.52 m of where the pipe enters the building.
(RUS recommends installing a supplenental ground rod as a
standard practice to dispel any doubt about the existence of
requi red suppl enental grounding. The concern for attaching to
the water pipe within 5 feet (1.52 m of the pipe's entry into
the building is with future piping repairs using non-netallic

pi ping and the resultant |oss of electrical continuity);

5.5.1.4 Individual Electrodes: |f there are no groundi ng

el ectrodes of the types discussed in Paragraphs 5.5.1.1 through
5.5.1.3, install primary protectors as close as practicable to
any of the individual electrodes cited in Paragraph 5.5.1.2; or

5.5.1.5 Ground Rods or Pipe Electrodes: |If there are no
groundi ng el ectrodes of the types discussed in Paragraphs
5.5.1.1 through 5.5.1.4, install primary protectors to: (1) an
effectively grounded netal structure, or (2) a ground rod or

pi pe not less than 5 feet (1.52 m in length and 1/2 inch
(12.7 mm) in dianeter, driven, where practicable, into
permanent|ly danp earth and separated from|ightning conductors
as covered in NEC Section 800-13 and at least 6 feet (1.83 m
fromel ectrodes of other systens. Tel ephone conpani es shoul d
al ways nmake ground rods their absolute |ast choice at a buil ding
where power is also installed. |In addition, in areas of the
country where the frost |ine exceeds 18 inches (46 cn) use of

| onger 8 foot (2.4 m rods should be used in lieu of 5 foot
(1.52 m ground rods.

5.6 Ground Rod(s) Without Bonds: Use of a ground rod as the
only primary protector grounding electrode is acceptable only
when the custoner prem ses |ocation has no internal netallic

wat er pipe and no electric service. In all other cases, it is
essential that all of the grounding el ectrodes be interconnected
whet her or not any or all of these are "low resistance" grounds.
As noted in Paragraph 2.3.2, bonding is necessary to avoid the
devel opnent of hazardous vol tages between grounded systens
during surge events. These voltages constitute a possible shock
hazard to tel econmuni cati ons users.
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5.7 Grounding Conductors and Connections: G oundi ng conductors
fromprimary protectors to the various groundi ng el ectrodes
listed in Paragraphs 5.4 and 5.5 should be sized as shown in
Table 1, using insulated copper wire "Listed" by Underwiters
Laboratories, ETL Testing Laboratories, or sone other simlar
organi zati on acceptable to the AHJ. Gounding attachnments
(groundi ng connectors) used to connect primary protector
groundi ng conductors to NEC acceptabl e groundi ng el ectrodes
shoul d al so be "Listed" by Underwiters Laboratories, ETL
Testing Laboratories, or sonme other simlar organization
acceptable to the AHJ.

5.8 Where Separate Ground Rods are Used: Wenever separate
ground rods are used for electric and tel ecomruni cati ons
facilities at a prem ses, the tel ecommuni cations ground rod
shoul d be bonded with at |east a #6 AWG copper wire to sone easy
access point on the power grounding system i.e., power
groundi ng conductor, grounding electrode, netallic conduit
covering the power groundi ng conductor, etc., (see

Paragraph 5.5.1.1). |If the rods are of dissimlar netals,
corrosion may be a problem as discussed in Bulletin 1751F-802.

5.9 Protectors Not Near Electric Service Ground: Were
conditions are such that the only location the primary protector
can be installed is away fromthe power service grounding
system installation of the primary protector may be
acconplished by: (1) attaching the primary protector groundi ng
conductor to a ground rod driven as close as is practicable to
the primary protector installation site as described in
Paragraph 5.5.1.5, and (2) bonding the tel ecommuni cati ons ground
rod to the electric system grounding system (i.e., power
groundi ng conductor, grounding electrode, netallic conduit
covering the power grounding conductor, etc., [see

Paragraph 5.5.1.1]) using at | east a #6 AWG conductor. A water
pi pe may be utilized in the bonding but the #6 AWG bondi ng
conductor has to be attached to the water pipe within 5 feet
(1.52 nmeters) of where the pipe enters the buil ding.

Otentinmes, it is nore practical to attach the #6 AW bondi ng
conductor all the way to the electrical grounding system
groundi ng conduct or, groundi ng el ectrode, etc.

5.10 Section 250 of the NEC: NEC Section 250, on groundi ng,

i ncl udes i nformati on concerni ng bondi ng and groundi ng of the
power system at the subscriber's premses. It stresses the

i nterconnection of available grounds at the premses to forma
groundi ng el ectrode systemin order to prevent hazardous
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differences in potential between the various systens. It is
primarily the subscriber's responsibility to see that bonding
between the electric service driven el ectrode and the water

systemis provided by an electrician. |If this bond is not
installed, the subscriber should be notified and requested to
have it installed. |If the subscriber is unwilling to have this

bond installed by an electrician, the tel econmunications
groundi ng el ectrode shoul d be bonded to sonmewhere on the power
groundi ng system and bondi ng of the water pipe should be
included as part of the tel ecomunications installation. RUS
recommends that in such circunstances that the installer be a
certified electrician acceptable to the AHJ. |In nost areas of
the country, the electric service grounding el ectrode and
groundi ng conductor are part of the house wiring installation
and are the property of the subscriber. It is, therefore, not
normal |y necessary to obtain perm ssion of the power

di stribution conpany before bonding to it.

5.10.1 Power Grounds Away From Buildings: A note of caution is
necessary for access to power system groundi ng at other than
what is avail able inside or just outside the external wall of a
bui I ding or home. Except in the case of nobile honme
installations (see Section 6 of this bulletin), Article 800 of
the NEC i ntends that primary protector groundi ng conductors be
attached to the nearest accessible point on the power grounding
system (see Paragraph 5.5.1.1) that is related to the power
service neans or main disconnecting neans for the building or
home. Power groundi ng neans at poles and ot her sources away
fromthe building or hone, such as at curb side |ocations, are
not acceptable sources for tel econmunications primary protector
groundi ng. These groundi ng sources are renote sources wth
respect to the groundi ng source established (and required by the
NEC) at the building being served. Because they are renote
groundi ng sources, they could expose tel econmunications
custoners to hazardous potential differences that may appear
across the power groundi ng neans established at the building
power service or disconnecting neans and the renote

t el ecomruni cati ons groundi ng el ectrode source chosen away from
the building or honme. Because of this possible hazard, RUS
recommends that such groundi ng sources not be used for primry
protector grounding. |If the AHJ mandates that the tel ephone
conpany serve a custoner and establish the demarcation point at
such a renote | ocation, RUS recommends that the tel ephone
conpany install a primary protector at the renote |ocation. RUS
al so recommends that final connection to the custoner owned drop
and tel ecommuni cations facilities not be conpleted until the
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custoner presents the tel ephone conpany with evidence of the
AH)'s certification that the custonmer's facilities conply with
the NEC or | ocal code requirenents.

5.11 Multipair Fuseless Primary Protectors: Miltipair primry
protectors include a common groundi ng bar as an integral part of
their nounting. Were such a bar is furnished, two or nore
fusel ess primary protectors should be grounded by connecting an
i nsul at ed copper wire (gauge shown in Table 1) fromthe
grounding el ectrode to the grounding term nal on the protector
assenbl y.

Table 1 Grounding Wire Gauge for Fuseless Protectors

(Number of Pairs) Grounding Conductor
FUSELESS FUSED Gauge (AWG)
1 to 2 1 to 3 12
3 to5 4 to 7 10
6 OR MORE 8 or more 6

6. GROUNDING AND BONDING - MOBILE HOMES AND TRAILERS

6.1 Protection of Mobile Homes: Mbbile honme and trailer
installations present certain problens not encountered in
permanent buildings. As in other installations, it is desirable
for access that the primary protector be installed outdoors.
However, nounting of a primary protector on the trailer body is
usual |y objectionable to the owner, and other nethods have to be
enpl oyed. (See RUS Bulletin 345-52).

6.2 Primary Protectors: Protection for nobile honmes invol ves
the use of standard primary protectors preferably of the
fusel ess type where the provisions of the NEC can be observed.

6.3 Preferred Primary Protector Installation: The RUS preferred
method for installing a primary protector at a trailer (or
nobi | e) home invol ves extending buried plant fromthe main
distribution cable to a pedestal -nmounted term nal housing within
1 foot (30.5 cm fromthe outside wall of the trailer to be
served. The primary protector is grounded to an 8 foot (2.5 m
driven ground rod using a "Listed" grounding conductor of at

| east 12 AWG The frame of the trailer is also bonded to the
driven ground rod using at least a 6 AWG i nsul ated, copper,




RUS Bulletin 1751F-805
Page 20

conductor. |If the power service disconnecting neans is wthin
35 feet (10.7 m) of the trailer, the tel ecomunications ground
rod is to be bonded to the power service grounding system using
at least a 6 AW5 copper, conductor. (The 6 AWG conduct or

[ bond] fromthe tel econmunications conpany driven ground rod to
t he grounding el ectrode at the power service di sconnecting neans
shoul d be insulated unless it is buried and not exposed to
possi bl e human contact throughout its entire length.) |If the
power service disconnecting nmeans is nore than 35 feet (10.7 m
away fromthe trailer, the tel ecommunications ground rod does
not have to be bonded to the power service groundi ng system

For additional details see Figures 3 and 4.

6.4 Another Installation Method: The NEC allows utilities to
install telecommunications primary protectors at nobile hones in
a manner which differs fromRUS preferred nethod. The code
allows the primary protector to be installed adjacent to the
power di sconnecting nmeans or power service equi pnent neans
serving a nobile hone. However, this code allowance includes a
nunber of provisos which require significant site and power
installation evaluation on the part of the tel econmunications
installer; sone of this evaluation may be inpossible to
determ ne because facilities are buried or out of sight. Even
if all factors favor installing a primary protector at the power
equi pnent | ocation, there is still the problem of how and what
type cable/wire to use beyond the protector and how to nmake the
transition to station wire to serve the custoner. Each
installation would present problens. RUS prefers the
installation nethod described in Paragraph 6.3 because it

i nvol ves m ni mal assessnent of the power facility and al
installations are the sanme (standardi zed) except for the bonding
to the power grounding neans (i.e., there is either a bond or
there is not a bond).

7. AC POWER SERVICE PROTECTION

7.1 Equipment Damage: Wth the ever increasing custoner use of
data equi pnent, key systens, PABX' s, tel ephone answering

devi ces, conputers (via nodens), burglar and fire al arm systens
wi th tel ecommuni cations data connections, and other subscri ber

t el ecomruni cati ons equi pnent powered by 60 Hz ac power,

t el ephone conpani es have a greater need to be in a position to
of fer custoners guidance in preventing equi pnent damage caused
by surges.
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7.1.1 Common Bonding of Electrodes: The first line of defense
for protecting this type of custonmer prem ses equipnent is to
provi de common groundi ng and bondi ng as described in

Par agraph 2. 3.

7.1.2 Severe Exposure Situations: In severe exposure
situations, such as high |ightning damage probability areas
shown in RUS Bulletin 1751F-801 or locations with a history of
power system faults, comon groundi ng and bondi ng al one may not
provi de adequate protection. In such circunstances, protection
shoul d be suppl enented by providing additional surge protection
to both the ac power and the tel econmmunications facilities.

7.2 Protection of AC Power Service: A two step approach of
i npl emrentati on shoul d be enpl oyed when protection of the

t el ecomruni cati ons and power facilities is warranted at a
prem ses:

7.2.1 Step One: If experience proves special nmeasures are
war r ant ed, tel ephone conpani es shoul d advise their custonmer to
install a secondary power arrester. The secondary arrester
shoul d be installed as close as practicable to where the ac
power conductors enter the prem ses, usually at the power
overcurrent protection device (main circuit breaker box, etc.,)
or alternatively at the service weatherhead on the subscriber's
prem ses. (Exanpl es of acceptable secondary arresters may be
found under the Item"gi" listing of RUS I nformational
Publ i cation 344-2, "List of Mterials Acceptable for Use on

Tel ecomruni cati ons Systens of RUS Borrowers.") Harnful surges
in the power supply are first intercepted by the secondary
arrester and only remmant parts of the incom ng surge travel on
through to connected el ectrical equipnment inside the prem ses.
Wth certain types of secondary arresters, a mninmmof 20 feet
(6 meters) of steel conduit between the secondary arrester and
the branch circuit panel is required so that there is sufficient
i nductance for the proper operation of the arrester. The
installation of a secondary arrester should help to protect al
el ectrically powered equi pnment on the subscriber's prem ses.
The secondary arrester should be installed by a qualified
electrician. In no case should tel ephone conpany personnel or
t he subscri ber be expected to install the secondary arrester;
and

7.2.2 Step Two: In addition to the secondary power arrester,
t el ephone conpani es should recommend to their custoners that
custoners install, at a mninum a listed tel ecommuni cations
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secondary protector on the custoner equi pnment and a |isted power
service protector at the electrical outlet fromwhich the
custoner equipnent is to be energized. The power service
protector should be installed as close to the ac powered

t el ecomruni cati ons equi pnent as practicable, see Figure 5,

"Typi cal Power Service Protector Installation.” (Exanples of
accept abl e power service protectors may be found under the

Item "gg" listing in RUS I nformati onal Publication 344-2, "List
of Materials Acceptable for Use on Tel ecomruni cati ons Systens of

RUS Borrowers." Tel ecommuni cati ons secondary protectors should
conply with Section 800-32 of the NEC and should be "Listed" by
an organi zation which is acceptable to the AHJ). It is

extrenely inportant that the tel ecormuni cati ons secondary
protector grounding term nal and the power service protector
groundi ng term nal be connected to the sanme grounded source,
with the power receptacle ground at the installation site being
t he best choice. Tel ephone conpanies should additionally
recomend to custoners that if the protection nethod to be

enpl oyed by the custoner includes other than plug-in types of
equi pnrent that the custonmer have the installation made by a
qualified electrician.

7.2.2.1 Recommended Alternative: A recommended, preferred,
alternative would be that the tel ephone conpany advi se the
custoner to connect the tel ecommunications equi pnment to a
"Listed" device that is designed specifically for this type of
protection and which incorporates both the power service
protector and the tel ecommuni cations secondary protector within
t he sane device encl osure and whi ch commonly bonds the groundi ng
of both types of protectors within the device enclosure.

7.3 Protector Coordination:

7.3.1 Telecommunications Protector Coordination: Custoners
shoul d be advised to consult with the tel ecommuni cations
secondary protector manufacturer regarding proper coordination
of the tel ecomunications secondary protector with the

t el ecommuni cations primary protector. The clanping voltage of
the tel ecommuni cations secondary protector should be chosen to
properly coordinate with the clanping voltage of the tel ephone
conpany's primary protector. |In usual telecomrunications wring
there is sufficient wring inpedance at the effective frequency
of surge related events for the tel econmuni cati ons secondary
protector to have a | ower cl anping voltage than the primary
protector; however, extrenely | ow values may be detrinmental to
servi ce because excessively frequent operation may effectively
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cause objectionabl e disruption of comrunications. Consultation
with the protector manufacturer should help in making effective
choi ces.

7.3.2 Power Protector Coordination: Custoners should be
advised to consult with the power service protector manufacturer
regardi ng proper coordination of the power service protector
with the power secondary arrester. The clanping voltage of the
power service protector should be chosen to properly coordi nate
with the clanping voltage of the power secondary arrester. 1In
usual power mains wiring there is insufficient wiring inpedance
at the effective frequency of surge related events and it is
better for the power service protector to have a | ower clanping
vol tage than the power secondary arrester. Coordination wll
help to prevent the protectors installed deep within the

prem ses from al ways clanmping first when reacting to surges and
drawing current into the premses wiring when the first |ine of
defense could react and clanp the surges to ground and prevent
unnecessary current flowin the inside wring. Consultation
with the protector manufacturer should help in making effective
choi ces.

7.4 Power Company Practices: Power conpany practices regarding
secondary arresters vary considerably. In npbst cases,
installation of a secondary arrester at the weatherhead of the
subscriber's service would require tenporary de-energization of

the secondary circuit serving the service. It is, therefore,
essential that all installations of secondary arresters be
coordinated with the power conpany involved. In sone instances

t he power conpany may recomrend that the secondary arrester be
installed at the custonmer's |oad center instead of at the

weat herhead. I n other instances the power conpany nmay recommend
the use of alum numor plastic conduit, or possibly no conduit

i nstead of the steel conduit. These alternatives should be
approached with caution as many secondary arresters rely on the
reactance of the steel conduit to develop sufficient voltage
drop to cause the arrester to operate. |If the steel conduit is
not enpl oyed coordi nati on between the secondary arrester and
prot ected equi pnmrent beconmes nore inportant and shoul d be

addr essed.
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Figure 1 Exanple Wthout Common G ounding
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Figure 1: Example without Common Grounding
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Figure 2 Exanple Wth Common G oundi ng
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Figure 2: Example with Common Grounding
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Figure 3 Mobile Home with Bond to Power
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Figure 3 Mobile Home with Bond to Power
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Figure 4 Mobile Home Wthout Bond to Power
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Figure 4 Mobile Home without Bond to Power
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Figure 5 Typical Power Service Protector Installation
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