RELAYING THE B.C. HYDRO CHEEKYE-DUNSMUIR

500kV TRANSMISSION CIRCUITS

B.J. Burk, P.Eng. P. Hindle

B.C. Hydro & Power Authority GEC Measurements
P.0. Box 12121 St. Leonards Works
Vancouver, B.C. Stafford ST17 4LX
Canada V6B 476 England

SUMMARY

This paper describes the protective relaying being used on the 500kV
transmission system between the B.C mainland and Vancouver Island.
The problems encountered in providing high speed relaying for trans-
mission circuits which include both overhead and undersea cable
sections and circults which are electrically adjacent to overcompen-
sated transmission 1line sections are outlined. Extensive use was
made of a simulated power system to find solutions to the problems
and to prove that the relaying system which was finally adopted
would satisfy the fault clearing requirements of the power system.
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INTRODUCTION

Prior to 1983 electricity was supplied‘to Vancouver Island from 615
MW of generation located on the Island and from the B.C. mainland
via submarine cable connections (138kV ac and +260/-280 kV dec) with
a total capacity of 1044 MW.

In 1978 it was decided that the electricity supply to Vancouver
Island should be increased by adding a 500kV ac connection to the
mainland. The interconnection, which will ultimately have a power
transfer capability of 2400 MW, has overhead and submarine cable
sections.

In the early stages of planning, it was recognized that the use of
cables and the particular connection point to the mainland power
grid would present problems for the protective relaying to be used
on the circuits.

The paper outlines the functional requirements of the relaying sys-—
tem and describes the scheme logic which is used. The standard GEC
Micromho relay and the changes made to it to overcome the problems
of this particular installation are discussed.

POWER SYSTEM

B.C. Hydro's Cheekye-Dunsmuir transmission system will wultimately
consist of four 300kV circuits connected between Cheekye substation
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on the British Columbia mainland and Dunsmuir substation on Vancou-
ver Island (Figure 1). There will be two circuits from Cheekye to
an intermediate switching and transformer station at Malaspina and
two circuits from Malaspina to Dunsmuir. The first Cheekye to Mala-
spina circuit was placed in service in October, 1983. The first
Malaspina to Dunsmuir circuit was energized in November, 1983. The
second Malaspina to Dunsmuir circuit is scheduled to be in service
in October, 1984 and the second Cheekye to Malaspina circuit is
scheduled for September, 1985. Figure 2 is a simplified one 1line
diagram of the project.

The Cheekye to Malaspina circuits each consist of approximately 79%m
of conventional overhead construction. These circuits are complete-
ly transposed. The Malaspina to Dunsmuir circuits each have two
submarine cable sections with a combined length of approximately
38km and three overhead sections with a combined length of 30km,
giving an overall circuit length of 68km. There are no transposi-
tions in the Malaspina to Dunsmuir circuits.

The Cheekye-Dunsmuir circuits are not equipped with overhead ground
wires except for the sections from Nile Creek to Dumsmuir, across
Texada 1Island and for the first 1.5km out of Cheekye, Malaspina and
Cape Cockburn, a total of 17km out of 109%m of overhead construc-
tion.

Shunt reactors have been provided to compensate for the high charg-
ing currents of the cables in the Malaspina to Dunsmuir circuits.
These reactor installations each have a 3 phase rating of 135 MVAR
at 525kV. For each circuit there is one 3 phase reactor bank at
Malaspina, three banks (made up of single phase units) at Texada
Island and four 3 phase banks at Dunsmuir. The Dunsmuir reactors
are on-line switchable for voltage control. The eight shunt reactor
banks on each circuit provide 92% compensation.

RELAYING SYSTEM REQUIREMENTS

The relaying system provided for the 500kV circuits of the Cheekye-
Dunsmuir system was designed to fulfill certain requirements regard-
ing reliability, security, sensitivity, speed and faulted phase
identification.

Reliability

Reliability is achieved by providing redundant components for the
major elements of the protection system. Two identical sets of
protection, designated as “primary” and "standby” are wused. Each
set of relays is connected to separate current transformer cores and
potential device secondary windings. The primary and standby
protection each initiate separate trip coils on the 500kV circuit
breakers. The substations are equipped with two battery supplies,
with a separate supply being wused for each of the primary and
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standby protections and the associated trip coils.

Security

The protection must be secured against false trips for all condi-
tions which do not call for its operation. The most significant
items affecting the security of the protection are :

The unequal cable lengths and the lack of transpositions results in
a need to allow for continuous unbalance current (3I,) of up to
150A. The actual unbalance will depend on the amount of load trans-

fer and the cable arrangement being used.

As indicated in Figure 3, one of the adjacent circuits at Cheekye is
equipped with series capacitors. These series capacitors are locat-
ed at approximately the two-fifths point from Cheekye and provide
approximately 57 percent compensation. As a result the impedance
from Cheekye to the opposite side of the capacitors will be net
capacitive. As illustrated in Figures 4, 5, 6 and. 7, this means
that faults beyond the series capacitors can appear to be within the
Cheekye to Malaspina circuits, or depending on infeed at Cheekye, in
the Malaspina to-Dunsmuir circuits.

Up to four of the eight shunt reactors on each of the Malaspina to
Dunsmuir circuits can be switched off for voltage comntrol. Because
the cable portions of these eircuits have a large shunt admittance
this can result in a significant difference in the 3I, current seen
at the two terminals for an external SLG fault. This situation
could present a security problem for relay schemes which use both
forward and reverse looking zero sequence current detectors unless
particular attention is paid to the settings which are used. It is
not a problem with the scheme being used since there are no reverse
looking zero sequence current elements.

Sequential clearing of external faults, particularly on a parallel

circult, may result in fault current reversal in the protected cir-
cuit. Appropriate relay settings are used to prevent incorrect

tripping of the protected circuit if a fault current reversal oc—
curs.

Sensitivity

The relaying system must be capable of detecting and initiating

tripping at both line terminals for all internmal faults for all
expected system conditions. In considering the sensitivity of the

protection particular attention was given to the following items :

The circuits between Cheekye and Malaspina traverse extremely rough
terrain and towers are located on steep slopes in areas consisting
mainly of solid rock. As a result, the tower footing resistances
are very high (Figure 8). Since it would have been very costly to
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install an extensive grounding system and there would be no assur-
ance that the footing resistance could be reduced significantly,
the relaying system was designed to be capable of detecting ground
faults with fault resistance up to 300 ohms.

The relaying system had to allow for the possibility of one terminal
being very weak. For example, in the 1983 stage there are only two
500kV circuits connected to Malaspina. If one of the circuits is
out of service, Malaspina will be a very weak source for a fault
occurring on the other circuit. Special features are included to
ensure the protection will operate for this type of situation.

Correct tripping must be provided for faults occurring when one
terminal is open.

Speed

The relay system was specified to be capable of providing clearing
of 3 phase faults within 3 cycles (60 Hz basis) at the near end and
4 cycles at the far end. Progressively longer clearing times would
be accepted for faults with decreasing severity. The clearing time
includes the circuit breaker interrupting time (2 cycles) and, Iif
necessary, communication channel time (9.5 to 11.5 mS).

During testing of the relay system on the simulated power system it
was realized that the operating times could be longer than original-
ly anticipated, due to the effect of transients caused by the sub~
marine cables and the changes made to the standard relay to enhance
its security for faults beyond the series capacitors. Stability
studies proved that the clearing times could be tolerated even
though they exceeded the specification requirements in some instan-
ces.

Faulted Phase Identification

For the Malaspina to Dunsmuir circuits faulted phase identification
was provided to facilitate quick replacement of a submarine cable
with a spare cable using supervisory controlled switching facili-
ties.

After the relay system had been ordered, it was decided that a spare
cable would be installed for the initial single circuit stage only
and that supervisory switching would not be provided. This decision
effectively eliminated the need for the relay system to provide
faulted phase identification since the required information can be
obtained by analysis of fault recorder traces.
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RELAY SCHEME LOGIC

General

The relaying system used on the Cheekye-Dunsmuir 500kV circuits is
the GEC Micromho system. This system uses static measuring elements
in conjunction with microprocessor based scheme logic. The scheme
selected by B.C. Hydro consists of two basic parts, a distance
scheme and a directional earth fault scheme.

Both schemes use communication signals transmitted over the B.C.
Hydro microwave network. Separate communication channels are used
for the primary and standby distance and directional earth fault
schemes, 1i.e. a total of four permissive channels in each direction
on each circuit.

To allow for an outage or failure of the communication facility,

protection which 1s not dependent on the communication channels is
provided.

Distance Scheme Logic

The distance scheme utilizes eighteen impedance measuring elements
which are connected to provide three zones of coverage for all types
of phase and ground faults. The scheme basically consists of direct
tripping underreaching elements and a directional comparison scheme
operating in an overreaching permissive trip mode. The basic scheme
is supplemented with an "echo” circuit and a "weak source” feature.
The logic of the distance scheme is shown in Figure 9. The use of
AND and inclusive OR gates and discrete timers is for 1illustration
only. Logical operations and timing are actually performed by soft-
ware in a microprocessor based system.

Operation of the basic permissive scheme is straight forward. The
overreaching zone 2 elements initiate a permissive trip signal to
the remote terminal and, if a permissive trip signal is simultane-
ously received from the remote terminal, will initiate a local three
phase trip and transmission of a direct transfer trip to the remote
terminal.

Operation of the underreaching zone 1 elements will also result in
local tripping and keying of permissive and direct transfer trip
signals, provided that the overreaching zone 2 element has also
operated. The reason for the supervision of zone 1 by =zone 2 is
discussed later.

To allow the permissive scheme to operate for faults occurring when
one terminal is open an "echo"” circuit is provided. This facility
will repeat a received permissive trip signal back to the initiating
end, via open terminal logic derived from auxiliary switches on the
circuit breakers and line and circuit breaker disconnect switches.

To improve the sensitivity of the scheme a "weak source"” feature is
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provided. This facility will repeat a received permissive trip
signal back to the initiating end and will initiate local tripping,
provided that the reverse looking zone 3 elements have not operated.

The reverse looking =zone 3 elements are provided to ensure that
there will be no operation of the weak source function for faults
outside the protected line zone. A timer with delayed drop—off (t
in Figure 9) maintains the zone 3 supervision during clearing of an
external fault. The zone 3 elements are also used to enhance the
security of the basic permissive trip scheme.

The weak source repeat of the received permissive trip signal is
delayed (tq in Figure 9) to ensure that the reverse zone 3 elements
will have adequate time to operate.

A received permissive trip signal will result in a local ¢trip via
the weak source logic if a local fault detector (phase to neutral
connected voltage elements) has operated and if the signal 1is re-
ceived for a time long enough to ensure it did not originate from
noise on the communication channels.

Both the echo circuit and the weak source logic operate via a pulse
circuit which ensures that the repeated permissive trip signal will
be cut off after 100ms so that there will not be a “"seal-in" of
signals between the two terminals.

The distance scheme also includes a switch—onto—fault facility which
initiates tripping if pick up of a close~in three phase fault re~
sults 1in voltages too 1low to enable impedance element operation.
Tripping is initiated if all phase voltages have not returned to
above 70 percent of normal voltage within 20mS of any phase current
being detected.

The settings of the various impedance elements have been chosen to
ensure that the zone 1 elements will be secure against misoperations
for faults beyond the series capacitors in the adjacent circuit at
Cheekye and that the required coordination will be achieved between
zone 1 and zone 2 elements (to ensure that zone 2 supervision of
zone 1 will not delay tripping) and between zone 2 and zone 3 ele~-
ments (to ensure correct operation of the weak source feature).

Faulted phase identification is provided as an output of the dig-
tance scheme. Since this output was required primarily for cable
faults, which would have low ground resistance, adequate sensitivity
could be provided by using the phase selection capability of the

impedance elements.

Directional Earth Fault Scheme Logic

Since the distance scheme is not capable of detecting ground faults
with high tower footing resistance, it is supplemented by the direc—
tional earth fault (DEF) scheme.
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The DEF scheme is a directional comparison scheme operating in an
overreaching permissive transfer trip mode. The directional element
operates on line zero sequence current and 1s polarized by =zero
sequence voltage and by zero sequence current flowing in the terti-
ary of autotransformers. A level detector operating on line =zero
sequence current is set to prevent incorrect operation of the scheme
due to the inherent unmbalance current caused by circuit loading.
The logic of the DEF scheme is shown in Figure 10. Similar to the
distance scheme, all logical operations and timing are performed by
software in a microprocessor based system.

To ensure correct operation of the DEF scheme, particular attention
must be given to the settings applied to Timers Tl and T2 of Figure
10. The method of determining these timer settings, to ensure that
the scheme will not misoperate for a current reversal during clear-
ing of a fault on a parallel circuit, is illustrated in Figure 11.
With the settings being used the DEF scheme is expected to initiate
tripping within 70 to 80mS.

Similar to the distance scheme, the DEF scheme has an "echo” cir-
cuit to allow the scheme to operate for faults occurring when one of

the terminals is open.

The DEF scheme also includes a backup facility to initiate tripping
1f the directional element and level detector remain operated for an
excessively long time, indicating that the permissive scheme has
failed to operate. This facility is not wused on the B.C. Hydro
system.

Because the DEF scheme does not have a weak source feature to repeat
a received permissive trip signal, the directional elements and
level detectors at both line terminals must operate before tripping
can be initiated. As a result, the capability to detect resistive
ground faults is lowest for faults occurring close to the line ter-
minals. Even so, the DEF scheme 1s expected to operate for most
ground faults with fault resistance up to 300 ohms.

Channel Independent Protection

Both the distance and directional earth fault schemes require that
the communication channels be available for their operation. To

ensure that tripping will be initiated for faults occurring when
there 1s an outage or failure of the communication facility channel

independent protection is provided.

This protection consists of the zone 1 and zone 2 impedance elements
of the distance scheme, with the latter initiating tripping via a
timer, and separate primary and standby ground relays with very
inverse time overcurrent characteristic.

For some combinations of system condition and fault location, the
DEF scheme may not detect ground faults with resistance up to 300
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ohms. For these situations the very inverse ground overcurrent
relays will initiate tripping.

5.0 DESCRIPTION OF HARDWARE IMPLEMENTATION (MICROMHO)
5.1 Standard Micromho Distance Protection Relay
5.1.1 Introduction

Micromho has been developed to satisfy the demand for faster fault
clearance times, required for stability on modern transmission
systems.

The result is a relay with an achievable zone-l operating time of
7mS . This superior speed has been obtained without sacrificing
correct directional response or measuring accuracy, at a reason-
able equipment cost.

5.1.2 Features

5.1.2.1 General
The static relay is of modular construction and has three inde-
pendent zones of protection, with three ground-fault and three

phase~-fault elements per zone.

Optional modular features are :

(i) Power Swing Blocking (PSB) - for any zone or zones. (Not used by
BCH) .
(ii) Voltage Transformer Supervision (VIS/FF) =~ for alarm or relay

blocking purposes. (Not used by BCH).

(iii) Directional Comparison Ground Fault Scheme (DEF) - suitable for
detection of high resistance ground faults.

(iv) Mutual Zero Sequence Compensation (MC) - for double circuit lines
(with features to ensure healthy circuit stability). (Not used by
BCH) .

5.1.2.2 Scheme Logic

Apart from the basic distance mode, the relay can be employed as
part of an overall carrier-aided protection scheme. All scheme
logic is microprocessor effected, based on a number of selectable,
standard or special schemes gstored in an EPROM. The EPROM is
programmed during relay manufacture. Incorporated into each
scheme, 1is the logic for a standard "switch-on-to fault” feature.
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Impedance Characteristics

The standard relay impedance characteristics are "mho” circles,
with an offsetting facility for zone-3. The circles, however,
expand 1in a unique manner along the resistive axis for unbalanced
faults as the source to relay setting impedance ratio increases.
This behaviour improves the relay response to resistive faults.
(See Figure 12).

For applications where there are likely to be problems of load-
encroachment on circular characteristics, there is the option of
having "lenticular"” impedance characteristics for the zone-3 ele-
ments.

Basic Relay Operation

General

There are many facets of the relay design which contribute to the
high relay operating speed, but it is the design of the impedance
measuring comparator which has had the most significant effect.

The relay voltage signals are preconditioned by a low-pass filter,
with a 500Hz cut-off, to reduce the effects of travelling wave

distortion.

The two signals for phase comparison, A and B are (see Figure 13):

A = V-1 ZR
- _ = T
Vpolﬁ;_ /2
where V = ¥V + 0.16 (V + 0.16V_ )
pol xpol mem
example for A -~ E element
v = VA—N
— . LT
prol <VB—N VC—N)
mem = VA~N prefault (square-wave memory)

Note : BCH polarizing is non-standard

Zone—1l phase fault elements : v =7+ 0.02V
(self polarized)
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Zone~-1l ground fault elements v ol = vV x pol + 0.02 Ggem
(fully cross—-polarized) P
Zone-2 all elements v =V
pol mem

(fully memory polarized)

Polarization

In the standard relay there is 167 sound phase polarization of the
"B" signal to give "mho circle” expansion for wunbalanced faults.

In addition, there 1s a small amount of synchronous memory polari-
zation to allow relay zone—l and zone—-2 elements to operate down
to zero voltage on close-up faults.

Synchronous Memory

The synchronous memory is in the form of a digital shift register
and overcomes the problems associated with energy storage tech-
niques. The voltage signals are stored as square waves.

Phase shifting of the "B" signal by 90° is also carried out by a
shift register rather than by energy storage techniques, to avoid

slow relay operation.

Phase Comparator

The comparator input signals A and B are square waves; they only
contain phase information. These signals can be regarded digital-
ly, as alternating high states and low states which for example,

can be expressed as A or A.

The condition for tripping is that signal "A" lags signal "B" by
0° to 180°. For a leading or lagging "A" signals, the pattermns of
co—existing states can be written as

1. A leads B : A.B, A.B, A.B, A.B, A.B.
2. A lags B : A.B, A.B, A.B, A.B, A.B.

From these patterns, the following logical statements can be de-
duced :

1. A leads B : When A changes, it gains the opposite state

as B and when B changes, it gains the same
state as A.

2. A lags B : When A changes, it gains the same state as
B and when B changes, it gains the opposite
state as A. (See Figure 14).
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With a logic circuit, the comparator can check continuously, which
of the statements is true. The circuit can identify the direction
of logic state progression from a single change of state and from
any starting point within the cycle.

Counter

It 1is not certain that a single change of state to the comparator
indicates a fault situation, as states can change due to noise.
Greater security 1s obtained if the criterion for tripping is a
number of state changes indicating a tripping sequence.

A counter is employed which counts up for changes of state indi-
cating a tripping condition, and counts down for changes of state
indicating a non—operate conditiom.

The criterion for tripping is a count of two for relatively noise-
free signals. Security of relay operation, is maintained by the
following measures

(i) When the counter is incremented to one, the trip output 1is
inhibited for 6mS, which allows sufficient processing time
in the event of power system disturbances which cause polar-
izing phase shifts.

(ii) Subject to (i), a trip output is given when the counter is
incremented to two, provided no down-count is recorded after
the counter has been incremented to one or more. If this
condition is not satisfied, the trip criterion is changed to
a count of three in the ensuing 120mS. This safeguard in-
creases security for noise-contaminated signals. (See Fig.
15).

(iii) The counter cannot be incremented until 4mS has elapsed from
the last up—~count. A down-count terminates the 4mS timing
period. This safeguard prevents the relay from maloperating
on high frequency interference and prevents overreach due to
exponential components of the input signals. (See Figure
16).

(iv) Once a trip output has been given, the output of the compa-
rator can only reset, when the counter has been decremented
to zero. This prevents wrong resetting of the comparator
due to noise superimposed on input signals.

Summary
The operation of Micromho and techniques used to produce such high

performance can only be outlined here; more detailed information
is available in references 1 and 2.
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Implementation of Micromho for B.C. Hydro System

Main Problems for Distance Protection

(1)

(i1)

(1i1)

(iv)

The 500kV circuits between Dunsmuir on Vancouver Island and
Malaspina, are cable circuits with high levels of shunt
capacitance. As the fault infeed from Dunsmuir was also
likely to be low, the distance relays were inevitably going
to have to cope with high frequency ringing effects between
the high Dunsmuir source reactance and the high cable shunt
capacitance.

The weak infeed condition at Dunsmuir (and at other termi-
nals sometimes) was likely to require special attentiom, to
ensure that the carrier aided distance protection schemes
would operate at both ends of the circuits.

Phase faults on the remoté side of the capacitor bank at
Creekside, would produce voltage reversals at Cheekye. The
Cheekye distance relays, looking towards Malaspina, may

therefore "see" faults behind them, unless special
precautions are taken to prevent this.

The additional infeed at Cheekye to a fault beyond Creek-
side would make the apparent fault impedance seen by the
relays at Malaspina higher. The effect is such that volt-
age reversals could occur at Malaspina as well as Cheekye,
possibly allowing the relays looking towards Dunsmuir to see
such reverse faults. The relays looking towards Cheekye
could also see faults beyond Creekside since the positive
line reactance between Malaspina and Creekside 1s compen—
sated by the capacitor negative reactance.

It should be noted that all the above arguments are for the
condition where the protective gaps of the capacitor bank at
Creekside have not flashed.

As ground fault arc resistances of up to 300 ohms were con—
sidered likely, it would be impossible for distance elements
alone to see all ground faults. The optional Directional
Earth Fault Modules would be required for this application.

Modifications Envisaged

The B.C. Hydro relays were to be based on standard distance and
DEF permissive overreach transfer tripping schemes.

(a)

Software

Special distance and DEF scheme logic programs would be
required. (See Figures 9 and 10)
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Zone-3 elements would have to be treated as reversed zones
to be wused by the scheme logic as blocking zones for weak
infeed features and permissive trip functions.

The relay undervoltage level detectors would be required as
a security check for weak infeed tripping.

Hardware

In view of the anticipated levels of fault resistance for
ground faults, a more sensitive DEF zero sequence current

level detector would be required than standard, with get-
tings of 5%, 10% and 157% I

(a) Problems

If there is no gap flashover, faults on the remote side of
the series capacitors at Creekside are likely to cause volt-
age reversals at the Cheekye busbars resulting in relay mal-
operation here. Such faults could also easily be seen as
internal faults by the zone-l elements of relays at Mala-
spina, 1if standard zone-1 settings and polarization were to
be used. \ :

As the zone-2 elements at Malaspina would see faults on the
remote side of the unflashed Creekside capacitors, it would
be vital for the zone-2 elements at Cheekye to maintain
correct directional response or to be prevented from allow~
ing transfer tripping of the healthy Malaspina—~Cheekye line
for external faults beyond Creekside.

(b) Remedies .

In order to ensure the stability of zone-2 and zone-3 ele~
ments during voltage reversals, use would have to be made of
the synchronous memory for polarization of these elements,
at a level of 1007%. This would mean that zones 2 and 3
polarizing would not be affected by voltage reversals and
they should maintain reverse fault and forward fault charac-
teristics respectively. However, with the zone-2 settings
used, it would still be possible for zone-2 to see reverse
faults beyond the capacitor bank. The reverse looking zone-
3 was therefore arranged to block the permissive tripping
scheme. (See Figures 4 and 6).

As already outlined in Section 5.2.1, standard partially
cross polarized zone-l elements for relays on the Malaspina—-
Cheekye circuit and even on the Dunsmuir-Malaspina circuit
in some cases, would be capable of seeing phase faults be-
yond the unflashed capacitor bank. If the =zone-l phase
fault elements of all the relays were changed to "self po-
larized” characteristics, then some safe settings would
become possible. (See Figures 17a, b, c and d).
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It can be seen that the effect of additional infeed at
Cheekye is to place the fault impedance, for a fault at
Creekside, outside the operating regions of the zone-1 phase
fault elements for the Malaspina—-Cheekye line. However, for
the case of little or no additional infeed at Cheekye, the
Creekside fault impedance can lie inside the operating re~
gions at the =zone-l elements, unless both reaches are re-
stricted to 40% (safe setting 357%).

The Dunsmuir-Malaspina line is less than half the impedance
of the Malaspina-Cheekye line and as a result 80% zone-l
settings are possible at both ends of this line. (75% ac~-
tually used).

The Dunsmuir-Malaspina line has overlapping zone-1 reaches
and with the direct transfer tripping channels, keyed by
zone-1l elements, the latter can perform a main protection
function in addition to permissive overreach transfer trip-
ping.

The zone-l elements on the Malaspina—-Cheekye 1line do not
overlap and therefore do not give full main protection.

The =zone-l ground fault elements would not require self
polarization, as the ground loop impedance between Cheekye
and Creekside would always be inductive, eliminating the
possibility of voltage reversals for ground faults. Full
cross—polarization would give better ground fault resistive
coverage.

The proposed relay polarizing is summarized below :—

PHASE FAULTS ! GROUND FAULTS I
Zone 1| Self polarized with Full cross polarized
2% memory with 2% memory
Zone 2| Fully memory Fully memory polarized
polarized with full with full cross-~
cross—polarization polarization after
after memory time memory time has elapsed.
has elapsed.
Zone 3| As Zone 2 As Zone 2

TABLE 1
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Modifications Resulting from Testing

The

envisaged modifications were put into effect, and as a result

of tests on the modified relays, the following further modifica-
tions evolved :

(a)
(1)

(11)

Software (See Figure 9)

It was found on test, that under certain conditions, for
some faults beyond the Creekside capacitor bank, the zone-l
phase fault elements looking away from the capacitor bank,
could be unstable. To overcome the problem, the distance
scheme logic was arranged to AND the zone~l and zone-2 com—
parator outputs before any =zone-1 functions could take
place. The logic behind this was simply, that for a forward
fault, there has to be zone-2 operation if the fault is
within zone-1 reach. For a reverse fault where the zone-1l
element may maloperate, the memory polarized zone-2 elements
should discriminate correctly and prevent the zone-l1 ele~
ments from initiating a false trip.

One other problem condition, that would also now be covered,
is outlined 1in Figure 17b. It would appear that a zone-l
setting at Cheekye of less than 407, would prevent that
element from maloperating for a reverse fault beyond the
capacitor bank, with no infeed at Cheekye. However, if the
fault position is moved along the line from Creekside to-
wards Kelly Lake the fault impedance locus will pass through
the Cheekye zone-l characteristic. Since zone-l comparator
operation is gated by =zone-2 comparators, and the fault
impedance cannot 1lie in both characterigstics for a reverse
fault, then malopertion of the Cheekye relay will be pre-
vented.

When faults occur on this power system high frequency ring-
ing components can appear in the voltage and current wave-
forms presented to the distance relays. For some faults it
was found that the relay comparators were subject to “chat-
ter”. That 1is to say : the high frequency components of
current or voltage could cause comparators to repeatedly
operate and reset, even with safeguard (iv) of Section
5.1.3.5.

Since resetting of the comparators during fault clearance is
not desirable, a delay on reset of 30mSec was included in
the zone-l and zone-2 comparator input paths to the scheme
logic. These delays prevented comparator "chatter” being
passed on to the scheme logic.
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(iii) It was found that in addition to low fault voltage problems,
due to weak infeed at Dunsmuir, the ringing effects between
the Dunsmuir source reactance and the cable capacitance were
higher than anticipated. These high frequency ringing ef-
fects could delay the comparator counters in reaching trip
level (due to sgafeguard (iii) Section 5.1.3.5) and hence
affect the operating time of the zone-l or zone-2 comparat-
ors under extreme conditions.

The weak 1infeed trip and echo features, checked by reverse
zone-3 non—operation, would provide a useful form of backup
protection in the case of prolonged delays in distance com-

parator response due to ringing effects. The weak infeed
features were made selectable via a link.

(b) Hardware

(1) As a further move to improve the stability of the zone-l
comparators for extermnal faults, they were given a permanent
count of four to operate. This higher trip criterion also
tended to reduce the comparator chattering effects, during
clearance of some faults, since after an operation the com-
parator counters would have to count down from four to zero
before resetting.

(11) Based on the existing voltage filters, a method of filtering
the internal “"IZy" signals was effected to reduce the delay-

ing effects of high frequency current components.

Summary

Through testing, especially on the Programmable Transmission Line,
the limitations of the standard Micromho, for the B.C. Hydro Sys-—
tem, were highlighted. The modifications carried out produced
relays which would still ensure acceptable clearance times for
internal faults and a high degree of stability for external
faults.

NETWORK MODELLING AND TEST FACILITIES

Testing Facilities

General

Development and application testing of Micromho has been carried
out on two main items of test equipment. These test facilities are
used to simulate problem conditions, for assessing the performance
of many types of protective relays.



6.1.2

6.1.3

Page 17

The Artificial Transmission Line (ATL)

The ATL 1is a versatile, analog model of a single/double-end fed,
3-phase transmission line.

The equipment is basically a three-phase circuit containing imped-
ances representing source generation levels, transmission line
constants, load impedances, fault impedances and ground impedances
Static and dynamic testing of relays can be carried out for a wide
range of simulated, steady-state and transient power system con—
ditiouns.

The ATL is supplied at 660 Volts 530/60Hz, and can provide a maxi-
mum, short-duration fault current of 120A. The continuous rating
of the equipment is 30A. The CT's used to provide relay currents
are of 50/300 turns ratio. The VT's have ratios of 380/63.5
Volts.

Ad justment of current, voltage or both at the relaying points is
possible, with control of line X/R ratio between 1 and 10, source
X/R ratio between 10 and 30, point—~on~wave application of faults
and type of fault.

Programmable Transmission Line (PTL)

The PTL is a computer—simulated power transmission system, which
has been developed to meet the two needs which cannot be met by
the ATL.

These are the need for automatic testing of the distance relays,
and the need for wore accurate simulation of power systems, taking
into account capacitance effects, rather than the simple resist-
ance/inductance model of the ATL.

Test voltage and current waveforms, at the relaying point to be

tested, are stored in digital form on a magnetic disc. The disc
is read by the PTL controlling mini-computer and the stored sig-
nals are passed to Analog - Digital Converters. The resulting

analog signals are then filtered to remove “"calculation steps” and
are passed to three voltage amplifiers and three current ampli-
fiers which provide signals for the test relay.

For the purposes of routine testing of production relays, the
power system model used is that of the ATL, i.e. no capacitance

effects are 1included. The voltage and current waveforms at the
relaying point for each test are computed by the PTL minicomputer

and are stored on disc before tests are carried out.

For tests requiring more accurate power system simulation, the

°
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voltage and current waveforms at various relaying points for all
sorts of fault position, fault type and infeed conditions are
computed via a special program on a main-frame computer.

The PTL monitors the closure of relay contacts during testing, and
provides information on measured operating times and reach set-
tings of the relay.

During scheme tests, the PTL is required to provide two test sta-
tions, enabling the representation of two ends of a trammission
line or of any other two points on a system. Power line carrier
channels can also be simulated during scheme testing.

In producing relay signals, the normal sample rate of the PTL is
240 samples/cycle for ome station. The size of the computer mem—
ory limits the duration of stored data to 6 cycles. If two sta-
tions are used simultaneously, the sample rate would have to be
reduced to 120 samples/cycle to provide 6 cycles of signal for
each station, as was done for BCH tests. Longer duration signals
could be obtained by recycling after 6 cycles, provided transients
have died, or by reducing the sample rate. On certain systems the
sample rate can be reduced to 24 samples/cycles without signifi-
cant harmonic distortion. This could enable studies to be carried
out on single ends for up to 60 cycles.

The PTL 1is capable of reproducing current and voltage signals
recorded on magnetic tape during site tests.

Use of the Test Facilities for B.C. Hydro Project

Use of the PTL

The majority of the development testing for the B.C. Hydro Micro-
mho relays was performed on the double—ended PTL with simulation
of a 4 - channel carrier link. The waveforms for the tests were

generated using a sample rate of 120 samples/cycles, which gave 6
cycles of waveform per study.

Initially the degree of sophistication of the power network simu-
lation was examined for its effects on waveforms produced. It was
found that the initial model could be greatly simplified by lump~-
ing many of the previously distributed parameters with no effect
on the relay waveforms produced. The relay waveform calculations
were carried out on an IBM 3033 computer, using a program develop—
ed by GEC.

Eventually, over 1200 individual faults were stored on tape, which
were applied sequentially for 4 different relay locations. The
faults were of different types, including resistive faults. The
purpose of the tests was to assess versions of the relay for oper-
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ation under the very difficult application conditions, and to pick
out problems that needed attention. Tests were carried out with
and without capacitor bank flashover.

Use of the ATL

The ATL was mainly used for checking the distance scheme and DEF

logic programs, particularly with respect to DEF time delay set-
tings for the cases of current reversal, due to fault clearance on
parallel circuits.

The ATL was also useful for testing auto-reclose operation in
association with the distance and DEF schemes.

Witnessed Testing

PTL Tests

Seven system configurations were simulated, (see Figure 18) which
covered the 1983 and 1984 full system configurations, with and
without certain 1lines in service, and in one case with capacitor
flashover.

Ten fault positions were used, (see Figure 19), and tests were
carried out using two relays linked by simulated signalling chan—
nels. The channel simulation was achieved with a set of delayed
pick up timers for signal send and delayed drop off timers for
channel reset.

The settings were carried out in two stages, (see Figure 20), one
for the Dunsmuir-Malaspina circuits and one for the Malaspina-—

Cheekye circuits.

All types of solid faults plus two cases of resistive ground
faults (200, 300 ohms) were applied at 0° and 90° points on the
voltage wave.

The voltage and current waveforms plus main trip indication for
each test were recorded on a U/V recorder and performance factors
for the distance and DEF protection were printed out (e.g. see
Figures 2la and 21b).

ATL Tests

Comprehensive testing of the Micromho relays in conjunction with
Microprocessor based auto-reclose schemes and stability tests for
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the DEF scheme during current reversal, were carried out for in-
ternal faults on the Dunsmuir-Malaspina and Malaspina-Cheekye
circuits. (See Figure 22).

The source and line parameters were set as closely as possible to
the actual system values. Three different fault positions were
used in the tests and a 25 channel U/V recorder was used to record
12 sets of data for both test relays. The data recorded were
voltage and current waveforms, relay element operation, trip oper-
ation and signalling channel operation. (See Figure 23).

The ATL tests are summarized in the table below.

TEST| RELAY FUNCTION LINE
D
NO. UNDER TEST SIMULATED TESTS CARRIED OUT
1 Distance Dunsmuir- Transient and persistent
Malaspina faults on protected line
at each end. Current
reversal due to fault
clearance on parallel
feeder.
2 DEF Dunsmuir- Fault at Dunsmuir
Malaspina
3 DEF " Fault at Malaspina
4 DEF Malaspina- Fault at Malaspina
Cheekye
5 DEF " Fault at Cheekye
TABLE 2
Summary

Advanced power system simulation techniques as provided by PTL
ease the application of protective equipment to particularly dif-
ficult systems such as B.C. Hydro system already described. They
enable existing protection equipment to be assessed for the appli-
cation and indicate any "fine tuning” necessary.

The ATL 1is still a very useful tool for scheme testing and auto-
reclose testing during persistent faults.
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