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BONOING ARRANGEMENT FOR I SWITCH

MOTES:

see Eng. Std. Dwp. OS5962.
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TYPICAL STEEL STRUCTURE INSTALLATION
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BONDING ARRANEEMENT FOR & GR MORE SWITTHES

(a) Provide continuous wisible boncing comnection froo operating rod(s) to operating.platiora.
(b} Use 250 Kenil topper cable fer sonding.

Ffor code numbtrs for Sar lugs and copper Sable
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15evsO
S1ZE OF | FOURDAT IOK TYPICAL APPLICATIONS FOR TRANSMISS ION SUBSTAT EOHS T
ITEM| TYPE PLATTORM ¥ > Atrrangement Dwp. Moo CODE
1 1 Py 210 148 21-6" 6OKY Main & Aux, Bus Structure (one svitch-main bus side) :3:::; 15-5036
2 |1 | 2x4* |avep 2/ 2'-5" |230Xv DCB Strutture (ground switch) ' 400985 | 15-5044
GOKY Switch & Fust Structure (without ground switch) 413753
60KV CC8 Structure (one switch ovnly) 43137929
32 |2 | 3'xs' |3'-D 1747 4°-6" |230KV Double Bus Structure (one switch - bus parallel bay) 44787 | 15-504%5
230KV Bus Selsctor Switch Structure 323151
328254
800KV Seiteh Structure (disctonmnect switch only) 328603
&UKY Switch 3 Fuse Siructure (with ground switch) 413799
32i611
15-5046
4 | 3§ 2'x6* [3°-D 1247 5'-6" {GOKY Main & Aux. Bus Structure 2 or 3 evitches - aux bus side | 423338
5 | 1 | 3'x7t |30 1747 6'-€ 15-5D47
60KV OCB Structure (2 or 3 switches) 413799
60KY Regulzting Transformer Structure (2 or 3 awitches) 310226
€ 2 [ 2'xg* |3'-0 17471 3'e®~ |230xv OB Structure {disconnect snd bypass switches) 4003084
230KV OCB Structore {2 or 3 switches) églsgz 15-5034
Sp0YY Switch Structure [disconnect and ground seitches) 328609
7 F4 tx9' 3D /A" 4.3 15-5046
B 3 3'210' |3'-0 1747 4'-3 " { 230KV Doudble Bus Structure (2 switches) 44TE7 15-5032
9
10 | 2 | 4'xé* J4'eD L/47 3'-6~ |&4KvV to F0KV Switch On Wosd Pole 15-5043
(4er station wse only)
11 1 4'%5" 4D 1/87 &'ef” 15-5050
€OKV Air Seiteh Structure (disconnect seilch only) 313197
JI5KV sain & Aux. Bus Structure (one switch-main bus sige) 2032
12 1 4'%6" [4'-0 1/4% 5'-g" |[12SKV DCB Structure (one switch-buz parallel OCB) 422983 | 15-5051
11%KY lsuble Bus Structure (one switch-bus parallel bay) 309950
115xv Sus S«lactor Seitch Structure £25555
13 1 4'x7% (41D LS4 EBY=G" 15-5052
60KV Air Seitch Structure (disconnect switch & ground seitch) 313197
36 |2 | 4*- 8 |e'-0 174 23'-3 |125KV OCB Structurs (2 or 3 switches) £22983 | 15-5053
15 2 423" |4%=D 1747 47-3" 15-5054
115KV Main & Awx, Bus Strutturs (2 or 3 ewitches-center column)| 312032
16 | 2 | €'xa0 lat-p 374 4'-9" 115KV Double Bus Structure (2 switches) 3p98s0 | 25-5055
_:mmn T
A e,
l' * % l?g:r. Yhis shect TOIMErTy Sheet 2 f
'%P ml AL | § SCALIPTON EHKD {SUTY.
| L - EWGINEERING BIANDARD
Beax. STEEL GRATING TYPE
. SWITCH OPERATING PLATFORM wires. 3 w5 sworm
e DOWNTMEN! OF ENGWETRING FuAmEE SUNSIR .
o PACIFIC GAS AND ELECTRIC COMPANY 0 3 4 85 | 4
LS T 0 § — SAN FRANCISCO, CALIFORNIA
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PURPOSE AND SCOPE e s

1. THIS DRAWING PROVIDES DESIGN PARAMETERS, APPLIGATION AND ORDERING INFORMATION FOR GROUMDING GF ECQUIPMENT, STRUCTURES,.
ETC. IN DISTRIBUTION SUBSTATIONS.

GROUNDING OF NON-CURRENT CARRYING METALLIC PARTS AND STRUCTURES TO LIMIT POTENTIAL GRADIENTS DURING GROUND FAULT
CONDITIONS FOR FROTECTION OF PERSONNEL IN THE AREA..

3. GROUNDING OF NEUTRALS TO STABILIZE GIRGUIT POTENTTALS WITH RESPEGT To EARTH AND PROVIDE MEANS FOR CIRCUIT RELAYING TO
CLEAR GROUND FAULTS,

4. GROUNDING FOR LIGHTMING AND SWITCHING SURGE PROTECTION.

2

GRUUND GRID SPECIFICATI(ONS

5. THE GROUND GRID SHALL BE SURIED 1'-6% MINIMUM BELOW GRADE IN THE AREA WITHIN THE SUBSTATION SECURITY FENCE,.: AND
TERMINATE NOT LESS THAN EIGHT FEET FROM THE FENCE. THE FENCE SHALL BE GROUNCED SEPARATELY FROM THE GRID UNLESS THE
ARRANGEMENT DRAWING WITH THE APPROPRIATE NOTE S0 SPECIFIES. FOR FENCE GROUNDING SEE E.5.020607.

6. MAXIMUM GRID RESISTANCE TO GROUND, DRY SOIL IS 1f. IF MEASURED GROUND RESISTANCE EXCEEDS in, COMSULT PROJECT ENGINEER.
DO ROT USE COKE BREEZE OR CHEMICALS TO LOWER GROUND RESISTANCE TN GROUND GRIDS.:

THE_PERIMETER GRID CONDUCTOR SHALL BE PLACED THREE FEET WININUM, S5IX FEET PREFERRED,. FROM ANY GROUNOED STRUCTURES QR
EQUIPMENT. GROUND GRYD MUST EXTEND SUFFICIENTLY TO ALLON PERSONNEL TO BE WITHIN THE GRID AREA WHEN OPERATING OR SERVICING
EQUIPMENT OR CONTACTING METALLIC STRUCTURES.

&. GROUND ROOS, 12 FOOT LENGTH TO BE SPACED 30 TO 50 FEET APART MINIMUM NUMBER OF 12 GROUND RODS PER STATION..

N

9. 230 KCMIL MHD COPPER IS STANDARD FOR ALL GROUND GRIDS.

TYPICAL MATERTAL TO BE USED (FOR MATERIAL USED FOR FENCE GROUNDING SEE E.S. 020607)

CODE OESCRIPTION REMARKS

CABLE, BARE, #4 AWG. MEDILUM HARD DRAWN COPPER,.
29-0033 )7 STRAND, 0,232% DTA, SEE APPLIGATIONS-~ SH. 2

CABLE, GARE, #1/0 AWG. MEOIUM HARD DRAWN GOPPER,
29-0036 T STRAND, 0.36B" OIA.

SEE LIGHTING E.D.S. 459076

CABLE, BARE, 250 KgHiL.- MEOIUM HARD URAWN COPPER,
TA.

29-0040 |13 STRAND,. Q,574% SEE APPLICATIONS - SH.- 2

' - -t FOR CABLE =TO+FLAT. CAOWELD 5TD. DUTY MOLD,.
50-3542 BAR LUG,'OFFSET, 2-ROLE NEMA TO 250 KCMIL CU ‘T\'PE P FDR,ZEO KCMTL HSE AT NG S LoERsy,
CABLE & CARTRIOGE NQ. 215
30.3519 |BAR LUG, OFFSET, 1-HOLE, TO 250 KCMIL CU. CASLE SEE FIG. 11 - SH. 4
€5 013100

1B-7007 |GROUND ROD, 3/&% X 12'.Q%

# ALL GROUNDING MATERIAL EXCEPT CADWELD MOLDS AND CHARGES CCAKTRIDGES) WHICH WILL BE FURNISMED BY THE CONSTRUCTION
PEPARTHENT TO BE LISTED ON RESPECTIVE BILL OF HATERIAL FOR YARIOUS ARRANGEMENT DRAWINGS.

REFERENCES:T

TYPICAL ARRANGEMENT OF CONDYITS AND GROUNDS-SM. | E.D.S. 459128
HETHOD OF GROUNDING FENCES E.S, 020607
TERMINATION & STRUCTURE FOR 12KV AND 2 1KY UNCERGROUND FEEDERS — LOW PROFILE SUBSTATIONS. E.S. 050861
REQUIREMENTS FOR GROUNDING BUSHING POTENTIAL DEVICES . E.0.5. 102825
COPPER AND ALUMINUM POMER CONNECTORS i EuS. 46267
STEEL GRATING TYPE SWITCH OPERATING PLATFORM ce . EJS. 034851
CORROSION RESISTANT GROUND RADS AND GROUND ROD CLAMPS E.5.. 013109
INSTALLATION OF GROUNDS ON WOOD POLE TRANSHISSION AND DISTRIBUTION LINES E.S. 021904

APPROVED BY | 7 [52180] Revised Cadweld Mold Cat, No. . o7 | e88 ool T 22

(7o 6 _|2/379] Rev Note 8. i P ] % EEA Ay

S |F-1879| Ades’ Fig £, EA E » . B R (CaR |~

N £ 72278 Moo Hote £ LN A T I =

b REV | DATE DESCRIPTION SUPV.] BWH | CHKD [ AFVD
N EKIENEL™In6 STAXDARZ SUPERSEDES

GROUNDING REQUIREMENTS FOR P ——

DISTR!BU?FOTI-\ID%SFB?STATIONS b B L 0
DEPARTMENT OF ENGINEERING DRAWING NUMBER REV.
PACIFIC GAS AND ELECTRIC COMPANY o 5 5 g 2 7
SAN FRANCISCO, CALIFORNIA 6 k
LT e e L T T y=yr—— m I ! MICROFILM D
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APPLICATIONS:

STRUCTURES: STRUCTURES MUST HAVE AT LEAST ONE GROUND CONNECTION.

CONMECTIONS SHALL BE MADE ON DIAGONALLY OPPOSITE CORMERS.

AIft SMITCHES: THE OPERATOR AND PLATFORM TO BE BONDED AS PER ES. DWG. 034851.

NEUTRAL BUS FOR SINGLE PHASE EQUIPMENT:

POWER TRANSFORMERS: FOR 3 # TRANSFORMER NEUTRALS (HO, X0) USE ONE 250 KCHIL Cu.
FOUR WERE SYSTEMS NEUTRAL SEE APPL.(E). SINGLE PHASE EGUIPMENT NEUTRAL SEE APPL.(D}.
GROUND USE TWO 250 KCHIL CU. CABLES PER TANK PLACED ON DIAGONALLY OPPOSITE CORNERS,

GRID ON ONE END WITH TWO 250 KEMIL (L. CABLES.

FOUR WIRE DISTRIBUTION: USE TWo 250

KCHIL CU.  CABLES FROM TRANSFORMER LOW VOLTAGE NEUTRAL (X0) TO GROUND GRID,
SEE FIG 8-SH. %, AND FROM FEEDER TERMINATION STRUCTURE TG GROUND GRID, SEE FIG. [Z-5H. 4. THE TWO CABLES

NEUTRALS FOR SANKS OF SINGLE-PHASE TRANSFORMERS, OR REGULATORS, SHALL BE
MADE UP SEPARATELY FROM THE GROUKD GRID «~ ON A NEUTRAL BUS MOUNTED ON INSULATORS — AND CONRECTED TO THE

ALL NEUTRAL. BUSHINGS SHALL BE CONNECTED TO THE NEUTRAL
BUS UNLESS OTHERWISE SPECIFIED ON ARRANGEMENT DRAWINGS, AND THE APPROPRIATE NOTE SO SPECIFIES.

SHALL BE ROUTED IN SEPARATE TREKCHES 70 DIFFERENT PCINTS ON THE GROUND GRID.

POMER CIRCUIY BREAKERS: TWQ 250 KCH

MOUNTED BREAKERS. FRAME HOUNTED BREAKERS SHALL HAVE TWO 250 KIM1L CU.
THE TWO CABLES SHALL BE PLACED ON DIAGONALLY OPPCSITE CORMERS.

SEE EDS l0282%.

REGULATORS: THREE-PHASE REGULATORS SAME REQUIREHENTS AS OUTLINED IN ARPLLC)EXCEPT NEUTRAL TO BE UNGROUNDED PER

IL CL. CABLE CONNECTICKS FOR SKID HOUNTED PCB'S OR PER TANK FOR NON-SKID
CABLE CONNECTIONS TO THE FRAME.
FOR BONDING OF BUSHING POTENTIAL DEVICES

ELECT. DES. MAMUAL SECT. 29. FOR SIKGLE-PHASE REGULATORS SEE APPL.{D} AND (E).

CARRIER COUPLING CAPACITORS AND POTENTIAL DEVICES:

TERMINAL AND CASE GROUND.

POWER CAPACITORS: CAPACITORS HOUSING OR SUPPORTIMG STEEL RACKS SHALL HAVE TWo 250 KCMIL CU.  CABLE CONNECTIONS.

STEEL COMDUIT, JUNCTFON BOXES AND RECEPTACLES: ONE #4 CU. CABLE CONMECTION TO STRUCTURE GROUND. HATERIAL TG BE

SUPPLIED BY CONSTRUCTICN DEPYT.

LO¥ VOLTAGE POTENTIAL TRANSFORMERS, STATION SERVICE TRANSFORMERS, DISTRIBUTION PANELS AND EQUIPMENT INDOORS:

ONE 250 KCMIL €u.

IF BASE AREA EXCEEDS % SGUARE FEET. TWO

SEE FIGS. 2 AND %-SM. 3.

CABLE, SEE FIG. 7-5H. &.
FOR TRANSFORMER CASE

CABLE CONNECTION TO COMBINATION GROUND

ONE #4 CU. CABLE CONNECTION TO STRUCTURE GROUND.

METER AND RELAY CABINETS CP.D.A.C.} ETC: ONE #1/p CD. CABLE CONNECTION T3 HAIN GEOLIN!? GRID. )

CABLE TO SWITCHEBOARD GROUND BUS.

LIGHTING STANDARDS: ONE Wi/0 €U. CABLE CONNECTION.

HETALLIC CONTROL BUTLDIRGS: TwO 250 KCHIL £U. CABLES T8 DIAGOMALLY OPPOSITE CORNERS OF THE BUILDING. ONE
SEE ADDITIDNAL INFORMATION FIG. S=SHEET NO. 3.

FEMCE GROUNDING: REFER TO ES 020607 - "HETHOD OF GROUNDING FENCES”.

PULL BOXES: IT IS NOT NECESSARY TO GROUND CABLE SUFFORTS OR COVER PLATE SUPFORYS IN PULL BOXES.

ENG INEERING STANDARD P. G. & E CO. o
GROUNDING REQUIREMENTS FOR OUTDOOR
UISTRIBUTION SUBSTATIONS SHEEY 2 OF SHEETS 0 5 5 9 6 2 3

Pacific Gas and Electric © 2001
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670" MIN. ! : = R — :
ot N ~HOTES:, T_§’ . _OPERATOR suprort | NOIES:
=
T (A) GROUND GRIDS A0 con- St | I|E | STRUCTRE se= | CA) GROUND PAD ON_OPERATOR
< P DUITS SHALL BE ARRANGED gorp | ™| | MOTE A SUPPORT STRUCTURE SHALL BE
+ o — IN SUCH A WAY THAT by OPERATING | LOCATED AS SHOMWN.
GROUND GRID TRENCHES ARE A MIKIMUM
° oi/ OR CONDUITS OF 6 FT. FROM DEAD! PLATFORH ¢B) FOR BONDING OF PLATFORM
\I'_/ SEE NOTE A STRUCTURES t OPERATING | SEE E.5. 034851,
ROD
, p | (B) IF GROUND GRID CROSSES | o] |SEE NOTE 8 | (C) IF GROUND SW IS USED RUN
LAN CONDUIT RUNS. GROUND ) 3-0 ? = ONE 250 KCMIL CU. FROM GRDY
SEE NOTE € GRID SHALL BE ABOYVE | e o | GRID 10 SW. BASES SEE
CONDUIT RUN. 3 __1 i FIG. &
AVOID TRENCHING — —-—Z—-@- b
CLOSE TO FOUND=  (C) GROUND COMNECTION SHALL GROUND ROD GROUND GRID
ATION 8E SHAPED AS SHOWN IN
FIG. 6.
—
FIG. 2 GROUNDING OF GPERATOR SUPPORT STRUCTURE
F1G. | GROUNDING DEADEND (TENSIONY STRUCTURE
SWITCH BASES
| ~FENCE NOTES

CONTROL ROD
SUPPORT

LA) GUYS SHALL
BE LOCATED WITHIN FENCE.

GROUND SWITCH BASES.

PO NOT GRCUND ANCHOR GUYS.
HIN. DISTAKCE FROM GRUUND ¥ RE
TO GUY BOLT OR GUY WIRE IS
INSTALL TwWQ INSULATDRS IN EA(H
GUY WIRE HIN 8" ABOYE GROUND
AND HIN 6 FROM POLE.

NOTES

{A) CONNECTIONS TO SK BASES
AND STRUCTURE LISVED ON
APFROPRIATE B/M

FIG. 3 GROUNDING KPF SWITCH WITH
FIBERGLASS CONTROL ROD ON WODOD POLE

FIG. 4 GROUNDING OF GROUND SUITCH'E

l—l =6" HAX.

" PR s
I & 3o HIN. ?E T
= g
K _%J |
-i CONTROL BUILDING I
Fomierer | T Rt e - -
CONNECTION
- Sngng. i GRD. GRID. i |
T SEE SPECIFICATIONS—SH. | !
] f
GROUND RM—L-@ I "
£9-67 HIN.

FIG. 5 _TYPICAL ARRANGEMENT OF GROUND OUTDDORS

SEE E 5 020607 FOR GROUNDING OF EENCES
SEE EDS 459126 FOR TYPICAL ARR. COND. & GRDS.

TUBULAR
STRUCTURE

FIG. 6 PROYISION FCR ATTACHING PORTABLE GROUND TOOLS

SPACE FOR
PORTASLE
GROUNDING TOOLS

SHAPE GROUND
CABLE AS SHOWN

ENGINEERING STANDARD PG &E CO. DRAWING NUMBER REV.
GROUNDING REQUIREMENTS FOR OUTDOOR
DISTRIBUTION SUBSTATIONS SHEET 3 oF wems] 0559621 5
T —
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LIGHTNING
ARRESTER

A ﬁ: AY' £z Xa Ho Xo Xy X Ko
SEE NOTE B
TS 7i8/] ﬂ ﬂ ﬂ r's
-%LON E 250 KCH CADWELD- @l—_ TWO 250 xmzu
di U ICABL | 3 cast
q H COUNTER
e I SEE NOTE € l 2300
CASE G ' 11 ' TRANSFORMER
GRSl o d 1| mems oh
SEE WOTE ALY — - (FAR SIDE) o3 CFAR SIDE)
= - EE NOTE A SEE NOTE A
m ¥
i L | [CanuELD Hl
|- I T Ao = GRowo
SROUND « -
Eietepmbingd £ & _::1-}:: == oo
FIG 7 FIG 8 16_%
3-WIRE SYSTEM Y~NIRE SYSTEM TRANSFORMER WITH
LIGHTNING ARRESTER
GROUNDING OF TRANSFORMERS
J1~67 HIN OTES

" x e

- ;OUNDATIDN .

GROUND
4

450 GRI|

£ls 10,
FOUNDATION CLEARANCES
(MINIMUN DISTANCE OF TRENCH PARALLEL WITH
FOUNDATION FOR TRANSFORMERS, PCB!S, ETC )

BAR LUG

CABLE

USE BRONZE ALLOY  HARDWARE ("EVERDURY,
FOR ALL CONNECTIONS TO STRUCTURES OR EQUIFHENT
FIG 1

TYPICAL DETAIL OF A CADWELD COMKECTION

€U LASLE ABCVE GROUND- SHALL ALWAYS DE YERMINATED AS SHOWN
“DURIUNT TYPE)

(€] CASE GROUND  TWO GROUND CONNECTIONS ON OPPOSITE
CORNERS ~ CASE GROUNDS SHALL SE SEPARATE FROM NEUTRALS

(B} LIGHTNING ARRESTERS GROUND DIRECTLY TO A GROUND ROD
NEAR TRANSFORMER AND THEN CONTINUING TO GROUND GRID

(C) SEE £ § DWG. 046267 FOR BOLTED BRONZE CONNECTORS.

3/-0" MIN

TN T
\ / 1
\n/ 1

& &

W=WIRE SYSTEM 3-WIRE SYSTEM

===

FIG &2
STRUCTURE FOR UNDERGRCUND FEEDER TERMINATION
OR NEUTRAL CURRENT EIMITING REACTOR

5 152150 Revisegd Fre. I7 771 g ekl 77 |
4 W23 79 Rmvd Franed Froer Fag. 1Y S e o |55
BATE DESCRIPTION suPv | Dwn icHkD .wvn
ENGINEERING STANDARD PG&E CO DRAWINE NUMBER REY
GROUNDING REQUIREMENTS FOR OUTDOOR
DISTRIBUTION SWBSTATIGNS SHEET 4 OF 4  SHEETS O 5 5 9 62 5
-t

—
L e T e pe ey pr———y
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r—_——-—-u—‘—-———_—-—q—-—-—-—-——— /FENC
mﬁnmc 3/
COMNECT 10N b wsmgdnsz;%m
b ST SHT.®3 ——~500 nami | COPPER, WITK
s -*33 -~ 4*=0° LONG PICTAIL INSIDE
c* .ce o rs‘muus :uc:.asuna

METERING C.T's & 2, T.

[~ YIRING IHSTALLEB BT PGLE.
CUSTOMER TG PROVICE 2% ABS
CORDUIT & INSTALLATION

PERIMETER A
OF STATIGC
CROLND CRID

-
- TOR ALTEWMATE oL, *2, &3
IS | B outs

5!
. SONFIQURA . SEE
.'A.S

et
/ i
N AGZESS ROAD
/ '-j
- L7 A4
‘ i
PHYSICALLY T
e L Npem meuss
wWITH M) .
POLARITY & FDTEHTIA GREXMND OAID
TRANSFORMERS
LINE SIDE OF Smlu- .
DISCONNECT
SWITCH
——
— \
DISCOMNECT
SVWITCH
SINGLE PHASE
COMB INAT ION

METERING UNIT'S |

TYrigal METERING ENCLOSURE
(FOR DETAILS, SEE SKEET =33}

ELEVATION ®a-A®
SYMBOLIC ARRANGEMENT FOR TYPICAL METERING UNIT & METER ENCLOSURE INSTALLATION

Cc T

= I

- L .33 Fo

3« 2-AA APPROVED FOR COKSTRXTION

_?“'F r ?E : - i LI

£ T | ENGINEERING STANGARD SPOSIES

KN - TLECTRIC RIVEND rETIRING REOU IRTREKTS PO B

s fOR CO-Of PFONER PROCUCERS SO, 3 O Serrs
[ .1 £.T. SANTIAGO -
"———"__":u - : m:m;ct I:mﬂufl Tﬂ.f.m?l SYSTEM BN I =]

| PACIFIC GAS AND ELECTRIC CO"PANY

L,‘,‘!‘,‘E, ] SCALE SAN FRANCISCO, CAL1FDRI 063436 !
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TELEPHONE CONGUIT

ELEYATION *B-B*

TELEPHONE CONDUIT
¥ roce FENCE -i/ = N FENCE \ CTER
s J N e z«a.asunr.
g*-0°
c i “ege l INSTALL GROUND —1‘——‘1 /
i1 | 3i-0 ¥ r——] - CABLE INSICE !
il S ouc ST
SUPPLY i } L SUPPLY el UNDER FEMZE m = P = om
. x e
b . i oA A E\D]\
Lo ] s P
x e, H s ,ID
oap Hol NON=CONDUCT I NG =7
FENCE & GATE .
C o 1 ¢ ABs {/,,,
- VPR — / 2% ABS
% NON=CORDUCTING l l
2" ARS J_ ALTERNATE =2 ALTERNATE =3
ALTERNATE !
e —————— l“’l LIHE
SIDE P.T.
TERMINAL BOX
™
*x2* BUS
SIDE C.7.
TERMINAL BOX
re
STEEL
CONDUIT
L
f POTENTIAL
/| | SAFETT
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