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BEFOZE TEE ZATITRCLD COINISSION OF T2

In ¥the Latter of the Application of

PLCIFIC GLS LI ELIECTRIC COIPLNY, a
corporaticn, GRELL WESTEZN 207rER S0~

PANY OF CLALIZORNIL, o corporction, SIN
JOLAQUIN LIGET AND POVER CORPCRATION, @
corporation, SOUTEERN CLIIFCRATIA TDISON
COMPLNY, TID., & coxporction, I0S LNGTLES
GLS LND ZLECTRIC CORPOTATICN, o cormorg-
tion, SAT DIZGO COUNSQLIDLTED GAS LXD
ZLICTEIC COPPORATICY, @ corporetion, and
SOUTEERIT STIRZLS POVER COUPLNL, & corpore-
vion, for ez order of the Rellrozd Com-
mlicoion of the Stote »f Celifornia omendinmg
end revising the provisions of GENERAL CRDER
No. 64=L t0 the oxtent necessory to pertilt
The use of 2 commen yrimary and secoxndory
grouxded zeutrzl wire on four-wire overnend
dlistrivuticn systexms of 35000 woltes or less.

s

Application No.l7805,

e Y B s e T e N B e e N A et

C. P. Cutten, for RPacific Gas zad Zleetric Company,
Great TWecterm 2ovwer Compony, Sen Joocwin Ligat
and RPomer Corporztion.

Jaxmes G. Marshall, for The Pzcific Telephonme cnd
Telegreph Comperny end Southern California
Telephaone Coxpozy.
STETINOT, COMIISSIONER:

CRPIELICE

Y

ex epplicetion of the Pzellic Geos and Electric
Compexy, et al., requesting certaln revisionms of Gemersl Order XNo.
E4=-h, rules Tor overhesd line congtruetion, in order to yermlt the
installation of common nrimery azd secondery grounded neutral dis-
»t:'ibu'ticn systems of voltages,not emccedlng 000, witkzin vhe Stets
A CoTiformfa. 4 pudlic hearfing on this metier was hell et Scm
enc¢iseo on Ilaxreh 24, 1932. Instellation of cormmoz oprimexy and
r:&ary grouwzded neutrsl systems was urged by the interested par-
mainly oz the basis of cdded ecozomies L comstructlion &nd
cmaz. sefety %o persons erngzged in the comsirucilon, main-
e, 6?@%&0:1, oT use of overhead electric linmes and to the

gezerel.

The Peeific Ges and Tlectric Compaxy presented certain per-

,
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BEFOZE THE RAILROLD COMDISSION OF TEE 37

Tz the latter of the Apnlication of
PACIFIC GAS LND EZLECTRIC COMRLXNY, =
corporaticn, GREAT WISTEN POWER COM-
PANY OF CALIFORNILA, a corporatiom, SAN
JOLQUIN LIGET AND POUER CORPORATICN, &
corporation, SOUTEZRN CALIFCRNIA ZTDISON
COMPLXY, LTD., & corporction, LOS ANGELES
LS LND ZIECTRIC CORPORLTICN, o cormora-
tioxm, 3&AN DIEGO COHSOLIDATED Gas AXD
ZLECTRIC CORPCRATICN, & corporation, axd
SOUTEERN SIERRAS POWER COURINY, o corpora-
tion, for an order of the Railrozd Com-
miseion of the 3tate of Celifornis amending
and revising the provisions of GINERAL ORDER
Xo. 64-4 T0 the extent necessery to permit
tae use oL 2 commen yrimary and secoxdexy
grouzded meutrzl wire on Lfour-wire ¢overhead
distributicn systexs of 500G volts or lezs.

Avplicztion No.l780S.

LT N LN L NS LS L L L N A s b

C. P. Cutten, for Pecific Gas axnd Electric Compery,
Great Testexn Pover Compony, San Jozquin Ligat
and Power Corporation.

Jaxes G. Marshall, for The Puciffic Telephone znd
Telegrenh Compexy and Southerz Califorzia
Telepaone CoZpazy.
STEVENQT, COMIISSTONER:

C2IKIQ;

Thiz iz oz zpplication of the Pacific Gas and ZElectric
Compaxy, et al., recuesting certein revisions of Generzl Ordor XNo.
€4=4, Tules for overzead Tine construetion, In order to permit tre
nstallation of common primery axd secondery grouxded neutral dis-
tribution systems of voltzages,not exceceding SOOC, witoin the Stete
of Celifornfis. A4 pubdlic hearing on this matier was held ot Sca
Frencisco on lareh 24, 1932. Installation of coxmom primery exd
secondary grounded neuitrzl systems wes urged by the interested par-
+ies mainly on %he basis of edded economies Iin construction exd
add.itiondl salety 1:6 persons engaged in the coastruction, maine
tenznce, operziion, or use of overhead electric lines and to the
ublic in gemereal.

me Pacific Ges a2nd Tlectric Company presexnted certain per-




Tinent data relative to tho effect on telepaore plant, safety
Teatures and resulting ecozomies, and recoxmmendations believed
To be expedient. Included in the recomrendations ere tensative
prectices for the purpose of governing inductive coordination
between tThe power and coxmunicetion utilities to de followed

in conjunction with the requirements of Gemeral Order No. 52

oX this Commission. Thece practices submitted as & part of the
record are not applicable to power distridution systems other
Vhazn systems oOf voliages of 5000 or less; to long open wire tele—

phone lines or %o telegraph lines, and are binding only to the

extentv where nct superseded by future practices mutually agreed

upon by all irterested parties.

Zvidence was Iintroduced by the Engineering Department of
-the Commission settipg fortk the development of common primary end
secondary grounded neutral system in the State of California and
Cealing at length with the various provlems atitendant upon the
installation of thics type of distridusion systen wihich include ¥he
effects on telephone plant, safevy features and resulting econoz~
ics.

Inctolletion of a commor primary and cecondary grounded
neutrel distributiqn gysten of 5000 wolts or les:c necessitetes
certain revisions snd additions to exicting rules covering over-
need line construction, as comtaizned in General Order 64~a oOf this
Commicsion. These revisiozs and edditions were preparod by the
Ingiceering Deparitment of the Commicsion and submiveed in evidence
at the heariﬁ@ in this proceeding in the form of an ezhibit.

The consensus of opinion of all interested perties pre-

sent was favorsble Vo ingtcllation of common »rimery and second-—




ery egrownded distridbution systems of 5000 wolits or less. Al
the evidence indicates that the application of the proposed
chenges to Genmeral Order No. 64~4 will result in ecoromies in
con.sl‘t'.mc’tion. and will not be detrimental €0 sefetly of persons
or quality of service rendered.

-

I recomxend the following ordex:

SRD

iz application having deea iled by the Pacific Ges and
Electric Com‘pa;ny, et el, requesting that the znececsary casnges
and sdditiops to existing rules of Ceneral Order No. 64~A be made

in order 4o provide for the installation of common prizexy and

seéonda:y grounded neutrel systems oI 5000 volts or less, & pubiic

nearing heving been held and the maiter haviag veen submitted axmd
ready Tor decisziom,

mhe Reilroad Commission of the State of Californis Here~
by Finds asz e Feet that the proposed rules and praciices sehzivted
1n evidence in this proceeding are reasonzble end just, will result
iz ecopomies iz comstruction, and will not de detrimentzl to safely
of personxs or guality ol sexrvice rendered.

Basing L%s Order on the coregoing finding of fect,

TIT IS EEREBY ORDERED that all ins+vellations ol comxon
primary and secorndary grownded neuv +rel cystems of volteges o.. 5000
or Iesc shell comform %o the rules for overheed electric line con-
struction nre.,c*ioed by *the ‘Ru.:‘..l*oe.d Commission of %he State ol
californie in its Generzl Order No. 64=4 oxnd supplement, particu=
larly described In Txmibis AT attackhed nerevo and made & Dare
of %“hese findings.

The tentative practices here +orore mxtually agreed




upon by =il nexties Y0 this proceeding end placed in evidence in
the record herein shall be binding only %o the exritent wacre not
superseded by fuvure pracitices mutuelly egreed to dy all in-
terested nertvies. IT ond vhen ssid practices are revised a

copy of czuch chamges shall be forwarded o +his Commisszion for
purposes of record. These prectices shall rnot in eny menner
supersede the requirements for prevertion or mitigation of
inductive interference betweer electric power and commumication
clireults, as convoined ix Gexerzl Oxder No. S2 of this Commission.

The efTective date of thlz Order =shall be the date

The Lforegoing Opinion and Cxmdex iz heredby aprroved and
ordered £iled zes the Cpizion and Order of the Rallroad Commission

0F %ze Steate of Californiz.

}5_‘/

Deted et Sam Francisco, Celifornia, this éay

of @M,’Md , 1932.




21l.8 Permanently Grounded means conrecied to earth in suckh a

mennex that 20 current which can flow inm the ground wire
will cause a harmful voliege to exist deitween the grounded
conductors and facilities and adjacent exposed ¢onducting
surfaces which are ia good contact with the eartk, or
with adjacent surfaces of tvhe eaxth itsell, under the most
severe condivions whick are liable %o arise in practice.

For-all circults, other vhan = common primery and
secondary g*ounded neuitral cistridution system of 5000
volts or less, 1T o resistence of less than 25 ohms is nov
odbtained, measuremezt deing made by eny approved method,
the equivaleznt of two lfa—inch corrosion=resisting rods,
2ot less thoz eight (8) feet in length and continuvous
throuéhout, iver to o minimum depth of eight (&) Leet
at rotv less than 6~foot centers, will be cozsideréd &
permaﬁcnt groand.

Where & comzon primery exd secondary grounded nmeusral
sysvenm ls inzvelled, the grounding provicionc for such
gystexs, as covered in Rwle I2.4, shall apnly.

32.4 Grounds and Neutrzls

Ae Neutrel Conductors:

Yeutral conductors of supply circuits other then dise
vridbution systems of Live thousand (5000) wvoltszs or lezs with
¢ommon primexy and secondary &7 sounded neutra*s, shall de

concidered ez cerrying the same volitage as the current=carrying

wires. Waere o common primery and secondary grounded meutral




32.4 (Contrd)
distridbution cysten is installed tze neutral conductor may
be considered as carrying the same voltage ac eny of its
related system conductors, compliznce withk the special
»ractices and construction requirements‘beine necessary.
On & comxon primary end secondary grounded neutral dicze-
srivution syceen, the foliowing nrovisions shall epply:
Therever exisving plant permits, cross ties ol the
neutrel conductor shell be made t0 form o continuous
imterconnecteod grid zetwork. IFrom each grid section
there skhall bYe two (2) or xore separate and coatinuvous
‘metellic return conductors %o the source of SUPPLY e
IZ %wo (2) return conductors only aré wsed, each shell
keve a minfmum arez of epproximetely Lifty (S0) per
cenﬁ of the area of the phace conductor of the
largest overhead feeder serving the sres. (See
Teble No. Swi of Rule 49.4=2 Tor minfimuwm sizes.)
I more than two (2) zeturn conductors ere used,
current-carrying cenacity of the redtura system ¢
be such that a break in eny one (1) peth shall
tro (2) or more return patic wb.icb.; coxbired shall
have & minimum ares of 2pproxinately Zifty (S0) per
cent of the ares of the phase coxductor of the largest
overhead feedeX serving the area, vthus providing ade-
cuate currenvecarzying capacity for ru;; load current.

(See Table No. 6-i Of Rule 49.4=3 Tor xinimum sizes.)

The common neutral grid system skell be grounded at inter-

vals £ot greater than fifteen hundred (1500) feet. Oz
branch ¢ireuivs extending from & grid, where return

100p paths are not eveilable, *he common neutral line




3244=~i (Contrd)

-conductor shall de grounded at intervals not
_greater than eight hundred (800) feet. 3Iach
trznsformer Iinstallation on & braxnck circuit
vithout a L1o0p returz shall de 3o located that
thexe will be oze or more metallic water pipe
system grounds, each of & resistence not greeter
then three and oze~half (3.5) oxms, on each side

£ the trozsforzmer installation.

2.4=-C Ixdevendent Grounds:
:ndependént‘gronnds or independent ground connec-—
vions, the resistance of which does not exceed twenty-—
five (25) ohms, shall »e provided Lor thevroliovins:

Lightning Arrecters.

Grounded dond wires.

Low voltage power or lighting circuits

. other thar comxon primery anéd second-
ary grounded zeutrel circults.

The zeutrel wire of 4 wire, 3 phese
systens waexre the lice voltcge ex-~
ceeds 2,500, other than common primesy
zad secondery grounded nmeutrz2l systems.

32.4=D Ground:z orn Common Neutrsl Systems:

Waere & commor primary and secondary grounded neutral
distridution system L5 used, the resistance of the cone
Tinuous metallic meutral grid o ground chall conform
10 the following requirexent:

1. The reosictance between szid grid end ground at

any poirnt skzll not exceed thrce and one-hals
(3.5) ohms 2t any time.

iZ, after definite effort hac beexz made, it is fouzd

not pract:cablg to meet the above requirement, the follow-

ing alternate reguirexent will de acdepted:

2. The resistance between any point of seid grid

-G




32.4=D (Cont'd)

and the ground conzectiorn at the cubstation

chall znot exceed ome (l.0) okm, and, furthermore,
the resistance of scaid ground conzecvion av :he
substation either (&) shall not exceed one (1.0)
ohm, or (b), if in excezs of oze (1.0) ohx, shall
be lower thaxn that of any individusl ground connec-
vion oz the grid, and iz 10 case in excess of Two
(2.0) ohms.

Leacuremeny 0L Tesistance by any approved method 1z
Tecognized. In lieu of measuremeants of reslictance of the
zeutral conductor under (2) ebove, approveld joints and
demonstradle caleulations will be eccepted.

Iz common primery and secondary grounded neutral systems,
ground electrodes chall coxform to the following minimum
specifications:

(a) One;piece corrosior resisiing metal rod or pipe

| (or egquivalent in physical and electrical quali-
ties) five-eights (5/8) inch diameter by cight
(8) feet in length and driven to a minimuz depth
of eight (8) feet below the surface of the grouzd.

(b) T=zter pipe systems: Where ground wires are "

attached direetly to a water p;pé system, they
shall be coxnected on the mzin line side of axny
water metering ‘equipment.
The driven ground rod, pipe or eguivalent shall be
located not less than wtwo (2) fTeet from the surface of
the pole. TWhere two or morec are installed, they shall

be locateld at not lezs than six (8) foot centers. The

seperation reguired from the surface of the pole shell

2ov 2pply to a conuection to the weter pipe system or to
The connection between two or more driven rods or Pipes.

| =4




32.6 Location of Common Neutral Cozductor on Cross Arms, etC.:

1.

Where all circults axe iz excess of sevex hundred L£ifty
(750) volts, the cormmon neutrzl lime conductor may be
located iz & »in position in the primery space.

Waere a cireult or circults of less than sever hundred
Lifty (750) volts are involved, the cormmon meutrsl lize
conductor shell be +ocated 1n & secordary related pin
position. This rule chall ro%t epply where orly D.C.
feeders, signal and communication or four hundred forty
(440) volt A.C., or other non-releted power cirecuits alone
ere involved.

Where circults of less thez and of more then seven hundred
L1ty (750) volts ere involved, the meintenence of &

common meutzal line conductor in »oth primary and secondary
Positions is permissidle, provided proper decignation of
conductor in the primary position is made, and that a
metallic cozmection of a2 size rot cmeller than the largest
reutral line conductor involved is made at each locatioz
requiring & ground anéd that seid éonnectioz_is installed

in accordance with the ¢onstruction':equirements 2ox ground

wires on poles.

The zulti-grounded primexy or secondsry Reutral line con-

ductor, where continuous, mey dbe used as & return loop of

the coxmon neutral, provided it:

(L) Is of sufficient current-carzying capacity
. &as provided in Rule 4£9.4-3, and

(2) Is mointeired in its relative position on
Tthe cross amx, aaé

Zs grounded throughout in accoxdance with
vhe requiremerts Lor commor neutral line
conductors. (See Rule 32.4~D.)




32.6 (Contrd)
5. The coxmon neutzzcl conducetor ﬁay be installed in the

sane coﬁdnit with releted phacse conductors, provided that
the insuletion of the neutral conductor is mot less then
that reqﬁired of the phase wires and, Turther, that it
considered as a'phase wire for the extire run bYetween
terminals. Where the condult installatiozn is & permane
extly grounded metal verticel >iser pipe, the reference
vo ipsulatioz of common neutral shell not apply, provided
the neutxal wire is connected 10 Yotk ends of the ricer

Pipe and permanently grounded.

£9.4 Conductors

Lo Maveriel:
opexn wire coaductors shall be'or coppex, copyer
covered steel, aluminum (incluéing L.C.S.R.), gelvanized
iron or steel or ovther cé:rosion-resisting zetel not sub-
Ject to repid deterioration, except that where & cormmon
prizery and secondary grounded neutral distridution system
oL 3000 volts or less is installed, the following pro-
shall epply:

Galvanized 1iron or steel shall not be uced
as & corductor.

Zelated phese axd neutral line conductors
shall be of the seame materiel, except that
the neutral conductor may dbe of copper where
the phase conductors are of other approved
2aterial.

ALl conductors ané wires coznectizng the

coxmon neustral line conductor to ground |
shall be of copper..

The minimwn size of wires of wvarious materizls which

shall de used for the seversl classes of comstruction and

lozdings are listed ir Teble No. 7. These minimum sizes

Shall obtaiz iz botk usben ard el districts. Larger

-6




49.4~2 (Cont'd)
sizes of wire thon those shown iz %he tadle will oftex
be nececsery to meintain reasonsble seg and at The same
time provide the reguired szelevy ractofs ol Rle 44,
grouznd clearances of Teble No. 1 and wire clearences of
Table No. 2.

Iz commor primaxy exnd secondary grounded zneutral
systems the common zeutral lize conductor saall khave a
minimum aresa approximately not lecs then fifty (50) per
cent of the area in circuler »illc of the largest related
primery prase conducvor, and iz no case shall have less
conductivity or mechenical strength thaz T0. 6 AsVeG.cOpper.

In common primexy and secondery grounded zeutral
systens the size of the common reutral line conductor to de
used with related phase conductors shall be not less than
those sev Loxrth ir the following teble:

Tanil N0. 6=i

NTNTMUE SIZES CF COMION NEUTRLL LINE CONDUCTCRS

Size of MYinimum Size of
Dhose Conductor _ Neutrel Conductoxr

500,00C C.i. 4/0
350,000 " 3/0
250,000 " 2/0
1/0

1

2/0
1/0
1
2

£
&

OO

' This tedble is dasced upon the regnivezent that the

corron neutrzl lire corductor sholl have a nirnimunm area

of cyproximately £ifty (50) per ceat of the zrec 0f the

largest related nhase conductor and that the phase andé

zeutral conductors are of +he cexe materiszl. There 2ot

-7-




4£9.4-E (Contré)

of saxe naterial, the copper equivalerts of the table
chaell be considered as meeting the recuirements.

Thé zinimum sizes of wize giver in Table No. 7 are
beced upor spans not In excess of one hundred‘rirty (150)
feet. Long T spans, except when speclilically designated,
2y be employed witrkout c'easing the ui~e of wiﬁe, Pro~-
vided the sags axnd coaductor oepara ions are so inc ased
vkat the allowadble working teasions axé conducfor ¢lear-
sxnces specilied in this orxder are n0% violated.

( Table 7 )
(Page 66=G.0. 64~L1)

49 .4=~E CoOnnections:

4l electrical connections shall be soldered ox of
such rigid mechanical design thet there will bde no meterisl

increase in the ohmic resistance of the circuit.

52.4~D Designation of Comxon Neutrel:

54-6=-B2

In common primery end secondaiy arouvnded neutrel
systems, where the common neutral lize conductor is ine-
stelled in 2 primary pir position, 1%t shall be desigasted
by an approved rom~-corrosive metel tag having a minipum
diaxmeter of not less ther one izek upon which ghzll Ye
Dermanently Ilmprinted the lettersz "CN™ not less then
five-sixteentas (5/16) inch in height. Said teg shall
be ettacked socurely o end maiatained on the common
neutral conductor at eack pizn position of lipne arm and
buck arn 2t a distarce not ore than twelve (12) inches
Irom the face of the cross sxm oz the climbiﬁg side of
eceh pole and So inmstalled as %0 be clearly visidle et
all tizes.

Ground Wires:

Ground wires mey be attzched tT0 Or run on the surtaces

-8




54.6=22 (Cont'd)
of poles, provided They are protected Throughout Their
length by sulitadble protective covering. That porition
of the grouné corductor not wit hiz an eight (8) Zoot
vertical disztance from the nearest conductor'suppo:ted
on the pole or structure, Oor not withkin a six (6) Loot
radisl distance from & conductor pessing dut not atitached
thereto, :equi:és no »rotective covering, provided the
line is located in sparcsoly settled rural areas and the
ground wire iz of mechanicel strength at least ecual %o
that of No. 4 stranded hord drewn coppor wire.

Contact between the ground wire and c¢ross amm braces,
guy factenings or other exposed metel parts iz permitted
only where 1t 4ic intended that these elements de grounded
and where a pocitive electrical contact is made between
then and the ground wire. “There this latter provision is
exerciéed, 2o circuit thin a verticel distance of taree
(3) feet below or eight (8) Leet above cuch grounded draces,

sueninge or metal ua_uu shell be worked on while any of
the circuits involved are energizel. (See ipp. G, Fig. 34.)

Incidental pole wiriag cornected to the common meut rel
conductor may be stapled To vhe wanderside of cross arms,
provided the installetion is zuch as to offer the least

possibility of coxteact Vo woritmen.

57.8 3Bondinz znéd Grounding:
(2nd peragrepl)

In cormon primexy and secondary grounded neutral

systeﬁs; the size of the grounding wire from the commoz

neutral line conducvor to & point not more than one (1)
Toot above the ground line at the basce of the pole shell be
not lecs them No. 4 4L.T.G. copper. It shell de contizuous,

—9-




57.8 (Contrtd)
| ‘without splices throughout its length, and shell
be attached directly to the common neuf:al line
conductor. The horizontal pbrtion oL tho grounding
conductor Lfrom base of pole to the {ndividuel ground
electrode skell be instelled zet less +than oze (1)
foot below the surface of the ground and shall heve

.00t less conductivity and mechenical stzengiti than

¥0. 1 uZ.De stranded copper.

S58.4~C Grounds:

Translorzer ground coxnnecvions other than those
occurrirg on a common primery and secondery grounded
neutrzl systex skoll have & conductivity not less than
that of No. 6 A.W.G. copper wire axnd szhell de provided
&% one of the followirg locations:

At the transformer pole.

L% & pole adjaceat T0 the transformer pole.

At load end of each service supplied from
the transformer, separcte fronm the usual
house ground, except thet where three or
more services are supplied from one trens-
Torper Or bamk of transfoxmers, grounds at
the Two services zezrest the transformer
pole and one ground at services at approxi-
zmately five hundred (500) foot intervals
vill suffice.

Where a common primary and secondary grounded neutral
systen is used, the grounding wire zhzll conform to the
requirements of Rule 57.8 Lfor such sysitems and, further-
more, each transfomer instellation on o branch ¢ircuit
without a loop return shall be so located thot there will
be one or more metallic waler pipe system grounds of 2
resistance not greater than tharece ané one-kalf (3.5) ohms
on eact zide of the transformer installation.

4 trenmsliormer installation loceted on a grid zectioz
requires no independexnt ground provided thet there iz =

=1




58.4~C (Cont'd)

ground conznectlion to the common neutral lime comductor,
either on the transformer pole or on an adjacent pole,
having & resistence not in excess of three and one-hall
(3.5) ohms.




