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INTRODUCTION

The New York Power Authority (NYPA) operates 11 power plants with a
combined output of more than 6800 MW and 1,400 miles of transmission
lines in New York state. NYPA is constructing the Sound Cable
Project, a 26.3 mile underground/submarine 345KV transmission line
that will improve Long Island's electricity supply (Figure 1).
Construction of the $376 million Sound Cable Project is under way with
completion scheduled for summer 1991.

This paper will describe the protective relaying systems and the
associated fiber optic communication links used for the Sound Cable
project.

PROJECT DESCRIPTION

The Sound Cable will originate at Con Edison's Sprain Brook substation
(Figure 2) and will terminate in a conventional air insulated
breaker-and-one-half switching arrangement. The Sound Cable is fully
compensated (600MVAR) and includes two 150 MVAR shunt reactor banks
and associated circuit switchers at the Sprain Brook Terminal. Both
circuit breakers are live tank SF-6 and include dual trip coils.
Free-standing current transformer columns which contain five 3000/5
multiratio C800 accuracy CT's are provided for bus and line protection
systems and revenue metering. Breaker support ground fault CT's are
also included. Three line side 207KV-115/69V dual winding potential
transformers are provided for metering and primary (first line) line
relaying systems. Three bus side coupling capacitor voltage
transformers are provided for secondary (second line) line relaying
and shunt reactor protection systems.

An 8.8 mile high pressure fluid filled (HPFF) pipe type cable will
connect the Sprain Brook substation in Yonkers to the North Transition
station in New Rochelle (Figure 3). The cable will generally be
located under public streets and will consist of three 2500 kcm cables
in an 8 inch carbon steel pipe and a 5 inch o0il return pipe. Two-3
inch PVC conduits which contain fiber optic cables for the protective
relaying communication systems are also located in the cable trench.



The North and South Transition stations are SF-6 gas insulated
stations (GIS) which include terminations for the connection of the
HPFF cable systems to the underwater self contained fluid filled
(SCFF) cable system. The underwater SCFF cable system includes four
(4) single phase cables (1 spare). Disconnect switches are included
at the North and South Transition stations to facilitate the switching
of the spare SCFF underwater cable in the event of a cable failure.

Three 3000/5 B multi ratio C800 accuracy current transformers are
included with the GIS at both transition stations for use with the
SCFF faulted phase targeting system.

The 7.9 mile underwater SCFF cable system will be installed in four
trenches approximately 500 feet apart under the Long Island Sound.
Special ships and underwater trenching equipment will be used to
install the four cables in a continuous length. Two armored fiber
optic cables will be lashed to two of the four SCFF cables.

The South Transition station, located in Hempstead Harbor, Port
Washington, also includes a 150MVAR shunt reactor bank. The GIS
includes a load interrupt breaker (LIB) for the switching of the shunt
reactor bank. Three 207KV - 115/69V dual winding potential
transformers are provided in the GIS for the secondary shunt reactor
protection system and indication metering.

A 9.6 mile HPFF pipe type cable will connect the South Transition
station to the East Garden City substation. The design of the Nassau
County HPFF cable system and trench is the same as for Westchester
County.

The Sound Cable will terminate in a new gas insulated substation at
East Garden City (Figure 4). The East Garden City 345KV substation
includes two 345KV circuit breakers, a 150MVA shunt reactor bank and
associated LIB, two 450 MVA, 345KV phase angle regulating (PAR)
transformers and two 345KV/138KV autotransformers. The
autotransformers will connect to the existing LILCO East Garden City
138KV substation via new 138KV circuit breakers. Each circuit breaker
will include dual trip coils and 2-3000/5 multi-ratio C800 accuracy
current transformers per phase on both the line and bus side bushings.



Line and bus side three winding 207KV-115/69V potential transformers
are provided for line relaying, shunt reactor relaying, overvoltage
relaying and indication metering. Short HPFF cable sections are used
to connect the PAR transformers to the high side of the
autotransformers. Short overhead line segments are used to connect
the low side of the autotransformers to the new 138KV circuit
breakers.

DESIGN CRITERIA

3.1 NPCC Criteria

The Sound Cable Project protective relay systems were designed in
accordance with the Northeast Power Coordinating Council (NPCC)
Bulk Power System Protection Criteria. 1In general, the design
objectives of all protection systems are to minimize the severity
and extent of system disturbances and to minimize possible damage
to system equipment. More specifically, the objective of the
Bulk Power system protection is to ensure that the effects of
faults and disturbances are limited to the local area. The
protection systems should be capable of meeting this requirement,
while themselves experiencing a first order contingency, such as
the failure of a protection system to operate or the failure of a
breaker to trip. The Bulk Power System Planning design criteria
includes both normally cleared three phase faults and single line
to ground stuck breaker faults. To ensure that the protective
relay systems meet these requirements, the NPCC requires that all
elements of the Bulk Power system must be protected by two
protection systems, each of which is independently capable of
detecting and isolating all faults without undue disturbance to
the Bulk Power System. The NPCC also states that the protection
system design should avoid the use of components common to the
two systems to reduce the possibility of both systems being
disabled by a single contingency. This requires dual DC battery
systems, dual AC supplies, individual potential and current
transformer secondary windings for each system, dual trip coils,
dual communication systems and physical separation of wiring and
devices.

3.2 Communication System Feasibility Studies

Relay communication feasibility studies were performed for power
line carrier, microwave and fiber optic options. Power line
carrier was found to be not feasible for the SCP because of
excessive signal attenuation due to the long cable length and the
two transitions from HPFF to SCFF cable. BAlthough microwave was
found to be a technically feasible altermative for relay
communications, additional licensing requirements with
anticipated delays eliminated microwave as a possible option.
Fiber optics and leased telephone circuits remained as the two
viable SCP communication options.



Utility Considerations

Defining the protection system requirements for the SCP required
the close cooperation of three power companies; Con Edison, LILCO
and NYPAR. Each company has its own requirements with regards to
protection system design and philosophy. NYPA prepared the
initial protection system application documents for the Sound
Cable Project. These documents detailed NYPA's basic philosophy
and requirements for the SCP protection systems. These documents
were reviewed by LILCO and Con Edison and were modified to
reflect the individual utilities concerns. The following basic
agreements were reached among the three utilities regarding the
line relaying system.

1. Three line relaying systems would be provided for the
protection of the Sprain Brook - East Garden City 345KV Y49
circuit. BAlthough the NPCC only requires two line relaying
systems, recent utility experience with the derating of
critical tie lines due to relay system maintenance makes it
economically and operationally attractive to provide a third
line relaying system. The three basic protection systems
agreed to include: solid state permissive overreaching
transfer trip (POTT) system with an unblock feature over a
dedicated fiber optic channel (system 1), an
electro-mechanical POTT system via leased telephone circuits,
(system 2A), and a current differential system via a
dedicated fiber optic channel (system 2B).

2. The solid state system 1 and current differential system 2B
would be procured as total integrated systems in which the
vendor would have total system responsibility for both the
relay and communication systems.

3. The system 1 and system 2B relay and fiber optic
communication systems would require complete back-to-back
model power system simulator acceptance testing. All other
fiber optic communication systems would require back-to-back
factory acceptance testing.

4. Preference would be given to relay and communication systems
which have proven electric utility field experience,
preferably with each of the three utilities.



Vendor Presentations

To help in the relay system specification and procurement
process, it was agreed that the four major U.S. relay system
suppliers would be requested to provide pre-bid proposals for the
Y49 circuit line relaying system. The vendors were also
requested to present their proposals to NYPA, LILCO, Con Edison
and EBASCO, the consulting engineer for the SCP. One additional
vendor was requested to submit a proposal for a digitally
multiplexed protective relay fiber optic communication system
which had extensive New York State utility field experience. The
vendor presentations allowed the three utilities to reach
agreement on the relay and communication system design and on the
sole source versus competitive bidding procurement of the relay
systems.

4. PROTECTIVE RELAYING SYSTEMS

4.1

Zones of Protection (Figure 5)

The SCP is protected by the following overlapping redundant zones
of protection.

4.1.1 Line Zone
The line zone extends from East Garden City breaker's 3410
and 3420 PAR side, bushing CT's to the Sprain Brook

substation Bay #2 free standing CT's.

4.1.2 Shunt Reactor Zones (four)

Although protected by dedicated redundant relaying
systems, the East Garden City and South Transition station
shunt reactors are also included in the line relaying zone
and require the tripping of the line terminals to clear
reactor faults. The Sprain Brook shunt reactors include a
design feature which utilizes the shunt reactor circuit
switcher for interruption of low level shunt reactor
faults.

4.1.3 Phase Angle Regulating (P.A.R.) Transformer Zones (two)

The PAR zones of protection extend from the line side
bushing CT's of the East Garden City 345KV breakers to the
Autotransformer high side bushing CT's.



345KV /138KV Autotransformer zones (two)

The autotransformer zones of protection extend from the
PAR load side bushing CT's to the East Garden City 138KV
breaker bus side bushing CT's.

Bus Zones (four)

The Sprain Brook substation includes dedicated, redundant
north and south bus differential zones. The East Garden
City 138KV substation includes single bus differential
zones.

Fiber Optic Communication System

4.2.1

Overview

The SCP fiber optic communication systems include two
(primary and secondary) 12 fiber, 1300nm single mode fiber
optic cable systems. Four fibers in the primary fiber
optic cable system have been allotted for the primary
relay system 1 (2 plus 2 spare). Relay system 1 utilizes
an FSK dual subchannel transfer trip system with a 1300nm
laser fiber optic interface. BAn additional four fibers of
the primary F/O cable have been allotted for the primary
direct transfer trip system (2 plus 2 spare). The primary
direct transfer trip system is a digitally based, Tl rate
(1.544 Mbps) multi-function protective relay fiber optic
communication system. The remaining four fibers in the
primary cable system will be utilized for non-power system
needs.

Four fibers in the secondary fiber optic cable have been
allotted for secondary relay system 2B (2 plus 2 spare).
Relay system 2B is a three phase current differential
relay system which includes a high power L.E.D. 1300nm,
fiber optic interface. BAn additional four fibers of the
secondary F/O cable are utilized by the secondary direct
transfer trip system (2 plus 2 spare). The secondary
direct transfer trip system is also a digitally based, T1
rate, multi-function protective relay fiber optic
communication system. The remaining four fibers in the
secondary cable system will be utilized for non-power
system needs.



Fiber Optic Cable Design

Two types of fiber optic cables are being used for the
SCP. The upland fiber optic cables are a loose buffer
tube, non-metallic, total dielectric design, suitable for
installation in a duct system. The single mode upland
fiber has a maximum attenuation of .35 dB/km at 1300nm
(.25dB/km at 1550 nm). The upland fiber optic cable
optical and mechanical specifications are shown on
Figure 6. The underwater fiber optic cables are a single
armour, grooved rod design, suitable for an underwater
direct buried installation. The single mode 1300nm
underwater cable has a maximum attenuation of .38dB/km
(.25dB/km at 1550nm). Figure 7 illustrates the design of
the underwater fiber optic cable.

Installation Methods

The upland fiber optic cable will be installed in 3 inch
PVC conduit located in the power cable trench. A cross
sectional view of the cable trench is shown on Figure 8.
The cable is being supplied in 14000 foot lengths and will
be installed with a minimum number of splices. All
splices will be fusion with a maximum attenuation of
.1dB/splice (.05dB/splice is attainable).

The underwater F/0 cables will be lashed to two of the
four SCFF power cables. The SCFF cables are being laid
across the Sound 500' apart and will be buried under the
Sound floor by the use of specialized underwater trenching
equipment.

Loss Calculations

Fiber optic system loss calculations were performed to
determine the optical power requirements of the protective
relay communication systems. The upland fiber optic
cables (30km) have a maximum attenuation at 1300nm of
0.35dB/km. The underwater fiber optic cables (13km) have
a maximum attenuation at 1300nm of .38dB/km including
splice losses. §Six upland splices are planned, each with
a maximum attenuation of .1dB/splice. Splice panel losses
at the East Garden City, North and South Transition
stations are estimated at .2dB/splice panel. The Sprain
Broock substation includes patch panels and associated
connectors. The Sprain Brook patch panel and connector
loss is estimated at 2.0dB. BAn additional 5.0db has been
allotted for system aging and maintenance. BAs indicated
in the following Table 1A, the end to end system losses
have been estimated to be 18.6dB. Allowing for an
additional 5dB margin for system aging and maintenance,
the end-to-end fiber optic systems have a required minimum
system gain of 23.6dB. The South Transition station -
Sprain Brook Fiber Optic systems have a required minimum
system gain of 17.3dB
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Table 1A

Sprain Brook - East Garden City
Fiber Optic System Loss Evaluation

Fiber Losses Land (30Km X .35dB/km)

Fiber Losses Submarine (13km X .38dB/km
Upland Splice Loss (6 splices X .1dB/splice
Splice Panel Losses (.2dB/splice panel X 3)
Connector & Patch Panel Losses at Sprain Brook
Aging and Maintenance Loss

Minimum system gain

Table 1B

South Transition Station - Sprain Brook
Fiber Optic System Loss Evaluation

Fiber Losses Land (1l4km X .35dB/km)

Fiber Losses Submarine (13km X .38dB/km)
Upland Splice Loss (3 splices X 1dB/splice
South Transition Station Splice panel loss
Connector & Patch Panel loses at Sprain Brook
Aging and maintenance loss

Minimum system gain

dB
dB
dB
dB
dB

dB

ds

dB
dB
dB
dB
dB
dB

dB



Fiber Optic Terminal Equipment

The primary relay system 1 utilizes a frequency shift,
dual subchannel audio tone system with an integral 1300nm
fiber optic interface. The fiber optic transmitter is an
amplitude modulated laser and the receiver is a "Pinfet".
The system gain for this interface is 45dB. The primary
direct transfer trip (DTT) system is a digitally based, Tl
rate (1.544) Mbps) multi-function protective relay fiber
optic communication system. The primary DTT system is
being used for the South Transition station shunt reactor
remote tripping function and for the Sprain Brook-East
Garden City end-to-end direct transfer tripping

functions. A bypass arrangement is utilized at the South
Transition station to allow the end-to-end direct transfer
tripping function. The primary DTT system is also being
utilized for inter-station voice communication and has
been equipped with spare voice channels. Figure 9
illustrates the design of the primary fiber optic
communication systems. The system gain for both the
Sprain Brook-South Transition and South Transition-East
Garden City links is 22dB.

The secondary relay system 2B is a current differential
relay system with an integral 1300nm fiber optic
interface. The fiber interface includes a pulse-period
modulated (PPM) edge emitting diode transmitter and a PIN
diode receiver. The system gain for this interface is
30dB. The secondary fiber optic direct transfer system
utilizes the same digitally based, T1 rate, multi-function
protective relay fiber optic communication terminal
equipment as the primary direct transfer trip system. The
secondary system is being used for the Socuth Transition
station shunt reactor remote tripping function, for HPFF
cable pump plant tripping, remote alarm reporting and for
inter-station voice communication. The secondary system
also provides voice channels which are used for the SCFF
faulted phase targeting current differential relay

system. A bypass arrangement is utilized at the North
Transition Station for the South Transition station-Sprain
Brook DTT system. The system gain for each link of the
secondary fiber optic system is 22dB. Figure 10
illustrates the design of the secondary fiber optic
communication system.



Line Relaving Systems

The Y49 circuit is protected by three pilot protection systems:
primary system 1, which is a so0lid state permissive overreaching
transfer trip (POTT) system utilizing fiber optic communications,
secondary system 2A which is an electromechanical POTT system
utilizing audio tone equipment and a leased telephone circuit,
and system 2B which is a current differential system utilizing
fiber optic communications.

4.3.1

Primary System 1

Primary relay system 1 is a solid state permissive
overreaching transfer trip (POTT) system which utilizes a
dedicated pair of optical fibers for communications. The
system includes an "unblock" feature to allow the
permissive tripping of the terminals if a loss of signal
were to occur concurrent with a line fault. Both primary
system 1 relay terminals' AC inputs are from the primary
line side voltage transformers and from the primary
current transformers. System 1 includes phase and ground
zone 1 instantaneous tripping and time delayed phase and
ground zone 2 back-up tripping. Switch into fault, stub
bus and delayed line end open keying features are also
included. Additional features include out of step reclose
blocking and loss of potential logic to block tripping of
the phase impedance units for a blown PT fuse condition.

‘The phase impedance units are also supervised by

overcurrent units. An additional electromechanical
directional ground overcurrent relay (instantaneocus and
time delay) has also been included for system 1 ground
backup and open phase protection.

Secondary System 2A

Secondary relay system 2A is a POTT electromechanical
relay system which uses frequency shift, dual subchannel
audio tone equipment via a leased telephone circuit for
communications. System 2A receives its AC inputs from the
secondary current transformer circuits and the secondary,
bus side potential transformer at East Garden City and the
secondary bus side coupling capacitor vecltage transformer
at Sprain Brook. The system 2A phase and ground distance
units are three zone, phase packaged units. The first and
second zones have a reactance type characteristic and
provide instantaneous and time delay back-up functions.
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The third zone has a directional mho type characteristic
which is used as the permissive tripping and keying
element as well as supervising zone 1 and zone 2 reactance
units and providing a time delayed zone 3 back-up
function. Overcurrent supervision of the phase distance
units is provided at Sprain Brook and a loss of potential
blocking feature utilizing voltage balance relays is
provided at East Garden City.

A single phase offset mho blocking relay is included to
block reclosing for out of step conditions. Switch into
fault and directional ground overcurrent features are also
provided. The permissive communication logic includes
prolonged keying for zone 1 faults and delayed line end
open keying.

Secondary System 2B

The secondary relay system 2B is a three phase, solid
state current differential relay system with an integral
fiber optic interface. A direct transfer trip feature has
also been included with this relay system. The system
transforms the local and remote three phase currents at
each terminal into a representative single phase voltage
by means of a sequence filter. The remote signals are
brought into each local terminal by a communication
channel and are compared as to magnitude and phase
relations, and a trip signal is generated accordingly.
The secondary relay system 2B shares the secondary current
transformer circuits and DC systems with system 2A.

150 MVAR Reactor Protection (Figure 11)

The shunt reactors are protected by redundant relaying systems.
The East Garden City and South Transition Station primary systems
include three high speed, product restraint, percentage
differential relays and a lockout relay. Operation of the East
Garden City primary reactor protection system will trip the local
breakers and key the primary direct transfer trip system to trip
the Sprain Brook terminal. The primary shunt reactor protection
system at the South Transition Station will key primary direct
transfer trip systems to trip the Sprain Brook and East Garden
City terminals.
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The East Garden City and South Transition Station secondary
systems will consist of three single phase, single zone, mho
distance relays with overcurrent supervision to provide
instantaneous protection against turn-to-turn and single phase to
ground faults. In addition a sudden pressure relay will provide
protection against turn-to-turn faults. Operation of the East
Garden City secondary shunt reactor protection systems will trip
the local breakers and key the secondary direct transfer trip
systems to trip the Sprain Brook terminal. The secondary shunt
reactor protection systems at the South Transition Station will
key the secondary direct transfer trip systems to trip the Sprain
Brook and East Garden City terminals.

The Sprain Brook primary shunt reactor protection systems include
three harmonic restraint percentage differential relays and
sudden pressure relaying. The Sprain Brook secondary shunt
reactor protection systems include three single phase, single
zone, mho distance relays. The primary and secondary systems are
supervised by overcurrent relays which allow the use of the shunt
reactor circuit switchers to interrupt low level faults (under
1000 amps). The Sprain Brook terminal is tripped and the primary
and secondary direct transfer trip systems are keyed to trip the
East Garden City terminal for faults greater than the circuit
switcher interrupting rating. Back-up breaker failure systems
are included with the circuit switchers.

Phase Angle Regulating Transformers (Figure 12)

To regulate the power flow between Con Edison and LILCO, two
450MVA, 345KV phase angle regulating transformers are included at
the East Garden City substation.

The series units are rated 86270V/66122V delta-delta and the
exciting units are rated 199186V//3X16X2444V Y-Y. PAR1 and PAR2
are individually protected by dual differential relaying systems
fed from separate CT's.



Primary Protection System

Three single phase, variable percentage, harmonic restraint,
differential relays are used to provide overall differential
protection for the phase angle regulator. The primary zone will
extend from the line side of the 345KV breaker to the high
voltage bushings of the 345/138KV autotransformer. As shown

in Figure 12, CT's for the source and load sides of the series
unit as well as the neutral side of the exciting unit primary
winding are all connected in Y. The primary differential relay
will not be affected by externmal ground faults which may produce
overvoltages on the unfaulted phases and saturation of the series
unit. In addition the Y connected CT's of the differential
system will allow the third harmonic to restrain the relay for
overexcitation conditions. The operation of the primary
differential relay will energize the primary lockout relay.

Secondary Protection System

Three single phase, variable percentage, harmonic restraint
differential relays are used to provide differential protection
for the series transformer and some backup protection for the
exciting unit. The PAR secondary differential zone will extend
from the line side of the 345KV breaker to the high voltage
bushings of the 345/138KV autotransformers. BAs shown in Figure
12, CT's for the source and load sides of the primary series
winding are connected in delta, while CT's on the neutral side of
the secondary exciting unit are Y connected.

The requirement for voltage supervision of the secondary
differential relay to eliminate false tripping due to saturation
of the series winding during through fault conditions was studied
using EMTP simulation. The results of the EMTP indicated no
series unit saturation during external faults and hence no
voltage supervision was added to the differential relaying
system. A time overcurrent relay is added to the neutral of the
primary exciting unit to provide backup protection for ground
faults on the exciting unit primary. A time overcurrent relay is
added to the neutral of the secondary exciting unit to provide
sensitive ground fault protection for phase-to-ground faults on
the secondary exciting winding. The secondary differential relay
system and neutral time overcurrent relays will energize the
secondary lockout relay to trip and lockout 345KV and 138KV
circuit breakers.
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In addition sudden pressure relays are applied to the series and
exciting units to energize the primary and secondary lockout

- relays for turn-to-turn faults.

Transformer Protection (Figure 13)

The 270/360/450 MVA Autotransformers AT-1 and AT-2 are
individually protected by dual differential relaying systems fed
from separate CT's and energizing separate lockout relays using
separate dc's.

Primary Protection

Three single phase, variable percentage, harmonic restraint
electromechanical differential relays are used to provide
differential protection for the autotransformer. The
differential protection zone will extend from the bushings of the
450MVA phase angle regulating transformer to the bus side of the
138KV breaker.

Secondary Protection

Three single phase, variable percentage, harmonic restraint
electromechanical differential relays are used to provide
differential protection for the autotransformer. The secondary
differential protection zone will extend from the bushings of the
450MVA phase angle regulating transformer to the bus side of the
138KV breaker. Ground inverse time overcurrent relays are
applied in the autotransformer neutrals to provide backup
protection for ground faults. Phase overcurrent relays are
applied on the 138KV sides of the autotransformer to provide
backup protection for faults on the 138KV system. Buckholz
relays mounted in the transformer conservator are applied to
alarm for gas conditions and to trip for increased pressure
during turn-to-turn faults. The relay will trip both primary and
secondary lockout relays via separate contacts. In addition,
rapid pressure rise relays are applied to alarm for transformer
faults.
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Overvoltage Protection

The transient and steady state overvoltages of the SCP were
studied using EMTP simulations. Several scenarios were
identified which would result in overvoltage conditions at East
Garden City when the Sprain Brook terminal is opened. Some of
the overvoltage scenarios were attributed to the need to operate
the Y49 circuit with shunt reactor outages at Sprain Brook and
with very high terminating impedances at East Garden City. To
limit the duration of unacceptable high temporary overvoltages, a
direct transfer trip signal is generated at Sprain Brook to trip
the East Garden City terminal of the Y49 circuit. The signal
will be generated when the Sprain Brook terminal is open and two
out of four reactors are out of service. The scheme will be
enabled manually by an operator. Backup overvoltage protection
is obtained by adding three solid state instantaneous overvoltage
relays to the line side PT's at East Garden City. The
overvoltage relays will energize a timer which will trip the
345KV CB's at East Garden City after a defined time delay.

In addition three phase solid state volt/hertz relay systems with
adjustable inverse time characteristics are applied on the phase
angle regulator side of the 345KV circuit breakers. These
systems will provide overexcitation protection for both the phase
angle regulating transformers and the autotransformers by
tripping the associated 345KV and 138KV breaker at East Garden
City.

Breaker Failure Systems

The Sprain Brock and East Garden City 345KV circuit breakers are
equipped with dual solid state breaker failure protection
systems. Each breaker failure system includes three-phase and
ground fault detectors, a timer and an instantaneous re-trip
feature. The primary and secondary breaker failure systems share
the current transformer secondary circuits with the line relaying
systems. The East Garden City breakers include a timer by-pass
if the breaker operation is disabled by a low SF-6 gas

condition. In addition, the East Garden City breaker failure
system includes breaker "52a" auxiliary contact supervision in
addition to overcurrent supervision for low level faults which
might not operate the fault detectors.
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Direct Transfer Trip Systems

Dual direct transfer trip systems are included for the Sprain
Brook - East Garden City end-to-end direct tripping requirements
and for the South Transition Station shunt reactor protection
systems.

The primary direct transfer trip system utilizes a digitally
based, T1 rate multi-function, fiber optic protective relay
communication system for both the end-to-end and South Transition
station direct transfer trip functions. One bi-directional
channel of the primary system is used for the end-to-end direct
transfer trip function.

End-to-end direct tripping is initiated by the primary breaker
failure and shunt reactor protection systems. In addition,
Sprain Brook initiates direct tripping of East Garden City for
line end open conditions when 2 of the 4 SCP shunt reactors are
out of service. A bypass arrangement is used at the South
Transition Station for the end-to~end tripping functions. The
South Transition Station shunt reactor primary protection system
uses a second channel to direct trip the Sprain Brook and East
Garden City terminals.

Receipt of a primary direct transfer trip signal at the Sprain
Brook and East Garden City terminals will operate a lockout relay
which will trip the local breakers.

The secondary end-to-end direct transfer trip system utilizes the
direct tripping option associated with current differential relay
system 2B and a dual subchannel frequency shift audio tone system
via a leased telephone circuit. Selector switches are included
in the receive circuits to allow the system to be configured for
audio tone only, current differential only, or audio tone and
current differential in series tripping logic.

The South Transition Station shunt reactor secondary protection
system utilizes the same type of fiber optic communication
equipment as is used for the primary system. A channel bypass
arrangement is provided at the North Transition station to allow
the tripping of the Sprain Brook terminal.
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4.10 Underwater SCFF Cable Faulted Phase Targetting System(Figure 14)

For the purpose of targetting the faulted phase and to
facilitate the switching of the underwater spare cable, a
differential relaying system is added to the self contained
cable between the North and South Transition stations. During
the early planning stage for the protection systems, no single
phase current differential relay system using a fiber optic
communication link was readily available. Hence, three-phase
current differential relaying system with phase instantaneous
overcurrent relays was substituted. The relay system is
interfaced to the fiber optic link via a voice channel of the
secondary fiber optic communication system.

The phase instantaneous relays are set above maximum load
currents and the currents in the unfaulted phase (I0-I1) during
internal phase-to-ground faults.

The operation of the current differential relay and the proper
phase instantaneous relay will provide a target for faulted
phase identification. In addition to the local target,
information will be sent to the LILCO and Con Edison Energy
Control Center's via SCADA for alarm purposes.

CONCLUSIONS:

The Sound Cable Project is scheduled for commercial operation in June
1991. All protective relay systems have been procured and substation
construction is under way. All upland pipe type cable and fiber optic
cable installation has been completed. The underwater cables will be
installed this winter. Model power system simulator testing of the
solid state line relaying systems and back-to-back testing of the
fiber optic communication systems were completed in May/June 1990.
This testing enabled the verification of all system design and setting
parameters. All protection systems will be thoroughly tested prior to
the commercial operation of the SCP.

This project illustrates the use of both dedicated analog and
multi-function, multiplexed fiber optic relay communications systems.
The use of the multiplexed digital relay communication systems allowed
the easy accommodation of additional functions which were not defined
during the initial stages of the project.

211 equipment associated with the SCP are protected by dual redundant
protection systems that meet NPCC criteria. The use of relaying
systems with different operating principles and diverse communication
media offers the best compromise for reliability. The use of three
line relaying systems will enhance the availability of the Sound Cable
Project during the scheduled maintenance or the forced outage of one
of the line relaying systems.
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Figure 6 Upland Fiber Optic Cable

12 CHANNEL AERIAL/DUCT GENERAT PURPOSE SINGLE MODE CRBLE
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OPTICAL PIBERS (1-12) =

BUFFER TUBE (1-~6) -

FIBERS PER TUBE -
STRENGTH MEMBER (C) -
CABLE -

CORE FLOODING -
TAPE -

STRENGTH MEMBER -
QUTER JACKET -

8.7uM nominal
9.5uM +0.5uM

Core Diameter
Mode Field Diameter

Cladding s 125uM #2uM
Inner Coating s 250uM +15uM
Cladding Non-Circularity : <2%

Cut-off Wavelength : 1200 +70nM
Zero Dispersion wavelength : 1310 +15nM
Zero Dispersion Slopse : 0.093 maximum
Attenuation @ 1.30uM : <0.35dB/km
Proof Test ¢ 50,000 PSI

Polymeric Insulation

Buffer tubes are flooded with a moisture protective
sealant.

I.D. 1.27mm (0.055") nominal

O0.D. 2.00mm (0.079") nominal

Each Buffer tube shall contain 2 fibers
Dielectric Material

Twelve (12) optical fibers (Six tubes - 2 fibers per
tube) and one filler (F) are cabled around the Central
Strength Member (C}.

At cti‘s option, spare fiber may be added in lieu

of filler.

0.D.: 6.57mm (0.259") nominal

The cable core is flooded to prevent water migration

A 25uM (0.001") Polyester tape is applied over the
cable.

Aramid Yarn (Revlar) is applied over the-cable core
Chlorinated Polyethylene Thermoplastic

Wall thickness: 1.52mm (0.0607)
0.D.: 9.62mm (0.379%)
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optical fibers

I’I’I‘ grooved rod

plastic sheath

\‘ composite conductor

polyethylene sheath

galvanized steel
and zinc wires

polypropylene yarns

Figure 7 Submarine Optical Cable
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