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INTRODUCTION

This report summarizes two major sub-tasks of contract NASJ_O 8375,
"Gomputer Model Development for Electrical Pawer Systems.” These

subtagks are:

1. System Model Development
2. Short Circuit Program Development

These tasks have been pursued over the preceding ten month intervel
and have resulted in a complete representation of the power network
to the 480 volt level, and a short program tailored to the KSC
network implemented on the KSC digital compuber system. The explicit
summaxy of these developments is included in the attachments to this

report, which are:

1. System one-line diagram coded with model bus designabtions.

2. Computer print-out of network data base.

3. Computer listing of the short cireuit prograa :.nclud:mg shor’b
circult values for the existing network.. ,

This report is intended as a user's guide to the nebiork model a_nd- -
the short circuit program. Emphasis is placed on requirements for
updating the model and the program to incorporate modification

and additions to the existing KSC network. .

Section II of the report describes in detail the assumpbions made

and the ftechniques used in determining network model parameter values.
Necessary formuae together with sample calcula:b:.ons for determining
impedance velues for each of the many line amd cable configurations
utilized at KSC are ineluded. These formulee will provide the »
necessary data required to update the network for fubure changes.

Section ITII deseribes the short eireuit program. Imceluded is g
description of the basic compubabional technigues employed; a flow
diagram of the program and a detailed descripbtion of operational
procedures. A definitive descripbion of program change procedures to
incorporate network changes is Included.
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IT. Network Model

Tntroduchion

The objective of this section is to illustrate the methods and
Formulas used in modeling the sysbtem, We have considered it useful %o
outline the assumptions made where no exact data was available to enable
the user to update this model if such data is cbitained in the fubure.
We also emphasize that ground faulbs in electrical cables will, in
general , define a band of current levels which is time dependent; the
leyel of fault current increasing with time. In this report, we have
chosen the upper boundary of the band because it will certainly define
the maximm sebtings that ground relays should have.

This section is divided into 3 main items, each one subdivided
accordingly to its context:

Model per unit base

Positive-Hegative sequence Impedances of 3 ;5 power cables
Positive-Negative and Zero sequence impedances of overhead lines
Zero sequence impedance of 3 H power cables

Summary of nebwork coafiguration and bus designations

T EAH DR

Appendix I - Compubter programs for zero sequence impedance calcuiations
of 3 f power cables

The model date is an integral part of the short circuit program and
mey be prinbed on demend. A print-out of existing parameters is provided
as an attachment, Work sheets of impedance calculations are also attached.

A set of single coded line diagrams is attached to provide the
interface between the agsigned bus codes and the actusl network designations,
Section V also provides a list of bus codes correlated with network
location.

The Tndian River Draw Bridge system is an independent system Trom
the Iaumnching Complex or the Industrial Area systems and it must be
considered as a separate computer program. Data has been computed in
per unit impedances and a set of cards is furnished for this system.
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A, Model Per-Unit Base

a) The following base has been chosen for both the Launch Gomplek-aﬁd thé
Industrial Area

Voltage Base: 13.8 RV
Power Base: 10 MVA
Current Base: 418.86571 AMPS
Imgedance Base: 19,044 Ohms,
Acco vdlng to this base the follow1ng voltage sources are defined:

Launch Complex = 1.0 . _ _ S
Industrial Area = ( 956521/) = ( 13.2/ 13.8 )}~ = .9149338

b} Transfer factors for cables 1mpedances at dlfferent voltage levals
are obtained by the formula = ‘

x F/

Zp.u.) ~ Z(otms) * T19.044

where F, the transfer facver, is given aa:
n
e s,
i=1
and
Fi= square of turns ratio of & transformer in the circuit

n= number of transformers between the two different voltage
levels,

Typical Transfer Factors are as follows

|

13,8 KV to 4,16 KV  F= 11,00453

13,8 KV to 2.4 KV F= 33,0625

13.2 RV to 2.4 KV F= 30.250

13,8 KV to 480v F

I

826,5625

B, Motor Contribution Modeling

In modeling motorg two different criteria has been followed:
Criteria #1: Motors above 600volt.
Criteria #2: Motors at 480volts with code letters
a) Motors above 600 volts

Reactances and resistances values for these motors have
been requested from the manufacturers and in only oné case
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have we been sucessful in obtaining that data at the

present time, This information concerns the four 2500 HP
synchronous, 1200 SRPM, 4160v-3F motors installed in the
Launching Complex Utility Annex manufactured by Electric Mach-
inery Co. Sequence impedances are as follows:

Positive Sequence: 0+ j .7253885 per umit
Negative Sequence: C+ 3 .77720L -~
Zero Sequence: 0+ j 5181345 u
Voltage source: .04 j .0 "

Due tg the ground connection shown for all motors
in Motor Control Centers A & B, we have acsummed a ¥
grounded connection for these motors and therefore an
entry exists for the zero sequence impedances for all
motors in the Utility Ammex, - If auy of the referenced
motors have either a Delta or WYE non-grsunded connection
the zero sequence entry shall be replaced by "Infinite",
( See value assigned to "infinite" in the computer program ).

All other motors not installed in the Utility Anmex
have been comsidered as being Delta comnected consequently
having an "Infinite" zero sequence impedance. Due to
the lack of accurate information, the present model
for the induction motors has been implemented accordingly
to the locked rotor code or locked rotor current
if known.

Example #1

Industrial Area CIF chillers #1, #2, & #3, 68R BHP~
2300v-149 FLA-730LRA - 3600RPM~ Trane 1,0c¢ked RoLor Reactance
= 1.8212 ohms = 2300v

730\3

Transformer: 13200 4 2400 A F = 30,250
Motor Impedance per unit: 1.8212 x 30,250 = 2,89284

19.044
Motor Impedance:
Positive and Negative Seq: 0+ 3 2.89284
Zero sedquence: Infinite
Voltage source: .9149338

Exzample #2

Taunching complex substation # 924:
2500HP ,4160v - 297 FLA-locked rotor code G
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Assummed connection: non~grounded WYE

locked rotor code: G

5.6 to 6.29 RVA/HP

Assummed KVA/EP = 6.0

RVA locked rotor = 15000

locked rotor current = 2084 amps

locked rotor reactance = 1,1538 ohms
transformer: 13800 & 4160 Y

factor: 11.,00453

per unit reactance: 1.1538 x 11.00453 = ,66672

19,044
Motor Impedance:
Positive and Negative sequence: 0+ j o66672
Zero sequence: Infinite
Voltage source: 1.0

Example #3

Launching Complex Utility Annex motor control centers A
& B

4L50HP - 4160v - 63.5 FLA-locked rotor code: C
Assummed connection: grounded WYE

locked rotor code C: 3.55 to 3..99 KVA/HF
Assummed RVA/HP = 3,75

EVA locked rotor = 1687.5

locked rotor current = 234,47 Amps

locked rotor reactance = 10.2556 ohms
transformer: 138007 4160 ¥

factor: 11.00453

per unit reactance; 10.2556 x 11.00453 = 5.9262
19.044
Motor Impedance:
Positive -sequence: 0+ 3 5.9262
Negative sequence: 0+ 3 6.3495
Zero sequence: 0+ j 4.2330
Voltage source: 1.0
Example # &

Launching Complex Utility Anmex Motor Control Centers A
350HP. 4160v- synchronous-39 FLA- 327 RPM-279 KVA
Assummed per unit impedances base on unit KVA rating

Positive sequence: 0L + § .26
Negative sequence: .01l5 + § .2785
Zero sequence: <01 4+ 3 .18

Impedances refered to our base: LOMVA

SRS e e — o e MAMLAS L % AAEMIE i m i h hEms B Enn o et < s e o Y g @t
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Trausfer factor: 10/.28 = 35,714285
Pogitive sequence; 35714285 + j 9.285714
Negative sequence: .5357142 + i 9.9464297
Zero sequence; »35714285 + 3 6,428571
Voltage source: 1.0

or in ohmic wvalues

7 positive = ( JOL + § .26 ) ( 4o16 )2/ 28 ohms

Z negative = ( 015 + i .2785 ) ( 4 16 ) 2/ .28 ohms
Z zero = ( 0L+ j .18 ) ( 4.16 ) 2/ .28 ohms

Transfering impedances to 13.8 system

Z positive = (.01 +j .26 ) ( 13.8 )2/ 28 ohms

Z negative = ( ,0l5+ i .2785 ) ( 13.8 ) !/ .28 ohms
% zero = { LOL-+ j .18 ) ( 13.8 )2/ .28 ohms

Expressing in per unit values Z base = ( 13.8 }* / 10
Z positive = ( .01 + j .26 ) ( 10/ .28 )

7 nmegative = (J0L5 + 7 .2785 ) ( 10/ .28 )

Z zero = ( .0l + j .18 ) ( 10/ .28 )

Motor Impedance
Positive sequence: .35714285 + j 9,285714
Negative sequence: 5357142 + j 9.9464297
Zero sequence: 35714285 + j 6.428571
Voltage source: 1.0

Example #5

Launching Complex Utility Annex Motor Control Center B
550HF -~ 4160v~74 FLA~ locked rotor code: B
Assummed conmection: grounded BYE

locked rotor code B : 2.15 ko 3.54 KVA/HP
Assummed RVA/HP = 3.34

KVA locked rotor: 1837

locked rotor current = 255.25 Amps

locked rotor reactance = 9,4206 ohms
tranusformer: 13.8 A 4.16 Y RV

factor: 11.00453

per unit reactamce = 9.4206 x 11.00453 = 5.44365

19,044
Motor Impedance
Positive sequence: 0+ j 5.44385
Negative sequence: 0+ j 5.83248
Zero seguence: 04 i 3,88832
Voltage source: 1.0
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Example #6

Launching Complex Substation #924 and #1021
200 HP-41l6gv - 24,1 FLA locked rotor code: H
Assummed conmnection: non-grounded WYE
locked rotoxr code H: 6,3 to 7.09 KVA/HP
Agsummed KVA/HP = 6,69 '

KVA locked rotor: 1338

locked rotor current = 185.92 Amps

locked rotor reactance = 12,9336 ohms
transformer: 13.8 A 4,16 ¥ KV

factor: 11.00453

per unit reactance: 12.9336 x 11.,00453 = 7.47388

19,044

Motor Impedance
Positive and negative sequence: 0+ j 7.47388

Zero segquence; Infinite
Voltage source 1.0
Example #7

Launching Complex Substation #924

300HP~4160v ~ 36.5 FLA-locked rotor code: G
Assummed connection: non-grounded WYE

iocked rotor code G: 5.6 - 6.29 KVA/HP

Assummed KVA/HP = 5,94

EVA locked rotor = 1782

locked rotor current = 247,61 Amos

locked rotor reactance = 9,7113 ohms
transformer: 13.8 A 4.16 Y XKV Factor: 11.00453
per unit reactance: 35,611651 )

Motor Impedance
Positive and negative sequence : 0+ j 5,611651

Zero sequence: Infinite
Voltage source: 1.0
Example #8

Launching Complex Substation #927

1000 HP - 4160v ~120 FLA-locked rotor code: D ( 4.0 to
4,49 RVA/HP)

Assummed commection: mnon-grounded WYE

Assummed KVA/HP = 4,25

e e, e
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KVA- locked rotor = 4250

locked rotor current = 590,54 Amps
locked rotor reactance = 4,071% ohms
transformer: 13.8 A 4.16 Y KV
factor: 11.00453 _

per unit reactance = 2,36165

Motor Impedance
Positive and negative sequence: 0+ j 2.36165

Zero sequence: Infinite
Voltage source: 1.0
Example #9

Launching Complex Substation #927

500 HP-4160 v 81 FLA~-locked rotor code D ( 4,0 to 4.49
KvA/ BP )

Assummed connection: non grounded WYE
Assummed RVA/HP - 4,25

KVA lecked rotor - 2125

locked rotor current = 295,27 Amps
locked rotor reactance = 8,1438 ohms
transformer: 13.8 A 4.16Y KV

factor: 11.00453

per unit reactance: &,7233

Motor TImpedance
Positive and negative sequence: O+ j 4.7233
Zero sequence: Infinite
Voltage source: 1,0

Example #10

Launching Complex Substation #1020

1000HP~4160v-120 FLA-locked rotor code: E ( 4.5 to 4.99
KVA/HP )

Assummed comnection: non groundad WYE

Assummed KVA/HP: 4.75

EVA locked rotor : 4750

locked rotor current = 660.0l6 Amps

factor: 11.00453 transformer: 13.8 A 4.16 Y RV
locked rotor reactance: J3,6432

per unit reactance: 2,105214

Motor Impedance
Positive and negative sequence: 0 4 j 2,10521%

Zero seguelnce: Infinite
Voltage source: 1.0



(9)

Example #11

Launching Complex Substation # 1020

400Hp ~ 4160v - 49.2 FLA-locked rotor code: F ( 5.0 to
5.59 RVA/HP)

Assummed conuection: non-grounded WYE

Assummed KVA/HP = 5.29

locked rotor KVA = 2116

lecked rotor current = 294,02 Amps

locked rotor reactance = 8.1784 ohms

factor: 11.00453 transformer: 13,8 A 4.16 Y KV

per unit reactance: 4,725868

Motor Impedance
Positive and negative sequence: 0 + j 4.725868

Zero sequence: Infinite
Voltage source: i.0
Example # 12

Industrial Avea Substation CA. Building M7-355
700Hp-2300v - 207 FLA-locked rotor current = 785 Amps
—locked rotor reactance: 1.6936 ohms 2
per unit reactance = 2,69015 = 1.6936 x ( 13,2 )
2.4

x 1
19.044

Motor Impedance
Positive and negative sequence = 0 4+ j 2,69015

Zero sequence: Infinite
Voltage source: . 914338
Example # 13

Industrial Area Substation B and C, building M7-355
7008p-2300v - 171 FLA ~ locked rotor current= 785 Aups
locked rotor reactance: 1.6936 ohms Fzetor = 30.250
per unit reactance = 2,69015 = 1.6936 x 30.250

19‘044

Motor Tmpedance
Positive and negative sequence = 0+ | 2,69015
Zero sedquence: Infinite
Voltage source: 9149338
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This concludes the sequence impedance determination for all motors
above 600 volts., We have included our assumptions so that if conditions change
adjustments can be wmade. If we finally receive more accurate information
concerning these motors it will be sent to your attention,

Concerning the synchronous motors we have always chosen subtransient re-
actances so that motor contribution during short-eircuit conditions will be
maximum possible, althougn in less than 8 Hertz the motors contribution will
be based on the transient reactance due to the exponential decay. If the tocal
armature current during the first cycle is desired, the sequence impedances
must be divided by \[3 as by the following formula:

- - . 1
“rms (max ) = L *dc? 4+ *ac? ] ‘

[(ZE)*] 4 (%) ]

xn

1

where
V = rated line to neutral wvoltage
% " = subtransient reactance

Due to the fast decay of this total armature lst cycle curreat, its
use is limited to interrupting capacities of circuit breakers,

b) Motors below 600 volts

All of these motors have been congidered Delta connected and
consequently it has an infinite entry for the zero sequence
impedance.

Calculations have been based on the maximwn range of the locked
rotor code of the machine, as for example a motor having a code
letter G that ranges from 5.5 to 6.29 KVA/HP was considered as
having a factor of 6,29 for calculati its locked motor
current and reactance, As these motors are usually several feet
away from the switchgear, their effect over the short-circuit
current of the maip busses are less critical than with the

high voltage motors where its effect cam be as high as 70%

of the available feeder capacity.

B
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C. Transformers

Trangsformers are conmected Delta-Wye solidly grounded except in a
few cases (listed below) where szither Delta-Delta or Wye-Wye (solidly
grounded both sides) comnections have been considered. 1iIn the Utility
Annex Substation {829, the 4160 Wye connection is grounded thru a
resistor of 1.62 ohms.

Transformers in the Launching Complex have primavy nominal voltages
of 13,8 Kv, consequently they have been considered set in the 13.8 Kv
(100%) tap.

Transformers in the Industrial Area have primary nominal voltages
of 13.2 Kv (100% tap), 13.2Y7.62 Kv, 13.8 Kv and 24,.94Y14.4 Rv, In these
cases where the operational wvoltage of 13.2 Kv differs from the trans-
former nominal woltage, transfermers have been congidered to be set in
the nearest available tap to the 13,2 Kv level,

Transformers connected to VAB Feeder #609 (operational voltage 13.8 Kv),
or to Feeder #211 (operational voltage 13.2 Kv) through .3 x 167 RVA
13,2/13.8 Kv voltage regulators have been considered set at the tap nearest
to the 13.8 RKv level.

General s

Per unit sequence impedances have been computed accordingly to the
following formula.

_ oy -2 MVA base Ky unit.2
zpu =2k x 10 " x MVA unit * (Kv base)
Then

A. Delta-Wye solidly grounded connection:positive~negative sequence:
0+ Zpu , Zero sequence: infinite at primary, 0 + j ZPu at secondary

This has been computed as follows:

Consider that the primary terminal of a transformer is coded as bus
151 and the secondary terminal as bus 152, them twe entries exist

Bus Code Positive-Negative Sequence Zero Sequence
151-152 0+ 3 zpu Infinite
Ground 152 Infinite 0+3 Zpu

B. Wye-Wye connection (solidly grounded both sides)

Positive-Negative & Zero Sequence: O 4 j zpu

C. Delta-Delta connection

Positive~Negative Sequence: 0 + j ZD

u

Zero Sequence: Infinite
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Exceptions

Launching Complex Substation #829 Bus Code: 98-100, 99-304
7500 KVA Transformer - 13.3 A 4.16Y Kv 5.7% impedance grounded thru a
resistor of 1.62 ohms

7 5.7y ¢ LOMVA  13.8.2 -2

- 75ma ™ G358 * 10

= .076

Grounding Connection: 3 zero sequence secondary currents flowing
thru the resistor

1.62 ohms

Z equivalent I x
4.86 ohms at the 4,16 Kv side

Impedance referred to the primary side

Z = 4.86 ohms x (22ro=)?

P 4.16
= 53.482 ohms

In per unit base

o 23482
pu 19.044

Z = 2,80834
Then

Positive-Negative Sequence = 0+ j, 076
Zero Sequence = 2,80834 + 7.076

Industrial Area

Orsino Substation - 13.2 Kv output voltage
Main power {ransformers Bus Codes: 4-8, 4-3, 4-11
10 MVA ~ 115 KvA 13,2YRv solidly grounded - 8.0%

~2 10 13.2.2
Zpu =8 x 10 " x 10 ¥ (13.8)
= .0731947

Z
pu
As this is the system source, it follows that:

Positive-Negative-Zero Sequence = 0 + §.0731947

2.5 MVA - 115 Kv /% 13.2¥Kv solidly grounded - 7.83%

-2 10 13.2,2
Z, = 7-83 x 107 x 37 x (737%)

7.2865573

]

Z
pu
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Positive-Negative-Zero Sequence = 0 + j,2865573

Consequently the impedance contribution by Florida Power Co. will be
entered as:

Positive-Negative Sequence: ,001189413 4+ j.0057457842
Zero Sequence: Infinite

Delta-Delta Connection:

Haulover canal (E4-2414) - 3 x 25KVA - 18 - 24.,94Y14.4/480~240
considered tap 95% - or new nominal voltage of 1368Kv, %2 = 2.0
Bus code 127-128

1368y
480y

Also, in this case a Y~Y connection is also possible giving a 480Y277v out-
put for 1368v primary feeder voltage

Turns ratio: = 28.5

2 % (13.68 2

)

Z =2.0x 10 13.8

. 10
pu .0

75
= 2.6204

Positive-Negative Sequence = 0 + j2,6204
Delta-Delta Zero Sequence = Infinite
Wye-Wye Zero Sequence = 0 + j2.6204

Delta-Delta Connection:

Universal Camera Pad #11 (G5~1011) Bus Code 121-122
3 - 15KVA =~ 1§ - 13800/480v ~ 1.7%Z

-2 10
zpu =1.7 x 10 " x 0&5
= 3,77778

Positive-Negative Sequence: 0 4 j3.77778
Zero Segquence: Infinite

Delta-Delta Connection:

S544TI (L7-988) Bus Code 220-221
3 -371/2KvVA - 16 - 13200/480v - 1.6%Z

-2 10 13,2,2
Zoy =16 %10 " x T, x (3375)
= 1.3012391

Positive-Negative Sequence: O + j1,2012391
Zero Sequence: Infinite
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Wye-Wye Connection:

NASA TWA Tours Maintemance Building Code: 91-90
3-25 RVA - 1§ - 7620/13200Y 120/240v - 2.3%

2 10 13.2.2

z =23x10°x%rx (555
- * *,075 * 4378

2.805799

Il

Positive-ihagative~Zero Sequence: 0 + 52.8037989
Wye-Wye Connection:

Indian River Draw Bridge (M3-3) Bus code: 86-87
3-37 1/2 RVA - 1§ - 7620/13200v277,480Y - 1.5%

-2 10 13.2.2
Zow =13 5107 5 Tyos v (737F)

it

1.219911

Single Phase Transiormers

Single phase transformers have been represented as having a positive
sequence impedance given by the general formula:

R -2 MVA base Ky unit,2
Zpu =2k x 10 " x MVA unit - (Kv base)

The short eircuit current at a single phase transformer is represented
by a line-ground fault through the transformer positive sequence impedance.
Although the 3 @ symmetrical short circuit program will have a value of
short circuit cuxrent for every bus, vesults given by this program shall
be disregarded concerning faults of single phase transformers and their
corresponding secondary circuits. The short circuit current value for a
single phase transformer and its associated secondary cireuits is given by
the single line to ground short circult program only.

Example:

1=25 KVA - 1@ Transformer 13.2 Rv - 2.5%2

-2 10 13.2 .2
. 1
2y =29 107 x T5rm x (73757)
$9,149

i

B

Example:

1-50 KVA - 18 Transformer 13.2 Kv
1.4% Z connected to VAB Feeder #609
(13.8 Kv operational wvoltage) phase C to Dhase A
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Consider transformer conneched to tap 13.08Y7.9 Ky

B -2 10 13.68,2
ou 1.4 x 1077 x oF X (13.8)

j2.751%

[
i

It

i v ek 1 e
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2. Positive-Negative Sequence Impedences of 3p Power Cables

In calculating the positive-negative and zero sequence impedances of
3% power cables, we bave distinguished 3 different types of installations

ag follows:

A. Cables in fiber duchs or directly buried on earth.

B, Aerial cables,
C. Cables in steel conduits.

For each particular installetion we will also distinguish cable
construction as follows:

a. Copper or aluminum conductors.
b. 0Oil-impregnated paper, rubber or crerss-linked polyethylene insulabion
(133% considered on all cables chove 1KV).

c. Shielded, belited, or non-shielded (shielded cables considered for
all cables above 5KV on PICNJ cables and above 1KV for all BRNJ and
XtP cables).

. Lead or aluminum sheath, or non-sheathed cables.

1 or 3 conductor cables.

Single, double armored or non-armored cables.

Utilization voltages.

® o

A, TImpedance Formulas - General

a) Resistance:

In general resistance carculations can be defined from the following
formula:

R, =Ry, X K, [1+K1 (I{S+KP—1)+K2K£+KC+Ka]

ac dc
where
R&c = ac resistance of conductor in ohms/mile
,Rdc = dec resistance of conductor in ohms/mile
K% = temperature correction factor
=1+ h At
and _
1.00%93 for 100% copper at 20°C (68°F)

-
na

.0040% for 61% alumimm at 20°C
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Ki nd K2 = gpacing correction fachtors
Kl = Ké = 1.0 for 3 conductor cables

Ké = 2,0 for clbse-triangle 1 conductor cables

i

Kl = LT, Ky = 2.0 for wide~triangle 1 conductor cables
Kg = gkin effect ratio as tebulated
Kﬁ = proximity effect
=u {(m) -1
1-ad e (ma) + ahb !ma!{su
_.2 -
s 1 - &2
._.2
s
where

radius of conductor
spacing of conductors

IE U

[

=

ma = .0636 (:E'/Rdc)l/2

Tor £ = frequency in hertz

R. = de resistance in ohms/mile
de 2 8

e c c
u (ma.) = 1 + I - %E - %—
for ¢ = gg o (ma )

s
ot (ma) = bessel function of 1st kind
b (mae) = bessel function of 1lst kind

Kf: sheath effect ratio-

3.06 x 10'6 (£ 9_)2

Rdc R_e m
where
n = radius of a c¢ircle through the center of conductors
m = mean radius of sheath
R. = dc resigbance of conductor in ohms/mile

d
R, = sheath resistance in ohms/mile

o

Kﬁ = armor effect ratio

= %ﬂ (approximate for 3 conductor cables-not used with 1 conductor

cable due to magnetic induction effects

e bl L T T e DT e L e i
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KE = pipe effect ratio
= (.89D - .115p) x 5.28 x 1077
R
de
where

ﬂ-- core diameker of cable in inches

= pipe mean diemeter
Rdc de resistance of conductor in chms/mile

b) Reactance

The induchbive reactance of cables is a function of cable arrangement,
existance of sheath and type of material,and whether or not they are installed
in a magnetic duct. As there is not a general expression that could include
all variations possible, we will delay reactance considersations to be analized

under each particular configuration and type of installation.

The shunt capacitive reactance of cables can be divided into twe main
categories:

A. Shizlded cables
B. Belted sheathed cables

Shiclded cables:

For shielded cables, the shun® capacitive reactance can be expressed
by ‘the formula:

Xi = = -3 b 12237 log-v megohms - mile
F.e a
where
T = frequency in hertz

dielectric constanh

e =
= 3,7 for P™L0 cables (varies from 3.3 .2)
= 5.5 for BRNJ cebles (varies from 2.5 4o 6.0)
= 2.3 for XLP cables

v = mean radius of shield

a = radius of conductor

Xi = positive seguence shunt capacitive reactance

XB = zero sequence shunt capacitive reactence

Belted cables:

Xi

X
0

-j .597 Gi megohms - mile
£

-J [9 G megohms - mile
e
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where
G:L = geometric factor for positive sequence
GO = geometric factor for zero sequence
Gl and-GO are given by curves &s a function of the ratio
T+t
2a,
where
T = thickness of conduchtor insulation
t = thickness of belt insulaticn
a = radius of conductor

Curves for geometric fachors can be found on page 69 of "Transmission

and Distribution Reference Book" and incorporate changes thought to represent
today'!s lielectric constants of BERNJ and XLP cables.

B.

Tnpedances of
Cables in Fiber Ducts or Directly Buried in Farth

a) Resigtance:

Ryo = Ryo - Kg [1+K1(KS+KP"1)+K2K£+I{3,]

a... 3 conduckor cebles

Ry = Bao + K¢ (KS+KP+2§£+K&)

PIILCNT Cables: Resistance for these cables have been taken from tabulated
;sglues icé:’f "Myransmission and Distribubtion Reference Book" appendix tables
and #6. :

BRNJ Cables: Registance for ‘these cables have also been taken from
tabulated velues of "Transmission and Distribution Reference Book" appendix

9.

XLP Cables: Resistance for these cables hawve also been taken from
tabulated valves of "Transmission and Distribution Reference Book" appendix

PTLCA Double Armor: Resistanc= vslues for this ceble have heen compubed
as follows:

Cable: 3c - # 2/o - Cu - 15KV - PILC - Double Aymor - Shielded conductor

dismeter = .323" a = .1615"
Conductor insulation = 215 mils = .215%
Outside diameter of cable = 2.0225"

@R, #£ 2/o = .151"
@R, #2/0 = .386"

257 . &
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Resistance for this cable will be equal to that corresponding to one
#2/o - 3¢ - Cu - PILCNJ directly buried plus the losses in the double

8xmor .

Resistance of 3¢ - # 2/o PILCNJ - 15Kv - DB = .51 chms/mile
Sheath resistence = .981L ohms/mile = R

Sheath thickness = 110 mils = .110"

Calculating sheath effect ratio:

Rio # 2/o = 4282 ohms/mile at 25°C
Ry, - K = 3.06 x 1070 3.6 x 107 12
N R (m

Where we assumed n approx = GMRﬁc = ,386"

m = GMR o + insulation thickness + radius of conductor + thickness of

3
sheath /2.

m= 386" + .1615" + .215" + 055 = .Bi75"

R

d.c'K.&

Il

06 x 3.6 x 1072 ,.586 \2 :
3 x3 : 98]:% ( .5175) ohms/mile

.002503 chms/mile

We have originslly assumed that armor losses are approximately equivalent
%o sheath losses.

Then for double armor Rdc . Ka. = ERch‘i
Ry K, = 005006 chms / mile

And ‘the resistance of one 3¢ . # 2/o - Cu - PILC - double armor 15Kv
cable directly buried will be:

R, = 515006 chms/mile

a.2.5ingle Conductor Cables:

R.=R XK [l + E(KS + KP - 1)1

Considering close~triangle arrangement, non-sheathed cables.

BRNJ Cables: Resisbance for these cebles have been taken from habulated
values of "Transmission and Distribution Reference Book" appendix +able

4 9.

LSS e e M o e
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XLP Cables: Same as BRNJ.

RHW-USE: Resistance for these cebles have heen computed based on the
National Flectric Code 1971 Ed, sppendix tables 8 and 9.

Example:
Cable: 3 single copper conductors } 4 - BRNJ - shielded 5Kv installed

in 4" fiber duct.

Outside dismeter of cable = .6T"
Conductor radius = a = .116"

@Ry, = oBuou"

Insuwlation = 10/64" = 156 mils = .156"
Ry, = 259 ohms/1000t = 1.36752 chms/mils
K, = 1.15k for 65°C

K, = 1.00013

(B (k -1)

From pege 2-5 of "Underground System Reference Handbook".

Where:
CMD = geomebric mean distance
@ = (s, . 8, . 53)1/5
Where:
Sl’ 82, 53 are the respective spacing of the 3 conductors' centers

from each obther.
Generally Sl = 82 = oubside diameter.
S_, depends on the ratio between the duct and conductor diameter,

5
in this case we have graphically found 83 = 1.6L Sl'

@m = 67" (1.60)%3
.78591"

K =6 x 0.00013 ,.0840h.2
D (= “BSoL 591) = .000010062

i

1.36752 x 1.15% [1 + 2(1.00013 + ,000010062)]

Il

Ra.c
1.57948 ohms/mile at 65°C

]

R
ac
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b). -  Reactance

Reactance of 3 conductor or single conductor, non-sheathed cables in
non-magnetic conduit or directly buried is given by the formula:

[e201D]
= .27¢% K log o
k! R, .

Where XK is the random spacing factor:

K = 1.0 for 3 conductor cables
K=1.2 for 1 conductor cables

For sheathed cables, a reduction in reactance is produced by the induced
currents in the shield and sheath structures.

For sheathed cables, this decrement in remctance can be approximzted
by the formula:

Xac = Kd.%.
and
=)
%5 Xsh
K. =3 « ==y
d 2 2
OB+ x {
Where ;
X = apparent reactaunce ‘
ac 3
d 3
Xs = .279% log =
E
Where
d = fore diameter + sheath thickness)/2 ;
g = core diameter - insulation thickness - radius of conductor

2
Due to the resistance of lead sheaths, the decrement of reacbance due
to the in%uced sheath currents is very small approximately of the order
of 1 to 5%.

b.1l.3 Conductor Cables:

PTICNJ Cables: Reachance values for these cables were baken from
tabuleted valnes of "Pransmission and Distribubior Reference BookV
appendix “ables £ 5 and £ 6.

XLP and BRNJ Cables: Reactance values for these cables were computed
accordingly to the ebove given formula.

4
,
1
B
)
,
i
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Example:

%3¢ - CR - Cu - # 1/o - BR¥J 15 Kv shielded in non-magnetic duct
on directly buried in earth

Conductor diameter = .373"

Conductor radius = .187"
Tnsulation thickness = .297" = 19/64" (assumed insulation to be equal

to 1 conductor cable at 133%)

@R, , = Iy i

GMD = 8. =5. =15

1 , 3
8, = .187" - 2(.297") + .006" (shield) + .003125"
= 1.004"
X = 279" log 1.004

k11T
.238046 ohms/mile

el

PTILCA - double armor: Reachance values for this cablehaye been computad
as follows:

Cable: 3¢ - #2fo - Cu - CS - 15Kv - PILC - double armor - shielded

GMRlc = .151"

Conductor radius = a = ,1615"
Insulation = 215 mils = .215"

Reactence without armor = .188 ohms/mile
Reactance with armor = 1.2 x .188
= ,2256 ohms/mile

Where 1.2 is a correction factor for magretic binders on 3 conductor cables
by IPCEA Standard, August 4, 1933.

b.2 Single Conductor Cables

D
= 2794 x 1.2 log —=—
A GR,

¥LP apd BRNJ: Reactances for these cables hayve been compuhed using the
above given formula and graphically determination of eonductor spacing

inside ducth.

RHW-USE: Reactances for these cables have been comouted using the above
given formula and graphically determination of conductor spacing inside
duet.
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Example:

Cable: 3 sinrie copper copductors ;{/ L« CR - BRYJ - sh”™ *ded -
SKV - instelled in &" £iber duct.

Outside diameter of cable = 67"
Insulation = 10/64" = .156"

@R, = .08hol"
c

AMD = ,78591L" (see resistance - single conductor cables in fiber ducts
or directly buried in earth)

279 x 1.2 log —gg%i—'

.3257 ohms/mile

i

!

1

Example:

Cable: 3 single copper conductors 350 MCM - CR - XIP - 15 Ky -
shielded - installed in 4" Ffiber duct.

Outside diameter = 1.45"

Diameter of conductor = 681" a = ,3405"
Tnsulation = .215% (133%%) :

Jacket = .08"

@R, = .26145"

am = (5. 8. (5+ .605))Y7 = 8 (1.60)Y7 = 11735
Where S = oubside diameter |

oD = 1.725"

X, = .279% x 1.2 log %égi 5

X = .25 chms/mile

Tmpedances of
. Aerial Cables:

C

a. Resiztance

Resistance calculations hgve been based on the general resishance
formia
— - o 1

R, =Ry, - K, L+ K (Kg TR - 1) KKy + K K]

Where Kc has been deleted for cables suspended on a messenger.
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a 1.3 Conductor Cables:

R, =Ry, - K (KS + Kp + KJ’.) For non-~armored cables

PTAC Cables: Resistance values have been computed using the above
formila as follows:

Example:

Cable: 3 conductor copper # %/o - CS - 15K¢ PIAC (aluminum sheath)
shielded ~ suspended on messenger

Core diameter = 1.917"

Conductor diameter = 11" = 205"
Conductor insulation = .215% (133%) .
GMR, = .191"

le

= l}l{.6“

.=
Ry, = -26875 ohms/mile at 25°C
R. = .31 chms/mile at 65°C

de
K+ KP = 1.,0034 + .001059 = 1.004k46

Alumimm resistance = 2.6548 chm . GM x 10

Lead resistance = 22 chm , CM x 10~
Thickness of sheath = 115 mils = ,115"
Aluninum resistance = 12067272 Iesd resistance

-6

We have assumed {no exact data available) that lead sheath thickness
will be equivalent to aluminum sheath thickness.

Res:_sta.nce of the lead sheath of one 3¢ - Cu- # Lfo - CS - PIICNT - 15Kv
Ry = .855 ohms/mile

Resistance of an equivalent thickness aluminum sheath = R 855 x
.12067272 a'l

7 = CM%C = Lha"
GMRBC 4+ insulation thickness + radius of conduchtor + thickness of

sheath /2
1-]-]4-6" + 21511 + 205‘" o 0575!!
.9235"

=)
o

5.06 x 3.6 x 1077 .
Rchﬂ = .1.206"{'272 x .855 ( ) ohms /mile

.025 ohms/mile
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Ry = By (1<:S + Kp) + Ry Ky
= .31 (1.00446) + .025
= .3353 ohms/mile

There

Resistance at 65°C of 3 conductor - copper - €S - # 4/o
PTAC -~ ISKV - ghielded in 4" fiber duct or directly buried in

garth = ,3%53 ohms/mile

a.2,8ingle Conductor Cablesg:

Rac = Rdc ¢

XLP Cables: Resistance values for these cables have been computed

as Tollows:

Example:

Cable: 3 single conductors - copper - 350 MCM -

ohms/mile

ohms/mile

K, [1+2(k, + K -1) + 2K, ]

shielded - suspended on messenger.

Core diameter = 1.195"
Outside diameter = 1.45"
Conductor diameter = .68L"

Ry, = -16262h chms/mile at 25°C
= .187668 ohms/mile at 65°C
GMR, = .261k5"
c
K = 1.009

GMD = 1.175 x 1.45" = 1.725"

_ .26145.2 _
KP =6 (1.725 ¥ (1.009 - 1)

K L0012k
b

. Shield Resistance “actor

a = .3]4_05"

XLP 15 Kv -

Py d
.Q,; -

Resistance lossas due vo induced currents in the shielding assembly can

be expressed similarly as sheath losses by the formuls

Ry, « K, = 555/1%S microhms/ft

Where th = resistance increment factor due to shield currents

R = shieid resistance in microbms/ G

We have copsidered shielding to bhe composed of helically wound copper
wires for which the resistance can be expressed as

R, = 963D + 45 microhms per ft. at 25°C
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Where D = Core diameter

There
R, = 1150.79 + L5 microhms/ft at 25°C
= 1380 microhms/ft ab 65°C

555/1380 microhms/t

102 micrchms/£t
.002123 chms/mile

Rdc * Ksh

]

o

87668 [1 + 2 (1.009 + 00124 - 1)] + .004246 ohms/mile
195765 ohms/mile

R
ac

)

Registance of 3 single copper conductors 350 MCM - XLP 15Kv - shielded -
suspended on a messenger = .196 ohms/mile at 65°C.

b. Reactance

b.1.3 conductor PIAC cables: Reacbance values for these cables have
been computed according to the formuls

GMD .
Xgo = .27k K, log @R, chms/mile
Where o
X X
K. =1- == , -8
d Xl Rg"l‘ XE
X = .279% log % ohms/mile
d = {core diameter + sheath thickness) /2
g = (core diameter) /2 - insulation thickness - radius of conductor
Example:

Cable: 3 conductor copper # 4fo - CS - PIAC 15KV (aluminum sheath)
shielded - suspended on messenger

Core diameter = 1.917"

Conductor diameter = 417" a = .205"
Tnsmlation = .215% (133%)
@R, = .191"

Aumimum sheath = .115%
Resistance of aluminum shesth = .10%2 ochms/mile
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@D = conductor diameter + 2(insulation) + shielding + spacing factor
417" + 2(.215") + .0068" + .03025"
GMD N

= .9
g = (1.907" + .115") /2
= 1,016"

i
l.2al| - '215“ - .205“

.558"
XS = .279% log %%é ohms/mile

= 0771l ohms/mile

[v;e]
|

But for compact sector (CS) conductors, reactance has a decrement
fact. » by IPCEA Standard, August 1933, of .975 for 250 MCM and smaller
cables,

X, = .975 x 07711 ohms/mile

= .0751 ohms/mile

And
X, = 2794 log @GI:%; ohms/mile
lc

= .279% log %91 ohms/mile

= .1881 ohms/mile
K <1 - 1.0751)5_ 1
a 1881 (.1052)2 + (.0751)2
Kd = .862
X = 862 x .1881
ac

.162 chms/mile

It

Reactance of one % conductor copper - CS - # 1!~/ o - PIAC 15Ky - shielded
cable suspended on messenger = .162 ohms/mile

The behavior of induced currents in the lead sheath of one 3¢ # 1 - PILCNJ
15Ky has been computed using the ahove method and results are as follows:

Ry= .900 ochms/mile
Ky = .9964

X, = .2288 obms/mile
X, = .228 ohms/mile
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b, 2.XLP Single Conductor Cables: Reactance values fov these cables
hayve been compubted using the general formulsa

X = .279% log %g—; chms/mile
le

¥here GMD = (1.05)1/5 x outside diameter
Congsidering that the spacing of the helically twisted conductors is

not exsctly symmesrical.,

Caleulations done for XLP - 15Kv - shielded cables haye resulted in
values very close to published data in "Distribution Systems™ appendix

table 8 by Westinghouse Flectric Company, consequently the positive
sequence impedance for these csbles have been taken from such publicatbion.

Example:

Cable: 3 single conductors copper # 1&/ 0, XI.P 15Ky - shielded -
suspended on messenger.

Outside diameter = 1.32"

GMBlc = ,1998g"
GMD = 1.02 x 1.32%

= 1.548h"

= .279% log L.5h6k chms/mile
X = -19989

.2%13823 ohms/mile

It

Reactance of 3 - lc - § 4/o - XLP 15Kv suspended in messenger = .2313823
chms/mile

D) Cables in Steel Conduit:

4. DResistance:

Rie = Rgo - K [1 K (K% + Kb - 1) + KK +E + K]

Yhere

= KE = 1,0 for 3 conductor cables

Kl = 1':2 = 2,0 for 1 conductor cables in close triangular configuration
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a.l. % Conductor Cables

PIAC and PILCHJ Cables: Resistance values for these cables have
been computed adding the steel conduit conbribution to the tebulated
resistance for cables in fiber ducts or direchly buried in earth.

Fxample:

Cable: 3 conductor copper - CS8 - # 4/o - PILCNS 15Kv - shielded
in 4" gteel conduit.

Core diameter = 1.953" =D

Ry, - K, (.89 D - .115p) x 5.28 x 1077 ohms/mile

(.89 x 1.955 - .115 x 4.0) % 5.28 x 1077 ohms/mile
00675 cnms/mile

Resistance of cable in fiber duct = .%26 ohms/mile
Resistance of cable in steel conduit = .332 chms/mile

The following formla will also give approximste values of the steel
pipe resigbance contribubion. '

2

R ohms/mile

9 ¢ K. = (.36r + .185p) x 10~

Where r = oubside radius of sheath

Example:

Cable: 3 condudtor copper 500 MCM - CS - PILCNJ 15Ky - shielded
in 4 steel conduit.

Core diameter = 2.126
Sheath thickness = .130%
Insulation thickness = 215"

r = % (2.h26") + 130"
1.311-3“

Rdc . KE

it

(.36 x 1.34% + .185 x 4) x 1072  ohms/mile
.01223 chms/mile

|

Using the first formla

(.89 x 2.h26 - 115 x %) x 5.28 x 1073 olms/mile
.00897 ochms/mile

s
]
1

1
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.1hc  chms/mile

Resistance of cable in fiber duct
ohms /mile

Resistance of cable in steel pipe

o
f=
A
L}

a.2. Single Conductor Cables:

BRNJ and XLP Cables: Resistanece values for these cables have bsen
computed adding the steel condult conbribution to the tabulated
resistance for cables in fiber duct or directly buried in earth.

Ixxample:
Cable: 3 single conductor copper 500 MCM ~ BRNJT 5 Kv - shielded.

Core diameter = 1.244"
Insulation thickness = 172"

% (1.284%) + ,026" (shield)

r =
r = 648" '
Ry, - K, = (.36x 648" + 185 x ") x 1072 ohms/mile

.010 ohms/mile

|

413 onms/mile

Resistance of cables in fiber duch
.1513 ohms/mile

Resistance of cables in steel pipe

o

This result is comparable Lo the IPCEA V-C specifications that list
AC/DC resistance ratios for cables in metallic conduit. Differences
between results is of the order of 00267 chms/mile or 1.76% difference
without taking into consideration the shielding resistance contribution.

RHW-USE Cables: Resisbtance values for these cables have been computed
using ‘the ratio between AC/DC resistance Tactors as published by the
National Electrical Code 1971 Ed., Table 9 and calculated skin and
proximity effect factors.

Ixample:
Cable: 3 single conductors copper 350M - RHW-USE 600V in 4" conduit.

Outside diameter = 1.05%
Tnsulation thickness = 094"

@R, , = 26145"

Rpy = .0308 chms/1000 F£t.
GMD = 1.18% x 1.05" = 1.245
L0636 ( ):L/2

ma

L0308 x 5.28

1.22

]
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K =1 01

5]
KP = 6 ( lC )l/c: - l)

= .00277

g + K, = 1.01277
Rye = Rpg (L + 2 x .01277)
Ry, = .0308 x 5.28 x 1.153 ohms/mile

i

19225 ohms/mile at 65°C
Resistance of cable in fiber duct at 65°C = .16225 chms/mile

R
From NEC Table 9: AC _ .08 for cables in magnetic ducth

Bpe

Considered 1.08 = 1.027 + K.c
K, = .0528
0528 xz 5.28 x .0308 x 1.155 ohms/mile
.0098 ochms/mile

it

Pipe contribution

Resistance of cable in steel conduit = .20205 ochms/mile

b) Reactance

b.1.%5 Conductor Cables: Reachance values for these cables have been
computed using the pipe cables formula given in "Underground
Systems Reference Book" Edison Electrical Imstitute.

D
X = .053f 1log 5l ohms/mile
s
Where
£ = frequency in hertz
D = 1.3 GMD

1
=F . 2a
s

D
a = radius of conductor
¥ = decrement Ffactor of conducting ares due to apparent skin effect.

F_ is obtained graphically as a function of the combined Ac/DC
re51stance ratio.

FS =f (Ws)

Where

R
W, = (—Eﬁ-'i——l)l/2 R, = AC/DC resistance ratio
s
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PTAC snd PILCNJ Cables: Reactance values for these cables in steel
conduit have been computed accordingly to the zbove formmlas.

Exemple:

Cable: 3 conduchor copper %50 MM - CS - PTLCNJ 15 Kv -.shielded
in 4" steel conduit.

Conductor diameter = .539" a = ,2695"
Core diameter = 2.208"

Insulation = .215"

AC/DC vesistance ratio = R, = 1.08

@ = 539" + 2(.215") + .006" + .03125"

= 1.00625:'
@R, = 2hT
_ 7108 - 1\1/2
W= Gigg )7 = A
F = J
X = .0535 x 60 log lfi e %5%3625 ohms /mile

]

2191 chms/mile.
Considering sheath effect reactance decrement:

Resctance of cable in fiber duct = .162 chms/mile

2794 log %ﬁ - 162 chms/mile
0084k ohms/mile

Sheath effect

It

I

.2191 ~ .0084k: ohms/mile
= 21066 ohms/mile

%

Reactance of ceble in steel conduit = .21066 ohms/mile

XLP and BRWJ Cables: Reactance values for these cables have been
computed according to the above Tormula,

Example:
Ceble: % conduchor copper # 1o - BRNJ 15 Kv - shiclded in 4" steel
conduit.

Conduchor dismeter = .373" a = 187"

Insulation thickness = .297%

GMEI:L{3 = 17"
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= 373" + 2(.297") + .006" + .03125"
= l.ool’_ﬂ ,

AC/DC resistance ratio = R, = 1.02

1,02 - 1.1/2

Ws"( 1.02 )/
= 1k
F_= .59

s

X = .053 x 60 log 15 xxl:ggg ohms/mile

= .265 Ohms/mile

Reactance of cable in steel conduit = .265

b.2,8ingle Conductor Cables: Rescbance velues for these cables have
been computed based on the formula:

G
X = .27%h K 1og 22
T

Where K = 1.5 Factor thst includes the rapdom spacing of cables
in the duet and the magnetic effect of the sbteel.

Eysmple:

Cable: 3 single conductors 500 MCM - BRNJ 5 Kv - shielded in 4%
steel conduit.

Conductor diameter = 855" a = J275"
Insulation thickness = 172"
@mlc = ,3124g" )

Core diameter = 1.2h4"
Outside diameter = 1.47"

@D = (1.2)%3 x 147"

= 1.5729"
2794 x 1.2 log ].'3',1;29 ohms/mile
.2358 chms/mile

!

Reactance of cable in fiber duct = .236 chms/mile

279 x 1.5 log _31%52;% chuns /mile
.295 ohms/mile

X

]

Reactance of cable in steel conduit = .295 ohms/mile
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A Positive-Negative and Zero Sequence Tmpedances of
Over Head Lines.

Configurations: There are two different configurations; A (horizon-
tal line spacing) and B (vertical line spacing).

Configuration A: Lines &, b, and ¢ in same horizonbtal 10' cross arm,
516" from ground wire at top of pole, 30 £t. aboyve ground. Spacing
between lines as follows:

Spacing lines a2 and b = 2.0 ft. a.h
5.75 £t. = Dhc

Spucing lines b and c

Spacinglinesaandc=775ft.='D
spacinglinesaamggssft._ 0855522 L p D
Spaci: z lines b and & = 5.85 T4, = (2% + 5.52)/2 . Do
Spacing lines c and g = 6.74 £b. = (3.9% + 5.52)72 - Doy

g = ground wire

@D, = k.65 £h. = (e x5.75 x 7.75)3

Configuration B: ILines a, b, and ¢ on different ho*-a_zon't;a.l planes, all
16" from pole. Ground wire at top of pole 5t'6" from line a (hlghest

line horizontal plane)., Vertical specing between lines a, b, and ¢
approximately 2.2%25 ft. Average spacing from.ground a.pproxnnately 30 £k,

Spacing lines a and b = 3.5 Ft. = Dab
Spacing lines b and c = 3.5 f%. = Dbc
Spacing lines a and ¢ = 4.68 f&. =

Dae
Spacing lines & and g = 5.59 £b. = (1.3% + 5.52)%/22 D,
Spacing lines b and g = 7.84 £5. = (1. 69 7. 7325 )1/2 Dbg
Spacing lines c and & = 10.25 £t. = (1.69% + 10.169)%2 - p
= ground wire ce
@D, = 3.855 ft. = (5.5 x 3.5 = 11-.68)1/5
A. Positive-Negative Sequence Tmpedances
a) Resistance
RAC = BDC z K't; x Ks ;
Where Ro RDC s K., and I{S are as defined before in the section for

cahles.

T e
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K

o £{ma)

.0636 (f/BDC)l/E

[}

ma.

Ks is tabulated as a function of ma in Table 5 of "Transmission and

Distribution Reference Book" by Westinghouse and in YUnderground
Systems Reference Book" by EBI.

Valuves for R A BT available directly in any tzble of elechtrical con-

ductor characleristics as in Tables # 1 through # 4, Chapter # 3,
"yansmigsion and Disbribution Reference Book™ and haye been used in
this stucy.

b) Reactauce

b.1l. Induective

X, = X, = .279% log D Ghms/mile

e GMD
2794 log -}_‘“Rl + 279 log 1
c

=X +X ohms /mile

i

L

Where X = .27 log @R, ohms/mile
1Y

Xy = 2794 log 1L chms/mile

and X_, X, are tabulated in Tables # 1 to # & and Tables # 6, Chapter

: # 3 "Cransmission and Distribution Reference Book" and have been used
Tor this compubtation.

The ahove derivation is based on symmetrically tranposed lines, symmetrical
or unsymmetrical spaced conducbors. If lines are not transposed anmd the
conductors are wnsymmetrically spaced, resulbs are only approximate, bub
accurate enough for any compubabtion.

b.2.5hunt Capacitive Reachance

X, = X, = .0685L log = + .0685L log % megohms .mile

Where a = radius of conductor in f%.

1 1
= Xa + }{d megohms .uile
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1
X and ¥, ave tabulated in Tables # 1 t> /4 and Table £ 8, Chapter

# 3 Transmission and Distribubtion Reference Book" and have been used
for this compubtation.

Fxample
Line: 3 conductors ;,(/ 2/ o HD bare ccpper, A configuration.

Redius of conductor = 207"

Ryy = 481 ohms/mile at 50°C
X, = .532 ohms/mile

X; = ,1205 megohms.mile

GMD = 4.L65 f%.

Xy = .1802 ohmg /mile

x(; = 044753 megohms.mile

X, + ¥y = 7132 ohms/mile

X =X, = 723 ohms/mile

H; + XA = ,164933 megohms.mile
x_;_ = }{; = 164933 megohms.mile

Line Tmpedance to positive-negative sequence of 3 conductors # 2/o HD
bare copper, & configuration = .48L + j.7132 ohms/mile, - j.l64933
megohms .mile.

B. Zero Sequence Impedance

Zero sequence impedance calculations are based on Carson's Funda-
mental Formuias concerning the nature of earth return currents,
which are shown below.

_ . 2160  (Byl/2 .
Zg = r_ + .00159f + 3 .00465T7 log, —-—-Mle ( f) ohms/mile

. — 2160 (P\1/2 .
ng = .001l59f + j.00465T7F log, —D—a.b. (-f-)l/ chms/mile

Where
Zg = self-impedance of one conductor with earth return in ohms/mile

ng = mubusl impedance between two conductors spaced a distance Dab
ft. with common earth return in ohms/mile




(38)

Da.'b = distance in feet between conductors a and b (with common
earth return)
£ = frequency in hertz

p = easth resistivity in chms per cubic meter
GMRlc = geametric mean radius of corductor in feet

The quantity 2160 (p/f )l/ 2 is defined as D, or the equivelent depth of

the earth return current in feet.

or
Zo=r, .095% + j.27942 log (i%:& ohms/mile
D
Z = 0954 + j.27942 log == obhms/mile
gn ab

8) 3 $ Circuit Considerations:

For a 3 $ circuit with common earth return, a convenient procedure to
analyze the system is to replace the 3 line conductors by an equivalent
conductor with xosistance equal to the 3 line conductors in parallel.
Through this equivalent conductor will flow 3 units of current per each
mnit of current flowing thyrough the line conductors.

These Carson's Formulas applied to a 3 ,6 circult are

D
. e .
ZOl =T, * 2862 + j.8382 log R ohms/mile

. D
2862 + §.6382 log — ohms /mile

Zom = @YD,
Where
ZOl = zero sequence gelf impedance of one 3 ;5 cireunit with earth
return in oh.ns/mile
Z = mutual zero sequence impedance bebtween two 3 ;5 circuits in

M ohms/mile
. resistance of one line conductor of the 3 ;6 phase system (if
all line conductors are equal) in ohms/miie

D = equivalent depth of the earth return current in feet, varies
accordingly to the nature of the soil

H
It

aR = (@R . e0?)H3  in reet

@D = equivalent spacing between the 3 conductors of ome 3 $
system in feeb

ek b N e e B i e e 2w e wr s gt
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GMD2 = equivalent spacing betweer the 6 conduchors of two
3 ;5 phase systems in feet

r, = .2862 = resistence of earth return path in ohms/mile,
constant value independently of the nature of the soil

b) Effect of Ground Wireg:

The presence of ground wires will provide an additional reburn path
to 2ero seguence currents in the line and thus will affect the for-
milation of the zero sequence impedance of the 3 ;S phase circuit.

If we consider an eguivalent conductor to replace the 3 g lire, the
ground wires will, besides having its own self impedance, have a mutual
impedance Z_ with the equivalent 3 4 phase line conduchor; its magritude

given by the Zom Tormula where GMD will be ‘the equivalent spacing of the
3 line conductor and the ground wires.

If only one ground wire is present, the following formmlation will
define self and mutual impedances.

D
7 = Frg + .2862 + j.8%82 log == ohms/mile
og = T8 3.8362 1og g /
Where rg = resistance of ground wire in ochms/mile
@llBl.c = geometric mean radius of groumd wire

] D
. e 3
Zom = 2862 + 3.8%82 log —@—ma ohms /mile

/3
= .D -
@D, (Dag be ch) in feet

The zero Sequence impedance of the 3 p circuit with one ground wire
will be defined ag

4 .2
g =7z - (-om)
0 Ol 2
0g
Where Zy, , 2., B, are the self impedance of the 3 $ circuit, the
ground wire end the mubual impedance of the line and the ground wire
respectively.

Zo = zero sequence impedance of one 3 ,5 circuit with one ground wire

Exeample:

Line: 3 conductors # 4 HD bare copper, A configuration with one
ground wire considered to be equal to the phase conductors (no data
was furnished for ground wires)
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Radius of Conductor = .102%
¥, = 1.503 ohms/mile at 50°C

D = 4,h65 £5.
X, = .609 ohms/mile

GMRlc = ,00663 ft.

0oL

Where

r
=]

X
@

It

% z-.rc-;-re-z-,j(xe-x-}{a—-axd)

.2862 chms/mile

D
8382 log -3—_‘3 ohms/mile

Where De = 880 ft. for 10 chms per cubic meter earth resistivity

corresponding Lo sea water.

>
il

e
Il

P4
Il

2
om

Where

X
ag

X
cg

and D__,
ag

nou n.o#a

2,469 ohms/mile

2794 log jc;iT{R”l chms/mile
e

2794 log GMD

1.50% + .2862 + j[2.469 + .609 - 2(.1802)] ohms/mile
1.789 + § 2.7276 ohms/mile

v, *r, t j(Xe + 3Xa)

5(1.503) + .2862 + j{2.469 + 3 x .609) ochms/mile
L.795 + j 4.296 ohms/mile

3:'e'i"](xe T g T ng_xcg)

= 2794 log Dag chus/mile

X‘bg = .279% log Dig ohms/mile

L2794 log ch ohms /mile

Dbg’ and Dc are the respective distances between the ground

wire and conductors a, b, and ¢ in feet.

2
om

2862 + {2469 -~ 2317 - .2140 - .2317) ohms/mile
2862 + § 1.7917 ohms/mile

ir AT e s o o



(31)

There
(z_)°
7 =7 .
(o} oL 2
og
. 2
= 1,789 + j 2.7176 - ('2‘?%5*_1_ J.l'_gém ohms/mile

Z, = 2.0446888 + j 2.274953 chms/mile

Zero sequence impedance formed of 3 conduchbors # L HD baszs copper with
one ground wire of same characteristics, A configuration is:

2,04l69 + j 2.27495 ohms/mile
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Zero Sequence Bhunt Capacitive Reachbance:

Calecmlations of zero sequence shunt capacitive reactance of 5 15 circuits
with earth retwm will be influenced by the presence of ground wires in
g manner similar to the induetive reactance calculations as will be iun-

dicated by the following formulas:

1
Zero sequence shunt capacitive reactance (XOl) of one 3 p line with

earth retuwrn (no ground wires)

) 1) 1 1
b1 —_ - " .
2 = Xa. + Xe EXD megohms ,mile

Where
t
X = .068% log -;—‘- a = radius of conductor in feet
1
. = 205 log 2h h = mean height of line conductors above
' ground in feet
Xd = 0683 log @D

. t
Zero sequence shunt capacitive reactance (Xoc) of one ground wire with
(=]

earth return

1 1 1
= + i
Xog 3Xg Xeg megohms ,mile
Where

¥ 1

}{g = 0683 log i, a = radius of ground wire in feet
a

1 L 1
Xe = .205 log ch h = height of ground wire above ground

g in feet

't
Zero sequence mitual capacitive reactance (Xom) between one 3 ;9 line
and one ground wire with earth returmn

? T t

| ]
= - - - i1
Xom Xe Xdag Xﬂ.‘bg Xdcg megohms ,mile
Where
T
x&ag = 0683 log Dag
T
deg = ,068% log Dbg
T
dcg = L0683 log ch

t
Zayo sequence shunt capacitive reactance (XO) of one 3 $ circuit with

one ground wire apd earth retwrn

X =X = o megohms ,nile
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1
Zero sequence smmt capacitive reactance (Xr]j of one 3 $ circuit with

one ground wire and earth reburn

Gy~

A

Xo = XOl - — megohms ..mile
og

Example:
Line: 3 conductors # 4 HD bare copper with one ground wire egual
to line conductor with eerth returnm, A configuration.
Radius of conductor = .102"
¥
X = 415 megobms.mile
GD = b L4é5 T%.

1

X =¥ = 415 megohms.mile

g a
h = %50 f%.

1
h = 35.5 ft.

1

X, = 364 megohms.mile

1

Xeg = 3795 megohms.mile
x(; = .0443333 megohms.mile

1
Xdag = .0567 megohms.mile

T

Xd.bg = 0523 megohms.mile

1 .

Xdcg = .0567 megohms.mile

1

Xy = - J.1s - §.36% - 25(.0843333) megohms.mile

= -3.4166334 megohms.mile

X = 3(-3.1415) -j.3795 megohms.mile
= -j.8040 megohms.mile

X = -j.364 - [-3.0567 - j.0523 - j.0567] megohms.mile
= ~j.1985 megohms.mile .

X = -3.4166334 - CZ% :1983 ) megohms .mile

= -j.3667631 megohsm.mile

Zero sequence shunt capacitive reactance of 3 conductors # 4 HD bare
copper with equal ground wire witun varth returr, A configuretion =
~3.3667631 megohms.mile.
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k. Zero Sequence Impedance of 3 $ Power Cables 4
A. General E

Zero sequence impedance calculgtions of 3 ;6 power cables are based
on Carson's Fundamental Formulss introduced in the Asrial Lines i
Section whick applied to a 3 p system yields the following equations. ‘

b
. e .
ZOl =Tt T+ 3.8%82 log R ohms/mile :
D
Z, = Yo * 3.8582 log @ma chms/mile
)
Where :
ZOl = zero sequence seli impedance of one 3 16 cireuit with earth return
r, = resistance of one line conductor of the 3 p system in ohms/mile
(if all conduct}:rs are equal)
- 2\1/3 .
@R = (GMBlc . @D%) in feet
GMD = eguivalent spacing in feet bebween the % line conductor of cone
3 § system
MR, = geamebric mean radius of ope line conduckor in feet

De = equivalent depth of earth return current in feet. In this study,
D, = 880 ft. corresponding to an earth resisbivity of 10 chms.meter

cube (sea waber)
2, = mrtusl zero sequence impedance between Gwo 3 ¢ cireuits

@MD, = spacing between the equivelent conductors of two 3 é systems
or the equivalent spacing between the 6 conductors of two

3 ;5 systems

Several formuilations are required to model the behavyior of different
types of cables under different installstion conditions. The following
cases are considered for grounded 3 P systems:

a) 3 conductor sheathed cable in steel conduit with earth return

a') 3 conductor sheathed cable in Fiber duct with earth return

b) 3 conductor non-sheathed caeble in steel conduit with earth return

b') 3 conductor non-sheathed ceble in fiber duct with earth return

¢} 3 conductor sheathed cable installed serially suspended from a
messenger with one ground wire at top with earth return

c¢') 3 conductor sheathed cable installed aerially suspended from &
messenger with earth return

d) 3 single conductor non-sheathed cables in steel comduit with
earth return
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d') 3 single conductor non-sheathed cables in fiber duct with
earth return

e) 3 single conductor non-sheathed cables aerially suspended from
a messenger with one ground wire at top with earth return

e') 3 single conductor non-sheathed cables serially suspended from
8 messenger with earth retum

) 3 single conductors + one grounded neutral conductor in steel
pipe with earth return

£') 3 single conductos + one grounded neutral conductor in fiber
duct with earth return

. B. QCase a': 3 eonductor sheathed cable in fiber duct with earth
J:'eturrjt (typical for PILCNJ cebles in fiber duct or direectly buried in
earth

In this case, there are 2 possible different return paths for zero
sequence currents: sheath and earth with interrelated mubtual coupling
which, due to the definition of Carson's Formulas, cannot be successfully
decoupled as independent terms, bub must be considered as acting jointly
together. The figure shown below depichts current flow in these paths
together with the voltage drop expressions (the figure is not an
impedance diagram).

If we replace the 3 conductors of 3 ;.’: cable by one eguivalent
econductor with a resistance equal to the resistance of one conductor and

with an equivalent geometric mean radius GMR = (GMRlc . @Ea)l/ 3 , the
- self impedance of the cable conductors can be formuilated as

: De x 12
2, = r, tr, + j.8382 log TR

Similarly, we can define the s=2lf-impedance of the sheath as:
De x 12
2 =3r +tr, + j.8382 =
sH
Where

r, = resistance of sheath in ohms/mile
& radius of sheatl: in inches
sH o1 /5
= KT - +
R ((31\41-'(1c | GMD™) in inches

And the mutual coupling bhetwszen sheath and the equivalent conductor as:

D %12
% =r + 3.8382 log —

cS e D’
cs

|
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Where

os = equivalent spacing between conductors and sheath in inches

=8y (approximate) inches

L,
[ — 25 Ia 265 -z:.'i T"
F § .-q.......___......+ - - = 4 Z; jc; J
+
v ==

Applying Kirchoff's Equations:
Io G

V =I2 ~I12 +I1I2 ~-17%7
) oe 5 cs S s o eS8

I +1
s

{m
po——
il

IO (zc - zcs) + Is (zs - ch)

0 =I2 ~-12%2
5 s o cs

Butb
ID = Is * IG
Cr
2) o = T (Zs - ch) " Tefes

and the equations 1) and 2) defines the model.
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“aJ
Ze— Zos 3
I
Ze-s [ Es- Beas
= —

4
T =1 cs
S ° 4
S
ch
Vo= 1 (Zc-zcs)+xo (Zs-zcs) Z,
I
V ==2 [22 -22 +22Z -2 .% ]
o Zs c s s as 8 cs cs ¢S

] (Zes)®
v.-I{z-—Zﬁ-]

o] 8] c
S5
Angd,
2 —Y9= z (es)?
0 Io c 7
S

And the zero sequence impedance of ome conductor sheathed cable in fiber
duct with earth return is given by

Z .2
72 = 9 ,,.g_cil

o ¢ 2
s

This is a theoretical formulation that takes into consideration the
existence of two possible return paths for the fault current. Several
fault and grounding conditions will affect the impedance of the return path:

o A R 0 TR TR e g e e e B P .

e e e e L T T
e R L
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1) The resistance of the sheath to grownd comnection is not low
enough that could be disregarded. or the sheath is open 4o ground.

Under this condition, the rebturn path impedance will increase its
value approaching a grownd return only given by:

De*lE ,
Z =Zc=rc+re+g.8582 log i ohms;mile

2) The initial fault current returns through the sheath and either

is cleared before it can develop to the earth or is prevented by the cable
Jjacket.

Under this condition, the only return path aveileble is through the
sheath and its value is given by the equation:

b
o]

It

Z +4 -2%
c 8 cs

a
. sH .
x, + 3  + J.8362 log FZm ohms/mile

3) The initisl fault current returns through the sheath and after
few eycles develops to the earth with an impedance given by:

Several tests conducted by an ubility company indieate that this is
the most likely condition to occur and it has been considered as Fuch for

our calculations,

Comparison values for a 3 conductor 500 MCM - CS - PILCNJ 15 Kv -
shielded in 4" fiber duct are as follows:

%.60 ohms/mile for earth return only
L35 + 33,5586 chms/mile

1.998 chms/mile for sheath return only
1.979 + j.272 ohms/mile

1.81 ohms/mile for sheath + earth return
1.515592 + j.99027 chms/mile

a
o

i

N
S

C. Case a) 3 conductor shesthed cable in steel conduit with earth return
(typical for PILCNJ Cebles in steel conduit)

In this case, there are % possible return paths for zero sequence
currenbs: sheath, conduit, and earth. The behavior of the conduit impedance
is a random function of the magnitude of current through the pipe and the

pipe diameter.



(h9)

It Z_ is defined as the pipe self-impedance and Zcp is the mrbual

impedance bebween the cable conduebors and the pipe, a derivation by

Jd' H' Neher, published in IEE Transactions on Power Apparatus and Systems -
August 1964, pg. T97 to 804 provide a view of the nature of the problem.
An excerxpt of it follows:

L T A - Z = R + jX
Byalustion o 5 - 3(p ']R)

(From a paper by J' H' Neher published in IEEE August 1964.)

If J_ is the curvent density in the pipe abt a radius T +x (x=
fraction of pipe 'bhiclmess), then the net current flowing in the pipe inside
a circle of radius rP + x is:

.
T, =J 213‘(rp + x) J,ax + (IS + Iy - Io)
P .x -
I = e-n-rpf Jéx + (I +I,-I) for xlx
o

2
= -erP j T ax + (IS + Iy - xo)

IJP = pipe dismeter

Then
I I
H = X ~
X ZDP +2x) T D
% Is + IG - Io
Hx = de.x + 5
& D
Then
Jx = de
d,
X
dH
. .. dp ' x -8 . .
The induced emf is iz A4 dx s 107" volts/inch which mist equal
the volbtage drop:
S ag -6
A -8 éx . 107 volks/inch
ax = =P =
A s X 10 7 = A

de = daﬂx and E:g__ = %)x 102 de

ab axdt di dx
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Or

Assuming a sinusoidal variation Jx = Jm edW e
ag a2y / -2
X = Wl —— x =jv A J x10
= x " ; X

x I
Or
T = J e %X
X o)

Then the total current in the pipe is:

o I,(1-3) octp(l + )
=D [1- Y/
m / Ec : P
Lo dJ .
__ - S ~etp (1 + j)
vp_sffdx dx=  12p3 [1-e 471
v (l + j)
z = EE ,ch = 9.k (1 + j)\//“f .
D D micro-oms/fook
P
Then

Fhe values of /u and K are random and depend of the value of IP

From average data for 500 A& IP < 7hoo A

RP = 29,9 l/,l-l_/DP micro-ohms/foot DP in inches
X, = 18.1 “/”/D micro-ohms/fook
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Fer this case the zero seguence system can be represented by the
current flow diagram:

A
et
e ESANEe A A !
t - = > = F ‘lfs LIP erIc'z
v tT Zs Is +I Zpip
- !
‘—I’ _,.1 Zes Lo ;‘l Zep Lo
£ #
' 23 4P 1 2sp Is
-L - =+

Applyii 5 Kirchoff's Egquations:

1) I

o Is * Ip * IG
2) V=TI (Zc - Zcp) + I (Zsp - ch) + IP (ZP - Zcp)
=T - - -
3) vo o (Zc ch) * Is (Zs ch) * Ip (Zsp Zcp)
i) 0==I%2 +2I +2 T
o cs s's sp p

= - -+ - -
Is (Zs ch) Ip (Zsp ch) IC-ch
And the redundent eguations

= - - A
0 I0 (ZCS ZCP) ¥ IS ( ZSP ZS) * IP ( P ZSP)

0 = IS (ZSP - Zcp) + IP (ZP - ZCP) - IGZCI_J

Or in Matrix Form

v 4z -4 Z -7 4 - Z 0 I
0 c cp sp cs D cp ]
v = Z -7 2 -4 Z -7 0 I
0 c cs s cs 8P ep s
0 -2 Z Z 0 I
[s3:] 8 sp P

0 -1 1 1 1 IG
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Solving for I0 by Cramer's Rule and using minors

| v Z - 7 -Z
i o sp cs D cp
det | v 7 -7 72 -z
i o} s cs sp ey
0 z. 7
8 SD
0 1 1
I =
9]
7 -3 7 - g -7
cp sp cs p cp
7 -2 2 - % 7 -7
det ¢ es 8 sp cp
-7 7 7
cs 8 sp

IO = v& [zS (ZP - ZSP) + ZSP(ZS - ZSP)]

z (2, - 2,02, - 2,) + (Z - 2, (2o - 7o)
+ zsp {(zc - ch)(zs - ZCS) + (zc . st) (zcs - ZSP)]

+ 7 - -Z Y+ (a -2 Z -7 )
z . [ 5 ZQP) (z, cs) (z Sp) ( oD cp);

Ard
?9 ., Z [(zc - ZCS)(Zp - ch) + (zc - qu)(ch - zsp)1
T ° z (Z -2 )+2 (2 -2 )
s P sp sp s Sp
+ Zsp I(Z'c - ZQQJ(ZS - ch) +(Zc - ch)(zcs - Zsp)]

7 - 7
zS (ZP ZSP) + zsp ( . ZSP)

¥ ch {(ap B ch)(Zs - ch) * (ch B %gp)(zgp ) Zcp)

Z (zP

ZSP) + Zsp (zs - zsp)
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Where:
Zc, Zﬁ, Zp are the self impedances corresponding to the cable
conductors, the sheath, and the pipe. ZCPJ ch, and ZSP are the mutual

impedances between conductors and pipe, conductors and sheath, apnd
sheath snd pipe.

Parameters definition:

De * 12
Zc =r, + N + 3.8382 log R ohms/mile

@R = (@R, * @n?)/3 inches

De * 12
Z=3r t T, * 3.8382 log ——— ohms,/mile
sH
aSH = radius of sheath in inches
/R = 3R + j 3X
b cp 3 D d 3 P

RP = 15.36 ¥ 29,9 * 5.28/(13P % 1000) obms/mile
) ]

pipe diameter in inches

il

b
X
P

1l

15.36 % 18.1 * 5.28/(13p % 1000) ohms/mile

D *12

. e
ch =r_ §j.8382 log a’p-

a.P = radius of pipe in inches
Z = 3R_+ + J(3X_ + .8382 log (D ¥ 12/a ohms/mile
L = 3R, tr, + 30X, + .83 g(e_ /2,) /
De* 12
Z, =T, * 3.8382 log 2 ohms/mile
De* 12
ZSP =T, * j.8382 log ——=—— ohms/mile
p sH
)
z, - ch= r + 3.8382 log == ohms/mile
SsH
Z, - ch =r, * j.6382 log R chms/mile
ZS - ch = 5rs + j0.

b2 , =
ep approx Zsp

e i e bt 1o e e mm g e P gt T PR R P T S ARPTTINN Er NIy e I mrt i PO i el
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2 N, = 2 . = 24
o 2DDTOX op BPPTOX ep

Under this approximatica a model was developed with a solution given

by:
&y
2 =% -2 -(2 -7 }+5=
0 c cp cs sP Z‘2
Where
= {7 - - - A 3
Z, = [_,S (ch zsp) + 2, (zS ch)][zp (zcs z.sp)-z-ch (P ch_;]
Z,.=22%2 (2 +2 -2%2 )+22 (2 -2 )+2%Z (2 -2 )
2 5P cs cp sp D cs c cs 3 cp ' p Ccp

The approximated meodel diagram is as follows:

nya

%

I Zo—-Cep-ZesT E?sl-’i

j" l _ T Jgﬂp"’ 25{:— & :‘255-25‘,9 ! — —/q
<, z ! e = /,‘[ %o
2l To-tpdey  dpis-Igy
{ | S |
i

Results using the two egqr=tions of Zo for sheathed 3 conduchtor 500 MCM -
PILCNJ - 15 Kv cable are as _ollows:

Using mathematical solution Z_ = .90097 + j.88789 ohms/mile
= 1.27 ohms/mile
Using approximated model z = .T393 + 3.99824 ohms/mile

i

1.25 ohmms/mile

% Difference = 1.6% in magnitude
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The approximated model will evolve into the following cases:

# 1. Sheathed Cable in metallic conduit without earth retwrn:

Svetem Equations:

1

1) V=1 (zc ch) + I (zSP - zcs) + IP (zP -2 )

¢D

= - + -2 + - 2
2) 0 I, (ch ch) I (ZSP S) I, (zp SP)
3) 0= I, -I - IP
With Solution:
) (7, - 2,0+ B, - 2,)°
zZ ={z -2 )+ (%2 -2 ) - =
o c cp D cp ZS " Zgp + ZP - Zsp
And the model is:
a‘ »
, TV
o',
V|
) B~ ‘E.c;p—?—c.c_,r Eop
& J_O" (A
:5 I ‘ i I/p
7 1
LTy-Bos- Bsp + 8“4’"' ‘B Ec,a v-'r.’.:.a",a - 2oy

Which fulfils the system egquations by substituting IS = IO - IP

in 1) and substituting I = IP + I in 2) and moving thru points a, o,

¢, n, and thru points cnbo.

This model evolves from the original opening the IG

and T
l G

o branches

for the earth return path.

# 2. Sheathed Cable in fiber duct with earth retwm:

System Equaetions:

B DU P PO PP PR
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v, = I, (2 - Zog) * Iy (B - Zo)

0=1; (Zs - ch) - Ia Zog

1
ID = IS + IGl
With Solution:
2 )
ZO = ZC‘. “ 5
s

And the wmodel:

|
_Z; % ? Vo
| ;;qul
Lo, ‘( ' ° — %Is
et ey —_—
l. Tes I i?.-s—- 2oy I

¥ 3. Non-sheathed Cable in meballic pipe with earth return:

System Egquations:

VO = IO (Zc - Zcp) + IP (ZP - ZG]_J)

0= (2 -2 )-I, &
P(P cp) G, cp

ID = IP + IG2

With Solubion:




(57)

And the model is:

Zp - Tep | acp

) B

D. Case b: 3 conductor non-sheathed cable in steel copnduit with earth
return.

This is the case of the BRNJ 15 Kv and 5 Ky and XLP 15 Kv and 23 Ky
cables installed in conduit and has been formulated in f 3 above.

(z_)°
2 =% - —E- ohms/mile
0 c Z
- P
Where
D_¥ 12
Zc =r, +trg + j.8382 log R Oth/I!u.le
) _ + 3 .
Zy - Zyp = 3Ry + 33K ohms/mile
R, = 15.35 ¥ 29,9 # 5.28/(1)P * 1000) chms/mile
xp =15.36 ¥ 18.1 * 5.*9.8/(1::P ¥ 1000) ohrs/mile
Dp = pipe diameter in inches = 2a.P
D * 12
ch =r, + j.8382 1log N ohms/:nile
D %12
Ay e .
Zb = BRP +r o+ J(BXP + .8382 log a ) okms/mile

E. Cage b': 3 conduetor non-sheasthed ceble in fiber duct with earth
return(typical case for BRNJ and XLP 5 Kv, 15 Kv, and 23 Kv installed
in fiber duct or directly buried in ear‘bhj.
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For this case, as the earth is the oxly return path for zero sequence
currents:

D * 12
e

—oR chms/mile

Z =71, +r, * j.8382 log

F. Case c¢: 3 conductor sheathed cable installed aerially suspended from
8 messenger with onme ground wire at top with earth return (typical for
PIAC aerial cables).

In this case, there are 4 possible return paths for zero sequence
currents: sheath, messenger, ground wire, and earth. These I possible
return paths can be reduced to only 3 because the messenger and grrund
wire can be considered as an equivalent ground system and apply thke
equations for n ground wires in aerial lines.

The circuit for this case can be represented by the current flow

di&gmmnb;
o Ex:15~———-]Easi;}—ﬂ——{iaquLv & & 1
. Qe —— —— ‘{rs ' Tou !
* - - : ) ! iI
| fE=m dmm
‘ o SR B !
L | ATl e
- ! l
S S
NEm s %
! L i

Applying Kirchoff's Equations:

1) I =I +I +1I,

2) Vv = I (zc—zcw)ﬁS (zsw-zcs)+1w (zw- ch)
5) v =IO (zc-ZCSJ+IS (ZS -ZCS)-*'Iw (ZSW—ZcW)
hY 0=-IZ +27TI +2 I

0O ts 5 8 SW W

Which are the same equations that define "Case a" substituting the
pipe (p) by the ground wire (w). Thus, tie solution is:

7 = % [(Zc B ch)(zw - ch) * (Zc ” ch)(zcw B st)] 4

0] S
z.s (2.W - st) + st (zS - st)
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[(Zc B ch)(zs ~ ch) + (Zc B ch)(zcs B st)]

+ Z
SW 72 (z -2 )+%2_ (2 -2 )
S W Sw 5172 =] sSW
.5 [(Zw - ch)(zs - ch) + (ch ) st)(zsw B ch)]
s z (z -2 )+2__ (2 -7%_)
5 W sh =1 s avw

Parameters Definition:

De ¥ 12
Zc =T, + Yo + j.B382 1log R ohms/mle

@R = (@R, * @r2)3 in inches

De *® 12
Z =53 +7r + j.8382 log ——— obms/mile
5 s e o
&g = radius of sheath in inches
De * 12
= + i. —_—
Z, 5rweg r, + ] 8382 log CMRW
e = equivalent resistance in ohms/mile of the parallel combination of
S messenger and ground wires
D %12
2 =1r_ + j.8382 log ohms/mile
cs e
sH
*
72 _=1r + j.8382 1log De 1 ohms/mile
cv S D
cw
De * 12
st =r, * j.8382 log 5 ohms/mile
sw
Where
L
MR = (779 * a_¥* 779 ¥ a8 * Hg)l/‘ inches
W W i1}
& = radius of messenger wire in inches
& = radius of ground wire in inches

H = spacing between messenger and ground wire in inches
equivalent spacing between the cable conductors and the messenger-

H

¥ ground wires assembly
= * *
Dcw (dc d o )1/2 inches
n W
Where
de = geometrical mean distance from toe aerial cable conductors to the

messenger wire
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it

gecmetrical mean distance

Y the ground wire in inches
1/2
= * i
L (dsm dsw) inches
Where
em = geometrical mean distance

messenger wire

geomebrical mean distance
wire

from the aerial cable conductors to

from the aerial cable sheath to the

from the aerial cable to the ground

Evaluation of dcm and dcw
GRoUNL witRe Q a = (a *a *d )l/ 3
’TH But, in general
ﬁf.ESS-EMGE.E_’-.u-(#) d
! g
| A 2.1
i , a_=1la_ *(a_ )27
COMELCTOR™ | cm le cm2
izrdms\ X
Al i g . \C’b
! e a = oL + h - E s
covmucph D+ ) omy 2 5
~3 :5./.&; £
~ 0D 1 2
a = [(h + 3 E S) + }_{_ ] /
Ciy

0D =

For h approx. equal to 5

d = 0D - SE
cmy 3

a [(OD'E'SE‘) £ 1/2

ev,
{(OD 32

cable outside diameter

+ (0D + sg-%-)gl} 3 inches

If H = spacing hetween messenger and ground wires in inches
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( o 2 s 1 1/3
& = t{H + 0D - s%) [ ﬁ- + (H + 0D + 5‘56_)3]} / inches

In our installation H = 5'6" = 66"

Thus

2
a_ = (66+0D-s‘5-§)[§- +(66+0D+s\!:2)2] /3

cw

inches

Evaluation of D
oW

(d ¥ d ) 1/2
cw cm CW

‘ 2
{(OD - sﬁ;) [§ + (0D+ Ss%—)a] (66 + oD - s\r%-)

2 1/6
[ )i—'-i- (66 + 0D + 5\136_)2]}/ inches

Evaluation of 4 and d
sm sW

Sl P =Firyoa
X P
Xx=r sin &
y=h+r(L-cosO)
am
' divg = é_'r af [2r" + B® + 2hr - 2(r2 + hr)cosg}d®
LK‘H& e
PANA 5 5 o
wgar—a\ Ogyg = 8¢ +h + 2w
e g
’ = 1% + (r + 11)2

1/e

a_ =[P+ &+ n)?
Forh=-2~— r=a.SH

.2

0D \2.1/2 .
dsm = [&SH + (& + =) ) ] inches

sH

If H = spacing bebween messenger and grourd wires in inches
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a =[8.2

oD \2.1/2 . .
- ot (aSH +H+ 3 1 inches

In our ingtellation H = 5'6" = 66"

12 oDy2.1/2 |
d ., = [a.sH+(aSH+66+2)] inches

Bvaluation of D
SW

i

/2 .
%
D (dsm | dsw) inches

= [aiH + (asH + %)-)2][5.?}1 + (a.SH + 66 + gg)ell/ b inches

This system can also be represented by 3 branches in parallel plus
a short circuit to ground, but the solution equation for Z0 may prove

cumbersame to handle and computer time consuming without attaining much
more &CCUTacy.

G. Case c¢': 3 conductor sheathed cable iunstalied aerilally suspended
from a messenger with earth return (typical of PIAC aerial cables)

In this case, there are 3 possible return paths for zero sequence
currents: sheath, messenger, and earth. Thus, it is the same as case
¢ with a change in the definition of the varameters as follows:

De * 12
2 = j. —_ i
= Or + v, + §.8382 log T chms /mile
T = resistance of messenger wire

GMRm = 779 *% a,

8,_ = radius of messenger wire

i
Da * 12
By, =T, * 3.8%82 log —-d;;——- ohms/mile
De # 12
Z_, =T, *+ i.8382 log _a-;;— ohms/mile
- 2 1/3
- -2y 8 32 :
Ao = {(OD 55) [’-L+ (0D+S6)} inches
= [a2 2
d, = [asH + (o + 52)2)2]1/ inches
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s = MDD of the cable conductors in inches

&sH = radius of the sheath in inches

H., Case d: 3 single conductor non-sheathed cables in steel conduit with
earth return (typical for XLP 5 Kv and 15 Kv cables and REW-USE cables
in steel conduit).

In this case, there are two possible return paths for zero sequence
currents: pipe and earth. Thus, the case is similar to "case a" substi-
tubing the sheath by the pipe and adjusting the definition of the paramelers.

2
(z )
2 =27 - =2
o ¢ Z
b
Where
De *12
Z,=x, +tr, + j.8382 log TR ohms/mile
ar = (@R * @0?)> inches
GMD = geometric mean distance of conductors
z, - ch = 3R, +J 3% ohms/mile
R, = 15.36 % 29.9 % 5.28/po * 1000) chms/mile
}:P = 15.36 % 18,1 ¥ 5.28/(13P % 1000) ohms/mile
D = pipe diameter in inches
P_oa
D
De * 12
ch =r, +J3.8582 log —/——— chms/mile
P
De * 12
ZP = 3Rp +or, * J(BLP + .8382 1log ——E;~——) chms/mile

I. Case d': 3 single conduchor non-sheathed cables in fiber duet with
earth return (typicel for XILP and RHW-USE in fiber ducth).

In this case, there is one possible return path for Zero sequence

currents: earth return.

D %312
- - : 8= =N :
Z = Zc =r, tr, * j.8382 1log e ohms/mile
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J. Case e: 3 single conductor non-sheathed cables aerially suspended
from 2 messenger with one ground wire at top with earth return (typical for
XLP aerial cables).

In this case, there are 3 possible veturn paths for zero sequence
currents: messenger, ground wire, and earth,

The circuit for this system car be represented by the current flow
diagram:

f——
E—EE]——] Lol f—{Eers Ior T , i

| — - | !IM | v | 4]16
¢ Tem Ea
J: ot Fer RYEwE ;

f1‘ E:ﬁ %1 IEEM"""E‘

it
i

System Equations:

I =Im+Iw+IG

<!
I

I (zc - ch) + 1m (zmw - zcm) + IW (zW - ch)

V=1 (.zc -zcm)+1m (zm- Zcm)+IW (zmW - ch)
O=-I2 +I2Z +10%
0O cm mm W

Which are the same equations that define "case c¢" substituting the
sheath (s) by the messenger (m). Thus the solution is

I(Zc B Zcm)(z'w B ch) * (Zc B ch)czcw - me)} _[_

2z (z -2 )+2 (2 -2 )
m " W puciH i1y m my

L =7
0 m
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[(Zc ” ch)(zm - Zcm) + (Zc B Zcm)(z'cm i Zmr)]

+ Z
T z (Z2 -z )+2 (2 -2 )
m w IRy mw m Y
+ 7 [(Zw" ch)(z'm" Z’c’m) * (Zcm_ me)(znm B ch)]
cm 7z (z -2 )+2z2 (2 -2 )
m W W i Tl HW

Parameters Definition:

D %12

. e . .
Z‘3 =r, +r, + j.8382 log R ohms/mile

QR = (MR, * ap®)Y3  inches
' D %12

. e .
ZIn = 53:-m + ry +J log 779 o ohms/mlle
r, = resistance of messenger wire in obms /mile
a = radius of messenger wire in inches
De ¥2
Z = 3%r + Jj 1 —— ) i
» j.'!.“_ + r, * J log 775 a onms/m_?_le
. = vesistance of ground wire in ohms/mile
a, = radius of ground wire in inches
De * 12
o 2! oal ————— 3
2= T * j.8382 1log 3 ohms/mile
cm
1/3
2
dpe@ o B o ., B2, s -
cm_{(h'B 55)[(}1-{-2 +s6) +5 ] inches
0D . o s
¥Yor h = 5 = height of messenger above conductors in inches
2 11/3
i} B By2 | s” ;
d,. = {(OD s 5) [(0D + s 6) + 5 ] inches

Where OD = outside diameter of one cable in inches

s = spacing of conductors in inches
For common installations

dcm-*-: 1.28 ¥ 0D inches
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D * 12
By = To §.8382 log —5— ocnis/mile
[s47
2 1/3
_ U3y rs 2 .
—— {(H-&-OD-E;E)[lL +(H+OD+S\}-§)] inckes

For our installation H = 5'6" = 66" = spacing from messenger to ground
wire

Then

2 1/3
= {(66 + 0D - s\%) [ i— + (66 + 0D + SJ%)E]} / inches

cwW

DP ¥ 12
s Tt 3.8%382 1og 5 ohms/mile

[
3

De ® 12 /
+ j.8382 log -———— ohms/mile
re d 123 66

Tn this case, we could have also reduced the system to 2 return paths
considering the messenger and ground wire as one equivalent ground wire.
The system will then have & solution given by

z
Z =2 - ohms/mile
W

0 G
Where
De * 12
= + v j. —— i
Z,=x, tr ] 8382 log —mm ohms/mlg
D %12
e
_ + 3 8% e -
Zw 3r g +or, j.8262 1log GM"RW ohms /mile
Where
MR = (.779 a_ * .79 & *Hg)l/l’ inches
W - m W =
&, = radius of messenger wire in inches
g, = radius of ground wire in inches
= spacing between messenger and ground wires in inches
De * 12
Z'CW‘ =T, + 3.8382 log D ohms/mlle

cwW
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Where
o = (dcm * dcw)l/g inches
By < By: ) & Byl /e
CW:{(OD~S5)[E +(on+s6)‘] (H+0D-s5)[g +(H+OD+56)}
inches

K. Case e'; 3 single conductor non-sheathed cables aerially suspended
from & messenger with earth return (typical for XLP aerial cables).

In this case, there are two possible return paths for zerc sequence
currents: messenger and earth. The solubion is:

Z
Z =2 - ;= ohms/mile
o] [+ P
m
Wnere
De * 12
_— . e .
Z,=x, tr t j.8382 1log o ohms/mile

@R = (@R * an?)Y3  inches

De #12
= + 3. —— i
Zm Br, t Tyt 8382 1log TT9 8, chms/mile
T, = resistance of messengovr ware in ohms/mile
am = radius of messenger wire in inches
De ¥ 12
Zcm =T, + 3.8382 1ng - Dhms/mlle
cm
d = 1.28 ¥ 0D inches
om

L., Case f: 3 single conductors + one grounded neutral conductor in steel
conduit with eaxth retumm (typical of RHW-USE cables in steel conduit).

In this case, there are 3 possible retuwrn paths for zero sequence
currents: the grounded neutral conductor, the pipe, and the earth .

The circuit can be represented by the current flow diagram:
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Ay
o-—{% Jal—lzmml—ﬂ?spif! -
7 G ]itlk |%
|

v USRI S .
‘[ +1 Ty i I +1 E.,DJP I

+{ Zerr Lo _’_‘l 'anra

+ 1!——————- I +

NZrie]l ez

= = -

System Equations:
I =1 + IP + I,
v, = I, (Zc - ch) + I (znp - ch) + IP (zP - Zcp)
vo=1I, (zc - ch) + I (zIl - ch) + IP (znp - ZCP)

0=-1I12 +I24 +12
0 en nn D 0p

Which are the same equations that describe

Yease a" substituting the
sheath (s) by the neutral conductor (n). Thus, the solution is given by:

. [(zc - zcn)(z - L, ) + (z - Zcp)(ch,' znp)]
o) n Z (Z -2, ) + Z (Z - an)
+ 2 [(Zc - ZCP)(ZB - ch) * (Zc - & cn)(zcn N anzl
P 7z (2 -2 )+2%_ (2 -2 )
n'p np np ' n np
. [z, -2, )2 -2 )+ (2, - an)(zgpgj z_)1

cn
Z (z -2 ) . (z - an)

R4 A i, Y e St mpagan s e T N R MLt 1 gt W IV e Lims minas s e
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Parameter Definition

De ¥ 12
Z,=r +1r +].8382 log e chms/mile

@R = (@R * @0?)/3  inches
D %12

=3 + 7T, + j.B382 log —gm— ohus/mile
n

resistance of neutral conductor in ohms/mile

Z4

n

n

GMRn = geometric mean radius of neutral conductor in inches
Z

P

-4 = 3R + j3X hms /mile
ep = OBy * 33X obms/

R, = 15.36 * 29.9 * 5..28/(1)P * 1000) ohms/mile
xp = 15,36 % 18.1 % 5.:28/(13P ¥ 1000) ohns/mile
DP = EaP = diameter of pipe in inches
D, * 12
Zcp =r, + J.8382 log —_ ohms/mile
P
D *12
Z =3R +r +j (3% + .8382 log ohms/mile
P P e P o
D_ %12
2, =T, F j.8382 log = ohms/mile
GMD
Z = 7 i
o ["cp ohms/mz_le

M. Case f': 3 single conductors + one grounded neutral conductor in
fiber duct with earth return (bypical for RHW-USE cable in fiber duct).

In this case, there are two possible return paths for zero sequence
currents: the grounded neutral and the earth., The solution is given by:

2
Lo = % - _%g ohms/mile
n
Where
D_ %12
7 = +p ¥ j.8382 log T ohms/mile

r
C c e
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@R = (GMRlc * GMDe)l/ 3 inches

D *12
= . e .
Z, = S, * T * j.8382 log GNIRn ohms /mile
r, = resistance of neutral conductor in chms/mile

GMRn = geametric mean radius of neutral comductor in inches

D %12

72 =r + j.8352 log -=

= 31
en o T ohms/mile

o o R ik e b 0,10 A S Py - b, e W s e
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Summary of Network Configuration and Bus Designations
A. Bus Code Designations and Voltage Levels

The fellowing bus on the network one line diagram:

Launching Complex 8 - 905

Industrial Area 2008 - 2915

All bus codes are indexed with a voltage designation as follows:

Bus Voltage First Symbol in Bus Code

13,800
4,160
480
208
115,000
13,680
13,320
13,200
2,400
120/240

AhmoEmEuQwEe

Voltage levels at specific buses are as follows:
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Kennedy Space Centex Laimeching Complex Bus Code - Voltaze Ieyels

13,8 Kv Buses (A)

8 thru 12, 14 thru 16, 18 thru 33, 35, 3, 39, 43 thru 49, 51 thru 5k,

56 thru 91, 98, 99, 116 thru 122, 12k thru 132, 137 thru 142, 146 thru
155, 158 thru 169, 17k, 175, 178, 179, 18%, 188, 192, 193, 196, 199, 201,
203, 205 thru 206, 208, 211, 21k, 216, 218, 220, 222 thru 226, 228, 229,
251, 235, 235, 236, 238 thrw 240, 22, 2kh, 2i5, 2k, 2ho thru 252, 255,
257, 261 thyu 265, 267, 268, 271, 272, 27k, 275, 278 thru 280, 283 thru
285, 288, 289, 290, 299 thru 303, 325, 326, 40 thru 342, 353, 901 thru

905
4.16 Kv Buses (B)

100 thru 115, 183, 197, 246, 248, 286, 287, 297, 298, 304, 328, 334, 335,
337, 338, 343, 34, 347 thru 352

480 V Buses ()

13, 17, 34, 36, 37, 40 thru 42, 50, 55, 92 thru 97, 123, 133 thru 136,
143 thru 145, 156, 157, 170 thru 173, 176, 182, 184 thru 187, 189 thru
191, 19k thru 196, 200, 202, 20k, 207, 209, 210, 213, 215, 217, 219, 221,
227, 230, 232, 234k, 2357, 2kl, 243, 253, 254, 258 thru 260, 266, 269, 270,
273, 276, 277, 281, 282, 291 thru 296, 305 thru 32%, 327, 329 thru 333,
336, 339, 345, 346, 354 thru 374, 376 thru 385, 392 thru 418, 420 thru
L22, b2k thyu 458, 460 thru 468, 470 thru 482, L84 thru 505, 507 thru
509, 511 thru 515, 517 thru 524, 526 thyu 545, 548 thru 550, 650 thru
657, 659 thru 663, 665, 666, 668 thru 671, 673 thru 678, 680, 682, 683,
685, 686, 688 thru 691, 693 thru 7Ok, 706, 707, 709 thru 711, 713, 718
thru 722, 730, 731, 552 thru 583, 585 thru 628, 631 thru 640

208 V Buses (D)

177, 180, 212, 256, 386 thru 391, 419, 423, k59, 469, 483, 506, 510, 516,
%ﬁiﬁ k7, 551, 641 thru 649, 658, 664, 66T, 672, 679, 692, 708, 712, Tk, T15,

115 Kv Bus (E)
vl
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Kennedy Svace Center Industrial Area Voltage Tevels of Coded Buses

Hote: All Tuses shall be coded starting with 2008

115 Kv (E)

b
13.8 Kv_(A) (This network section nommelly connected to VABR 603)

2026, 2008, 2102, 210k, 2106, 2108, 2110, 2112, 2115, 2317, 2117, £1i21,
2123, 2125, 2119, 2131, 2133, 2135, 2145 , 2139, 2141, 2143, 2147, 2249,
2151, 2153 thru 2169, 2172, 2197, 2199, 2201, 22¢k, 2210, 2211, 2915, 23516,

13.63 Kv (F) (This network section normally comnected to VABR 609)

2113, 2127, 2137

13.32 kv (G)

2203

13.2 Kv (H)

2003, 2002, 2011 thru 2025, 2027 thru 208&, 2088, 2091, 2093, 2034,
2096, 2097, 2100, 2170, 217k, 2176, 2178, 2180, 2182, 2184, 2186, 2183,
2191, 2193, 2195, 2214 thru 2218, 2220, 2222, 2224, 2228, 2230, 2233, 2236,
2257, 2241, 2243 thru 22k9, 2267, 2272, 2278, 2279, 2280, 2281, 2283, 2235,
2287, 2288, 2293 thru 22906, 2299, 2301, 2303, 2305, 2307, 230%, 2311, 2313,
2315, 2317, 2319, 2321, 2523, 2325, 2327, 2329, 2331, 2333, 2335 taru
2349, 2353, 2355, 2357, 2359, 2361, 2363, 2565, 2367, 23639, 2771, 2573,
2575, 2377, 2579, 2381, 2383, 2385, 2387, 2380, 2301 thru 2431, 2453, 2k35,
2437, 2439, ohhl, 2lh3, obhs, ohh7. 2L5E thru 2463, 2465, 2467, 2469, 2471,
2h73, 2475, 2473, 2481, 2h83 thru 249k, 2501 thru 2504, 2508, 2503, 2510,
2514, 2516, 2517 thru 2524, 2526, 2528, 2530, 2532, 2534, 2536 taru 2541,
2852, 2901 thru 2614,

2.4 Kv (J)

2271, 2273, 227k, 2289, 2290, 2291, 2297, 2298, 2350 thru 2352, 2k72,
2u7h, 2L06, 2497, 2499, 2500
2 2 3 2

L8ov_(C)

2087, 2092, 2095, 2122, 2128, 2187, 2189, 2190, 2192, 2209, 2221,
2231, 2232, 2235, 2238, 2240, 2242, 2250 thru 2259, 2261, 2263, 2264, 2268,
2269, 2270, 2275, 2292, 2302, 2308, 2316, 2318, 2320, 2328, 2356, 2370,
2378, 2388, 2h32, 2436, 2hhk, 2k50 taru 2b52, 245k, 2466, 263, 2470, 2L76,
2%77, 2h79, 2480, 2h82, 2512, 2531, 2533, 2542 thru 2679, 2681 thru 2650,
2053




(74)

Keprnedy Space Centey Industrial Area Voltage Levels of Coded Buses

208v (D

2089, 2090, 2105, 2114, 2132, 2134, 2136, 2138, 2148, 2150, 2152,
2171, 2173, 2175, 2177, 2179, 219k, 2196, 2198, 2200, 2202, 220%, 2205,
2219, 2226, 2227, 2229, 223h, 2239, 2260, 2262, 2265, 2266, 2276, 2277,
2282, 2284, 2286, 2300, 2304, 2306, 2310, 2312, 231k, 2322, 232k, 2326,
2330, 2332, 233k, 2354, 2358, 2360, 2362, 236k, 2366, 2368, 2372, 257k,
2376, 2380, 2382, 2384, 2386, 2350, 2434, 2438, 2kho, 24ho, 2hh6, 2448,
218:55, 2hél, 2505, 2507, 2509, 2511, 2513, 2515, 2525, 2527, 2529, 2535,

51

120/2kov - 18 (K)

2099, 2101, 2103, 2107, 2109, 2111, 2116, 2118, 2120, 212k, 2126,
2130, 2140, 21k2, 214k, 21k6, 2181, 2185, 2185, 2223, 2225, 2khg, 2455
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LAUNCHING CQMPLEX

Bus Code Voltage Level Network Location

5 115 Kv 115 Ky FPLCO Line at C-5 SBubsiation

8 13.8 Kv Tngtrumentation Bus at C-5 Substation

9 13.8 Kv Industrial Bus at C-5 Substation

10 15.8 Kv VAB Recloser Bus

11 13.8 Kv LBS # 301 Industrial Bus

12 13.8 Kv VAER Substation # 833-300 KVA
Transformer "B"

13 4,80 v VAER Substation # 833
Transformexr “B"

1h 13.8 Kv VABR Substaetion # 833-300 KVA
Transformer "A"

15 1%.8 Kv LBS # 718 Industrial Bus

16 13.8 Kv Substation # 8%2-500 KVA
Transformer Maintenance Shop

17 L3o v Substation # 832 Transformer
Maintenance Shop

18 13.8 Kv Switchgear # 700 Industrial Bus

19 13.8 Kv 1BS # 7ok Tndustrial Bus

20 13.8 Kv LBS # 771 Industrial Bus

21 15.8 Kv 1BS # 723 Industrial Bus

a2 15.8 Kv Substation # 800-1000 Kva
Transformer "A"

23 13.8 Kv Substation # 802-1500 KVA
Transformer "A"

2 13.8 Kv Substation # 804k-750 KVA
Transformer "A"

25 13.8 Kv Substation # 818-1000 KVA
Transformer "A"

26 13.8 Kv Substation # 804-1000 KVA
Transformer "BY

27 13.8 Kv Substation # 800-1000 KVA'
Transformer "BY

28 13%.8 Kv Substation § 802-1500 KVA
Transformer “B"

29 13.8 Kv Substation # 818-1000 KVA
Transformer "BY

30 13.8 Kv LBS & 750-ML Tnterface

31 13.8 Kv LBS 52-M1 Interface

32 13.8 Ky IBS ¢/ Th2 Industrial bus

33 13.8 Kv Substation # 801-750 KVA
Transformer "A"

zh L8 v Substation # 800 Trensformer "A"

35 1%.8 Kv Substation #§ 801-750 KVA
Transformer "B"

36 480 v Substation F 801 Transformer "A"

37 k8o Vv Substation § 802 Transformer "A"

38 13.8 Kv Substation # 803-1000 KVA
Trensforrer "A"

39 13.8 Kv Substatiz-n # 803-1000 KVA

Transforrar "B"



LAUNCHING COMPLEX

Bus Code

Iy
L1
Lo
L3
Y

45
L6
k7
L8
b
50
51

52
53
5k

25
56

o1

58
59

60
61
62

63
6

65
&6
67
68
69
TO
7
T2
75
Th
75
76
7
78
79
80

e g s+ 4 e S o s s

Voltage level

L80 v
K80 v
L8c Vv
13.8 Kv
1%5.8 kv

13.8 Kv
13.8 Kv
15.8 Kv
13.8 Kv
13.8 K~
480 v

13.8 Kv

15.8 Kv
13.8 Kv
15.8 Kv

480 v
13.8 Xv
13.8 Kw

13.8 Kv
13.8 Kv

13.8 Kv
13.8 Kv
13.8 Kv
13.8 Kv

13.8 Kv

13.8 Kv
13.8 Kv
13.8 Kv
13.8 Ky
1%.8 Kv
13.8 Kv
13.8 Kv
13.8 Kv
13.8 Kv
13.8 Ky
13.8 Kv
1%.8 Kv
13.8 Kv
1%3.8 Ky
13.8 Kv
15.8 Kv

(76)

Network Location

Substation # 803 Transformer "A"
Substation # 804 Transformer "A"
Substation # 818 Transformer "A"

LBS # 725 Industrial Bus

Substation # 830-750 KVA

Transformer "B

WYE on Feeder # 610 at LBS £ 727

LBS # 727 Industrial Bus

LBS # 728 Industrial Bus

LBS # 7LO Industrial Bus

LBS # 743 Industrial Bus

Substation # 830 Trensformer "B"
Substation # 330-750 KVA

Transformer "A"

Switchgear # 703 Industrial Bus

and LBS # 721

Substation # 820 (1CC)-1500 KVA
Transformer "A"

Substation # 820 (1LCC)-1500 KVA
Transformer "B"

Substation # 820 (LCC) Transformer "A"
Switching Sta. 707 Feeder #605 Industrial Bus
Normal Switch at Emergency FPower
Cubicle £ T06

LBS # 762 Industrial Bus

WYE on Feeder # 607 between

LBS # 762 and # 729

Substation # 888-75 KVA Transformer
Substation # 887-225 KVA Transformer
LBS # 729 Industrial Bus

WYE on Feeder # 607 between LBS # 729
and S8 # 879

Substation # 882 (LCC)-112.5 KVA
Transiormer

WYE on Feeder # 607 at Substation # 876
Substation # 876-45 KVA Tvansformer
Substation § 877-45 KVA Transformer
WYE on Feeder # 6C7 at Substation # 879
WYE on Feeder # 607 at Substatiorn # 870
WYE on Feeder # 607 at Substation £ 870
Substalion # 870-300 KVA Transformer
Substation # 871-45 KVA Transformer
Substation # 873-225 KVA Transformer
Substation # 883-45 KVA Transformer
Substation # 872-300 KVA Transformer
WYE on Feeder # 607 at Substation # 872
WYE on Fezeder # 607 at Substation # 872
WYE on Feeder # 607 at Substation # 87k
Substation # 875-45 KVA Transformer
Substation # 874-4S KVA Transformer




(77)

LAUNCHING COMPLEX

Bus Code Voltage Level Network Location
81 13.8 Kv Substation # 880-300 KVA Transformer
82 15.8 Kv WYE on “eeder j 607 at Substation # 88k
83 15.8 Ky WYE on Teeder # 607 at Substation # 878
8 13.8 XKv Substation # 879-45 KVA Transformer
85 13.8 Kv Substation # 881-225 KVA Transformer
86 15.8 Ky IBS # 775 Feeder # 50k Industrial
87 1%.8 Kv IBS # 773 Feeder # 520 Instrumentation
88 13.8 Kv Substation # 821 (LCC)-1000 KVA
Tyansformer "A" '
89 13.8 Kv IBS # 774 Feeder # 520 Instrumentation
90 13.8 Kv LBS # T4 Feeder # 607 Industrial
91 13.8 Kv Substation # 821 (LCC)-1000 KVA
Transiormer "B"
92 4180 v Substation # 821 Transformer "A"
93 480 v Substation # 882 Transformer
o 480 v Substation # 876 Transformer
95 4180 v Substation # 877-45 KVA Transformer
96 480 v Substation # 870-300 KVA Transformer
97 180 V Substation # 871-45 KVA TransTormer
98 13.8 Kv Substation # 829-7500 KVA Transformer "A"
99 13.8 Ky Substation # 829-7500 KVA Transformer "B"
100 4.16 Kv Substation # 829 Transformer "A" :
101 .16 Kv Ubility Annex Motor Control Center "A" Bus
102 4.16 Kv 350 HP Synchromous Air Compressor Mctor # 2
at Utility Annex MCC-A
103 4,16 Ky 350 HP Synchronous Air Compressor Motor
# 1 at Utility Annex MCC-A
10k 4.16 Xv 2500 HP Synchronous Refrigerator # 3
at Utility Annex MCC-A
105 b 16 Kv 2500 HP Synchronous Refrigerator # b
at Utility Ammex MCC-A
106 h.16 Kv 450 HP Induction Condensate Water Pump
# b at Utility Annex MCC
107 L .16 Ky Ubility Annex Motor Control Center "B Bus
108 4 16 Kv 550 HP Induction Condensate Water Pump
% at Utility Annex MCC-B
109 4 .16 Kv 4150 HP Induction Condensate Water Pump
2 at Utility Annex MCC-B
110 4.16 Kv 4150 HP Tnduction Condensate Water Pump
Y1 at Utility Annex MCC-B
111 L.16 Ky 2500 Hp Synchronous Refrigerator # 2
at Utility Annex MCC-B
112 4.16 Kv 2500 HP Synchroncus Refrigerator # 1
at Ubility Annex MCC-B
113 4.16 Kv 450 HP Induction Chilled Water Pump # 3
at Ubility Annex MCC-B
11k L. 16 Kv 450 HP I:duction Chilled Water Pump # 2

at Utility Annex MCC-B




(78)

LAUNCHING COMFLEX

Bus Code Voltage Level Hetwork Location

115 4,16 Ky 450 HP Induction Chilled Water Pump # 1
at Beility Annex MCC-B

16 13.8 Ky WYE on Feeder # 607 at LBS # Thlk

117 13.8 Ky IBS # 745 Industrial Bus

118 13%.8 Kv LBS # T45 Instrumentation Bus

119 1%.8 Kv Substation # 814-500 KVA Transformer "B"

120 13.8 Kv LBS # Tt Imdustrial Bus

121 13.8 Kv IBS # 74h Instrumentatbion Bus

122 13.8 Kv Substation # 814-500 KVA Transformer "A"

123 480 v Substation # 814 Transformer "A"

12k 13.8 Ky IBS # 741 Industrial Bus

125 13.8 Ky Substation # 806-1000 KVA Transformer "8"

1% 13.8 Xv Substation # 808-1500 KVA Transformer "B"

127 13.8 Kv Substation # 810-750 KVA Transformer "B"

128 13.8 Kv Substation F 817-1000 KVA Transformer "A"

129 1%.8 Ky Substation # 806-1000 KVA Transformer "A"

130 1%.8 Ry Substation # 808-1500 KVA Transformer "A"

131 13.8 Kv Substation # 810-750 KVA Transformer "A"

132 13.8 Kv Substation # 817-1000 KVA Trensformer “B"

133 W80 v Substation # 806 Transformer "AY

13h L8o v Substation # 808 Transformer "AY

135 480 v Substation & 810 Transformer "A"

136 480 v Substation # 817 Transformer "B"

127 13.8 Kv Substation ¢ 807-1000 KVA Transformer "AY

138 13.8 Kv Substation # 807-1000 KVA Transformer "B"

139 15.8 Kv Substation # 809-1000 KVA Transformer MA"

140 13.8 Kv Substation # 809-1000 KVA Transfomer "B"

141 13.8 Kv Substation # 811-1000 KVA Transformer "AF

142 15.8 Kv Substation # 811-1000 KVA Transformer "B"

143 480 v Substation # 807 Transformer "A"

1l Lo v Substation # 809 Transformer "B"

145 480 v Substation # 811 Transformer "A"

k6 13.8 Kv 18S # 717 Imdustrial Bus

a7 1%.8 K 1BS # 719 Industrial Bus

148 13.8 Kv IBS # 756 M. L. Interface Industrial Bus

149 13.8 Ky IBS # 754 M. L. Interface Industrial Bus

150 13.8 Kv 1BS ¢ 727 Instrumentation Bus

151 15.8 Kv Substation # 812-500 KVA Transformer "A"

152 13.8 Ky Substation # 812-500 KVA Transformer "B"

153 15.8 Kv Substation # 816-1500 KVA Transformer “A"

154 13.8 Kv Substation # 816-1500 KVA Transformer “B"

155 13.8 Xy 1BS # 728 Imstrumentation Bus

156 480 v Substation # 812 Trunsformer "A"

157 480 V Substation # 816 Transformer “A"

158 13.8 Kv LBS # 74* Instrumentation Bus

159 13.8 Kv LBS # 755 M. L. Interface Instrumentation
Bus

160 13.8 Kv 1BS # 757 M. L. Interface Instrumentation

Bus
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LAUNCHING CQMPLEX

Bus Code Voltage Level Network Location

161 13.8 Kv LBS # 726 Industria’ Bus

162 13.8 Kv LBS # 726 Instrumentation Bus

163 13.8 Ky IBS # 751 M. L. Interface Instrumentation

164 13.8 Kv ILBS # 753 M. L. Tnterface Instrumentation

165 13.8 Kv 1LBS # 760 Industrial Bus

166 13.8 Kv ILBS # 770 Imdustrial Bus

167 13.8 v IBS # 775 Industrial Bus

168 13.8 Kv Substation # 825-150 KVA Transformer

169 13.8 XKv Substation # 824-225 KVA Transformer

170 k80 v Substation # 823 Transformer

171 480 v Substation # 82k Transformer

172 480 v Substation 825 Transformer

173 480 v Substetion # 822 Transformer

17k 13.8 Kv Substation # 826-1000 KVA Transformer

175 1%.8 Kv Substation # 827-300 KVA Trarsformer

176 480 v Substation § 826 Transformer

177 208 v Substation £ 827 Transformer

178 13.8 Kv Tnstrumentation Switchgear # TO4

179 13.8 Ky 1BS # 761 Instrumentation

180 208 v Substation # 828 Transformer

181 13.8 Kv 1200 Kw Emergency Generator

182 480 v Substation # 888 Transformer

183 4.16 Ky Substation # 924-2 Transformer

184 480 v Substation # 926 Transformer "B"

185 480 v Substation # 950 Transformer

186 480 V Substation # 1054 Transformer

187 480 V Substation # 872 Transformer

188 13.8 Kv Substation # 1054-225 KVA Transformer

189 4180 v Substation # 883 Transformer

190 L80 v Substation # 922 Trensformer "A"

191 L8 v Substation § 873 Transformer

192 13.8 Xv Switching Station # 1002 Instrumentation
Bus

193 13.8 Kv Switching Station # 1002 Instrumentation
Bus

19h L8o v Substation ¥ 874 Transformer

195 480 v Substation # 925 Transformer "B"

196 480 v Substation # 875 Transformer

197 4.16 Ky Tie between Substation # 92k-1 and
Substation # 927

198 13.8 Ky LBS # 1024 Industrial

199 13.8 Kv Substation # 878-300 KVA Transformer

200 480 Vv Substation # 678 Transformer

201 13.8 Ky Switching Station # 902 Industrial Bus # 1

202 k80 v Substation # 679 Transformer

203 13.8 Kv Switching Station # 900 Industrial Bus # 2

204 480 v Substation # 801 Transformer




(&o)

LAUNCHING COMPLEX

Bus Code Voltage Level Network Location
205 13.8 Kv Switching S+tation ¥ 900
Instrumentation Bus
206 13.8 Kv Switching Station # 902
Instrumentation Bus
207 480 v Substation # 880 Transformer :
208 15.8 Ky Substation # 884-45 KVA Transformer
209 480 v Substation # 88% Transformer
210 L80 v Substation jss? Transformer
211 13.8 Kv Substation # 831-750 KVA Transformer
212 208 V LBS # 719-225 KVA Transformer
213 hao v Substation #5 831 Transformer
214 1%.8 Kv Substation # 835-2000 KVA Transformer
215 480 v Substation # 835 Transformer
216 15.8 Ky Substation # 836-2000 KVA Transformer
217 W80 v Substation # 836 Transformer
218 13.8 Kv Substation # 837-2000 KVA Transformer
219 480 v Substation # 837 Transformer
220 13.8 Ky Substation # 838-1500 KVA Transrormer
221 480 v Substation § 838 Transformer
222 1%.8 Kv Switching Station # 900
Industrial Bus # 1
223 13.8 Kv Substation # 922-750 KVA Transformer "B"
22 13.8 Kv Substation # 922-750 XVA Transformer "A"
225 13.8 Kv Switching Station # 1002
Tndustrial B # 2
226 13.8 Kv Switching Station # 902
Industrial Bus # 2
227 480 v Substation # %2 Transformer "B"
228 15.8 Kv MSE Power Interface Pad A
Industrial Bus § 1
229 15.8 Kv Substetion F 839-300 KVA Transformer
250 Lo v Substation # 8%) Trans®ormer
231 13.8 Ky Substation # 952-2, 2500/3125 KVA
Transformer
2%2 480 v Substation # G52-7 Transformer
233 13.8 Ky Substation § 952-1, 2000 KVA
Transiormer
23k k8o v Substacion # 9935 Transformer
235 15.8 Ky Substotion # 953-300 KVA Transformer
236 13.8 Ky Substition # v 1-2000 KVA Transformer
237 480 v Substotion # 951 Transformer
238 13.8 Kv Substetion # 950-0000 KVA Transforusr
239 13.8 Xv Suhstation # 926-750 KVA
Trans ymer "A"
240 23,8 Kv Substation # %26-750 KVA
Transformer "B"
2h1 480 v Substwtivi. # 9% Transformer "A"
242 13.8 Kv Substution # ,25-1000 KVA

Trans: ormer "B"
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LAUNCHING CCMPLEX

Bus Code Voltage Level Network Location

243 Lo v Substation # 925 Transformer "A"

ayh 15.8 Kv Substation # $25-1000 KVA
Transformer A"

oks 13.8 Kv Substation # o2k-1, 2500 KVA
Transformer A"

2h6 4,16 Kv Substation # 92k-1 Transformer

ak7 13.8 Kv Substation # 92k-2, 2500 KVA
Transformer "B"

248 13.8 Kv Substation # 927-1500 KVA Transiormer

2hg .16 Kr Substation # 927 Transformer

250 13.8 Kv Substation # 921-750 KVA
Tyansrormer "B

251 13.8 Kv Substation # 920-500 KVA
Transformer "B"

252 13.8 Kv Substation # 921-750 KVA
Transformer "A"

253 480 v Substation # 920 Transformer "A"

254 480 v Substation # 921 Transformsr "A"

255 13.8 Kv Substation # 954-300 KVA Transformer

256 203 V Substation ¥ 954 Transformer

257 13.8 Ky 1BS # 929 Instrumentation

258 480 v Substation § 929 Mobile Launcher
Industrial Transformer

259 L8 v Substation # 929 Mobile Launcher
Instrumentation Transformer

260 LOV Substation # 923 Mobile Service
Structure Transformer "A"

261 13.8 Kv Substation # 623 Mobile Service
Structure 2000 KVA Transformer "B

262 13.8 Ky Switching Station # 1001 Instrumentation
Bus

265% 13.8 Kv Swit;;/ning Station # 1001 Industrial
Bus 1

26h 13.8 Ky Switching Station # 1001 Industrial
Bus # 2

265 15.8 Kv Substation # 1050-2000 KVA
Transformer "B"

266 480 v Substation f 1050 Transformer

267 13.8 Kv Substation # 1050-2000 KVA Transformer "A"

268 13.8 Ky Svbstation # 1030-750 KVA Transformer

269 480 v Substation # 1030 Transformer

270 480 Vv Substation # 1029 Transformer

271 13.8 Kv Substation # 1029-750 KVA Transformer

272 1%.8 Kv Substation # 1023-500 KVA Transformer 2

273 480 v Substation # 1023 Transformer 2

27 13.8 Kv Substazion # 1023-500 KVA Transformer 1

275 13.8 Kv Substation # 1053-300 KVA Transformer

276 8o v Substation # 1053 Transformer

277 480 V Substzvion # 1052 Transformer 2
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LAUNCHING COMPLEX

Bus Code Voltage Level Network Location

278 15.8 Xv Substation # 1053-2500 KVA
Transiormer 2

279 13.8 Ky Substation # 1053-2500 KVA
Transformer 1

280 13.8 Kv Substation # 1031-1500 KVA Transformer

281 L80 v Substation # 1031 Transformer

282 L8 v Substation # 1032 Transformer

283 13.8 Ky Substation # 10%2-1500 KVA Transformer

o8l 13.8 Kv Tie Feeders # 606 end # 612 For Mobile
ILauncher Power Interface

285 13.8 Kv Substation # 1020-2500 KVA Transformer

286 b.16 Kv Substation # 1020 Transformer

287 h.16 Kv Substation # 1020 Tie Between Substation
# 1020 and Substation # 1021

288 13.8 Kv Substation # 1021-2500 KVA Transformer 1

289 13.8 Kv Substation 51021-2500 KVA Transformer 2

290 13%.8 Ky Substation # 920-500 KVA Transiormer "A"

291 h80 v Substation # 920 Transformer "B"

292 L8 v Substation # 921 Transformer "B"

293 h8o v Substation # 923 Mobile Service
Structure Transformer

2gh h8o v Substation # 1050 Transformer "A"

295 4180 V Substation # 1023 Transformer 1

296 480 V Substation # 1052 Transformer 1

297 h.16 Kv Substation # 1021 Transformer 1

298 L.16 Kv Substation # 1021 Transformer 2

299 13.8 Ky Tndustriel Switchgear # 701

300 13.8 Kv Switehing Station # 707 Feeder # 611
Industrial Bus

301 13.8 Kv Industrial Switchgear # 702

302 15.8 Kv Tnstrumentation Switchgear # 705

305 13.8 ¥v IBS # 772 Industrial

304 h.16 Kv Substation # 829 Utility Annex
Trapsformer "B"

305 480 V Substation # 833 VABR Transformer "B"

306 480 v Substation # 8%0 Transformer “B"

307 L80 V Substation # 80C Transformer "B"

308 480 v Substation # 802 Transformer "B"

309 480 v Substation # 80k Transformer "B"

310 L80 V Substation # 818 Transformer "B"

311 480 v Substation # 820 LCC Transformer "“B"

312 480 V Substation # 806 Transformer “B"

313 480 v Substation # 808 Transformer "B"

31h 480 v Substation # 810 Transformer "B"

315 480 v Substation # 817 Transformer "A"

316 480 v Substation # 801 Transformer "B"

317 80 v Subste cion i 803 Transformer "B"

318 480 v Substetion £ 821 LCC Transformer "B"

319 L80 V Substation # 814 Transformer "B"

320 480 v Substation # 807 Zransformer "B"

z21 480 V Substation # 80y Transformer "A"

300 h8o v Suostetion # 811 Transformer "B"

%23 480 v Substz ion # 812 Transformer "B"

52l 480 v Subst. ion # 8l6 Transformer "B"




(83)

LAUNCHING COMPLEX

Bus Code Voltage Level Network Location
325 13.8 Kv LBS # 928-2
326 13.8 Kv MSS Interface Pad A Industrizl
Bus £ 2
307 L80 v Substation # 950 Tie Between Substation
# 950 and Substation # 951
528 4.16 Ky Substation # 92L-1 Tie Between
Substaticn # 924-1 and Substation # 927
329 480 v Substation # 952 Transformer
330 L8o v Substation # 952 Tie Between
Substation # 952 and Substation # 953
331 480 v Substation # 1030 Tie Between
Substation # 1030 and Substation # 1029
332 k8o Vv Substation # 1032 Tis Between
Substation # 1032 and Substation # 1031
533 k80 v Substation # 105% Tie Between
Substation # 1053 and Substetion # 1052
33k 4,16 Kv 2500 EP Induction Lox Pump at
Substation # 1021-1
335 4,16 Kv 200 Hp Induction Lo.. Pump at
Cubstation ¥ 1021-1
336 480 v 75 KVA Clutch Transformer at Substation
1021-1 ,
337 4,16 Ky 2500 HP Induction Lox Pumn at
Subs"2tion # 1021-2
338 b .16 Kv 2’00 HP Induction lLoc Pump at Substation
1021-2
339 k8o v ;{f KVA Clutch Traasformer at Substation
1021-2
340 13.8 Kv Substation # 828-225 KVA Transformer
31 13.8 Kv Substation # 822-112.5 KVA Transformer
30 15.8 Kv Substation # 823-225 KVA Transformer
U 4.16 Kv 1000 P Induction ML Water Pump at
Substation # 927
Bl 4,16 Kv 500 HP Induction Pirex Pump at
Substatiza # 927
345 480 ¥ 75 K?ﬁ'ﬁ. Clutch Transformer at Substation
92k-1
346 480 v 7 KXA Clutch Trznsformer at Substation
gol -0
W7 4,16 Kv 2500 HP Induction Lox Pump # 1 at
Substation # 92k-1
348 4,16 Kv P00 HP Induction Lox Pump # 2 at
Substation # 92k-1
349 4 .16 Kv 2500 K} Induction lox Pump # 2 at
Substation # ¢2h-2
350 k16 Kv 330 HP Induction Lox Pump # 1 at
Substation # 92h-2
351 4.16 Kv 1000 T Induction ML Water Pump at
Substation # 1020
352 4,16 Kv 40O HP Tnductior irex Pump at
Substa‘ lon # 1020
393 13.8 Kv Substa- lon # 929 ML Instrumentation

W0CO KXV Transformer




(8k)

LAUNCHING COMPLEX

Bus Code Voltage Leyel Netwerk Location

354 thru 369 k80 V Substation # 952 Low Voltage Network
370 480 v Substation # 953 Low Voltaze Network
371 thru 373 480V Substation # 952 Low Voltage Network
L k8o v Substation # 926 Low Voltage Network
375 Not Used

376 430 v Substation # 926 Low Yoltage Network
377 thru 379 480V Substation # 922 Low Voltage Network
380 480 v Substation # 925 Low Voltage Network
381 W8o v Substation # 920 Low Voltage Network
382 W80 v Substation # 921 Low Voltage Network
38% 480 v Substation # 950 Low Voltege Network
%8 k8o v Substation # 951 low Voltage Network
385 W80 v Substation # 954, 150 KVA Transformer
386 thru 391 208 V Substation # 954 Low Voltage Network
392 thru 409 L8OV Substation # 800 Low Voltage Network
410 L8o v Substation # 807-100HP Chiller

W11 thru 417 480 ¥ Substation # 801 Low Voltage Network
b18 480 v Substation # 871 Low Voltage Network
L1g 208 v Substation # 871 Low Voltage Network
420 thru 422 L8O ¥V Substation # 870 Low Voltage Network
ko3 208 ¥ Substation # 870 Low Voltage Network
Yol thru 436 k80 V Substation # 802 Low Voltage Network
437 thru 451 LBO V Substation # 803 Low Voltage Network
452 thru 457 L8OV Substation ¢ 812 Low Voltage Network
458 480 v Substation # 883 Low Voltage Network
hsg 208 V Substation # 883 Low Voltage Network
460 thru k65 LBO ¥V Substation # 873 Low Voltage Nebwork
166 thru 468 L4BO V Substation # 872 Low Voltage Network
469 203 v Substation # 872 Low Voltage Network
470 thru 477 48OV Substation # 80k Low Voltage N.twork
478 thru 481 48 V natation # 87h Low Voltage Network
482 480 v Substation £ 875 Low Voltage Retwork
L83 208 V Substation # 875 Low Voltage Network
b8k thru 496 L4BO V Substation # 806 Low Voltage Network
L87 thru 504 k80 V Substation # 807 Low Voltage Network
505 W80 v Substation & 877 Low Voltage Network
506 208 V Substation # 877 Low Voltage Network
507 thru 509 480 V Substation # 876 Low Voltage Network
510 ‘ 208 V Substation # 876 Low Voltage Network
511 thru 515 480 V Substation : 809 Low Voltag: Network
516 208 v Substation # 808 Low Voltage Networ
517 thru 524 480 V Substation # 808 Luw .oltage Network
525 208 ¥ Substation # 808 Low Voltage Network
526 h80 V Substation # 808-100 HP Chiller

527 thru 539 480V Substation ¥ 809 Low Voltage Network
540 thru Sk5 480V Substation # 314 Low Voltage Network
546 480 v Not Used

547 208 v Substation # 679 Low Voltege Network



LAUNCHING COMPLEX

Bus Cede Veoltage Level Netwo:'x Location

548 thru 550 L8O V Substztion # 878 Low Voitage Hetwork

551 208 v Substation # 878 Low Voltage Network

552 thru 557 480 V Substation # B81 Low Voltage Network

558 thru 570 L8 V Substetion # 810 Low Voltage Network

571 thru 579 480 V Substetion # 811 Low Voltage Network

580 thru 583 U480 V Substation # 8830 Low Voltage Network

584 208 V Substation # 884 Low Voltage Network

585 L8o v Substation # 884 Low Voltage Network

586 thru 595 L80 V Siubstation j 818 Low Voltage Network

596 thru 601 480 v fubstation # 816 Low Voltage Network

602 thru 609 480V Substation # 817 Low Voltage Network

610 thru 611 480 v Substation # 887 Low Voltaze Network

612 thru 614 W80 V Substation # 887 and Substation # 818
Low Voltage Network

615 thru 619 L& V Substation # 830 Low Voltage Network

620 480 v Substation # 830-125 HP WC Fan # 5

621 480 v Substation # 8%0-125 HP WC Fan # 6

622 480 v Substation # 830-75 HP WC Tan # 1

623 L8o v Substation # 830 Low Voltage Network

62k 480 v Substation # 8%0-75 HP WC Fan # 2

625 L8o v Substation # 63%0-75 HP WC Fan j5

626 480 v Substation # 830-75 HP WC Fan # 4

627 480 v Substation # 8%3 Low Voltage Network

628 Not Used

629 Not Used

630 Hot Used

631 480 v Substation # 833 Low Voltage Network

632 480 v Substation # 822 Low Voltage Network

633 thru 637 480V Substation # 823 Low Voltage Network

638 480 v Substation # 825 Low Veltage Network

630 thru 640 480 V Substation # 839 Low Vcltage Network

641 thru 643 208V Substation # 827 Low Voltage Network

Gt 208 Vv Substation # 828 Low Voltage Network

645 thru 649 208 v Substation # 831 Low Voltage Network

650 thru 651 480 V Substation # 831 Lov Voltage Network

652 480 v Substation # 832 Loir Voltage Network

653 thru 654 480 V Substation # 819 Lor Voltage Network

655 thru 657 480V Substation # 838 Lo Voltage Network

658 208 v Substation # 826 Lo Voltage Network

659 480 v Substation # 826 Lo Voltage Hetwork

660 L80 v Substation # 1054 I ~ Voltage Network

661 thru 663 480 V Substation # 820 LCC Low Voltage Nhetwork

664 208 v Substetion # 820 LeC Low Voltage Netwoil:

665 thru 666 k80 V Substation # 820 1.0C Low Voltage Network

667 208 v Substation # 820 LCC Low Voltage Network

668 thru 678 U480 Vv Substation # 820 I4C Low Voltage Network

672 208 v Substation # 820 LCC Low Voltage Nebtwork

€673 thru 678 480 ¥V Substation # 821 1CC Low Voltage Network

679 208 v Substation # 821 LCC Low Voltace Network

6380 L8o v Substation # 832 Low Voltage Network




(86)

LAUNCHING COMPLEX

Bus Code Voltage Level Network Location

681 Not Uced

682 480 v Subst:.tion # 835

683 L80 v Substobion # 836 Low Voltage Network

684 Not Used

685 L8o v Substation # 836 Low Voltage Network

686 480 v Substation # 836 Low Voltage Network

687 Not Used

688 k8o v Substation # 836 Low Voltage Network

689 thru 691 L8O V Substation # 1052 Low Voltage Network

692 208 v Substation # 1052 Low Voltage Network

693 thru 696 L8o Vv Substation # 1052, Low Voltage Network

697 480 v Substation # 1052 Low Voltage Network

698 thru 701 LB V Substation # 1052 Low Voltage Network

702 thru 70k 480 V Substation # 1032 Low Voltage Network

705 Not Used

706 thru 707 480 V Substation # 1031 Low Voltage Network

708 208 V Substation j 1031 Low Voltage Network

709 k8o v Substation ¥ 1029 Low Voltage HNetwork

710 thru 711 k80 Vv Substation # 103C Low Voltage Network

712 208 V Substation # 1030 Low Voltage Network

713 L80 v Substation # 1030 Low Voltage Network

71k thru 715 208 V Substation # 1021 Low Voltage Network

716 thru 717 Not Used

718 thru 719 kB0 V Substation j 1050 Low Voltage Network

720 thru 722 LBV Substation # 1052 Low Voltage Neswork

723 thru 729 Not flsed

T30 L8 v Substation # 952 Low Voltage Network

731 L8o v Substation # 922 Low Voltage Network

732 thru g00 Hot Used

o201 15.8 Kv IBS # 742 No Tie with LBS # 725

902 13.8 Kv IBS # 928 ML Interface

903 13.8 K IBS # 722 MSS Interface’

90k 13.8 Kv Switching Station # 1002 - No-CB to ML
Ind, Interface from Ind. Bus # 2

905 15.8 Kv Mi, Power Interface Feeder from Switching

Station # 1002 Instrumentation Bus




(87)

LAUNCHING COMPLEX

Bus Code Voltage Level Network Location

2026 13.8 Kv Univ. Camera Pad # 12, 75 KVA
Transiormer

2098 13.8 kv Signal System Traffic, 15 KVA
l¢ Transformey

2099 120/240 ¥ Signal System Traffic Transformer

2101 120/2k0 ¥ Consv. Stor H5-157L, 25 KVA
19 Transformer

2102 13.8 Kv Consv. HQ H5-1721, 50 KVA
1§ Transformer

2103 120/2k0 V Consv. HG H5-1721 Transformer

210k 13.8 Kv Univ. Camera Pad # 13, 3 x 15 KVA
Tranzrormers

2105 208 v Univ, Camers Pad # 13, 3 x 15 KVA
Transiormers

2106 13.8 Kv S4HTO-H4~1723, 10 KVA 1p Transformer

2107 120/20 V SEWTQ-H4-1725, 10 KVA 1§ Transformer

2108 1%.8 Kv Temp Guard Shack, 5 KVA 1¢
Transformer

2109 120/240 V : Temp Guard Shack, 5 KVA 1¢
Transformer

2110 15.8 Kv Railrosd Crossing, 10 KvA 1§
Transformer

2111 120/2L0 v Railroad Crossing, 10 KVA 1§
Transformer

2112 13.8 Kv Consv. Stor. H5-1571, 25 KVA
l¢ Transformer

2113 13.68 Kv Mosquito Control Pump, 3 x 37.5 KVA
Transformers

2114 208 V Mosquito Control Pump, 3 x 37.5 KVA
Transformers

2115 13.8 Kv Railroad Signal, 10 KVA 1§ Transformer

2116 120/2k0 V Railroad Signal, 10 KVA 1§ Transformer

2117 15.8 K¢ Consy. Bldg. H5-ildd, 15 KVA 19
Tr.asformer

2118 120/240 V Con.y, Bldg. H5-1kLL, 15 KVA 1§
Transiormer

2119 Not Used

2120 ot Used

2121 13.8 Kv H559, 3 x 15 KVA Transformers

2122 480 v H559, 3 x 15 KVA Transformers

2123 13.8 Ky H583, 25 KVA 1§ Transformer

2124 120/2k0 v H58%, 25 KVA 1 Transformer

2125 13.8 Xv Rec Area, 15 KVA 1§ Transformer

2126 120/2h0 V Rec Area, 15 KVA 1§ Transformer

2127 13.68 Kv Halouver Canal Eh-241h, 3 x 25 KVA
TransTormers

2128 LBO V Halouver Canal Eb-2h1L, 3 x 25 KVA
Trans srmers

2129 15.8 Kv SLWTI0, 10 KVA 1§ Transformer

2130 120/240 V S5LWTIO, 10 KVA 1 Transformer



(88)

LAUNCHING COMPLEX

Bus Code Voltage Level Network Logation

2131 13.8 Kv 185 # 307 and Univ, Cam Pad f k4,
75 KVA Transformer

2132 208 Vv Uniy. Cam Pad # b Transformer

2133 13.8 Kv IBS # 308 and Univ. Cam Pad # 7,
75 KVA Transformer

2134 208 v Univ. Cam Pad # 7 Transformer

2135 1%.8 Kv LBS # 310

2136 208 V Univ. Cam Pad # 12 Transformer

2137 13.8 Kv W80, 3 x 15 KVA Transformers

2138 208 v W80, 3 x 15 KVA Transformers

2139 13.8 Kv Astro Beach House, 15 KVA 1§
Transformer

2140 120/240 V Astro Beach House, 15 KVA 19
Transformer

21k 13.8 Kv WOL-10 KVA 1§ Transformer

2142 120/240 V Wol-10 KVA 1§ Transformer

2143 13.8 Kv Temp Gate f 6, 10 KVA 1§
Transformer

214k 120/240 V Temp Gate # 6, 10 KVA 1¢
Transformer

2145 13.8 Ky N226, 10 KVA 1§ Transformer

21h6 120/2k0 v NR26, 10 KVA 1§ Trensf-rmer

2147 1%.8 ¥v Univ. Cam Pad # 5, 45 KVA Transformer

2148 208 V Unjv Cam Pad # 5, 45 KVA Transformer

2149 15.8 Kv 500WEL, 3 x 25 KVA Transformers

2150 208 v S500WTL, 3 x 25 KVA Transformers

2151 15.8 Kv IBS # %04 and Univ Cam Pad # 16,
b5 KVA Transformer

2152 208 V Univ Cam Pad # 16 Transf ormer

2153 13.8 Ky GGO-100, NO Switch to FPLCO

2154 Not Used .

2155 13.8 Ky G892-K¢ Fused Switch

2156 13.8 Ky G883-NC Fused Switch

2157 13.8 Ky G812

2158 13.8 Kv G811-NC Fused Switch

2159 15.8 Ky G802

2160 13.8 Kv H501.

2161 13.8 Kv Wilson Recloser

2162 13.8 Ky High Resolution Tracker # 1, 45 KVA

2163 13.8 Kv LBS £ 305

2164 13.8 Ky 1260

2165 13.8 Kv Playlinds Sectionalizer

2166 13.8 Ky LBS # 309

2167 13.8 Kv W79

2168 13.8 Kv W73IF-No-Fused Switch to CKAFS

2169 15.8 Kv H50L '

2170 thru 2171 13.8 Ky Industrial Area System

2172 13.8 Ky SLWWT8, J6-1869, 15 KVA 1f Transformer



(89)

LAUNCHING COMPLEX

Busg Code Voltage Level Network Location

2173 120/240 V SUWTS, J6-1869, 15 KVA 1P Transformer

2174 thru 2196 Industrial Area System

2197 15.8 Kv FCA Mobile Site, 25 KVA 1§
Transformer

2198 120/240 V FCA Mobile Site, 25 KVA 1§
Transformer

2199 13.8 Ky Upniversal Cam Pad # 1k, 15 KVA
Transformer

2200 208 Vv Universal Cam Pad # 1k, 45 KVA
Transformer

2201 13.8 Kv Van Area, 112 1/2 KVA Transformer

2202 208 V Van Area, 112 1/2 KVA Transformer

2203 208 v High Resolution Tracker # 1
Transformer

2204 13.8 Kv Weather Substation "B", 75 KVA
Transformer

2205 208 Vv Weather Substation "B", 75 KVA
Transformer

2206 thru 2209 208 V Industrial Area System

2210 13.8 Kv LBS # 303

2211 13.8 Kv LBs # 302

2212 thru 2914 Industrial Area System

2915 13.8 Kv LRBS # 301-No Switch to 3 x 167 KVA
Voltage Regulators

2916 13.8 Kv Fuse Switch on Tie between G 802
and H 501

2917 13.8 Kv Tie between G 802 and H 501

Normally cpen



TDUSTRIAL AREA

Bus Ccde

L
2008

2009

2010
2011

2012
2013
201k
2015
2016
2017
2018
2019
2020
2021
2022
2023
202k
2025
2026
2027
2028
2029
2030

2031
2032
2033
2034
2035
2036
20357
2038
2039
2040
2041
20k2
2043
2044
2045
20k6
2047
2048
2049
2050

Voltage Level

115 Kv

13.2 Kv
15.2 Kv
13.2 Kv
13.2 Kv
13.2 Ky
13.2 Kv
13.2 Kv
13.2 Kv
13.2 Kv
135.2 Kv
13.2 Kv
13.2 Ky
13.2 Ky
135.2 Ky
1%.2 Ky
13.2 Ky
13.2 Ky
15.2 Ky
13.2 Ky
13.2 Ky
13.2 K¥r
13.2 Kv
13.2 Ky
13,2 Ky
13.2 Kv
13.2 Ky
13.2 Kv
13.2 Ky
13.2 K
13.2 K
13.2 Ky
13.2 Kv
13,2 Ky
13.2 Kv
13.2 Kv
13.2 Ky
135.2 Ky
15.2 Kv
13.2 Kv
135.2 Ky
15.2 Kv
13.2 Ky

Network Location

Orsino Subgstation - FPLCO Primery Loop
Orsino Substation - Main Industrial
Bus # 1

Orsino Substation - Main Industrial
Bus # 2

Not Used

Orsinc Substation
Bus

LES # 54

LBS # 9

LBS # 45
LBS # 22

IBS # 1

WYE on FD # 202 at MH 37

WYE on FD # 20% at MH 37

IBs £ 56

WYE on FD # 209 at MH 19

IBS # 15

WYE on FD # 205 at MH 38

WYE on FD # 20k at MH 38

1Bs # Lh

LBs # 38

Launching Complex System

Substation CRB - NC Fuse Switch

CKAFS Power Interface Switching Cubicle
LBS # 55

Visitors Information Center

750 KVA Transformer

OCR Recloser

1LBS # 52

1BS # 53 .

IBS # 60, CLF M6-342 Primary Bus

IBS # L

C1lF Antenpa Site Primary Bus

1BS # 24

RF Systems Test FAC, 750 KVA Transformer
1BS # 25

ECS # 1, 500 KVA Transformer

1S # 1, 500 KVA Transformer

LBs # 26

Fluid Test Support, 225 KVA Transformer
Fluid Test Support, 500 KVA Transformer
IBs £ 27

Hypergdlic Test j 2, 750 KVA Transformer
HypergclicTest § 1, 500 KVA Transiormer
LBS # 23

Cryoienic Test # 1, M7-1412, 150 KVA

Main Tnstrumentation

1

13S # 34



(91.)

TNDUSTRIAL AREA

Bus Code Voliage Level Netweork Location

2051 13.2 Ky IBS # 51

2052 13.2 Kv Cryogenic Test # 2, M7-1410, 300 KVA
TyansZormer

2053 13.2 Ky OCR # 13-14 Recloser

2054 13.2 Kv Ordnance Lab, M7-1417, 225 KVA
Transiormer

2055 13.2 Kv L8s # 35

2056 13.2 Kv Pyrotechnic Inst. M7-1469, 1000 KVA
Transiormer

2057 1%.2 Ky LBS £ 57

2058 13.2 Kv Ordrance Stor. Bldg. M7-1472, 150 KVA
Transformer

2059 13.2 Ky Reclosure By-Pass and East Repeater
# 1, 3 x 25 KVA Transformers

2060 13.2 Kv ILBS # 2

2061 13.2 Kv Central Supply Complex M6-695,
150 KVA Transformer

2062 15.2 Ky Service Station, 15 KVA 1§ Transformer

2063 13.2 Ky LBS # 11 '

2064 13.2 Kv Fire Station, 112 1/2 KVA Transformer

2065 13.2 Ky 1LBS # 12

2066 135.2 Kv Central Supyly FAC M6-Thl, 300 KVA
Transformer

2067 13.2 Ky Central Supply Annex, 300 KVA
Transformer

2068 13.2 Ky Heat Plant M6-595, 300 KVA Transformer

2069 13.2 Ky Sewage Plant Off, M6-895, 112 1/2 KVA
Transformer

2070 13.2 Ky LBS £ 49

2071 13.2 Kv 1BS # 3

2072 13.2 Kv Paint and 0il Stor. M6-894, 45 KVA
TransTormer ’

2073 13.2 Kv Supply Whouse, M6-79k, 300 KVA
Trans{ormer

2074 13.2 Ky Cam. Mein and Stor, M6-791, 300 KVA
Transformer

2075 13.2 Kv LBS # 16

2076 135.2 Ky Auto Venicle M6-688, 300 KVA Transformer

2077 13.2 Kv Security Patrol, M6-589, 112 1/2 KVA
Transformer

2078 13.2 Ky 1BS # 7

2079 13.2 Kv 1BS # 13

2080 13.2 Kv LBS # 13

2081 13.2 Kv WYE or FD # 202/203 at MH # 79

2082 13.2 Ky WYE on TD # 202/203 at ME # 80

2083 13.2 Kv LBS # 15-No Switch on FD # 212

2084 15.2 Kv KSC Headquarters USS # 2D, 1500 KVA
Trans ormer

2085 15.2 Ky KSC Hcazdquarters USS # 1B, 1500 KVA

Transf ymer



TNDUSTRIAL AREA

Bus Code Voltage Level
2086 thru 2091 13.2 Ky
2092 480 v
2093 13.2 Kv
2094 13.2 Kv
2095 L8o v
2094

2097 13.2 Kv
2100 13.2 Kv
2098 thru 2169

2170 13.2 Kv
2171 120/240
2172 thru 2173

217k 13.2 Kv
2175 120/240
2176 13.2 Ky
2177 120/240
2178 13.2 Ky
2179 208 v
2130 13.2 Kv
2181 120/2k0
2182 13.2 Kv
2183 120/240
2184 1%.2 Kv
2185 120/240
2186 13.2 Kv
2187 208 v
2188 13.2 Kv
2189 480 v
2190 L80 Vv
2191, 13.2 Kv
2192 480 v
2193 13.2 Kv
2134 208 v

(92)

Netwcerk Location

Indian River System

Unified S Band M5-15hlt  Utility Box
Unified S Band, 500 KVA Transformer
Unified S Band, 750 KVA Transformer
Visitors Information Center Transformer
Indian River Systenm

Primary Bus of Unified S5 Band Transformer
Orsiro Critical Bus

Launcning Complex System

1BS # 48 and S4WT6-15 KVA 1p
Transformer

SWWTE, L6-75 Transformer

Launcihing Complex System

LBS # 36 and S54WT5-N6-2274, 15 KVA

19 Transformer

5LWT5 Transformer

LBS # 73 and Guard House 13 KVA

l¢ Transformer

Guaréd House Transformer

LBS # 10 and Soutn Repeat St

112 3/2 KVA Transformer

Sewage Treatment Plant 45 KVA
Transioymer

Cathodic Protection 15 KVA 18
Transformer

Cathodic Protection 15 XVA 1
Transiormer

Reclarstion Off, 15 KVA 1§ TransTormer
Reclaration OFf, 15 KVA 1¢ Transformer
Reclamation Bldg. M6-1671, 37 1/2 KVA
l¢ Transformer

Reclaration Bldg. M6-167L, 37 1/2 KVA
1¢ Transformer

iBS # 50 end Universal Camera Pad # 18,
T5 KVA Transformer

Universal Camera Pad # 18 Transformer
Fregueacy Control L5-683, 500 KVA
Transformer

Frequeacy Control 5-683, 500 KVA
Tra+us: ormer

Tyaffiz Control 75 KVA Transformer

WYE or ¥D # 211 at MH 165 and Water
Punp Station

Water Pump Station 112 1/2 XVA
Transiormer

Pass ard I.D. Blag. NC-1009 75 KVA
Transr imer

Pass a:d I,D., Bldg. NC-100& 75 KVA
Trans?:rmer



(93)
TNDUSTRIAL AREA

Bus Code Volitage Levyel Network Location

2195 13.2 Kv OCR-11-12 Reecloser

2196 208 v South Repeat Station 112 1/2 KVA
Transformer

2197 thru 2205 Launching Complex System

2206 thru 2207 Not Used

2208 13.2 Kv Sand Blasting FAC 3 x 50 KVA
Transformers

2209 480 V Sand Blasting FAC MG-1622 Transformer

2210 thru 2211 Launching Conplex System

2212 thru 2213 fot Used

221k 13.2/13.8 Ky 3 x 167 KVA Volitage Regulators
Industrial Area-launching Complex
Interface

2215 13.2 Kv LBS # 47

2216 135.2 Kv P8 Fused Switch

2217 13.2 Kv Sewage Treatment Plant 45 KVA
Transformer

2218 13.2 Ky IBS # 43 and Univ Cam Pad # 15,
75 KVA Transformer

2219 208 V Univ Cam Pad £ 15 Transformer

2220 15.2 Kv 5hWT0, L7-988, 3 x 37 1/2 KVA
TransfTormers

2201, 480 v 54 WIl, L7-588, 3 x 37 1/2 KVA
Transforners

2222 13.2 Kv FCA Mobile Site 1, L7-2242, 25 KVA
l¢ Transformer

2223 120/240 V FCA Mobile Sitel, L7-2242, 25 KVA
1 Transformer

222k 13.2 Kv IBS # 4o

2005 120/2Lk0 V SLWT2, M7-33%5, 15 KVA 1§ Transformer

2226 208 vV Universal Cam Pad # 2, 75 KVA
Transformer

2027 208 V East Repeater # 1, 3 x 25 KVA
Transf{ormers

2228 13.2 Ky News Center 500 KVA Transformer

2229 208 v News Center Transformer

2230 13.2 Kv WYE on FD # 208 and Primary Bus
Supply and GSE Serviee

2231 %8c v Supply and GSE Service Transformer # 2A

2030 L8o v Supply and GSE Service Transformer # 1A

2233 13.2 Kv WYE on FD # 205 apd Primary Bus Supply
Shipping West

223 208 V Supply,Shipping West Transformer # 2

2235 480 v Supply ,Shivping West Transformer # 1

2236 13.2 Kv Fiight Crew Training 10C0 KVA
Transformer S55-B

2237 13.2 Ky Flight Crew Twaining SS-C and A

Transformers



P~
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INDUSTRTAL AREA

Bus Oode Voltage Level
2238 480 v
2239 208 V
2240 480 v
2041 13.2 Ky
ooh2 L80 V
2243 13.2 Kv
2ohh 13.2 Ky
2015 1%.2 Kv
2246 13.2 Xv
2047 13.2 K
2248 1%.2 Ky
22h9 13.2 Ky
2250 480 v
2251, 480 v
2052 480 v
225% 480 v
2p5h L8 v
2255 k80 Vv
2256 L80 v
2257 480 Vv
2258 480 v
2859 480 v
2260 208 ¥
2261 480 v
2062 208 v
2263 L80 v
2264 480 Vv
2265 208 v
2266 208 v
2267 13.2 Kv
2268 k8o v
2269 k80 v
2270 480 v
2271 2.4 Ky
2272 13.2 Ky
2975 2.4 Ky
2274 2.0 Ky
2275 480 Vv
2276 208 v
2277 208 v

Network Location

Flight Crew Training SS-A
Transformer (1500 KVA)

Flight Crew Training Transformer
$5-B (1000 KVA)

Flight Crew Training S5-C
Transformer (750 KVA)

WYE on FD # 208 and Orsino Bridge
(Bast) 112 1/2 KVA Transformer
Orsino Bridge (East) M7-1150
Transformer

IBS i 23

LBS ,ﬁ 20

LBS & 17

1BS # 21

IBS # 39

IBS # b1

IBS # ke

Fiuid Test Support Transformer # 2
(500 KvA) .
Fluid Test Support Transformer # 1
(225 KvA)

ECS j 1 Transformer jl (500 Kvag
ECE & 1 Transformer # 2 (500 KVA
RF Systems Test FAC Transformer
Hypergolic Test §f 2 Transformer
Hypeargolic Test # 1 Transformer
Cryogenic Test # 2 Transformer
Ordnance Iab 'Transformer
Pyrotechnic Instal Transformer
Ordnance Storage Transformer
Sewage Plant OFff Transformer
Paint and 0il Storage Transformer
Supply Warchouse Transformer

Commn Maint and Stor, Transformer
Aute Vehicle Maint,

Security Patrol

IBS £ T0

Genervator # 1 300 KVA Transformer
Generator Subsbtation 750 KVA
Transformer

CiF M6-342, 500 KVA Transformer
Chillers # 1 and # 2 at CIF

C1F 1500 KVA Transformer # O

C1F 1500 KVA. Transformer # 8

CL¥ 1500 KVA Transformer # 7

CLF 2000 KVA Tyansformer # 6

C1F 1000 KVA Transformer # 5

C1F 1000 KVA Transformer # b




(95)

INDUSTRIAL AREA

Bus Code Voltage Leyvel Nebtwork Location

2278 1%.2 Ky IBS # 69 and Primary Bus FD # 102
at CL¥ .

2279 13.2 K IBS # 69 and Primary Bus FD # 103
at C1F . .

2280 13.2 Ky IBS # 71 N.C. Switch

2081 13.2 Kv CIF 1000 KVA Transformer # 3

2082 208 V C1F 1000 KVA Transformer f 3

2283 13.2 Ky G1F 1000 RVA Trensformer # 2

228 208 V C1F 1000 KVA Transformer # 2

2285 13.2 ¥Xv CiF 1000 KVA Transformer # 1

2286 208 v C1F 1000 KVA Transformer # 1

2087 13.2 Kr BS # 5

2288 13.2 Kv IBS # 12

2289 2.4 Ky Chiller # 3 at CLF

2250 2.l Ky Chillers # 1 and # 2 Starters

2201 2.4 By Substation TOA" Bus

2292 480 v Substation MOBY 1000 KVA Transformer

2293 13.2 Kv FD # 202 Primsry Bus at Substation ™0A"




INDUSTRTAL AREA

Bus Code

220k
2205

2296
2297

2298
2299
2300
2301
2302
2303%
230k
2305
2306
2507
2308
2309
2310
2311
2312
2313
251k
27315
2316
2317
2318
2319
2320
2321
2322
2323
2352k
2525
2326
2327
2328
2309
2330
2331,
2332
2333
2334
2335

2336

Voltage Level

1%.2 Ky
13.2 Ky

135.2 Ky
2.h Xy

2.4 Ky
13.2 Xxr
208 v
13.2 Ky
LW80 Vv
13.2 Kv
208 v
13.2 Kv
208 v
13.2 Kx
k8o v
13.2 Kv
208 v
13.2 Ky
208 ¥
13.2 K
208 Vv
13.2 Kv
480 v
13.2 Ky
8o v
13.2 Ky
4180 v
13.2 Ky
208 v
13.2 Ky
208 v
13.2 Kv
208 v
1%.2 Ky
480 v
13.2 &
208 v
13%.2 Ky
208 v
13.2 Ky
208 v
13.2 Kv

13.2 Kv

Wetwork Locabion

Primary Bus FD # 20L4 at Substation "OA"

Substation TOA"™ 2000 KVA Transformer

West

Substation
Eagt

Substation
Bast

Substation
Substation
Substabtion
Substatbion
Substation
Substation
Substation
Substation
Substation
Substation
Substation
Substation
Substation
Substation
Substation
Substation
fubstation
Substation
Substation
Substation
Substation
Substation
Substation
Substation
Substation
Substation
Substation
Substation
Substatlon
Substation
Substation
Substation
Substation
Substation
Substation
Substation
Substation

ItOAﬂ
1t OA!I

4] OA“
"WJ"
IIWJ'II
"WL"
“WI:“
HWKH
“WKII
"WH"
"WH“
“WG“
IIWG_H
"E.A"
“E.A."
“EB"
“EBII
"EDH
ﬂmll
‘HEclI
!IEcll
1 OYH
!IOY{i
"EE"
H:E'{Elt
llozﬂ
u OZ“
"WAII
“WA“
“WB“
"WB“
ﬂwc"
ﬂwcﬂ
IFWD"
“W:D“
‘!I'WE!!
"WE"
"ﬂF"
“WF“

Primary Bus ¥D

llw 1

2000 KVA Transformer
2000 KVA Transformer

Transformer West
500 KVA Transformer
500 KVA Transformer
750 KVA Transformer
750 KVA Transformer
500 KVA Transformer
500 KVA Trensformer
225 KVA Transiormer
225 KVA Transformer
500 KVA Transformer
500 KVA Transformer
150 KVA Transformer
150 KVA TFransformer
150 KVA Transformer
150 KVA Transformer
150 KVA Transformer
150 XVA Transiormer
300 XKVA Transformer
300 KVA Transformer
T50 KVA Transformer
T50 KVA Transformer
500 KVA Transformer
500 KVA Transformer
500 KVA Transformer
500 KVA Transformer
300 KVA Transformer
300 KVA Transformer
300 KVA Transformer
300 KVA Transformer
300 KVA Transformer
300 KVA Transformer
300 KVA TPransformer
300 KVA Transformer
500 EVA Transiormer
500 VA Trensformer
500 EVA TransTormer
00 KVA Transformer
202-8 at Substation

Primary Bus FD # 204-6 at Substation

"W. . .H
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INDUSTRIAL AREA

Bus Code Voltage Level Network Location
2357 13.2 Kv Primary Bus FD # 202-8 at Substation
W...
2338 13.2 Kv Primsry Bus FD # 202-8 at Substation
V...
2339 13.2 Kv g‘a;imaﬁ:r Bus FD # 20k-6 at Substation
2340 13.2 Ky WYE on FD # 20k-6 at M3 83
2341 13.2 Kv WYE on FD # 202-8 at MH 83
2342 13.2 Ky Substation "EE" FD # 204-6 N.C.
2343 13.2 Kv Substation YEE" ¥D f 202-8 N.O.
23hk 13.2 Kv 1S # 58
2zh5 13.2 Ky IBS & 57 ;
2346 13.2 Ky Primary Bus FD # 202-8 "E..."
237 13.2 Kv Primary Bus ¥D # 20L-6
o348 13.2 Kv Primary Bus FD # 204-6 at CB Station
2349 13%.2 Kv Substation "OA" Primery Bus FD # 202-8
and # 202-7
2350 2.4 Xy Chiller # 102 at Substation "0A"
2351 2.4 Ky Chiller # 103 at Substation "OA"
2352 2.h Ky Chiller # 101 at Substation "0A"
2353 13.2 Ky Substation "Z" 300 KVA Transformexr
2351 208 Vv Substation "Z' 300 KVA Transformsr
2355 13.2 Ky Substation "Y' 300 KVA Transformer
2356 480 v Substation "Y" 300 KVA Transformer
2357 13.2 Kv Substation "W*¥ 300 KVA Transformer
2358 208 V Substation "¥" 300 KVA Transformer
2359 13.2 Kv Substation "X" 300 KVA Transformer
2360 208 v Substation "X" 300 KVA Transformer
2361 15.2 Kv Substation "W" 300 KVA Transformer
2362 208 V Substation "W" %00 KVA Transformer ,»
2363 13.2 Ky Substation "U" 300 KVA Transformer .
236k 208 v Substation "U" 300 KVA Transformer |
2365 13.2 Kv Substation "I 300 KVA Transformer
2366 208 v Substation "I" 300 KVA Transformer
2367 13.2 Kr Substation "8" 300 KVA Transformer
2368 208 v Substation "S" 300 KVA Transformer
2369 13.2 Kv Substation "R" 500 KVA Transformer
2370 480 v Substation "R" 500 KVA Transformer
2371 13.2 Kv Substation "' 300 KVA Transformer
2372 208 v Substation "Q" 300 KVA Transformer
2373 13.2 Kv Substation "AA" 300 KVA Transformer
23574 208 v Substation "AA" 300 KVA Transformer
2575 13.2 Ky Substation "P" 300 KVA Tyansformer
2576 208 v Substation "P¥ 300 KVA Transformer
2377 13.2 Kv Substation "N" 300 KVA Transformer
2378 480 v Substation "N" 300 KVA Transformer
2379 13.2 Ky Substation "M" 300 KVA Transformer
2380 208 v Substation "M" 300 KVA Transformer

2381 13.2 Ky Substation "L 300 KVA Traensformer




TNDUSTRIAL AREA

Bug Code

2382
2383
2384
2385
2386
2387
2388
2389
2390
2301
23592
2393

2594
2397
2398
2599
200
2kol
2ho2
2403
2hol
2h05
2ho6
2kot
2h08
2k09
2410
2k11

212

Voltage Leyel

208 v

13.2 Ky
208 V

13.2 Kv
208 V

1%.2 Kv
480 v

13.2 Ky
208 v

13.2 Ky
15.2 Xy
13.2 Kv
13.2 Kv
13.2 Kv
13.2 Ky
13.2 Ky
13.2 Kv
13.2 Ky
13.2 Ky
13.2 Ky
13.2 Ky
13.2 Ky
15.2 v
13.2 Ky
13.2 Ky
13.2 Ky
13.2 Ky
13.2 Ky
15.2 Kv
13.2 Ky

13.2 Kv

Network Location

Substation
Substatbion
Substation
Subgtation
Substatica
Substation
Substation
Substation
Substation

LBS # %0

LM 300 KVA Transformer
K" 300 KVA Transformer
"K" 300 KVA Transformer
"J" 3500 KVA Transformer
"% 300 KVA Transformer
YH" 500 KVA Transformer
¥ 500 KVA Transformer
g 300 KVA Transformer
"' 300 KVA Transformer
WYE on FD # 203 at LBS # 30

Primary Bus FD # 203-3 at Substation

ﬂGll aﬂd "Z“
Primary Bus
ﬂFII

LBS # 18

D # 203-1 at

WYE on FD # 20k at MH 6%

Primary Bus
T!Gl! Eﬂd llzi!
Primary Bus
IlHll aﬂa HJ“
Primary Bus
STHII a.n.d. 'tlJ'l!
LIRS # 67

IBS # 65

FD # 205-L at
D # 205-4 at

FD # 203-3 at

FD # 205-k at
FD # 205-k at
FD # 205-4 at
FD # 203-3 at
¥D # 203-3 at
FD # 205-4 at
FD # 203-3 at
FD # 205-k4 at
FD # 205-3 at
FD # 205-k4 at

FD # 203-3 at

Subhstation

Substation
Substation

Substation

Substation
Substation
Substation
Substation
Substation
Substation
Substation
Substation
Substation
Substation

Substation




INDUSTRIAL AREA

Bus Code

2413
2h1l
2h15
2L16
2417
2418
2419
2h2o
2ho)
p2)[E2)2)
2423
2Loh
2hosg
2h26
ahor
2428
2429
2430
2hz1
2430
oL33
247
oh35
2h36
2437
2438
2439
24ho

2yl
242

Voltage Level

135.2 Ky
13.2 Kv
135.2 Ky
1%.2 Kv
15.2 Kv
13.2 Ky
13.2 Xy
13.2 Ky
13.2 Exr
13.2 Kv
13.2 Ky
13.2 Ky
13.2 Ky
13.2 BEv
13.2 Ky
15.2 Ky
135.2 Ky
13.2 Ky
13.2 Ky
480 ¥

13.2 Ky
208 V

13.2 Ky
480 ¥

15.2 Kyr
208 v

15.2 Ky
208 v

13.2 Ky
208 v

SPGRE OF SY

Wetwork Location

Primary Bus
“P"
Primary Bus
l!Pti
Primary Bus
“T“
Primary Bus
tIT“
Primary Bus
'lls!!
Primary Bus
llsl!
Primsry Bus
HRI!
Primary Bus
ﬂRll
Pyimary Bus
llql!
Primary Bus
tIQ‘II
Primary Bus
tlwl!
Primary Bus
tlwl!
Primsry Bus
!le!
Primary Bus
HXH‘
Primary Bus
ﬂ'i-ll
Primary Bus
HTI
Primary Bus
HUH
Primary Bus
!!Ull

FD # 205-4 at
FD # 203-3 at
FD # 205-k al
FD # 203-3 at
FD # 203-3 at
¥D # 205-l at
FD # 205-3 at
D f 205-L at
)  205-1 at
FD # 203-3 at
FD f 205-3 at
D # 205-k at
D # 203-3 at
FD # 205-4 at
D # 2035-3 at
FD # 205-k at
FD # 203-3 at

FD ' 205-4 at

Substation
Substation
Substation
Substation
Substation
Substation
Substation
Substation
Substation
Substation
Suhstaticn
Substaticn
Substation
Substaticn
Substation
Substation
Substation

Substation

Bage OPS 300 KVA Transformer

Bage OPS %00 KVA Transformer

Base Support 225 KVA Transformer
Base Support 225 KVA Transformer
Bage Support 500 KVA Transformer
Bage Support 500 KVA Transformer
Electro Mag Lab 150 KVA Transformer
Electro Mag Lab 150 KVA Transformer
So. Bell Exchange 500 KVA Transformer
S0. Bell Exchange 500 KVA Transformer
Ceptral Tel OLf 500 KVA Transformer
Central Tel Off 500 KVA Transformer
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INDUSTRTAL AREA

Bus Code Voltage Level Network Loeation

2hh3 13.2 Xv Central Tel Off 750 KVA Transformer

2liih 4180 v Central Tel Off 750 KVA Trapsformer

2ihs 13.2 Kv Cafeteria 500 KVA Transformer

a2hh6 208 v Cafeteria 500 KVA Transformer

2liht 13.2 Kv Dispensary 112 1/2 KVA Transfr.cmer

2lih8 208 V Dispensary 112 1/2 KVA Transiormer

2lilg 120/240 V Dispensary X Ray 15 KVA 1§ Transformer

2450 180 Vv Heat Planmt 300 KVA Transformer

251 480 v Central Supply Annex 300 KVA Transformer

a2h52 4180 v Central Supply FAC 300 KVA Transformer

2453 208 v Fire Station 112 1/2 KVA Transformer

2hsh, k8o v Central Supply Complex 150 KVA
Transformer

2455 120/240 V Service Station 15 KVA 1§ Transformer

2L56 13.2 Ky IRS # 6

k57 13.2 Kv WYE on FD # 208-5 in MH 36

2L58 15.2 Ky WYE on FD # 208-6-7 in MH 30

259 13.2 Ky WO Switch for FD # 2n8-5 at IBS # 8

2460 13.2 Ky IBS # 8

2461 13.2 Kv NG Switch for FD # 209-4-8 at IBS # 8

2462 13.2 Ky WYE on FD # 209 at MH 22

2L63 15.2 Kv Auditorium 225 KVA Transformer

2Ll 208 Vv Auditorium 225 KVA Transformer

2h65 1%.2 Kv Substation "F" 500 KVA Transformer

2166 4180 v Substation "F" 500 KVA Transformer

al67 13.2 Kv Substation "EY 1000 KVA Transformer

2k 68 480 v Substation "E" 1000 KVA Transformer

2h69 13.2 Ky Substation ¥D' 500 KVA Transformer

2170 h8o v Substation "D" 500 KVA Transformer

2471 13.2 Kv Substation "C" 1500 KVA Transformer

2472 2.1 Ky Substation "C" 1500 KVA Transformer

2473 15.2 Ky Substation "B" 1500 KVA Transformer

2h7h 2.4 Kvr Substation "B" 1500 KVA Transformer

a2u75 13.2 Ky Substation "A" 500 KVA Transformer

2u76 480 ¥ Substation A" 500 KVA Transformer

b7 4180 v KSC Headquarters USS # 1B, 2500 KVA
Transformer

2478 1%.2 Ky KSC Headquarters USS # 2¢, 1500 KVA
Transformer :

279 180 v KSC Headquarters USS # 2C, 1500 KVA
Transformer .

2h80 W80 v KSC Headquarters USS # 2D, 1500 KVA

2481 13.2 Kv KSC Headauarters USS ¢/ 14, 2500 KVA
Transformer

2h82 480 v KSC Headquarters USS # 1A, 2500 KVA
Transformer

2483 13.2 Ky WYE on FD g 205 at ME 82

2182 13.2 Kv WYE on FD # 205 at MH 80
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INDUSTRIAL AREA

Bus Code Voltage Level Networs Location

2485 13.2 Kv IBS # 14

oh86 13.2 Xy WYE on FD # 204 at MH 39

2487 13.2 Kv WYE on FD # 205 at ME 39

2488 13.2 Kv LBS # 16

2489 13,2 Kr IBS # 64

2490 13.2 Ky IBS # 65 and # 60

2491 13.2 Kv NC Switch on FD # 10 at Substation
an End. t!c" )

2ho2 13.2 Kv NC Switch FD # 12 at Substation "A"

295 13.2 Kv WO Switeh on ED # 9 at Substation
TIBII a.ﬂd. Ilctl

2hol 13.2 Ky NC Switch on FD 4 11 at Substation
A

2495 Not Used

2496 2.4 ¥y Chiller # 1 at Substation "B"

2ho7 2.h Ky Chiller # 2 at Substation "B"

24983 Not Used .

2499 2.t Kv Chiller ¥ 3 at Substation "C"

2500 2.4 xv Chiller # 4 at Substation "CV

2501 13.2 Xy TES # %3 FIR # 2

2502 13.2 K FD # 2 at Substation "D"

2503 13.2 Kv D # 1 at Substation "D"

250k 15.2 Ky Substation "CRC" 300 KVA Transformer

2505 208 v Substation "CRC" 300 KVA Transformer

2506 13.2 Ky Substation "CRB" 300 KVA Transformer

2507 208 v Substation "CRB" 300 KVA Transformer

2508 13.2 Kv Substation "CRA" 300 KVA Transformer

2509 208 ¥ Substation “CRA" 300 KVA Trensformer

2510 13.2 G Substation "CRD' 50C XVA Transformer

2511 208 v Substation "CRD" 500 KVA Transformer

2512 480 v ClF Antenna Site 3 - 750 KVA
Trensformer

2513 208 v C1F Antenns Site 1 - 300 KVA
Transformer

251k 13.2 Kv i8S # 62

2515 208 V C1F Antenna Sitz 2 - 225 KVA
Transformer

2516 15.2 Kv FD # 103 at CIF Antenna Site # 1

2517 13.2 Ky C1F Antenns Site 1 - 300 KVA
Transformer

2518 13.2 Kv WYE on FD # 102-1 at MH 65

2519 13.2 Kv FD # 102 N.0. at Substation “CRB"

2520 13.2 Ky D # 102 T.0. at Substation "CRD"

2521, 15.2 Kv D # 101 NC at Substation "CRA"

2502 13.2 Ky ¥D 4 101 NC at Substation "CRD"

252% 13.2 Kv FD 4 102 NO at Substation “CRA"

252l 1%.2 Kv Tel 4, N6-220, 225 KVA Transformer

S P SV e R0 B S SO A A P LIPS



INDUSTARTAL AREA

Bus Code Voltage Level
2525 208 v
2526 135.2 Kv
2527 208 v
2528 13.2 Kv
2529 208 v
2530 13.2 Kv
2531 48o v
2532 13.2 Kv
2533 480 v
2534 13.2 Ky
2535 208 v
2536 1%.2 Kv
2557 15.2 Ky
2533 13.2 Kv
2539 13.2 Ky
25L0 13.2 K
2541, 13.2 Kv
2542 thru 254k 480 v
2545 480 V
25k6 480 Vv
25L7

2548 W&o ¥
2540 480 v
2550 W30 ¥
2551 tnauw 2555 480 v
2554 thru 2569 480 ¥
2560 thru 2574 480 Vv
2575 thru 2582 480 v

Network Loeation

Tel b, N6-2208, 225 KVA Transformer
Centrel Telemetry 750 KVA Transformer
Central Telsmetry 750 KVA Transiormer
Central Telemsbry 750 KVA Transformer
Cenbral Telemetry 750 KV Transformer
TPQ-18, Q6-82, 300 KVA Transformer
'IEPQ,—-_'!.B Q6-82, 300 KVA Transformer
'I‘PQ,—:LS Q6~ 82 300 KVA Transformer
TPQ,-J.B Q.6—82 300 KVA Transformer
Universal Cemera Pad £ 1, 75 KVA
Transformer
Universsl Camera Pad # 1, 75 KVA
Transformer

IBS # 37
m on FD # 211 at MH 235
LRS # 38 ¥D # 211
Central Telemetry 1000 KVA Transiormer
188 # 38 N.C. Switch
iBS # 38 N.C. Switch
Substation "A" Low Voltage Hetwork
0 and C Cooling Tower Pump # 1 - 100
0 and € Cooling Tower Pump # 2 - 100
Not Used
Substation YA¥ Low Voltage Network
Chilied Water Pump # 3 - 75 HP
Chilled Water Pump # 2 - 75 EP

e
ap

Substation
Substation
Substation
Subhstation

D" Low Volbege Network
"E® Low Voltage Hetwork

' Low Volbtage
"E" Tow Voltage

Hetwork
Hetwork

2583 thru 259 480 v
2595 thru 2602 480 V
260% thru 2605 LB0 v
2606 thru 2609 480 v
2610 thru 2613 W8 ¥
2614 thru 2622 480 Vv
2623 thru 2626 480 Vv
2627 thru 2633 480 v
263k thru 2638 480 Vv
2639 thru 2649 480 Vv
2650 thru 2658 40 v
2659 thru 2664 480 Vv
2665 thru 2676 480 V
2677 thru 268% 480 V
268L thru 2685 480 V

2686 thru 2687 480 Vv

Substation "M" Low Voltage Hetwork
Substation "RY Low Voltage lletwork
Substation "Y' Low Volbage Network
Substation "EC" Low Volitagze Network
Substation "EE" Low Volbage Network
Substation "0B" Low Voltage Network
Substation "OY' Low Voltage Network
Substation "WC" Low Voltage Network
Substation "WG" Low Volitage Network
Substation “WLY Low Voltage Network
Flight Crew Training Substation "A"
Flight Crew Traiming Substation "C"
C1F Power Center £ 6

C1F Antemnna Substation # 3
Spacecraft Spayes Bldg. M7-505
Substation "AY

Spacecraft Speres Bldg M7-505
Substation "BY

AR
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INDUSTRIAL AREA

Bus Code Voltage Level
2668 thru 2689 480 V

2690 48 V¥

2691 thru 2694 480 v

2695 480

2696

2697 thru 2710

2711, thru 2729
2730 thru 2733
2734
2735
2736 thru 2739
27h0 thru 274
2742 thru 2748
27h9
2750 thru 2765
2766 thru 2771
2772
2773 thrm 2785
2786 thru 2790
2791
2792 thru 2798
2799 thru 2804
2805 thru 2809
2810
2811 thru 2815
2816 thru 2623
282k thru 2836
2837
2836 thru 2850
2851

o N Y R
<<dd<d<<dd<<d<dadad<ddddddddd < <

§§rr#:rrrrrrrrwrrrrr

e v i s b em s aint Can ot e e e

Hetwork Loeation

Spacecxalt Spares Bldg. M7-505
Substation "D¥

Central Supply WHouse Bldg. M7-698
Central Supply WHouse Bldg. M6-Thh
Central Supply WHouse Bldg. M6-T9L
Central Supply WEouse Bldg. M6-To4
KSC Headguarters Substution §f 1
KSC Hesdquarters Substation # 2
KSC Headquarters Substation # 1
KSC Headguarters Substation # 2
Sewage Treatment Plant

Base Support M6-486

Hea® Plant

TPR-18 (Q6-82)

So. Bell Exchange

Central Tel Bldg. N6-2206

Bldg. M6-138 C.D, and S5.C.

Thified 8 Band Technical Bus
Unified S Band Bldg. Mo-1hhh
Vigitors Information Cenber
Frequency Control Analysis

ECS Bldg,

Fluid Test Support

RF System Tegt FAC

Cryogenic Test # 1

Cryogenic Test # 2

Hypergolic Test # 1

SATF 4 2 Bldg. M7-1210

Ordnance Iab

SARF # 1 Bldg. M7-1469

Ordnance Stor. Bldg. M7-1472
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INDUSTRIAL AREA

Bus Code Voltaze Leyel Network Location

2850

2851

2852 15.2 Ky Pump Station, M7-1008, 112 1/2 VA
Transformer

2853 L8o v Pump Station, M7-1098, 112 1/2 KVA
Transformer

2854 thru 2900 Not Used

2901, 13.2 Kv IBS # 6 NO Switch FD i/aoa

2002 13.2 Kv IBS # 2 NO Switeh FD #/ 209

2903 13.2 Ky LBS # 45 NO Switch FD+ 207

250k 15.2 Kv 1BS # 62 NO Switch FD # 103

2005 15.2 Kv FD #.103 NC Switeh to Substation "CRC!

2906 13.2 Kv IBS # 18 WO Switch FD # 205

2907 13.2 Ky LBS # 18 N0 Switch FD # 202

2908 13.2 Kv 1BS # 19 NO Switch FD # 203

2609 1%.2 Ky LBS # 58 NO Switeh FD # 202-8

2910 13.2 Kv LBS # 13 NO Switeh FD # 202

2911 13.2 Ky LBS # 15 WO Switch FD # 202/203

2912 13,2 Kvr LBS # 14 NO Switch FD # 20k

2913 13.2 Kv 1BS # 16 NO Switch FD # 20k

201l 13.2 Ky IBS # 47 NC Switch to Volt Regulators

2915 Launching Complex System

2916 Lawnching Complex System

2017 Iaunching Complex System




«

IWDIAN RIVER BRTDGE SYSTEM

Bus Code

2086
2087
2088
2089
2090
2091

2096

Voltage Level

13.2 Ky
480 v
13.2 Kv
208 v
208 v
15.2 Ky

13.2 Kv

(105)

lietwork Locabtion

F30, 5 x 37 1/2 KVA Transformers
F30, 3 x 37 1/2 KVA Transformers
Pass 1.D. Gate # 3, 3 x 25 KVA
Transformers .

Pass I.D. Gate # 3, 3 x 25 KVA
Transformers .

NASA TWA Tours 3 x 25 KVA
Transfomers

WASA TWA Tours 3 x 25 KVA
Transformers

Reclosure and By-Pass
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B, Launching Complex - Indusbrial Area Systems Inberconnection:

a) Network Section connected to Launching Complex VAB Feeder # 609
(operatbional voltage 13.8 Ky) or to Industrial Ares Feeder § o1l
(operational voltage 15.2 Kv) bhrough 3 x 167 KVA voltage regulators

1%.2/13.8 Ky,

. This network section has been coded 2000, belonging to the Industrial
Ares, Network, but has been considered comnected to the Launching Complex

System in the short circuit program.

A single line diagram of the existing interconnection between the
Launching Complex and the Industrial Area Systems with the code numbers

ineluded follows:

HE Ry FPleo @

®

. Le-329 Py 15 davd] INOLSTRAL Slpsd
LDV IO ey zey I PLASTRIAL @
) FEEDLR GO FEepenrz ard )
NZTS
1 RESL ‘ LAOUSTRrAL

AR Seerrond

‘ ] &8s 25 @
£35 Seog @ L35 Bof LBS 47

ﬂ"-\' N2 j’jl

-

i
X

—

-

fa,a,e':ir 73,25

VS 55 833
CBs S0

®
() ces 7

=

Section considered normally Section considered normally
connected to Launch Complex connecited to Indusbrial Area
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Line Code ¥ status
VAB Recloser 10 Closed
VAB Recloser to IBS 501 10-11 Closed
LBS 301 to voltage regulators 2915 Coen

LBS 301 to substation £ 833 11-12 Closzed
VAB Recloser to ILBS 302 10-2211 Closed
IBS 302 to IBS 303 2211-2210 Closed
IBs 302 to FCA Mobile site 2211-2197 Closed
IBS 302 to 5LWES 22112172 Closed

The network section of the Industrial Area ‘that has been considered
normally connected to the Launch Complex Feeder VAB 609 has the following
primary bus codes:

1%.8 Kv:

2026, 2098, 2102, 210k, 2106, 2108, 2110, 2115, 2117, 2119, 2121,
2123, 2125, 2129, 2151, 2133, 2137, 2139, 2141, 2143, 217, 2149, 2151,
2153 thru 2169, 2172, 2197, 2199, 2210, 2211, 2915, 2135, 2201, 220k

13.65 Kv:
2113, 2127, 21h5

The following lines will appesr in the Launching Complex short
circuit program:

Bus Code Positive-Negative Sequence Zero Sequence
Source-5 00139 + j.00753 Infinite

5-9 .0 + j.081L .0 + 3.081L

5-9 .0+ j.o8L .0 + j3.081

5-9 .0 + j.081 .0+ 3.08%:

5-9 .0+ j.08L 0+ j.08

9-10 .001041 + 3.0005617 .0061526 + j.00h59
10-11 .0005835 + j.000315 00345 + j.00257h
11-12 .001183 + j.000639 .006996 + j.005219
10-2211 034675 + j.0L716k 0767351 + 3.048637
2211-2210  .011762 + j.0057188 024150 + j,0142781

Plus all the primary lines and associated secondary lines where bus
code numbers are listed above in the 15.8 Kv or 13.68 Kv sections.

Line 11-2915 will not appeaxr in either the Iaunching Complex or
Industrial Area short circuit progrems becaunse it is a normelly open
condition.

b) If user wants to incorporate the above nebwork section into the
Industrial Ares short circuib program, the following steps shall be taken:
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1. Incorporate all lines coded at the 2000 level formerly in the
Lawnching Complex short circuit program.

2. Incorporate also lines 10-11, 11-12, and 10-2211,

3. Add the following new lines:

Bus Code Positive-Negative Sequence Zero Beguence

2915-11 Infinite Infinite

Source-11 R:L + JXl Ro + JXO
Where

R‘.L + le = resistance and yeactance to positive sequence of bus code
. 2915 as given by 3 § symmetrical shorb-circuit program of
the Imdustrial Area

Ro + jxo = resistance and reactance to zero sequence of bus code 2913
obtained from +the line to ground fault short eircuitb
program as follows:

Consider R + jX is the equivalent resistance and reactance component
of the impesdance corresponding to bus code 2915 given by the line to
ground fault short circuit program for the Industrial Ares

. - 9. = fv
R+ jX= {R1+RE+RO) - (,\1+}(2+X0)‘
Where RE + 'jXE is the impedance of bus 2915 ‘to negative sequence

But in the average Ry~ R,, le.::}{a

Then

Ro R - 231
XO X - 2}(1

In this step, line source-1l = impedsnce of bus code 2915 establishes
a Thevenin equivalent impedance at bus 11 (I.BS 301) looking from 2915
towards the Industrial Ares network, and is equal to by-pass the whole
Industrial Area network from Industrial bus (code # 8) to IBS 301 (bus
code f 2015), Line 2915-11 will open IBS 301 {2915) from the Industrial
Area noetiork.

il

The above step is valid whatever the configuration of the Imdustrial
Ares network is up bo bus code 2915.

b, Multiply impedances to all sequences of all lines considered in
steps 1, 2, and 3 above by the factor:

(125)7 = 9149338

[
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5. BSource volbage to be (—%‘%‘—%)2 = 0149338, or the same source

voltage as the Tndustrial Area.

Steps 4 and 5 will incorporate the network section into the Industrial
Area network. Step 3 takes into account the volbage regulators input from
Feeder # 211 from the Industrial Arvea at 13.2 Kv level and the voltage
regulators oubput of 1%.8 Kv to the network section, This is accomplished
midbtiplying the impedance of the network section by the .9149%%8 Factor
which is equal to increase the volbage to 1.0 = 15.8 Kv; +this way we can
use the same wvolbage source as the rest of the Inmdustrial Area.

c) If user wanbts to feed part of the normal Industrial Area network
from the Launching Complex Feeder VAB § 609 through the 3 x 167 KVA volbtage
regulators 13.8/13.2 Kv, the following steps will be required:

1. Open the Industrial Area network at the desired switching station
with a line card of infinite impedance. If & new bus cole is required,
it is suggested to use code numbers at the 2000 level.

2. Multiply all sequence impedances of all lines in the Inmdustrial
Ar2a %0 be commected to the Launching Comulex VAB Feeder f 609 by the

Pactor (—11%2-,)2 = 1.0454545.

This will tske inbo consideration the 15.8/13.2 Ky voltage regulabors!
effect and maintein a source of 1.0 = 13.8 Ky for the whole nebtwork.

3. Imtroduce & new line:

Bus Code Positive-Negative Sequence Zero Sequence
11-2915 0+ 3.0 L0+ 3.0

The desired network section is conmected to the Launching Complex
network.
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III, Shoxrt Circuit Program
1. Imtroduction

Tne KSC short circuit program is described in detail in the follow-
ing paragraphs. Tne approach taken is to deseribe first the basic
compubational procedures and then the details of program structure. Em-
phasis is placed on program utilization and procedures to update the
program in accordance with subsequent network chances and additions.

The short circuit program is configured to compube both three phase
and single phase fault conditions. Line open computation options also
are provided, The computational procedures wbkilized are based on es-
sentially standard technigues employed in power industry short circuit
programs. Network impedance matrix formation algorithms and shoxh
circuit algorithms are based upon those given in the book "Computer
Methods in Power System Apalysis" by Stagg and El-Abiad. Specific
algorithms used are given in subsequent peragraphs., The program is
specifically tailored to the KSC network amd ubtilizes the radial strue-

ture of the network to reduce computational requirements.
2. Short Circult Program Description

A. Genewsl Degeripbion

The short circulit program employs the ZBus network formulation

thereby enabling a Theyenin equivalent nebtwork to be computed at a
fanited bus. Fault curvenis and corresponding node volbtages are then
determined using the Thevenin eguivalent circuit. The basic assumption
employed. in this procedure is that load currents are negligible with
respect to short circuit currents. With this assumption, if the network

is described by

Bous = Zpus Lous 2.1
then the voltage change due to the fault is

Bpus PF ~ Zpus ¥ = Zpus Tous F 2.2
In ‘the above:

"Bus BF
Bpus 7
TBus F
Zhus

Yuis, the network is represented as the composite Thevenin equivalent
netyork showvn in Figure 2.1.

Pre-fanlt bus volbages

Post-fault bus volbtages

1

Fault currents

Bus impedance matrix

il
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r——-@ 25 1o B p—
© e
. E, =0
Bus i
7 BUS =0 —"FI‘]&—_;L:‘
5F

Figure 2.1 Thevenin Equivalent Network for
Short Circuit Caleulations

Tn Figure 2.1, it is assumed that bus j has been faulited (either three
phase or single phase fault) resulting in fault current IjF and EjF = Q.

Apply the fault condition at bus j bo equations allows the fault current
to bhe determined as

= _dEF
Ir= 7 2.3
3d

Where ij is the j-j element of ZEus’ or the Thevenin equivalent im-

pedance of the nelwork as seen from bus j. Using equation 2.3 and
equation 2.2, the post faullt bus voltages and current flows hetween buses
are obbtained. The short circult calculations is bthus comprised of hwo
computational procedures; one for determining the Z_ us matrix for a given
network configuration and the other for compurhing conditions resulting
from a short cireult. Sinece the network Z.Bus is part of the overall

computational algorithm, it is possible to alter the network after fault
ocecurrence and compubte conditions in the modified network. Thus, to

aid in protection analysis, an opbtional computation is provided which
sequentially discommects one at a time all lines connected to the faulted
bus and actbermines bus voltages and line flows under those conditions,

In the following, a more detalled description of these cperations
is given together with a functicnal diagram defining information flow
in ‘the program.

B. Network szus Assenbly

A substantial portion of the short cirecult calculation is concerned
with developing the appropriate impedance matrices in a computationally
efficient mamer. In a substantially ral’al network such as that at KSC,
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the ZBu matrix is very sparce, i.e. cortains a large number of zero

elements. That is, buses in a given radial are connected to buses in
ancther radial only at the reference or supply bus. Furthermore, Z‘Bu.s

is symmetric since the impedance between connected buses is bilateral.
Therefore, only elemeris of ZBus which are on and above the main

diagonal and which directly affect the desired output need to be stored.
The first task accomplished by the program then is to sort the input
network data to define those elements and store them for use in as-
sembly of ZBu.s A retained bus list is compiled which lists the set of

network buses together with all buses connected to each. Thus, when
a particular bus is faulted, only those elements of ZBus which ars

required to compute line flows Lo comnecting buses are employed.

The Z, metrix is assembled sequentially by adding (or subtracting)
impedances associated with network lines, one line at a time., Leb ZBus P

represent the partial network bus impedsnce matrix and ZBu_s M represent

the modified msbrix after the additiom {(or deletion) of a line, The
modified matrix is obtained from the pertial matrix by addition (or
deletion} of a row and colum. Two cases oceur; when the additional
line is a wradial line whose bterminal bus is not included in the partial
network, and addition of a line whose terminal bus is inecluded in the
partial metwork, The lathter case amounis to closing a2 loop in the netr
work {providing dusl feed to a load). Two different aigorithms are em-

ployed.
For the addition of a radial line,assume that the partial network
has n buses so that

DTy %
A0
|
|

de ZEn

“1n Zon |

let the additional line haye iwmpedance an

!

Then

Y = 7
mt nm

And
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“11 [Pz 7

21 Zo Z, | O
ZB‘U.SIIl_ ;

Zmizen 4| ©

0 { ¢ ola,

Thus, the modified matrix is simply cme higher in dimension with ome
additional diagonal elemenb.

For addition of a line which closes & loop, the initial and ter-
minal buses of the line are both in the partial network. Thus, the
modified matrix and the partial metrix have the same dimension. The
modification thus requires changes in partial matrix elements. As-~
sume the line is to be added bebween buses p and g. The changes are

sccomplished according to

2% .
.. Z.o. - ._‘Ll_:ll...ﬂ. 2_}4‘
ijm 1P 7.

i, j=1,2.....n

N
It

.. =2 . =2 , - &_. 5.5

= Z - Z + Z 2-
B R 6
Where

qu = impedance of adfed branch
Zpi = partial matrix element in locabtion p, i
%4 .
gl
Thus, ihe system bus impedance matrix may be compubed sequentially by
adding elements in accordance with the network structure. Lines are
removed by using the above algorithms to add a line with impedance equal
to the negative of the impedance of the line to be removed.

= partial matrix element in location g, 1
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Since both single phase and thyee phage fault conditions are
computed, symmetric components are employed. Thus two ZBus matrices,

the positive sequence mabtrix and the zero sequence matrix, must be
compiled. Essentially the same campubational procedure is used for
each. Inberconnection beiween buses is different fopr zero sequence
from that of the pogitive seguence due to the existence of Delta
comnected transformers. Thus, either the retained bus list must be
modified for zero sequence, or +the input data must be arranged
to reflect the different commection constraints. In order to minimize
compubational complexity, the labtter approach is employed in the short
circuit program. If buses p and g are connected for positive sequence
currents but not for zero sequence, then the positive sequence line
impedance is qu and for zero sequence is given in the input data as
1

Z = 00
Py
C. Short Cireuit Calcowlations

The short civeuit calculstions follow from equations 2.2 and 2.3.
If bus g is to be comsidered, then both single phase and threse phase
fault constraints are imposed and resulting currents and voltaeges are
computed. Table 1 below swmearizes compubtations for each case

Type Fault Single Phase Fault Three FPhase Fault
Fauit Constraint an- = 0 an = L‘bg_= Ecg = Q
K B
Sequence Faulb T _ _gFF T _ _GfF
Current g, T & + 27 qf,  Z
1 Tag, 99y 1 -"qq
I =T I =0
q'FO q-Fl q‘FD
Total Fault _ _
Cuxrrent Ty = 3Iq_Fl Ly = Iq_Fl
Bus Voltage _ _ _ L
During Fault 5w T quUIqF B = Bypp (1 -2, )
. o] 2
B = -7 ad
SR T 2 T
Flow Between E.. -BE. E. - E,
Bus i and Bus j I, = aFy IF, I, = I
° Zo,jG 0dy.
= B - N,
I:..]l ¥y TiFq
Zi'
1
., =2I.. + I..
Iiga o idq 1d,

Tahle 2.1 Short Circuit Compubation Algorithms

SRR P S O S L SRS o PP S
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In the above table, the notation is used that subscript FF indicates
pre-fault condition; subscript I indicates condition during fault;
subscript o indicates zero sequence; subscript 1 indicabes positive
sequence; subscript a indicates phase a; upper case Z . Indicates
eleme=nts of ZBus lowver case Z:. 3 indicates line n_mpeda.nce between bus

iand j.

In the event that more than one line is comnected to a raulted bus,
the option exists to sequentially open the comnected lines one at a
time and campute the resulting nebtwork conditions. The algorithms for
those computations are the same as in Table 2.1 except the bus
impedance elements are raplaced by modified elements in accordance with

the deleted line.

The option exists in the program of either computing fanlt condi-
tions at a single bus or sequenbisiriy compubing fault comditions for
each bus for all network buses.
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Read Network
Title
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Set Program
Resd Data Papameters
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Print Line ¢
Yeg List
(TBDUMP )
!
Form Bus
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(TADBUS)

Build Positive Sequence

Matrix

(MATRIX, ADGEN, ADLINE,

LOOP, TRIM)
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Sequence Matriz
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Cutpub
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Yes

A

New
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Reguested?
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3. TInput Data Preparation

A system network diagram should be available which includes all
buses and impedance values. If the single phase to-ground option is
used, a zero sequence nebwork diagram is alsc needed.

A1l buses must be named with & unique nsme or number. The first
letter of the bus name sigaifies the bus voltage as follows:

Bus Voltage First lebber of Name
13, 8oo A
4,160 B
480 C
208 D
115,000 o
13,680 F
15,320 G
13,200 2}
2,400 J
120/240 K

The bus n=mes may contain up to six characters. The oubput will be
generated in alphanumeric sequence. The reference bus must be named
YSOURCE". The word "SOURCE" has been reserved for ground. Once the
name has been established, it must always be referred to by that name---
colum for colum, ineluding blanks.

Special consideration must be given to the equivslent representation
of transformers, since the positive and zero sequence network diagrams
mey be different. If this is the case, both network diagrams must be
made to correspond to each other. If a node exists in only one network,
the corresponding network can be made equivalent by inserting a corres-
ponding node and inserbing an impedance element large enough to eliminabe
any flow in the line that is wmissing. That is; an infinite impedance
(9999.) should be given the missing line.

Tmpedance data base conversion is ayailsble o the user. For the
Tndustrial Ares, the impedsnces are caleuwlated on a 13.8 Kv base, buk
the base volbage is actually 13.2 XKv. Therefore., the impedances for the
Tndustrial Ares must be maltiplied by a factor + 1.0454545. This is
acccmplished by inserting o card punched "MISCHITANEOUS" followed by
a card with 1.04545h5 punched in holes 11-20. This causes the computer
to multiply each impedance by 1.CUS45L5 as the cards are read into the
compuber. Locatior and use of this card is explained in paragreph b.

It is recommended that a degree of caubion be exercised In preparing
data for the program. The range of actual impedance dabs should not
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exceed 500 to 1. The definition of actual impedance data is any line
in which a flow is expected to occur. If a line flow is expected to
be eliminated with the use of a large impedance value, as in some
transformer applications, this impedance value should be at least 500
times The largest actual impedsnce velue. The above ratios are only
guldelines and should be used as such.

Each line must also be assigned a circuit nuwber (0-15). This
number is used along with the two bus names to identify the line,
Therefore, parallel lines can be distinguished. Sinece the circuit
mmiber may not be greater than 15, if more than 16 lines connect two
buses, an artificial bus mmst be created with zero impedance to one of
the existing buses. If no eireult number is assigned, the compubter
automatically assigns the number zero.

The above data is placed on dats cards In the following formab:

Card Columm Descripbion

1-6 Bus name (sending bus)

13-18 Bus name (receiving bus)

25-32 Posibive sequence regisbance in per unit
33-L0 Positive sequence reactance in per wnit
+1-48 Zero sequence resistance in per wmit
k9-56 Zero sequence reachtance in per unit
61-62 Circuit mumber

%, Program Utilization

The data is read info the computer in logical blocks. Each block
of date is preceded by & program control caxd to inform the computer
what informaticon is conbained on the following cards. The blocks of
information should be orgenized in the following order:

Title

Read, Tape
¥ N
Setb
Parameter:
i
Tetwork
Data
1
Hebwork
Changes i
i
Request for Create New Tape
Cutpukb
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Bach of these blocks will now be described.
A, Title

This block will contain only two cards. The first card will be
INPITLE®, This card tells the compubter that the following card comtains
the *%itle of the network about to be presembted. The next card contains
the title of the nebwork in the fivst 72 columms of the card.

B. 8et Parameters

This block is broken inbto two parts. BEach part may or may not occur.
If a block does not appear, a default value will be assigned to the

parameters,

The first group of paremeters that can be set contains the values
of the MVA base and the input impedance copstant. The first card in
this part is "®MISCELLANEOUS". This card is followed by & card contain-
ing the MVA base in columms 1-10 and the inpub impedance constant in
colums 11-20, The MVA base is set to 10 if this section does not
appear. 'The input impedance constant is the wvalue by which &l1 inpub
impedance values are multiplied as they are read. This number is set
to one if this section does nobt appear. For the Industrial Area, the

input impedance constent must be 1.0L5h545,
The second part of this block sets the following limits:
1) Maximm size of the retained bus list
2) “aximm size of the auxiliary lisb
3) Maximm number of buses

L) Maximm mmber of lines
5) Maximm dimensicn of the impedance arrzy

These 1imits are set as follows:

 First card----- TASET LIMTTS
Second card-----
Column Degeriphion Defanlt Velue
1-10 Max. size bus list 40
11-20 Max size aux. bus list 200
21-3%0 Max. maber of buses 1,000
51-4o Max. muber of lines 1,000
13.-50 Max. dimension
impedance array 100

e o e o SRR W
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The default values represent the largest value these 1limits may be
without progrem modifications. These numbers represent the size of
various arrays in the program and have proven adequate for the
existing network. If network expansion should reguire modificatiou,
these 1limits may be expanded by increasing the size of the following

arrays in the program:

Array Dimension

LSTRET Max. size of ret. bus list

LSTAUZ Max, size of aux. bus list

BYAME Max, number of buses (not to exceed 2000)
LINE,X1,X0 Max. number of lines

LSTBUS Max, dimeasion impedance array

Z1,70 (1) (W+2)/2, where N is the max. dimension

of the impedance array

C. Network Data

This block contains the line date. The first card in +this block
ig "XLTHE DATA". The following carxds contain the line data in ‘the format
presented in the previcus section. The last card of this block must be
VEEND" to signify the end of the line data cards.

D. DNetwork Changes
Bither or both of the following changes may be made to the network:

a) Add lines---The first card in this section will be "¥LINE ADDITIONS®,
This card will be followed by line data cards prepared as before.
The last card will he Y¥END" to signify the end of the iine
additions. -

b) Remove lines---The Tirst card of this section will be "¥LINE
REMOVALS"., This card will be followed by line data cards for
the lines to be removed. The last card of this section will be
BXTDY to signify the end of the line removals.

E, Creating a Tape

At any point in the execution of a program, the network existing in
the program may he saved on a history itcpe for fubure reference. This
is done by inserting immediztely after any of the blocks outlined
previously a card with ™&RIIE RECORDY in the first 13 columms of the
card with the following additiomal informations
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Card Column Field Definition

31-40 Ich FORTRAN I/0 device number on which
the history bape reel for this study
is mounted

L1-50 Ics Reel number of the tape mounted on

the device TGk

51-60 IC6 Punch with any non-zero integer if
this is to be the first record on the
tape. This destroys anything that
may have been on the tape previousily.
For saving records subsequent to the
Tirst case, this field is to be lefd
blank. The program will coumt records
and add the current record to the
existing records and print a message
indicating the muber of the new record.

After the record has been saved by the program, a message is written on
the output stating: " Data from previous case has been saved on bape
reel pumber . as record number Y The tape indicates the
logical deviece number of the oubput tape device.

A tape of the existing power system of the Kennedy Space Center has
been produced. This btape is labeled "PWRSYS" and contains data for the
Jndustrial Area as record one, and data for the Lawumch Complex as reecord
two. :

¥, Using a Tape

Whenever it is desired to load the data from a case previously
saved on a history tape (ex: loading the existing KSC network data) =
"XRECALL RECORD" card is placed in the deck. This will cause the compuber
to read data previously stored on tape. This one card may accomplish
the task of reading the title, setting the parameters, and entering the
line dsta. However, if a different title or parvameter set is desired,
these blocks may be included after the "¥RECALI, RECORD® card.

This card is Tormatted as follows:

Card Colimm Field Definition

1-14 CIIR "XRECALI, RECORDY

31-40 ICh FORTRAN I/0 device number on which the
history tape reel is mounted.

41-50 IC5 Reel mmber of the tape moumted on the
device ICh.

51-60 Ic6 Record rumber which is to be loaded.
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G. Requesting Outpub
a) Basic Requests

The program has three different oubtput medes for two types of
fault conditions. The three modes ars "SELECTED", "STANDARD®, and
"MODIFIED". When requesting oubput, one mode is combined with either
"THREE PHASE" or "SINGLE PEASE" on sn output request cerd to generate
output for a three-phase-to-ground fault or a single-phase-to-ground
fault respectively.

"SELECTED" output - This output mode ensbles the user to select the
buses which are faulted. This will he the most common type of oubput
since the user can request exactly the output desired. When requesting
YSELECTEDY output, the following cards are used "¥SELECTED THREE PHASE"
or YHSELECTED SINGLE PHASE"., This card will be followed by cards
specifying the buses to be faulted., The name of each bus to be faulbted
will be punched in columms 1-6, one bus per card. These cards will be
followed by a "¥END" card to signify that all faulted buses have now
been specified. Any number of buses may be specified at one time.

The program will fault the buses sequentially one at a Time.

YSTANDARD" output - This oubtpubt mode sequentially faults all buses in
the network in alphammeric order. Only one card is required to request
this output, i.e., "¥STANDARD THREE PHASE" or "¥STANDARD SINGLE PIASE"
will create three-phase-to-ground or single-phase-to-ground fsults for
each bus in the nebtwork.

YMODIFIED" output - The "MUOIFIED" outputb mede, like the "STANDARD"
output mode, sequentially stepes through the netiwork in alphammeric
order faulting the buses one at a time. However, rather than beginning
with the first bus alphanumericelly, the "MODIFIED" mode begins at the
bus specified on the card following the card calling for "MODIFIED"
output. (Exsmple: card 1 - "*MODIFIED SINGLE PHASE", card 2 - "C209"
—- these two cards together call for the program to first fault bus
209 with a single-phase-to-ground fauli, then fault sequentially all
buses following bus C209 in alphammeric order).

b) Output Options

The oubput modes descrihed above may bake any one of many forms
depending on control variables that msy be specified on an outpub request
caxd. These control variables appear in columns 40, 50, 60, end TO.
These control varizhles are deseribed below:

ICh - This variable is punched in columm 40 of the oubput request
cards, If ICk is set to 1, the impedance matrix is printed each time
it is computed., If ICh is blank or zero, the matrix is not printed.

IC5 - This variable is punched in columm 50 of the output request
cards, The line flows will be outpubt for ‘this number of buses away from
the Paulted bus. TFor "SELECTED" oubput this mumber is specified for
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each bus to be faulted in colum 51 of the cards specifying the buses
to be Paulted. If this column is blank or zero, it is interpreted as 1.

TC6 - This variable is punched in column 60 of the output request

Tf IC6 is non-zero, the reordered line list (IREE STRUCTURE)

cards.
A blank is interpreted

will be printed each time the mabtrix is compubed.
as Zero and no line list is printed.

ICT - This variable is punched in column 7O of the oubput request
cards. If this variable is zero or blank, the output will conizin
cubput For each faulted bus with each of the lines tied to that bus
open. Any non-zero nurber supresses this feature.

H. Matrix Changes

An option exists in the program which allows the user tc request
chenges to the positive snd zero sequence mstrices and ask for outpub.
The matrix may be computed or called from a saved record. Remember,
when using this opbion that the matrix must contain at least a small
retained area that was compubed previously. With this option, the user
mey remove lines, add lines, remove buses from the rebained 1is%, or
ask for printing. Change cards may be in any order bub must follow one
of the following program control cards and terminate with a program
control card punched "¥END" in columns 1-lt,

a) V¥MATRIX CHANGES THREE" - This program control caxd makes
changes to the positive seguence matrix only, and gives output in the
three phase output format.

b) "#MATRTX CHANGES SINGLE" - This control card makes changes %o
both the positive and zero sequence matrices. The output is in single-
phase-to-ground foxmatb.

If the user desires, he may first form a small matrix and then, by
using the options explained here, he may build the matrix in the same
way in which the program does in a normal xum, The user may first add
a line and then, if the bus is never used agein, the bus may be eliminated
from the mabrix and another line added, This process can be repeated
urtil all the lines are jincluded for the system., It is not suggested
that the user use this approach for large systems.

The input card Format for mabtrix changes follows:

Card Coluwm FPield Neme Description

i-6 np Bus name (sending bus)

15-18 NQ Bus name {(receiving bus)

25-56 X._L, Xo Positive and zero sequence as
on line data cards

60 NS This is a code 1-5 which defines

the action desired.

l. If a 1 is punched in colum
60, this indicates the removal
Trom the matrix of the line
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described on the card. Both

the sending and receiving buses
rust be in the retained bus Llist.
Only the bus names and the cir-
cuit number are required in ad-
dition to the option code,

2. If a 2 is punched in columm
60, this indicates that a line

is being added to the existing
matrix. One bus must be in the
retained bus list in order to

add a line and this must appear
as the sending bus on the input
eard; all data is required for
this card.

3. If a 3 is punched in columm
60, this indicates to the program
the elimination «f a bus from

the retained bus list. This
means to the user that this is

no longer available for further
sbudy. This bus name must appesr
as the sending bus. Unly the bus
name and option code are necessary
on this card.

h, If al is punched in column
60, this indicates that the user
is asking for oubpuit. The bus which
appears as the sending bus is
faulbted and outpub is given for as
many buses as appear in the circuit
nubher field., For example, if a
1l is punched in the circult number
field when using this option, the
output will include the faulted
bus and all lines ponnected to it.
A1l lines will be opened around
the bus and ocubput gilven for this
condition,

5. If a 5 is punched in column
60, this indicates that the user
is asking for oubtput as in L above.
If this option is used, no lines
are opened. Otherwise, 5 is iden-
tical to k.

61-62 NC This is used as the circuit nwmber
for types 1 and 2. On a type b
change, NC is interpreted as N-back.

Note: T4 should be understood that a matrix change cannot be made im-
medistely after reading in the line data because a matrix has not yet been
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generated. The user must first call for ocutput which would cause the
mebrix to be built. Onee a change is requested, it does nob actually
become effective wntil oubpubt is again requested which causes the matrix
to be recomputed. Oubput should be requested by using vption k.

T. Program Control Cards

This section contains a complefe descripbion of all program control
cards required to implement the various phases of the Short Cirecuit
Program. Most of these cards have been covered previously. For these
cards, this section will summarize the information covered earlier. In
addition to those cards previously mentioned, a number of less commonly
used cards are also menbioned here. Those cards regquire no additional
explanation other than that presented in this secticon. A command to
execute a particular phase of the program is recognized by an "#" punched
in card columm one followed by one or more command words punched in
card columms 2-2%. Fach command word must he separated by a blank and
left justified in the field, starting in card columm two. In addition
to the command field, four other fields are provided. These fields are
called control fields and are designated intermally as ICh, IC5, IC6,
and ICT. All control fields are ten colwmms wide and end in card columms
ko, 50, 60, and 70 respectively. Data punched in these fields should

be right justified.

1. #*STANDARD THREE PHASE - This is a single conbrol card which computes
a three phase fault study. It gives oubput for all lines and buses
connected directly to the faulted bus. If ICk is set to 1 in columm 1O,
the impedance matrix is printed each time it is camputed, If a mumber
is punched in ICH5, column 50 of the program control card, the line flows
will be output for that number of busez away From the faulted bus. If
IC5 is zero or blank, it is assumed to be 1 and only the flows for the
lines comnected directly to the fanlted bus will be prinmted, If IG6 is
non-zero, the reordered line list (TREE STRUCTURE) will be printed each
time the matrix is computed. If ICT7, colum 7O, is non-zero the line-

open festure is disabled.

2. ¥STANDARD SINGLE PHASE - This progvam conmbrol card is the same as in
(1) except the oubput is camputed for a single-phase-to-ground fault,

5. *MODIFIED THREE PHASE - This program control card is the same as in
(1) except the output is not compubed for all the buses. This ecard should
be followed by a card containing a bus name in colwmms 1-6. This bus
will be faulted and then all cards following in alphammeric order.

L, H*MODIFIED SINGLE PHASE - This program control card is the same as in
(3) except the output is computed for single-phase-to-ground Pault.

5. ¥SELECTED THREE PHASE - This control card should be followed by one
or more date cards which must be terminated with the control card "XEND",
The data cards should contain, in columms 1-6, the pame of the bus to be
faulted. If the line flows for more than 1 bus away are desired, the
number-back should be placed in column 51 of the same data card that names
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the bus to he fanlted. The program will compube the impedance mabriz
based upon the input cards. Only three phase oubput will be compubed.

6. *SELECTED SINGLE PHASE - This control card is the same as (5)
except only single-phase-to-ground option is computed and oubtput.
Note: For SELECTED THREE PHASE or SELECTED SINGLE PHASE options, any
punches in cec 50 (IC5) are ignorved. The number-back must be specified
in ce 51 of each data card specifying buses to be faulsed.

7. #*DUMP LINE DATA - This is a single conbrol which dumps out the line
data that 1s in core at the time the conbtrol card is read and execubed,
If ICh has a 1 punched in column 40, the ordered line list is printed
ratvher than the sorted list. This will only be true if the matrix has
been computed before this requested print.

8. ¥PRINT Z1 MATRIX - This is a single control which prints the positive
sequence matrix at the time of request.

9. ¥PRINT Z0 MATRIX - This control card prints the zero sequence matrix
elements in the machine at the time of the request.

10. ¥LINE ADDITIONS - This combtrol card should be followed by one or more
data.cards which must be terminated with a “¥END". This control makes
line additions to the line table alrsady in the machine.

11, ¥LINE REMOVALS - This control expects other input daba to follow
and a card with "¥END" punched in column 1-4 to terminate the action of
this control. This control removes lines from the line data already

in the machine,

12, ¥MATRIX CHANGES THREE - This control expecks other input data to
follow and must termingte with a card "END" to terminate the action of
the control. AllL data input vnder this-.card will only Pforce change to

the positive seguence mabrix.

13. *MATRIX CHANGES SINGLE - This control card expects other input data
to follow and must terminate with a card "¥ENDY to terminate the action
of the contrel., All data input under this.control eard will Fforee
change to the positive and zero sequence matrix. No mxbuals will be

involved using this option.

14, ¥LIST BUS - This control card prints the list of bus nemes in alpha-
numeric order and the bus numbers associated internally with each bus.

15. ¥LINE DATA - This control card expects the Lline data o follow and
mst.be terminated with & card punched "¥ED" beginning in colum 1.

16. ¥SET LDMITS - This conbrol card expects only one card to follow.
The next card will contain the following parameters: MAXRET (maximm
size of retained bus list - columms 1-10), MAXAUX (maximm size of
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suxiliery bus list - columms 11-20), MAXBUS (maximum mmber of buses -
columns 21-30), MAXLT (meximum nusber of lines - columms 31-40), and
MAXCOL (maximum mmber of buses in impedance matrix - colums 41-50).
A blank or zero in any of these Pields will be interpreted as "no
change", These values are originally seb to their maximm velues of
70, 200, 1000, 1000, 100 respectively.

17. *MISCELLANEOUS - This conbtrol card expects only one caxd to follow,

The next card will combain the following information: MVA base in
columns 1-10, and the input impedance constent in columns 11-20.

18. *WRITE RECORD - This is & single conbtrol card and additianal
information must appear on the card. The logical I/0 device mmber
must be punched in the I(W field, right justified. The reel number
punched in the IC5 field, right justified. I the IC6 field is punched
with a non-zerc number, this will be the first record on the tape, bub
if left blank, the record will be added to the reel. IP this is the
first time to use the tape, IC6 must be non-zero.

19. ¥RECALL RECORD - This is & single conbtrol card with the necessaxy
infoymation to recall a Base Case. The logical Lf0 deviee number
punched in the ICh field, right justified. The reel number is punched
in the IC5 field, right justified. The desired record number is
punched in the IC6 field, right justified. If the IC6 field is left

blank, an error message will be flagged.

20, ¥TITLE - Tiitle card follows and prints as heading title, As many
cards may be input as the user likes, but only the last card is retained
in the machine for further use. '

21, ¥REMARKS - Remarks caxd follows. Lists on output tape, single spaced.
Az many cards may be input as necessary, bub one must be
input with every remarks card. Only one card is read per control card.

22. ¥END - This control card is punched in columns 1-l and must be used
with.some of the other control cards to terminate the action of that
control card with which it is being used.

23. ¥/ - This control is used o signify the beginning of an independent
case.and is a "do nothing" if read at any other time during input,

Note: The start of a set of dabta cards for a case that is independent
of the resulis of other cases should be marked by preceding the seb of
independent date with "#/% punched in colum 1 and 2. The reason for
this is that when the program detects an error, it searches for the nexbh
independent case by locking for a card with "#/" in columm 1 and 2. It
is not necessary to place this eard in front of the first case. OSeveral
independent studies can be set up at a btime with the use of history

tapes. Each Lime a study is called from a history tape, this ean be
considered an Independent study.

To obtain a clean ending for this program, conbrol cards 22 and 23
are used together. Place the "¥/" card followed by an "¥END" card after

all the data and program control cards. This signifies the end of the
mm.
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Jd . Output Descripbion

On the outpub the mumber of lines included in the system are
printed along with the number of buses. The reference generator is
also printed. This is the bus used to start building the matrix. T
may be noted that when rumning a large study, this may change in the
middle of the oubput. This means that the mabrix has been computed
more than one time and a different generator has been selected to

staxt building the matrix.

On the output, the faulted bus will appear under the heading
faulted bus. The total foult wnder FAULT and the driving point imped-
ance under IMPEDANCE. Circwit mmber will appear just before the name
of the other end bus. Under heading fault to bus will appear another
bus name, This bus is the other end of the line leading away from the
faulted bus. Under the heading voliage and flow will be the Llow in
the line and voltage at the bus appearing under the heading fault to
bus. Whex a bus appears ‘to the left of the bus under the heading
faxlt to bus, this is the name of the opposite end of a line which is
not comnected directly to the faulted bus. Note: Voltage always

applies to the bus under the heading fault to bus.

When asking for output two buses away from the faulited bus, oubpub
will include a1l lines two buges away from the fawlied bus. IL two
buses are tied together with a line which are two buses asway from the
faulted bus, that line will appear in the cubput list. This is also
true when asking for only cone bus away from the faulted bus.

a) Three Phase Outpub

Three types of oubtput may be requested for three phase., OStandard
oubtput faults every bus and gives the flow in all lines 8 specified
nunber of buses away from the faulted bus. Bach line comnected 4o the
faulted bus is opened and the flows camputed for the same numbey of
buses away from the faulbted bus. Selected cutput is the =ame as
standaxrd output except that only the requested number of buses are
faulted., Oubput may be reguested through the matrix changes and here
the number of buses away from the faulted bus will include only those
buses which are included in the retained ares. Modified cubpub is the
same as standard oubtput except the pass through the buses starts at the

specified bus.
b) Single Phase Outpub

The output format for single-phase-to~ground is the same as three
phase oubpubt except the calculations are different and more has bheen
added, Under the heading IMPEDANCE, the equation is EZm(l) + Zm(o)
and EZ is the zerr sequence voltage at the faulted bus. Phase flow and
310 are printed for all lines when ‘the bus is faulted. Z)IO is the three

phase fault current. The voltage at the opposite end of all lines commected

to the faulted bus is also printed.
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Sample Decks

Presented here are two sample caxd decks. These decks represenb
two independent studies and are presented for illustrabtion only.

a. The following sample card deck will read in the line information
for a network with five lines and four buses. ALl buses sre 480 volb
base. 'The MVA base is 5. The network is titled "SAMPLE NETWORK."
The output is standard three phase plus an addibional nubtput for a
single phasge fanlt on bus C3,

*TTTLE
SAMPLE NETWORK

AMTSCELLANEOUS

5.

¥LINE DATA

SOURCE a .001 .18 .003 02 0
cL & .007 13 .0l J0L 0
cL €5 .08 .51 .05 091 0
ce s .0l .05 .01 07 0
C3 ch 102 231 .033 JAs72 0

Te-15 Te-25  %e-33 Te-bl  Te-bg  Te-62

¥END
¥3TANDARD THREE PHASE
¥/

¥SELECTED SINGLE PHASE
c3

@D

%/

FEND
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a. The following sample card deck will read in line data from
a tape mounted on the tape drive with logleal device mumber 2. The
first record on the tape will read. Two lines are then added and
three phase oubput requested for buses B120 and BI21.

. ) ¥RECATI, RECORD 2 1 1
. c-4o e-50 e~60
¥LINE ADDTTIONS
B119 B120 .002 .013 .007 .025 0
B120 R121 011 .025 .018 .033 0

ta-13% Te-25 £a-53 I NINE Ze-ltg  we-62

*END
#SELECTED THREE PHASE
B120
R121
#END

) by

¥END
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Appendix I COMPUTER PROGRAMS FOR ZERO SEQUENCE PARAMETER CATLCULATIONS

Computer programs to calculate zero sequence impedances of 3 ﬁ

electrical cables with esrth return using Fortran Language.

The following cards are common to all programs.

Z CONTROL CARDS

the

COMELEX Z0, %1, ZC
DIMENSTION LABEL (2)

DATA DE, RE/10560., .286/

DATA CONI/.8382/

WRITE (6, 100) _

%0 = COMFLY (RC + RE, CONIT*ALOGLO(DE/WMR))
GO TO 10 ]

FORMAT (1HL, 20X, “IMPEDANCE PROGRAM" //3X,
IleE“, lTX’ l!zﬂy 25}{’ IIRcII’ 8}{,

STCP

EID

QT

The value DE = 10560. = 880. % 12. represents the equivalent depth of
earth reburn path; RE = .2862 is the resistence in chms/mile of earth

veburn path and is independent of the depth of the rebuim.

We will reproduce several 'basic programs and list the differences with

similar programs.

A,

PILC:

CONTROL CARDS

Z FOR, IS PILC

PROGRAM COMPUTES ZERO SHQUENCE IMPEDANCES QF

3

CONDUCTOR SHEATHED CABLES INSTALLED IN STEEL

CONDUTTS (Z0) OR IN FIRER DUCTS (Z1) WITH EARTH
RETURN

COMPLEX 20, Z1, ZC
COMPLEX ZS, ZP, 208, ZCP, ZSP, ZPMCP, ZOMCS
COMPLEX Z(MCP, ZCPMSP, ZSMCS, ZOSMSP
DIMENSION LABRL (2)

DATA DE, RE/10560., .286/

DATA CONI/.8382/

DATA T, CR, CX/15.36, 29.9, 18.1/

WRITE {6, 100)

P
R
XP

READ (5, 101, END = 999) Iﬁg}%, RC, @R, RS, ASH,

AP¥R2
THCOR%S .28/ (DP¥1.000 )
TECX#5 .28/ (DP#1000)

uman

U = AP - ASH
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'ZC = CMPLY (RC + RE, CONI®ALOGLO(DE/@MR))
7S = CMPLX (3.¥RS + RE, CONI®ALOGLO(DE/ASH))
ZPMCP = CMPLX (3.%RP, 3.%XP).
ZCP = CMPLY (RE, CONI®ALOGLO(DE/AP))
ZCS = CMPLX (RE, CONI®ALOGLO(DE/ASH))
ZSP = CMPLX (RE, CONT¥ALOGLO(DE/U))
2P = ZCP + ZPMCP -
ZCMCP = ZC - ZOP
ZCMCS = ZC - ZCS
ZSMCS = Z8 - Z08
ZCSMEP = Z08 -~ Z8P
ZCPMSP = ZCP - ZSP
Z0 = ZS¥(ZCMCSRZPUCP + ZCMCP¥ZCPMSE +
1 ZeP¥*(ZCMCPX¥ZSNCS + ZOMCOS¥ZCSMSP) +
2 ZOS*(ZPMCP*ZEMCS - ZCSMSP*ZCPMSP)
20 = 20/ (Ze¥*(ZP-Z8P) + 2ZSP¥(ZS-7SP))
Zl = ZG -(Z0S*¥Z05/78) .
WRITE (6, 102) LABEL, ZO, RC, GMR, RS, ASH, RP, XP, AP
WRITE (6, 103) Zi
GO TO 10
999 ST
100  FORMAT (1Hl, 20%, "IMPEDANCE PROGRAM"//3X,
lILmEH‘, lTX, llzt!l’ 25}{‘,! “39“: 8}::" .
e 1t 11 H t
“gﬁ ,8;({}{," Agﬁ/, 8%, “AsE", 7X, “RP", 8X,
7 2
16}{, "BEAL", 9X, “IMAGJI‘IARY"//)
101  FORMAT (Ak, A6, 5F10.5) ‘
102  FORMAT (1X, Ak, A6, 2E15.5, 10X, 7F10.5)
105 TORMAT (11X, 2m5.5//)

= XQT
PILC 500 149 .6 61 1.26 2,

WD

B, BRNJ

2 CONTROL CARDS
Z FOR, IS BRNJ

PROGRAM COMPUTES ZERC IMPEDANCE OF 3 CONDUC
TOR OR 3 SINGLE CONDUCTOR NON-SHEATHED CARLES INSTALLED IN

STEEL CONDUITS (%0) OR IN FIBER DWCTS (Z1) WITH
FARTH RETURN

aQaoaa

COMPLEX Z0, Z1, ZC
COMPLEX ZP, ZCP, ZEMCP
DIMENSION LABEL (2)
DATA DE, RE/10560., .286/
DATA CGONI/.8382/
DATA T, CR, CX/15.36, 29.9, 18.1/
WRITE (6, 100)
10 READ (5, 101, END = 999) LABEL, RC, CMRIC, GMD, AP
DP = AD¥2,
RP = T*CR¥5 .28/ (DP*1000)
XP = T¥CX¥5.28/ (DP¥1000)
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R = (GMRICKOMD¥GMD)#%(1./3.)

70 = CMPLX (RG + .RE, CONI®ALOGLO(DE/GMR))

ZPMCP = GMPLY (3.%RP, 3.%¥XP)

ZCP = CMPLY (RE, CONIXALOGIO(DE/AP))

7P = ZOP + ZPMCP ]

Z0 = ZC - (ZCP¥ZCP/ZP)

71 = 20 .

WRITE (6, 102) LABEL, 70, RC, GMRIC, RP, XP, AP

WRITE (6, 103) ZL

GO TO 10

STOP

FORMAT (1L, 20X, "IMPEDANCE PROGRAM"//3X,
“LINE", 17X, "Z*, 25%, "RC", 8X

1 2 E]
% "@4310", 5}{, "RP“, BX, lIXPI!, BX, "A'P"/

16X, "REAL", oX, “IMAGINARY"//)
FORMAT (A5, Ak, 4F10.5)
FORMAT (1X, A5, A4, 2E15.5, 10X, 5F10.5)
gggm (1%, ems5.5//)

C. DPIAC

2 CONTROL CARDS
Z.FOR, IS PIAC

PROGRAM COMPUTES ZERQO SEQUENCE IMPEDANCES OF
CNE 3C PTAC CABLE SUSPENDED FROM A MESSENGER
WITHOUT GROUND WIRES (Z0) OR WITH ONE GROUND
WIRE AT TOP QF POLE SPACGED 66 INCHES FROM
MESSENGER (Z1) OR ONE 3C PIAC CABLE
INSTALLED UNDERGROUND IN FIBER DUCT (Z2)
PROGRAM ASSUMES THICKNESS OF ALUMINUM
SHEATH TO BE EQUAL TO THICKNESS OF THE LEAD
SHEATH OF ONE PIAC CABLE OF SAME VOLTAGE
RATTNG AND CONDUGTOR SIZE

PROGRAM ASSUMES MESSENGER AND GROUND

WIRES TO BE OF SAME STZE AND MATERIAT

COMPLEX ZO, Z1, ZC

COMPLEX 7S, 2, ZW, ZCS, ZCM, ZCW, ZSM, ZSW
CQMPLEX 72, ZOMCS, ZCMCM, ZOMGW, ZSMCS
COMPLEX ZCMMSM, ZOWMSW, ZCSMSM, ZCSMSW
COMPLEX ZWMCW, ZMMCM

DIMENSTION LABRI. (2)

DATA DE, RE/10560., .286/

DATA CONT/.8382/

WRITE (6, 100)

READ (5, 101, END = 999) LABEL, RC, @R, AW,

1 oD, S, ”¥, RS, ASH

AFM = .TTO*AN

GMRW = (.TTORMIE6, )¥%(1./2.)

DcM = ((OD -.8 ¥ SQRT-(3.)/3.)%(s*s/h. + (0D +
1 S¥SQRT(3.)/6.)¥%2. ) ) ¥*(1./5.) -
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DSM = (ASH¥ASH + (ASH + OD/2.)%x2.)¥%%(1./2.)
DOW = ((66 + 0D - S¥SQRT(3. )/3 )w(s*s/u +
(66. + OD + S¥8QRT(3.)/6.)¥%2,)

(0D - S¥SQRD(3.)/3.)*(s*s/h. + .
(0D + S¥SQRT(3.)/6. )**2 ))Ee(1./6.)
DSW = ((ASF*ASH + (ASH + 66. + OD)'HE )F

(ASHZASH + (ASH + OD)#%2.))%%(1./k.)

RSA .12067%RS

= CMPLX (RC + RE, CONI*ALOGI.O(DE/C&V}R))
zs = CMPLX (3.¥RSA + RE, CONI*ALOGLO(DE/ASH))
7W = CMPLX (3.¥RW + RE, CONI*ALOGZLO(DE/GMRW))
7M = CMPLX (5.%RW + RE CONT#ALOGLO (DE/GMRM) )
208 = CMPLX (RE, GONI*ALOG-J.O(DE/ASH))
ZCM = CMPLX (RE CONT#ALOGLO (DE/DCM) )
ZCHW = CMPLX (RE CONT¥AL0G10 (DE/DCH ) )
ZSM = CMPLX (RE CONT*ALOGLO{DE/DSM) )
ZSH = CMPLX (RE CONI*ALOGlO(DE/DSW))
TEMCS = 7S - ZCS
ZCMCS = ZC - ZCS
ZCMCM = ZC - ZCM
ZOMCW = ZC - ZCW
ZCSMSM = ZCS - ZSM
ZCSMSW = ZCS - ZSW
ZCMMEM = ZCM - ZSM
ZCWMSW = ZOW - ZSW
ZWMCW = ZW - ZCW
ZMMCM = ZM - ZCM

I n

Z) = ZS%(ZCMCSHZUMOW + ZCMCWHZCWMSW)

ki + ZSW*(ZOMOWHZSMCS + ZCMCS¥ZCSMSW)
2 + ZOS*(ZWMCWHZSMCS -~ ZCSMSWHZCWMSH)

71 = 71/ {(ZS(TW - ZSW) + ZSWE(ZS - ZSW))

270 = ZS*(ZOMCSYZMMCM + YCMCM¥ZCMMSH)
+ ZEM¥(ZCMCHM¥ZSMCS + ZCMOS¥ZOSMSM)
+ ZOS¥(MMOMIZSMCS - ZCSMSMXZCMMSM )
20 = Z0/(Zs*(ZM - .Z8M) + zsm*(zs ZaM) )
72 = (zcs%zcs/zs\

WRI’L'E(G 102) LAFAL, ZO, RC, GMR, RS, RSA, RW, AW
WRITE (6 103) Z1
WRITE (6, 103) Z2
WRITE (6 10h)
G0 TO 10
STOP
FORMAT (1H3, 20X, "IMPEDANCE PROGRAM"//3X,
ﬂI :ENEU 1 TX llzll 25X "RG" 8X

é‘ l!%" TX Ileﬂ 8}- "R.SA" TX "RW"
3

8, "“Au"/]16x, "REALM | 9%, "IMAGINARY"//)
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101  FORMAT (245, 8F8.L)
102 FORMAT (1X, 245, 2®l5.5, GF8.L)
103  FORMAT (11X, 2El5.5)
10k romMaT (7/)
TND

N

QT
. XLPA:

o

CONTROL CARDS
FOR, IS XIPA

WA\

PROGRAM COMPUTES ZERO SEQUENCE IMPEDANCES OF
% SINGLF CONDUCTOR CABLES SUSPENDED FRCM A
MESSENGER WITH (Z0) OR WITHOUT (%l) ONE GROUND WIRE
SPACED 56 INCHES FROM MESSENGER

PROGRAM ASSUMES CROUND AND MESSENGER

WIRES TO BE EQUAL SIZE AND MATERIAL

aaaaaana

COMPLEX Z0, Z1, ZC
COMPLEX 7M, ZW, ZCM, ZCW

DIMENSION LABEL (2)
DATA DE, RE/10560 , .286/
DATA CONI/.8382/
WRITE (6, 100)
10 READ (5, 101, END = 999) LABEL, RC, GMRIC, S, W,
1 AW, OD .
AR = (QRIC¥S#S)%%(1./3.)
GERW = (.7T7o%EW*66. )%%(1./2.)
DOM = 1.28%0D .- ..
XW = {{66. + OD - s*sam(a.;/a.)*(s*s/lp. +
1 . (66. + OD + S¥SQRT(3.)/6.)¥2.) ) (1./3.)
DOW = (DOW*DeM)**(1./2.) .- .
ZC = CMPLX-(RC +-RE, CONI*ALOGLO(DE/GMR))
M = CMPLX ga.*nw + RE, CONT¥ALOGLO(DE/(TTo®aH)))
ZH = GMPLX (3.%RW + RE, CONI¥ATOGLO(IE/GMRW))
Z0M = CMPLX (RE, CONT*ALOGLO(DE/DCM))
ZCW = CMPLX (RE, CONT¥ALOGLO(DE/DCW))
70 = ZC -~ (ZCW*ZOW/ZW)
- Zl = 2C - (ZCM¥ZCM/7M)
WRITE (6, 102) LABEL, Z0, RC, GRIC, S, OD, RW, AW
WRITE (6, 103) Z1
G0 TO 10
999  STOP
100  FORMAT (1HL, 20X, “IMPEDANCE PROGRAM"//3X,
1l !ILIN-EH’ lTX, ‘l‘lztl’ 25X, "Rcll’ BX’
2 "GM:RIC“’ SX’ Hstl, 9X, HOD”’ BX’ "Rwll, BX,
3 TAW" /16X, "REALY, oX, “IMAGTNARY"//)
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101  FORMAT (245, 6F10.6)
102  FORMAT (1X, 245, 2FE15.5, 10X, 6F10.6)
103  FORMAT (11X, 2El5.5//)

END

Z xqr
E, RHWA:

= CONTROL CARDS
= FOR, IS REWA

FROGRAM COMPUTES ZERO SEQUENCE IMPEDANCES OF
3.10-CABLES + 1-1C-NUETRAL IN STEEL, CONDUIT
{Z0) OR IN FIRER DUCT (Z1.)

QQQaa

COMPLEX 20, Zl, ZC
COMPLEX 7N, ZP, ZOP, ZCN, ZNP, ZOMCP, ZOMCN
COMPLEX ZPMCP, ZCPMIP, ZEMON, ZCNMNP

DIMENSION LABEL (2)
DATA DE, RE/10560., .286/
DATA CONI/.8382/
DATA T, CR, CX/15.36, 29.9, 18.1/
WRTEE (6, 100)
10 READ (5, 101, END = 999) LABEL, RC, RN, GMRIC,
il @RN, 5, AP . |
DP = AP#2, )
RP = T*CR¥5.28/{DP¥1000)
XP = THCX¥5,28/ (DP¥1000)
AR = (CMRIC*s*S)*#(1./3.)
2C = CMPIX (RC.+ RE, CONI/¥*ALOGLO(DE/GHR))
ZN = CMPLX (3.¥RN + RE, CONI®AT0GO{DE/GMRN))
ZCN = CMPLX (RE, CONT#ALOG1O{DE/S;)
ZCP = CMPLX (RE, CONI¥ALOGLO(LE/AP))
ZNP = ZCP )
ZEMCP = (3.%RP, 3.¥XP)
ZP = ZCP + ZBMCP .
ZNMCN = ZN - ZCN
ZOPMNP = ZCP - ZNP
ZINMIP = ZCN - ZP
ZOMCP = ZC - ZGP
ZOMCN = ZC - ZCN

70 = ZN*(ZOMCN¥ZEMCP + ZOMCP*ZCEMNP)
+ ZNP¥(ZOMCP*ZIMCN + ZCMCN*ZCNMIP)
+ ZCW#*(ZPMCPXZNMON - ZCNMNPXZCPVNE)

70/ (Z*(ZP - ZNP) + ZNP*(ZN - ZOP))

20 =
Z1 = ZC - (iczw*zcm/zw) "




999
100

101
102
103
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WRITE (6, 102) LABEL, Z0, RC, RN, GMRIC,
1 GMRN, S, AP
WRITE (6, 103) Z1
GO TO 10
STOP

FORMAT (1Hl, 20X, "IMPEDANCE PROGRAM"//3X,

1 "LINE", 17X, “Z", 25X, "RC", 8X,

2 “RN", X, "GMRIC", SX; “mﬂ, 6}{,

3 "sh, 9xX, "AP"/16X, “REAL", oX, "IMAGINARY"//)

FORMAT (Ak, A5, 6F10.5)

FORMAT (1X, Ah, A5, 2815.5, 6710.5)
FORMAT (11X, 2E15.5//)

END

Z XQT
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PARAMETER ~ COMPUTER PROGRAM DETERMINATION
RC PII.C Table of Cable Characteristics
PIAC, BRNJ, XLPA, RHWA Resistance Formulas for Positive

Sequence

RN REWA Resistance Formulas for Positive
Sequence

RS PILC, PIAC Table of Cable Characteristics

ASH PILC, PIAC Table of Cable Characteristics

AW PTAC, XLPA Table of Conductor Characteristics

GMR PILC, PIAC Table of Cable Characteristics

GMRIC BRNJ, XLPA, RHWA Table of Conductor Characteristics

GMEN RHWA Table of Conductor Characteristics

oD PTAC, XLPA Table of Cable Characteristics

GMD BRNJ Reactance Parameters for Positive
Sequence

] PIAC, XLPA, RuOWA Equivalent to @D as above

RW PIAC, XLPA Table of Conductor Characteristics
and Resistance Formulas for Positive
Sequence

References: "Transmission and Distribution Reference Book" by Westinghouse

Electric Company

"Underground Systems Reference Book" by Edison Electrical
Institute

"Electric Power Transmission" by Zaborsky and Rittenhouse
"Galeulation Data For Wire and Cable" by Anaconda Wire and
Cable Compeny

"Wire and Cable Selection and Technical Data" by General
Electric Company

"Wire and Cable Data™ by Rome Cable Company




