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Please provide copies of the two previous reviews of the protection systems for the
transmission lines in the Avalon Peninsula area referred to on p. 19 of Schedule 9 to

Hydro’s March 24, 2014 Report to the Board.

Hydro requested Henville Consulting to review the 230 kV line protection systems
as part of its ongoing asset condition and performance assessment. The Optimho
relays were anticipated to require replacement and a third party assessment was
requested prior to making any changes. These were completed in two separate
reports. Please see PUB-NLH-163 Attachments 1 and 2 for a copy of these reports.
Please note that Appendix S to PUB-NLH-163 Attachment 1 is only viewable through

proprietary (copyrighted) software and is unable to be printed.
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Circuits TL202, TL203, TL206, TL207 and TL237
Transmission line protection performance and settings Review

1. Summary and recommendations

Summary

The performance and settings of the transmission line protection for five 230 kV circuits
have been reviewed. The following components were included in the review.

a) Establishment of the performance requirements for the existing systems.

b) Review and modification of a model of the power system and the protective relays
using ASPEN OnelLiner short circuit and coordination program.

c) Review of the historical performance of the existing protection systems.

d) Detailed review of the existing settings using the ASPEN computer model mentioned
above.

e) Preparation of proposed revised settings for the existing protection systems.

f) Recommendation of modifications to the existing protection systems including
teleprotection equipment.

It was found that various adjustments could be made to the design and settings of the
protection systems to improve the performance. The use of modern computer tools to
model power systems and protective relays can result in improved settings compared to
those developed earlier with more limited modeling capability.

It was found that the existing sharing of a common teleprotection function by “A” and
“B” protection systems could contribute to reduced performance of the systems.

It was concluded that the use of monitoring facilities available with modern protective
relays and teleprotection systems can greatly aid disturbance analysis to allow earliest
possible identification and mitigation of system disturbances.

Some additional settings or teleprotection revisions may be required to protect against
breaker failure in some locations.

Recommendations

As a result of the review the following recommendations are made:

a) Zero sequence mutual coupling impedances between parallel transmission lines
sharing a right of way should be modeled during future line protection settings
calculations.

b) Separate permissive trip communications facilities should be provided for each of
the “A” and “B” protection systems so that coordination is obtained between
forward and reverse looking measuring elements. This coordination is important
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when the permissive trip echo function is used (as is proposed for the SEL321 relays

for improved speed and sensitivity).

For future applications, where suitable auxiliary contacts are available on circuit

breakers, the discrete status of each pole of each breaker should be connected into

the SEL 321 relays instead of a single contact that cannot differentiate between a

single pole open and all three poles open.

The transient performance of the Trench CVTs used at Sunnyside for TL202 and

TL206 protection should be checked (by comparison with other CVT outputs during

faults) to determine whether these CVTs need to be repaired or replaced or whether

normal Zone 1 distance protection settings can be applied to these line protections.

In particular, records collected during the 21 July 2010 disturbance should be

analysed in more depth to check CVT accuracy.

During disturbance analysis, unfiltered event reports from SEL relays should be

captured and retained in addition to the filtered event reports. The unfiltered

reports are helpful in analyzing transient phenomena and high speed events.

Several adjustments of the protection settings are proposed, some more important

than others. The most significant adjustments to be recommended are as follows:

i) The permissive trip echo function should be enabled on SEL 321 relays on all
lines after implementation of recommendation 1.2 b) above. The echo function
is especially important at Come By Chance for the TL207 and TL237 protection
systems to provide fast clearing of faults near Come by Chance under the single
contingency of one 230 kV line to Come By Chance being out of service. The echo
function is also important to obtain complete sensitivity for single line to ground
faults with resistance of up to 100 ohms on the complete circuit.

ii) The resistive reach of the zone 1 ground distance elements of the SEL 321 relays
on circuit TL207 should be reduced significantly to increase the security of these
functions.

iii) The overreaching Zone 2 ground distance functions of all line protections except
TL207 should be increased to provide dependable coverage of single line to
ground faults near the remote terminals in the presence of zero sequence
mutual coupling from parallel lines.

iv) The current supervision elements of all distance protection functions (except
perhaps the zone 1 function) should be set at minimum to increase the
dependability and to reduce the need to continuously check the relationship
between maximum load and minimum fault conditions to determine a setting for
these elements.

v) Setting adjustments should be made to the ground time overcurrent protection
systems on TL203, TL207 and TL237 so they may coordinate with each other.
These setting adjustments also require reduction in the tripping delays (from 1.0
s to 0.6 or 0.3 s) of the zone 2 distance elements on the P1 relays and the zone 2
ground distance elements on the P2 relays on both terminals of TL203, and
TL207 and the CBC terminal of TL237.

Consideration should be given to the following items
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Replacing some or all of the existing optimho distance protection systems to
improve flexibility of settings and monitoring facilities for disturbance analysis.
Maintenance issues due to lack of availability of spare parts for these systems
are now becoming a concern.

Removal of the electromechanical ground time overcurrent relays in the P2
protection systems since they add little value to the ground time overcurrent
function built into the SEL 321 relays. A more independent ground time
overcurrent function would be available in the new P1 protection systems if they
were replaced.

Modification of the dead line check function of the existing automatic reclosing
system to increase the security of the 230 kV supply

Replacing all pneumatic timers used for automatic reclosing or transfer trip
auxiliaries with modern digital timers and configurable logic systems.

Use of the monitoring functions available in the new relays for steady state
current and voltage balance checks. These functions could provide an alarm of
steady state unbalances that could indicate a problem in the current or voltage
sensing to the relays.

Retrieving event records from relays and teleprotection systems in the highest
possible resolution to supplement the sequence of events records, particularly in
the case of questionable operations.
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2. Introduction and Scope

This report is prepared in response to Newfoundland and Labrador Hydro acceptance of
Henville Consulting Inc. proposal no. QNLH004 dated February 15™ 2010. The work is to
review the performance of protection of five 230 kV transmission lines and make
recommendations for changes to settings and/or upgrades to existing protection and
teleprotection systems. The transmission circuits involved are TL202, TL203, TL206,
TL207, and TL237 connected as shown in Figure 1.

230 kV and 60 kV system

¢
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3
= Sunnyside
L203 45 km
L206 142 km
L237 44.5km
C L202 142 km L207 c
6.7
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Bay West
D’Espoir Come by Avalon
Chance
>UWAN WA b
E'S nmYn  mmn ES

Figure 1 - Simplified System Diagram of Five 230 kV Transmission Circuits.

The existing protection systems for the five circuits are similar to each other. Consistent
with industry wide practice, they consist of (almost) independent “A” and “B” systems
using permissive overreaching transfer trip (POTT) logic.

Protection systems on equipment adjacent to the circuits are not included in the scope
of this review except insofar as they may interact with the line protection systems.

3. Performance requirements

e Reliability and Availability Redundant "A" and "B" systems are provided to
reduce the probability of common mode failure. Where practical, redundant
teleprotection facilities are provided.

e Loadability Protection systems must carry the twice the maximum load (under
normal conditions), without tripping, even with one pole open. The rated load is
double the peak load under normal conditions in order to allow for the single
contingency of the parallel line out of service. In the event of a sudden outage of
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a parallel circuit, a given circuit will carry twice the load at least for a short time
until operators can adjust the loading to rated values.

e Speed Critical clearing time for these circuits has been established as 6 cycles or
less With a three cycle breaker clearing time, assume 3 cycle maximum tripping
time for all faults including communications time for faults not sensed by
instantaneous tripping elements.

e Sensitivity Must operate under minimum fault conditions and assuming a
maximum fault resistance of 100 ohms for single line to ground faults.
Transmission lines are not shielded for most of their length beyond the first 1.5
km from the line terminals. Backup of remote protections is not required.

e Automatic Reclosing Single phase tripping and reclosing is required for single
line to ground faults for circuits TL202, TL203 and TL206. Three phase tripping
and reclosing is applied for circuits TL207 and TL237. Reclosing will be provided
by an external controller.

e Operating procedures Protection on TL207 and TL237 presently provide backup
protection for the two 230 kV transformers at Come By Chance Station. Special
operating procedures (Detailed in System Operating Instruction T-076) describe
the process for removing either of these two transmission lines from service.

4. System Modeling

Basic model provided immediately after start up meeting.

The existing Newfoundland and Labrador Hydro ASPEN Oneliner model “Hydro
Interconnected System (2010-08-13) V10.olr” was used as a starting point to represent
the system. This model was provided as part of the start up information (Reference [1]).

It was noted that the existing model does not include zero sequence mutual coupling
between circuits sharing the same right of way. TL202 and TL206 share the same right of
way for 100% of their length, and TL203 and TL237 share the same right of way for 88%
of the length of TL237 and 89% of the length of TL203. This zero sequence mutual
coupling will have a significant effect on the reaches of ground distance protection
functions, causing underreach in some cases and overreach in others.

The model was modified as follows:

1. Zero sequence mutual coupling between circuits sharing a common right of way
was included (for the five lines under study).

2. More detailed and accurate models of the SEL 321 distance relays were used to
replace the generic models. These detailed models have only recently become
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available in Oneliner and provide more realistic modeling than the previously
available generic models.

3. Several other changes to transformer phase shifts and generator reference
angles were made to avoid power flows in the model that would not be present
in the real system.

5. Historical performance

Outage records for the last 10 years were reviewed. Significant findings are presented in
the following.

Circuit TL202.

This circuit has experienced 17 forced outages since 2001. In two of those incidents

failure of the protection and control equipment was reported.

1. SurgeID 3312 on g August 2001 (defect was reported as “Refusal of switchgear to
close”. It is assumed that the automatic reclose equipment failed)

2. SurgeID 4593 on 22" August 2006 (Cause of failure is not known)

The other 15 forced outages had no significant protection problems reported. Detailed
event records were available for a TL202 fault on 21 July 2010. Although the protection
operation was reported as being correct, the performance was reviewed in detail. The
detailed analysis is provided in Appendix A.

The detailed analysis concludes that there is a discrepancy between the reported
location of the fault, and the observed relay performance. The reported location was
600 metres from the Bay D’Espoir terminal of the line, and the Zone 1 element of the
Sunnyside terminal was observed to have operated sequentially for this fault after the
Bay D’Espoir terminal opened. When the fault was simulated in the ASPEN OnelLiner
model, it was observed that the Zone 1 element as reported to have been set, could not
have operated for a fault at the reported location.

It is possible that the reason for the discrepancy is incorrect transient response of the
TL202 CVTs at Sunnyside. These CVTs are similar to the CVTs that caused a protection
misoperation on 4™ March 2003 at the Buchans terminal of TL205 for a TL232 fault at
Stony Brook.

The possibility that the ASPEN OnelLiner model might be incorrect was also considered,
but the analysis of the 2 December 2007 fault on TL203 confirms the approximately
correct transmission line impedances for TL202 and TL206, and the approximately
correct estimate of the zero sequence mutual coupling between these two circuits.
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It is concluded that either the Sunnyside TL202 CVTs transient response caused
overreach of the zone 1 function, or the reported location of the fault may not have
been correct.

Detailed event records were available for a series of TL202 faults on 24" August 2009
(Surge ID 5479 and 5484). These faults were high resistance and eventually cleared by
three phase tripping initiated by ground time overcurrent functions. The event reports
show ground fault currents in the range of less than 200 A, and no significant depression
on the faulted phase voltage (see Figure 2). Therefore these faults had little impact
(apart from some small frequency excursions) on the power system itself.
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Figure 2 - Fault record from SSD Terminal of TL202 on 24th August 2010.

This incident demonstrates that trees can cause faults with significantly high resistance
that will normally only be cleared by ground time overcurrent functions.

Analysis of the TL203 fault on 2 December 2007 revealed that the existing settings of the
zone 2 ground distance protections are not sufficiently dependable to ensure prompt
operation during single line to ground faults near the remote terminal.
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Circuit TL203

This circuit has experienced 11 forced outages since 2001. In none of those incidents
was failure of the protection and control equipment reported. However, on 2 December
2007, a single line to ground fault occurred that escalated to a large disturbance due to
an incorrect operation of the TL237 protection to cause a separation of the 230 kV
system between Western Avalon and Sunnyside (Surge ID 4955). Therefore this fault
was analysed in some detail (see Appendix B).

The analysis of this fault supported the following conclusions from separate studies.

1. The existing settings on the TL202 and TL206 protection systems are not
sufficiently dependable to be sure of detecting single line to ground faults near
the remote terminals.

2. The cause of the misoperation of the TL237 protection at the Avalon terminal
could not be conclusively determined, but some setting adjustments on the
teleprotection systems will improve security.

Details of a TL203 C phase fault on 28 August 2009 (Surge ID 5480) were also reviewed.
In this incident an insulator broke, and the conductor fell down and caused a short
circuit. All protection operated properly for this fault. The SEL-321 protection operated a
few milliseconds faster than the optimho protection at each end. The fault was closer to
West Avalon Substation which cleared the fault in about 4.5 cycles. Sunnyside was a
little slower, clearing the fault in about 5.25 cycles. The sequence of events recorder
resolution was only 10 milliseconds for this event, and no additional information was
obtained.

Circuit TL206

This circuit has not experienced any forced outages since 2001. No failure of the
protection and control equipment has been reported.

Similar to the case of TL202 protection, analysis of the 2 December 2007 fault on TL203
revealed marginal dependability for sensing single line to ground faults of the existing
protection settings.

Circuit TL207

This circuit has experienced 11 forced outages since 2001. In none of those incidents
was failure of the protection and control equipment reported.

Circuit TL237

This circuit has experienced 10 forced outages since 2001. In four of those incidents

failure of the protection and control equipment was reported.

1. SurgelID 3241 0n 25t April 2001 (defect was reported as “False or inadvertent
operation”)
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2. Surge D 3528 on 18" November 2002 (defect was reported as “False or inadvertent
operation”)

3. Surge ID 4555 on 3" July 2006 (defect was reported as “False or inadvertent
operation”)

4. Surge ID 4955 on 2" December 2007 (defect was reported as “False or inadvertent
operation”)

Details of the causes of problems on incidents in surge IDs 3241, 3528, and 4555 are not
available. However the incident of Surge ID 4955 was investigated in detail (see
Appendix B). The problem was an unexpected operation of the optimho relay, with an
“Aided trip” target. The results of the investigation indicate as much probability of
teleprotection insecurity as optimho insecurity.

6. General comments on Line Protection Reviews

Teleprotection issues

Sharing Channels

The existing teleprotection channels are shared between the P1 and P2 protection
systems. Thus a teleprotection signal keyed by a P1 protection at one terminal will be
received by both the P1 and P2 protections at the other terminal. The SEL 321
permissive overreaching transfer trip (POTT) protection scheme includes a reverse
looking distance element to add security by blocking keying of permissive trip for a short
time after a reverse looking element operates. The Optimho scheme logic POR1 does
not include this security enhancement.

The keying and blocking functions in the SEL-321 POTT logic are supposed to work in
tandem with each other. For any external fault, the blocking function nearest the fault
will pick up and block permissive tripping and also block keying even for a short while
after the reverse fault has been cleared. Thus in the event of a current reversal (which
can be caused by sequential clearing of a fault on a parallel line) there will be no race
between reset of the forward looking element at one end and sequential pickup of the
forward looking element at the other end. If the permissive trip channel is shared with
the optimho that does not have the same logic or measuring elements, there will be a
danger of permissive trip from the optimho not coordinating with reset of the
permissive trip from the SEL321.

It is recommended that the permissive trip teleprotection signals between the P1 and P2
systems be maintained independent of each other so that P1 teleprotection works only
with P1 relays and P2 teleprotection works only with P2 relays.

Bearing in mind the comments about redundancy of teleprotection to follow, it is
possible (but not preferable) to share a teleprotection facility between the P1 and P2
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systems as long as independence is maintained between the permissive trip signals of
the two systems. However, sharing a teleprotection facility between the two systems
may complicate maintenance practices, and complete separation of the facilities is
preferable.

Redundancy

It is noted that two circuits (TL202 and TL206) have redundant teleprotection facilities,
but the other three do not. Since protection performance requirements require
redundant facilities and the teleprotection systems form part of the facilities,
redundancy should be added to the teleprotection systems of TL203, TL207 and TL237.

For the case of TL202 and TL206, it is recommended to separate the existing
teleprotection facilities. If independent microwave based RFL/IMUX microwave radio
systems are readily available, independent teleprotection modules should be used for
each of the P1 and P2 systems. If independent modules are not available, then the P1
(optimho) systems should use the microwave system only, and the P2 systems should
use the power line carrier based teleprotection only. If redundant microwave systems
are available, the P1 systems can use the microwave and the power line carrier and the
P2 systems should use only the independent redundant microwave system.

For the case of circuits TL203, TL207 and TL237, redundant teleprotection facilities are
presently not provided. These should be provided, with care being taken to avoid
possible common mode failures. If independent microwave teleprotection modules
have no credible common mode failure mechanisms, then these may be used for
separate P1 and P2 protection systems. If it is not possible to avoid common mode
failure points in the microwave system, then use of powerline carrier for independent
teleprotection facilities should be considered.

Security

The existing teleprotection systems are faster than necessary to meet overall protection
performance requirements. Operating times in the range of 3-5 ms have been observed.
Typical relay operating times of 17-25 ms produce an overall protection time of less
than 30 ms (just less than two cycles). Protection operating times of up to three cycles
are acceptable from a performance point of view. Therefore, the teleprotection could
be slowed down for increased security and still retain acceptable performance.

It is not known if the existing teleprotection systems use solid state outputs or contact
outputs. If they use solid state outputs it is recommended that they be replaced with
contact outputs that are inherently more secure.

It is observed that the existing teleprotection systems have no intentional security

delays. It is recommended that a 6-8 ms security delay be added to these systems to
provide an overall teleprotection end to end time of 10-12 ms.

10
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Monitoring

The microwave based teleprotection systems maintain logs of operations. These logs are
not routinely retained as part of disturbance analysis information. It is recommended
that these logs be retrieved — at least after unexpected protection operations, and
retained as part of archive information about disturbance analyses.

Ground Distance Protection Issues

Zone 1 Underreaching and Overreaching

The zero sequence mutual coupling between lines sharing the same right of way for a
significant distance will affect the performance of the ground distance protection
functions. The major impact on the Zone 1 elements is that they will underreach under
normal conditions when both parallel lines between two busses are in service. For
ground faults near one end of the line, the zero sequence current flow in both lines will
reduce the current in both lines and cause the ground distance function to underreach.
This can be demonstrated by considering the response of the Zone 1 element to a fault
at the remote bus. Without considering mutual coupling, (i.e. parallel line out of service)
the apparent impedance will be equal to the line impedance as expected as shown in
Figure 3. The apparent impedance is close to 8.6 ohms, which is the actual line
impedance.

21MN2 TL20Z BDE IS Type=SELING__
CTR=240 PTR=2000
Zone 1: ¥51=7.28. RG1=12.00. Z1MG=7.28. 160| 21M1 TL202 BDE Type=LFZP111q
Zone 20 X52=10400 RGEZ=12.00. Z2MG=10.40. ZPD=60.00cy ||| CTR=Z240 FTR=2000 Min = 0.504
Zone 3: XG3=363. RG3=14.40 I3MG=3.63. Char ang= 50.0deq, Dir blinder= 80.0deg
kOM1=0.543 kOA1=0.64 kOM=0.843 k0A=0.64 T=-3.35 Zone 1: ¥=7 .28 sec Ohm, R+=12.00 R-=-14.40 T=0.0s
Line 2= 8.59@ 81.7 sec Ohm (71.58 Ohrm) M0 Zone 2: ¥=10.40 sec Chm, R+=12.00 R-=-14.40 T=1.00s
Apparent impedances plotted (K=0.84@0.6): Line Z= 8.29E 81.7 sec Ohm (71.58 Ohm)

Wal{la+3klo)= 8.78iE@81.9 sec Ohm (73.19 Ohm). Apparent impedances plotted (K=0921.0):

Whi(lb+3klo)= 184.95@-52.1 sec Ohrm (1541.28 Ohrr). 1204 Walla+3klol= 8828817 sec Ohm (71.58 Ohrr).

YeAlo+aklo= 181.82@173.6 sec Ohrn (151513 Ohrr). Whi(lb+3klo)= 132.82@-48.5 sec Ohrn (1106.87 Ohrr).
Relay response: Zone 2 tripped. Delay=1.00s. YeAle+3klo= 132.25@178.6 sec Ohm (110212 Ohm).
S AUNIT - Zone 2 Tripped. Relay response: Zone 2 tripped. Delay=1.00s.

B UNIT : All zones restrained by fault detector. qo0H| < AUNIT © Zone 2 Tripped.

CUNIT @ All zones restrained by fault detector. B UNIT : All zones restrained.
tare details in TTY window. CUNIT © Al zones restrained.

40—
20+
I T T T T
120 1o -80 -G0 -40 =20 1z
FAULT DESCRIPTION:
Bus Fault on: 0 Sunnyside 2300 kY 1LG Type=A

Figure 3 - Fault at remote bus v;lith'parallel line out of service but not grOUh&éd (mutual coupling has no
effect).

11
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21M2 TL202 BDE V5
CTR=240 PTR=2000
Zone 1: ¥GE1=7.28. RG1=12.00. Z1MG=7.28.
Zone 20 XE2=10040. RG2=12.00. Z2MG=10.40. Z2PD=60.00cy
Zone 3 XG3=3.63. RG3I=14.40. Z3MG=363. =
kOM1=0.843 kDA1=064 kOM=0.843 kDA=064 T=3.35
Line 7= B8.59@ 81.7 sec Ohm (71.58 Ohm)
Apparent impedances plotted (K=0.84&0.6):
Yallla+3Klo)= 10.24E@81.9 sec Ohm (85.34 Ohm).
Whillb+3klo)= 237 24@-57 .3 sec Ohm (1977.03 Ohm).
vedle+3klo)= 238 .85@167 .6 sec Ohm (1990.32 Ohm).;_|
Relay response: Zone 2 tripped. Delay=1.00s
<A UNIT @ Zone 2 Tripped
B UNIT : All zones restrained by fault detector.

Type=SEL321G__ 180—

140

21N1 TL202 BDE Type=LFZP111yg

CTR=240 PTR=2000 Min |= 0.504

Char ang= 80.0deg, Dir blinder= 50.0deg
Fone 1: ¥=7.28 sec Ohm, R+=12.00 R-=-14.40 T=0.0s
Fone 20 x=10.40 sec Ohm, R+=12.00 R-=-14.40 T=1.00g

Line 7= B.59@ 81.7 sec Ohm {71.58 Ohm)

Apparent impedances plotted (K=0.92&1.00:
“alla+3lklo)= 10.02E81.8 sec Ohm (33.47 Ohm).
h(lb+3klo)= 172.13@-51.7 sec Ohrn (1434.42 Ohm).
“edle+3klo)= 173.88@173.7 sec Ohrm (1449.03 Ohrn).

Relay response: Zone 2 tripped. Delay=1.00s.

~ A UNIT @ Zone 2 Tripped.

C UNIT : All zones restrained by fault detector. 100+ B UNIT © All zones restrained.
More details in TTY window. C UNIT : All zones restrained.
80—
40—
20—

T T T T T
-100 -80 -B0 -40 -20

FALLT DESCRIPTION:
Bus Fault on:

ID S/unnyside

20 B0 a0 100

230, kv 1LG Type=A.

Figure 4 - Remote bus fault with mutually coupled parallel line in service

When the mutual coupling is considered, the apparent impedance is increased
significantly, and the existing zone 2 reaches are barely adequate as shown in Figure 4.
In Figure 4, the fault has been simulated with the mutually coupled line in service.

On the other hand, if the mutually coupled parallel line is out of service and grounded at
both ends, the apparent impedance is reduced and the Zone 1 function will tend to
overreach. Figure 5 shows the reduction in apparent impedance is about 10% (from a
nominal 8.6 ohms secondary to 7.7 or 7.9 ohms. The security margin of a zone 1
element set at 85% of the line is not sufficient under these conditions. Zone 1 functions
of lines with mutually coupled parallel lines for a significant portion should be reduced
to reach less than 85% of the nominal line impedance. In the case of TL202 and TL206,
settings of about 80% of the line impedance would give a comfortable security margin
for the contingency of the parallel line out of service and grounded at both ends.
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21M2 TL202 BDE VS
CTR=240 PTR=2000
Zone 10 KG1=7.28. RG1=12.00. Z1MG=7.28.
Zone 2: ¥G2=10.40. RG2=12.00. Z2ZMG=10.40. Z2PD=60.00cy
Zone 3: ¥G3=363. RG3=14.40. Z3MG=3.63. o
kOM1=0.843 kDA1=0.64 kOM=0.843 kDA=0.64 T=-3.35
Line 7= B8.59@ 81.7 sec Ohm (71.58 Ohm)
Apparent impedances plotted (K=0.84&0.6):
Yal{la+3Klo)= 7.91@82.6 sec Ohm (55.95 Ohm).
Whi{lb+3Klo)= 71.10@-35.0 sec Chm (592.48 Ohm).
Vedlo+3Klop= 71.97@-166.2 sec Ohr (599.76 Ohrr). 20—
Relay response: Zone 2 tripped. Delay=1.00s.
<A UNIT @ Zane 2 Tripped.
B UNIT : All zones restrained by fault detector.

Type=SEL321G__ 180+

140+

211 TL20Z BOE Type=LFZP111g

CTR=240 PTR=2000 Min I= 0.504

Char ang=80.0deg, Dir blinder= 80.0deg
Zone 1 ¥=7.28 sec Ohm, R+=12.00 R-=-14.40 T=0.0s%
Zone 2: *=10.40 sec Ohm, R+=12.00,R-=-14 40 T=1.00s

Line 7= 8.559& 31.7 sec Ohm (71.58 Ohrr)

Apparent impedances plotted (K=0.92E1.0):
Yallla+3klo= 77253525 sec Ohm (B4.25 Ohm).
Whi(lb+3klal= 59.56{F-35.4 sec Ohm (456.33 Ohm).
wel(lo+3kla= B0.28@-166.3 sec Ohm (502,37 Ohm).

Relay response: Zone 2 tripped. Delay=1.00s.

A UNIT @ Zone 2 Tripped.

CUNIT : All zones restrained by fault detector, 10 B URIT : All zones restrained.

MWare details in TTY window. CUNIT : All zones restrained.
80—
40—
20+

0 1|DD Blﬂ RI” ﬂl” ’Jl” 20 Elﬂ Blﬂ 100 1£D 1f|10
| ’ FALLT DESCRIPTION:
Bus Fault on: 0 Sunnyside 2300 kY 1LG Type=A

Branch outage: 0 Sun{w\side 230 kY - 0 Bay D_Espoir 230,k 2L

[~
Figure 5 -Remote bus fault with parallel line out of service and grounded at both ends.

Ends grounde]ll:l with R=0

Zone 2 Underreaching

The underreaching effect shown in Figure 5 is more important for the zone 2 ground
distance functions which need to overreach all of the protected line. Figure 4 shows that
the reach of the zone 2 ground distance elements is quite marginal for a fault near the
remote terminal of TL202. TL206 will be similar. In fact, the 2 December 2007
disturbance, demonstrated that the TL202 zone 2 elements did not see a single line to
ground fault close to Sunnyside.

The reaches of the zone 2 distance elements should be increased on circuits TL202,
TL203, TL206 and TL237 to improve their dependability.

Sensitivity to resistive SLG Faults and use of the Echo function.

The performance specifications require the protection to operate for fault resistances of
up to 100 ohms and to provide single phase tripping and reclosing for such faults. It is
found that the SEL-321 relays cannot meet this performance requirement without the
use of very high resistive reach settings on the quadrilateral elements. In order to avoid
the need for such high resistive reach settings, it is recommended that the echo function
be enabled on all schemes using SEL relays.
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It is noted on the settings calculations for Sunnyside terminal of TL207 that the use of
the echo function was considered, but not adopted, with the note that this function is
“set to OFF due to experience problems with the Echo feature”. It is not known what the
experience problems are, but other utility experiences with this feature have been
satisfactory. It is possible that the sharing of permissive trip functions between P1 and
P2 protection systems may have caused poor experience. This is because the echo
function depends on coordinated operation of forward looking elements at one end,
and reverse looking elements at the other. If the permissive trip channel is shared
between P1 and P2 systems, then this coordination is lost.

It is recommended that the echo feature is enabled on most of the SEL-321 systems only
after the P1 and P2 permissive trip channels have been separated from each other as
recommended in earlier discussion in this report on teleprotection systems.

The echo function is not available on the Optimho POR1 permissive tripping logic. It is
available on the POR 2 logic, but that logic is not used by Newfoundland and Labrador
Hydro.

Performance of the Optimho Line Protection Systems

The existing P1 protection systems are Areva type LZFP111 static distance protection
systems. These systems are approximately 18-20 years old. Typical service lives for this
generation of equipment is in the range of 20-25 years. This generation of protection
system used hybrid analogue/digital technology. It is no longer manufactured because it
has been superseded by “all digital” protection systems.

The optimho relay performance includes some important limitations when compared
with more modern technology. These limitations are discussed in the following
paragraphs.

a) Analogue and event recording functionality is not available for this device. Such
functionality is key for successful disturbance analysis to identify actions
required to avoid or minimize future reoccurrence of undesirable behavior. The
lack of recording capability resulted in an inability to conclusively identify
whether the teleprotection system, or the optimho relay, or the interface
between them was responsible for the misoperation of the relay to trip the
Western Avalon terminal of unfaulted circuit TL237 on 2 December 2007. As
protection systems are recognized as major contributors to the exacerbation of
system disturbances recording functionality is an important part of determining
their performance during any specific event. Since the transmission lines within
the scope of this report are a key part of the Newfoundland and Labrador Hydro
backbone transmission, identification of problems is important for continued
high performance of the power system.
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b) The reactive reaches of the phase and ground distance elements have to be set
the same as each other. This limitation affects the ability to optimize the reaches
of these elements in the presence of zero sequence mutual coupling. In the
analysis of mutual coupling issues in this report, it is noted that it is desirable to
set the zone 1 ground distance functions on lines with significant mutual
coupling to lower values than the phase distance functions. It is not possible to
have separate reach settings on the optimho; so the zone 1 phase distance
function will be set to 80% instead of 85% on some circuits.

c) The resistive reaches of the distance elements on all zones have to be set the
same as each other. This means that on the short line TL207, the zone 1 trip
function has to be blocked. The resistive reach of the Zone 2 element has to be
set to a minimum value to meet the sensitivity performance requirements noted
in Section 3 of this report. This minimum value is too high to ensure security of
the zone 1 element, so tripping has to be disabled on this element.

d) The weak source echo function is not available in the permissive overreaching
transfer trip logic scheme POR1 that is used by Newfoundland and Labrador
Hydro. Without this logic, the specified sensitivity of 100 ohms for single line to
ground faults will not be met for all fault locations. However, sensitivity close to
this level will be met for all locations.

Given the age and limitations of the optimho relays, their replacement may be
considered. Greatest value would likely be realized by replacing the relays on Circuit
TL207 first since this short line would benefit most from a line current differential
protection application.

Reclosing and auxiliary logic

It was observed that on the 2 December 2007 disturbance that the Circuit TL237 was
automatically reclosed after tripping undesirably. Since the line was still closed at Come
By Chance, and the Western Avalon system was separated from the Sunnyside system,
the systems were reconnected out of synchronism. The problem was caused by lack of
phase B line voltage. Lack of this voltage resulted in the reclosing logic considering the
line to be dead, when it was not. Consideration should be given to modifying automatic
reclosing logic so that all three phases have to demonstrate low voltage before the line
can be considered dead.

Some transmission lines use pneumatic (Agastat) timers for automatic reclosing and
auxiliary transfer trip functions. These timers suffer from lack of repeatability due to
dust and temperature changes that affect their performance. They need to be tested
and maintained regularly to ensure their performance is retained. Consideration should
be given to replacing these timers with modern alternatives that provide better
performance with improved monitoring and require significantly less maintenance.

15



PUB-NLH-163, Attachment 1
Page 19 of 425, Isl Int Sys Power Outages
Protection review for 5 230 kV transmission lines Final Report

Single Pole Open Status to SEL 321 relays

On most breakers, the existing breaker status inputs to SEL321 relays consists of a single
input per breaker which is set in each relay to show the status of all three poles of the
breaker. The ground distance measuring elements in this relay are each controlled by
the status of its pole (see Figure 6). All quadrilateral elements are disabled during SPO
conditions and the mho distance element on the open phase is also disabled (see Figure
7).

It was first recommended for TL202, TL206 and TL203 that the breaker status inputs be
modified so that the relay may know the status of each pole of each breaker in order to
properly disable and enable the appropriate internal measuring elements. However, it
was later discovered that segregated pole auxiliary switches are not available on the
majority of older (air blast) breakers. Therefore the ideal breaker status connections
cannot be achieved. On the air blast breakers “52b” auxiliary switches are available, and
assuming that these contacts close when any single pole is closed, it is probable that
these switches will provide adequate information to the relays.

Detailed event records from the relays during open pole conditions need to be reviewed
to confirm whether the existing status connections are adequate. Recommended
settings changes to increase the resistive reaches of quadrilateral elements should not
be implemented before this additional review is completed and the existing auxiliary
switch connections are confirmed to be adequate.

In addition, some typographical errors (with respect to the use of 52b or 52bb auxiliary
contacts) appear on some of the drawings that should be corrected.

(From Pole Open .c;t;'c

(From FIDS Logic) FSA W

XAGHT
XBG1 5.—
)

7
(From Supervisory (5
Owvercurrent Logic

]

(From Loss—0f-Potentia

™ MAG 1 —y
/ MBG 1 4 > 216G
rr____.

(From Pole Open c) ( MCG1
(From Memory Voltage Logic) VPOLV ™
DIR1=F
(Setting) DWG: 10151734

Figure 2.10: Zone 1 Mho Ground Distance Element Logic

Figure 6 - Example Mho Ground Distance Logic
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21 = XG1
21 - RGf
21 RG1— ——
- 5 ( Te IR —
{From Supervisory Overcurrenl Logic) 3 ‘*L‘ 1% I .
(From 32Q _L,qc.{ 320F We— ™\
(From FIDS Logic) FSA B } XaG1
L~
(From Pgle QOpen ccu:].—-"—' :
(From Pole Open Legic) 3P0
(Input) PA -w‘u-‘—"u =
(From Loss—of—Potenlial Legic) ILOP ""-—; >7{“
(From Memory Voltage Legic) YPOLV g
DIR1 =F
(Setting)

DWG: 10161737

Figure 2.14: Zone 1 Quadrilateral Ground Distance Element Logic

Figure 7 - Example Quadrilateral Distance Logic

Ground time overcurrent protection.

Need for ground time overcurrent protection

Protection by ground time overcurrent functions is helpful for high resistance faults such
as might result from a tree growing too close to the conductor. This was the case on 28t
August 2009 when TL202 suffered such a fault. The ground time overcurrent protection
could be considered backup for faults with resistance higher than 100 ohms. For faults
with resistance lower than 100 ohms, redundant protection is required, as specified in
Section 3 of this report.

For all line protection systems in this study, ground time overcurrent protection is
provided in two places within the P2 protection system. One function is built into the
SEL321 relay, and the other is a discrete external electromechanical relay. The discrete
electromechanical relay is not allowed to trip by itself. Its tripping output is connected in
series (though OUT6) with the ground time overcurrent function built into the SEL321
relay. The reason for this connection is not known, but it appears to have little value,
considering the SEL321 internal ground time overcurrent function trips directly (through
OUTS5) anyway.

It is recommended that consideration be given to removing the discrete
electromechanical time ground overcurrent relay from the P2 protection since it adds
little value. If the primary (optimho) protection is not to be replaced in the near future,
consideration could be given to reconnecting this discrete electromechanical relay into
the P1 protection to provide redundant sensitive ground overcurrent protection.
However, since the ground distance functions available in the P1 and P2 systems are set
to cover single line to ground faults with resistance up to 100 ohms to meet the
performance specification, redundant ground time overcurrent protection is not
required.
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Coordination of ground time overcurrent protection functions

The coordination of the backup ground time overcurrent functions will be made more
difficult by the presence of zero sequence mutual coupling. The response of the primary
and backup relays will be most critical for line end faults when the end closest to the
fault is open. Such faults would be expected to be cleared sequentially. Figure 8 and
Figure 9 show that coordination is achieved for such faults with the existing settings on
TL202 and TL206. There will likely be no need for settings changes to these elements.

The TL237 ground time overcurrent protection will not coordinate with the TL207
ground time overcurrent protection because all relays are set the same (see curves 2
and 3 on Figure 10). This means that for any high resistance fault that needs the ground
time overcurrent protection to operate, both lines will likely trip together and the CBC
station will go black. Setting adjustments are required for these relays.

Note that the TL203, TL207 and TL237 will all need to have their ground distance
functions time delays reduced from the existing 1 second to 0.3 or 0.6 seconds in order
to ensure coordination of ground time overcurrent functions. This recommendation is a
deviation from common Newfoundland and Labrador practice and needs careful
consideration by Newfoundland and Labrador Hydro before acceptance. The
alternative is to accept larger changes (than proposed in this report) in the settings of
the ground time overcurrent functions on the TL203, TL207 and TL237 loop.
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10 2 345 7 100 2 3 45 7 1000 2 3 45 7 10000 2 3 45 7

1000 1000
700 700
500 500
400 400
300 300
200 1. 51N TL206 BDE SEL-VI TD=4.000 200
CTR=240 Pickup=0.5ANo inst. TP@12=0.4937s
3lo= 502.9A(2.1 secA) T= 1.32s
100 RN 100
2.51IN TL202 SSD SEL-VI TD=4.000
70 CTR=240 Pickup=0.5ANo inst. TP@12=0.4937s 70
3lo= 971.2A(40 secA)T= 063s
50 R 1 B 50
40 3.50/51N TL206 BDE IAC-53 TD=4.000 40
30 CTR=240 Pickup=0.5ANo inst. TP@12=0.538s 30
3Io— 502 9A(2 1 secAT= 132s i
20 RRR A 20
4,50/51N TL202 SSD IAC-53 TD=4.000
Q\ CTR=240 Pickup=0.5ANo inst. TP@12=0.538s
sS10 3lo= 971.2A(40 secA)T= 0.67s 10
E 7 7
05 \ 5
g 4 4
\ \
s 3 3
2 2
1 1
7 7
5 N 5
4 e S R Bt o MU 4
3 3
2 2
1 1
.07 07
.05 .05
.04 04
.03 - FAULT DESCRIPTION: .03
02 ' Line-End Fault on: 0 Sunnyside 230.kV -0 Bay D_Espoir 230.kV1L 1LG Type=A 02
o1 Fault1=902.4 A o1
710 2 345 7 100 2 3 45 7 1000 2 3 45 7 10000 2 3 45 7
CURRENT (A
TIME-CURRENT CURVES @ Voltage 230 kV By
For Coordination of ground time overcurrent elements No.
Comment With mutual coupling taken into consideration. Date

Figure 8 - coordination of ground time overcurrent elements for line end fault on TL202 close to BDE
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400 400
300 300
200 1.5IN TL206 BDE SEL-VI TD=4.000 200
CTR=240 Pickup=0.5ANo inst. TP@12=0.4937s
P R
100 2.51NTL202 SSD SEL-VI TD=4.000 100
70 CTR=240 Pickup=0.5ANo inst. TP@12=0.4937s 70
3lo= 4474A(19 secA)T= 159s
50 e e 50
40 3.50/51N TL206 BDE IAC-53 TD=4.000 40
30 CTR=240 Pickup=0.5ANo inst. TP@12=0.538s 30
3l0=1030.3A ﬂ4'3 secA) T= 0.65s i
20 L S 1 P R A e 20
4,50/51N TL202 SSD I1AC-53 TD=4.000
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.03 - FAULT DESCRIPTION: .03
02 ' Line-End Fault on: 0 BayD_Espoir 230.kV- 0 Sunnyside 230.kV2L 1LG Type=A 02
Fault1=961.4 A
o1 ault 1=96 o1
10 2 3 45 7 100 2 345 7 1000 2 3 45 7 10000 2 3 45 7
CURRENT (A
TIME-CURRENT CURVES @ Voltage 230 kV By
For Coordination of ground time overcurrent elements No.
Comment With mutual coupling taken into consideration. Date

Figure 9 - coordination of ground time overcurrent elements for line end fault on TL206 close to SSD
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Figure 10 - Coordination of "ALT" settings on ground time overcurrent elements for close-in 150 ohm
resistive SLG fault on TL207 close to CBC
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Transient Response of Sunnyside TL202 and TL206 CVTs

The TL202 and TL206 CVTs at Sunnyside are suspected of having improper transient
response. These CVTs are the same type of CVT as was at the Buchans terminal of TL205
on 4™ March 2003, when the zone 1 functions at that terminal overreached and
operated for an external fault. As a result of this the CVTs at Buchan TL205 were
replaced. The zone 1 elements at the Sunnyside terminal of TL202 and TL206 had their
reach reduced to 75% of the line length, instead of being set at the normal reach of 85%
of the line length. This setting change is due to the uncertainty of the transient
performance of the Sunnyside CVTs.

The problem with the CVTs was never resolved, and the reduced reach setting of the
Zone 1 elements is still retained. As noted in Section 5, it is suspected that improper
transient performance may have caused transient overreach of the TL202 zone 1
elements during a fault near BDE on 21 July 2010. It would be possible to establish the
transient performance of these CVTs by comparing their voltage during a fault with the
voltage of other CVTs on the same bus. It is recommended that this comparison be
made during the analysis of future faults.

Distance element current supervision

It is noted that Newfoundland and Labrador Hydro practice is to set distance current
supervision elements (where such elements are adjustable) above load if it is possible to
do so. It should be noted that many modern relays and even some existing older relays
like the Optimho) do not have settable current supervision elements. It is recommended
that at least for all zones higher than zone 1, that the current supervision elements be
set at minimum, and the loss of potential function be depended upon to block the
distance elements from operating on load currents if the potential source should be lost.
This practice eliminates the need to check loads and fault currents to set the current
supervision elements. This is a departure from Newfoundland and Labrador Hydro
normal practice. For Zone 1, it is acceptable to retain present practice if desired since
the dependability of the zone 1 function is not critical for communications assisted
schemes.

Monitoring of fault Records

As noted above, the transient response of two sets of CVTs at Sunnyside is suspect. It
would be possible to compare the response of these CVTs to that of other CVTs on the
same bus during faults. If digital fault recorder records are available, this comparison
can be done with past faults. If they are not available, it should be done with future
faults. If this comparison shows undesirable transient response, it would be possible to
determine a course of action (repair, replace, or retain) for these CVTs.
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It is noted that event records captured by SEL relays are filtered quantities sampled four
times per cycle. While this sample rate is sufficient for many purposes, it is not adequate
for some important phenomena, such as the transient response of CVTs. The slow
sample rate may also have caused failure to detect an undesirable transient receipt of
permissive trip signal at the West Avalon terminal of TL237 during the 7 December 2007
disturbance. It is recommended that in future disturbances both filtered and unfiltered
(8 samples per cycle) reports be retrieved from SEL relays to assist in disturbance
analysis. These reports are retrieved by using the commands “Event x C” and “Event x
U” commands on the SEL321 relay communications program (where “x” is the event
number).

Breaker Failure

All transmission lines in this study terminate at stations with breakers that are shared by
one or two adjacent transmission lines. In the event of a failure of a shared breaker to
clear a fault on a transmission line, local breaker failure protection will clear local infeed
to the faulted line. However, there appears to be no provision to specifically remove
remote infeed from the remote terminal of the unfaulted adjacent line. Ground time
overcurrent protection at the remote terminal will remove infeed to single line to
ground faults, but no provision is made to remove remote infeed to multiphase faults.

If all breakers at a transmission line terminal have independently controlled poles, it
may be assumed to be non credible that more than one pole would fail to interrupt a
single multiphase fault so that a multiphase fault involving ground would be cleared
remotely by the ground time overcurrent protection. It is recommended that
Newfoundland and Labrador Hydro explicitly acknowledge this assumption.

Of the five transmission circuits reviewed in this study, three have single phase tripping
and reclosing in service. Two (TL207 and TL237) have three phase tripping and reclosing.
It is assumed possible that circuit breaker B1/B2 at Come By Chance may fail to trip all
three poles simultaneously. If this if verified, then it will be recommended to add a zone
3 function at the SSD terminal of TL207, and to extend the zone 2 at the WAV terminal
of TL237 to provide remote breaker failure coverage for faults on either of TL207 or
TL237.

7. TL202 review comments

Detailed calculations and comments are provided in Appendices C,D, E and F. Several
minor changes are proposed. Apart from the general items noted in Section 6, the
specific major changes to this line terminal include the following:

1. Increase the reach of the zone 2 distance elements in the P1 protection and the
ground distance elements in the P2 protection (both terminals)
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2. Decrease the reach of the zone 1 distance elements in the P1 protection and the
ground distance elements in the P2 protection (BDE terminals only)

3. Increase the resistive reach of the zone 1, zone 2 and zone 3 ground distance
elements in the P2 protection (both terminals). This should only be done after
phase segregated breaker status inputs are connected to the relay so that the
relay can know when the line has a single pole open.

4. Increase the time delay for tripping of the BDE zone 2 phase distance elements
to coordinate with SSD TL207 Zone 2 protection. Consider adding a zone 4
function to the BDE P2 protection to provide faster zone 2 communications
independent protection for most of the section near the remote terminal.

5. Add the echo function to the P2 protection at both terminals to increase the
sensitivity to resistive faults near one end or the other. This should only be done
after the P1 teleprotection is separated from the P2 protection.

6. Add unbalance monitoring functions to the P2 protection and connect them to
the existing loss of potential alarm output.

7. Replace the automatic reclosing logic using Agastat timers with a modern
alternative. When this is done, there will be sufficient spare input contacts on
the SEL321 relay to wire individual poles of each breaker to the relay to allow the
relay to know when breakers have a single pole open.

8. TL206 review comments

Except as noted below, detailed calculations and comments are provided in Appendices
C,D, E and F and are identical to those calculations and comments for TL202. The only
difference with protection for TL206 is that the circuit breakers at the Bay D’Espoir
terminal are not air blast breakers. They are SF6 circuit breakers. The breaker auxiliary
switches are segregated phase by phase. The auxiliary switch connections into the
scheme logic for the 52X/bb auxiliary relay are not correct, and need to be modified to
achieve the same effect for the P1 protection as on other lines.

9. TL203 review comments

Detailed calculations and comments are provided in Appendices G,H,l, J. Several minor
changes are proposed. Apart from the general items noted in Section 6, the specific
major changes to this line terminal include the following:

1. Increase the reach of the zone 2 distance elements in the P1 protection and the
ground distance elements in the P2 protection (both terminals)

2. Decrease the reach of the zone 1 distance elements in the P1 and P2 protections
(both terminals)

3. Increase the resistive reach of the zone 1, zone 2 and zone 3 ground distance
elements in the P1 and P2 protections (both terminals). This should only be done
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after phase segregated breaker status inputs are connected to the P2 relay so
that the relay can know when the line has a single pole open.

4. Add the echo function to the P2 protection at both terminals to increase the
sensitivity to resistive faults near one end or the other. This should only be done
after the P1 teleprotection is separated from the P2 protection.

5. Add unbalance monitoring functions to the P2 protection and connect them to
the existing loss of potential alarm output.

6. Add phase segregated breaker status inputs to the P2 protection so that it will
know which phase is open during single pole open conditions.

7. With the existing setting of the TL203 ground time overcurrent protection, it
could operate in about 1 second during heavy load flow and single pole open. It
is recommended that the existing settings on this protection on TL203 be
desensitized slightly to make them more secure (operating time 1.3 seconds)
when a single pole is open during heavy load flow.

10. TL207 review comments

Detailed calculations and comments are provided in Appendices K,L,M,N. Several minor,
and some significant changes are proposed. This is a very short line. Considering the
“length” of a transmission line to be dependent on the ratio of the source impedance to
the line impedance, the line is actually shorter looking from the CBC terminal than from
the SSD terminal. In fact, it is so short looking from the CBC terminal that special security
measures are taken with the P2 zone 1 functions to add a short delay to increase their
security. The P1 zone 1 functions at both terminals are blocked from tripping. Apart
from the general items noted in Section 6, the specific major changes to this line
terminal include the following:

1. Significantly reduce the resistive reach of the zone 1 quadrilateral element in the
P2 protection at both terminals. This is required to increase the security.

2. Add a1 cycle delay to the tripping time of the zone 1 elements in the P2
protection at the CBC terminal. This is required to increase the security due to
possible CVT transient errors and measuring errors in the relay during severe
short circuits on other lines out of SSD.

3. Increase the reach of the zone 2 distance elements in the P1 protection and the
ground distance elements in the P2 protection (both terminals)

4. Decrease the reach of the zone 1 distance elements in the P1 and P2 protections
(both terminals)

5. Increase the resistive reach of the zone 2 and zone 3 ground distance elements
in the P2 protections (both terminals)

6. Add the echo function to the P2 protection at both terminals to increase the
sensitivity to resistive faults near one end or the other. This should only be done
after the P1 teleprotection is separated from the P2 protection.
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7. Add unbalance monitoring functions to the P2 protection and connect them to
the existing loss of potential alarm output.

8. Modify the settings of the ground time overcurrent protection at CBC. Modify
the settings of the trip time delays of the ground distance elements in the P1 and
P2 protections to improve coordination of the communications independent
ground protection in the TL203, TL207 and TL237 loop.

11. TL237 review comments

Detailed calculations and comments are provided in Appendices O,P, Q, R. Several minor
changes are proposed. Apart from the general items noted in Section 6, the specific
major changes to this line terminal include the following:

1. Increase the reach of the zone 2 distance elements in the P1 and P2 protections
(both terminals)

2. Decrease the reach of the zone 1 distance elements in the P1 and P2 protections
(both terminals)

3. Increase the resistive reach of the zone 1, 2 and zone 3 ground distance
elements in the P1 and P2 protections (both terminals)

4. Enable the current reversal logic in the P1 POR 1 scheme to increase the security
in the light of known security concerns from the 2 December 2007 disturbance.

5. Add the echo function to the P2 protection at both terminals to increase the
sensitivity to resistive faults near one end or the other. This should only be done
after the P1 teleprotection is separated from the P2 protection.

6. Add unbalance monitoring functions to the P2 protection and connect them to
the existing loss of potential alarm output.

7. Modify the settings of the ground time overcurrent protection at CBC and WAV.
Modify the settings of the trip time delays of the ground distance elements in
the P1 and P2 protections to improve coordination of the communications
independent ground protection in the TL203, TL207 and TL237 loop.

12. Conclusions

The past performance and existing settings of the protection on five 230 kV transmission
lines have been reviewed. Possible improvements to sensitivity and security have been
identified.

The performance so far has been good, with one known improper operation that
exacerbated a disturbance on 2 December, 2007. The reason for the improper operation
cannot be conclusively identified. However the recommended changes to settings of the
system that misoperated and recommended changes to the teleprotection system will
improve the security. Recommendations have been made for more detailed monitoring
that would improve the ability to identify the causes of misoperation in the future.
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The recommended improvements to the protection systems include adjustment of
settings on the P1 and P2 protections and modifications to the existing teleprotection
systems. In addition, the limitations of the existing P1 (optimho based) protection
systems have been identified so that consideration may be given to replacing these
systems with more modern systems.
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13. Appendices

Appendix A — Detailed Analysis of TL202 Fault 21 July 2010

On 21 July 2010 a single line to ground fault occurred on this circuit. A resistive fault occurred
close (600 m) to the Bay D’Espoir (BDE) terminal and the faulted phase was cleared
sequentially, first from the BDE terminal, then from the Sunnyside (SSD) terminal. Reclose was
successful. Relay operation was correct for this fault, but the opportunity was taken to check
the OneLiner “Hydro Interconnected System (2010-08-13) V10.olr” model and compare the
actual performance of the relays to the model performance.

A single line to ground fault with 35 ohms of resistance was simulated at the reported location.
It was noted that with all BDE generators in service, the ratio of negative sequence current from
the BDE terminal to the negative sequence current from the SSD terminal was significantly
higher than the ratio of negative sequence currents recorded by the SEL relays.

For the initial fault, recorded by SEL relays BDE 12 = 960A, SSD 12= 117 A ratio = 8.2
For the initial fault calculated by ASPEN OnelLiner BDE=1082A SSD= 96 A ratio=11.3

Note that the ratio of negative sequence current contributions is not dependent on the fault
resistance, but only on the fault location and the negative sequence impedances behind the
line terminals. The difference in ratio noted above means that either the location is different
from the simulated location or there is an error in the model. A large impact on source
impedances is the number of generators on line at BDE. In order to get a closer match with the
ratio, three generators were simulated off line in the OneLiner model. With the revised model
and the same fault location and resistance, the following negative sequence currents were
calculated by Oneliner.

For the initial fault calculated by OnelLiner BDE=1018 A SSD= 118 A ratio = 8.6

Further studies were carried out with three units simulated off line at BDE. With the “Hydro
Interconnected System (2010-08-13) V10.olr” model of the system (with three units offline at
BDE) and the relays, the initial fault was sensed by the BDE terminal only, as shown in Figure 11.
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21M2 TL202 BDE Quad

Type=SEL 321

1

CTR=240 PTR=2000 Min = 0.504

Char ang= 82.0deg, Dir blinder= 82.0dey
Zone 1: ¥=7.28 sec Ohm, R+=12.00 B=14.40 T=0.0=
Zone 2: ¥=10.40 sec Ohm, R+=12.00 R-=-14.40 T=1.00s

Line 7= B8.58@ 81.7 sec Ohm (71.58 Ohm)
Apparent impedances plotted (K=0.92@1.0)

1

Zone 3: ¥=3.63 sec Ohm, R+=14.40 R-=-12.00 Rev. T=D.DBS1

2102 TL202 55D Quad Type=SEL 321
CTR=240 PTR=2000 Min |= 0.50A
Char ang= 82.4deg, Dir blinder= 82.4deg

Zone 1: ¥=6.44 sec Ohm, R+=12.00 R-=-14.40 T=0.0s

Wal(la+3klo)= 2.30@0.8 sec Ohm (19.19 Ohm) 130+ Zone 2 ¥=10.40 sec Ohm, R+=12.00,R=-14.40 T=1.00s
Wh/(lb+3Klo)= 4 B5@-102.5 sec Ohm (38.78 Chm). Zone 3 ¥=2.05 sec Ohm, R+=14.40,R-=-12.00 Rev. T=0.08s
WeAlc+3klo)= 5.16@135.4 sec Ohm (43.03 Ohm) Line 7= 8.59@ 81.7 sec Ohm (71.58 Ohm)
Relay response: Zone 1 tripped. Delay=0.0s 110 Apparent impedances plotted (K=0.92@1.0):
<A UNIT @ Zone 1 Tripped “Wallla+3klo)= 48.06iE@5.8 sec Ohm (40050 Chrn).
B UNIT : All zones restrained by fault detector. 100 Whf(lb+3Klo)= 1184 00@-25.7 sec Ohm (9943.99 Ohm).
C UNIT @ All zones restrained by fault detector. Wel(le+3Klo)= 117962E113.8 sec Ohm (953018 Ohrm)
More details in TTY window. All relay units are restrained. Delay=9999s.
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Figure 11 - Initial response of existing model relavs to 21 Julv 2010 fault

In Figure 11 it can be seen that the BDE terminal Zone 1 element operates instantaneously
while none of the SSD distance elements sense the fault. This matches the observation of the
actual relay performance. After the BDE terminal opens, the SSD relays can see the fault as

shown in Figure 12.
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180+
40—
21M2 TL202 BDE Guad Type=5EL 321
CTR=240 PTR=2000 Min = 0.504
Char ang= 82.0deg, Dir blinder= 52.0deg 30
Fone 1: ¥=7.28 sec Ohm, R+=12.00,R-=-14.40 T=0.0s
Fone 2: ¥=10.40 sec Ohm, R+=12.00 R-=-14.40 T=1.00s

Zone 3: ¥=3.63 sec Ohm, R+=14.40 R-=-12.00 Rev. T=0.08s {20
Line 7= B8.59@ 81.7 sec Chm (71.58 COhm)
Apparent impedances plotted (K=0.92G1.0):

Yal{la+3Klo)= 32.08@E3.5 sec Ohm (267.32 Chm).

Yhlb+3Klo)= 21.34@-55.4 sec Ch [177.85 Ohm).

weAle+3Klo)= 21.36@-175.4 sec Ohm (177.95 Ohm) 00—
All relay units are restrained. Delay=99939s.
More details in TTY window.

21M2 TL202 550 Quad Type=SEL 321

CTR=240 PTR=2000 Min I= 0.50A

Char ang= 82.4deg, Dir blinder= 82.4deg
Zone 1: ¥=6.44 sec Ohm, R+=12.00 R-=-14.40 T=0.0s
Fone 2: ¥=10.40 sec Ohm, R+=12.00 R-=-14.40 T=1.00s
Fone 3 ¥=2.05 sec Ohm, R+=14.40 R-=-12.00 Rev. T=0.085

Line Z= 8.55@ 81.7 sec Ohm (71.58 Ohm)

Apparent impedances plotted (K=0.92@1.0):
Vaf{la+3Klo)= 353@E1 3 sec Chm (79.45 Ohm)
Whilb+3Klo)= 132.26@-51.8 sec Chm (1102.16 Ohm).
We/lo+3Klo)= 136.26@-177.4 sec Ohm (1135.48 Ohrn).

Relay response: Zone 2 tripped. Delay=1.00s.

S AUNIT : Zone 2 Tripped
B UNIT : All zones restrained.

CUNIT : All zones restrained.
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Figure 12 - Sequential response of existing model relays to 21 July 2010 fault

Note however, that in Figure 12, the zone 2 element of the SSD relay operates, while the Zone 1
element operated in the actual event (as shown in Figure 13). Thus there is a mismatch
between the modeled event and the actual event.
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Figure 13 - Sequential operation of the SSD TL202 protection.

The cause of this mismatch is not known. It could be that the reported fault location is not the
actual location. It was noted that the relay estimated a fault location of 6.5 km from the BDE
terminal instead of the reported location of 600m from BDE. It could also be that the model is
not sufficiently accurate. The model “Hydro Interconnected System (2010-08-13) V10.olr” does
not include any zero sequence mutual coupling. The line data indicates a significant amount of
zero sequence mutual coupling between TL202 and TL206 and lesser amounts of coupling with
circuits TL212 and TL219. These additional couplings were added to the model “Hydro
Interconnected System (2010-08-13) V10.olr”.

In addition, a recent update of the Oneliner program has included a more detailed model of
the SEL relays. This model is more accurate than the generic model available in earlier versions
of the program. The model “Hydro Interconnected System (2010-08-13) V10.olr” was also
modified to include the updated relay model.

The simulated faults before and after the BDE terminal opens are shown in Figure 14 and Figure
15.
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211 TL202 BDE IS
CTR=240 PTR=2000
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Wies{le+3klo)= 6.83F 1297 sec Ohrn (56.90 Ohm)
Relay resporge; Zone 1 tripped, Delay=0.0s. "<
SAUNIT : Zone 1 Tripped.
B UNIT : All zones restrained by faull detector
CURIT Al zonies ristrained by fauh ditector.)—
More details in TTY window,

Type=SELINNG__~]

2161 TL202 S50 VS Type=SELING__

CTR=240 PTR=2000

Tone 1: ¥G1=6.44. RG1=12.00. IIMG=6.44.

Ione 2 ¥G2=10040. RGZ=1200. ZMG=10.40. Z2P0=6000cy

Ione 3 ¥G3=205, RG3=14.40 DSMG=205

KOM1I=0.915 kDAT=1 kDM=0915 k0A=1 T=-5.76

Line I=  8.553 81.7 sec Ohm { 71.58 Ohm)

Apparent impedances plotted (K=0.92&1.0):
Walla+3Klal= 1111863178 4 sec Ohm (326,36 Ohmn).
Vilb+3Kloj= 34 2921747 sec Ohem (285,73 Ohem)
Wid[le+3klojE 35 55E178.7 sec Ohm (236.28 Ohem)

Al relay units are restrained. Delay=29559s
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Figure 14 - Initial response of improved model relays to 21 July 2010 fault
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2161 TL202 88D /S Type=SEL321G__

21G1 TL202 BDE VS
CTR=240 PTR=2000
Zone 1: ¥G1=7.28. RG1=12.00. Z1MG=7.28.
Zone 2: ¥G2=10.40. RG2=12.00. 22MG=10.40. Z2PD=60.00cy
Zone 3: ¥G3=3.63. RG3=14.40. I3MG=363. lrl—l
kOM1=0.843 kDAT=064 kOM=0.843 kDA=064 T=-3.35
Line Z= 8.59@ 81.7 sec Ohm (71.58 Ohm)
Apparent impedances plotted (K=084@06). __
Val(la+3Klo)= 45.09@117.3 sec Ohm (375.78 Ohm).
Wh/{lb+3Klo)= 17 .57@-13.2 sec Ohm (146,45 Ohm).
WVef{le+3Klo)= 75.82i@-85.2 sec Ohm (631,80 Ohm).
All relay units are restrained. Delay=9999s. 100
More details in TTY window.

Type=SEL3216__
160

CTR=240 PTR=2000

Zone 1: XG1=6.44. RG1=12.00. ZIMG=6.44.

Zone 2: XG2=10.40. RG2=12.00. Z2MG=10.40. Z2PD=60.00cy

Zone 3: XG3=2.05. RG3=14.40. ZI3MG=2.05.

kOM1=0.915 kOA1=1 kOM=D0.915 kDA=1 T=5.76

Line 7= 8.59@ 81.7 sec Ohm (71.58 Ohm)

Apparent impedances plotted (K=0.92@1.0):
Val(la+3Klo)j= 8.31@58.4 sec Ohm (69.25 Ohm).
Wh/(Ib+3KIo)= 36.92@-133.3 sec Ohm (307.65 Ohm),
Ve/(le+3Klo)= 18.89@173.3 sec Ohm (157.40 Ohm).

Relay response: Zone 2 tripped. Delay=1.00s.

< A UNIT : Zone 2 Tripped.

B UNIT : All zones restrained by fault detector.
C UNIT : All zones restrained by fault detector.
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Figure 15 - Sequential response of improved model relays to 21 July 2010 fault
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Figure 14 shows the same result as Figure 11 and Figure 15 shows the same result as Figure 12.
However, it can be seen that the apparent impedance of the sequentially cleared fault in Figure
15 is closer to the reactive reach of the Zone 1 quadrilateral element than in Figure 14.

Therefore, although the simulation of mutual coupling causes the model response of the
Sunnyside TL202 distance relay to be closer to the observed response, it is still not the same.
Thus it is concluded that one of the following problems exist.

1. The transient response of the CVTs was not correct.

2. The fault was not at the reported location

3. The model is not sufficiently accurate
Analysis of the 2 December 2007 fault (described in Appendix B) shows that the response of
BDE TL202 and TL206 protection systems shows good correlation between the model and
observed performance. Therefore it is concluded that the model of these two lines is accurate
enough to place less credibility on problem possibility No 3 above. Considering the suspect
transient performance of these CVTs, it is possible that this was the cause of the overreach.
Considering the calculated distance from the BDE terminal is actually 6.5 km, while the burnt
trees were observed only 600 m from BDE, it is possible that the fault was actually further away
from BDE than the location of the burnt trees.
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Appendix B — Detailed Analysis of TL203 Fault 2 December
2007

On 2 December 2007 a single line to ground fault occurred on this circuit (Surge ID
4955). The faulted phase was cleared promptly and reclosed automatically at the
Sunnyside terminal. However the fault was permanent (a ground wire had fallen on to
the C Phase conductor) so upon reclose, all three phases tripped at Sunnyside, with no
further reclose. The Western Avalon terminal correctly tripped all three terminals and
did not reclose.

During the reclose of the Sunnyside terminal, the Western Avalon terminal of TL237
tripped undesirably. As designed, only three phase tripping and reclosing is applied on
Circuit TL237. With both TL203 and TL237 tripped on all three phases, there was a
system separation between Western Avalon and Sunnyside. The Western Avalon
terminal of TL237 automatically reclosed, but since Western Avalon and Sunnyside were
not synchronized, the reclose was not successful, and the complete system East of
Western Avalon collapsed due to insufficient generation to match the load.

The validity of the ASPEN OnelLiner model was tested with the known fault location by
comparing the measured source impedances behind the Sunnyside and Western Avalon
terminals of TL203 with the source impedances calculated by ASPEN Oneliner.

Bus Z2s Z0s (ohms primary)
Cycle 4 of fault | Mag(ohms pri) | Angle (deg.) Mag(ohms pri) | Angle (deg.)
SSD Measured 38.77 79 35.25 84.5

SSD Modeled 35.35 72.8 35.44 84.8

WAV Meas. 91.1 71.1 58.5 83.7

WAV Modeled | 70.1 84.1 49.8 85.8

The comparison indicates that the Western Avalon terminal was considerably weaker
(significantly higher negative and zero sequence source impedances) during this incident
than modeled. This is not unexpected, since the model represents all generation in the
Avalon Peninsula in service, though this was probably not the case at the time of the
disturbance. In addition, modeling of zero sequence mutual coupling between circuits
TL201 and TL217 would cause the modeled zero sequence impedance to be closer to the
measured value. The model behind the Sunnyside terminal matches the observed data
well (with worst case 9% discrepancy in the negative sequence impedance magnitude).

It was noted from the sequence of events report during this disturbance that during the
initial fault, a permissive trip signal was received from the BDE terminal of TL206, but
not from the BDE terminal of the parallel TL202. This confirms that at least one of the
Zone 2 functions of the protections at the BDE terminal of TL206 was able to sense this
fault, but neither of the same functions at the BDE terminal of TL202 was able to sense
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the fault. Since the impedances of the two circuits are almost identical to each other
and the settings of the relays are similar (though not identical), it appears that the
existing settings of the zone 2 elements of the protections at BDE are only marginal for
coverage of the whole of the protected circuits for single line to ground faults. This
marginal coverage is confirmed by the ASPEN OnelLiner simulation of the same fault and
responses of the BDE relays as shown in Figure 16.

Figure 16 shows that the apparent impedance presented to the protection at the BDE
terminal of TL202 is marginal (note the red square at the boundary of reach of the TL202
relay), although the model shows the relay operating for the fault. The same figure
shows that the margin of dependability is greater for the protection at the BDE terminal
of TL206, but still not as large a margin as would be desirable.

It is concluded that the zero sequence mutual coupling significantly reduces the
dependability of the overreaching ground distance elements on circuits TL202 and
TL206. The settings of the zone 2 elements need to be increased to provide more
dependable coverage.
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Zone 1: WG1=7.28. RG1=12.00. Z1MG=7.28.
Zone 2: AEZ=1040, RG2=12.000 Z2MG=10.40, Z2PD=K0.00cy
160 Zone 3: XG3=363. RG3=14.40. 73MG=3E3.
kOr1=0.843 kOAI=0.64 kOM=0843 kDA=064 T=-3.35
Line 7= 8.59@ 81.7 sec Ohm (71.58 Ohm)
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Wh(lb+3klo)= 406.44&115.6 sec Ohm (3386.99 Ohm).
Wefle+3KIo)= 10.38@862.0 sec Ohm (86.52 Ohm).
Relay response: Zone 2 tripped. Delay=1.00s.
120+ A UNIT : All zones restrained by fault detector.
B UMIT : All zones restrained by fault detector.
< CUNIT - Zone 2 Tripped.
Wore details in TTY window.

100—

a0 2151 TL206 BDE V3 Type=SEL321G__
CTR=240 PTR=2000
Zone 1: XG1=7 .28, RG1=12.00. Z1MG=7.28.
- ] Zone 2 XE2=1040. RGZ2=12.00. 22MG=10.40. Z2PD=60.00cy
/ | fone 3: k50=3.63. RGI=14.40. Z3MG=3.63.

kOM1=0972 K0A1=1. B3 kOM=0.972 k0A=1 68 T=-3.35

Line 7= 8.60@& 81.7 sec Ohm (71.67 Ohm)

Apparent impedances plotted (K=097E01.7):
Wal(la+3klo)= 180 90@-66.7 sec Ohm {1507 .47 Ohm).
Wh/(Ib+3klo)= 181 57@163.0 sec Ohm (1513.08 Ohm).
Wed(lo+Haklo)= 9.95E81.4 sec Ohm (32.68 Ohm).

I Relay response: Zone 2 tripped. Delay=1.00s.

AUNIT : All zones restrained by fault detector.
B UMIT : All zones restrained by fault detector.
< CUNIT : Zone 2 Tripped.
T

T I I I T I T T
-20 20 B0 g0 100 120 140 160 180

40—

~20 FAULT DESCRIPTION:
Close-In Fault on: 0 Sunnyside 230 kY - 0 West. Avalon 230k 1L 1LG Type=C

Figure 16 - Apparent impedance of TL203 close-in SLG fault to BDE protections

Figure 17 shows the operation of the SEL321 relay on the faulted line for the initial fault.
It can be seen that the record shows that the permissive trip signal was received 17 ms
after the SSD terminal issued the trip signal. This observation matches the sequence of
events record that shows a 13 ms gap between assertion of trip signal at SSD and receipt
of permissive trip from WAV. The difference is due to input/output delays in the SEL-321
relay.



PUB-NLH-163, Attachment 1
Page 40 of 425, Isl Int Sys Power Outages
Protection review for 5 230 kV transmission lines Final Report Appendix B

3.82, 96.00

A B IC VA VB VvC
- : 016667 sec
2500 - | |
o) - |
@ -0 —E |
< C
2500 +
100 +
Q —
> C
m I
> 0T
< L
> C
-100 +
F |
EXT TRIG ! . 5
@ PT REC | 5 E
T : :
=3 FKEY PT I 7 ‘
al TPC NE
ZCG |21 ‘
N D e 5 A

3.700 3.725 3.750 3.775 3.800 3.825 3.850 3.875 3.900
Event Time (Sec) 21:11:03.818166

Figure 17 - TL203 SEL-321 Record of initial fault
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It was noticed from the sequence of events record (Figure 18) that during the initial
fault, that the permissive trip received from the CBC terminal of TL207 occurred at the
same time as the local trip (both at 21:11:03.805).

2007-12-02 21:11:03.805  Sunnyside 21P1/P2-TL203 TRIP
2007-12-02 21:11:03.805  Sunnyside B5-2TL207 RECEIVED
2007-12-02 21:11:03.808 Sunnyside 894C1-TL203 TRIP
2007-12-02 21:11:03.808 Sunnyside 84C2-TL203 TRIP
2007-12-02 21:11:03.815  Westem Avalon 21P1/P2-TL203 FAIL
2007-12-02 21:11:03.818 Sunnyside 85-TL203 RECEIVED

Figure 18 - SOE record during initial fault

Further, the sequence of events record indicates that during the fault on reclose at
Sunnyside (Figure 19), the permissive trip received from the CBC terminal of TL207 was
received at 21:11:04.554, which was 4 ms before the local trip at 21:11:04.558. In both
cases, the permissive trip signal was keyed about 25 ms after the fault initiation, at
almost exactly the same time as the zone 1 element operated at Sunnyside on the
faulted line. Therefore, it can be concluded that the permissive trip signal on TL207 is
very fast and probably faster than the 3-5 ms time in the performance specification.
Such a fast signal is less secure against misoperation than one with a security delay of a
few milliseconds.

2007-12-02 21:11:04.358  Sunnyside B-B1L03 OPERATED
2007-12-02 21:11:04 554 Sunnyside BE-2TL207 RECENED
2007-12-02 21:11:04.558 Sunnyside 21P1/P2-TL203 TRIP
2007-12-02 21:11:04.558 Sunnyside FrmL203 SENT
2007-12-02 21:11:04.560 Sunnyside 84C2-TL203 TRIP

2007-12-02 21:11:04.560

Western Avalon B-LO1LO3 OPERATED

Figure 19 - SOE Record during fault on reclose

During the fault on reclose, the optimho relay at the WAV terminal of TL237 tripped the
line terminal undesirably and triggered the system separation that led to the collapse of
the Avalon Peninsula. The target was “Aided Trip”. Subsequent testing of this relay
revealed no problems with it. It is expected that the Zone 2 distance element of the
optimho relay may have operated because its setting enabled it to (marginally) see that
fault (see Figure 20).
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|

el 21M1 TL23T WAY Type=LFZP111q
2TM2 TLZ237 WA IS Type=3SEL321G__ CTR=240 PTR=2000 Min |= 0.504A
CTR=240 PTR=2000 T Char ang= 85.0deg, Dir blinder= 85.0deg
Fone 1: ¥G1=2.34. RG1=12.00. Z1MG=234. Zone 1: ¥=2.34 sec Ohm, R+=12.00,R-=-14.40 T=0.0s
Zone 20 ¥G2=3.200 RG2=12.00. 2MG=3.20. Z2PD=60.00cy Fone 2: ¥=3.20 sec Ohm, R+=12.00 R-=-14.40 T=1.00s
Zone 3: XG3=0.54. RG3=14.40. Z3MG=0.54. Line 7= 2,76 80.1 sec Ohr (22.99 Ohr)
kOM1=0.82034 kOAT=261 kOM=09034 k0A=2 61 T=-043 Apparem impedances p|0tted (K=E|9E|@2E)
Line = 276 80.1 sec Ohm ( 222.99 Ohm) Wal(la+3klo)= 25.10@-35.4 sec Ohm (209.17 Ohm).
Apparent impedances plotted (K=0.20@2.6): Shiflb+3Kl0)= 24 . 79E)-166.8 sec Ohm (206.58 Ohm).
Yallla+3klo)= 25.121@-35.4 sec Ohm (209.30 Ohm). Sedle+3Klo)= 3.23@80.8 sec Ohm (25.92 Ohm).
Whi(lb+3Klo)= 24 31@-166.68 sec Ohm (206.71 Ohm). Relay response:; Zone 2 tripped. Delay=1.00s,
Yol(le+3Klo)= 3.23@80.8 sec Ohm (26.93 Ohm). AUNIT : All zones restrained.
All relay units are restrained. Delay=9999s. B UNIT : All zones restrained.
Maore details in TTY window, a0 < CUNIT - Zone 2 Tripped.
= 1
T |/
10+

SIMULTANEOUS FALULT DESCRIPTION:
Cloge-In Fault on: 0 Sunnyside 230.kY - 0 West. Avalon 230.k% 1L 1LG Type=C
1-Phase Open on: 0 West. Avalon 230 k% - 0 Sunnyside 230.k% 1L Type=C

1 1 1 1 T
70 80 =

1 1
50 &0

Figure 20 - Simulation of WAV TL237 Protection during SSD Reclose onto fault

As shown in Figure 20 the optimho zone 2 element may have marginally operated, and
the SEL-321 marginally not. The event record from the SEL-321 relay indicates that the
zone 2 function on this relay did in fact operate during this fault, but only intermittently
as can be seen in Figure 21. Note in Figure 21 the instant of the “EXT TRIG” is the
moment that the optimho relay issued a trip signal. Note also, that there is no indication
of a permissive trip received from CBC. However, it should be borne in mind that the
sampling rate of the record shown in Figure 21 is only four samples per cycle, and it is
possible that a short pulse of permissive trip received may not have been captured by
this record. The teleprotection equipment is so fast, that it is possible that a short
output may not have been captured by recording equipment.
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4.55,-340.00
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4525 4550 4575 4.600 4.625 4.650 4675 4700 4.
Event Time (Sec) 21:11

Figure 21 - Event record from WAV TL237 21P2 during fault on reclose

It can also be seen from Figure 21 that the optimho relay operated well after the start of
the fault. In fact, it operated at the instant of the breaker opening to clear the fault at
SSD. A few cycles of load current can be seen in Figure 21 after the fault cleared (at SSD)
and before the WAV TL237 breakers opened. It would be at this moment that there
would have been maximum noise on the power system and maximum threat to the
security of the teleprotection.

It is concluded that the undesirable tripping by the optimho relay at WAV TL237 may not
have been a relay misoperation, but an improper transient output from the
teleprotection. If it was due to the incorrect keying of permissive trip by the Optimho
relay at the CBC terminal, enabling of the current reversal blocking logic in the POR 1
scheme will make the P1 system more secure.
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Appendix C - Detailed settings review TL202 and TL206
Protection P1 at Bay D’Espoir

e See separate .pdf printout of mathcad calculations.

Appendix D - Detailed settings review TL202 and TL206
Protection P2 at Bay D’Espoir

e See separate .pdf printout of mathcad calculations.

Appendix E - Detailed settings review TL202 and TL206
Protection P1 at Sunnyside

e See separate .pdf printout of mathcad calculations.

Appendix F - Detailed settings review TL202 and TL206
Protection P2 at Sunnyside

e See separate .pdf printout of mathcad calculations.

Appendix G - Detailed settings review TL203 Protection P1 at
Sunnyside
e See separate .pdf printout of mathcad calculations.

Appendix H - Detailed settings review TL203 Protection P2 at
Sunnyside

e See separate .pdf printout of mathcad calculations.

Appendix | - Detailed settings review TL203 Protection P1 at
Western Avalon

e See separate .pdf printout of mathcad calculations.

Appendix J - Detailed settings review TL203 Protection P2 at
Western Avalon
e See separate .pdf printout of mathcad calculations.

Appendix K - Detailed settings review TL207 Protection P1 at
Sunnyside
e See separate .pdf printout of mathcad calculations.

Appendix L - Detailed settings review TL207 Protection P2 at
Sunnyside

e See separate .pdf printout of mathcad calculations.
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Appendix M - Detailed settings review TL207 Protection P1 at
Come By Chance

e See separate .pdf printout of mathcad calculations.

Appendix N - Detailed settings review TL207 Protection P2 at
Come By Chance

e See separate .pdf printout of mathcad calculations.

Appendix O - Detailed settings review TL237 Protection P1 at
Come By Chance

e See separate .pdf printout of mathcad calculations.

Appendix P - Detailed settings review TL237 Protection P2 at
Come By Chance

e See separate .pdf printout of mathcad calculations.

Appendix Q - Detailed settings review TL237 Protection P1 at
Western Avalon
e See separate .pdf printout of mathcad calculations.

Appendix R - Detailed settings review TL237 Protection P2 at
Western Avalon

e See separate .pdf printout of mathcad calculations.

Appendix S - Aspen OneLiner

e The system model with relay models is attached as an electronic file “Hydro
Interconnected System (2010-08-13) V10 with mutuals.olr”

Appendix T — Report presentation

e Handout pages of the presentation of the report are provided at the end of this
report.
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1 Email from B. Bradbury to C Henville subject “230 kV Prot Review — Latest Files and info”
dated 13" August, 2010.

End notes Page 1
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Protection Review for Five 230 kV Transmission Lines

Appendix C
Detailed settings review for BDE TL202 and

TL206 ""P1'" protection.

Settings recommended to be changed from existing are highlighted.

Prepared for:
Newfoundland and Labrador Hydro

Prepared by: C. F. Henville, Henville Consulting Inc.

Page C1 of 16 11/11/2010
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Scope

To review the existing settings of the P1 protection systems for the Bay D'Espoir (BDE) terminals of circuits
TL202 and TL206. These 230 kV transmission circuits are from BDE to Sunnyside (SSD).

The circuits run parallel to each other for most of their length. The circuit impedances are similar to each
other, but not identical. However since the difference in impedance between the two circuits is less than
0.2%, the settings for both protection systems will be made identical to each other to reduce effort in testing.

138 kV and 60 kV system

Stonybrook
(STB)
S
<
L204 —;L
105 km L Sunnyside
(SSD) L203 45 km
L231 L206 142k
105 km m
L237 44.5km
O L202 142 km L207 :
6.7
Bay km Western
D’Espoir Avalon
(BDE) Come by . (WAV)
Chance | |
(CBC) >
FXAMMATIRALALY Y

Fiqure 1 - System Single Line Diagram

Existing P1 protection systems are Areva LZFP111 (Optimho) systems with permissive overreaching transfer trip
and single phase tripping and reclosing. Automatic reclosing is provided by external logic.

Definitions

MVAbase-1000 kaase2
MVAbase := 100 kVbase := 230 lbase i = —— Zbase =

kaase.-\/_3 B MVAbase
j= \/—_l
Instrument Transformers

Two breakers are provided at each line terminal.

CT ratio is: CTR = ﬂ VT ratio is: VTR = &
1

5

Accuracies of instrument transformers are not reviewed. Since this protection has been in service for more
than 10 years, it is assumed that experience has shown they are satisfactory. Fault levels are not changing
from the initial application so duties of maximum currents through CTs have not increased significantly.

Page C2 of 16 11/11/2010
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Fault Study Results

Using ASPEN OneLiner Case “Hydro Interconnected System (2010-08-13) V10.olr” with zero
sequence mutual coupling added. Faults are simulated from "From a linear network solution” fault
option.

Minimum fault current seen by each terminal (phase to phase, and SLG with 100 ohm fault resistance).

At BDE, with units 2, 4, 5, and 6 off line as under light load conditions, and both lines in service, for a fault at
the remote terminal.

ILLmin:=902 A ISLGminPH:=838 A ISLGminOseq := 312 A

The optimho current level detectors that block the distance comparators in the event of line opening are fixed at 5%
of the rated current, or 0.25 A secondary, or 60 A primary. They will have no difficulty in operating for minimum fault
levels. However, the ground distance elements are also supervised by a low set neutral current level detector
(LDLSN that requires the neutral current to be greater than 10% of the maximum amplitude of phase difference
current. This prevents the ground comparators from operating during close-in multiphase faults with CT errors.
ASPEN OneLiner shows that for a bolted fault at the remote bus even under heavy load, there is sufficient neutral
current (22% of maximum phase to phase fault current) that means this LDLSN function does not inhibit the ground
distance comparator.

Calculate the minimum source impedances behind each terminal. This will be with all generation on line,
with the parallel line in service and with the remote end of the line open.

Minimum source impedance behind BDE Z2minBDE := 0.627 +j-14.85 ohms primary
Minimum um source impedance behind SSB  Z2minSSD := 4.025 + j-32.96 ohms primary

BDE 5.00 pu SSD
_>
5.01 pu
—_— 20.2 pu

Figure 2 - 3 Phase Fault at SSD

BDE 2.81 pu SSD
+—— -®
2.81 pu

36.6 pu —

Figure 3 - 3 Phase Fault at BDE
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BDE 1.33 pu SSD
_>
1.48 pu
—_— 20.6 pu

Figure 4 - SLG Fault at SSD (3I0 currents)

BDE 0.71 pu SSD
—

@- ®

0.7 pu
45.95 pu —

Figure 5 - SLG Fault at BDE (310 currents)

BDE 3.82 pu SSD
_>
3.87 pu
—_— 20.6 pu

Figure 6 - SLG Fault at SSD (Phase currents)

BDE 2.65 pu SSD
-

@- ®

2.65 pu
4595 pU g

Figure 7 - SLG Fault at BDE (Phase currents)
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Line impedances.

Line impedances (per unit on 230 kV, 100 MVA base):
Z11202 := 0.01946 +j-0.13391 Z0L202 := 0.0665 + j-0.5024
Z1L206 := 0.01948 +j-0.13407 Z0L206 := 0.0668 + j-0.503

In primary ohms

Z1L.202pri := Z1L202-Zbase Z0L202pri := Z0L202-Zbase
Z1L.206pri := Z1L206-Zbase Z0L206pri := Z0L206-Zbase

In secondary ohms

. CTR . CTR
Z1L.202sec := Z1L.202pri- Z0L202sec := Z0L202pri-
VTR VTR

. CTR . CTR
Z1L.206sec := Z1L.206pri- Z0L206sec := Z0L206pri-
VTR VTR

|z1L202sec| = 8.59 arg(Z1L202sec) = 81.732-deg
|z1L206sec| = 8.6 arg(Z1L206sec) = 81.733-deg

|zoL202sed| =32.171 arg(Z0L202sec) = 82.46-deg
|zoL206sed| = 32.211 arg(Z0L206sec) = 82.435-deg

Zero sequence mutual coupling between the lines is Z0m := 0.0466 + j-0.2347

Use the average of these two values for line impedance for settings calculations for both lines

) (Z1L202 + Z1L206) ) ) Z0L202 + Z0L206 .
Z1line := 5 =0.019 + 0.134j pu ZOLine := > = 0.067 + 0.503] pu
Converting the per unit values to primary ohms
gives
Z1lLinephys := Z1Line-Zbase ZOLinephys := ZOLine-Zbase
Z1linephys = 10.3 + 70.9i ohms primary
ZOLinephys = 35.3 + 265.9i ohms primary
Converting primary ohms to secondary ohms gives:

. . CTR . . CTR
Z1llLinesec := Z1Linephys- ZOLinesec := ZOLinephys-

VTR VTR

|ZlLinesec| =8.6 ohms arg(Z1lLinesec) = 81.7-deg
sec

|ZOLinesec| =32.191 ohms arg(ZOLinesec) = 82.4-deg
sec
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Load Data

From 2010 System peak load case provided in start up information, the peak load is given as 185 MVA (with
two lines in service). In the event of sudden loss of lone line, peak load will double until operators can adjust
loads. Therefore it is assumed that peak load for a short duration is 370 MVA

Speak := 185 MVA Smax := 2-Speak = 370 MVA
P1 Relay Settings

Distance element reach settings

Note that resistive reaches are forced to be the same for all zones. Reactive reaches for phase and ground distance
elements must be the same as each other.

Zonel

NL Hydro normal practice is to set Zone 1 reach to 85% of line impedance. This will be OK if line is long

and voltages for line end fault are greater than 20% of nominal. Check the maximum source impedance to

a fault at the BDE Station bus under light load conditions with four generators at BDE off line and both
TL202 and TL206 lines in service. From ASPEN OneLiner, voltage at BDE for a 3 phase fault at SSD is 0.52
per unit. So there is plenty of voltage at BDE during a fault at SSD, even under weak source conditions.

Since the voltage is higher than 20%, the line is not considered short, and a conventional Zone 1 setting is
acceptable.

Z1P := 0.85-|Z1Linesec] Z1IP =73 Ohms secondary

Existing setting of 7.28 ohms is OK, and could be retained if only the phase distance functions had to be considered.
However, the ground distance reach in the optimho has to be set the same as the phase distance reach; so we need
to consider the ground faults too.

Z1P = 7.28 For phase faults only.

MW

The reach of the ground distance element will limit the reach of the zone 1 function. It can be seen from Figure 8 that
the apparent impedance presented to the relay for a fault at the remote bus when the parallel line is out of service
and grounded at both ends is significantly less than the line impedance.

Zapp_ext := 7.95 ohms Zapp_ang := 82.3deg This angle is close enough to the line angle to treat it as
equal to the line angle.
Zapp_ext . . .
———=0.925 The apparent impedance is reduced by about 8% due to the effect of the parallel line
|z1Linesed| being out of service and grounded at both ends.
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80—
21N1 TL202 BDE Type=LFZP111q

CTR=240 PTR=2000 Min |= 0.50A
70 Char ang= 80.0deq, Dir blinder= 80.0deg
[; Zone 1; ¥=7.28 sec Ohm, R+=12.00,F-=-14 40 T=0.05
Zone 2: ¥=10.40 sec Ohrn, R+=12.00 R-=-14.40 T=1.00s_|
Line Z= 8.59& 81.7 sec Ohm (71.58 Ohm)
Apparent impedances plotted (K=084Z0.0%
a0— Yallla+3Klo)= 7 9580828 sec Ohm (BE.22 Ohm).
Wh(lb+3klo)= 90.34iE@-34.8 sec Ohm (752.84 Ohrn).
Yieofloraklol= 91 57 E@-164.3 sec Ohm (753.10 Ohrm).
Relay response: Zone 2 tripped. Delay=1.00s.
< A UNIT : Zone 2 Tripped.
0 B UMIT : All zones restrained.
CUNIT - All zones restrained.
bore details in TTY window.

Bl

40

20—
FALLT DESCRIFTION:
Bus Fault on: 0 Sunnyside 2300 kY 1LG Type=4

Branch outage: 0 Sunnyside 230 kY - 0 Bay O_Espaoir 230 kY 2L Ends grounded with R=0

200 -10 10

Figure 8 - Apparent impedance to a fault just beyond the remote terminal is reduced by 7.5% when parallel
line is out of service and grounded at both ends. Existing relay settings modeled in this figure.

The reach of the zone 1 ground distance element should be reduced to less than 85% of the line impedance to
make it more secure against misoperation for a fault. Choose a setting of 80% of line which will underreach the
remote bus by 11% when the parallel line is out of service and grounded at both ends.

Let the per unit reach of the Zone 1 function be m per unit of the line. m=038 per unit

Z1_sec:=m- |ZlLinesec| Z1_sec = 6.88 Ohms secondary

=57.3 Ohms primary

. VTR
Zlpri:=Z1_sec:
CTR
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Zone 2
NL Hydro normal practice is to set Zone 2 reach t0125%-130% of line impedance

Existing setting is just less than 10.4 ohms secondary (about 122%). However, in order to reach a single line
to ground fault at the remote terminal, it will be necessary to set the reach significantly further.

a0 —
an— U
2101 TL20Z2 BDE Type=LFZF111q
70— CTR=240 PTR=2000 Min |= 0.50A
Char ang= 80.0deg, Dir blinder= 80.0deq
Bi— Zone 1; ¥=7.28 sec Ohm, B+=12.00, F-=-14.40 T=0.05___|

Zone 2; ¥=10.40 sec Ohrm, R+=12.00 R-=-14.40 T=1.00s

Line Z= 8.59& 81.7 sec Ohm (71.58 Ohm)

50— Apparent impedances plotted (K=0.92E1.0%:
Yallla+dklo= 9.587iE@53.0 sec Ohm (52.28 Ohrm).
Yh/(lb+3kloi= 101 63@-107 .9 sec Ohm (847 45 Ohm).
YiedlorAklo= 97 15E@127 .0 sec Ohm (809.62 Ohm).

Relay response: Zone 2 tripped. Delay=1.00s.

20— S A UNIT : Zone 2 Tripped.

B UMNIT : All zones restrained.

CUNIT : All zones restrained.

20— More details in TTY window.

40—

10 [FAULT DESCRIPTION:
Cloge-In Fault on; 0 Sunnyside 230k - 0 Bay D_Espoir 2300 kY 1L 1Llf? Type=A

om0 10
10—

Figure 9 - Apparent impedance to a fault close to the remote terminal is increased by 15% when parallel
lineis in service.

As can be seen from Figure 9, the apparent impedance to a fault close to the remote terminal is increased when the
parallel line is in service.

Zapp_int := 9.87 Ohms secondary

. Z2_sec
Z2_sec:= 1.25-Zapp_int Z2 sec=12.3 Ohms secondary ——— -143543%

ZlLinesec|

. VTR .
Z2_pri:=Z2_sec: =102.813 Ohms primary

The zone 2 timer will be enabled, and set at 1 second (to coordinate with remote ground time overcurrent functions).
This long delay will have no difficulty in coordinating with the zone 2 element on the short line TL207 beyond SSD.
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Zone 3

The zone 3 function is not used since the POR1 scheme does not include an echo function so there is no need for
any reverse blocking function. Since the Zone 2 timer has to be set with the coordination of the ground distance
element in mind, it is set at 1 second; so there is no benefit in applying a longer reaching zone 3 function.

Zone 3 element is blocked - same as existing.

Load Encroachment logic

The optimho instruction manual recommends a margin of at least 10% between the impedance of the maximum
load and the resistive reach of the quadrilateral distance element.

Check loadability of the Zone 2 phase distance element assuming worst case depressed voltage of a stressed
system of 0.9 per unit.

_ (0.9kVbase)”

Zloadmin := Zloadmin = 115.808 Ohms primary (assume worst case at 30 degrees)

Smax

Zloadmin_sec := Zloadmin- Zloadmin_sec = 13.897

A 12 ohm secondary resistive reach is less than 90% of the load impedance at unity power factor and meets the
Areva criterion. Note the Areva criterion does not include worst case power factor. However it is assumed that he
security factors, like zero sequence current supervision provide increased security against misoperation on heavy
load at poor power factor. Figure 10 shows the apparent impedance of the load at 0.9 per unit voltage, and the
characteristics of the phase and ground distance elements. The small encroachment on the quadrilateral
characteristic is considered acceptable. Figure 10 also shows that the load will not encroach on the phase distance
mho characteristic.
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160— | 2101 TL2DZ BDE ALT Type=LFZIP111qg

CTR=240 PTR=2000 Min |= 0504

Char ang= 80.0deq, Dir blinder= 80.0deg
fone 1; ¥=F6.88 sec Ohm, R+=12.00 F-=-14 40 T=0.05
Lone 27 ¥=12.30 sec Ohm, R+=12.00 F-=-14.40 T=1.00%

M0 ine 7= 8.55@ 817 sec Ohm (71,58 Ohm)
21P1 TL202 BDE ALT Type=LFZP111m
1on-| | CTR=240 PTR=2000 Min = 0.50A

fone 1. 7=6.68 sec Ohm @ 80.0 deg. T=0.0s
fone 20 7=1230 sec Ohm @ 80.0 deg. T=1.00s
Line /= B.58g& 81.7 sec Ohm (71.53 Ohm)

\

80—

40—

20—

20—

Figure 10 - Apparent impedance of load
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Check the maximum fault resistance that can be sensed for a fault at a location where the current contribution from
each terminal is roughly the same. From Figure 11, it can be seen that the limit of sensitivity is about 93 ohms, for a
fault about 56% of the distance from BDE. This is close enough to the required sensitivity of 100 ohms.

Rquad := 12 Ohms secondary

I
10M
211 TL202 BDE ALT Type=LFZP111q
CTR=240 PTR=2000 Min = 0.50A
Char ang= 80.0deq, Dir blinder= 80.0deg
Fone 1; ¥=6.83 sec Ohm, R+=12.00 R-=-14.40 T=0.0%
Fone 20 ¥=12.30 sec Ohm, B+=12.00 F-=-14 40 T=1.00s5
Line 7= 8.59@ 81.7 sec Ohm (71.58 Ohm)
Apparent impedances plotted (K=084&0.0%:_|
Wallla+3klal= 13.64@21.7 sec Ohm (113.64 Ohrm).
Whillb+3klol= 34.28@-94.7 sec Ohm (285.67 Ohrm).
Wiedle+3kla= 35.72@144.4 sec Ohm (297 .68 Ohrm).
Relay response: Zone 1 tripped. Delay=0.0s.7
< A UNIT : Zone 1 Tripped.
B UNIT : All zanes restrained.

21M1 TL202 550 ALT Type=LFZF111g

CTR=240 PTR=2000 Min I= 0.504

Char ang= 80.0deq, Dir blinder= 80.0deg
Zone 1 ¥=6.44 sec Ohm, R+=12.00 F-=-14.40 T=0.0s
Zone 2: »=12.10 sec Ohm, R+=12.00 R-=-14.40 T=1.00s

Line Z= 8.59@ 81.7 sec Ohrn (71.58 Ohm)

Apparent impedances plotted (K=092&0.0):
Yadlla+3klo)= 12.78@16.7 sec Ohm (106.50 Ohrn).
Whillb+3klo)i= 25.81E@-93.5 sec Ohm (21511 Ohrm).
Yedlo+3klo= 25.93@145.9 sec Ohm (216.12 Ohm).

Relay response: Zone 1 tripped. Delay=0.0s.

S AUNT - Zone 1 Tripped.

 CUMIT ; All zones restrained. T00— B UNIT : All zones restrained.
bore details in TTY window. CUNIT : All zones restrained.
B0— ﬂ
O 40— 77

20 K

[ [ [ [ [ [ I I I [ I

%IEIEI -a0 G0 -40 -20 20 G0 a0 100 20 140 160

_2|:|_

FALILT DESCRIPTION:

Ar
Interm. Fault on: 0 Bay D_Espoir 230.kY - E: Sunnyside 230 kY 1L 1LG 56.00% Type=~A R=53

Figure 11 - Apparent impedance of a resistive fault near the mid point of the line.
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Settings of K attenuators

KZPh Coarse setting common to all DISTANCE zones should be set as high as possible while below the
required Zone 1 reach. The current level detectors vary inversely with KZph. Maximum setting available is 1.0

KZPh :=1.0

Zone 1 attenuators and angular selection

In:=5 Z1 sec = 6.88 This is the desired secondary reach (previously calculated)
Z1_sec 5
KZ1 = ———— KZ1 = 6.88 Zlsec_reach := KZ1-KZPh-— Zlsec_reach = 6.88

I
KZPh-i :
In

Z6PH = (arg(Z1Linesec)) Z6PH = 81.732-deg

Rounded to the nearest 5 degrees ZOPH := 80 Degrees
MWW

ZON := arg(ZOLinesec — Z1Linesec) Z6N = 82.708-deg

Rounded to the nearest 5 degrees ZON := 80 Degrees
MWW

Zone 2 attenuators selection

Z2 sec = 12 This is the desired secondary reach (previously calculated)

Z2 sec
KZ2 =———— KZ2 =12

5
[KZPh-—j
In

Zone 3 is not used

QUAD Resistive Reach setting

Rquad = 12 This is the desired secondary reach (previously calculated)

_ Rquad

KR: KR =12
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Residual Compensation attenuators selection

Zero sequence current compensation for ground faults is provided by the KZN factor. Zero sequence mutual
compensation is not used in this application (it causes extra complexity for only moderate gain in setting accuracy).

ZO0Linesec — Z1Linesec .
KZN := KZPh KZN = 0.915 + 0.016j

3-Z1Linesec

|KZN| =0.915 This is a change from the existing setting of 0.843

Switch On To Fault (SOTF) Protection.

If SOTF is enabled, it can be set to 200ms or 110 s after all poles of the line have been de-energized. The 110 s
setting is intended to override automatic reclosing dead time. However it makes more sense to enable after the
shorter time. Once the SOTF feature has been initiated, it remains in effect for 250ms after the line has been
re-energized. The SOTF tripping options are:

a) Any distance comparator.
b) Any current level detector as long as a corresponding voltage level detector has not picked up within 20ms.
¢) Either current or distance, as long as a corresponding voltage level detector has not picked up within 20ms.

SOTF := "Enabled"
SOTF_TIME :=0.20 Seconds
Elements_in_SOTF := "BOTH" (Both Comparators and current level detectors).

Power Swing Detector

This element will not be used. It will be left Blocked, and if there is a power swing, the distance elements will trip
naturally.

VT Supervision
Set the VT supervision to BLOCK TRIP
Set the VT fail detection to SELF RESET.

Start Indication

This function will bring up information on the LCD screen of the relay if a start event occurs. This function will not be
used.

START_INDICATION := "BLOCKED"
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Communications assisted logic.

The existing communications assisted logic is permissive overreaching transfer trip, scheme POR 1. This
scheme is familiar to Newfoundland and Labrador Hydro, and even though the POR 2 scheme offers the
advantage of weak infeed echo, which would help the sensitivity to resistive faults, it is not recommended to
change the existing scheme logic at this stage with years of experience on a product that is nearing the end of its
useful life.

The POR 1 logic is a basic permissive overreaching transfer trip scheme but it does include current reversal
timers to increase security against misoperation due to current reversal when a fault on the parallel line is cleared
sequentially. The current reversal logic is achieved by a timer TP which will block permissive tripping and keying
of permissive trip if the local zone 2 element does not pick up within a reasonable time of receiving permissive
trip. The block will be maintained for a time delay of TD after the local zone 2 element picks up, or the received
permissive trip signal resets.

The application of the current reversal timers is required only if the settings of the zone 2 comparators are greater than
1.5 times the line impedance. Since the reaches of these elements are less than 1.5 times the line impedance, the
current reversal logic is not required, and the recommended default settings are as existing

TP := 98 ms
TD:=0 ms
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Comparison of Existing (I/S) and Proposed alternative (ALT ) settings.

15091 21p1 TL202 BOE Type=LFZP111m

CTR=240 PTR=2000 Min |= 0504

140 fane 1. 7=7 .28 sec Ohm @ 80.0 deg. T=0.0s
fone 2: 7=10.40 sec Ohm @ 80.0 deg. T=2.00s

Line 7= 8.A9& 81.7 sec Ohm {71.53 Ohm)

130+

21P1 TL202 BDE ALT Type=LFZP111m
CTR=240 PTR=2000 Min |= 0504

fane 1. 7=6.68 sec Ohm @@ 80.0 deg. T=0.0s
14l Zone 2 7=12.30 sec Ohm @ 80.0 deg. T=1.00=
Line /= B8.59& 81.7 sec Ohm {71.53 Ohm)

120+

| | | | | | | | | |
400 300 200 10 10 20 30 40 50 B0 70

Figure 12 - Comparison of phase distance characteristics
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I
21M1 TL20Z BDE Type=LFZF1114q

1CTR=240 PTR=2000 Min |= 0.50A
Char ang= 80.0deg, Dir blinder= 80.0deq
fone 1: ¥=7.28 sec Ohm, R+=12.00 F-=-14.40 T=0.0s
Zone 2: ¥=10.40 sec Ohm, R+=12.00 R-=-14.40 T=1.00s
LineIE= 8.59& 81.7 sec Ohm (71.58 Ohrm)
I

|
21M1 TL202 BDE ALT Type=LFZP111qg
CTR=240 PTR=2000 Min = 0.50A
Char ang= 80.0deg, Dir blinder= 80.0deg
fone 1; ¥=k 88 sec Ohm, R+=12.00, F-=-14 40 T=0.0%
" Fone 20 ¥=12.30 sec Ohm, R+=12.00 R-=-14.40 T=1.00s
Line 7= 8.558@ 81.7 sec Ohm (71.58 Ohm)

/ /

80—

=y

T

40—

20—

[ [
-100 -80 -60 -40 -20 20 B0 Gl 100 1z

204

Figure 13 - Comparison of ground distance characteristics
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Protection Review for Five 230 kV Transmission Lines

Appendix D
Detailed settings review for BDE T1.202 and

TL206 ""P2'" protection.

Settings recommended to be changed from existing are highlighted.

Prepared for:
Newfoundland and Labrador hydro

Prepared by: C. F. Henville, Henville Consulting Inc.
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Scope

To review the existing settings of the P2 protection systems for the Bay D'Espoir (BDE) terminals of circuits
TL202 and TL206. These 230 kV transmission circuits are from BDE to Sunnyside (SSD).

The circuits run parallel to each other for most of their length. The circuit impedances are similar to each other,
but not identical. However since the difference in impedance between the two circuits is less than 0.2%, the
settings for both protection systems will be made identical to each other to reduce effort in testing.

138 kV and 60 kV system

Stonybrook
(STB)
Es
L204 —qaL
105 km uh Sunnyside
(SSD) L203 45 km
1231 L206 142k
105 km m
L237 44.5km
O 1202 142 km L207 :
6.7
Bay km Western
D’Espoir Avalon
(BDE) Come by - (WAV)
Chance | |
(CBC) >
EXAAMATERAAAAY Y

Figure 1 - System Single Line Diagram

Existing P2 protection systems are SEL321 systems with permissive overreaching transfer trip and single phase
tripping and reclosing. Automatic reclosing is provided by external logic.

Definitions
2
MV Abase := 100 kVbase := 230 Ibase := w Zbase := k\/bi
kaase-\/§ MVAbase
j=v-1
Instrument Transformers
Two breakers are provided at each line terminal.
CT ratio is: CTR := @ VT ratio is: VTR := m
5 1

Accuracies of instrument transformers are not reviewed. Since this protection has been in service for more
than 10 years, it is assumed that experience has shown they are satisfactory. Fault levels are not changing
from the initial application so duties of maximum currents through CTs have not increased significantly.
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Fault Study Results

Using ASPEN OneLiner Case “Hydro Interconnected System (2010-08-13) V10.olr ” with zero sequence
mutual coupling added. Faults are simulated from "From a linear network solution™ fault option with all
shunts ignored (unless needed for load flow simulation).

Minimum fault current seen by each terminal (phase to phase, and SLG with 100 ohm fault resistance).

At BDE, with units 2, 4, 5, and 6 off line as under light load conditions, and both lines in service, for a fault at
the remote terminal.

I3Pmin := 1070 ISLGminPH := 838 ISLGminOseq := 312

The current for a phase to phase fault would be lower, but the current supervision element of the SEL321
measures phase to phase currents, and the phase to phase current for a phase to phase fault is twice the phase
current.

Calculate the minimum source impedances behind each terminal. This will be with all generation on line, with
the parallel line in service and with the remote end of the line open.

Minimum source impedance behind BDE Z2minBDE := 0.627 + j-14.85 ohms primary
Minimum um source impedance behind SSB Z2minSSD := 4.025 + j-32.96  ohms primary

BDE 5.00 pu SSD
——l
5.01 pu
—_— 20.2 pu

Figure 2 - 3 Phase Fault at SSD

BDE 2.81 pu SSD
-

- -

’ 2.81 pu
36.6PU g

Figure 3 - 3 Phase Fault at BDE
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BDE 1.33 pu SSD
_>
1.48 pu
—_— 20.6 pu

Figure 4 - SLG Fault at SSD (310 currents)

BDE 0.71 pu SSD
-+

- -

' 0.7 pu
45.95 pu —

Figure 5 - SLG Fault at BDE (310 currents)

BDE 3.82 pu SSD
——l
3.87 pu
—_— 20.6 pu &

Figure 6 - SLG Fault at SSD (Phase currents)

BDE 2.65 pu SSD
—

- -

’ 2.65 pu
45.95pU g

Figure 7 - SLG Fault at BDE (Phase currents)
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Line impedances.

Line impedances (per unit on 230 kV, 100 MVA base):
Z11.202 := 0.01946 + j-0.13391  Z0L202 := 0.0665 + j-0.5024

Z11.206 := 0.01948 + j-0.13407  Z0L206 := 0.0668 + j-0.503
In primary ohms

Z11.202pri := Z1L.202-Zbase Z0L202pri := Z0L202-Zbase

Z1L.206pri := Z1L206-Zbase Z0L206pri := Z0L206-Zbase

In secondary ohms

CTR CTR
Z11.202sec := Z1L.202pri-—— Z0L202sec := Z0L202pri-——
VTR VTR

CTR CTR
Z11.206sec := Z1L.206pri-—— Z0L206sec := Z0L206pri-——
VTR VTR

| Z1L202sec| = 8.59 arg(Z1L.202sec) = 81.732-deg
| Z1L206sec| = 8.6 arg(Z1L206sec) = 81.733-deg

| Z0L202sec| = 32.171 arg(Z0L202sec) = 82.46-deg
| ZoL206sec| = 32.211 arg(Z0L206sec) = 82.435.deg

Zero sequence mutual coupling between the lines is Z0m := 0.0466 + j-0.2347

Use the average of these two values for line impedance for settings calculations for both lines

Z1L202 + Z1L206 _ Z0L202 + ZOL206 _
- ; ) 0019+ 0134pu  ZOLine = ;’ = 0.067 + 0.503jpu

Z1Line

Converting the per unit values to primary ohms gives

Z1Linephys := Z1Line-Zbase Z0Linephys := Z0Line-Zbase
Z1Linephys = 10.3 + 70.9i ohms primary
Z0Linephys = 35.3 + 265.9i ohms primary

Converting primary ohms to secondary ohms gives:

CTR CTR
Z1Linesec := Z1Linephys-—— ZO0Linesec := Z0Linephys-——
VTR VTR
| Z1Linesec| = 8.6 ohmssec  arg(ZlLinesec) = 81.7-deg
| ZOLinesec| = 32.191 ohmssec  arg(ZOLinesec) = 82.4-deg
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Load Data

From 2010 System peak load case provided in start up information, the peak load is given as 185 MVA (with two
lines in service). In the event of sudden loss of lone line, peak load will double until operators can adjust loads.
Therefore it is assumed that peak load for a short duration is 370 MVA

Speak ;= 185  MVA Smax := 2-Speak = 370 MVA
P2 Relay Settings

It was considered whether to make the line lengths and impedances individual for each line. However the
differences in line lengths is only 170 metres, which is only 0.1%. The accuracy of fault location will not be better
than 1% so there is no point in being accurate in distinguishing between the impedances of the lines between
TL202 and TL206

arg(Z1Linesec)

ZIMAG = |Z1Linesec| ZIMAG = 856 ZIANG = SEE T2 ZIANG = 817
eg
Z0Li
ZOMAG = |ZOLinesec| ZOMAG = 322 ZOANG := w ZOANG = 82.4
eg
LL202 = 141.76 LL206 = 141.93 Lo LE202 L2068 ) g

In order to obtain sensitivity to 100 ohm single line to ground faults, the echo function will be needed. Enable two

forward and one reverse zone. . .
(Note, given the fact that conventional zone 2

PMHOZ := 3 GMHOZ = 3 QUADZ :=3  settings need a zone 3 time delay, a reduced
reach zone 4 function with zone 2 time delay

DIRl:=F DIR2:=F DIR3:=R could be used in addition to the extended zone
2 with longer time delay. This is to be

Mho phase distance functions discussed with Newfoundland and Labrador
Hydro.

Zonel

NL Hydro normal practice is to set Zone 1 reach to 85% of line impedance. This will be OK if line is long and
voltages for line end fault are greater than 20% of nominal. Check the maximum source impedance to a fault at
the BDE Station bus under light load conditions with four generators at BDE off line and both TL202 and
TL206 lines in service. From ASPEN OneL.iner, voltage at BDE for a 3 phase fault at SSD is 0.52 per unit. So
there is plenty of voltage at BDE during a fault at SSD, even under weak source conditions.

Since the voltage is higher than 20%, the line is not considered short, and a conventional Zone 1 setting is
acceptable.

Z1P := 0.85-| Z1Linesec| ZlIP =173 Ohms secondary
Existing setting of 7.28 ohms is OK, and will be retained. Z1P = 7.28

MWW
Zone 2

NL Hydro normal practice is to set Zone 2 reach t0125%-130% of line impedance

Existing setting is just less than 10.4 ohms secondary (about 122%) and will be increased to 130%. This will
give a more comfortable dependability margin.

Z2P := 1.3-|Z1Linesec]| Z2P =112  Ohms secondary
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As can be seen from Figure 8, this element overreaches the zone 1 element at the SSD terminal of TL207 even
with the existing setting. So we need to use a delayed zone 2 timer in order to coordinate with the SSD TL207
Zone 2 function. There is no benefit in retaining the existing setting since we should not retain the normal zone 2
time with the existing setting. Therefore, the timer setting will be increased beyond the normal zone 2.

SSD TL207 Zone 2 timer is set at 18 cycles. Assume this is Newfoundland and Labrador Hydro normal zone 2
clearing time that allows for normal breaker clearing and margin for breaker failure clearing and relay reset. To
coordinate with the remote zone 2, we will need to make similar allowances.

CBtime:= 3 cycles Margin := 15 cycles Z2PDSSD_TL207 := CBtime + Margin = 18  cycles

Set this zone 2 at twice the remote zone 2 setting.

Z2PD := 2Z2PDSSD_TL207 = 36 cycles

100+

21P1 TL20Z BDE VS Type=SEL321P__

90— CTR=240 PTR=2000

'__—““M_\_\ Zone 1: Z1P=7.28.

~Zone 2 Z2P=1070. Z2PD=18.00cy

80— Zone 3. 73P=3.63.

Line 7= 8.559@G 81.7 sec Ohm (71.58 Ohm)

Apparent impedances plotted:
Mb-%o)/(b-le)= 2.95E81.8 sec Ohrm (32.89 Ohrn).
MWe-va)/lc-laj= 2.95881.8 sec Ohrm (32.89 Ohrn).
Ma-wh)/la- b= 2.95E81.8 sec Ohrm (32.89 Ohrn).

Relay response: Zone 2 tripped. Delay=0.30s.

\J B-C UNIT: Zane 2 Tripped.

0+ 4 C-A UNIT: Zone 2 Tripped.

< A-B UNIT: Fone 2 Tripped.

40— I'Irh:ure1 details in 'I'I'I‘f wyi il Q.

70—

LY ]

| !
21P2 TL207 S50 1S Type=3ELI2P__
30 CTR=240 PTR=2000
Zone 1 Z1P=032
2] Zone 2 ZP=132. ZPD=18.00cy
Zone 3: Z3P=1.E0.
Line 2= 0.41& 81.7 sec Ohm [ 3.33 Ohm)
10— pparent impedances plotted:
(b-Yo)flb-lc)= 0.34E@81.7 sec Ohm (2.87 Ohrn).
" Me-Vale-la)= 0.34@81.7 sec Ohm (2.87 Ohm).
I I I I Ma-vh)fla- b= 0.34@&@81.7 sec Ohm 2.87 Ohm). [T
.30 -0~ a 20 Relay response: Zone 2 tripped. Delay=0.30s.3 il
-0 < B-C UNIT: Zone 2 Tripped.
< C-AUNIT: Zone 2 Tripped.
< A-B UNIT: Zone 2 Tripped.

0]
FALLT DESCRIPTION:

_Interm. Fault on: 0 Sunnyside 230 kY - 0 CBC 230 230 kY 1L 3LG 85.00%
“with end opened

Figure 8 - Existing BDE TL202 Zone 2 trips at the same time as the SSD TL 207 for a
fault 85% of the distance from SSD to CBC. Zone 3 timing is needed for the
overreaching function at BDE.

Page D - 7 of 25 11/11/2010



PUB-NLH-163, Attachment 1

Page 70 of 425, Isl Int Sys Power Outages
Newfoundland and Labrador Hydro Protection Review for Five 230 kV APPENDIX D
Transmission lines BDE TL202 &TL 206 P2

Zone 3

Set Zone 3 reverse element to reach further behind this terminal than the remote Zone 2. This function adds
security for external faults. The element should always be more sensitive than the forward looking Zone 2 at the
remote terminal. Set it the same as the remote Zone 2 overreach plus 20%

Z3P .= ZIMAG- _zP -1+ .2 Z3P = 4.3 Ohms secondary
Z1IMAG
Z3P . This is a little higher than the existing setting, but
|ZIMAG]| = 50-% of line length provides additional security.

Mho phase distance current supervision

If the current supervision elements can be set above load, they will be secure in the event that potential is lost.
However given that loss of potential logic is available, it is recommended that only the zone 1 current
supervision function be set above load. If potential is lost, it will be able to block tripping by Zone 2 before it
trips on time delay or receives a permissive trip from the remote terminal.

For the point of view of current supervision being above maximum load, there is no need to worry about
abnormal conditions. It would be a double contingency for the VT signal to be lost while the parallel line was
out of service. Therefore, consider a maximum load of 185 MVA. The current supervision elements for the phase
distance functions measure phase to phase currents.

Speak-1000

IPPmax_normal = 804 A primary
kVbase

IPPmax_normal :=

The current supervision elements use phase to phase currents for supervision of the phase distance
functions; so the minimum phase to phase fault current will be root three times the minim phase fault current.
Choose a margin of 50% of the minimum phase to phase fault current for dependability.

IPPmin := 0.513Pmin-/3 IPPmin = 927 A primary

A setting of 840 A primary for 50PP1 will ensure the Zone 1 function operates for any fault even under
minimum source conditions while remaining unable to trip on load due to loss of potential under any
normal maximum load conditions. This is a little lower than the existing setting, but is not insecure.

'50PP1:= 35 ASec '50PP1-CTR = 840 A primary

Since Zone 2 and zone 3 elements will be blocked by LOP function, set them at minimum. This is also a little
lower than the existing setting, but will be made secure by the use of LOP blocking..

'50PP2:=1 A Sec '50PP3 =1 A Sec
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Ground Distance Protection

The reach of the ground distance functions will be affected by mutual coupling to the parallel line. These
functions will tend to underreach the remote bus while the parallel line is in service, and overreach the remote
bus if the parallel line is out of service and grounded at both ends. Figure 9 shows that for a remote bus fault,
with the parallel line out of service and grounded, the apparent impedance of the line is reduced to about 7.9
ohms secondary instead of the nominal 8.6 ohms. This is 91% of the actual line impedance.

100
212 TL202Z BDE /5 Type=5EL321G__

CTR=240 PTR=2000

Zone 1. XG1=7.28. RG1=12.00 Z1MG=7.28.

a0 Lone 2 ¥G2=10400 RGZ=12.000 Z2MG=10.40. Z2PD=60.00cy

Zone 3 ¥G3=363. RG3I=14.40. ZI3MG=363.

J kOK1=0.843 k0AT=0.64 kOM=0.543 k0A=064 T=3.35

! —Line 7= 5.59% 81.7 sec Ohm (71.58 Ohm)

Apparent impedances plotted (K=0.84E0.6):
Wallla+dklo= 7.95E52.6 sec Ohm (B6.23 Ohrm).
Wh/[lb+3klo)= 90.27i&-36.5 sec Ohrmn (752.26 Ohrn).
YWedlo+3klo= 91.35@-166.0 sec Ohm (761.21 Ohm).

Relay response: Zone 2 tripped. Delay=1.00s.

< ALUNIT - Zone 2 Tripped.

204 B UMIT : All zanes restrained.

CUMNIT @ All zanes restrained.

Mare details in TTY window.

40—

[ [ [ [
40 =20

120 140 160
FAULT DESCRIPTION:
Bus Fault on: U Sunnyside 2300 kY 1LG Type=4A

~Branch outage: 0 Sunnyside 230.kY - 0 Bay D_Espoir 230V 2L Ends grounded with R=0

am

Figure 9 - Apparent impedance to a fault just beyond the remote terminal is reduced by 9% when parallel line
is out of service and grounded at both ends.

The reach of the zone 1 should be reduced to less than 85% of the line impedance to make it more secure against
misoperation for a fault. Choose a setting of 80% of line which will underreach the remote bus by 11% when the
parallel line is out of service and grounded at both ends.

Let the per unit reach of the Zone 1 function be m% of the line. m:= 0.8 per unit

Z1MG := m-|Z1Linesec| ZIMG = 6.88 Ohms secondary
XGl:=ZIMG  XG1-=6.88 Ohms secondary
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Zone 1 Resistance

The resistive reach of the Zone 1 quad should provide enough sensitivity to trip the local terminal immediately
without waiting for permission from the remote terminal for a severe fault that depresses the voltage
significantly. Further, it should not allow the function to reach beyond the remote terminal due to errors in relay
measurement or CT or VT. If possible, it should also operate for a 100 ohm SLG 25% of the distance from the
local terminal. Operation for a 100 ohm resistive fault at the 25% location will ensure this function can trip for a
close in fault without assistance from the remote terminal. The remote terminal zone 1 function will be set to
operate sequentially for this fault.

By simulating a fault with 100 ohms fault resistance at the 25% of the distance from BDE, with the BDE terminal
weak (as in light load situation) it is found that a reach of 18 ohms secondary is required to sense this fault. See
Figure 10.

21NZ2 TL202 BDE ALT Type=SELING__

120 CTR=240 PTR=2000

Zone 1: ¥51=6.88. RG1=13.00. Z1MG=5.83.

Jone 2 XG2=12700 RG2=24000 Z2MG=12700 Z2PD=60.00cy

0 Lone 3 ¥E3=5.200 RG3=34.50. Z3MG=5.20.

KOM1=0.915 kDAT=1 kOM=0.915 kDA=1 T=4.00

Line 7= 8.559@& 81.7 sec Ohr (71.58 Ohm)

80— Apparent impedances plotted (K=0.92E1.0):

Yalla+3klol= 8.87&13.7 sec Ohm (73.95 Ohrm).

Yhi(lb+3KIo)= 18.46@-99.7 sec Ohm (153.80 Ohm).

E0— YeAle+3KIoE 19.13@139.2 sec Ohm (159,43 Ohr).

—Relay response: Zone 1 tripped. Delay=00=s.

< A LMNIT ¢ Zone 1 Tripped.

40— B LIMIT : All zones restrained.
CUNIT : All zones restrained.

hlare d:ataila in 'I:I"Tr window.

20—

FALLT DESCRIPTION:
Interrn. Fault on: O Bay D_Espoir 230.k% - O Sunnyside 2300k 1L 1LG 25.00% Type=A R=100

Figure 10 - BDE Zone 1 function operates for a 100 ohm SLG fault at 25% from the local terminal.

The existing 12 ohm secondary resistive reach of the zone 1 element will not sense this fault, and should be
increased to 18 ohms secondary. Check whether this reach will be secure, considering possible CT and VT
errors.
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XGL1 is set at m per unit of the transmission line. The imaginary component of the line is

ImXG1sec := Im(Z1Linesec) ImXG1lsec = 8.506 ohms

The maximum advisable resistive reach can be found from the equation (3) in Appendix A Quadrilateral
Reactive Reach Versus Resistive Reach Setting Guideline from the paper Digital Communications for Power
System Protection: Security, Availability, and Speed. This paper is obtainable at www.selinc.com.

From this equation, the maximum advisable resistive reach, assuming angular maximum errors of 3 degrees, in
measurement by CTs, VTs and the relay, can be determined.

RG1 := round[(1 — m)-20-ImXG1sec, 2]

RG1 = 34.02 This is the maximum secure setting for the resistive reach and is above the proposed zone 1
resistive reach setting..

Use the proposed setting of 18 ohms for RG1 RG1 := 18 ohms secondary

With a resistive reach setting of 18 ohms, the BDE Zone 1 quad element will see an 80 ohm resistive SLG fault
at 50% of the distance from BDE. Zone 2 protection will be depended upon to sense faults with resistance up to
100 ohms.

Zone 2 Ground Distance Protection

The Zone 2 ground distance function will need to be set longer than the Zone 2 phase distance protection
function because it will tend to underreach the remote terminal while the parallel line is in service. By simulation
in ASPEN OneL.iner it is found that the apparent impedance to a zero ohm fault close in to the remote terminal is
10.15 ohms secondary, or 18% more than the actual line impedance. The reach of the Zone 2 ground distance
element should be set at least to 1.25 times the apparent impedance.

ZSLG_remote := 10.15
Z2MG := round(1.25-ZSLG_remote, 1) Z2MG = 12.7 Ohms secondary

The quad element reactive reach will be set similarly to the mho.

XG2 := Z2MG XG2 =127 Ohms secondary

It would be desirable to set the resistive reach of the quad element to sense a 100 ohm SLG fault at 75% of the line
with the local terminal weak. This would ensure overlap with the zone lelement at the remote terminal. However, that
would require too much resistive reach. Therefore choose a setting to sense a 100 ohm SLG fault just past the mid
point of the line, and depend on the echo function to provide coverage for high resistance faults in the region where
the remote zone 1 won't operate.

By trial and error from ASPEN it is found that a resistive reach of 24 ohms secondary will sense a 100 ohm SLG
fault at a location 55% of the distance from BDE. See Figure 11. This will give positive overlap with the zone 2

element at the remote terminal. However since it will not overlap the Zone 1 element at the remote terminal, the

permissive trip echo function will be required to ensure that a fault that is seen by the zone 2 element at only one
terminal will still be cleared by the permissive trip logic.

Therefore, to avoid extremely large resistive reaches, and to retain sensitivity to 100 ohm resistive SLG faults, it
is recommended that the echo function be enabled at both terminals.

RG2 := 24 Ohms secondary
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21M2 TL202 BDE ALT
CTR=240 PTR=2000
Zone 1. ¥G1=6.83. RG1=18.00. Z1MG=6.38
Fone 2 WG2=12700 RG2=24.000 Z2MG=12700 Z2PD=60.00cy
Fone 3 ¥G3=520. RG3=34.50 Z3MiG=5.20.
kOM1=0915 kDAT=1 kOM=0.915 kDA=1 T=-4.00
Line 7= 859G 81.7 sec Ohm (71.53 Ohm)
Apparent impedances plotted (K=092G1.0)
Yallla+dklol= 13.61@20.5 sec Ohm (113.41 Ohm).
Yhi(lb+3klol= 32.03@&-57 .0 sec Ohm (266.94 Ohm).
Yedlordklo= 32.228141.3 sec Ohm (268.52 Ohm).
Relay response: Zone 2 tripped. Delay=1.00s.
< AUNIT © Zone 2 Tripped.
B UNIT : All zones restrained.
CUNIT : All zones restrained.
More details in TT window.

240 Type=SEL321G__
220+
200

180+

160—

140+

211 TL20Z BDE Type=LFZF111y

CTR=240 PTR=2000 Min = 0.50A

Char ang= 80.0deq, Dir blinder= 80.0deq
fone 1: ¥=7 28 sec Ohm, R+=12.00 F-=-14.40 T=0.0s
Zone 2 ¥=10.40 sec Ohm, R4+=12.00 R-=-14.40 T=1.00s

0— Line 7= B.59& 81.7 sec Ohm ( 71.58 Ohrn)

Apparent impedances plotted (K=092E1.00." —
Yallla+dklol= 1361205 sec Ohm (113,41 Ohrm).
Wh/(Ib+3klo)= 32.03E-57.0 sec Ohm (266.94 Ohrn).

120+

B0—
Vefle+3klol= 32 228141 .3 sec Ohm (268.52 Ohm).
Relay response: Zone 1 tripped. Delay=0.0s.

. T S AUMNIT - Zone 1 Tripped.
= j B UMIT : All zones restrained.

" COUNIT Al zones restrained.
40—
20—

BDE TL202 &TL 206 P2

&

FAULT DESCRIPTION:
Interm. F?ult an;

100 120 140 160

[
180 2

0 Bay D_Espoir 230 kY - 0 Sunnyside 230.kN 1L 1LG 55.00% Type=A R=100 -

Figure 11 - Quad elements operate for 100 ohm resistive SLG just past the mid line

location.

Check that this resistive reach won't cause the zone 2 function to trip while the parallel line is open single

phase, with heavy power flow. See Figure 12.
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2102 TL0Z BDE ALT Type=sEL32G
140+ CTR=240 PTR=2000

fone 1: ¥51=6.88. RG1=15.00. Z1MG=56.583

fone 20 ¥E2=1270. RGR2=24.00 Z2MG=12.70. Z2PD=60.00cy

120+ fone 3 ¥G3=520. RG3=34.50 I3MG=520

kOM1=0.915 kOA1=1 kDM=0315 kDA=1 T=-4.00

Line 7= 8.A3& 81.7 sec Ohm {71.53 Ohm)

10— Apparent impedances plotted (K=0.92%1.0):

Wal{la+3klo= 18.47iE4 .2 sec Ohm (153.90 Ohm).——————

Whi{lb+3klo)= 33.57E-15.5 sec Ohm (279.75 Ohm).

a0 Wel{lo+3klol= 36.17iE6.4 sec Ohm (301.42 Ohm).

All relay units are restrained. Delay=9999%,

7 Wlare details in 1TY windaw.
|

]

=

A0+ SIMULTANEOUS FAULT DESCRIPTION:
1-Phase Openon: 0 Sunnyside 2Z300kY - 0 Bay D_Espoir 23006V 2L Type=A

20—

| I | |
20 80 1}[5EI 120 140 / 150 180 200
T __
-20+ 2101 TL20Z BDE Type=LFZP111yg

CTR=240 PTR=2000 Min I= 0.50A

Char ang= 30.0deq, Dir blinder= 80.0deg

40— Fone 1. #=7 28 sec Ohm, R4+=12.00 R-=-14 40 T=0.0s
Fone 20 »=10.40 sec Ohm, B4+=12.00 R-=-14 40 T=1.00s

Line 7= 8.59& 81.7 sec Ohm (71.58 Ohm)

F0— Apparent impedances plotted (K=092E1.00

Yallla+dklo= 18.47E4.2 sec Ohm (153.90 Ohrn).

YhA(lb+3klol= 33.57@-15.5 sec Ohm (279,75 Ohm).

a0 Yoflo+dklol= 36.17@&6.4 sec Ohrm (301,42 Ohrn).

All relay units are restrained. Delay=5999s,

Figure 12- Quad elements are secure with heavy load flow (185 MVA in each line) while
parallel line is open single pole.

The zone 3 ground mho function will be set using the same principles as the zone 3 phase distance
function. The remote Z2MG will be set at 12.1 ohms

Z2MGrem := 12.1 ohms secondary

Z3MG = 5.2  Ohms secondary

Z3MG = zwme-(w 14 .zj

MAG
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Z3P . This is a little higher than the existing setting, but
|ZlMAG| = 50-% of ling length provides additional security.
XG3:= Z3MG XG3 =52 Ohms secondary

Set the Zone 3 quad resistive reach at 10% more than the remote Zone 2

RG2rem := 30 Ohms secondary RG3 := RG2rem-1.1 RG3 = 33 Ohms secondary

Ground distance current supervision

Since there is no concern about these elements operating on load, even with loss of potential, set all current
supervision elements at minimum, for maximum sensitivity of the distance elements.

'50L1:= 0.5 A Sec '50L2 := 0.5 A Sec '50L3:= 05 ASec
'50G1:= 0.5 A Sec '50G2:= 0.5 A Sec '50G3:= 05 A Sec

Note that due to heavy infeed of zero sequence currents from the local terminal for close-in faults, the ground
overcurrent detectors will not operate for faults with more than a small amount of resistance close to the remote
terminal. Therefore, we will have to rely on sequential clearing for that type of fault. However setting the current
supervision at minimum allows maximum sensitivity.

Zero sequence current compensation

The zero sequence current compensation could be adjusted to compensate for the significant amount of mutual
coupling. However as discussed in the settings of reaches of the ground distance elements we will accept
underreach of the Zone 2 function for the normal case. Set the zero sequence current compensation as usual.

KO1M := M kO1M = 0.915
3-Z1Line
Z0Line — Z1Line
kO1A = |arg| —————— kO1A = 0.976-deg Say  kO1A := 1ldeg
3-Z1Line AR
Set the overreaching zones the same as zone 1 kOM := kO1M kOA := kO1A

kOM = 0.915 kOA = 1-deg
Non Homogenous Angle Setting

Compare the angle of the total zero sequence current at the remote bus with the angle of the zero sequence
current contribution from the local terminal to determine this setting. From ASPEN OneL.iner, the worst case is
under light load conditions at BDE with units 2, 4, 5 and 6 out of service. For this case, for an SLG at SSD, the
angle of 10 at the fault is -114 degrees and the angle of 10 out of the BDE terminal is -110 degrees. Therefore, the
total fault current leads the current contribution from BDE by 4 degrees and angle T must be set negative by the
difference to ensure no overreach.

T:= -4 degrees
MWV
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Out of step blocking and tripping

Not used in this application. There is a danger of out of step conditions arising. Historically no action has
been taken to provide special tripping or blocking functions. Natural tripping during swings is accepted.

Load Encroachment logic

Check loadability of the Zone 2 phase distance element assuming worst case power factor of 0.87 simultaneous
with worst case depressed voltage of a stressed system of 0.85 per unit. Note that units of KV squared match units
of MVA. Note that quadrilateral elements are only used for the ground distance functions that are not sensitive to
balanced three phase load. Therefore no need to worry about the reach of the quadrilateral elements.

(0.85kVhase)
Smax
Maximum reach of the Zone 2 element is at the line angle of 81 degrees. At 30 degrees, the reach will be given by

Zloadmin := Zloadmin = 103.298 Ohms primary (assume worst case at 30 degrees)
Z2load := Z2P-cos[(Z1ANG - 30)deg] Z2load = 6.92  ohms secondary

VTR .
Z2load-—— = 57.668 ohms primary

CTR

Since the reach of the Zone 2 element at 30 degrees is less than the apparent impedance of the maximum
load, there is no need to apply load blinding logic. See Figure 13

140
21P2 TL202 BOE MEWY Type=SEL32TP_
CTR=240 FTR=2000
12041 7ane 1: Z1P=7 28.
fone 2 Z2P=11220 Z2PD=18.00cy
fone 3 Z3P=4.30.
100—| Line &= 859 81.7 sec Ohrn { 71.58 Ohm)
B0—
40—
20—
[ [ [ [ [ [ [ I
40 -2 20 40 G0 a0 100 120
20—
40—

Figure 13 -Load impedance with respect to proposed new Mho function reaches.
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Ground directional element

The SEL-321 application example recommends finding the minimum source impedance behind the terminal and
setting the reverse and forward boundaries of the negative sequence directional element at the 1/3 and 2/3 points
respectively.

In the negative sequence plane, the sum of the two source impedances and the line impedance is:

Z2total := Z2minBDE + Z1Linephys + Z2minSSD

Z2total 27 2total

The 1/3 pointis 72 1 3:= The 2/3 pointis 72 2 3:=

3
Z2Rpri == Z2 2 3 — Z2minBDE | Z2Rpri| = 64.952

Z2Fpri:= Z2_1 3 — Z2minBDE | Z2Fpri| = 25.095

Converting the primary impedances to secondary ohms

CTR

Z2R = zszri-ﬁ |Z2R| = 7.794 Ohms secondary arg(Z2R) = 81.732-deg
. CTR

Z2F = zszn-ﬁ |z2F| = 3.011 Ohms secondary arg(Z2F) = 80.002-deg

Rounding up Z2F and rounding down Z2R gives:

Z2F .= 3 Ohms secondary Z2R =7 Ohms secondary

MWW MWW
These are not very different from the existing settings.
Set the current level detectors at minimum level that will allow operation of the ground distance elements.

Due to the very small zero sequence current contribution to a single line to ground fault at the remote terminal,
the negative sequence current contribution will always be higher than the zero sequence. Therefore there is

no point in setting the forward looking negative sequence overcurrent elements any more sensitively than the
zero sequence ground overcurrent supervision of the ground distance elements.

'50QF := '50G2 '50QF = 0.5 A secondary

Set the supervision function for the reverse looking element to be the same as, or a little more sensitive than
the forward looking supervision element at the remote terminal.

'50QR := 0.5 A secondary

The positive sequence current restraint (a2) factor should be set just smaller than the ratio of the maximum load
current (positive sequence) to the most sensitive current supervision element (50QR).

. Smax-1000 I1maxpri
IImaxpri := ———— I1maxsec := ~~maxpn

kVbase/3 CTR

Bearing in mind that the 50QR setting is in units of 3*12

I1maxsec = 3.87

'50QR
3-11maxsec
The proposed new setting of a2 is a little higher than the existing setting (0.03).

= 0.043 Choose a value of a2 = 0.04
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Phase time overcurrent element

This element is not used

Residual time overcurrent element

This element is used to provide the most sensitive backup protection. It will be non directional element.

Set pickup to sense a higher resistance than 100 ohm SLG in the middle of the line with equal zero sequence
current infeed from both ends. Choose a resistance of 200 ohms arbitrarily. Use a safety factor of 2 so that
operating time is not infinity at this fault level.

SF =2 Desensitization factor due to remote end infeed is  Dfactor := 2 Rf := 200

kVbase-1000
\/3-SF-Dfactor-Rf-CTR

'5INPU = round[ 1] '5INPU = 0.7

The existing setting of 0.5 A is more sensitive than required to sense this mid line fault with arbitrary
resistance. Since experience with the high resistance tree fault on 28th August 2009 has shown value in the
existing setting, it will be retained.

'5INPU := 0.5 A secondary
NMWWWWWW\

Coordination checks show that existing time dial settings will coordinate with each other. See Figures 14 and 15

'51NPU = 0.5 A secondary '51NPU-CTR = 120 A primary

'5INTD =4 '5INC = "U3" '5INTC := "N" '5INRS = "N"

Checks for close-in fault show that this element will not operate in less than 0.4 seconds so there is no
danger of it tripping 3 pole before the zone 1 element trips the faulted phase selectively.

Check the coordination with the remote terminal 51N on the parallel line for a line end fault near SSD on the
parallel line. due to mutual coupling, this is the type of fault that will produce the most sensitivity (least
desensitization) with respect to the protection on the parallel line. see Figure 14. coordination is fine.

Worst case load unbalance with single pole open will be in the future if single pole tripping is enabled with
parallel line out of service. ASPEN OneL.iner shows that with 300 MVA of load on one line, and with one
phase open, the 310 current is approximately 380 A. The 51N relay with "Alternate" settings will take
approximately 3.4 seconds to operate on 380 A primary. No danger of tripping on load unbalance during
SPO time.

Page D - 17 of 25 11/11/2010



Newfoundland and Labrador Hydro

PUB-NLH-163, Attachment 1

Page 80 of 425, Isl Int Sys Power Outages

Protection Review for Five 230 kV
Transmission lines

APPENDIX D
BDE TL202 &TL 206 P2

100010 2 3 45 7 100 2 345 7 1000 2 3 45 7 10000 2 3 45 7 1000
700 700
500 500
400 400
300 300
200 1.5INTL206 BDE SEL-VI TD=4.000 200
CTR=240 Pickup=0.5ANo inst. TP@12:0.4937S
T S FEAT T
100 2.51IN TL202 SSD SEL-M TD=4.000 100
70 CTR=240 Pickup=0.5ANo inst. TP@12=0.4937s 70
3lo= 971.2A(40 secA) T= 0.63s ‘
50 I — \\Hﬁ)\um } 50
40 3.50/51N TL206 BDE IAC-53 TD=4.000 40
30 CTR=240 Pickup=0.5ANo inst. TP@12=0.538s 30
3|o— 502 9A(21 secA) T= 1.32s i
20 FHH A l 20
4,50/51N TLZOZ SSD IAC53 TD=4.000
Q\ CTR=240 Pickup=0.5ANo inst. TP@12=0.538s
s10 3lo= 971.2A(40 secA)T= 0.67s 10
E \
c’ \ 7
05 5
g 4 4
\
s 3 3
2 2
1 1
N 7
5 5
4 e S A = 4
3 3
2 2
1 A
07 07
05 05
04 04
.03 - FAULT DESCRIPTION: 03
02 ' Line-End Faulton: 0 Sunnyside 230.kV-0BayD_Espoir 230.kV1L 1LG Type=A 02
o1 Faultl=902.4 A o1
710 2 3 45 7 100 2 345 7 1000 2 3 45 7 10000 2 3 45 7 ’
CURRENT (A)
TIME-CURRENT CURVES @ \Voltage 230 kv By
For Coordination of ground time overcurrent elements No.
Comment With mutual coupling taken into consideration. Date

Figure 14 - coordination of ground time overcurrent elements for line end fault on TL202

close to BDE
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100010 2 3 45 7 100 345 7 1000 2 3 45 7 10000 2 3 45 7 1000
700 700
500 500
400 400
300 300
200 1.51INTL206 BDE SEL-\I TD=4.000 200

CTR=240 Pickup=0.5ANo inst. TP@12=0.4937s
i aiiANLa
100 2.5IN TL202 SSD SEL-M TD! 100
70 CTR=240 Pickup=0.5ANo inst. TP@12—0.4937° 70
3lo= 447. 4A(1 9 secAT= 159s
50 | — Muﬁ)\um } 50
40 3.50/51N TL206 BDE IAC-53 TD=4.000 40
30 CTR=240 Pickup=0.5ANo inst. TP@12=0.538s 30
3Io— 1030 3Aﬂ4 3 secA) T= 0.65s i
20 H A 20
4. 50/51N TLZOZ SSD IAC53 TD=4. 000
K CTR=240 Pickup=0.5ANo inst. TP@12=0.538s

S10 3lo= 4474A(19 secA) T= 1.56s 10
E
c’ 7
05 5
g 4 4

\

s 3 3
2 2
1 1
Né 7
5 5
4 e 4
3 3
2 2
1 A

07 07
05 05
04 04
.03 —FAULT DESCRIPTION: 03
02 ' Line-End Faulton: 0 Bay D_Espoir nnyside 230.KV2L 1LG Type=A 02
o1 Fault|=9614 A o
710 2 3 45 7 100 345 7 1000 2 3 45 7 10000 2 3 45 7 '
CURRENT (A)
TIME-CURRENT CURVES @\oltage 230 kV By
For Coordination of ground time overcurrent elements No.
Comment With mutual coupling taken into consideration. Date

Figure 15 - coordination of ground time overcurrent elements for line end fault on TL206

close to SSD
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Permissive Overreaching logic settings
EPOTT = "Y"

Z3RBD is set at remote breaker time plus channel reset time plus channel reset time plus zone 2 reset time. From
review of fault records it appears that the breaker time is 3 cycles. Channel reset time is not easily determined from
existing records but can conservatively be assumed to be 1 cycle, and relay reset time will also be about 1 cycle.
Total time for Z3RBD is then 5 cycles.

Z3RBD:=5 cycles

Echo block delay timer blocks the echo after the local elements have picked up. This can be set relatively
long since there is no significant need for the echo function shortly after the local terminal has just seen a
fault but the remote terminal has not. Set at 10 cycles as per the example in the instruction manual.

EBLKD := 10 cycles

Echo time delay on pickup should be set to override noise on the communications so that it doesn't echo noise.
Typical time according to the SEL application guide is 2 cycles. Since this delay only affects clearing time for
relatively light (high resistance) faults that are sensed by zone 2 function at one end, the typical setting is
acceptable.

ETDPU := 2 cycles
Echo duration should be long enough to ensure the permissive trip is received by the remote terminal and

should also be shorter than the Z3RBD time to ensure that the reverse blocking will always be longer than
any permissive trip received (including echo time stretching).

EDURD := 4  cycles

No need to enable week feed conversion to trip, since both terminals will be quite sensitive enough to detect
high resistance faults after the remote terminal has cleared. Therefore we can accept sequential (or "step™)
clearing with no need for the added insecurity of weak infeed tripping.

EWFC := "N"  No other communications logic settings are required for this application.

Switch on to Fault Settings

Switch on to fault logic will ensure the protection will operate when energizing the line onto a close-in three
phase fault when there is no polarizing voltage available for the distance elements.

ESOTF = "Y"

The breaker close signal is not available to the relay. The 52A method of enable SOTF will be used.
Therefore the Close end delay is not critical. Typical duration for enable SOTF is 10-15 cycles

ENCLO = "N" CLOEND =0 ENS2A = "Y" SOTFD := 15

Set 50H for high magnitude close-in multiphase faults with weakest source at BDE. It should be set less than
50% of the minimum close-in fault magnitude. Minimum close-in magnitude of a three phase fault with four
generators out of service and TL234 also out of service is 5100 A. Therefore desired maximum setting for 50H is
2500 A.

Imin3P_close_in := 5100

Imin3P_close_in

'50H = '50H = 10.625 A secondary
2CTR
Choose a setting of 10 A secondary for this element. '50H := 10 A secondary
Choose a setting for 52AEND less than the shortest reclose time. '52AEND := 30 cycles
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Residual overcurrent settings.

Tripping directly by instantaneous ground overcurrent is not applicable because it is not phase selective.
However it would be helpful to monitor steady state unbalance, and issue an alarm for continuous unbalance.
Set the detector at minimum or just at the point necessary to override normal unbalances.

ES0N =1 '50N1:= 0.25

Negative Sequence overcurrent settings.

Similar to ground overcurrent, apply a negative sequence overcurrent element to initiate an alarm for steady
state unbalances. Set the detector at minimum or just at the point necessary to override normal unbalances.

E50Q =1 '50Q1:= 0.25

Voltage Element Settings

Similar to unbalance current monitoring, it is helpful to have an unbalance voltage monitor to detect steady state
unbalances from the voltage supply.

EVOLT := "Y"

Set the zero sequence overvoltage element at 1% of rated voltage or just at the point necessary to override
normal unbalances. The zero sequence voltage element measures 3 times the zero sequence voltage.

kVbase-1000
ase '59N = 1.992 Say  '59N := 2 V secondary

59N := 3.0.01 —————
V3-VTR

L oss of Potential

Enable loss of potential settings. Advanced LOP settings are not available on this model of relay.

ELOP := "Y" Time delay of 1.25 cycles is commonly used. LOPD := 1.25

The 50 M element should be set above maximum load and below minimum fault current for a fault at the remote
terminal under weak source conditions. The maximum load for this case should be normal maximum, not
emergency maximum which only exists for a few minutes before the operator can act to reduce load.

Speak-1000
Imax_normal := _opeae 1.935 A secondary
\/3-kVbase-CTR
Minimum fault current for a remote three phase fault is I13Pmin = 1070 A primary.

Minimum fault current for a remote phase to phase fault is 87% of the minimum three phase fault current level.

Dependability factor to be sure to operate for a minimum remote fault is chosen to be 1.6. DF:= 16
Maximum setting for 50M should be 0.8713Pmin =2.424 In this case a setting of 2.4 A secondary
DF-CTR will be adequately dependable and secure.

'50M := 2.4A secondary

The 59QL setting should be above normal maximum unbalance and below the level expected for a blown VT fuse.
For a blown fuse, one phase voltage will be lost, and the negative sequence voltage will be roughly 33% of the
nominal positive sequence voltage. Choose a setting of 15% of the nominal positive sequence voltage. This will
be well above any normal unbalance.
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0.15-kVbase-1000
J3VIR '50QL = 10V secondary

'59QL = round[

The 59PL setting should be less than the minimum voltage to be expected for a remote bus fault under weakest
source conditions. There is no minimum setting (above zero) for this function. Choose a setting equal to half the
voltage drop along the line impedance at the pickup setting of the 50M element.

'59PL := round[0.5-('50M- | Z1Linesec|),0] |'59PL| = 10

Miscellaneous Scheme Settings

Pole discoordinance logic is not being used. EPOLD := "N" SPPDD := "N/A"
Enable single pole tripping by distance elements only ESPT := "Y"
Enable single pole open ESPO = "Y"

Set single pole open time delay for future SPO conditions SPOD := 0.25

3 Pole open reset delay to override small discrepancies in pole closing '3POD := 0.5
Stub line protection is not required ESTUB := "N" '50MFD := "N/A"
Trip unlatch logic not applied TULO := "N"

Loqic variables and Miscellaneous timers

Minimum trip duration timer is set at 9 cycles as per the application example in the SEL-321 instruction manual.

TDURD := 9 Cycles

Trip during open pole time delay should be set longer than the reclose time. Existing setting is OK.

TOPD :=55  Cycles
Proposed logic for X, and Y variables is intended to create a three pole trip if a permissive trip is received any
time within a period of 25 to 60 cycles after a single pole trip was asserted. This is presumably standard NL

Hydro logic. It enables more sensitive protection during the open pole period, because only one terminal has to
see a fault in order for the three pole trip to be implemented.

Retain existing settings except use time ZT to trigger an alarm for sustained unbalance.

LOGIC_Z := "59N+50N1+50Q1" TZPU := 1200  cycles TZDO =0 cycles

Il
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Tripping Logic

Permissive tripping is required only for instantaneous overreaching functions. No need for any functions that
trip directly. Existing 5INT word in MTCS is not required.

MTCS := "M2P+Z22G"

Unconditional tripping MTU := "M1P+Z1G+M2PT+Z2GT+51INT"

No need for existing direct tripping zone 1 functions in the switch on to fault logic.

SOTF Tripping MTO := "M2P+Z2G+50H"
Event records will be triggered automatically by all trip events. Other event record triggers should be by

starting of other elements to ensure capture of all relevant events. Events should be triggered by keying or
receiving permissive trips to ensure separation of relay and teleprotection issues.

MER := "M2P+Z2G+51IN+LOP*52AA1+LOP*52AA2+KEY+PT+EKEY"

OQutputs

Retain existing output assignments except add the continuous unbalance alarm to OUT15.

OUT15 := "LOP*50L+ZT"

Input Contact Assignment

It would be desirable to provide phase segregated inputs to the relay so that the quadrilateral functions could
be disabled during single pole open conditions. However, separate inputs are not presently available for phase
segregated breaker status inputs. It is recommended to replace the existing automatic reclosing logic so that
additional inputs can be freed up. Alternatively an SEL2506 unit could be added to allow for additional 1/0
through mirrored bits.
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120+
21P2 TL202Z BDE IS Type=5EL32TP__

110—| | CTR=240 PTR=2000

Zone 1: Z1P=7.28.

Zone 2 ZP=10.70, Z2PD=18.00cy

100+ | Zane 3: Z3P=3.63.

Line 7= B.58& 1.7 sec Chm [ 71.58 Ohm)

80—

80—

70—

21F2 TL20Z BDE ALT Type=SELIZ1P__
CTR=240 PTR=2000

fone 1 Z1P=7 .28,

Zone 2: Z2P=1040. ZZPD=18.00cy

fone 3; £3P=4.30.

Line 7= 8.59& 81.7 sec Ohm ([ 71.838 Ohm)

Figure 16 - Comparison between existing (red) and proposed new (blue) phase distance characteristics.
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200— | 21M2 TL202 BDE K5 Type=SEL321G__

CTR=240 PTR=2000

Zane 1: XG1=7.28. RG1=12.00. Z1MG=7.26.

jan | Lone 2 KE2=10.40. RG2=12.00. Z2MG=10.40. Z2PD=60.00cy
Zone 3: ¥53=3.63. RG3=14.40. I3MG=3.63.

kOM1=0.843 kOAT=0.64 kOM=0.843 kOA=0.64 T=-3.35

Line /= B.59@& 81.7 sec Ohm (71.58 Chm)

160

21N2 TL20Z BDE ALT Type=35ELI21G__

CTR=240 PTR=2000

fone 1. ®XE1=6.88. RG1=18.00. Z1MG=6.85.

fone 2 RWG2=12.700 RG2=24.000 22MG=1270. Z2PD=60.00cy
fone 3: ¥G3=520. RG3=33.00. Z3MG=520.

120 | kOM1=0.915 k0AT=1 kDM=0.915 k0A=1 T=-4.00

Line 7= 859§ 81.7 sec Ohm {71.53 Ohm)
/ﬁ—

g0

140+

40+

20+

Figure 17 - Comparison between existing (red) and proposed new (blue) ground distance characteristics.
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Protection Review for Five 230 kV Transmission Lines

Appendix E
Detailed settings review for SSD TL 202 and
TL206 ""P1'" protection.

Settings recommended to be changed from existing are highlighted.

Prepared for:
Newfoundland and Labrador hydro

Prepared by: C. F. Henville, Henville Consulting Inc.
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Scope

To review the existing settings of the P1 protection systems for the Bay D'Espoir (BDE) terminals of circuits
TL202 and TL206. These 230 kV transmission circuits are from BDE to Sunnyside (SSD).

The circuits run parallel to each other for most of their length. The circuit impedances are similar to each
other, but not identical. However since the difference in impedance between the two circuits is less than
0.2%, the settings for both protection systems will be made identical to each other to reduce effort in testing.

138 kV and 60 kV system

Stonybrook
(STB)
S
<
L204 —;L
105 km L Sunnyside
(SSD) L203 45 km
L231 L206 142k
105 km m
L237 44.5km
O L202 142 km L207 :
6.7
Bay km Western
D’Espoir Avalon
(BDE) Come by . (WAV)
Chance | |
(CBC) >
FXAMMATIRALALY Y

Fiqure 1 - System Single Line Diagram

Existing P1 protection systems are Areva LZFP111 (Optimho) systems with permissive overreaching transfer trip
and single phase tripping and reclosing. Automatic reclosing is provided by external logic.

Definitions

MVAbase-1000 kaase2
MVAbase := 100 kVbase := 230 lbase i = —— Zbase =

kaase.-\/_3 B MVAbase
j= \/—_l
Instrument Transformers

Two breakers are provided at each line terminal.

CT ratio is: CTR = ﬂ VT ratio is: VTR = &
1

5

Accuracies of instrument transformers are not reviewed. Since this protection has been in service for more
than 10 years, it is assumed that experience has shown they are satisfactory. Fault levels are not changing
from the initial application so duties of maximum currents through CTs have not increased significantly.
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Fault Study Results

Using ASPEN OneLiner Case “Hydro Interconnected System (2010-08-13) V10.olr” with zero
sequence mutual coupling added. Faults are simulated from "From a linear network solution” fault
option.

Minimum fault current seen by each terminal (phase to phase, and SLG with 100 ohm fault resistance).

At BDE, with units 2, 4, 5, and 6 off line as under light load conditions, and both lines in service, for a fault at
the remote terminal.

ILLmin:=902 A ISLGminPH:=838 A ISLGminOseq := 312 A

The optimho current level detectors that block the distance comparators in the event of line opening are fixed at 5%
of the rated current, or 0.25 A secondary, or 60 A primary. They will have no difficulty in operating for minimum fault
levels. However, the ground distance elements are also supervised by a low set neutral current level detector
(LDLSN that requires the neutral current to be greater than 10% of the maximum amplitude of phase difference
current. This prevents the ground comparators from operating during close-in multiphase faults with CT errors.
ASPEN OneLiner shows that for a bolted fault at the remote bus even under heavy load, there is sufficient neutral
current (22% of maximum phase to phase fault current) that means this LDLSN function does not inhibit the ground
distance comparator.

Calculate the minimum source impedances behind each terminal. This will be with all generation on line,
with the parallel line in service and with the remote end of the line open.

Minimum source impedance behind BDE Z2minBDE := 0.627 +j-14.85 ohms primary
Minimum um source impedance behind SSB  Z2minSSD := 4.025 + j-32.96 ohms primary

BDE 5.00 pu SSD
_>
5.01 pu
—_— 20.2 pu

Figure 2 - 3 Phase Fault at SSD

BDE 2.81 pu SSD
+—— -®
2.81 pu

36.6 pu —

Figure 3 - 3 Phase Fault at BDE
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BDE 1.33 pu SSD
_>
1.48 pu
—_— 20.6 pu

Figure 4 - SLG Fault at SSD (3I0 currents)

BDE 0.71 pu SSD
—

@- ®

0.7 pu
45.95 pu —

Figure 5 - SLG Fault at BDE (310 currents)

BDE 3.82 pu SSD
_>
3.87 pu
—_— 20.6 pu

Figure 6 - SLG Fault at SSD (Phase currents)

BDE 2.65 pu SSD
-

@- ®

2.65 pu
4595 pU g

Figure 7 - SLG Fault at BDE (Phase currents)
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Line impedances.

Line impedances (per unit on 230 kV, 100 MVA base):
Z11202 := 0.01946 +j-0.13391 Z0L202 := 0.0665 + j-0.5024
Z1L206 := 0.01948 +j-0.13407 Z0L206 := 0.0668 + j-0.503

In primary ohms

Z1L.202pri := Z1L202-Zbase Z0L202pri := Z0L202-Zbase
Z1L.206pri := Z1L206-Zbase Z0L206pri := Z0L206-Zbase

In secondary ohms

. CTR . CTR
Z1L.202sec := Z1L.202pri- Z0L202sec := Z0L202pri-
VTR VTR

. CTR . CTR
Z1L.206sec := Z1L.206pri- Z0L206sec := Z0L206pri-
VTR VTR

|z1L202sec| = 8.59 arg(Z1L202sec) = 81.732-deg
|z1L206sec| = 8.6 arg(Z1L206sec) = 81.733-deg

|zoL202sed| =32.171 arg(Z0L202sec) = 82.46-deg
|zoL206sed| = 32.211 arg(Z0L206sec) = 82.435-deg

Zero sequence mutual coupling between the lines is Z0m := 0.0466 + j-0.2347

Use the average of these two values for line impedance for settings calculations for both lines

) (Z1L202 + Z1L206) ) ) Z0L202 + Z0L206 .
Z1line := 5 =0.019 + 0.134j pu ZOLine := > = 0.067 + 0.503] pu
Converting the per unit values to primary ohms
gives
Z1lLinephys := Z1Line-Zbase ZOLinephys := ZOLine-Zbase
Z1linephys = 10.3 + 70.9i ohms primary
ZOLinephys = 35.3 + 265.9i ohms primary
Converting primary ohms to secondary ohms gives:

. . CTR . . CTR
Z1llLinesec := Z1Linephys- ZOLinesec := ZOLinephys-

VTR VTR

|ZlLinesec| =8.6 ohms arg(Z1lLinesec) = 81.7-deg
sec

|ZOLinesec| =32.191 ohms arg(ZOLinesec) = 82.4-deg
sec
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Load Data

From 2010 System peak load case provided in start up information, the peak load is given as 185 MVA (with
two lines in service). In the event of sudden loss of lone line, peak load will double until operators can adjust
loads. Therefore it is assumed that peak load for a short duration is 370 MVA

Speak := 185 MVA Smax := 2-Speak = 370 MVA
P1 Relay Settings

Distance element reach settings

Note that resistive reaches are forced to be the same for all zones. Reactive reaches for phase and ground distance
elements must be the same as each other.

Zonel

NL Hydro normal practice is to set Zone 1 reach to 85% of line impedance. This will be OK if line is long
and voltages for line end fault are greater than 20% of nominal. Check the maximum source impedance to
a fault at the SSD Station bus under light load conditions withTL203 out of service and both TL202 and
TL206 lines in service. From ASPEN OnelLiner, voltage at SSD for a 3 phase fault at BDE is 0.35 per unit.
So there is plenty of voltage at SSD during a fault at BDE, even under weak source conditions.

Since the voltage is higher than 20%, the line is not considered short, and a conventional Zone 1 setting is
acceptable.

Z1P := 0.85-|Z1Linesec] Z1IP =73 Ohms secondary

Existing setting of 7.28 ohms is OK, and could be retained if only the phase distance functions had to be considered.
However, the ground distance reach in the optimho has to be set the same as the phase distance reach; so we need
to consider the ground faults too.

Z1P = 7.28 For phase faults only.

MW

The reach of the ground distance element will limit the reach of the zone 1 function. It can be seen from Figure 8 that
the apparent impedance presented to the relay for a fault at the remote bus when the parallel line is out of service
and grounded at both ends is significantly less than the line impedance.

Zapp_ext := 7.97 ohms Zapp_ang := 82.6deg This angle is close enough to the line angle to treat it as
equal to the line angle.
Zapp_ext . . .
———=0.927 The apparent impedance is reduced by about 7% due to the effect of the parallel line
|z1Linesed| being out of service and grounded at both ends.
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80—
70— 21M1 TL0Z 550 Type=LFZP111yg

CTR=240 PTR=2000 Min |= 0.50A4

Char ang= 80.0deq, Dir blinder= 80.0deg

B0 Zone 1: ¥=6.44 sec Ohm, R+=12.00 R-=-14.40 T=0.0s
Fone 2: ¥=10.40 sec Ohm, R+=12.00,R-=-14.40 T=2.00s

Line 7= §.559G 81.7 sec Ohm (71.58 Ohm)

Apparent impedances plotted (K=092E0.0):
Wal{la+3klo)= 7. 97 @82 6 sec Ohm (B6.33 Ohm).

40— Whi(lb+3Klao)= 510.05@&84.9 sec Ohm (4250.43 Ohm).
Wed(lo+3klo= 1239 47@52.4 sec Ohm (9999, Ohm).

Relay response: Zane 2 tripped. Delay=2.00s.

a0+

30 4 AUNIT : Zone 2 Tripped.
B UMNIT : All zones restrained.
20— CUMNIT : Al zones restrained.

More details in TTY window.

FAULT DESCRIPTION:
_____Elus Fault an: 0 Bay D_Espair 2300 kY 1LG Type=~A
Branch outage: 0 Sunnyside 230k - 0 Bay D_Espoir 230 KV 2L Ends grounded with R=0
I [

[ I I I I I I I [
20 10 10 40 a0 B0 70 &0 80 100 110

-10

Figure 8 - Apparent impedance to a fault just beyond the remote terminal is reduced by 7% when parallel
line is out of service and grounded at both ends.

The normal reach of the zone 1 should be reduced to less than 85% of the line impedance to make it more

secure against misoperation for a fault. The existing setting of 75% of the line (applied due to uncertainty about
the transient performance of the CVTs at SSD) will provide adequate security. No point in reducing the reach even
further since the 75% reach was arbitrarily selected without knowledge of the transient performance of the CVTs.

Let the per unit reach of the Zone 1 function be m% of the line. m=075  per unit

Z1_sec:=m- |ZlLinesec| Z1_sec = 6.45 Ohms secondary

Retain the existing setting until the issue with the CVTs is resolved

71 sec:=6.44 Ohms secondary
MWW

= 53.667 Ohms primary

. VTR
Zlpri:= Z1_sec:
CTR
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Zone 2
NL Hydro normal practice is to set Zone 2 reach t0125%-130% of line impedance

Existing setting is just less than 10.4 ohms secondary (about 122%). However, in order to reach a single line
to ground fault at the remote terminal, it will be necessary to set the reach significantly further.

21M1 TL20Z 35D Type=LFZF111y
00— CTR=240 PTR=2000 Min |= 0.50A
Char ang= 80.0deg, Dir blinder= 80.0deq
Fone 1: ¥=6.44 sec Ohm, B+=12.00 F-=-14.40 T=0.0s
a0 O Fone 20 ¥=10.40 sec Ohm, R4+=12.00 R-=-14 40 T=2.00s
Line 7= 859G 81.7 sec Ohm (71.58 Ohm)
[ Apparent impedances plotted (K=0.92E0.0%:

Yaf(la+3klo= 9.70@&@81.7 sec Ohm (8087 Ohrm).
Yhe(lb+3kloi= 194 80152 .4 sec Ohm (1623.31 Chim).
Yoflo+aklo= 194 85524 7 sec Ohm (1623.74 Ohm).
Relay response: Zone 2 tripped. Delay=2.00s.
A0 S A UNIT - Zone 2 Tripped.
B UMIT : All zones restrained.
CUMIT Al zones restrained.
fore details in TTY window,

B0—

20—
FAULT DESCRIPTION:
Bus Fault on: 0 Bay D_Espoir 2300 k% 1LG Type=A
I I I [ I
20 B0 g0 100 120 140
=20

Figure 9 - Apparent impedance to a fault close to the remote terminal is increased by 15% when parallel
lineis in service.

As can be seen from Figure 9, the apparent impedance to a fault close to the remote terminal is increased when the
parallel line is in service.

Zapp_int := 9.7 Ohms secondary

) Z2_sec
Z2_sec:=1.25-Zapp_int Z2 sec=121 Ohms secondary = _141.07%

Z1Linesec|

=101.042 Ohms primary

) VTR
Z2_pri:=Z2_sec:
CTR

The zone 2 timer will be enabled, and set as existing at 2 seconds (to coordinate with remote ground time overcurrent
functions). This long delay is not necessary for the phase distance, but is for the ground distance to coordinate with
remote ground time overcurrent relays. This element will not overreach the zone 1 function on the shortest line (TL234)
out of BDE when infeed from BDE is taken into account.
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Zone 3

The zone 3 function is not used since the POR1 scheme does not include an echo function so there is no need for
any reverse blocking function. Since the Zone 2 timer has to be set with the coordination of the ground distance
element in mind, it is set at 2 second; so there is no benefit in applying a longer reaching zone 3 function.

Zone 3 element is blocked - same as existing.

Load Encroachment logic

The optimho instruction manual recommends a margin of at least 10% between the impedance of the maximum
load and the resistive reach of the quadrilateral distance element.

Check loadability of the Zone 2 phase distance element assuming worst case depressed voltage of a stressed
system of 0.9 per unit.

_ (0.9kVbase)”

Zloadmin := Zloadmin = 115.808 Ohms primary (assume worst case at 30 degrees)

Smax

Zloadmin_sec := Zloadmin- Zloadmin_sec = 13.897

A 12 ohm secondary resistive reach is less than 90% of the load impedance at unity power factor and meets the
Areva criterion. Note the Areva criterion does not include worst case power factor. However it is assumed that he
security factors, like zero sequence current supervision provide increased security against misoperation on heavy
load at poor power factor. Figure 10 shows the apparent impedance of the load at 0.9 per unit voltage, and the
characteristics of the phase and ground distance elements. The small encroachment on the quadrilateral
characteristic is considered acceptable. Figure 10 also shows that the load will not encroach on the phase distance
mho characteristic.
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21N TL20Z S50 ALT Type=LFZF1114q

CTR=240 PTR=2000 Min |I= 0.50A
120~ | Char ang= 80.0deg, Dir blinder= 80.0deg
fone 1: ¥=6.44 sec Ohm, R+=12.00 F-=-14.40 T=0.0s
Fone 20 ¥=12.10 sec Ohm, R4=12.00,R-=-14.40 T=1.00s
Line Z= 8.59&G 81.7 sec Ohm (71.58 Ohm)

21P1 TL202 S50 ALT Type=LFZP111m
80— CTR=240 PTR=2000 Min I= 0.50A
Zone 1 Z=6.44 sec Ohm & 800 deg. T=0.0s
Zone 20 Z=12.30 sec Ohm @ 80.0 deg. T=1.00s
Line 7= 859G 81.7 5EC Ohrn (71.58 Ohm)

B0—

-

Figure 10 - Apparent impedance of load
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Check the maximum fault resistance that can be sensed for a fault at a location where the current contribution from
each terminal is roughly the same. From Figure 11, it can be seen that the limit of sensitivity is about 96 ohms, for a
fault about 56% of the distance from BDE. This is close enough to the required sensitivity of 100 ohms.

Rquad := 12 Ohms secondary

Li="n] |

211 TL202 BDE ALT Type=LFZP111q

CTR=240 PTR=2000 Min = 0.50A

Char ang= 80.0deq, Dir blinder= 80.0deg
Fone 1; ¥=6.83 sec Ohm, R+=12.00 R-=-14.40 T=0.0%
Fone 20 ¥=12.30 sec Ohm, B+=12.00 F-=-14 40 T=1.00s5

Line 7= 8.59@ 81.7 sec Ohm (71.58 Ohij

Apparent impedances plotted (K=084&0.0):
Wallla+3klal= 13.64@21.7 sec Ohm (113.64 Ohrm).
Whillb+3klol= 34.28@-94.7 sec Ohm (285.67 Ohrm).
Wiedle+3kla= 35.72@144.4 sec Ohm (297 .68 Ohrm).

21M1 TL202 550 ALT Type=LFZF111g

CTR=240 PTR=2000 Min I= 0.504

Char ang= 80.0deq, Dir blinder= 80.0deg
Zone 1 ¥=6.44 sec Ohm, R+=12.00 F-=-14.40 T=0.0s
Zone 2: »=12.10 sec Ohm, R+=12.00 R-=-14.40 T=1.00s

Line Z= 8.59@ 81.7 sec Ohrn (71.58 Ohm)

Apparent impedances plotted (K=092&0.0):
Yadlla+3klo)= 12.78@16.7 sec Ohm (106.50 Ohrn).
Whillb+3klo)i= 25.81E@-93.5 sec Ohm (21511 Ohrm).

Relay response: Zone 1 tripped. Delay=0.05.7 Seflc+aklol= 25 893E145.9 sec Ohm (216.12 Ohm).
< A UNIT : Zone 1 Tripped. Relay response: Zone 1 tripped. Delay=0.0s.
B UNIT : All zones restrained. < A LUMT : Zone 1 Tripped.
 CUMIT ; All zones restrained. T00— B UNMIT : All zones restramed
Mare details in TTY window. CUNIT - All zones restramed
E0— ﬂ
O 40— 77
20—+ K
I I I I [ I I [ I
gIEIEI -B0 -50 -40 -20 20 60 BIII 100 140 160
-0
FALILT DESCRIPTION:

Interm. Fault on:

0 Bay D_Espoir 230. k‘v‘ E: Sunnyside 230 kY 1L 1LG 56.00% Type=~A R=53

Figure 11 - Apparent impedance of a resistive fault near the mid point of the line.
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Settings of K attenuators

KZPh Coarse setting common to all DISTANCE zones should be set as high as possible while below the
required Zone 1 reach. The current level detectors vary inversely with KZph. Maximum setting available is 1.0

KZPh :=1.0

Zone 1 attenuators and angular selection

In:=5 Z1 sec = 6.44 This is the desired secondary reach (previously calculated)
Z1_sec 5
KZ1 = ———— KZ1 =6.44 Zlsec_reach := KZ1-KZPh-— Zlsec_reach = 6.44

I
KZPh-i :
In

Z6PH = (arg(Z1Linesec)) Z6PH = 81.732-deg

Rounded to the nearest 5 degrees ZOPH := 80 Degrees
MWW

ZON := arg(ZOLinesec — Z1Linesec) Z6N = 82.708-deg

Rounded to the nearest 5 degrees ZON := 80 Degrees
MWW

Zone 2 attenuators selection

Z2 sec = 12.1 This is the desired secondary reach (previously calculated)

Z2 sec
KZ2 =———— KZ2 =12.1

5
[KZPh-—j
In

Zone 3 is not used

QUAD Resistive Reach setting
Rquad = 12 This is the desired secondary reach (previously calculated)

_ Rquad

Residual Compensation attenuators selection

KR =12

Zero sequence current compensation for ground faults is provided by the KZN factor. Zero sequence mutual
compensation is not used in this application (it causes extra complexity for only moderate gain in setting accuracy).

ZO0Linesec — Z1Linesec .
KZN := KZPh KZN = 0.915 + 0.016j

3-Z1Linesec

|KZN| =0.915 This the same as the existing setting
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Switch On To Fault (SOTF) Protection.

If SOTF is enabled, it can be set to 200ms or 110 s after all poles of the line have been de-energized. The 110 s
setting is intended to override automatic reclosing dead time. However it makes more sense to enable after the
shorter time. Once the SOTF feature has been initiated, it remains in effect for 250ms after the line has been
re-energized. The SOTF tripping options are:

a) Any distance comparator.
b) Any current level detector as long as a corresponding voltage level detector has not picked up within 20ms.
c) Either current or distance, as long as a corresponding voltage level detector has not picked up within 20ms.

SOTF := "Enabled"
SOTF_TIME := 0.20 Seconds

Elements_in_SOTF := "BOTH" (Both Comparators and current level detectors).

Power Swing Detector

This element will not be used. It will be left Blocked, and if there is a power swing, the distance elements will trip
naturally.

VT Supervision

Set the VT supervision to BLOCK TRIP

Set the VT fail detection to SELF RESET this is as existing on TL202, but different from the existing on TL206.
SELF_RESETTING := "ENABLED"

Start Indication

This function will bring up information on the LCD screen of the relay if a start event occurs. This function will not be
used.

START_INDICATION := "BLOCKED"
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Communications assisted logic.

The existing communications assisted logic is permissive overreaching transfer trip, scheme POR 1. This
scheme is familiar to Newfoundland and Labrador Hydro, and even though the POR 2 scheme offers the
advantage of weak infeed echo, which would help the sensitivity to resistive faults, it is not recommended to
change the existing scheme logic at this stage with years of experience on a product that is nearing the end of its
useful life.

The POR 1 logic is a basic permissive overreaching transfer trip scheme but it does include current reversal
timers to increase security against misoperation due to current reversal when a fault on the parallel line is cleared
sequentially. The current reversal logic is achieved by a timer TP which will block permissive tripping and keying
of permissive trip if the local zone 2 element does not pick up within a reasonable time of receiving permissive
trip. The block will be maintained for a time delay of TD after the local zone 2 element picks up, or the received
permissive trip signal resets.

The application of the current reversal timers is required only if the settings of the zone 2 comparators are greater than
1.5 times the line impedance. Since the reaches of these elements are less than 1.5 times the line impedance, the
current reversal logic is not required, and the recommended default settings are as existing>

TP := 98 ms
TD:=0 ms
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Newfoundland and Labrador Hydro

Comparison of Existing (I/S) and Proposed alternative (ALT ) settings.

1209 21P1 TL202 550 Type=LFZP111m
CTR=240 PTR=2000 Min |= 0504
110~ fone 1; Z=6.44 sec Ohm @ 80.0 deg. T=0.0s
Lone 2: 7=10.40 sec Chm @ 80.0 deg. T=2.00=
Line 7= 8.53& 81.7 sec Ohm {71.53 Ohm)

21P1 TL20Z 55D ALT Type=LFZP111m
L. CTR=240 PTR=2000 Min |= 0.504
fone 1: 7=6.44 sec Ohm & 80.0 deg. T=0.0s
fone 2 7=12.30 sec Ohm @ 80.0 deg. T=1.00s
Line 7= B8.53@ 81.7 sec Ohmn (71.58 Ohrn)

Figure 12 - Comparison of phase distance characteristics
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|
21N TLDZ 550 Type=LFZF111qg

CTR=240 PTR=2000 Min |= 0504
Char ang= 80.0deq, Dir blinder= 80.0deg
Zone 1; ¥=6. 44 sec Ohm, R+=12.00 B-=-14.40 T=0.0%
fone 20 ¥=10.40 sec Ohm, R+=12.00,R-=-14 40 T=2.00s
Line /= B8.A89& 81.7 sec Ohm {71.63 Ohm)

211 TL20Z S50 ALT Type=LFZF111qg
CTR=240 PTR=2000 Min |= 0.504
Char ang= 80.0deg, Dir blinder= 80.0deg
fone 1; ¥=F 44 sec Ohm, R+=12.00 F-=-14 40 T=0.0%
Fone 20 ¥=12.10 sec Ohm, R+=12.00,F-=-14.40 T=2.00=
Line 7= 8.5%9& &1.7 sec Ohm [ 71.58 Ohm)

/ /

80—

]

40—

20—

I [ [ [ [ [ [ [
-100 -80 Ralll -40 20 20 B0 80 100 1

20—

Figure 13 - Comparison of ground distance characteristics
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Protection Review for Five 230 kV Transmission Lines

Appendix F
Detailed settings review for SSD TL202 and

TL206 "P2" protection.

Settings recommended to be changed from existing are highlighted.

Prepared for:
Newfoundland and Labrador hydro

Prepared by: C. F. Henville, Henville Consulting Inc.
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Scope

To review the existing settings of the P2 protection systems for the Sunnyside (SSD) terminals of circuits
TL202 and TL206. These 230 kV transmission circuits are from Bay D'Espoir (BDE) to Sunnyside (SSD).
The circuits run parallel to each other for most of their length. The circuit impedances are similar to each other,
but not identical. However since the difference in impedance between the two circuits is less than 0.2%, the
settings for both protection systems will be made identical to each other to reduce effort in testing.

138 kV and 60 kV system

Stonybrook
(STB)
Es
L204 —qaL
105 km uh Sunnyside
(SSD) L203 45 km
1231 L206 142k
105 km m
L237 44.5km
O 1202 142 km L207 :
6.7
Bay km Western
D’Espoir Avalon
(BDE) Come by - (WAV)
Chance | |
(CBC) >
EXAAMATERAAAAY Y

Figure 1 - System Single Line Diagram

Existing P2 protection systems are SEL321 systems with permissive overreaching transfer trip and single phase
tripping and reclosing. Automatic reclosing is provided by external logic.

Definitions
2
MV Abase := 100 kVbase := 230 Ibase := w Zbase := k\/bi
kaase-\/§ MVAbase
j=v-1
Instrument Transformers
Two breakers are provided at each line terminal.
CT ratio is: CTR := @ VT ratio is: VTR := m
5 1

Accuracies of instrument transformers are not reviewed. Since this protection has been in service for more
than 10 years, it is assumed that experience has shown they are satisfactory. Fault levels are not changing
from the initial application so duties of maximum currents through CTs have not increased significantly.
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Fault Study Results

Using ASPEN OneLiner Case “Hydro Interconnected System (2010-08-13) V10.olr ” with zero sequence
mutual coupling added. Faults are simulated from "From a linear network solution™ fault option with all
shunts ignored (unless needed for load flow simulation).

Minimum fault current seen by each terminal (multiphase and SLG with 100 ohm fault resistance).

At SSD, with Circuit TL203 out of service, and TL206 in service, for a fault at the remote terminal.

I3Pmin := 619 ISLGminPH := 559 A ISLGminOseq := 165 A

The current for a phase to phase fault would be lower, but the current supervision element of the SEL321
measures phase to phase currents, and the phase to phase current for a phase to phase fault is twice the phase
current.

Calculate the minimum negative sequence source impedances behind each terminal. This will be with all
generation on line, with the parallel line in service and with the remote end of the line open.

Minimum um source impedance behind SSB  Z2minSSD := 4.025 + j-32.96  ohms primary
Minimum source impedance behind BDE Z2minBDE := 0.627 + j-14.85 ohms primary

BDE 5.00 pu SSD
_>
5.01 pu
—_— 20.2 pu

Figure 2 - 3 Phase Fault at SSD

BDE 2.81 pu SSD
-

- -

’ 2.81 pu
36.6PU g

Figure 3 - 3 Phase Fault at BDE
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BDE 1.33 pu SSD
_>
1.48 pu
—_— 20.6 pu

Figure 4 - SLG Fault at SSD (310 currents)

BDE 0.71 pu SSD
-+

- -

' 0.7 pu
45.95 pu —

Figure 5 - SLG Fault at BDE (310 currents)

BDE 3.82 pu SSD
_>
3.87 pu
—_— 20.6 pu &

Figure 6 - SLG Fault at SSD (Phase currents)

BDE 2.65 pu SSD
—

- -

’ 2.65 pu
45.95pU g

Figure 7 - SLG Fault at BDE (Phase currents)
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Line impedances.

Line impedances (per unit on 230 kV, 100 MVA base):
Z1L202 := 0.01946 + j-0.13391  Z0L202 := 0.0665 + j-0.5024

Z11.206 := 0.01948 + j-0.13407  Z0L206 := 0.0668 + j-0.503
In primary ohms

Z11.202pri := Z1L.202-Zbase Z0L202pri := Z0L202-Zbase

Z1L.206pri := Z1L206-Zbase Z0L206pri := Z0L206-Zbase

In secondary ohms

CTR CTR
Z11.202sec := Z1L.202pri-—— Z0L202sec := Z0L202pri-——
VTR VTR

CTR CTR
Z11.206sec := Z1L.206pri-—— Z0L206sec := Z0L206pri-——
VTR VTR

| Z1L202sec| = 8.59 arg(Z1L.202sec) = 81.732-deg
| Z1L206sec| = 8.6 arg(Z1L206sec) = 81.733-deg

| Z0L202sec| = 32.171 arg(Z0L202sec) = 82.46-deg
| ZoL206sec| = 32.211 arg(Z0L206sec) = 82.435.deg

Zero sequence mutual coupling between the lines is Z0m := 0.0466 + j-0.2347

Use the average of these two values for line impedance for settings calculations for both lines

Z1L202 + Z1L206 _ Z0L202 + ZOL206 _
- ; ) 0019+ 0134pu  ZOLine = ;’ = 0.067 + 0.503jpu

Z1Line

Converting the per unit values to primary ohms gives

Z1Linephys := Z1Line-Zbase Z0Linephys := Z0Line-Zbase
Z1Linephys = 10.3 + 70.9i ohms primary
Z0Linephys = 35.3 + 265.9i ohms primary

Converting primary ohms to secondary ohms gives:

CTR CTR
Z1Linesec := Z1Linephys-—— ZO0Linesec := Z0Linephys-——
VTR VTR
| Z1Linesec| = 8.6 ohmssec  arg(ZlLinesec) = 81.7-deg
| ZOLinesec| = 32.191 ohmssec  arg(ZOLinesec) = 82.4-deg
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Load Data

From 2010 System peak load case provided in start up information, the peak load is given as 185 MVA (with two
lines in service). In the event of sudden loss of lone line, peak load will double until operators can adjust loads.
Therefore it is assumed that peak load for a short duration is 370 MVA

Speak ;= 185  MVA Smax := 2-Speak = 370 MVA

P2 Relay Settings

It was considered whether to make the line lengths and impedances individual for each line. However the
differences in line lengths is only 170 metres, which is only 0.1%. The accuracy of fault location will not be better
than 1% so there is no point in being accurate in distinguishing between the impedances of the lines between
TL202 and TL206

arg(Z1Linesec)

ZIMAG := |Z1Linesec| ZIMAG = 8.6 Z1ANG = ; Z1ANG = 81.7
eg
Z0Li
ZOMAG = |ZOLinesec| ZOMAG =322  ZOANG := w ZOANG = 82.4
eg
LL202 = 141.76 LL206 = 141.93 Lo LE202 L2068 ) g

In order to obtain sensitivity to 100 ohm single line to ground faults, the echo function will be needed. Enable two
forward and one reverse zone.

PMHOZ = 3 GMHOZ := 3 QUADZ =3

DIR1:=F DIR2 := F DIR3:=R

Mho phase distance functions

Zone 1l

NL Hydro normal practice is to set Zone 1 reach to 85% of line impedance. This will be OK if line is long and
voltages for line end fault are greater than 20% of nominal. Check the maximum source impedance to a fault at
the SSD Station bus under weak source conditions with TL203 out of service and both TL202 and TL206 lines
in service. From ASPEN OneL.iner, voltage at BDE for a 3 phase fault at SSD is 0.33 per unit. So there is plenty
of voltage at BDE during a fault at SSD, even under weak source conditions.

Since the voltage is higher than 20%, the line is not considered short, and a conventional Zone 1 setting
would normally be acceptable. However the CVTs at SSD are suspected of significant transient errors; so in
2003 the reach of the zone 1 elements were reduced to 75% of the line impedance. These reaches will be
retained until the problem with the CVTs is resolved.

Z1P := 0.75-|Z1Linesec]| Z1P = 6.45  Ohms secondary
Say Z1P := 6.44 Which is the existing setting that wil Ibe retained.
MWW
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Zone 2
NL Hydro normal practice is to set Zone 2 reach t0125%-130% of line impedance
Existing setting is 10.2 ohms secondary (about 122%) and is a little low, and will be increased.

Z2P := 1.3-|Z1Linesec| Z2P =112  Ohms secondary

As can be seen from Figure 8, this element (with the proposed new setting) slightly overreaches the zone 1
element at the BDE terminal of TL234 without infeed. However, when the effects of infeed at BDE are considered,
the Zone 2 at SSD will reach no more than 10% along TL234. Therefore there is no danger of the SSD Zone 2
element overreaching the BDE TL234 Zone 1 element.

The existing Zone 2 timer setting of 18 cycles will be appropriate.

Z2PD := 18 cycles

Zone 3

Set Zone 3 reverse element to reach further behind this terminal than the remote Zone 2. This function adds
security for external faults. The element should always be more sensitive than the forward looking Zone 2 at the
remote terminal. Set it the same as the remote Zone 2 overreach plus 20%

Z3P := ZIMAG- P -1+ .2 Z3P = 4.3 Ohms secondary
Z1IMAG
Z3P . This is a little higher than the existing setting, but
|ZIMAG]| = 50-% of line length provides additional security.

The reverse looking zone 3 element need not be set to trip through a timer. It is needed only for security in the
POTT scheme.
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*,
21P2 TL0Z 550 ALT Type=SELIZ2TFP_

CTR=240 PTR=2000 \
Zone 1: Z1P=6.44.
Lone 2: Z2P=11.20. ZPD=18.00cy
Zone 3: Z3P=4.30. Z3PD=2000.00cy
Line Z= 8.59@ 81.7 sec Ohm (71.58 Ohm)
C Apparent impedances plotted:
Mb-Ye)/(b-lcj= 12.08@81.3 sec Ohm (100.64 Ohm).
- MWeo-Wa)(le-la)= 12.08@@81.3 sec Ohrn (100.64 Ohrn).
Ma-Wh)/a-bj= 12.08@81.3 sec Ohm (100.64 Ohm).
Al relay units are restrained. Delay=59999s.
f,-'I*u'h:ure details irJ TTY window.

B
"21P2 TL234 BDE Type=5SEL 321hha
CTR=240 PTR=2000 Min |= 0504
BO— fone 1; Z=2.37 sec Ohm @ 775 deg. T=0.0s

Lone 2: =902 sec Ohm @ 77.5 deg. T=0.17=
Lone 3. Z=0.60 sec Ohm @ 257.5 deg. T=0.08=
Line 7= 3.01& 84.2 sec Ohm {25.06 Ohm)
Apparent impedances plotted:
(wh-we)(lb-1c)= 03084 .2 sec Thm (2.51 Ohm).
Mwo-wa)(le-la)= 0.30E@84 .2 sec COhm (2.51 Ohm).
(wa-wh)f(la-1b)= 0.30E@84.2 sec Thm (2.51 Ohm).
Relay response:; fone 1 tripped. Delay=0.0s.
< B-C UNIT: Zone 1 Tripped.
< C-A UNIT: Zone 1 Tripped.
J} A-B LINMIT: Zone 1 Tripped.
1 /rr
FALLT DESCRIFTION:
Interm. Fault on: 0 Bay 0_Espoir 230 kW - 0 L3471 2300 kY 1L 3LG 10.00%

I I | | I I I I [ [
) 20 30 0 &0 &0 70 a0 50 100

Figure 8 - Proposed new SSD TL 202 Zone 2 reaches less than 10% of the distance along
TL234 (shortest line out of BDE) with infeed, and coordinates with zone 1 on this line.

20+
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Mho phase distance current supervision

If the current supervision elements can be set above load, they will be secure in the event that potential is lost.
However given that loss of potential logic is available, it is recommended that only the zone 1 current
supervision function be set above load. If potential is lost, it will be able to block tripping by Zone 2 before it
trips on time delay or receives a permissive trip from the remote terminal.

For the point of view of current supervision being above maximum load, there is no need to worry about
abnormal conditions. It would be a double contingency for the VT signal to be lost while the parallel line was
out of service. Therefore, consider a maximum load of 135 MVA. The current supervision elements for the phase
distance functions measure phase to phase currents.

Speak-1000 )
IPPmax_normal := opeee P IPPmax_normal = 804 A primary

kVbase

The current supervision elements use phase to phase currents for supervision of the phase distance function;.
so the minimum phase to phase fault current will be root three times the minim phase fault current. Choose a
margin of 50% of the minimum phase to phase fault current for dependability.

IPPmin := 0.5I3Pmin-\/§ IPPmin = 536 A primary

A setting of 528 A primary for 50PP1 will ensure the Zone 1 function operates for any fault even under
minimum source conditions but will be susceptible to trip on load due to loss of potential under normal
maximum load conditions. This is somewhat higher than the existing setting, and adds a little more security.

'50PP1:= 2.2  ASec '50PP1-CTR = 528 A primary

Since Zone 2 and zone 3 elements will be blocked by LOP function, set them at minimum. This is lower than
the existing zone 2 and zone 3 settings. The zone 3 current supervision should not be set higher than the zone
2 current supervision element at the remote terminal. In this case the remote zone 2 current supervision
element will be set at 1.0 A secondary.

'50PP2:=1 A Sec '50PP3 =1 A Sec
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Ground Distance Protection

The reach of the ground distance functions will be affected by mutual coupling to the parallel line. These
functions will tend to underreach the remote bus while the parallel line is in service, and overreach the remote
bus if the parallel line is out of service and grounded at both ends. Figure 9 shows that for a remote bus fault,
with the parallel line out of service and grounded, the apparent impedance of the line is reduced to about 7.96
ohms secondary instead of the nominal 8.59 ohms. This is 93% of the actual line impedance.

21M2 TL202 S50 IS Type=5SEL321G__

1204 CTR=240 PTR=2000

fone 1 KE1=6.44. RG1=1200 ZI1MG=5.44.

fone 20 ¥KG2=10400 RGZ=12.00 Z2MG=10.40 72PD=80.00cy

100 fone 3 KG3=2.06. RG3=14.40 I3MG=205.

kOM1=0.915 kDA1=1 kOW=0915 kDA=1 T=-576

Line 7= 8.A89% 81.7 sec Ohm (71.58 Ohm)

Apparent impedances plotted (K=0.92%01.0%
Wal(la+3klol= 7 9652 3 sec Ohm (B6.37 Ohm).
Whillb+3kIo)= B10.05E259.0 sec Ohm (B053.71 Ohm).
Weflo+3klol= 964 A6EE3.3 sec Ohm (3037.20 Ohm).

B0 Relay response: Zone 2 tripped. Delay=1.00s.

— A LNIT : Zone 2 Tripped.

B UMIT : All zanes restrained.

A0~ CUMIT : All zones restrained.

Mare d\etaila in r'I'I"‘rr window.

FAULT DESCRIPTION:
Bus Fault on: 0 Bay D _Espoir 2300 kY 1LG Type=~A
Branch outage: 0 Sunnyside 230.k% - 0 Bay D_Espoir 230k 2L Ends grounded with R=0

Figure 9 - Apparent impedance to a fault just beyond the remote terminal is reduced by 7% when parallel line
is out of service and grounded at both ends. Existing relay settings modeled in this figure.

The normal reach of the zone 1 should be reduced to less than 85% of the line impedance to make it more
secure against misoperation for a fault. Choose a setting of 75% of the line impedance same as the phase
distance element, which is same as the existing setting which is applied because of suspected improper
transient performance of the CVTs.

m:= 0.75

MW

Z1IMG = Z1P Z1IMG = 6.44
XG1:= Z1IMG XG1=6.44
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The resistive reach of the Zone 1 quad should provide enough sensitivity to trip the local terminal immediately
without waiting for permission from the remote terminal for a severe fault that depresses the voltage
significantly. Further, it should not allow the function to reach beyond the remote terminal due to errors in relay
measurement or CT or VT. If possible, it should also operate for a 100 ohm SLG 25% of the distance from the
local terminal. Operation for a 100 ohm resistive fault at the 25% location will ensure this function can trip for a
close in fault without assistance from the remote terminal. The remote terminal zone 1 function will be set to
operate sequentially for this fault.

By simulating a fault with 100 ohms fault resistance at the 25% of the distance from SSD, with the SSD terminal
weak (as in the contingency of TL203 out of service) it is found that a reach of 20 ohms secondary is required
to sense this fault. See Figure 10.

220+

200+

180+

160+

140+

120+

21N2 TL20Z SSDALT Type=SELIMG__
CTR=240 PTR=2000
Zone 1: ¥GE1=6.44. RG1=2000. I1MG=6.44.
Zone 20 ¥GE2=12100 RGZ=30.00. 2MG=12.10. Z2PD=60.00cy
Zone 3 ¥G3=580. RG3=25.00. F3ME=5.80.
kOMT=0.915 kOA1=1 kOM=05915 kDA=1 T=-6.00
Line /= B8.A89& 81.7 sec Ohm {71.63 Ohm)
Apparent impedances plotted (K=0.92G1.0):
Sarlla+3klol= 10.10iE211.4 sec Ohm (84.13 COhm).
Whellb+3k]I0)= 20.13E-97 .3 sec Ohm (16777 Ohm).
Sefle+3klo)= 20098142 6 sec Ohm (16741 Ohm).
Relay response: Zone 1 tripped. Delay=0.0s.
<A UNT - Zone 1 Tripped.
B UMIT : All zones restrained.
CUMNIT - All zones restrained.
hlore details in TTY window,

21N1 TL202 550 Type=LFZP111q
CTR=240 PTR=2000 Min |= 0504

Char ang= 80.0deq, Dir blinder= 80.0deq
fone 1: ¥=6.44 sec Ohm, R+=12.00 F-=-14.40 T=0.0s

80—

B0+

Apparent impedances plotted (K=092E01.0)
Yalla+3klo= 10.108211.4 sec Ohm (34.13 Ohm).
WhAlb+3klo)= 200.13@-57 .3 sec Ohm (16777 Ohrm).

——

40—+

20—+

= Wodlo+3klo)= 20098142 6 sec Ohm (16741 Ohrmn).
Relay response: Zone 1 tripped. Delay=0.0s.
< AUNIT @ Zone 1 Tripped.
B UMIT : All zanes restrained.
C LJP:IIT Al zones restrained.

Lone 20 ¥=10.40 sec Ohm, R+=12.00 F-=-14.40 T=2.DD5“‘—————___________
Line 7= B.ASE 81.7 sec Ohm [ 71.58 Ohm)

JFALILT DESCRIPTION:

I I
180 200

“Interm. Fault on: 0 Sunnyside 230k - 0 Bay D_Espoir 230 k% 1L 1LG 25.00% Type=A R=100
I 1 ——
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Figure 10 - SSD Zone 1 function operates for a 100 ohm SLG fault at 25% from the local terminal.

The existing 12 ohm secondary resistive reach of the zone 1 element will not sense this fault, and should be
increased to 20 ohms secondary. Check whether this reach will be secure, considering possible CT and VT
errors.

XG1 is set at m per unit of the transmission line. The imaginary component of the line is

ImXG1sec := Im(Z1Linesec) ImXG1lsec = 8.506 ohms

The maximum advisable resistive reach can be found from the equation (3) in Appendix A Quadrilateral
Reactive Reach Versus Resistive Reach Setting Guideline from the paper Digital Communications for Power
System Protection: Security, Availability, and Speed. This paper is obtainable at www.selinc.com.

From this equation, the maximum advisable resistive reach, assuming angular maximum errors of 3 degrees, in
measurement by CTs, VTs and the relay, can be determined.

RG1 := round[(1 — m)-20-ImXG1sec, 2]

RG1 = 42.53 This is the maximum secure setting for the resistive reach and is above the proposed zone 1
resistive reach setting..

Use the proposed setting of 20 ohms for RG1 RG1 := 20 ohms secondary

With a resistive reach setting of 20 ohms, the SSD Zone 1 quad element will see an 70 ohm resistive SLG fault at
50% of the distance from SSD. Zone 2 protection will be depended upon to sense faults with resistance up to
100 ohms.

Zone 2 Ground Distance Protection

The Zone 2 ground distance function will need to be set longer than the Zone 2 phase distance protection
function because it will tend to underreach the remote terminal while the parallel line is in service. By simulation
in ASPEN OneL.iner it is found that the apparent impedance to a zero ohm fault close in to the remote terminal is
9.7 ohms secondary, or 12% more than the actual line impedance. The reach of the Zone 2 ground distance
element should be set at least to 1.25 times the apparent impedance.

ZSLG_remote := 9.7
Z2MG := round(1.25-ZSLG_remote, 1) Z2MG = 12.1 Ohms secondary

The quad element reactive reach will be set similarly to the mho.

XG2 := Z2MG XG2 =121 Ohms secondary

The resistive reach of the quad element is limited by the amount of negative sequence current that the SSD terminal
will contribute to a resistive SLG near the BDE terminal. By trial and error it is found that the Zone 2 ground distance
element cannot be set to sea a fault with 100 ohm ground fault resistance greater than 65% of the distance from SSD.
Thus the negative sequence current forms a limit to the sensitivity to resistive faults. The resistive reach will be set to
see a 100 ohm SLG fault 65% of the distance from SSD.

By trial and error from ASPEN it is found that a resistive reach of 30 ohms secondary will sense a 100 ohm SLG
fault at a location 55% of the distance from BDE. See Figure 11. This will give positive overlap with the zone 2

element at the remote terminal. However since it will not overlap the Zone 1 element at the remote terminal, the

permissive trip echo function will be required to ensure that a fault that is seen by the zone 2 element at only one
terminal will still be cleared by the permissive trip logic.
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Therefore, to avoid extremely large resistive reaches, and to retain sensitivity to 100 ohm resistive SLG faults, it
is recommended that the echo function be enabled at both terminals.

R2G = 30 Ohms secondary

160+
21M2 T2 55D ALT Type=SELINNG__
CTR=240 FTR=2000

140 fone 1 XG1=6.44. RG1=20.00. J1MG=6.44.

Jone 20 ¥G2=12.100 RGZ2=30.00. Z2MG=12.10. Z2PD=60.00cy
fone 3 ¥G3=5.80. RG3=23.00. Z3MG=5.30.
kOM1=0.915 kOA1=1 kOM=0.915 kOA=1 T=-5.00
120+ Line 7= 8.58@& 81.7 sec Ohm { 71.58 Ohm)
Apparent impedances plotted (K=092F1.0%:
Yallla+taklol= 16.47@15.6 sec Ohm (137.28 Ohm).
HE Yh/(Ib+3klo)= 33.58@E-97 .3 sec Ohm (Z79.85 Ohm).
Yed(loraklo)= 34001423 sec Ohm (283.34 Ohm).
Felay response: Zone 2 tripped. Delay=1.00s~"—————___ |
50 < AUNIT : Zone 2 Tripped. I,
B UMIT : All zones restrained.
CUMIT © All zones restrained.
Bl— Mare details in 'I'!"T' windaow,

FAULT DESCRIPTION:
-4Inthault on: 0 Sunnyside 230 kY - 0 Bay D_Espoir 230.k% 1L 1LG 55.00% Type=4 R=100

Figure 11 - Zone 2 Quad element operates for 100 ohm resistive SLG just past the mid line
location.

Check that this resistive reach won't cause the zone 2 function to trip while the parallel line is open single
phase, with heavy power flow. See Figure 12.
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1ML TLDZ2 550 ALT Type=5SEL321G__ 140—

CTR=240 PTR=2000
Zone 1. XG1=6.44. RG1=20.00. Z1MG=6.44.
Zone 2: ¥G2=1210. RGZ2=30.00. 22MG=12.10. Z2PD=60.00cy 30—
Zone 3 XG3=5.80. RG3=28.00. Z3MG=5.30.
kOM1=0.915 kDAT=1 kOWM=0.915 kDA=1 T=-5.00
| Line 7= 8.59@ 81.7 sec Ohm (71.58 Ohmj ’
Apparent impedances plotted (K=0.92@1.00: : -
Wallla+3klo)= 18.83@166.7 sec Ohm (157 .44 Ohm).
Wh[lb+3klo)= 35.00i&@155.3 sec Ohm (231.63 Dhmj./
Wed(le+5klo)= 38.36i@178.0 sec Ohm (313.64 Ohm). 40—
All relay units are restrained. Delay=59999s.
Moare details in TTY wjinduw.
[ D_
40—

20—

I | [ I | [ | [
180 =160 -140 -120 -100 -80 -0 -0

A

SIMULTANEDOUS FAULT DESCRIFTION: -20
—1-Phase Open on: 0 Sunnyside 230.k% - 0 Bay D_Espoir 230k 2L Type=A
:

_ 40— z_”
21N1 TL202 S50 Type=LFZP111q
CTR=240 PTR=2000 Min I= 0.504 e

Char ang= 80.0deg, Dir blinder= 80.0deq
Zone 1: ¥=6.44 sec Ohm, R+=12.00,R-=-14.40 T=0.0s B0+
Lone 2: ¥=10.40 sec Ohm, B+=12.00 B-=-14.40 T=2.00%

Line 7= B.A9& 81.7 sec Ohm ([ 71.58 Ohm)

Apparent impedances plotted (K=092E21.0). -0+
Wallla+aklo)= 18.88E&166.7 sec Ohm (157.44 Ohm).
Whillb+3klo)= 35.00iE&155.3 sec Ohm (291.63 Ohm).
Wodle+3klo)= 38.536iE178.0 sec Ohm (319.64 Ohm). 00—

All relay units are restrained. Delay=52999s.

Figure 12- Quad elements are secure with heavy load flow (185 MVA in each line) while
parallel line is open single pole.

The zone 3 ground mho function will be set using the same principles as the zone 3 phase distance function.

Z2MGrem := 12.phms secondary

Z3MG = ZIMAG:- -1+ .22Z3MG =5.8 Ohms secondary

(ZZMGrem P
J
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Z3P . This is a little higher than the existing setting, but
|ZlMAG| = 50-% of ling length provides additional security.
XG3:= Z3MG  XG3=5.38 Ohms secondary

Set the Zone 3 quad resistive reach at 15% more than the remote Zone 2

RG2rem := 24 Ohms secondary
RG3 := round(RG2rem-1.1,0) RG3 = 26 Ohms secondary
Ground distance current supervision

Since there is no concern about these elements operating on load, even with loss of potential, set all current
supervision elements at minimum, for maximum sensitivity of the distance elements.

'50L1:= 0.5 A Sec '50L2 := 0.5 A Sec '50L3:= 05 ASec
'50G1:= 0.5 A Sec '50G2:= 0.5 A Sec '50G3:= 05 A Sec

Note that due to heavy infeed of zero sequence currents from the local terminal for close-in faults, the ground
overcurrent detectors will not operate for faults with more than a small amount of resistance close to the remote
terminal. Therefore, we will have to rely on sequential clearing for that type of fault. However setting the current
supervision at minimum allows maximum sensitivity.

Zero sequence current compensation

The zero sequence current compensation could be adjusted to compensate for the significant amount of mutual
coupling. However as discussed in the settings of reaches of the ground distance elements we will accept
underreach of the Zone 2 function for the normal case. Set the zero sequence current compensation as usual.

. . Z0Line — Z1Line
Z0Line — Z1Line ——FF | =0.915
kOIM = | || ——— kO1M = 0.915 ‘ .Z1Li
O ‘ 3-Z1Line j 3:Z1Line
Z0Line — Z1Line
kO1A = | arg) ——— kO1A = 0.976-deg Say  kO1A := 1ldeg
3-Z1Line AV
Set the overreaching zones the same as zone 1 kOM := kO1M kOA := k01A
kOM = 0.915 kOA = 1-deg

Non Homogenous Angle Setting

Compare the angle of the total zero sequence current at the remote bus with the angle of the zero sequence
current contribution from the local terminal to determine this setting. From ASPEN OneL.iner, the worst case is
normal conditions. For this case, for an SLG at SSD the angle of 10 at the fault is -118 degrees and the angle of 10
out of the SSD terminal is -112 degrees. Therefore, the total fault current leads the current contribution from BDE
by 6 degrees and angle T must be set negative by the difference to ensure no overreach.

T:= -6 degrees
MWV

Out of step blocking and tripping

Not used in this application. There is a danger of out of step conditions arising. Historically no action has
been taken to provide special tripping or blocking functions. Natural tripping during swings is accepted.
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Load Encroachment logic

Check loadability of the Zone 2 phase distance element assuming worst case power factor of 0.87 simultaneous
with worst case depressed voltage of a stressed system of 0.85 per unit. Note that units of KV squared match units
of MVA. Note that quadrilateral elements are only used for the ground distance functions that are not sensitive to
balanced three phase load. Therefore no need to worry about the reach of the quadrilateral elements.

(0.85kVhase)
Smax

Zloadmin := Zloadmin = 103.298 Ohms primary (assume worst case at 30 degrees)

Maximum reach of the Zone 2 element is at the line angle of 81 degrees. At 30 degrees, the reach will be given by
Z2load := Z2P-cos[(Z1ANG - 30)deg] Z2load = 6.92  ohms secondary

VTR .
Z2load-—— = 57.668 ohms primary

CTR

Since the reach of the Zone 2 element at 30 degrees is less than the apparent impedance of the maximum
load, there is no need to apply load blinding logic. See Figure 13

140+
21P2 TL202 S50 ALT Type=SELI21P__
CTR=240 PTR=2000
120 | Zone 10 Z1P=6.44.
Lone 2: Z2P=11.20. ZPD=18.00cy
Zone 3 Z3P=4.30. Z3PD=2000.00cy
100 Line 2= B.59@ 81.7 sec Ohm (71.58 Ohm)
80—
B0—
40—
20—
| [ I I I I [ I
-40 -2 20 40 B0 alll 100 120
20—
40—

Figure 13 -Load impedance with respect to proposed new Mho function reaches.
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Ground directional element

The SEL-321 application example recommends finding the minimum source impedance behind the terminal and
setting the reverse and forward boundaries of the negative sequence directional element at the 1/3 and 2/3 points
respectively.

In the negative sequence plane, the sum of the two source impedances and the line impedance is:

Z2total := Z2minSSD + Z1Linephys + Z2minBDE

Z2total 27 2total

The 1/3 pointis 72 1 3:= The 2/3 pointis 72 2 3:=

Z2Rpri == Z2 2 3 — Z2minSSD | Z2Rpri| = 46.548

Z2Fpri:= 72 1 3 - Z2minSSD | Z2Fpri| = 6.673

Converting the primary impedances to secondary ohms

CTR

Z2R = zszri-ﬁ |Zz2R| = 5.586 Ohms secondary arg(Z2R) = 82.665-deg
. CTR

Z2F = zszn-ﬁ |z2F| = 0.801 Ohms secondary arg(Z2F) = 81.738-deg

Rounding up Z2F and rounding down Z2R gives:

Z2F .= 1 Ohms secondary Z?2R =5 Ohms secondary

MWW MWW

The proposed settings are not very different from the existing settings.

Set the current level detectors at minimum level that will allow operation of the ground distance elements.

Due to the very small zero sequence current contribution to a single line to ground fault at the remote terminal,
the negative sequence current contribution will always be higher than the zero sequence. Therefore there is

no point in setting the forward looking negative sequence overcurrent elements any more sensitively than the
zero sequence ground overcurrent supervision of the ground distance elements.

'50QF := '50G2 '50QF = 0.5 A secondary

Set the supervision function for the reverse looking element to be the same as, or a little more sensitive than
the forward looking supervision element at the remote terminal.

'50QR := 0.5 A secondary

The positive sequence current restraint (a2) factor should be set just smaller than the ratio of the maximum load
current (positive sequence) to the most sensitive current supervision element (50QR).

Smax-1000 I1maxpri
IImaxpri .= ———— I1maxsec := ~~maxpn I1maxsec = 3.87
kVbase-/3 CTR
Bearing in mind that the 50QR setting is in units of 3*I2
__S0QR = 0.043 Choose a value of a2:= 0.04
3-11maxsec
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Phase time overcurrent element

This element is not used

Residual time overcurrent element

This element is used to provide the most sensitive backup protection. It will be non directional element.

Set pickup to sense a higher resistance than 100 ohm SLG in the middle of the line with equal zero sequence
current infeed from both ends. Choose a resistance of 200 ohms arbitrarily. Use a safety factor of 2 so that
operating time is not infinity at this fault level.

SF =2 Desensitization factor due to remote end infeed is  Dfactor := 2 Rf := 200

kVbase-1000
\/3-SF-Dfactor-Rf-CTR

'5INPU = round[ 1] '5INPU = 0.7

The existing setting of 0.5 A is more sensitive than required to sense this mid line fault with arbitrary
resistance. Since experience with the high resistance tree fault on 28th August 2009 has shown value in the
existing setting, it will be retained.

'5INPU := 0.5 A secondary
NMWWWWWW\

Coordination checks show that existing time dial settings will coordinate with each other. See Figures 14 and 15

'51NPU = 0.5 A secondary '51NPU-CTR = 120 A primary

'5INTD =4 '5INC = "U3" '5INTC := "N" '5INRS = "N"

Checks for close-in fault show that this element will not operate in less than 0.4 seconds so there is no
danger of it tripping 3 pole before the zone 1 element trips the faulted phase selectively.

Check the coordination with the remote terminal 51N on the parallel line for a line end fault near BDE on the
parallel line. due to mutual coupling, this is the type of fault that will produce the most sensitivity (least
desensitization) with respect to the protection on the parallel line. see Figure 15. coordination is fine.

Worst case load unbalance with single pole open will be in the future if single pole tripping is enabled with
parallel line out of service. ASPEN OneL.iner shows that with 300 MVA of load on one line, and with one
phase open, the 310 current is approximately 380 A. The 51N relay with "Alternate™ settings will take
approximately 3.4 seconds to operate on 380 A primary. No danger of tripping on load unbalance during
SPO time.
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100010 2 3 45 7 100 2 345 7 1000 2 3 45 7 10000 2 3 45 7 1000
700 700
500 500
400 400
300 300
200 1.51INTL206 BDE SEL-\I TD=4.000 200
CTR=240 Pickup=0.5ANo inst. TP@12:0.4937S
o SRR PEAT AT
100 2.51IN TL202 SSD SEL-M TD=4.000 100
70 CTR=240 Pickup=0.5ANo inst. TP@12=0.4937s 70
3lo= 971.2A(40 secA) T= 0.63s ‘
50 I — \\Hﬁ)\um } 50
40 3.50/51N TL206 BDE IAC-53 TD=4.000 40
30 CTR=240 Pickup=0.5ANo inst. TP@12=0.538s 30
3|o— 502 9A(21 secA) T= 1.32s i
20 FHH A l 20
4,50/51N TLZOZ SSD IAC53 TD=4.000
Q\ }\ CTR=240 Pickup=0.5ANo inst. TP@12=0.538s
s10 3lo= 971.2A(40 secA)T= 0.67s 10
E \ \
c’ \ 7
Os \ 5
g 4 4
\ \
s 3 3
2 2
1 1
N 7
5 5
4 e S A = 4
3 3
2 2
1 A
07 07
05 05
04 04
03 - FAULT DESCRIPTION: 03
02 ' Line-End Faulton: 0 Sunnyside 230.kV-0BayD_Espoir 230.kV1L 1LG Type=A 02
o1 Faultl=902.4 A o1
710 2 3 45 7 100 2 345 7 1000 2 3 45 7 10000 2 3 45 7 '
CURRENT (A)
TIME-CURRENT CURVES @\oltage 230 kV By
For Coordination of ground time overcurrent elements No.
Comment With mutual coupling taken into consideration. Date

Figure 14 - coordination of ground time overcurrent elements for line end fault on TL202

close to BDE
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100010 2 345 7 100 2 3 45 7 1000 2 3 45 7 10000 2 3 45 7
700
500
400
300
200 1.5INTL206 BDE SEL-VI TD=4.000
CTR=240 Pickup=0.5ANo inst. TP@12=0.4937s
310=1030.3A(4.3 sec A) T= 0.60s
100 L LI FLLTT UL
2.51IN TL202 SSD SEL-M TD
70 CTR=240 Pickup=0.5ANo inst. TP@12—0.4937<
3lo= 447, 4A(19 secAT= 159s
50 R
40 3.50/51N TL206 BDE IAC-53 TD=4.000
30 CTR=240 Pickup=0.5ANo inst. TP@12=0.538s
3Io—10303Aﬂ43 s?c‘,‘A)‘T‘: ‘q"l‘)\'.‘_)a i
20 1 NRANSBEER
4. 50/51N TLZOZ SSD IAC53 TD=4000
K 4 CTR=240 Pickup=0.5ANo inst. TP@12=0.538s
S10 3lo= 4474A(19 secAT= 1.56s
E
c’ \
05 \ \
N 4
D \ \
s 3
2
1
7
5
3
2
1
07
.05
04
03— FAULT DESCRIPTION:
02 ' Line-End Faulton: 0 Bay D_Espoir 230.kV- 0 Sunnyside 230.KV2L 1LG Type=A
o1 Fault|=9614 A
710 2 345 7 100 2 345 7 1000 2 3 45 7 10000 2 3 45 7
CURRENT (A)
TIME-CURRENT CURVES @ \oltage 230 kV By
For Coordination of ground time overcurrent elements No.
Comment With mutual coupling taken into consideration. Date

Figure 15 - coordination of ground time overcurrent elements for line end fault on TL206

close to SSD
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Permissive Overreaching logic settings
EPOTT = "Y"

Z3RBD is set at remote breaker time plus channel reset time plus channel reset time plus zone 2 reset time. From
review of fault records it appears that the breaker time is 3 cycles. Channel reset time is not easily determined from
existing records but can conservatively be assumed to be 1 cycle, and relay reset time will also be about 1 cycle.
Total time for Z3RBD is then 5 cycles.

Z3RBD:=5 cycles
Echo block delay timer blocks the echo after the local elements have picked up. This can be set relatively

long since there is no significant need for the echo function shortly after the local terminal has just seen a
fault but the remote terminal has not. Set at 10 cycles as per the example in the instruction manual.

EBLKD := 10 cycles

Echo time delay on pickup should be set to override noise on the communications so that it doesn't echo noise.
Typical time according to the SEL application guide is 2 cycles. Since this delay only affects clearing time for
relatively light (high resistance) faults that are sensed by zone 2 function at one end, the typical setting is
acceptable.

ETDPU := 2 cycles
Echo duration should be long enough to ensure the permissive trip is received by the remote terminal and

should also be shorter than the Z3RBD time to ensure that the reverse blocking will always be longer than
any permissive trip received (including echo time stretching).

EDURD := 4  cycles

No need to enable week feed conversion to trip, since both terminals will be quite sensitive enough to detect
high resistance faults after the remote terminal has cleared. Therefore we can accept sequential (or "step™)
clearing with no need for the added insecurity of weak infeed tripping.

EWFC := "N"  No other communications logic settings are required for this application.

Switch on to Fault Settings

Switch on to fault logic will ensure the protection will operate when energizing the line onto a close-in three
phase fault when there is no polarizing voltage available for the distance elements.

ESOTF = "Y"

The breaker close signal is not available to the relay. The 52A method of enable SOTF will be used.
Therefore the Close end delay is not critical. Typical duration for enable SOTF is 10-15 cycles

ENCLO = "N" CLOEND =0 ENS2A = "Y" SOTFD := 15

Set 50H for high magnitude close-in multiphase faults with weakest source at BDE. It should be set less than
50% of the minimum close-in fault magnitude. Minimum close-in magnitude of a three phase fault with TL203 out
of service is 3300 A. Therefore desired maximum setting for 50H is 1700 A.

Imin3P_close_in := 3300

Imin3P_close_in

'50H = '50H = 6.875 A secondary
2CTR
Choose a setting of 6 A secondary for this element. '50H := 6 A secondary
MWW
Choose a setting for 52AEND less than the shortest reclose time. '52AEND := 30 cycles
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Residual overcurrent settings.

Tripping directly by instantaneous ground overcurrent is not applicable because it is not phase selective.
However it would be helpful to monitor steady state unbalance, and issue an alarm for continuous unbalance.
Set the detector at minimum or just at the point necessary to override normal unbalances.

ES0N =1 '50N1:= 0.25

Negative Sequence overcurrent settings.

Similar to ground overcurrent, apply a negative sequence overcurrent element to initiate an alarm for steady
state unbalances. Set the detector at minimum or just at the point necessary to override normal unbalances.

E50Q =1 '50Q1:= 0.25

Voltage Element Settings

Similar to unbalance current monitoring, it is helpful to have an unbalance voltage monitor to detect steady state
unbalances from the voltage supply.

EVOLT := "Y"

Set the zero sequence overvoltage element at 1% of rated voltage or just at the point necessary to override
normal unbalances. The zero sequence voltage element measures 3 times the zero sequence voltage.

kVbase-1000
ase '59N = 1.992 Say  '59N := 2 V secondary

59N := 3.0.01 —————
V3-VTR

L oss of Potential

Enable loss of potential settings. Advanced LOP settings are not available on this model of relay.

ELOP := "Y" Time delay of 1.25 cycles is commonly used. LOPD := 1.25

The 50 M element should be set above maximum load and below minimum fault current for a fault at the remote
terminal under weak source conditions. The maximum load for this case should be normal maximum, not
emergency maximum which only exists for a few minutes before the operator can act to reduce load.

Speak-1000
Imax_normal := _opeae 1.935 A secondary
\/3-kVbase-CTR
Minimum fault current for a remote three phase fault is I3Pmin = 619 A primary.

Minimum fault current for a remote phase to phase fault is 87% of the minimum three phase fault current level.

Dependability factor to be sure to operate for a minimum remote fault is chosen to be 1.6. DF:= 16
Maximum setting for 50M should be 0.8713Pmin = 1.402 In this case a setting of 2.4 A secondary
DF-CTR will be adequately dependable and secure.

'50M := 2.4A secondary

The 59QL setting should be above normal maximum unbalance and below the level expected for a blown VT fuse.
For a blown fuse, one phase voltage will be lost, and the negative sequence voltage will be roughly 33% of the
nominal positive sequence voltage. Choose a setting of 15% of the nominal positive sequence voltage. This will
be well above any normal unbalance.

Page F - 22 of 26 11/11/2010



PUB-NLH-163, Attachment 1

Page 126 of 425, Isl Int Sys Power Outages
Newfoundland and Labrador Hydro Protection Review for Five 230 kV APPENDIX F
Transmission lines SSD TL202 & TL206 P2

0.15-kVbase-1000
J3VIR '50QL = 10V secondary

'59QL = round[

The 59PL setting should be less than the minimum voltage to be expected for a remote bus fault under weakest
source conditions. There is no minimum setting (above zero) for this function. Choose a setting equal to half the
voltage drop along the line impedance at the pickup setting of the 50M element.

'59PL := round[0.5-('50M- | Z1Linesec|),0] |'59PL| = 10

Miscellaneous Scheme Settings

Pole discoordinance logic is not being used. EPOLD := "N" SPPDD := "N/A"
Enable single pole tripping by distance elements only ESPT := "Y"
Enable single pole open ESPO = "Y"

Set single pole open time delay for future SPO conditions SPOD := 0.25

3 Pole open reset delay to override small discrepancies in pole closing '3POD := 0.5
Stub line protection is not required ESTUB := "N" '50MFD := "N/A"
Trip unlatch logic not applied TULO := "N"

Loqic variables and Miscellaneous timers

Minimum trip duration timer is set at 9 cycles as per the application example in the SEL-321 instruction manual.

TDURD := 9 Cycles

Trip during open pole time delay should be set longer than the reclose time. Existing setting is OK.

TOPD :=55  Cycles
Proposed logic for X, and Y variables is intended to create a three pole trip if a permissive trip is received any
time within a period of 25 to 60 cycles after a single pole trip was asserted. This is presumably standard NL

Hydro logic. It enables more sensitive protection during the open pole period, because only one terminal has to
see a fault in order for the three pole trip to be implemented.

Retain existing settings except use time ZT to trigger an alarm for sustained unbalance.

LOGIC_Z := "59N+50N1+50Q1" TZPU := 1200  cycles TZDO =0 cycles

Il
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Tripping Logic

Permissive tripping is required only for instantaneous overreaching functions. No need for any functions that
trip directly. Existing 5INT word in MTCS is not required.

MTCS = "M2P+Z2G"
Unconditional tripping MTU := "M1P+Z1G+M2PT+Z2GT+51INT"

No need for existing direct tripping zone 1 functions in the switch on to fault logic.

SOTF Tripping MTO := "M2P+Z2G+50H"

Event records will be triggered automatically by all trip events. Other event record triggers should be by
starting of other elements to ensure capture of all relevant events. Events should be triggered by keying or
receiving permissive trips to ensure separation of relay and teleprotection issues.

MER := "M2P+Z2G+51IN+LOP*52AA1+LOP*52AA2+KEY+PT+EKEY"

OQutputs

Retain existing output assignments except add the continuous unbalance alarm to OUT15.

OUT15 := "LOP*50L+ZT"

Input Contact Assignment

It would be desirable to provide phase segregated inputs to the relay so that the quadrilateral functions could
be disabled during single pole open conditions. However, separate inputs are not presently available for phase
segregated breaker status inputs. It is recommended to replace the existing automatic reclosing logic so that
additional inputs can be freed up. Alternatively an SEL2506 unit could be added to allow for additional 1/0
through mirrored bits.
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21P2 TL202 S50 IS
CTR=240 PTR=2000
fone 1. Z1P=6.44.
fone 2: FZZP=1040. Z2PD=18.00cy

Zone 3: F3P=1.05. 73PD=2000.00cy

Line 7= 8.A89% 81.7 sec Ohm ([ 71.58 Ohm)

Type=sEL321P__

APPENDIX F
SSD TL202 & TL206 P2

21P2 TL20Z SSDALT
CTR=240 PTR=2000
Lone 1. Z1P=6.44.
fone 2; Z2P=11.20. Z2PD=18.00cy

fone 3: £3P=4.30. F3PD=2000.00cy

Line /= B8.53& 81.7 sec Ohm {71.53 Ohm)

Type=SELFZTP

Figure 16 - Comparison between existing (red) and proposed new (blue) phase distance characteristics.
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LU
21M2 TL202 350 1S Type=sEL32NG
CTR=240 PTRE=2000
180| Zone 1: XG1=6.44. RG1=12.00. Z1MG=6.44.
fone 20 XG2=10.40, RG2=12.00. Z2MG=10.40. Z2PD=60.00cy
fone 3 ¥E3=2.05. RG3=14.400 F3MG=2.045.
160 kOMT=0.915 kOAT=1 kOM=0.915 k0A=1 T=-5.76
Line /= 84595 51.7 sec Ohm (71.558 Ohm)
140 21M2 TL202 S50 ALT Type=5SEL321G__
“|| CTR=240 PTR=2000
Zone 1: ¥G1=6.44. RG1=20.00. F1MG=F.44.
fone 20 RG2=12100 RG2=30.00. Z2MG=12.10. Z2PD=60.00cy
120-| fLone 3: XE3=5.80. RG3I=28.00. F3MG=5.80.
kOMT=0.915 kOAT=1 kOM=0.915 kOA=1 T=-5.00
Line 7= 859 81.7 sec Ohm ( 71.58 Ohm)
'1||'||'|
a0
B0 ]
40
20+
I I I I I
20 ] ad 100 120 140 160 1

Figure 17 - Comparison between existing (red) and proposed new (blue) ground distance characteristics.
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Protection Review for Five 230 kV Transmission Lines

Appendix G
Detailed settings review for SSD TL 203

"P1" protection.

Settings recommended to be changed from existing are highlighted.

Prepared for:
Newfoundland and Labrador hydro

Prepared by: C. F. Henville, Henville Consulting Inc.
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Scope

To review the existing settings of the P1 protection systems for the Sunnyside (SSD) terminal of circuits
TL203 . This 230 kV transmission circuit is from Sunnyside (SSD) to Western Avalon (WAV)
The circuit runs parallel to TL237 for most of its length.

138 kV and 60 kV system

Stonybrook
(STB)
S
<
L204 —;L
105 km L Sunnyside
(SSD) L203 45 km
L231 L206 142k
105 km m
L237 44.5km
O L202 142 km L207 :
6.7
Bay km Western
D’Espoir Avalon
(BDE) Come by . (WAV)
Chance | |
(CBC) >
FXAMMATIRALALY Y

Fiqure 1 - System Single Line Diagram

Existing P1 protection systems are Areva LZFP111 (Optimho) systems with permissive overreaching transfer trip
and single phase tripping and reclosing. Automatic reclosing is provided by external logic.

Definitions
MVAbase-1000 kaase2
MVAbase := 100 kVbase := 230 lbase i = —— Zbase .= ———
kaase.-\/_3 MVAbase
j=y-1
Instrument Transformers
Two breakers are provided at each line terminal.
CT ratio is: CTR = ﬂ VT ratio is: VTR = ﬂ
1

5

Accuracies of instrument transformers are not reviewed. Since this protection has been in service for more
than 10 years, it is assumed that experience has shown they are satisfactory. Fault levels are not changing
from the initial application so duties of maximum currents through CTs have not increased significantly.

Page G - 2 of 14 11/11/2010



PUB-NLH-163, Attachment 1

Page 132 of 425, Isl Int Sys Power Outages
Newfoundland and Labrador Hydro Protection Review for Five 230 kV APPENDIX G
Transmission Lines SSD TL203 P1

Fault Study Results

Using ASPEN OneLiner Case “Hydro Interconnected System (2010-08-13) V10.olr” with zero
sequence mutual coupling added. Faults are simulated from "From a linear network solution” fault
option with all shunts ignored (unless needed for load flow simulation).

Minimum fault current seen by each terminal (phase to phase, and SLG with 100 ohm fault resistance).

At SSD, with Circuit TL202 out of service, and TL207 and TL237 lines in service, for a fault at the remote
terminal.

ILLmin:=738 A ISLGminPH: =811 A ISLGminOseq := 556 A

The optimho current level detectors that block the distance comparators in the event of line opening are fixed at 5%
of the rated current, or 0.25 A secondary, or 60 A primary. They will have no difficulty in operating for minimum fault
levels. However, the ground distance elements are also supervised by a low set neutral current level detector
(LDLSN that requires the neutral current to be greater than 10% of the maximum amplitude of phase difference
current. This prevents the ground comparators from operating during close-in multiphase faults with CT errors.
ASPEN OneLiner shows that for a bolted fault at the remote bus even under heavy load, there is sufficient neutral
current (22% of maximum phase to phase fault current) that means this LDLSN function does not inhibit the ground
distance comparator.

Calculate the minimum negative sequence source impedances behind each terminal. This will be with all
generation on line, with the parallel line in service and with the remote end of the line open.

Minimum source impedance behind SSD Z2minSSD := 3.22 +j-27.90 ohms primary
Minimum um source impedance behind WAV Z2minWAYV = 2.75 +j-27.64 ohms primary
SSD 2.94 pu WAV
_>

O ®

'9E '
195pu . 1.95 pu o

Figure 2 - 3 Phase Fault at WAV

SSD 4.77 pu WAV
—
©— | —)
| . 4.13 pu 4.13 pu
20.0 pu#]d—— CBC G-

Figure 3 - 3 Phase Fault at SSD
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SSD 2.49 pu WAV
_>

S e ®

1.95pu 1.95 pu
—& CBC —& 21.65 pu&

Figure 4 - SLG Fault at WAV (310 currents)

SSD 3.44 pu WAV
—

o+— ®

2.70pu ' 270 pu
19.8 puﬁ‘ CBC 4—

Figure 5 - SLG Fault at SSD (3I0 currents)

SSD 4.22 pu WAV
—

O ®

358pu ' 358pu
=28 cee =220 21.65 pu &

Figure 6 - SLG Fault at WAV (Phase currents)

SSD 4.3 pu WAV
—
O—— -®
3.63
19.8 pu pu CBC 3.63 pu

Figure 7 - SLG Fault at SSD (Phase currents)
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Line impedances.

Line impedances (per unit on 230 kV, 100 MVA base):

Z11L.203 := 0.0085 +j-0.04238 Z0L203 := 0.02337 +j-0.15876
In primary ohms
Z11L.203pri := Z1L203-Zbase Z0L203pri := Z0L203-Zbase

In secondary ohms

. . CTR
Z1Linesec := Z1L203pri-

. . CTR
Z0Linesec := Z0L203pri-

|ZlLinesec| =2.744 arg(Z1lLinesec) = 78.659-deg

|zoLinesec| = 10.187 arg(ZOLinesec) = 81.626-deg

Zero sequence mutual coupling between TL203 and TL237 is Z0m := 0.0132 + j-0.0697 (per unit)
Load Data

From 2010 System peak load case provided in start up information, the peak load is given as 132.6 MVA (with
TL203, TL207 and TL237 in service). Th ehighest load of the three lines is TL207 with a load of 138.4 MVA. In
the event of sudden loss of TL207. Peak load in TL203 will increase to take up the lost load through TL207.
Thus the peak load in TL203 will be slightly more than double until operators can adjust loads.

Speak_203:=132.6 MVA Speak 207:=138.4 MVA

Smax := Speak_203 + Speak 207 = 271 MVA
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P1 Relay Settings

Distance element reach settings

Note that resistive reaches are forced to be the same for all zones. Reactive reaches for phase and ground distance
elements must be the same as each other.

Zone l

NL Hydro normal practice is to set Zone 1 reach to 85% of line impedance. This will be OK if line is long and voltages
for line end fault are greater than 20% of nominal. Check the maximum source impedance to a fault at the SSD
Station bus under weak source conditions with TL202 out of service and all of TL203. TL207 and TL237 lines in
service. From ASPEN OneLiner, voltage at SSD for a 3 phase fault at WAV is 0.14 per unit. So there is less than 20%
voltage at SSD during a fault at WAV under weak source conditions.

Since the voltage is not higher than 20%, the line is considered short, and a reduced Zone 1 setting is
recommended to provide more security. Initially, try to choose a setting of 80% of nominal.

Z1P := 0.8-|Z1Linesed] ZIP =22 Ohms secondary

Existing setting of 2.38 ohms is a little high, and should be reduced especially as the ground distance function will be
subject to a little overreach if TL237 is out of service and grounded at both ends. The ground distance reach in the
optimho has to be set the same as the phase distance reach; so we need to consider the ground faults too.

The reach of the ground distance element will limit the reach of the zone 1 function. It can be seen from Figure 8 that
the apparent impedance presented to the relay for a fault at the remote bus when the parallel line is out of service
and grounded at both ends is less than the line impedance.

Zapp_ext := 2.47 ohms Zapp_ang := 79.2deg This angle is close enough to the line angle to treat it as
equal to the line angle.

Zapp_ext 0.9 The apparent impedance is reduced by about 10% due to the effect of the parallel

|z1Linese] line being out of service and grounded at both ends.
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21M1 TL203 S50 Type=LFIF111q
a0 | CTR=240 PTR=2000 Min I= 0.504
Char ang= 85.0deq, Dir blinder= 85.0deg

fone 1; ¥=2.38 sec Ohm, R+=12.00 F-=-14 .40 T=0.0s
70— fone 2 ¥=3.62 sec Ohm, B+=12.00 F-=-14.40 T=1.00s
Line 7= 274 78.7 sec Ohm [ 22.87 Ohm)
Apparent impedances plotted (K=0.90G4.17
BO0— Yallla+3klol= 2.47579.2 sec Ohrm (2058 Ohrn).
YWhillb+3KI0l= 23 46E-29.9 sec Ohm (195.50 Ohm).
Woflo+3klol= 23.23E-171.1 sec Ohm (193.60 Ohrn).
S0+ Relay response: Zone 2 tripped. Delay=1.00=,
<A UNIT - Lone 2 Tripped.

B UMT : All zones restrained.

CLUMT - All zones restrained.
Wlare details in TTY window,

in % {
FAULT DESCRIPTION:
Bus Fault on: 0 YWest. Avalon 2300 kW TLG Type=A

40—

APPENDIX G
SSD TL203 P1

Branch outage: 0 %West. Avalon 2Z30.kN - 0 ComeByChance 230.k% 1L Ends gr?unded with R=0

[ | [ [ [ [ [ [ [
-10 10 20 o 70 g0 50 100 10

-10

Figure 8 - Apparent impedance to a fault just beyond the remote terminal is reduced by 10% when parallel

line is out of service and grounded at both ends.

The normal reach of the zone 1 should be reduced to less than 85% of the line impedance to make it more

secure against misoperation for a fault. Choose a setting of 75% of the line impedance, which is lower than the
setting required to make the zone 1 element more secure for faults beyond the end of this short line. Note that as
will be seen later, the reduced reactive reach is required to allow a relatively large resistive reach for sensitivity

while retaining security against overreach due to CT and VT errors.

Let the per unit reach of the Zone 1 function be m% of the line. m=075  per unit
Z1_sec:=m- |ZlLinesec| Z1_sec = 2.06 Ohms secondary

=17.149 Ohms primary

. VTR
Zlpri:= Z1_sec: c

Zone 2
NL Hydro normal practice is to set Zone 2 reach t0125%-130% of line impedance

Existing setting is 3.62 ohms secondary (about 132%). However, in order to dependably reach a single line
to ground fault at the remote terminal, it will be necessary to set the reach significantly further.
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80—
21M1 TL203 550 Type=LFZP111qg
20— CTR=240 PTR=2000 Min I= 0.504

Char ang= 85.0deq, Dir blinder= 85.0deg

fone 1; ¥=238 sec Ohm, R+=12.00 F-=-14 .40 T=0.0s
70— fone 2 ¥=3.62 sec Ohm, B+=12.00 F-=-14 .40 T=1.00s
Line /= 274 78.7 sec Ohm [ 22.87 Ohm)
Apparent impedances plotted (K=0.90G4.17
B0— Yallla+3klol= 3.25@78.4 sec Ohm (27.07 Ohrn).
Yhillb+3KI0}= 38 96E-29.8 sec Ohm (324 .66 Ohm).
Yoflo+3klol= 38.25@E-173.8 sec Ohm (318.78 Ohrn).
50— | Relay response: Zone 2 tripped. Delay=1.00s.
A UNIT - Lane 2 Tripped.

B UMT : All zones restrained.
40— CLUMT - All zones restrained.
Wlare details in TTY window,

D H
g [
10—
[ [ [ [ [ I [ [
-10 m 20 o 70 80 90 10
10 FAULT DESCRIPTION:

Close-In Fault on: 0 West. Avalon 230.kY - 0 Sunnyside 230N 1L LG Type=A,

Figure 9 - Apparent impedance to a fault close to the remote terminal is increased by 19% when parallel
lineis in service.

As can be seen from Figure 9, the apparent impedance to a fault close to the remote terminal is increased when the
parallel line is in service.

Zapp_int := 3.25 Ohms secondary

. Z2_sec
Z2_sec := 1.25-Zapp_int Z2 sec=4.1 Ohms secondary = _148.058-%

ZlLinesec|

= 33.854 Ohms primary

) VTR
Z2_pri:=Z2_sec:
CTR

The zone 2 timer will be enabled, but with a reduced setting to 0.3 second. This reduced delay is required for
coordination for severe single line to ground faults with communications assistance not available. For such faults,
faster clearing than is available from the ground time overcurrent protection in the P2 protection is required.

This element will not overreach the zone 1 function on the shortest line (TL237) out of WAV when infeed from WAV is
taken into account. In fact, this element reaches less than 35% of TL237 (with the CBC termnal open)

Z2T:=0.3 Seconds
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Zone 3

The zone 3 function is not used since the POR1 scheme does not include an echo function so there is no need for
any reverse blocking function. Since the Zone 2 timer has to be set with the coordination of the ground distance
element in mind, it is set at 2 second; so there is no benefit in applying a longer reaching zone 3 function.

Zone 3 element is blocked - same as existing.

Load Encroachment logic

The optimho instruction manual recommends a margin of at least 10% between the impedance of the maximum
load and the resistive reach of the quadrilateral distance element.

Check loadability of the Zone 2 phase distance element assuming worst case depressed voltage of a stressed
system of 0.9 per unit.

_ (0.9kVbase)”

Zloadmin := Zloadmin = 158.114  Ohms primary (assume worst case at 30 degrees)

Smax

Zloadmin_sec := Zloadmin-

Zloadmin_sec = 18.974

A 13 ohm secondary resistive reach is less than 90% of the load impedance at anyypower factor and meets the Areva
criterion.

21P1 TL203 S50 ALT Type=LFZP111m
100+ | CTR=240 PTR=2000 Min |= 0.504
Zone 1: =206 sec Ohm i@ 80.0 deg. T=0.0s
Lone 2 7=4.10 sec Ohm & 80.0 deg. T=1.005
Line 7= 2.74i@ 78.7 sec Ohm [ 22.87 Ohm)

80—

21M1 TL203 55D ALT Type=LFZF111g
CTR=240 PTR=2000 Min = 0.50A,
Char ang= 85.0deq, Dir blinder= 85.0deg
fone 1; ¥=2.06 sec Ohm, R+=12.00 F-=-14 40 T=0.05
fone 2; ¥=4.10 sec Ohm, R+=12.00 F-=-14.40 T=1.00s
40| Line £= 274G 78.7 sec Ohm [ 22.87 Ohm)

ol |

a 20 40 n 120 140 160

B0

20

Figure 10 - Apparent impedance of load
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The maximum advisable resistive reach can be found from the equation (3) in Appendix A Quadrilateral
Reactive Reach Versus Resistive Reach Setting Guideline from the paper Digital Communications for
Power System Protection: Security, Availability, and Speed. This paper is obtainable at www.selinc.com.

From this equation, the maximum advisable resistive reach, assuming angular maximum errors of 3
degrees, in measurement by CTs, VTs and the relay, can be determined.

R1Qmax := round[(1 — m)-20-Im(Z1Linesec), 2] ohm

R1Qmax = 13.45Q This is the maximum secure setting for the resistive reach and is less than the existing
zone 1 resistive reach setting. The existing setting of 12 ohms will be secure enough - but

will it be sensitive enough?

With the existing resistive reach setting of 12 ohms, there will be a region of 10% of the line in which neither
terminal will see a 100 ohm fault. If the resistive reach is increased to 13 ohms, one or the other terminal will
(just) be able to sense a 100 ohm SLG on any portion of the line.

Increase the resistive reach setting from 12 to 13 ohms

Rquad := 13 ohms secondary.

Check the maximum fault resistance that can be sensed for a fault at a location where the current contribution from
each terminal is roughly the same. From Figure 11, it can be seen that the limit of sensitivity is about 100 ohms, for
a fault about 44% of the distance from SSD. This meets the required sensitivity of 100 ohms.

2101 TL203 S50 ALT Type=LFZP111q

CTR=240 PTR=2000 Min I= 0.50A

Char ang= 85.0deq, Dir blinder= 85.0deg
Fone 1 ¥=2.06 sec Ohm, R+=13.00 B-=-15.60 T=0.0s
Fone 2 ¥=4.10 sec Ohm, R+=13.00 R-=-15.60 T=1.0054

Line 7= 2743 78.7 sec Ohm ([ 2287 Ohm)

Apparent impedances platted (K=0.90&5.0):
Vallla+3klo)= 12 73@3.0 sec Ohm (106.08 Ohm). g
Whillb+3klo)= 29 69@-107 .7 sec Ohm (247 42 Ohm).
Veflo+3klo)= 301281316 sec Ohm (251.00 Ohm).

Relay response: Zone 1 tripped. Delay=0.0s.

S A UNIT - Zone 1 Tripped.

B UNIT : All zones restrained.
CUNIT : All zones restrained.
hore details in TTY window.

120

B0

40+

2101 TL203 WAN ALT Type=LFZP111q

CTR=240 PTR=2000 Min I= 0.50A

Char ang= 35.0deq, Dir blinder= 85.0deg
fone 1: ¥=2.06 sec Ohm, R+=13.00 R-=-15.60 T=0.0s
fone 2 #=4 40 sec Ohm, R+=13.00,R-=-15.60 T=1.00s

Line 7= 274@ 787 sec Ohm (22.57 Ohm)

Apparent impedances plotted (kK=091&5.00:
Yallla+3klo)= 13.0964.3 sec Ohm (109.04 Ohrn).
Whiflb+3klo)= 26.81@-108.6 sec Ohm (223.40 Ohm).
Wedlo+Hakla)= 27 99E130.5 sec Ohm (233.22 Ohm).

Relay response: Zone 1 tripped. Delay=0.0s.

S AUNIT : Zone 1 Tripped.

B UMT : All zones restrained.
CUMT - All zones restrained.

|

20 40

FAULT DESCRIPTION: -20

Interm. Fault on: 0 Sunnyside 230.kY - !II Wyest. Avalon 230.k% 1L 1LG 44.00% Type=A R=100

Figure 11 - Apparent impedance of a resistive fault near the mid point of the line.
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Settings of K attenuators

KZPh Coarse setting common to all DISTANCE zones should be set as high as possible while below the
required Zone 1 reach. The current level detectors vary inversely with KZph. Maximum setting available is 1.0

KZPh :=1.0

Zone 1 attenuators and angular selection

In:=5 Z1 sec = 2.06 This is the desired secondary reach (previously calculated)
Z1_sec 5
KZ1 = ———— KZ1 = 2.06 Zlsec_reach := KZ1-KZPh-— Zlsec_reach = 2.06

I
KZPh-i :
In

Z6PH = (arg(Z1Linesec)) Z6PH = 78.659-deg

Rounded to the nearest 5 degrees ZOPH := 80 Degrees
MWW

ZON := arg(ZOLinesec — Z1Linesec) Z6N = 82.7-deg

Rounded to the nearest 5 degrees ZON := 85 Degrees
MWW

Zone 2 attenuators selection
Z2 sec = 4.1 This is the desired secondary reach (previously calculated)

Z2 sec
KZ2 =———— KZ2 =4.1

5
[KZPh-—j
In

Zone 3 is not used

QUAD Resistive Reach setting

Rquad = 13 This is the desired secondary reach (previously calculated)

_ Rquad

Residual Compensation attenuators selection

KR =13

Zero sequence current compensation for ground faults is provided by the KZN factor. Zero sequence mutual
compensation is not used in this application (it causes extra complexity for only moderate gain in setting accuracy).

ZO0Linesec — Z1Linesec .
KZN := KZPh KZN = 0.903 + 0.064j

3-Z1Linesec

|KZN| = 0.905 This the same as the existing setting
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Switch On To Fault (SOTF) Protection.

If SOTF is enabled, it can be set to 200ms or 110 s after all poles of the line have been de-energized. The 110 s
setting is intended to override automatic reclosing dead time. However it makes more sense to enable after the
shorter time. Once the SOTF feature has been initiated, it remains in effect for 250ms after the line has been
re-energized. The SOTF tripping options are:

a) Any distance comparator.
b) Any current level detector as long as a corresponding voltage level detector has not picked up within 20ms.
c) Either current or distance, as long as a corresponding voltage level detector has not picked up within 20ms.

SOTF := "Enabled"
SOTF_TIME := 0.20 Seconds

Elements_in_SOTF := "BOTH" (Both Comparators and current level detectors).

Power Swing Detector

This element will not be used. It will be left Blocked, and if there is a power swing, the distance elements will trip
naturally.

VT Supervision
Set the VT supervision to BLOCK TRIP

Set the VT fail detection to SELF RESET this is as existing on TL202 and TL207, but different from the existing on
TL203.

SELF_RESETTING := "ENABLED"

Start Indication

This function will bring up information on the LCD screen of the relay if a start event occurs. This function will not be
used.

START_INDICATION := "BLOCKED"

Communications assisted logic.

The existing communications assisted logic is permissive overreaching transfer trip, scheme POR 1. This
scheme is familiar to Newfoundland and Labrador Hydro, and even though the POR 2 scheme offers the
advantage of weak infeed echo, which would help the sensitivity to resistive faults, it is not recommended to
change the existing scheme logic at this stage with years of experience on a product that is nearing the end of its
useful life.

The POR 1 logic is a basic permissive overreaching transfer trip scheme but it does include current reversal
timers to increase security against misoperation due to current reversal when a fault on the parallel line is cleared
sequentially. The current reversal logic is achieved by a timer TP which will block permissive tripping and keying
of permissive trip if the local zone 2 element does not pick up within a reasonable time of receiving permissive
trip. The block will be maintained for a time delay of TD after the local zone 2 element picks up, or the received
permissive trip signal resets.

The application of the current reversal timers is required only if the settings of the zone 2 comparators are greater than
1.5 times the line impedance. Since the reaches of these elements are less than or equal to 1.5 times the line
impedance, the current reversal logic is not required, and the recommended default settings are as existing>

TP :=98 ms

TD:=0 ms
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Comparison of Existing (I/S) and Proposed alternative (ALT ) settings.

-10

A0+

45

40—

35—

30—

25—

20—

15—

10—

-5

21P1 TL203 55D 1S Type=LFZP111m
CTR=240 PTR=2000 Min = 0.50A
fone 1: 7=2.38 sec Ohm & 80.0 deg. T=0.0s
fone 2 7=3. B2 sec Ohm & 80.0 deg. T=1.00%
Line Z= Z2.74@ 78.7 sec Ohm (22.87 Ohm)

21P1 TL203 S50 ALT Type=LFF111m
CTR=240 PTR=2000 Min |= 0504
fane 1. 7=2.068 sec Ohm & 80.0 deg. T=0.0s
fone 2: 7=4.10 sec Ohm @ 80.0 deg. T=1.00=
Line 7= 274i@ 73.7 sec Ohm {2287 Ohm)

Figure 12 - Comparison of phase distance characteristics
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1720
21M1 TL203 55D I1F5 Type=LFZP111yg
CTR=240 PTR=2000 Min I= 0.504
Char ang= 85.0deq, Dir blinder= 85.0deg
fone 1: ¥=2.38 sec Ohm, B+=12.00 F-=-14.40 T=0.0s
fone 20 ¥=3 62 sec Ohm, R4+=12.00 R-=-14 40 T=1.00=

Line 7= 274 787 sec Ohm ([ 22.87 Ohm)
Hll—i

21M1T TL203 S50 ALT Type=LFZP111q
CTR=240 PTR=2000 Min I= 0.504
Char ang= 85.0deq, Dir blinder= 85.0deg
fone 1: ¥=2.06 sec Ohm, R+=13.00 F-=-15.60 T=0.0s
Fone 2: ¥=4 10 sec Ohm, R4+=13.00 R-=-15E0 T=1.00=
Line Z= 2.74i@ 73.7 sec Ohm (22.87 Ohm)

_____
I
11
]
i
.
N

I
-20 20 41

Figure 13 - Comparison of ground distance characteristics
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Protection Review for Five 230 kV Transmission Lines

Appendix H
Detailed settings review for SSD TL 203

"'P2" protection.

Settings recommended to be changed from existing are highlighted.

Prepared for:
Newfoundland and Labrador hydro

Prepared by: C. F. Henville, Henville Consulting Inc.
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Scope

To review the existing settings of the P2 protection systems for the Sunnyside (SSD) terminal of circuits TL203 .
This 230 kV transmission circuit is from Sunnyside (SSD) to Western Avalon (WAV)
The circuit runs parallel to TL237 for most of its length.

138 kV and 60 kV system

Stonybrook
(STB)
Es
L204 —qaL
105 km uh Sunnyside
(SSD) L203 45 km
1231 L206 142k
105 km m
L237 44.5km
O 1202 142 km L207 :
6.7
Bay km Western
D’Espoir Avalon
(BDE) Come by - (WAV)
Chance | |
(CBC) >
EXAAMATERAAAAY Y

Figure 1 - System Single Line Diagram

Existing P2 protection systems are SEL321 systems with permissive overreaching transfer trip and single phase
tripping and reclosing. Automatic reclosing is provided by external logic.

Definitions
2
MV Abase := 100 kVbase := 230 Ibase := w Zbase := k\/bi
kaase-\/§ MVAbase
j=v-1
Instrument Transformers
Two breakers are provided at each line terminal.
CT ratio is: CTR := @ VT ratio is: VTR := m
5 1

Accuracies of instrument transformers are not reviewed. Since this protection has been in service for more
than 10 years, it is assumed that experience has shown they are satisfactory. Fault levels are not changing
from the initial application so duties of maximum currents through CTs have not increased significantly.
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Fault Study Results

Using ASPEN OneLiner Case “Hydro Interconnected System (2010-08-13) V10.olr ” with zero sequence
mutual coupling added. Faults are simulated from "From a linear network solution™ fault option with all
shunts ignored (unless needed for load flow simulation).

Minimum fault current seen by each terminal (multiphase and SLG with 100 ohm fault resistance).

At SSD, with Circuit TL202 out of service, and TL207 and TL237 lines in service, for a fault at the remote
terminal.

I3Pmin := 845 ISLGminPH := 811 A ISLGminOseq := 556 A

The current for a phase to phase fault would be lower, but the current supervision element of the SEL321
measures phase to phase currents, and the phase to phase current for a phase to phase fault is twice the phase
current.

Calculate the minimum negative sequence source impedances behind each terminal. This will be with all
generation on line, with the parallel line in service and with the remote end of the line open.

Minimum source impedance behind SSD Z2minSSD := 3.22 + j-27.90 ohms primary
Minimum um source impedance behind WAV Z2minWAYV = 2.75 + j-27.64  ohms primary
SSD 2.94 pu WAV
_>

= ®

1.95E '
u CBC 1.95 Eu 21.7 pu

Figure 2 - 3 Phase Fault at WAV

SSD 4.77 pu WAV
—

H— ®

4.13 pu 4.13 pu
20.0 pu 34— CBC <—p

Figure 3 - 3 Phase Fault at SSD

Page H - 3 of 28 16/11/2010



PUB-NLH-163, Attachment 1
Page 147 of 425, Isl Int Sys Power Outages

Newfoundland and Labrador Hydro Protection Review for Five 230 kV APPENDIX H
Transmission Lines SSD TL203 P2
SSD 2.49 pu WAV
_>

H— ®

1.95
——§ cBC 1'—95& 21.65 pu &

Figure 4 - SLG Fault at WAV (310 currents)

SSD 3.44 pu WAV
. E—

o -®

270pu ' 270 pu
19.8 pu& < CBC e4—

Figure 5 - SLG Fault at SSD (310 currents)

SSD 4.22 pu WAV
——l

H— ®

|
3.58 pu 3.58 pu
=220 cee 228 21.65 pu %

Figure 6 - SLG Fault at WAV (Phase currents)

SSD 4.3 pu WAV
—
O——— -©
19.8 pubf QP cpe 330

Figure 7 - SLG Fault at SSD (Phase currents)
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Line impedances.

Line impedances (per unit on 230 kV, 100 MVA base):

Z1L.203 := 0.0085 + j-0.04238 Z0L203 := 0.02337 + j-0.15876

In primary ohms

Z11.203pri := Z1L203-Zbase Z0L203pri := Z0L203-Zbase

In secondary ohms

CTR CTR
Z1Llinesec := Z1L.203pri-—— ZOLinesec := Z0L203pri-——
VTR VTR

| Z1Linesec| = 2.744 arg(Z1Linesec) = 78.659-deg
| ZOLinesec| = 10.187 arg(ZOLinesec) = 81.626-deg

Zero sequence mutual coupling between TL203 and TL237 is Z0m := 0.0132 + j-0.0697

The existing line impedance settings are slightly different from the line data book. They should be adjusted to
improve the accuracy of the fault location algorithm.

Load Data

From 2010 System peak load case provided in start up information, the peak load is given as 132.6 MVA (with
TL203, TL207 and TL237 in service). Th ehighest load of the three lines is TL207 with a load of 138.4 MVA. In the
event of sudden loss of TL207. Peak load in TL203 will increase to take up the lost load through TL207. Thus the
peak load in TL203 will be slightly more than double until operators can adjust loads.

Speak 203 := 132.6 MVA Speak 207 := 138.4 MVA

Smax := Speak_203 + Speak_207 = 271 MVA
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P2 Relay Settings

The existing line impedance settings are slightly different from the line data book. They should be adjusted to
improve the accuracy of the fault location algorithm.

arg(Z1Linesec)

ZIMAG := |Z1Linesec| ZIMAG = 2.74 Z1ANG : -
eg

Z1ANG = 78.7

Z0Li
ZOMAG := |ZOLinesec| ZOMAG = 102  ZOANG == w ZOANG = 81.6
eg

LL203 := 44.53

In order to obtain sensitivity to 100 ohm single line to ground faults, the echo function will be needed. Enable two
forward and one reverse zone.

PMHOZ = 3 GMHOZ := 3 QUADZ =3

DIR1:=F DIR2 := F DIR3:=R

Mho phase distance functions

Zonel

NL Hydro normal practice is to set Zone 1 reach to 85% of line impedance. This will be OK if the line is long and
voltages for line end fault are greater than 20% of nominal. Check the maximum source impedance to a fault at the
SSD Station bus under weak source conditions with TL202 out of service and all of TL203, TL207 and TL237 lines
in service. From ASPEN OneL.iner, voltage at SSD for a 3 phase fault at WAV is 0.14 per unit. So there is less than
20% voltage at SSD during a fault at WAV under weak source conditions.

Since the voltage is not higher than 20%, the line is considered short, and a reduced Zone 1 setting is
recommended to provide more security. Choose a setting of 80% of nominal.

Z1P := 0.8-|Z1Linesec| Z1IP =22 Ohms secondary

Existing setting of 2.38 ohms is a little high, and will be reduced.
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Zone 2
NL Hydro normal practice is to set Zone 2 reach t0125%-130% of line impedance

Existing setting is 3.62 ohms secondary (about 132%) and is acceptable. No need to change.

Z2P := 1.32-|Z1Linesec]| Z2P =362  Ohms secondary

As can be seen from Figure 8, this element (with the proposed new setting) slightly overreaches the zone 1
element at the WAV terminal of TL237 without infeed. However, when the effects of infeed at WAV are
considered, the Zone 2 at SSD will reach no more than 10% along TL237. Therefore there is no danger of the SSD
Zone 2 element overreaching the WAV TL234 Zone 1 element.

The existing Zone 2 timer setting of 18 cycles will be appropriate.

Z2PD := 18 cycles

Zone 3

Set Zone 3 reverse element to reach further behind this terminal than the remote Zone 2. This function adds
security for external faults. The element should always be more sensitive than the forward looking Zone 2 at the
remote terminal. Set it the same as the remote Zone 2 overreach plus 20%

Z3P := ZIMAG- P -1+ .2 Z3P =14 Ohms secondary
Z1IMAG
Z3P . This is a little higher than the existing setting, but
|ZIMAG]| =52:% of line length provides additional security.

The reverse looking zone 3 element need not be set to trip through a timer. It is needed only for security in the
POTT scheme.

Page H - 7 of 28 16/11/2010



30—

5]
FAULT DESCRIPTION:

=, Interm. Fault on: D Wyest. Awalon 230k - 0 ComeByChance 2500k 1L LG 15.00%

with end npenedf“f

PUB-NLH-163, Attachment 1

Page 151 of 425, Isl Int Sys Power Outages
Newfoundland and Labrador Hydro Protection Review for Five 230 kV

Transmission Lines

45/_\
Y,

~21P2 TL203 S50 ALT Type=SEL321P__
CTR=240 PTR=2000
Zone 1 Z1P=222,
Lone 2 Z2P=3062. ZZPD=18.00cy
Zone 3; Z3P=1.40. Z3P0=2000.00cy
Line Z= 274G V8.7 sec Ohm (22.87 Ohm)
Apparent impedances plotted:

Al relay units are restrained. Delay=0000s,
h-'h:ur)e details in TTY window.

(vb-velf(lb-le)= 3.77@78.4 sec Ohm (31.44 Ohm).
(Ve-valllle-la)= 3.77@78.4 sec Ohm (31.44 Ohm).
(Va-vbiflla-lbj= 3.77@78.4 sec Ohm (31.44 Ohm).

=

™

2P TL237 wyhy Type=5SEL 321hha
CTR=240 PTR=2000 Min |= 0504

fane 1. Z=2.34 sec Ohm @@ 80.1 deg. T=0.0s

fone 20 7=3.20 sec Ohm @ 80.1 deg. T=0.30=

fone 3. Z=0054 sec Ohm @ 260.1 deg. T=0.08s
Line /= 2.76E 80.1 sec Ohm [ 22.83 Ohm)
Apparent impedances plotted:

Relay response; Zone 1 tripped. Delay=0.0s.
< B-C UNIT: Zone 1 Tripped.
S C-A UNIT: Zone 1 Tripped.
< A-B UNIT: Zone 1 Tripped.

(vb-ve)/lb-lc)= 0.41@60.1 sec Ohm (3.45 Ohm),
(ve-val/lc-la)= 0.41@80.1 sec Ohm (3.45 Ohm),
(va-wbi/{la-Ibj= 0.41@80.1 sec Ohm (3.45 Ohm),

\5'

Figure 8 - Existing SSD TL203 Zone 2 reaches less than 15% of the distance along

10 14 20 25 30 34

APPENDIX H
SSD TL203 P2

TL237 (shortest line out of WAV) with infeed, and coordinates with zone 1 on this line.
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Mho phase distance current supervision

If the current supervision elements can be set above load, they will be secure in the event that potential is lost.
However given that loss of potential logic is available, it is recommended that only the zone 1 current
supervision function be set above load. If potential is lost, it will be able to block tripping by Zone 2 before it
trips on time delay or receives a permissive trip from the remote terminal.

For the point of view of current supervision being above maximum load, there is no need to worry about
abnormal conditions. It would be a double contingency for the VT signal to be lost while the parallel line was
out of service. Therefore, consider a maximum load of 135 MVA. The current supervision elements for the phase
distance functions measure phase to phase currents.

Speak_203-1000 )
IPPmax_normal := opeak o IPPmax_normal = 577 A primary

kVbase

The current supervision elements use phase to phase currents for supervision of the phase distance function;.
so the minimum phase to phase fault current will be root three times the minim phase fault current. Choose a
margin of 50% of the minimum phase to phase fault current for dependability.

IPPmin := 0.513Pmin-/3 IPPmin = 732 A primary

A setting of 600 A primary for 50PP1 will ensure the Zone 1 function operates for any fault even under
minimum source conditions but will not be susceptible to trip on load due to loss of potential under normal
maximum load conditions. This is somewhat higher than the existing setting, and adds a little more security.

'50PP1:= 25 A Sec '50PP1-CTR = 600 A primary

Since Zone 2 and zone 3 elements will be blocked by LOP function, set them at minimum. The zone 3 current
supervision should not be set higher than the zone 2 current supervision element at the remote terminal. In
this case the remote zone 2 current supervision element will be set at 1.0 A secondary.

'50PP2:=1 A Sec '50PP3 =1 A Sec
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Ground Distance Protection

SSD TL203 P2

The reach of the ground distance functions will be affected by mutual coupling to the parallel line. These
functions will tend to underreach the remote bus while the parallel line is in service, and overreach the remote
bus if the parallel line is out of service and grounded at both ends. Figure 9 shows that for a remote bus fault,
with the parallel line out of service and grounded, the apparent impedance of the line is reduced to about 2.45

ohms secondary instead of the nominal 2.74 ohms. This is 89% of the actual line impedance.

120 21M2 TL203 350 I/ Type=SEL321G__
CTR=240 PTR=2000
Zone 1; XKG1=238. RG1=12.00. Z1MG=2133.
100~ | Zone 2: ¥KG2=3.62. RG2=12.00. 22MG=362. Z2PD=18.00cy
Zone 3 XG3=0.93. RG3=14.40. Z3MG=0.93.
kOM1=0.951 kDAT=4.55 kOM=0.951 kDA=4.55 T=-2.504
Line Z= 274G V8.7 sec Ohm (22.87 Ohm)
80— | Apparent impedances plotted (=0.95E4.5):
Yaflla+tdklol= 2.45&78.9 sec Ohm (20.33 Chrn).
WhAb+3klol= 23.59-34.5 sec Ohrm (196.56 Ohm).
Yoflo+aklol= 23.44&-170.8 sec Ohrm (195,30 Ohm).
EO0— | Relay response:; Zone 2 tripped. Delay=0.30s.
S AUMIT - Zone 2 Tripped.
B UMIT : All zones restrained.
CUMIT : All zones restrained.
40— | Mare details in TTY window.
2
I I I I I I I
20 40 B0 a0 100 120 140 160
FAULT DESCRIPTION:
Bus Fault on: 0 Wyest. Avalon 230, kW 1LG Type=A,

Branch outage:

0 Wyest, Avalon 230.k% - 0 ComeByChance 2300 kY 1L

Ends grounded with R=0

Figure 9 - Apparent impedance to a fault just beyond the remote terminal is reduced by 11% when parallel
line is out of service and grounded at both ends. Existing relay settings modeled in this figure.

The normal reach of the zone 1 should be reduced to less than 85% of the line impedance to make it more secure
against misoperation for a fault. Choose a setting of 75% of the line impedance, which is lower than the setting
required to make the zone 1 element more secure for faults beyond the end of this short line. Note that as will be
seen later, the reduced reactive reach is required to allow a relatively large resistive reach for sensitivity while
retaining security against overreach due to CT and VT errors.

Let the per unit reach of the Zone
ZIMG := m-|Z1Linesec|

XG1:= Z1IMG

1 function be m% of the line.
Z1IMG = 2.06

XG1=2.06
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Zone 1 Resistance

The resistive reach of the Zone 1 quad should provide enough sensitivity to trip the local terminal immediately
without waiting for permission from the remote terminal for a severe fault that depresses the voltage
significantly. Further, it should not allow the function to reach beyond the remote terminal due to errors in relay
measurement or CT or VT. If possible, it should also operate for a 100 ohm SLG 25% of the distance from the
local terminal. Operation for a 100 ohm resistive fault at the 25% location will ensure this function can trip for a
close in fault without assistance from the remote terminal. The remote terminal zone 1 function will be set to
operate sequentially for this fault.

By simulating a fault with 100 ohms fault resistance at the 25% of the distance from SSD, with the SSD terminal
weak (as in the contingency of TL203 out of service) it is found that a reach of 12 ohms secondary will not
sensethis fault. See Figure 10.

160
2IN2 TL203 550 15 Type=5EL3MG__

CTR=240 PTR=2000

Fone 1: ¥XE1=238. RG1=1200 Z1MG=233

140 Fone 20 ¥G2=362. RGZ=1200 Z2MG=362 Z2PD=18.00cy
Fone 3 XG3=098. RG3=14.40 Z3MG=0593
kOM1=0.951 kDA1=4.55 kOM=0.951 kDA=4 55 T=-2 A4
Line 7= 274i@ 73.7 sec Ohm {2287 Ohm)

120+ Apparent impedances plotted (K=0.95504.45)
Wal{la+3kloj= 9.95E 1.7 sec Ohm (83.17 Ohm).
Whillb+3klo)= 21 91E-107 4 sec Ohm (182.54 Ohm).
Wefle+3klol= 219181323 sec Ohm (182,61 Ohm).
100+ All relay units are restrained. Delay=9999%,

Wlare details in TT windaw.

1M1 TL203 550 1S Type=LFZP111g
CTR=240 PTR=2000 Min |= 0.504
Char ang= 85.0deq, Dir blinder= 35.0deq
fone 1: ¥=2.38 sec Ohm, R+=12.00 F-=-14.40 T=0.0s
F— fone 20 ¥=362 sec Ohm, R+=12.00 F-=-14.40 T=1.00s
Line /= 274 78.7 sec Ohm [ 22.87 Ohm)
Apparent impedances plotted (K=0.90E4.1):
Vallla+3klol= 10.24iE2.0 sec Ohm (85.34 Ohm).
40—+ Whi(lb+3klo)= 23.15E-106.9 sec Ohm (192.72 Ohm).
Veflle+aklol= 23141327 sec Ohm (192,79 Ohm).

—Relay response; Zone 1 tripped. Delay=0.0s,
-\

a0

< A UNIT : Zone 1 Tripped.
= B LMIT : All zones restrained.
CLUMT ;- All zones restrained.

EII

.

FALILT DESCRIPTION:
Interm. Fault on: O Sunnyside 230.k% - 0 WWest. Avalon 230.k% 1L 1LG 25.00% Type=A R=100

Figure 10 - SSD P2 Zone 1 function does not operate for a 100 ohm SLG fault at 25% from the
local terminal (P1 function does operate)
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The existing 12 ohm secondary resistive reach of the zone 1 element will not sense this fault, and would need to
be increased to 20 ohms secondary. Check whether this reach will be secure, considering possible CT and VT
errors.

XG1 is set at m per unit of the transmission line. The imaginary component of this is

ImXG1sec := Im(Z1Linesec) ImXGlsec = 2.69  ohms

The maximum advisable resistive reach can be found from the equation (3) in Appendix A Quadrilateral
Reactive Reach Versus Resistive Reach Setting Guideline from the paper Digital Communications for Power
System Protection: Security, Availability, and Speed. This paper is obtainable at www.selinc.com.

From this equation, the maximum advisable resistive reach, assuming angular maximum errors of 3 degrees, in
measurement by CTs, VTs and the relay, can be determined.

RG1 := round[(1 — m)-20-ImXG1sec, 1]

RG1 = 13.5 This is the maximum secure setting for the resistive reach so the desired zone 1 resistive
reach setting would not be confirmed as being secure.

Use the maximum secure setting of 13 ohms for RG1 RG1 := 13 ohms secondary

With a resistive reach setting of 13 ohms, the SSD Zone 1 quad element will see an 80 ohm resistive SLG fault
immediately in front of the SSD terminal and gradually reducing resistance as the fault moves away from the
terminal. Zone 2 protection will be depended upon to sense faults with resistance up to 100 ohms.

In spite of this poor sensitivity of the Zone 1 element, it should be noted that the 80 ohm resistive SLG will only
depress the faulted phase voltage by about 8%; so this fault is not very severe on the system and
communications assisted tripping should not have a significant negative impact on the system.

Zone 2 Ground Distance Protection

The Zone 2 ground distance function will need to be set longer than the Zone 2 phase distance protection
function because it will tend to underreach the remote terminal while the parallel line is in service. By simulation
in ASPEN OneL.iner it is found that the apparent impedance to a zero ohm fault close in to the remote terminal is
3.2 ohms secondary, or 17% more than the actual line impedance. The reach of the Zone 2 ground distance
element should be set at least to 1.25 times the apparent impedance. Choose a factor of 1.27 to make the zone 2
reach the same as the P1 protection. (Required reach is actually a little different from P1 required reach due to
slightly different zero sequence current compensation factors).

ZSLG_remote := 3.2
Z2MG := round(1.27-ZSLG_remote, 1) Z2MG = 4.1 Ohms secondary

The quad element reactive reach will be set similarly to the mho.

XG2 := Z2MG XG2=41 Ohms secondary

The resistive reach of the quad will be increased to sense a 100 ohm resistive in the middle of the line with a
good overlap of zone 2 elements from each end.

By trial and error from ASPEN it is found that a resistive reach of 25 ohms secondary will sense a 100 ohm SLG
fault from both ends of the line between 42 to 49 percent of the distances from the SSD terminal. However since
it will not overlap the Zone 1 element at the remote terminal, the permissive trip echo function will be required to
ensure that a fault that is seen by the zone 2 element at only one terminal will still be cleared by the permissive
trip logic.

Therefore, to avoid extremely large resistive reaches, and to retain sensitivity to 100 ohm resistive SLG faults, it
is recommended that the echo function be enabled at both terminals.
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Ohms secondary

|
2IN2 TL203 550 ALT H

CTR=240 PTR=2000

Fone 1: ¥GE1=206. RG1=13.00. Z1MG=2.06.

fone 20 ¥G2=410. RG2=2500 Z2MG=4.10 Z2PD=18.00cy

fone 3 ¥G3=1.90. RG3=25.00 Z3MG=1.90

kOM1=0.905 kOA1=4 kOh=0.305 kDA=4 T=-3.00

Line 7= 274i@ 73.7 sec Ohm {2287 Ohm)

Apparent impedances plotted (K=0.91&4.0):
“al{la+3klo)= 12.82E3.5 sec Ohm (106.84 Ohm).
Whiflb+3klo)= 29.79iE-106.6 sec Ohm (248.28 Ohm).
Welf{le+3klo)= 30.25E132.6 sec Ohm (252.08 Ohm).

Relay response; fone 2 tripped. Delay=0.30s.

< A UNIT - Lone 2 Tripped.

B LIMIT : All zanes restrained.
CLMIT © All zanes restrained.
Mlare details in TTY window,

Type=sEL32G

A=y

NW’ AUNT : Zone 2 Tripped ——mm—m——— |

=

2TM2 TL203 WA ALT
CTR=240 PTR=2000 |
fone 1: ®¥E1=206. RG1=13.00 Z1MG=206

fone 20 ¥E2=410. RG2=25000 Z2MG=410. Z2PD=60.00cy

Type=SEL321G__

fone 3 ®¥GE3=1.90. RG3=28.000 Z53MG=1.890. Z3PD=2000.00cy

kOM1=0.951 k0AT=4.55 kOM=0.5951 k0A=4.55 T=-278

Line Z= 2.74i@ 78.7 sec Ohm [ 22.87 Ohr)

Apparent impedances plotted (K=0.95E4.5):
YWallla+3klol= 12,6544 sec Ohrn (105.33 Ohrn).
Whlb+3kloj= 25 36F-108.1 sec Ohm (211.31 Ohm).
Wedlo+3klo= 26.46iE131.0 sec Ohm (220,45 Ohm).

Relay response: Zone 2 tripped. Delay=1.00s.

B UMIT : Al zones restrained.  ~ — ——————— |

CUMIT : All zones restrained.

Lzl le— A - Tl
1 i |

I

APPENDIX H
SSD TL203 P2

I I I I I
20 B0 80

L~

FAULT DESCRIPTICMN: A

100 |
/

iy
Interm. Fault on: 0 Sunnyside 230.kY - 0 West. Avalon 230.kY 1L 1LG 45.00% Type=4A R=100

Figure 11 - Local Zone 2 Quad element operates for 100 ohm resistive SLG at 45% of the

distance from the local terminal.

Since the parallel path TL207 and TL237 both trip three pole only, there is no danger of the zone 2 function
tripping while the parallel line is open single phase, with heavy power flow.

The zone 2 ground distance time delay trip will need to be reduced from 60 to 18 cycles (0.3 seconds) in order
to aid coordination for resistive single line to ground faults "around the loop"” of TL203 TL237 and TL207
where otherwise, the ground time overcurrent functions might not have coordinated fully. Check that the

Zone 2 ground distance element will not be more sensitive than the Zone 1 ground distance element on the

shortest line out of SSD.
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21M2 TL203 S50 ALT Type=SELI21G__

CTR=Z40 PTR=2000

Zone 1 ¥G1=2.06. RG1=13.00. Z1MG=2.0G6.

Lone 2 ¥G2=4.10. RG2=25.00, Z2MG=4.10. Z2PD=18.00cy

Zone 3 ¥G3=1.90. RG3=28.00. Z3MG=1.90.

kOK1=0.905 k0AT=4 kOW=0.905 kDA=4 T=-3.00

Line £= 274@ 78.7 sec Ohm (22,87 Ohm)

Apparent impedances plotted (W=091E4.0):
Wallla+3klo)= 20.70@5.0 sec Ohrm (172.49 Ohm).
Whlb+3lklo)= 99.25@-102.5 sec Ohm (327 .12 Ohm).
Wedlor3klol= 102.43&131.9 sec Ohm (311.89 Ohm).

All relay units are restrained. Delay=59999s.

More details in TTY window.

2TM2 TL237 WA ALT Type=SEL321G__

CTR=Z40 PTR=2000

Zone 1 XG1=2.07. RG1=13.00. Z1MG=2.07.

Lone 2 ¥G2=430. RG2=30.00. Z2MG=4.30. ZPD=36.00cy

Zone 3 XG3=2.10. RG3=33.00. Z3MG=2.10.

kOK1=0.5904 kOAT=26 kOW=904 kOA=26 T=-3.00

Line 7= Z2.76@ 80.1 sec Ohm (22,99 Ohm)

Apparent impedances plotted (K=090E2.6):
Yallla+3klo= 3.63E@-1.1 sec Ohm (30.25 Ohrm).
YhA(lb+3klo)= 7.88&-97 .5 sec Ohrm (B5.64 Ohrn).
Yed(lo+3kloy= 8.14E141.3 sec Ohrm (657,80 Ohrn).

Relay response: Zone 1 tripped. Delay=0.0s.

A UNIT - Zone 1 Tripped.

B UMIT : All zones restrained.  —~— ————— |

CUMNIT : All zones restrained.

O

APPENDIX H
SSD TL203 P2

20 C

it

FALULT DESCRIFTION:

\A TR

Clase-In Fault on: 0 West Awalon 230 kY - 0 ComeByChance 2300k 1L 1LG Tj,rpe =4, R=A0

Figure 12 - Zone 2 ground distance element significantly underreaches remote Zone 1 ground distance element

for resisitive faults on TL237 (other lines will be similar)

Figure 12 shows that there is no danger of the zone 2 element, even with the increased resistive reach,
overreaching the zone 1 protection out of WAV. Therefore, assuming there is not a concern with

coordination with WAV transformer backup protection, there will be no danger of miscoordination if the zone
2 ground distance function delay is reduces to 18 cycles.

Z2GD := 18 Cycles
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Zone 3 Ground Distance Protection

The zone 3 ground mho function will be set using the same principles as the zone 3 phase distance function.

Z2MGrem := 4.1 ohms secondary

Z2MGrem
—_— -1+ .2)

Z3MG = ZlMAG-( 1 Z3MG = 1.9 Ohms secondary

MAG
Z3P . This is a little higher than the existing setting, but
|ZIMAG] = 52:% of line fength provides additional security.
XG3:= Z3MG  XG3=1.9 Ohms secondary

Set the Zone 3 quad resistive reach at 10% more than the remote Zone 2

R2Grem := 25 Ohms secondary
R3G := round(R2Grem-1.1,0) R3G = 28 Ohms secondary
Ground distance current supervision

Since there is no concern about these elements operating on load, even with loss of potential, set all current
supervision elements at minimum, for maximum sensitivity of the distance elements.

'50L1:= 0.5 A Sec '50L2 := 0.5 A Sec '50L3:= 05 ASec
'50G1:= 0.5 A Sec '50G2:= 0.5 A Sec '50G3:= 05 A Sec

Note that due to heavy infeed of zero sequence currents from the local terminal for close-in faults, the ground
overcurrent detectors will not operate for faults with more than a small amount of resistance close to the remote
terminal. Therefore, we will have to rely on sequential clearing for that type of fault. However setting the current
supervision at minimum allows maximum sensitivity.

Zero sequence current compensation

The zero sequence current compensation could be adjusted to compensate for the significant amount of mutual
coupling. However as discussed in the settings of reaches of the ground distance elements we will accept
underreach of the Zone 2 function for the normal case. Set the zero sequence current compensation as usual.

ko1 = [ | Z0L208 — 211203 kO1M = 0.905
3-71L.203
Z0L203 — 711203
kO1A := | arg kO1A = 4.06-deg Say  kO1A := 4deg
3-71L.203 AN
Set the overreaching zones the same as zone 1 kOM := kO1M kOA := k0O1A
kOM = 0.905 kOA = 4-deg

Page H - 15 of 28 16/11/2010



PUB-NLH-163, Attachment 1

Page 159 of 425, Isl Int Sys Power Outages
Newfoundland and Labrador Hydro Protection Review for Five 230 kV APPENDIX H
Transmission Lines SSD TL203 P2

Non Homogenous Angle Setting

Compare the angle of the total zero sequence current at the remote bus with the angle of the zero sequence

current contribution from the local terminal to determine this setting. From ASPEN OneL.iner, the worst case is
normal conditions. For this case, for an SLG at WAV the angle of 10 at the fault is -115 degrees and the angle of 10
out of the SSD terminal is -112 degrees. Therefore, the total fault current lags the current contribution from SSD
by 3 degrees and angle T must be set negative by the difference to ensure no overreach.

T:.= -3 degrees
MWV

Out of step blocking and tripping

Not used in this application. There is a danger of out of step conditions arising. Historically no action has
been taken to provide special tripping or blocking functions. Natural tripping during swings is accepted.
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Load Encroachment logic

Check loadability of the Zone 2 phase distance element assuming worst case power factor of 0.87 simultaneous
with worst case depressed voltage of a stressed system of 0.9 per unit. Note that units of kV squared match units
of MVA. Note that quadrilateral elements are only used for the ground distance functions that are not sensitive to
balanced three phase load. Therefore no need to worry about the reach of the quadrilateral elements.

(0.9kVbase)’
Smax

Zloadmin := Zloadmin = 158.114 Ohms primary (assume worst case at 30 degrees)

Maximum reach of the Zone 2 element is at the line angle of 81 degrees. At 30 degrees, the reach will be given by

Z2load := Z2P-cos[(Z1ANG - 30)deg] Z2load = 2.392 ohms secondary

Smax = 271

ZZIoad-ﬂ =19.937 ohms primary
CTR

Since the reach of the Zone 2 element at 30 degrees is less than the apparent impedance of the maximum
load, there is no need to apply load blinding logic. See Figure 13

B0 21P2 TL203 S50 ALT Type=SEL321P
CTR=240 PTR=2000

Zone 1; Z1P=2.22.

A0— Zone 2 ZZP=36Z2. ZZPD=18.00cy

Zone 3: 73P=1.40. 73PD=2000.00cy

Line 7= 2.74i@ 78.7 sec Ohm { 22.87 Ohm)

M—

_An—

Figure 13 -Load impedance with respect to proposed new Mho function reaches.
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Ground directional element

The SEL-321 application example recommends finding the minimum source impedance behind the terminal and
setting the reverse and forward boundaries of the negative sequence directional element at the 1/3 and 2/3 points
respectively.

In the negative sequence plane, the sum of the two source impedances and the line impedance is:

Z2total := Z2minSSD + Z1L.203pri + Z2minWAV | Z2total| = 78.658

Z2total 27 2total

The 1/3 pointis 72 1 3:= The 2/3 pointis 72 2 3:=

Z2Rpri == Z2 2 3 — Z2minSSD | Z2Rpri| = 24.364 | z1L.203pri| = 22.865
|Z2minWAV| = 27.776

Z2Fpri:= 72 1 3 - Z2minSSD | Z2Fpri| = 1.932
| Z2minSSD| = 28.085

Converting the primary impedances to secondary ohms

CTR
Z9R = ZZRpri-ﬁ |Z2R| = 2.924 Ohms secondary arg(Z2R) = 81.128-deg

CTR
Z2F = zszri-ﬁ |Zz2F| = 0.232 Ohms secondary arg(Z2F) = —82.003-deg

Rounding up Z2F (note that Z2F is negative) and rounding down Z2R gives:

Z2F .= 0 Ohms secondary Z2R = 2 Ohms secondary

The proposed Z2F setting is not very different from the existing settings, but the proposed Z2R setting
is considerably less. The existing Z2R setting is too high.

Set the current level detectors at minimum level that will allow operation of the ground distance elements.

Due to the very small zero sequence current contribution to a single line to ground fault at the remote terminal,
the negative sequence current contribution will always be higher than the zero sequence. Therefore there is

no point in setting the forward looking negative sequence overcurrent elements any more sensitively than the
zero sequence ground overcurrent supervision of the ground distance elements.

'50QF := '50G2 '50QF = 0.5 A secondary

Set the supervision function for the reverse looking element to be the same as, or a little more sensitive than
the forward looking supervision element at the remote terminal.

'50QR := 0.5 A secondary

The positive sequence current restraint (a2) factor should be set just smaller than the ratio of the maximum load
current (positive sequence) to the most sensitive current supervision element (50QR).

Smax-1000 11 i
I1maxpri = ~max 2 I1maxsec := ~~maxpn I1maxsec = 2.834
kVbase-/3 CTR
Bearing in mind that the 50QR setting is in units of 3*I2
__S0QR = 0.059 Choose a value of a2 := 0.06
3-11maxsec
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Phase time overcurrent element
This element is not used

Residual time overcurrent element

This element is used to provide the most sensitive backup protection. It will be non directional element.

Set pickup to sense a higher resistance than 100 ohm SLG in the middle of the line with equal zero sequence
current infeed from both ends. Choose a resistance of 200 ohms arbitrarily. Use a safety factor of 2 so that
operating time is not infinity at this fault level.

SF:=2 Desensitization factor due to remote end infeed is

kVbase-1000
\/3-SF-Dfactor-Rf-CTR

Dfactor := 2 Rf := 200

'5INPU = round[ 1] '5INPU = 0.7

The existing setting of 0.5 A is more sensitive than required to sense this mid line fault with arbitrary
resistance. It will be increased a little to make it more secure during SPO conditions with very heavy load.

'5INPU := 0.6 A secondary
NMWWWWWWW\

Coordination checks show that existing time dial settings around the loop TL203, TL237 and TL207 (clockwise)
will not coordinate, because the CBC TL207 and WAV TL237 relays are set exactly the same. Therefore if there is
a fault on TL207 that has to be cleared by the ground time overcurrent relay, the WAV TL237 will trip
simultaneously or not coordinate. Therefore the existing settings have to be adjusted. The ground distance
elements will speed up tripping for faults with resistance up to 150 ohms fed from one end, where ground relay
coordination is challenged), so coordination will be checked for faults with resistance of 150 ohms or more. Trial
and error checks show that in order to achieve coordination, the existing time dial setting of CBC TL207 ground
time overcurrent relay will have to have its time dial settings reduced from existing 4 to 3 and WAV TL237 pickup
increased to 0.6.

Check the coordination with the other relays for three faults (all with 150 ohm resistance). Line end TL203,
Close in to CBC on TL207 and 88% from WAV on TL237 (at the end of the mutually coupled section). See
Figure 14 to find that existing settings (curves 2&3) do not coordinate, and Figures 14, 15 and 16 to find
that revised (Curves 4, 5 and 6) settings will coordinate.

'51NPU = 0.6 A secondary '51NPU-CTR = 144 A primary
'5INTD := 4 '51INC = "U3" '5INTC := "N" '51INRS = "N"

Checks for close-in fault show that this element will not operate in less than 0.3 seconds so there is no
danger of it tripping 3 pole before the zone 1 element trips the faulted phase selectively.

Worst case load unbalance with single pole open will be in the future if single pole tripping is enabled with
parallel line out of service. ASPEN OneL.iner shows that with 288 MVA of load on TL203, and with one phase
open, the 310 current is approximately 600 A. The 51N relay with the proposed new settings will take
approximately 1.32 seconds to operate on 700 A primary. It will be (just) slow enough to override load
unbalance during this SPO time with extremely heavy load.
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10 2 3 45 7 100 23457100023457100002 3 45 7 1000
T TTT [ TTT [ |
151N TL203 SSD SEL-VI TD=4.000 I
CTR=240 Pickup=0.5ANo inst. TP@12=0.4937s 700
3lo= 3357A(14 secA) T= 2.66s 500
2.51N TL237 WAV SEL-VI TD=4.000 400
CTR=240 Pickup=0.5ANo inst. TP@12=0.4937s 300
3l0= 791L9A(33 secA) T= 0.75s
3.51N TL207 CBC SEL-M TD=4.000 200
CTR=240 Pickup=0.5ANoinst. TP@12=0.4937s
3lo= 791.7A33 secAT= 0.75s |
4 51N TL203 SSD ALT SEL-M TD—4 000 100
CTR=240 Pickup=0.6ANoinst. TP@12—0 4937s
3lo= 335.7A(14 secA)T= 388s | | 70
5 51N TL237 WAVALT SH.-M TD—4.000 50
CTR=240 Pickup=0.6ANoinst. TP@12=0.4937s 40
3lo= 791.9A(33 secA)T= 092s | 30
6 51N TL207 CBC AT SEL VI TD—3 000
CTR=240 Plckup 0.5ANoinst. TP@12—0 3703s 20
3lo= 791.7A(3.3 secA) T= 0.56s
3\5 14
6. 10
7
5
4
3
2
1
7
- 5
== 3
2
a1
.07
.05
.04
.03
-FAULT DESCRIPTION: .02
Close-In Faulton: 0 CBC 230230.kV- 0 Sunnyside 230kV1L 1LG Type=AR=150
vinendopened || Jraersosa o
10 2 345 7 100 2 3 45 7 1000 2 3 45 7 10000 2 3 45 7
CURRENT (A)
TIME-CURRENT CURVES @ Voltage 230 By CFH
For TL203 TL207 and TL237 CWcoordination No. SSD1
Comment 150 Hiah Resistance SLG Date 5 Nov. 2010

Figure 14 - coordination of ground time overcurrent elements for close-in fault on TL207 close
to CBC
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2 345710002 3457100002 345 7

TTTTT 1111 1000
1.5INTL203 SSD SEL-VI TD=4.000 o
CTR=240 Pickup=0.5ANo inst. TP@12=0.4937s 700
3lo= 8106A(34 secA) T= 0.73s 500
2.51N TL237 WAV SEL-VI TD=4.000 400
CTR=240 Pickup=0.5ANo inst. TP@12=0.4937s 300
3Io— 384 0A(16 secA) T— 2.06s
3.51N TL207 CBC SEL-M TD=4.000 200
CTR=240 Pickup=0.5ANoinst. TP@12=0.4937s
3lo= 3840A(1.6 secA)T= 206s
4 51N TL203 SSD ALT SEL-M TD—4.000 100
CTR=240 Pickup=0.6ANoinst. TP@lZ—Q.4937s
3l0= 8106A(34 secA)T= 089s | 70
5 51N TL237 WAVALT SEL- VI TD—4 000 50
CTR=240 Pickup=0.6ANoinst. TP@12=0.4937s 40
3l0= 3840A(L6 secAT= 2925 | 20
6. 51N TL207 CBC ALT SEL-MI TD=3.000
CTR=240 Pickup=0.5ANoinst. TP@12=0.3703s 20
3lo= 384.0A(1.6 secA) T= 1.55s
14 §5
5. 10
\
7
5
4
3
2
1
7
5
= | [Tl | 4
= 3
2
A
07
.05
04
.03
‘FAULT DESCRIPTION: .02
'Line-End Faulton: 0 Sunnyside 230.kV- 0 West. on 230.kV1L 1I‘_G e=AR=150
LRI L HH\ mpaum-m T N
10 2 3 45 7 100 2 3 1000 3 45 7 10000 2 3 45 7 '
CURRENT A
TIVE-CURRENT CURVES @ Voltage 230 By CFH
For TL203 TL207 and TL237 CW coordination No. SSD2
Comment 150 Hiah Resistance SLG Date 5 Nov. 2010

Figure 15 - coordination of ground time overcurrent elements for line end fault on TL203
close to WAV
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10 2 3 45 7 100 2 3 45 7 1000 2 3 45 7 10000 2 345 7
1000 TT 1T T T 7111 1 1000
1 51N TLzOS SSD SEI_VI TD=4. OOO [
700 CTR=240 Pickup=0.5ANo inst. TP@12=0.4937s 700
500 3lo= 3360A(14 secA) T= 2.65s 500
400 2.51N TL237 WAV SEL-VI TD=4.000 400
300 CTR=240 Pickup=0.5ANo inst. TP@12=0.4937s 300
3l0= 798.1A(33 secA)T= 0.74s
200 3.51N TL207 CBC SEL-M TD=4.000 200
CTR=240 Pickup=0.5A (Dir) No inst. TP@12=0.4937s
3lo= 0.IA(00 secA)T=9999s =
100 4 51N 11_2(13 SSD ALT SEL-MI TD=4.000 100
CTR=240 Pickup=0.6ANo inst. TP@12=0.4937s
70 3lo= 336.0A(14 secA)T= 388s | | 70
50 5 51N TLZS? WAVALT SH.-M TD—4 000 50
40 CTR=240 Pickup=0.6ANoinst. TP@12=0.4937s 40
30 3Io 798 1A(3 3 secA) T— 0 91s | 30
6.51NTL207 CBC ALT SEL-VI TD=3.000
20 CTR=240 Pickup=0.5A (Dir) No inst. TP@12=0.3703s 20
3lo= 0.1A(0.0 secA) T=9999s
25 1\ 4
S10 10
E
c 7 7
Os5 5
g 4 4
s 3 3
2 2
1 1
7 7
5 S 5
4 T T 4
3 3
2 2
1 a1
.07 .07
.05 .05
04 04
.03 .03
.02 FAULT DESCRIPTION: 02
Interm. Fault on: 0 West. Avalon 230.kV - 0 ComeByChance 230.kV 1L 1LG 88.00% Type=AR=150
ith
e [T e s
710 2 3 45 7 100 2 3 45 1000 2 3 45 7 10000 2 3 45 7 '
CURRENT A
SSD3 TIME-CURRENT CURVES @ Voltage 230 By CFH
For TL203 TL207 and TL237 CWcoordination No. SSD3
Comment 150 Hiagh Resistance SLG Date 5 Nov. 2010

Figure 16 - coordination of ground time overcurrent elements for intermediate fault on TL237
88% from WAV with CBC terminal open.
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Permissive Overreaching logic settings
EPOTT = "Y"

Z3RBD is set at remote breaker time plus channel reset time plus channel reset time plus zone 2 reset time. From
review of fault records it appears that the breaker time is 3 cycles. Channel reset time is not easily determined from
existing records but can conservatively be assumed to be 1 cycle, and relay reset time will also be about 1 cycle.
Total time for Z3RBD is then 5 cycles.

Z3RBD:=5 cycles
Echo block delay timer blocks the echo after the local elements have picked up. This can be set relatively

long since there is no significant need for the echo function shortly after the local terminal has just seen a
fault but the remote terminal has not. Set at 10 cycles as per the example in the instruction manual.

EBLKD := 10 cycles

Echo time delay on pickup should be set to override noise on the communications so that it doesn't echo noise.
Typical time according to the SEL application guide is 2 cycles. Since this delay only affects clearing time for
relatively light (high resistance) faults that are sensed by zone 2 function at one end, the typical setting is
acceptable.

ETDPU := 2 cycles
Echo duration should be long enough to ensure the permissive trip is received by the remote terminal and

should also be shorter than the Z3RBD time to ensure that the reverse blocking will always be longer than
any permissive trip received (including echo time stretching).

EDURD := 4  cycles

No need to enable week feed conversion to trip, since both terminals will be quite sensitive enough to detect
high resistance faults after the remote terminal has cleared. Therefore we can accept sequential (or "step™)
clearing with no need for the added insecurity of weak infeed tripping.

EWFC := "N"  No other communications logic settings are required for this application.

Switch on to Fault Settings

Switch on to fault logic will ensure the protection will operate when energizing the line onto a close-in three
phase fault when there is no polarizing voltage available for the distance elements.

ESOTF = "Y"

The breaker close signal is not available to the relay. The 52A method of enable SOTF will be used.
Therefore the Close end delay is not critical. Typical duration for enable SOTF is 10-15 cycles

ENCLO = "N" CLOEND =0 ENS2A = "Y" SOTFD := 15

Set 50H for high magnitude close-in multiphase faults with weakest source at SSD It should be set less than 50%
of the minimum close-in fault magnitude. Minimum close-in magnitude of a three phase fault with TL207 out of
service is 2700 A. Therefore desired maximum setting for 50H is 1300 A.

Imin3P_close_in := 2700

Imin3P_close_in

'50H = '50H = 5.625 A secondary
2CTR
Choose a setting of 5 A secondary for this element. '50H := 5 A secondary
Choose a setting for 52AEND less than the shortest reclose time. '52AEND := 30 cycles
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Residual overcurrent settings.

Tripping directly by instantaneous ground overcurrent is not applicable because it is not phase selective.
However it would be helpful to monitor steady state unbalance, and issue an alarm for continuous unbalance.
Set the detector at minimum or just at the point necessary to override normal unbalances.

ES0N =1 '50N1:= 0.25

Negative Sequence overcurrent settings.

Similar to ground overcurrent, apply a negative sequence overcurrent element to initiate an alarm for steady
state unbalances. Set the detector at minimum or just at the point necessary to override normal unbalances.

E50Q =1 '50Q1:= 0.25

Voltage Element Settings

Similar to unbalance current monitoring, it is helpful to have an unbalance voltage monitor to detect steady state
unbalances from the voltage supply.

EVOLT := "Y"

Set the zero sequence overvoltage element at 1% of rated voltage or just at the point necessary to override
normal unbalances. The zero sequence voltage element measures 3 times the zero sequence voltage.

kVbase-1000
ase '59N = 1.992 Say  '59N := 2 V secondary

59N := 3.0.01 —————
V3-VTR

L oss of Potential

Enable loss of potential settings. Advanced LOP settings are not available on this model of relay.

ELOP := "Y" Time delay of 1.25 cycles is commonly used. LOPD := 1.25

The 50 M element should be set above maximum load and below minimum fault current for a fault at the remote
terminal under weak source conditions. The maximum load for this case should be normal maximum, not
emergency maximum which only exists for a few minutes before the operator can act to reduce load.

Speak_203-1000

= 1.387 A secondary
\/3-kVbase-CTR

Imax_normal :=

Minimum fault current for a remote three phase fault is I3Pmin = 845 A primary.

Minimum fault current for a remote phase to phase fault is 87% of the minimum three phase fault current level.

Dependability factor to be sure to operate for a minimum remote fault is chosen to be 1.6. DF:= 16
Maximum setting for 50M should be 0.8713Pmin =1.914 In this case a setting of 1.5 A secondary
DF-CTR will be adequately dependable and secure.

'50M := 1.5A secondary

The 59QL setting should be above normal maximum unbalance and below the level expected for a blown VT fuse.
For a blown fuse, one phase voltage will be lost, and the negative sequence voltage will be roughly 33% of the
nominal positive sequence voltage. Choose a setting of 15% of the nominal positive sequence voltage. This will
be well above any normal unbalance.
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0.15-kVbase-1000
J3VIR '50QL = 10V secondary

'59QL = round[

The 59PL setting should be less than the minimum voltage to be expected for a remote bus fault under weakest
source conditions. There is no minimum setting (above zero) for this function. Choose a setting equal to half the
voltage drop along the line impedance at the pickup setting of the 50M element.

'59PL := round[0.5-('50M- | Z1Linesec|),0] |'59PL| = 2

Miscellaneous Scheme Settings

Pole discoordinance logic is not being used. EPOLD := "N" SPPDD := "N/A"
Enable single pole tripping by distance elements only ESPT := "Y"
Enable single pole open ESPO = "Y"

Set single pole open time delay for future SPO conditions SPOD := 0.25

3 Pole open reset delay to override small discrepancies in pole closing '3POD := 0.5
Stub line protection is not required ESTUB := "N" '50MFD := "N/A"
Trip unlatch logic not applied TULO := "N"

Loqic variables and Miscellaneous timers

Minimum trip duration timer is set at 9 cycles as per the application example in the SEL-321 instruction manual.

TDURD := 9 Cycles

Trip during open pole time delay should be set longer than the reclose time. Existing setting is OK.

TOPD :=55  Cycles

Proposed logic for X, and Y variables is intended to create a three pole trip if a permissive trip is received any
time within a period of 25 to 60 cycles after a single pole trip was asserted. This is presumably standard NL
Hydro logic. It enables more sensitive protection during the open pole period, because only one terminal has to
see a fault in order for the three pole trip to be implemented.

Retain existing settings except use time ZT to trigger an alarm for sustained unbalance.

LOGIC_Z := "59N+50N1+50Q1" TZPU := 1200  cycles TZDO =0 cycles
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Tripping Logic

Permissive tripping is required only for instantaneous overreaching functions. No need for any functions that
trip directly. Existing 5INT word in MTCS is not required.

MTCS := "M2P+Z22G"

Unconditional tripping MTU := "M1P+Z1G+M2PT+Z2GT+51INT"

No need for existing direct tripping zone 1 functions in the switch on to fault logic.

SOTF Tripping MTO := "M2P+Z2G+50H"

Event records will be triggered automatically by all trip events. Other event record triggers should be by
starting of other elements to ensure capture of all relevant events. Events should be triggered by keying or
receiving permissive trips to ensure separation of relay and teleprotection issues.

MER := "M2P+Z2G+51IN+LOP*52AA1+LOP*52AA2+KEY+PT+EKEY"

OQutputs

Retain existing output assignments except add the continuous unbalance alarm to OUT15.

OUT15 := "LOP*50L+ZT"

Input Contact Assignment

It would be desirable to provide phase segregated inputs to the relay so that the quadrilateral functions could
be disabled during single pole open conditions. Sufficient separate inputs are presently available for phase
segregated breaker status inputs. It is recommended to replace the existing 52bx breaker status inputs with
phase segregated breaker status inputs.
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21P2 TL203 350 115 Type=SEL321F_
CTR=240 PTR=2000

Lone 1: Z1P=238.

Lone 2 Z2P=362. ZZPD=18.00cy

Zone 3: Z3P=0.93. Z3PD=2000.00cy

Line 2= 274G V8.7 sec Ohm ( 22.87 Ohm)

21P2 TL203 SSDALT Type=5SEL32MFP__
CTR=240 PTR=2000

fone 1. Z1P=222

fone 2 FZAP=362 ZPD=18.00cy

Zone 3: 73P=1.40. Z3PD=2000.00cy

Line 7= 274 73.7 sec Ohm [ 2287 Ohm)

-10

APPENDIX H
SSD TL203 P2

Figure 17 - Comparison of phase distance characteristics. Red is existing, blue is proposed alternative
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-

21M2 TL203 55D VS Type=5SEL321G__

CTR=240 PTR=2000

Fone 1. ®G1=238. RGI1=12.00. Z1MG=238.

[Zone 2; XG2=3.62. RGZ2=12.00, Z2MG=3.62. Z2FPD=18.00cy
Zone 3 #G3=0.93, RG3=14.400 Z3MG=0.95.

kOM1=0.951 kOAT=4 65 kOM=05951 k0A=4 65 T=-2 64

Limla = 274@ 78.7 sec Ohm (22,87 Ohm)

B0=]

21N2 TL203 SSD ALT Type=SEL321G__
CTR=240 PTR=2000
Flone 1: XG1=2.06. RG1=13.00. Z1MG=2.06.
Zone 20 XG2=3.62. RG2=30.00. Z2MG=3.62. Z2PD=60.00cy
Zone 3: ¥G3=1.90. RG3=33.00. Z3MG=1.90.
kOM1=0.905 kDAT=4 kOM=0905 kDA=4 T=-3.00
MLine 7= 2.74@ 75.7 sec Ohm [ 22.87 Ohm)

T T T T T T T T T T
'i. ? 40 g0 g0 1 120 140 160 180 200 220 240

20

40—

Figure 18 - Comparison of ground distance characteristics. Red is existing, blue is proposed alternative
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Protection Review for Five 230 kV Transmission Lines

Appendix |
Detailed settings review for WAV TL203
""P1" protection.

Settings recommended to be changed from existing are highlighted.

Prepared for:
Newfoundland and Labrador hydro

Prepared by: C. F. Henville, Henville Consulting Inc.
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Scope

To review the existing settings of the P1 protection systems for the Western Avalon (WAV) terminal of circuits
TL203 . This 230 kV transmission circuit is from Sunnyside (SSD) to Western Avalon (WAV)
The circuit runs parallel to TL237 for most of its length.

138 kV and 60 kV system

Stonybrook
(STB)
S
<
L204 —;L
105 km L Sunnyside
(SSD) L203 45 km
L231 L206 142k
105 km m
L237 44.5km
O L202 142 km L207 :
6.7
Bay km Western
D’Espoir Avalon
(BDE) Come by . (WAV)
Chance | |
(CBC) >
FXAMMATIRALALY Y

Fiqure 1 - System Single Line Diagram

Existing P1 protection systems are Areva LZFP111 (Optimho) systems with permissive overreaching transfer trip
and single phase tripping and reclosing. Automatic reclosing is provided by external logic.

Definitions
MVAbase-1000 kaase2
MVAbase := 100 kVbase := 230 lbase i = —— Zbase .= ———
kaase.-\/_3 MVAbase
j=y-1
Instrument Transformers
Two breakers are provided at each line terminal.
CT ratio is: CTR = ﬂ VT ratio is: VTR = ﬂ
1

5

Accuracies of instrument transformers are not reviewed. Since this protection has been in service for more
than 10 years, it is assumed that experience has shown they are satisfactory. Fault levels are not changing
from the initial application so duties of maximum currents through CTs have not increased significantly.
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Fault Study Results

Using ASPEN OneLiner Case “Hydro Interconnected System (2010-08-13) V10.olr” with zero
sequence mutual coupling added. Faults are simulated from "From a linear network solution” fault
option with all shunts ignored (unless needed for load flow simulation).

Minimum fault current seen by each terminal (phase to phase, and SLG with 100 ohm fault resistance).

At WAV with Circuit TL217 out of service, and TL207 and TL237 lines in service, for a fault at the remote
terminal.

ILLmin:=814 A ISLGminPH:=768 A ISLGminOseq := 312 A

The optimho current level detectors that block the distance comparators in the event of line opening are fixed at 5%
of the rated current, or 0.25 A secondary, or 60 A primary. They will have no difficulty in operating for minimum fault
levels. However, the ground distance elements are also supervised by a low set neutral current level detector
(LDLSN that requires the neutral current to be greater than 10% of the maximum amplitude of phase difference
current. This prevents the ground comparators from operating during close-in multiphase faults with CT errors.
ASPEN OnelLiner shows that for a bolted fault at the remote bus even under heavy load, there is sufficient neutral
current (22% of maximum phase to phase fault current) that means this LDLSN function does not inhibit the ground
distance comparator.

Calculate the minimum negative sequence source impedances behind each terminal. This will be with all
generation on line, with the parallel line in service and with the remote end of the line open.

Minimum source impedance behind SSD Z2minSSD := 3.22 +j-27.90 ohms primary
Minimum um source impedance behind WAV Z2minWAYV = 2.75 +j-27.64 ohms primary
SSD 2.94 pu WAV
_>

O ®

'9E '
195pu . 1.95 pu o

Figure 2 - 3 Phase Fault at WAV

SSD 4.77 pu WAV
—
©— | —)
| . 4.13 pu 4.13 pu
20.0 pu#]d—— CBC G-

Figure 3 - 3 Phase Fault at SSD
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SSD 2.49 pu WAV
_>

S e ®

1.95pu 1.95 pu
—& CBC —& 21.65 pu&

Figure 4 - SLG Fault at WAV (310 currents)

SSD 3.44 pu WAV
—

o+— ®

2.70pu ' 270 pu
19.8 puﬁ‘ CBC 4—

Figure 5 - SLG Fault at SSD (3I0 currents)

SSD 4.22 pu WAV
—

O ®

358pu ' 358pu
=28 cee =220 21.65 pu &

Figure 6 - SLG Fault at WAV (Phase currents)

SSD 4.3 pu WAV
—
O—— -®
3.63
19.8 pu pu CBC 3.63 pu

Figure 7 - SLG Fault at SSD (Phase currents)
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Line impedances.

Line impedances (per unit on 230 kV, 100 MVA base):

Z11L.203 := 0.0085 +j-0.04238 Z0L203 := 0.02337 +j-0.15876
In primary ohms
Z11L.203pri := Z1L203-Zbase Z0L203pri := Z0L203-Zbase

In secondary ohms

. . CTR
Z1Linesec := Z1L203pri-

. . CTR
Z0Linesec := Z0L203pri-

|ZlLinesec| =2.744 arg(Z1lLinesec) = 78.659-deg

|zoLinesec| = 10.187 arg(ZOLinesec) = 81.626-deg

Zero sequence mutual coupling between TL203 and TL237 is Z0m := 0.0132 + j-0.0697 (per unit)
Load Data

From 2010 System peak load case provided in start up information, the peak load is given as 132.6 MVA (with
TL203, TL207 and TL237 in service). The highest load of the three lines is TL207 with a load of 138.4 MVA. In
the event of sudden loss of TL207. Peak load in TL203 will increase to take up the lost load through TL207.
Thus the peak load in TL203 will be slightly more than double until operators can adjust loads.

Speak_203:=132.6 MVA Speak 207:=138.4 MVA

Smax := Speak_203 + Speak 207 = 271 MVA
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P1 Relay Settings

Distance element reach settings

Note that resistive reaches are forced to be the same for all zones. Reactive reaches for phase and ground distance
elements must be the same as each other.

Zone l

NL Hydro normal practice is to set Zone 1 reach to 85% of line impedance. This will be OK if line is long and voltages
for line end fault are greater than 20% of nominal. Check the maximum source impedance to a fault at the SSD
Station bus under weak source conditions with TL202 out of service and all of TL203. TL207 and TL237 lines in
service. From ASPEN OneLiner, voltage at SSD for a 3 phase fault at WAV is 0.16 per unit. So there is less than 20%
voltage at WAV during a fault at SSD, under weak source conditions.

Since the voltage is not higher than 20%, the line is considered short, and a reduced Zone 1 setting is
recommended to provide more security. Choose a setting of 80% of nominal.

Z1P := 0.8-|Z1Linesed] Z1IP =22 Ohms secondary

Existing setting of 2.38 ohms is a little high, and should be reduced especially as the ground distance function will be
subject to a little overreach if TL237 is out of service and grounded at both ends. The ground distance reach in the
optimho has to be set the same as the phase distance reach; so we need to consider the ground faults too.

The reach of the ground distance element will limit the reach of the zone 1 function. It can be seen from Figure 8 that
the apparent impedance presented to the relay for a fault at the remote bus when the parallel line is out of service
and grounded at both ends is less than the line impedance.

Zapp_ext := 2.44 ohms Zapp_ang := 79.2deg This angle is close enough to the line angle to treat it as
equal to the line angle.

Zapp_ext =0.889 The apparent impedance is reduced by about 11% due to the effect of the parallel

|z1Linese] line being out of service and grounded at both ends.
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120 | 2101 TL203 WA Type=LFZF1114q

CTR=240 PTR=2000 Min = 0.50A
Char ang= 85.0deg, Dir blinder= 85.0deg
1o0—|  £one 1: x=2.38 sec Ohm, R+=12.00,F=-14.40 T=0.0s
fone 2; ¥=362 sec COhm, B+=12.00,E-=-14 40 T=1.00%5
Line Z= Z2.74@ 78.7 sec Ohm (22.87 Ohm)
Apparent impedances plotted (K=0390&4.1):
801 waffla+3Klo)= 2 44@79.0 sec Ohm (20.34 Ohm).
Whi(lb+3klo)= 13.42@-37 .5 sec Ohm (111.85 Ohm).
Wedle+3klol= 13.40@-170.0 sec Ohm (111.69 Ohm).
BO— | Relay response: Zone 2 tripped. Delay=1.00s.
S AUNIT @ Zone 2 Tripped.
B UMIT : All zones restrained.
CUMIT © All zones restrained.

409 More details in TTY window,
=0 fj J
| [ [ [ [ I |
-60 -4 =20 20 40 A 120 140
FAULT DESCRIFTION:
Bus Fault on: 0 Sunnyside 2300 kY 1LG Type=A

Branch outage: 0 VWest Axrlalun 230k% - 0 ComeByChance 230.k% 1L Ends grounded with R=0

Figure 8 - Apparent impedance to a fault just beyond the remote terminal is reduced by 11% when parallel
line is out of service and grounded at both ends.

The normal reach of the zone 1 should be reduced to less than 85% of the line impedance to make it more
secure against misoperation for a fault. Choose a setting of 75% of the line impedance, which is lower than the
setting required to make the zone 1 element more secure for faults beyond the end of this short line. Note that as
will be seen later, the reduced reactive reach is required to allow a relatively large resistive reach for sensitivity
while retaining security against overreach due to CT and VT errors.

Let the per unit reach of the Zone 1 function be m% of the line. m,=075  per unit

Z1_sec:=m- |ZlLinesec| Z1_sec = 2.06 Ohms secondary

. VTR )
Zlpri:= Z1_sec: c =17.149 Ohms primary
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Zone 2
NL Hydro normal practice is to set Zone 2 reach t0125%-130% of line impedance

Existing setting is 3.62 ohms secondary (about 132%). However, in order to dependably reach a single line
to ground fault at the remote terminal, it will be necessary to set the reach significantly further.

T20A 211 TL203 way Type=LFZP111q

CTR=240 PTR=2000 Min |= 0.50A4

Char ang= 85.0deg, Dir blinder= 85.0deq

100+ fone 1: ¥=2.38 sec Ohm, B4=12.00 R-=-14.40 T=0.0s
fone 2: ¥=3.62 sec Ohm, R+=12.00 F-=-14.40 T=1.00s

Line 2= 274@ 78.7 sec Ohm ( 22.87 Ohm)

Apparent impedances plotted (K=090E4.1):
Yalla+3klo= 3.30@78.6 sec Ohm (27.43 Ohm).
WhAlb+3klo)= 22.02@-37.3 sec Ohm (183,49 Ohrm).
Yed(lo+dklo= 21.828-172.5 sec Ohrm (181.83 Ohm).

BO—| Relay response: Zone 2 tripped. Delay=1.00s.

S AUNIT - Zone 2 Tripped.

B UMIT : All zanes restrained.

40— CLMIT : All zones restrained.

Moare details in TTY window.

80—

= |
20T
[ I I | [ I
20 20 40 0 120 140 180 i
FAULT DESCRIPTION:

-20+ Close-ln Fault an: 0 Sunnyside 2300kY - 0 West. Avalon 230.kY 1L 1LG Type=~A

Figure 9 - Apparent impedance to a fault close to the remote terminal is increased by 20% when parallel
lineis in service.

As can be seen from Figure 9, the apparent impedance to a fault close to the remote terminal is increased when the
parallel line is in service.

Zapp_int := 3.3 Ohms secondary

. Z2_sec
Z2_sec:= 1.25-Zapp_int Z2 sec=4.1 Ohms secondary =  _150-%

Z1llinesec
= 34.375 Ohms primary

) VTR
Z2_pri:=Z2_sec:
CTR

Since TL207 is very short, it is likely that the Zone 2 function will overreach the SSD TL207 P2 zone 1 element, at
least under some circumstances. Indeed, from Figure 10 below, it can be seen that the Zone 2 ground distance
function does overreach the SSD TL207 zone 1 element for a close in resistive fault, and trips at the same time as
the SSD TL207 zone 2 element. Since the SSD TL207 zone 2 element is already set at 0.6 seconds, there is no
room to reduce the existing 1 second delay on the zone 2 tripping for this IWAV TL203 function.

22T =1 Second
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FAULT DESCRIPTION:
Close-In Fault on: 0 Sunnyside 230.kY - 0 CBC 230 230.kY 1L LG Type=A R=12

Figure 10 - WAV TL203 Zone 2 ground distance function overreaches SSD TL207 P2 zone 1 ground distance for a
resistive fault near SSD.

Page | - 9 of 14

150 211 TL203 Wiy ALT Type=LFZP111q
CTR=240 PTR=2000 Min |= 0504

140 Char ang= 85.0deg, Dir blinder= 85.0dey
Fone 1; ¥=2.06 sec Ohm, R+=13.00 F-=-15E0 T=0.05
Fone 2; ¥=4 .10 sec Ohm, R+=13.00 B-=-15.60 T=1.005

130 Line 7= 2.74@ 78.7 sec Ohm { 22.87 Ohm)

Apparent impedances plotted (K=0.90&5.0):

120 Wal{la+3kloj= 5 41E3533.3 sec Ohm (45.08 Ohm).
Whillb+3klo)= 24 04ig-64.5 sec Ohm (200.34 Ohm).
Welf{le+3klo)= 26. 398163 .4 sec Ohm (219.95 Ohm).

110+ Relay response: Zone 2 tripped. Delay=1.00s.

< A UNIT © Zone 2 Tripped.
1004 B UMIT : All zones restrained.
CUMNIT - All zanes restrained.
Wlare details in TT windaw.
80
21N2 TL207 SSDALT Type=SEL3G__
a0 CTR=240 PTR=2000
Zone 1: ¥G1=0.32. RG1=1.50. F1MG=032.
Zone 20 ¥G2=132 RGZ=20000 ZAMG=1.32 Z2PD=35.00cy
704 | Lone 3: ¥G3=160. RG3=22.00. 73MG=1.60.
kOMT=0.912 k0OA1=1 kDM=0.912 k0A=1 T=-3.00
0 Line /= 0.41& 81.7 sec Ohm [ 3.38 Ohm)
Apparent impedances plotted (=091E1.0):
Saflla+3klo)= 0.903-0.3 sec Ohm (7.49 Ohm).
s0—| whilb+3klol= 4593599 sec Ohm (33.29 Ohm).
sefle+3klol= 4. 453177 6 sec Ohm (37.05 Chrm).
Relay response: Zone 2 tripped. Delay=0EDs.
A0—1 s a UNIT - Zone 2 Tripped.
B UMIT : All zanes restrained.
0+ C l;JNIT o All zones restrained ——nuo— |
i O
207
I | I I I I I I I
-10 10 20 3 70 80 80 100
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Zone 3

The zone 3 function is not used since the POR1 scheme does not include an echo function so there is no need for
any reverse blocking function. Since the Zone 2 timer has to be set with the coordination of the ground distance
element in mind, it is set at 2 second; so there is no benefit in applying a longer reaching zone 3 function.

Zone 3 element is blocked - same as existing.

Load Encroachment logic

The optimho instruction manual recommends a margin of at least 10% between the impedance of the maximum
load and the resistive reach of the quadrilateral distance element.

Check loadability of the Zone 2 phase distance element assuming worst case depressed voltage of a stressed
system of 0.9 per unit.

_ (0.9kVbase)”

Zloadmin := Zloadmin = 158.114  Ohms primary (assume worst case at 30 degrees)

Smax

Zloadmin_sec := Zloadmin- Smax =271 MVA

Zloadmin_sec = 18.974

A 13 ohm secondary resistive reach is less than 90% of the load impedance at anyypower factor and meets the Areva
criterion.

21P1 TL203 WAN ALT Type=LFZP111m
100 | CTR=240 PTR=2000 Min = 0.50A
Zone 1: =206 sec Ohm & 80.0 deg. T=0.0s
Zone 2 =410 sec Ohm & B80.0 deg. T=1.00s
Line I= 274@ 78.7 sec Ohm ( 22.87 Ohm)

80—

2TMT TL203 WA ALT Type=LFZF111q
CTR=240 PTR=2000 Min [= 0.504,

60 | Char ang= 85.0deg, Dir blinder= 85.0deg

Zone 1; ¥=206 sec Ohm, R+=13.00 B-=-1560 T=0.0s
fone 2; ¥=4 .10 sec Ohm, B+=13.00 B-=-15.E0 T=1.00%
40+ | Line 7= 274@ 78.7 sec Ohm [ 22.87 Ohm)

I /
-

1l 40 EI 120 140 ]

20—

_An—
Figure 10 - Apparent impedance of load
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The maximum advisable resistive reach can be found from the equation (3) in Appendix A Quadrilateral
Reactive Reach Versus Resistive Reach Setting Guideline from the paper Digital Communications for
Power System Protection: Security, Availability, and Speed. This paper is obtainable at www.selinc.com.

From this equation, the maximum advisable resistive reach, assuming angular maximum errors of 3
degrees, in measurement by CTs, VTs and the relay, can be determined.

R1Qmax := round[(1 — m)-20-Im(Z1Linesec), 2] ohm

R1Qmax = 13.45Q This is the maximum secure setting for the resistive reach and is less than the existing
zone 1 resistive reach setting. The existing setting of 12 ohms will be secure enough - but

will it be sensitive enough?

With the existing resistive reach setting of 12 ohms, there will be a region of 10% of the line in which neither
terminal will see a 100 ohm fault. If the resistive reach is increased to 13 ohms, one or the other terminal will
(just) be able to sense a 100 ohm SLG on any portion of the line.

Increase the resistive reach setting from 12 to 13 ohms

Rquad := 13 ohms secondary.

Check the maximum fault resistance that can be sensed for a fault at a location where the current contribution from
each terminal is roughly the same. From Figure 11, it can be seen that the limit of sensitivity is about 100 ohms, for
a fault about 56% of the distance from WAV This meets the required sensitivity of 100 ohms.

21M1 TLO3 WAy ALT Type=LFZP111q
CTR=240 PTR=2000 Min |= 0.504,
Char ang= 85.0deq, Dir blinder= 85.0deq
Fone 1: ¥=206 sec Ohm, R+=13.00 R-=-15.60 T=0.05
fone 20 #=4.10 sec Chm, R+=13.00 R-=-15.60 T=1.00s
Line = 2.74@ V8.7 sec Ohr [ 22.87 Ohm)
Apparent impedances plotted (K=091&5.0%:
Yalla+3klo)= 13.09E4.3 sec Ohm (102.04 Ohm). 50—
Whlb+3Klo)= 26.81@-103.6 sec Ohm (223,40 Ohrn).
W le+3Ko)= 27 998130.5 sec Ohm (233,22 Ohrn).
Relay response: Zone 1 tripped. Delay=00s. B0
S AUNIT ¢ Zone 1 Tripped.
B UMIT : All zones restrained.
C UMIT - All zones restrained.
hare details in TTY window.

120+

40—

21M1 TLO3 S50 ALT Type=LFZP111q

CTR=240 PTR=2000 Min I= 0.50A4

Char ang= 85.0deg, Dir blinder= 85.0deg
fone 1: »=2.06 sec Chm, R+=13.00 F-=-15.60 T=0.0s
Fone 20 ¥=410 sec Ohm, R+=13.00 F-=-15.60 T=0.30s

Line 7= 274@ 78.7 sec Ohm [ 22.87 Ohm)

Apparent impedances plotted (k=0.90&5.0):
Yallla+3klol= 12.73E3.0 sec Ohm (106.08 Ohm).
Whillb+3Klo)= 29.69E-107 .7 sec Ohrm (247 .42 Ohm).
Wedlo+3klol= 30128131 .6 sec Ohm 251.00 Ohm).

Relay response: Zone 1 tripped. Delay=0.0s.

< A UNIT - Zone 1 Tripped.

B UMIT : All zones restrained.

COUNIT : Al zones restrained.

20

|

[ [ [
-60 -40 -20

I I I
-120 !-1EIEI -80

FALLT DESCRIPTION:
Interm. Fault on;

20 40 ]} 120
0 WWest. Avalon 230 kY - O Sunnyside 230.kY 1L 1LG 56.00% Type=4A R=100
Figure 11 - Apparent impedance of a resistive fault near the mid point of the line.
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Settings of K attenuators

KZPh Coarse setting common to all DISTANCE zones should be set as high as possible while below the
required Zone 1 reach. The current level detectors vary inversely with KZph. Maximum setting available is 1.0

KZPh :=1.0

Zone 1 attenuators and angular selection

In:=5 Z1 sec = 2.06 This is the desired secondary reach (previously calculated)
Z1_sec 5
KZ1 = ———— KZ1 = 2.06 Zlsec_reach := KZ1-KZPh-— Zlsec_reach = 2.06

I
KZPh-i :
In

Z6PH = (arg(Z1Linesec)) Z6PH = 78.659-deg

Rounded to the nearest 5 degrees ZOPH := 80 Degrees
MWW

ZON := arg(ZOLinesec — Z1Linesec) Z6N = 82.7-deg

Rounded to the nearest 5 degrees ZON := 85 Degrees
MWW

Zone 2 attenuators selection

Z2 sec = 4.1 This is the desired secondary reach (previously calculated)

Z2 sec
KZ2 =———— KZ2 =4.1

5
(KZPh-—j
In
Zone 3 is not used

QUAD Resistive Reach setting

Rquad = 13 This is the desired secondary reach (previously calculated)

_ Rquad
5
In

Residual Compensation attenuators selection

KR: KR =13

Zero sequence current compensation for ground faults is provided by the KZN factor. Zero sequence mutual
compensation is not used in this application (it causes extra complexity for only moderate gain in setting accuracy).

ZO0Linesec — Z1Linesec .
KZN := KZPh KZN = 0.903 + 0.064j

3-Z1Linesec

|KZN| = 0.905 This the same as the existing setting
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Switch On To Fault (SOTF) Protection.

If SOTF is enabled, it can be set to 200ms or 110 s after all poles of the line have been de-energized. The 110 s
setting is intended to override automatic reclosing dead time. However it makes more sense to enable after the
shorter time. Once the SOTF feature has been initiated, it remains in effect for 250ms after the line has been
re-energized. The SOTF tripping options are:

a) Any distance comparator.
b) Any current level detector as long as a corresponding voltage level detector has not picked up within 20ms.
c) Either current or distance, as long as a corresponding voltage level detector has not picked up within 20ms.

SOTF := "Enabled"
SOTF_TIME := 0.20 Seconds

Elements_in_SOTF := "BOTH" (Both Comparators and current level detectors).

Power Swing Detector

This element will not be used. It will be left Blocked, and if there is a power swing, the distance elements will trip
naturally.

VT Supervision
Set the VT supervision to BLOCK TRIP

Set the VT fail detection to SELF RESET this is as existing on WAV TL201 and TL237, but different from the
existing on TL203.

SELF_RESETTING := "ENABLED"

Start Indication

This function will bring up information on the LCD screen of the relay if a start event occurs. This function will not be
used.

START_INDICATION := "BLOCKED"

Communications assisted logic.

The existing communications assisted logic is permissive overreaching transfer trip, scheme POR 1. This
scheme is familiar to Newfoundland and Labrador Hydro, and even though the POR 2 scheme offers the
advantage of weak infeed echo, which would help the sensitivity to resistive faults, it is not recommended to
change the existing scheme logic at this stage with years of experience on a product that is nearing the end of its
useful life.

The POR 1 logic is a basic permissive overreaching transfer trip scheme but it does include current reversal
timers to increase security against misoperation due to current reversal when a fault on the parallel line is cleared
sequentially. The current reversal logic is achieved by a timer TP which will block permissive tripping and keying
of permissive trip if the local zone 2 element does not pick up within a reasonable time of receiving permissive
trip. The block will be maintained for a time delay of TD after the local zone 2 element picks up, or the received
permissive trip signal resets.

The application of the current reversal timers is required only if the settings of the zone 2 comparators are greater than
1.5 times the line impedance. Since the reaches of these elements are less than or equal to 1.5 times the line
impedance, the current reversal logic is not required, and the recommended default settings are as existing>

TP := 98 ms
TD:=0 ms
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Comparison of Existing (red) and Proposed alternative (ALT ) settings.

211 TL203 WAY
CTR=240 PTR=2000 Min I= 0504

Type=LFZP111m

: I=2.38 sec Ohm & 80.0 deg. T=00s
: =362 sec Ohm @ 80.0 deg. T=1.00s
2748 78.7 sec Ohm [ 22.87 Ohrn)

3 —
Zone 1
20 fone 2
Line /=
10—
Zone 1
Zone 2
Line £=

21P1 TL203 WA ALT
CTR=240 PTR=2000 Min |= 0.50A

Type=LFZP111m

» I=2.06 sec Ohm @ 80.0 deg. T=0.0s
» =410 sec Ohm @ 80.0 deg. T=1.00s
274G 787 sec Ohm ( 22.87 Ohrm)

| | |
-10 10 20

Figure 12 - Comparison of phase distance characteristics

30 40 al

—_

I
2TMT TLAO3 WAL Type=LFZP111g
[CTR=240 PTR=2000 Min I= 0.504
Char ang=85.0deq, Dir blinder=85.0dey
Zone 1: ¥=2.38 sec Ohm, R+=12.00 F-=-14.4
fone 2 ¥=3.62 sec Ohm, R+=12.00 F-=-14 4
[Lir]e = 274G 787 sec Ohm (2287 Ohm)
I

0T=00s
0 T=1.00s

o

P

[
2101 TL203 Wias ALT Type=LFZP111yg
NDCTR=240 PTR=2000 Min = 0.5804
Char ang= 85.0deq, Dir blinder= 35.0deqg
Zone 1; ¥=2.06 sec Ohm, F+=13.00 R-=-15.60 T=0.05
Zone 2: ¥=4.10 sec Ohm, B+=13.00 R-=-15.60 T=1.00s
Uline 7= 274@ 78.7 sec Ohm [ 22.87 Ohm)

-

20

Figure 13 - Comparison of ground distance characteristics
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Protection Review for Five 230 kV Transmission Lines

Appendix J
Detailed settings review for WAV TL203

"'P2" protection.

Settings recommended to be changed from existing are highlighted.

Prepared for:
Newfoundland and Labrador hydro

Prepared by: C. F. Henville, Henville Consulting Inc.
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Scope

To review the existing settings of the protection systems for the Western Avalon (WAYV) terminal of circuit
TL203 . This 230 kV transmission circuit is from Sunnyside (SSD) to Western Avalon (WAV).
The circuit runs parallel to TL237 for most of its length.

138 kV and 60 kV system

Stonybrook
(STB)
Es
L204 —qaL
105 km uh Sunnyside
(SSD) L203 45 km
1231 L206 142k
105 km m
L237 44.5km
O 1202 142 km L207 :
6.7
Bay km Western
D’Espoir Avalon
(BDE) Come by - (WAV)
Chance | |
(CBC) >
EXAAMATERAAAAY Y

Figure 1 - System Single Line Diagram

Existing P2 protection systems are SEL321 systems with permissive overreaching transfer trip and single phase
tripping and reclosing. Automatic reclosing is provided by external logic.

Definitions
2
MV Abase := 100 kVbase := 230 Ibase := w Zbase := k\/bi
kaase-\/§ MVAbase
j=v-1
Instrument Transformers
Two breakers are provided at each line terminal.
CT ratio is: CTR := @ VT ratio is: VTR := m
5 1

Accuracies of instrument transformers are not reviewed. Since this protection has been in service for more
than 10 years, it is assumed that experience has shown they are satisfactory. Fault levels are not changing
from the initial application so duties of maximum currents through CTs have not increased significantly.

Page J - 2 of 27 16/11/2010



PUB-NLH-163, Attachment 1

Page 188 of 425, Isl Int Sys Power Outages
Newfoundland and Labrador Hydro Protection Review for Five 230 kV APPENDIX J
Transmission Lines WAV TL203 P2

Fault Study Results

Using ASPEN OneLiner Case “Hydro Interconnected System (2010-08-13) V10.olr ” with zero sequence
mutual coupling added. Faults are simulated from "From a linear network solution™ fault option with all
shunts ignored (unless needed for load flow simulation).

Minimum fault current seen by each terminal (multiphase and SLG with 100 ohm fault resistance).

At WAV, with Circuit TL217 out of service, and TL207 and TL237 lines in service, for a fault at the remote
terminal.

I3Pmin := 924 ISLGminPH := 884 A ISLGminOseq := 768 A

The current for a phase to phase fault would be lower, but the current supervision element of the SEL321
measures phase to phase currents, and the phase to phase current for a phase to phase fault is twice the phase
current.

Calculate the minimum negative sequence source impedances behind each terminal. This will be with all
generation on line, with the parallel line in service and with the remote end of the line open.

Minimum um source impedance behind WAV Z2minWAYV = 2.75 + j-27.64  ohms primary
Minimum source impedance behind SSD Z2minSSD := 3.22 + j-27.90 ohms primary
SSD 2.94 pu WAV
_>

= ®

1.95E '
u CBC 1.95 Eu 21.7 pu

Figure 2 - 3 Phase Fault at WAV

SSD 4.77 pu WAV
—

H— ®

4.13 pu 4.13 pu
20.0 pu 34— CBC <—p

Figure 3 - 3 Phase Fault at SSD
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SSD 2.49 pu WAV
_>

H— ®

1.95
——§ cBC 1'—95& 21.65 pu &

Figure 4 - SLG Fault at WAV (310 currents)

SSD 3.44 pu WAV
. E—

o -®

270pu ' 270 pu
19.8 pu& < CBC e4—

Figure 5 - SLG Fault at SSD (310 currents)

SSD 4.22 pu WAV
——l

H— ®

|
3.58 pu 3.58 pu
=220 cee 228 21.65 pu %

Figure 6 - SLG Fault at WAV (Phase currents)

SSD 4.3 pu WAV
—
O——— -©
19.8 pubf QP cpe 330

Figure 7 - SLG Fault at SSD (Phase currents)
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Line impedances.

Line impedances (per unit on 230 kV, 100 MVA base):

Z1L.203 := 0.0085 + j-0.04238 Z0L203 := 0.02337 + j-0.15876

In primary ohms

Z11.203pri := Z1L203-Zbase Z0L203pri := Z0L203-Zbase

In secondary ohms

CTR CTR
Z1Llinesec := Z1L.203pri-—— ZOLinesec := Z0L203pri-——
VTR VTR

| Z1Linesec| = 2.744 arg(Z1Linesec) = 78.659-deg
| ZOLinesec| = 10.187 arg(ZOLinesec) = 81.626-deg

Zero sequence mutual coupling between TL203 and TL237 is Z0m := 0.0132 + j-0.0697

The existing line impedance settings are slightly different from the line data book. They should be adjusted to
improve the accuracy of the fault location algorithm.

Load Data

From 2010 System peak load case provided in start up information, the peak load is given as 132.6 MVA (with
TL203, TL207 and TL237 in service). The highest load of the three lines is TL207 with a load of 138.4 MVA. In the
event of sudden loss of TL207. Peak load in TL203 will increase to take up the lost load through TL207. Thus the
peak load in TL203 will be slightly more than double until operators can adjust loads.

Speak 203 := 132.6 MVA Speak 207 := 138.4 MVA

Smax := Speak_203 + Speak_207 = 271 MVA
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P2 Relay Settings

The existing line impedance settings are slightly different from the line data book. They should be adjusted to
improve the accuracy of the fault location algorithm.

arg(Z1Linesec)

ZIMAG := |Z1Linesec| ZIMAG = 2.74 Z1ANG : -
eg

Z1ANG = 78.7

Z0Li
ZOMAG := |ZOLinesec| ZOMAG = 102  ZOANG == w ZOANG = 81.6
eg

LL203 := 44.53

In order to obtain sensitivity to 100 ohm single line to ground faults, the echo function will be needed. Enable two
forward and one reverse zone.

PMHOZ = 3 GMHOZ := 3 QUADZ =3

DIR1:=F DIR2 := F DIR3:=R

Mho phase distance functions

Zonel

NL Hydro normal practice is to set Zone 1 reach to 85% of line impedance. This will be OK if the line is long and
voltages for line end fault are greater than 20% of nominal. Check the maximum source impedance to a fault at the
SSD Station bus under weak source conditions with TL217 out of service and all of TL203, TL207 and TL237
lines in service. From ASPEN OneL.iner, voltage at WAV for a 3 phase fault at SSD is 0.16 per unit. So there is
less than 20% voltage at WAV during a fault at SSD under weak source conditions.

Since the voltage is not higher than 20%, the line is considered short, and a reduced Zone 1 setting is
recommended to provide more security. Choose a setting of 80% of nominal.

Z1P := 0.8-|Z1Linesec| Z1IP =22 Ohms secondary

Existing setting of 2.38 ohms is a little high, and will be reduced.
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Zone 2
NL Hydro normal practice is to set Zone 2 reach t0125%-130% of line impedance

Existing setting is 3.62 ohms secondary (about 132%) and is acceptable. No need to change.

Z2P := 1.32-|Z1Linesec]| Z2P =362  Ohms secondary

Since TL207 is very short, it is likely that the zone 2 element will overreach the SSD TL207 zone 1 under some
circumstances. Therefore we need to use a delayed zone 2 timer in order to coordinate with the SSD TL207 Zone
2 function. Therefore, the timer setting will be increased beyond the normal zone 2.

SSD TL207 Zone 2 timer is set at 18 cycles. Assume this is Newfoundland and Labrador Hydro normal zone 2
clearing time that allows for normal breaker clearing and margin for breaker failure clearing and relay reset. To
coordinate with the remote zone 2, we will need to make similar allowances.

CBtime:= 3 cycles Margin := 15 cycles Z2PDSSD_TL207 := CBtime + Margin =18  cycles
Set this zone 2 at twice the remote zone 2 setting.

Z2PD := 2Z2PDSSD_TL207 = 36 cycles

Zone 3

Set Zone 3 reverse element to reach further behind this terminal than the remote Zone 2. This function adds
security for external faults. The element should always be more sensitive than the forward looking Zone 2 at the
remote terminal. Set it the same as the remote Zone 2 overreach plus 20%

Z3P := ZIMAG- P -1+ .2 Z3P =14 Ohms secondary
Z1IMAG
Z3P . This is a little higher than the existing setting, but
|ZIMAG]| =52:% of line length provides additional security.

The reverse looking zone 3 element need not be set to trip through a timer. It is needed only for security in the
POTT scheme.
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21P2 TL203 Wa 113 Type=SEL32MP__
CTR=240 PTR=2000

fone 1: Z1P=222.

fone 2: FAP=362. ZPD=18.00cy

fone 3: 73P=1.40. 73PD=2000.00cy

Line /= 274 78.7 sec Ohm [ 22.87 Ohm)
Apparent impedances plotted:

(Vb-vel(lb-lc)= 3.59@79.4 sec Ohm (29.95 Ohm).
(Ve-Valile-lal= 3.50@79.4 sec Ohm (29.95 Ohm).
(Va-vb)/la-Ib= 3.50@79.4 sec Ohm (29.95 Ohm).

Relay response: Zone 2 tripped. Delay=0.30=.
< B-C UNIT: Zone 2 Tripped.
< C-A UNIT: Zone 2 Tripped.
< A-B UNIT: Zone 2 Tripped.
Ware details in TTY windaw.

B

%
21P2 TL207 5501 Type=5ELI2MP__

CTR=240 PTR=2000
"Zone 1: Z1P=0.32.
fone 2 FAP=132 ZPD=18.00cy
Zone 3 73P=1.60
Line 7= 041 81.7 sec Ohm { 3.33 Ohm)
Apparent impedances plotted:

Relay response:; fone 2 tripped. Delay=0.30s.
< B-C UNIT: Zone 2 Tripped.
< C-A UNIT:. Zone 2 Tripped.
< A-B UNIT. Zone 2 Tripped.

(vb-veilb-lci= 0.34@61.7 sec Ohm (2.67 Ohm).
L ve-val(le-lay= 0.34@81.7 sec Ohm (2.67 Ohm).
(va-vbifla-Ibi= 0.34@61.7 sec Ohm (2.57 Ohm).

APPENDIX J
WAV TL203 P2

| | | | |
5 10 15 20 25

FALULT DESCRIPTION:
Interm. Fault an:

aul 0 Sunnyside 230k - 0 CBC 230 230.k% 1L 3L 85.00%
with end apened
|

Figure 8 - Existing WAV TL203 Zone 2 overreaches SSD TL 207 Zone 1(shortest line out

of WAV) with infeed, and needs extended delay before tripping.
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Mho phase distance current supervision

If the current supervision elements can be set above load, they will be secure in the event that potential is lost.
However given that loss of potential logic is available, it is recommended that only the zone 1 current
supervision function be set above load. If potential is lost, it will be able to block tripping by Zone 2 before it
trips on time delay or receives a permissive trip from the remote terminal.

For the point of view of current supervision being above maximum load, there is no need to worry about
abnormal conditions. It would be a double contingency for the VT signal to be lost while the parallel line was
out of service. Therefore, consider a maximum load of 135 MVA. The current supervision elements for the phase
distance functions measure phase to phase currents.

Speak_203-1000 .
IPPmax_normal := opeax 0o 100 IPPmax_normal = 577 A primary

kVbase

The current supervision elements use phase to phase currents for supervision of the phase distance function;.
so the minimum phase to phase fault current will be root three times the minim phase fault current. Choose a
margin of 50% of the minimum phase to phase fault current for dependability.

IPPmin := 0.5I3Pmin-\/§ IPPmin = 800 A primary

A setting of 600 A primary for 50PP1 will ensure the Zone 1 function operates for any fault even under
minimum source conditions but will not be susceptible to trip on load due to loss of potential under normal
maximum load conditions. This is somewhat higher than the existing setting, and adds a little more security.

'50PP1:= 25 A Sec '50PP1-CTR = 600 A primary

Since Zone 2 and zone 3 elements will be blocked by LOP function, set them at minimum. The zone 3 current
supervision should not be set higher than the zone 2 current supervision element at the remote terminal. In
this case the remote zone 2 current supervision element will be set at 1.0 A secondary.

'50PP2:=1 A Sec '50PP3 =1 A Sec
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Ground Distance Protection

The reach of the ground distance functions will be affected by mutual coupling to the parallel line. These
functions will tend to underreach the remote bus while the parallel line is in service, and overreach the remote
bus if the parallel line is out of service and grounded at both ends. Figure 9 shows that for a remote bus fault,
with the parallel line out of service and grounded, the apparent impedance of the line is reduced to about 2.39
ohms secondary instead of the nominal 2.74 ohms. This is 87% of the actual line impedance.

=}

21M2 TL203 WA IFS Type=5SEL321G__

CTR=240 PTR=2000

Fone 1: ¥G51=238. RG1=1200 ZI1MG=233

fone 20 ¥G2=362 RG2=1200 I2MG=362 Z2PD=18.00cy

fone 3 ¥G3=098. RG3=14.40 I3MG=0353

kOM1=0.951 kDA1=4.55 kOM=0.951 kDA=4.55 T=278

Line 7= 274i@ 73.7 sec Ohm {2287 Ohm)

Apparent impedances plotted (K=0.95504.5)
Wal{la+3kloj= 2.39E758.8 sec Ohm (19.83 Ohm).
Whillb+3klo)= 12 B2E-37 .9 sec Ohm (105,14 Ohm).
Welf{le+3klol= 12 60E-170.3 sec Ohm (104.35 Ohm).

Relay response; fone 2 tripped. Delay=0.30s.

< A UNIT - Lone 2 Tripped.

B LMIT : All zanes restrained.
CLMIT © All zanes restrained.
Mlare details in TTY window,

20—
I [ [ [ I [ [
o &——a— 20 A0 B0 80 100 1
FAULT DESCRIPTION: .
Bus Fault on: 0 Sunnyside 2300 kY 1LG Type=~A

Branch outage: 0 %West Avalon 2Z30.kY - O ComeByChance 230k 1L Ends grounded with R=0
I

Figure 9 - Apparent impedance to a fault just beyond the remote terminal is reduced by 11% when parallel
line is out of service and grounded at both ends. Existing relay settings modeled in this figure.

The normal reach of the zone 1 should be reduced to less than 85% of the line impedance to make it more secure
against misoperation for a fault. Choose a setting of 75% of the line impedance, which is lower than the setting
required to make the zone 1 element more secure for faults beyond the end of this short line. Note that as will be
seen later, the reduced reactive reach is required to allow a relatively large resistive reach for sensitivity while
retaining security against overreach due to CT and VT errors.

Let the per unit reach of the Zone 1 function be m% of the line. m:= 075 per unit
ZIMG := m-|Z1Linesec| ZIMG = 2.06
XG1l:= Z1IMG XG1 = 2.06
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The resistive reach of the Zone 1 quad should provide enough sensitivity to trip the local terminal immediately

without waiting for permission from the remote terminal for a severe fault that depresses the voltage

significantly. Further, it should not allow the function to reach beyond the remote terminal due to errors in relay
measurement or CT or VT. If possible, it should also operate for a 100 ohm SLG 25% of the distance from the
local terminal. Operation for a 100 ohm resistive fault at the 25% location will ensure this function can trip for a
close in fault without assistance from the remote terminal. The remote terminal zone 1 function will be set to
operate sequentially for this fault.

By simulating a fault with 100 ohms fault resistance at the 25% of the distance from WAV, with the system
normal, it is found that a reach of 13 ohms secondary will not sense this fault. See Figure 10.

|
21M2 TL203 WWaN ALT Type=SEL321G__
CTR=240 PTR=2000
Zone 1. XG1=2.06. RG1=13.00. Z1Mi=2.06.
Zone 2 ¥G2=4.10. RG2=2500 Z2MiG=410. ZZPD=G60.00cy
Zone 3 ®¥G3=1.90. RG3=25.00. ZiMi=1.90. Z3PD=2000.00cy
kOM1=0.5951 k0A1=4.55 kOM=05951 k0A=4 55 T=-278
Line 7= 2.74i@ 78.7 sec Ohm [ 22.87 Ohr)
Apparent impedances plotted (K=0.95G4.5):
Yallla+tdklol= 90932 1 sec Ohm (75,75 Ohm).
Whlb+3klol= 17 .86E-108.7 sec Ohm (1453.85 Ohm).
Yelordklo= 18 41E130.7 sec Ohm (153,41 Ohm).
Relay response: Zone 2 tripped. Delay=1.00s.
< AUMNIT - Zone 2 Tripped.
B UMIT : All zones restrained.
CUMIT : All zones restrained.
More details in TTY window.

100—
2TNT TL03 WAN ALT Type=LFZP111g

CTR=240 PTR=2000 Min = 0.50A
a0 Char ang= 85.0deg, Dir blinder= 35.0dey
fone 1; ¥=2.06 sec Ohm, R+=13.00 F-=-15.60 T=0.0s

Line 2= Z.74@ 78.7 sec Ohm (22.87 Ohm)

Apparent impedances plotted (K=091&5.0):
Wallla+3klol= 929819 sec Ohm (77.41 Ohrn).
Wh/(Ib+3klol= 18.62F-109.2 sec Ohm (195.13 Ohm).

40+ Wedlo+3klo= 19.198130.2 sec Ohm (159.89 Ohm).

B0—

Relay response: Zone 1 tripped. Delay=0.0s.
/ S ALUMIT @ Zone 1 Tripped.
2047 BUMNT : Al zanes restrained.

fone 20 ¥=4.10 sec Ohm, R+=13.00 F-=-15.60 T=1.00s

/\ CUMIT @ All zones restrained.

I
B0

FAULT DESCRIFTION:
Interm. Fault on: 0O Weslt. Awalon 230.kY - 0 Sunnyside 2300k% 1L 1LG 25.DD%__T_§£EE=A R=100

Figure 10 - WAV P2 Zone 1 function does not operate for a 100 ohm SLG fault at 25% from the

[
-40

I
=20

>

local terminal. (although the P1 protection does).
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The existing 12 ohm secondary resistive reach of the zone 1 element will certainly not sense this fault, and would
need to be increased to 20 ohms secondary. Check whether this reach will be secure, considering possible CT
and VT errors.

XG1 is set at m per unit of the transmission line. The imaginary component of this is

ImXG1sec := Im(Z1Linesec) ImXGlsec = 2.69  ohms

The maximum advisable resistive reach can be found from the equation (3) in Appendix A Quadrilateral
Reactive Reach Versus Resistive Reach Setting Guideline from the paper Digital Communications for Power
System Protection: Security, Availability, and Speed. This paper is obtainable at www.selinc.com.

From this equation, the maximum advisable resistive reach, assuming angular maximum errors of 3 degrees, in
measurement by CTs, VTs and the relay, can be determined.

RG1 := round[(1 — m)-20-ImXG1sec, 1]

RG1 = 13.5 This is the maximum secure setting for the resistive reach so the desired zone 1 resistive
reach setting would not be confirmed as being secure.

Use the maximum secure setting of 13 ohms for RG1 RG1 := 13 ohms secondary

With a resistive reach setting of 13 ohms, the SSD Zone 1 quad element will see an 80 ohm resistive SLG fault
immediately in from of the SSD terminal and gradually reducing resistance as the fault moves away from the
terminal. Zone 2 protection will be depended upon to sense faults with resistance up to 100 ohms.

In spite of this poor sensitivity of the Zone 1 element, it should be noted that the 80 ohm resistive SLG will only
depress the faulted phase voltage by about 8%; so this fault is not very severe on the system and
communications assisted tripping should not have a significant negative impact on the system.

Zone 2 Ground Distance Protection

The Zone 2 ground distance function will need to be set longer than the Zone 2 phase distance protection
function because it will tend to underreach the remote terminal while the parallel line is in service. By simulation
in ASPEN OneL.iner it is found that the apparent impedance to a zero ohm fault close in to the remote terminal is
3.22 ohms secondary, or 18% more than the actual line impedance. The reach of the Zone 2 ground distance
element should be set at least to 1.25 times the apparent impedance. Choose a factor of 1.27 to make the zone 2
reach the same as the P1 protection. (Required reach is actually a little different from P1 required reach due to
slightly different zero sequence current compensation factors).

ZSLG_remote := 3.22
Z2MG := round(1.27-ZSLG_remote, 1) Z2MG = 4.1 Ohms secondary

The quad element reactive reach will be set similarly to the mho.

XG2 := Z2MG XG2=41 Ohms secondary

The resistive reach of the quad will be increased to sense a 100 ohm resistive in the middle of the line with a
good overlap of zone 2 elements from each end.

By trial and error from ASPEN it is found that a resistive reach of 25 ohms secondary will sense a 100 ohm SLG
fault from both ends of the line between 51 to 58 percent of the distances from the WAV terminal. However
since it will not overlap the Zone 1 element at the remote terminal, the permissive trip echo function will be
required to ensure that a fault that is seen by the zone 2 element at only one terminal will still be cleared by the
permissive trip logic.

Therefore, to avoid extremely large resistive reaches, and to retain sensitivity to 100 ohm resistive SLG faults, it
is recommended that the echo function be enabled at both terminals.
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R2G = 25 Ohms secondary

|
2TM2 TL203 WaN ALT Type=SEL3NG
CTR=240 PTR=2000
Zone 1: ¥E1=206. RG1=13.00. Z1MG=206.
Lone 2 ¥G2=410. RG2=2600 Z2MG=4.10 IZ2PD=60.00cy
Zone 3 ¥KG3=1.90. RG3=23.00. Z3MG=1.80 Z3PD=2000.00cy
kOM1=0.951 kOA1=4.55 kOM=0.951 k0A=4 55 T=-273
Line 7= 2740 737 sec Ohm [ 22.87 Ohm)
Apparent impedances plotted (K=0.95E4.5):
Wallla+3klol= 12 654 4 sec Ohrn (105.33 Ohrn).
Whilb+3kIo)= 25.36iE-108.1 sec Ohm (211.31 Ohm).
Weflo+3klol= 26.46iE131.0 sec Ohm (220458 Ohrm).
Relay response: Zone 2 tripped. Delay=1.00s.
< AUMNIT - Zone 2 Tripped.
B UMIT : All zanes restrained.
CUMIT : All zones restrained.
Mare details in 'I'I"\I’ window.
1°M |
21M2 TL203 S50 ALT Type=5EL32NG__
CTR=240 PTR=2000
Zone 1: ¥E1=206. RG1=13.00. Z1MG=2.06.
Jone 20 ¥E2=410. RG2=25000 Z2MG=4.10. Z2PD=13.00cy
fone 3: ¥E3=1.90. RG3=28.00. ZI3Mi5=1.90.
kOM1=0.905 kOAT=4 kOW=05905 k0A=4 T=-3.00
Line /= 274 78.7 sec Ohm [ 22.87 Ohm)
Apparent impedances plotted (K=0.91E4.0)
Vallla+aklol= 12.82E3.5 sec Ohm (106.84 Chrn).
Whi(lb+3klo)= 29.79E-106.6 sec Ohm 248.28 Ohm).
Vefle+aklo)l= 30.25E132.6 sec Ohm (252.08 Ohm).
Relay response; Zone 2 tripped. Delay=0.30s.

7\ 4 AUNIT : Zane 2 Tripped.
: B UMIT : All zones restrained”™”™ —m—m —— |
C UNIT © Al zanes r%st[ained.—_—_—_—————_
= /
1
!
[ [ [ [ | [ [ [ T
E - -20 2 B0 ad 100 / 120
L
FAULT DESCRIPTION: =20 \L

Interm. Fault on: 0 YWest. Awalon 230 kY - 0 Sunnyside 230 kY 1L 1LG 55.00% Type=4A R=100 -

Figure 11 - Local Zone 2 Quad element operates for 100 ohm resistive SLG at 55% of the
distance from the local terminal.

Since the parallel path TL207 and TL237 both trip three pole only, there is no danger of the zone 2 function
tripping while the parallel line is open single phase, with heavy power flow.
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It would be desired to reduce the zone 2 ground distance time delay trip in order to aid coordination for
resistive single line to ground faults "around the loop™ of TL203 TL237 and TL207 where otherwise, the
ground time overcurrent functions might not have coordinated fully. Unfortunately, since this element senses
faults with higher resistance than the short reaching zone 1 element at the SSD terminal of TL207, it has to be
set to coordinate with the SSD TL207 zone 2 element which already has its time delay set at 0.6 seconds.
Therefore it will not be possible to reduce the zone 2 ground distance time delay below the existing 1 second..

140
21M2 TL203 WAY ALT Type=SEL321G__
CTR=240 PTR=2000 21M2 TL207 SSDALT Type=SEL321G__
Zone 1: ¥G1=2.06. RG1=13.00. Z1MG=2.06. | STR=240 PTR=2000 -
Zone 2: XG2=4.10. RG2=25.00, T2MG=410. T2PD=60.00cy | Zone 1:XG1=032 RGI=150 ZIMG=032 ~
Zone 3: XG3=1.90. RG3=28.00. 73MG=190. 73PD=200000cy | Zone 2 AG2=1.32 RE2=2000. Z2MG=1.22. ZPD=36.00cy
KOM1=0.951 kDA1=4.55 kOM=0.951 kDA=4 55 T=-2.78 Zone 3: AG3=1.60. RG3=2200. Z3imMG=1.60.
Line 7= 274@ T8 sec Ohm (22 87 Ohrm) 100~ KOM1=0.912 kOAT=1 KOM=0.512 kDA=1 T=-3.00
Apparent impedances plotted (K=0.95@4.5): Line = 0.41@@ 81.7 sec Ohm [ 3.35 Dhr)
Wai(la+3KIo)= 5.83@24.1 sec Ohrn (56.93 Ohm). Apparent impedances plotted (K=0.31@1.0):
Whi(lb+3Klo)= 30.17@-74.3 sec Ohm (251.42 Ohrm). 80— WVal(la+3Klo)=1.53@-0.4 sec Ohm (12.73 Dhm.
wel(lc+3Klo)= 34.58@153.9 sec Ohm (268.19 Chm. Whillb+3kla)= 5.57i@-06.1 sec Ohm (48.42 Ohrn).
Relay respanse: Zone 2 tripped. Delay=1 00s. Wesllc+3Kio)= 5 58@171 6 sec Ohm (46.52 Ohm).
< & UNIT : Zone 2 Tripped. g0—| Felay response: Zone 2 tripped. Delay=0.E0s.
B UNIT : All zones restrained. S AUNIT - Zone 2 Tripped.
CUNIT © All zohes restrained. B UNIT : All zones restrained.
“More details in TTY window, 40— CUNIT © All zones restrained.
20 O]
T I I I T T I T T T I I T
- 420 00 80 B0 40 20 C 2 B0 80 100/ 120 140
FAULT DESCRIPTION:

Close-In Fault on: 0 Sunnyside 230 kV 0 CEIC 230 230 kY 1L LG Type=A R=20 “‘\RRRR_

Figure 12 - Zone 2 ground distance element senses a 20 ohm resistive fault on TL207 that the SSD TL207 Zone :
element does not sense.

Z2GD := 60 Cycles (same as existing)

Zone 3 Ground Distance Protection
The zone 3 ground mho function will be set using the same principles as the zone 3 phase distance function.

Z2MGrem := 4.1 ohms secondary

Z2MGrem 14 'Zj Z3MG = 1.9 Ohms secondary

Z3MG := ZIMAG:
( ZIM

AG
Z3P . This is a little higher than the existing setting, but
|ZIMAG] = 52:% of line fength provides additional security.
XG3:= Z3MG  XG3=1.9 Ohms secondary

Set the Zone 3 quad resistive reach at 10% more than the remote Zone 2

R2Grem := 25 Ohms secondary

R3G := round(R2Grem-1.1,0) R3G = 28 Ohms secondary
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Ground distance current supervision

Since there is no concern about these elements operating on load, even with loss of potential, set all current
supervision elements at minimum, for maximum sensitivity of the distance elements.

'50L1:= 0.5 A Sec '50L2 := 0.5 A Sec '50L3:= 05 ASec
'50G1:= 0.5 A Sec '50G2:= 0.5 A Sec '50G3:= 05 A Sec

Note that due to heavy infeed of zero sequence currents from the local terminal for close-in faults, the ground
overcurrent detectors will not operate for faults with more than a small amount of resistance close to the remote
terminal. Therefore, we will have to rely on sequential clearing for that type of fault. However setting the current
supervision at minimum allows maximum sensitivity.

Zero sequence current compensation

The zero sequence current compensation could be adjusted to compensate for the significant amount of mutual
coupling. However as discussed in the settings of reaches of the ground distance elements we will accept
underreach of the Zone 2 function for the normal case. Set the zero sequence current compensation as usual.

ko1 = [ | Z0L208 — 211203 kO1M = 0.905
3-71L.203
Z0L203 — 711203
kO1A := | arg kO1A = 4.06-deg Say  kO1A := 4deg
3-721L.203 AN
Set the overreaching zones the same as zone 1 kOM := kO1M kOA := kO1A
kOM = 0.905 kOA = 4-deg
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Non Homogenous Angle Setting

Compare the angle of the total zero sequence current at the remote bus with the angle of the zero sequence

current contribution from the local terminal to determine this setting. From ASPEN OneL.iner, the worst case is
normal conditions. For this case, for an SLG at WAV the angle of 10 at the fault is -115 degrees and the angle of 10
out of the SSD terminal is -112 degrees. Therefore, the total fault current lags the current contribution from SSD
by 3 degrees and angle T must be set negative by the difference to ensure no overreach.

T:.= -3 degrees
MWV

Out of step blocking and tripping

Not used in this application. There is a danger of out of step conditions arising. Historically no action has
been taken to provide special tripping or blocking functions. Natural tripping during swings is accepted.
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Load Encroachment logic

Check loadability of the Zone 2 phase distance element assuming worst case power factor of 0.87 simultaneous
with worst case depressed voltage of a stressed system of 0.9 per unit. Note that units of kV squared match units
of MVA. Note that quadrilateral elements are only used for the ground distance functions that are not sensitive to
balanced three phase load. Therefore no need to worry about the reach of the quadrilateral elements.

(0.9kVbase)’
Smax

Zloadmin := Zloadmin = 158.114 Ohms primary (assume worst case at 30 degrees)

Maximum reach of the Zone 2 element is at the line angle of 81 degrees. At 30 degrees, the reach will be given by
Z2load := Z2P-cos[(Z1ANG - 30)deg] Z2load = 2.392 ohms secondary

VTR .
Z2?load-—— = 19.937 ohms primary

CTR

Since the reach of the Zone 2 element at 30 degrees is less than the apparent impedance of the maximum
load, there is no need to apply load blinding logic. See Figure 13

1004 | 21P1 TL203 S50 ALT Type=LFIFP111m
CTR=240 PTR=2000 Min I= 0504
fone 1. =206 sec Ohm & 800 deg. T=0.0s
a7 fone 2: 7=4.10 sec Ohm @ 80.0 deg. T=1.00s
Line 7= 2.74ig 73.7 sec Ohm {2287 Ohm)
B0
40—
20
I I I I | | I |
20 40 B0 a0 100 120 140 G0
=20
40—

Figure 13 -Load impedance with respect to proposed new Mho function reaches.
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Ground directional element

The SEL-321 application example recommends finding the minimum source impedance behind the terminal and
setting the reverse and forward boundaries of the negative sequence directional element at the 1/3 and 2/3 points
respectively.

In the negative sequence plane, the sum of the two source impedances and the line impedance is:

Z2total := Z2minWAV + Z1L203pri + Z2minSSD | Z2total| = 78.658

Z2total 27 2total

The 1/3 pointis 72 1 3:= The 2/3 pointis 72 2 3:=

Z2Rpri == Z2 2 3 — Z2minWAV | Z2Rpri| = 24.697 | z1L.203pri| = 22.865
|Z2minWAV| = 27.776

Z2Fpri:= Z2_1 3 — Z2minWAV | Z2Fpri| = 1.811
| Z2minSSD| = 28.085

Converting the primary impedances to secondary ohms

CTR
Z2R = ZZRpri-ﬁ |Z2R| = 2.964 Ohms secondary arg(Z2R) = 80.144-deg

CTR
Z2F = zszri-ﬁ |z2F| = 0.217 Ohms secondary arg(Z2F) = —65.926-deg

Rounding up Z2F (note that Z2F is negative) and rounding down Z2R gives:

Z2F .= 0 Ohms secondary Z2R = 2 Ohms secondary

The proposed Z2F setting is not very different from the existing settings, but the proposed Z2R setting
is considerably less. The existing Z2R setting is too high.

Set the current level detectors at minimum level that will allow operation of the ground distance elements.

Due to the very small zero sequence current contribution to a single line to ground fault at the remote terminal,
the negative sequence current contribution will always be higher than the zero sequence. Therefore there is

no point in setting the forward looking negative sequence overcurrent elements any more sensitively than the
zero sequence ground overcurrent supervision of the ground distance elements.

'50QF := '50G2 '50QF = 0.5 A secondary

Set the supervision function for the reverse looking element to be the same as, or a little more sensitive than
the forward looking supervision element at the remote terminal.

'50QR := 0.5 A secondary

The positive sequence current restraint (a2) factor should be set just smaller than the ratio of the maximum load
current (positive sequence) to the most sensitive current supervision element (50QR).

Smax-1000 11 i
I1maxpri = ~max 2 I1maxsec := ~~maxpn I1maxsec = 2.834
kVbase-/3 CTR
Bearing in mind that the 50QR setting is in units of 3*I2
__S0QR = 0.059 Choose a value of a2 := 0.06
3-11maxsec
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Phase time overcurrent element

This element is not used

Residual time overcurrent element

This element is used to provide the most sensitive backup protection. It will be non directional element.

Set pickup to sense a higher resistance than 100 ohm SLG in the middle of the line with equal zero sequence
current infeed from both ends. Choose a resistance of 200 ohms arbitrarily. Use a safety factor of 2 so that
operating time is not infinity at this fault level.

SF =2 Desensitization factor due to remote end infeed is  Dfactor := 2 Rf := 200

kVbase-1000
\/3-SF-Dfactor-Rf-CTR

'5INPU = round[ 1] '5INPU = 0.7

The existing setting of 0.5 A is more sensitive than required to sense this mid line fault with arbitrary
resistance. It will be increased a little to make it more secure during SPO conditions with very heavy load.

'5INPU := 0.6 A secondary
NMWWWWWWW\

Coordination checks show that existing time dial settings around the loop TL203, TL237 and TL207 will not
coordinate, because the CBC TL237 and SSD TL207 relays do not have enough difference in their settings.
Therefore if there is a fault on TL237 that has to be cleared by the ground time overcurrent relay, SSD TL207 will
not coordinate. Therefore the existing time dial settings have to be adjusted. The ground distance elements will
speed up tripping for faults with resistance up to 150 ohms fed from one end, where ground relay coordination is
challenged), so coordination will be checked for faults with resistance of 150 ohms or more. Trial and error
checks show that in order to achieve coordination, the existing time dial setting of CBC TL237 ground time
overcurrent relay will have to have its time dial settings reduced from existing 4 to 3.

Check the coordination with the other relays for three faults (all with 150 ohm resistance). Intermediate on
TL203 89% from WAV with SSD end open. LE on TL237 with WAV open and close-in to SSD on TL207
with CBC terminal open. See Figure 14 to find that existing settings (curves 2&3) do not coordinate, and
Figures 14, 15 and 16 to find that Curve 3 and revised curves 4 and 6 settings will coordinate.

'51NPU = 0.6 A secondary '51NPU-CTR = 144 A primary
'5INTD := 4 '51INC = "U3" '5INTC := "N" '51INRS = "N"

Checks for close-in fault show that this element will not operate in less than 0.3 seconds so there is no
danger of it tripping 3 pole before the zone 1 element trips the faulted phase selectively.

Worst case load unbalance with single pole open will be in the future if single pole tripping is enabled with
parallel line out of service. ASPEN OneL.iner shows that with 288 MVA of load on TL203, and with one phase
open, the 310 current is approximately 600 A. The 51N relay with the proposed new settings will take
approximately 1.32 seconds to operate on 700 A primary. It will be (just) slow enough to override load
unbalance during this SPO time with extremely heavy load.
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10 2 3 45 7 100 ? 3 45 7 10000 2 3 45 7
1000 1. 51N TL203 WAV SELVI TD—4 0007 [ 1000
700 CTR=240 Pickup=0.5ANo inst. TP@12=0.4937s 700
3lo= 2262A(0.9 secAT= 6.46s
500 2.51IN TL237 CBC SEL-M TD=4.000 500
400 CTR=240 Pickup=0.5ANoinst. TP@12=0.4937s 400
300 3lo= 843.7A(3.5 secA T= 0.71s | 300
3.51INTL207 SSD SEL-MI TD=4.000
200 CTR=240 Pickup=0.6ANo inst. TP@12=0.4937s 200
3lo= 8440A(35 secA)T= 0.85s |
4.5IN TL203 WAVALT SEL-VI TD=4.000
100 CTR=240 Pickup=06ANo inst. TP@12=0.4937s 100
3lo= 2262A(0.9 secA) T= 10.96s | | |
70 5. 51N TL237 CBCALT SEL-Vl TD=3.000 70
50 CTR=240 Pickup=0.5A (Dir) No inst. TP@12=0.3703s 50
40 3lo= 843.7A(35 secA) T= 053s 20
30 30
20 20
2 14
S10 5 x 10
E
c 7 7
Os5 5
g 4 4
s 3 3
2 2
1 1
7 7
5 5
4 T F— 4
3 N 3
2 2
1 a1
.07 .07
82 — FAULT DESCRIPTION: 82
"~ Close-In Fault on: 0 ComeByChance 230.kV - 0 West. Avalon 230.kV 1L 1LG Type=AR=150 '
03 withend opened 03
.02 .02
o1 Fault1I=843.6 A o1
710 2 3 45 7 100 2 3 45 7 1000 2 3 45 7 10000 2 3 45 7 '
CURRENT (A
TIME-CURRENT CURVES @ Voltage 230 By CFH
For CCW Coordination of TL203, TL207, TL37 Ground O/C PN No. WAV1
Comment 150 ohm SLGfaults Date 7 Nov. 2010

Figure 14 - coordination of ground time overcurrent elements for close-in fault on TL237 close
to CBC
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10 2 345 7 100 2 3 45 7 1000 2 3 45 7 10000 2 3 45 7
1000 1. 51N TL203 WAV SEL-M TD=4.0001] | | [ 1000

700 CTR=240 Pickup=0.5ANo inst. TP@12=0.4937s 700
3lo= 7935A(3.3 secA)T= 0.75s
500 2.51IN TL237 CBC SEL-M TD=4.000 500
400 CTR=240 Pickup=0.5ANoinst. TP@12=0.4937s 400
300 3lo= 308.1A(1.3 secA) T= 3.16s | 300
3.5INTL207 SSD SEL-MI TD=4.000
200 CTR=240 Pickup=0.6ANo inst. TP@12=0.4937s 200
3l0= 3082A(13 secA)T= 4725
4. 5IN TL203 WAVALT SEL-M TD=4.000
100 CTR=240 Pickup=06ANo inst. TP@12=0.4937s 100
3lo= 793.5A(3.3 secA)T= 091s
70 5.5IN TL237 CBCALT SEL-MI TD=3.000 70
50 CTR=240 Pickup=0.5A (Dir) No inst. TP@12=0.3703s 50
40 3lo= 308.1A(1.3 secA) T= 2.37s 40
30 30
20 20
1.4 p.
S10 5} 10
E
c 7 7
Os5 5
g 4 4
s 3 3
2 2
1 1
7 7
5 5
4 - BE 4
3 —— 3
2 2
1 A
.07 07
82 . FAULT DESCRIPTION: 82
~ —Interm. Faulton: 0 West. Avalon230.kV - 0 Sunnyside 230.kV1L 1LG 89.00% Type=AR=150 '
03 —withend opened 03
.02 .02
o1 FaultI=793.4 A o1
“710 2 3 45 7 100 2 3 45 7 1000 2 3 45 7 10000 2 3 45 7 '
CURRENT (A
TIME-CURRENT CURVES @ Voltage 230 By CFH
For CCW Coordination of TL203, TL207, TL37 Ground O/C PN No. WAV2
Comment 150 ohm SLGfaults Date 7 Nov. 2010

Figure 15 - coordination of ground time overcurrent elements for fault on TL203 89% of
distance from WAV with SSD terminal open
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10 2 345 7 100 2 345 7 1000 2 3 45 7 10000 2 3 45 7

1000 1. 51N TL203 WAV SEL-M TD=4.0007 [ | T 1000
700 CTR=240 Pickup=0.5ANo inst. TP@12=0.4937s 700
3lo= 2293A(1.0 secA)T= 6.24s—
500 2.51IN TL237 CBC SEL-M TD=4.000 500
400 CTR=240 Pickup=0.5ANoinst. TP@12=0.4937s 400
300 3lo= 0.1A(0.0 secA) T=9999s | 300
3.51INTL207 SSD SEL-MI TD=4.000
200 CTR=240 Pickup=0.6ANo inst. TP@12=0.4937s 200
3lo= 8554A(36 secA)T= 084s
4.5IN TL203 WAVALT SEL-MI TD=4.000
100 CTR=240 Pickup=06ANo inst. TP@12=0.4937s 100
3lo= 229.3A(10 secA) T= 1050s
70 5.51N TL237 CBCALT SEL-VI TD=3.000 70
50 CTR=240 Pickup=0.5A (Dir) No inst. TP@12=0.3703s 50
40 3lo= 0.1A(0.0 secA) T=9999s 40
30 30
20 20
3\ 14
S10 10
E
C 7
Os 5
g 4 4
s 3 3
2 2
1 1
g N4
5 ~ 5
4 T = 4
3 3
2 2
1 1
.07 07
8451 " FAULT DESCRIPTION: 82
~ —Close-In Faulton: 0 Sunnyside 230.kV-0 CBC 230 230kV1L1LG Type=AR=150 '
03 " with end opened 03
.02 .02
o1 Fault =855.3 A o1
710 2 3 45 7 100 2 3 45 7 1000 2 3 45 7 10000 2 3 45 7 '
CURRENT (&)
WAV 2 TIVE-CURRENT CURVES @ Voltage 230 By CFH
For CCW Coordination of TL203, TL207, TL37 Ground O/C PN No. WAV3
Comment 150 ohm SLGfaults Date 7 Nov. 2010

Figure 16 - coordination of ground time overcurrent elements for close-in fault on TL207 at
SSD with CBC terminal open
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Permissive Overreaching logic settings
EPOTT = "Y"

Z3RBD is set at remote breaker time plus channel reset time plus channel reset time plus zone 2 reset time. From
review of fault records it appears that the breaker time is 3 cycles. Channel reset time is not easily determined from
existing records but can conservatively be assumed to be 1 cycle, and relay reset time will also be about 1 cycle.
Total time for Z3RBD is then 5 cycles.

Z3RBD:=5 cycles
Echo block delay timer blocks the echo after the local elements have picked up. This can be set relatively

long since there is no significant need for the echo function shortly after the local terminal has just seen a
fault but the remote terminal has not. Set at 10 cycles as per the example in the instruction manual.

EBLKD := 10 cycles

Echo time delay on pickup should be set to override noise on the communications so that it doesn't echo noise.
Typical time according to the SEL application guide is 2 cycles. Since this delay only affects clearing time for
relatively light (high resistance) faults that are sensed by zone 2 function at one end, the typical setting is
acceptable.

ETDPU := 2 cycles
Echo duration should be long enough to ensure the permissive trip is received by the remote terminal and

should also be shorter than the Z3RBD time to ensure that the reverse blocking will always be longer than
any permissive trip received (including echo time stretching).

EDURD := 4  cycles

No need to enable week feed conversion to trip, since both terminals will be quite sensitive enough to detect
high resistance faults after the remote terminal has cleared. Therefore we can accept sequential (or "step™)
clearing with no need for the added insecurity of weak infeed tripping.

EWFC := "N"  No other communications logic settings are required for this application.

Switch on to Fault Settings

Switch on to fault logic will ensure the protection will operate when energizing the line onto a close-in three
phase fault when there is no polarizing voltage available for the distance elements.

ESOTF = "Y"

The breaker close signal is not available to the relay. The 52A method of enable SOTF will be used.
Therefore the Close end delay is not critical. Typical duration for enable SOTF is 10-15 cycles

ENCLO = "N" CLOEND =0 ENS2A = "Y" SOTFD := 15

Set 50H for high magnitude close-in multiphase faults with weakest source at WAV It should be set less than
50% of the minimum close-in fault magnitude. Minimum close-in magnitude of a three phase fault with TL217 out
of service is 2800 A. Therefore desired maximum setting for 50H is 1400 A.

Imin3P_close_in := 2800

Imin3P_close_in

'50H = '50H = 5.833 A secondary
2CTR
Choose a setting of 5 A secondary for this element. '50H := 5 A secondary
Choose a setting for 52AEND less than the shortest reclose time. '52AEND := 30 cycles
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Residual overcurrent settings.

Tripping directly by instantaneous ground overcurrent is not applicable because it is not phase selective.
However it would be helpful to monitor steady state unbalance, and issue an alarm for continuous unbalance.
Set the detector at minimum or just at the point necessary to override normal unbalances.

ES0N =1 '50N1:= 0.25

Negative Sequence overcurrent settings.

Similar to ground overcurrent, apply a negative sequence overcurrent element to initiate an alarm for steady
state unbalances. Set the detector at minimum or just at the point necessary to override normal unbalances.

E50Q =1 '50Q1:= 0.25

Voltage Element Settings

Similar to unbalance current monitoring, it is helpful to have an unbalance voltage monitor to detect steady state
unbalances from the voltage supply.

EVOLT := "Y"

Set the zero sequence overvoltage element at 1% of rated voltage or just at the point necessary to override
normal unbalances. The zero sequence voltage element measures 3 times the zero sequence voltage.

kVbase-1000
ase '59N = 1.992 Say  '59N := 2 V secondary

59N := 3.0.01 —————
V3-VTR

L oss of Potential

Enable loss of potential settings. Advanced LOP settings are not available on this model of relay.

ELOP := "Y" Time delay of 1.25 cycles is commonly used. LOPD := 1.25

The 50 M element should be set above maximum load and below minimum fault current for a fault at the remote
terminal under weak source conditions. The maximum load for this case should be normal maximum, not
emergency maximum which only exists for a few minutes before the operator can act to reduce load.

Speak_203-1000

= 1.387 A secondary
\/3-kVbase-CTR

Imax_normal :=

Minimum fault current for a remote three phase fault is I13Pmin = 924 A primary.

Minimum fault current for a remote phase to phase fault is 87% of the minimum three phase fault current level.

Dependability factor to be sure to operate for a minimum remote fault is chosen to be 1.6. DF:= 16
Maximum setting for 50M should be 0.8713Pmin = 2.093 In this case a setting of 1.5 A secondary
DF-CTR will be adequately dependable and secure.

'50M := 1.5A secondary

The 59QL setting should be above normal maximum unbalance and below the level expected for a blown VT fuse.
For a blown fuse, one phase voltage will be lost, and the negative sequence voltage will be roughly 33% of the
nominal positive sequence voltage. Choose a setting of 15% of the nominal positive sequence voltage. This will
be well above any normal unbalance.
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0.15-kVbase-1000
J3VIR '50QL = 10V secondary

'59QL = round[

The 59PL setting should be less than the minimum voltage to be expected for a remote bus fault under weakest
source conditions. There is no minimum setting (above zero) for this function. Choose a setting equal to half the
voltage drop along the line impedance at the pickup setting of the 50M element.

'59PL := round[0.5-('50M- | Z1Linesec|),0] |'59PL| = 2

Miscellaneous Scheme Settings

Pole discoordinance logic is not being used. EPOLD := "N" SPPDD := "N/A"
Enable single pole tripping by distance elements only ESPT := "Y"
Enable single pole open ESPO = "Y"

Set single pole open time delay for future SPO conditions SPOD := 0.25

3 Pole open reset delay to override small discrepancies in pole closing '3POD := 0.5
Stub line protection is not required ESTUB := "N" '50MFD := "N/A"
Trip unlatch logic not applied TULO := "N"

Loqic variables and Miscellaneous timers

Minimum trip duration timer is set at 9 cycles as per the application example in the SEL-321 instruction manual.

TDURD := 9 Cycles

Trip during open pole time delay should be set longer than the reclose time. Existing setting is OK.

TOPD :=55  Cycles

No logic variable settings are used in the existing settings. A new setting for Zt will be added to
provide an alarm for a sustained unbalance.

Retain existing settings except use time ZT to trigger an alarm for sustained unbalance.

LOGIC_Z := "59N+50N1+50Q1" TZPU := 1200  cycles TZDO =0 cycles
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Tripping Logic

Permissive tripping is required only for instantaneous overreaching functions. No need for any functions that
trip directly. Existing 5INT word in MTCS is not required.

MTCS := "M2P+Z22G"

Unconditional tripping MTU := "M1P+Z1G+M2PT+Z2GT+51INT"

No need for existing direct tripping zone 1 functions in the switch on to fault logic.

SOTF Tripping MTO := "M2P+Z2G+50H"

Event records will be triggered automatically by all trip events. Other event record triggers should be by
starting of other elements to ensure capture of all relevant events. Events should be triggered by keying or
receiving permissive trips to ensure separation of relay and teleprotection issues.

MER := "M2P+Z2G+51IN+LOP*52AA1+LOP*52AA2+KEY+PT+EKEY"

OQutputs

Retain existing output assignments except add the continuous unbalance alarm to OUT15.

OUT15 := "LOP*50L+ZT"

Input Contact Assignment

It would be desirable to provide phase segregated inputs to the relay so that the quadrilateral functions could
be disabled during single pole open conditions. Sufficient separate inputs are presently available for phase
segregated breaker status inputs. It is recommended to replace the existing 52bx breaker status inputs with
phase segregated breaker status inputs.
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CTR=240 PTR=2000

Zone 1. Z1P=2.38.

Lone 2 Z2P=362. Z2PD=18.00cy

Zone 3; Z3P=0.93. Z3P0=2000.00cy

Line Z= Z2.74@ V8.7 sec Ohm (22.87 Ohm)

21P2 TL203 WWaN 113 Type=3EL321F__

CTR=240 PTR=2000

Lone 1 Z1P=222

fone 2: F2P=3.62 F/P0=36.00cy

fone 3: Z3P=1.40. F3PD=2000.00cy

Line /= 2.74ig 73.7 sec Ohm {2287 Ohm)

21P2 TL203 WA ALT Type=5EL32MP__

-10

10—

20 30 40 a0

B0

Figure 17 - Comparison of phase distance characteristics. Red is existing, blue is proposed alternative

120+

100

2TM2 TL03 WWAW I/
CTR=240 PTR=2000

fone 10 WG1=2358. RG1=12.000 ZMG=2358.

fone 20 WE2=5E2. RG2=12.000 2MG=3E62. Z2P0=18.00cy
fone 30 ¥WG3=0.95. RG3=14.400 Z3MG=055

kOM1=0.951 kOAT=4.55 kOM=0.951 kDA=4.55 T=-2.78

Line &= 274@ 78.7 sec Ohm (22.87 Ohm)

Type=SELZMG

80—

B0 —

40—

212 TL203 WAV ALT
CTR=240 PTR=2000

fone 10 ®WG1=2.06. RG1=13.00. Z1MG=206.

fone 20 WGE2=4.100 RG2=25.00. Z2MG=4.10. Z2PD=k0.00cy
fone 3: ¥G3=1.90. RG3=28.00. I3MG=1.90 ZI3PD=2000.00cy
kOM1=0.951 kOAT=4.55 kOM=0.951 kDA=4.55 T=-2.78

Line Z= 2.74@ 78.7 sec Ohm (Z2.87 Ohm)

Type=3EL321G_

%

20—

AN

Figure 18 - Comparison of ground distance characteristics. Red is existing, blue is proposed alternative
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Protection Review for Five 230 kV Transmission Lines

Appendix K
Detailed settings review for SSD TL 207

"P1" protection.

Settings recommended to be changed from existing are highlighted.

Prepared for:
Newfoundland and Labrador hydro

Prepared by: C. F. Henville, Henville Consulting Inc.
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Scope

To review the existing settings of the P1protection systems for the Sunnyside (SSD) terminal of circuit TL207 .
This 230 kV transmission circuit is from Sunnyside (SSD) to Come By Chance(CBC)
The circuit does not run parallel to any other circuit for any significant portion of its length.

138 kV and 60 kV system

Stonybrook
(STB)
S
<
L204 —;L
105 km L Sunnyside
(SSD) L203 45 km
L231 L206 142k
105 km m
L237 44.5km
O L202 142 km L207 :
6.7
Bay km Western
D’Espoir Avalon
(BDE) Come by . (WAV)
Chance | |
(CBC) >
FXAMMATIRALALY Y

Fiqure 1 - System Single Line Diagram

Existing P1 protection systems are Areva LZFP111 (Optimho) systems with permissive overreaching transfer trip
and single phase tripping and reclosing. Automatic reclosing is provided by external logic.

Definitions
MVAbase-1000 kaase2
MVAbase := 100 kVbase := 230 lbase i = —— Zbase .= ———
kaase.-\/_3 MVAbase
j=y-1
Instrument Transformers
Two breakers are provided at each line terminal.
CT ratio is: CTR = ﬂ VT ratio is: VTR = &
1

5

Accuracies of instrument transformers are not reviewed. Since this protection has been in service for more
than 10 years, it is assumed that experience has shown they are satisfactory. Fault levels are not changing
from the initial application so duties of maximum currents through CTs have not increased significantly.
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Fault Study Results

Using ASPEN OneLiner Case “Hydro Interconnected System (2010-08-13) V10.olr” with zero
sequence mutual coupling added. Faults are simulated from "From a linear network solution” fault
option with all shunts ignored (unless needed for load flow simulation).

Minimum fault current seen by each terminal (phase to phase, and SLG with 100 ohm fault resistance).

At SSD, with Circuit TL202 out of service, and TL207 and TL237 lines in service, for a fault at the remote
terminal.

ILLmin:=738 A ISLGminPH: =811 A ISLGminOseq := 556 A

The optimho current level detectors that block the distance comparators in the event of line opening are fixed at 5%
of the rated current, or 0.25 A secondary, or 60 A primary. They will have no difficulty in operating for minimum fault
levels. However, the ground distance elements are also supervised by a low set neutral current level detector
(LDLSN that requires the neutral current to be greater than 10% of the maximum amplitude of phase difference
current. This prevents the ground comparators from operating during close-in multiphase faults with CT errors.
ASPEN OneLiner shows that for a bolted fault at the remote bus even under heavy load, there is sufficient neutral
current (22% of maximum phase to phase fault current) that means this LDLSN function does not inhibit the ground
distance comparator.

Calculate the minimum negative sequence source impedances behind each terminal. This will be with all
generation on line, with the parallel line in service and with the remote end of the line open.

Minimum source impedance behind SSD Z2minSSD := 3.23 +-27.31 ohms primary
Minimum um source impedance behind CBC Z2minCBC := 6.76 + j-49.82 ohms primary
SSD WAV
3.34 pu
4—
13.49 pu 5.29 pu
> CBC —
18.8 pu

Figure 2 - 3 Phase Fault at CBC

SSD 4.77 pu WAV
—
©— | —)
| . 4.13 pu 4.13 pu
20.0 pu#]d—— CBC G-

Figure 3 - 3 Phase Fault at SSD
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WAV

& m—

_@

12.69 pu jCBC
D —

17.42 pu

Figure 4 - SLG Fault at CBC (310 currents)

SSD 3.44 pu
-

4.73 pu
—

WAV

A—+——

2.70pu ' 270 pu
il ey S

Figure 5 - SLG Fault at SSD (3I0 currents)

SSD 2.54 pu
-

WAV

A+

12.56 pu 4 CBC 4.86 pu
_> 4—
17.42 pu

Figure 6 - SLG Fault at CBC (Phase currents)

SSD 4.3 pu WAV
—
@ i
3.63
198 pubf @ cac B

Figure 7 - SLG Fault at SSD (Phase currents)
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Line impedances.

Line impedances (per unit on 230 kV, 100 MVA base):

Z11L.207 := 0.00092 + j-0.00632 Z0L207 := 0.00314 +j-0.02366
In primary ohms
Z1L207pri := Z1L207-Zbase Z0L207pri := Z0L207-Zbase

In secondary ohms

. . CTR
Z1Linesec := Z1L207pri-

. . CTR
Z0Linesec := Z0L207pri-

|ZlLinesec| = 0.405 arg(Z1lLinesec) = 81.718-deg
|ZOLinesec| =1.515 arg(ZOLinesec) = 82.44-deg
Load Data

From 2010 System peak load case provided in start up information, the peak load is given as 138.4 MVA (with
TL203, TL207 and TL237 in service). The highest load of the three lines is TL207 with a load of 138.4 MVA. In
the event of sudden loss of TL203. Peak load in TL207 will increase to take up the lost load through TL207.
Thus the peak load in TL207 will be slightly less than double until operators can adjust loads.

Speak_207:=138.4 MVA  Speak 203:=132.6 MVA

Smax := Speak_203 + Speak 207 = 271 MVA
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P1 Relay Settings

Distance element reach settings

Note that resistive reaches are forced to be the same for all zones. Reactive reaches for phase and ground distance
elements must be the same as each other.

Zone l

NL Hydro normal practice is to set Zone 1 reach to 85% of line impedance. This will be OK if line is long and voltages
for line end fault are greater than 20% of nominal. Check the maximum source impedance to a fault at the SSD
Station bus under weak source conditions with TL202 out of service and all of TL203. TL207 and TL237 lines in
service. From ASPEN OneLiner, voltage at SSD for a 3 phase fault at CBC is 0.07 per unit. So there is less than 20%
voltage at SSD during a fault at WAV under weak source conditions.

Since the voltage is not higher than 20%, the line is considered short, and a reduced Zone 1 setting is
recommended to provide more security. Choose a setting of 80% of nominal.

Z1P := 0.8-|Z1Linesed] Z1P =032  Ohms secondary

This is the same as the existing setting. However, note that direct tripping by zone 1 will be blocked, because it is
desired to use a higher resistive reach for the quadrilateral element than could be secure with such a short zone 1
setting. This is a limitation of the optimho relay that the resistive reach for all zones has to be set the same.

. VTR ,
Z1pri = Z1P-—— = 2.703 Ohms primary
CTR

Zone 2
NL Hydro normal practice is to set Zone 2 reach t0125%-130% of line impedance

However, for such a short line, it is preferable to set a longer reach so the relay may operate faster. Existing
setting is about 360% of the line, and this is a reasonable number that could be retained. For consistency
with the P2 protection, the setting could be changed to 400% of the line. Check that as setting of 400% wiill
not reach beyond the LV bus at CBC without infeed and also that it will not reach past the zone 1 element of
the CBC TL237 protection. 400% reach is OK, see "ALT" setting in Figure 9.

. Z2_sec
Z2_sec = 4- |ZlL|nesec| Z2 sec=1.6 Ohms secondary T — 400-%
ZllLinesec

. VTR .
Z2_pri:=Z2_sec: = 13514 Ohms primary
CTR

VTR

Z1Linesec| - =3.379
CTR
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157 21P1 TL207 CBC Type=LFZP111m
CTR=240 PTR=2000 Min |= 0.504
fone 2 7=1.32 sec Ohm & 80.0 deg. T=1.00s
— Line /= 0.41& 81.7 sec Ohm [ 3.33 Ohm)
21P1 TL207 CBC ALT Type=LFZP111m
5 CTR=240 PTR=2000 Min |= 0.504A
fone 20 7=1 60 sec Ohm @ 80.0 deg. T=0.30=
( Line /= 0.41& 81.7 sec Ohm [ 3.33 Ohm)
| | | | | | | |
] A 10 15 20 25 30 35

Figure 8 -Alternate Zone 2 setting is slightly longer than existing.

80

70—

B0—

&0+

211 TL07 550 Type=LFZP111m

Apparent impedances plotted:

All relay units are restrained. Dalay=99995,

40—

More details in TTY window.

CTR=240 PTR=2000 Min |= 0504
fone 2 7=4.12 sec Ohm @ 80.0 deg. T=1.00=
Line /= 0.41& 81.7 sec Ohm { 3.38 Ohm)

(vb-vel(lb-lc= 9.40@67.6 sec Ohm (75.34 Ohm).
(Ve-Valile-la)= 9.40@67.5 sec Ohm (78,34 Ohm).
(Va-vb)ila-Ib/= 9.40@67.5 sec Ohm (75.34 Ohm).

30—

20—

|

21P1 TL207 SSDALT Type=LFZF111m
CTR=240 PTR=2000 Min |= 0504
Lone 2: 7=1.60 sec Ohm @ 80.0 deg. T=0.30s=
Line 7= 041 81.7 sec Ohm { 3.33 Ohm)
Apparent impedances plotted:
Mwh-wc)i(lb-lc)= 9. 40@87 6 sec Ohm (78.34 Chrn).
MWe-wa)i(lc-la)= 9. 4087 6 sec Ohm (78.34 Chrn).
Mwa-wh)i(la-1b)= 9. 40E@57 6 sec Ohm (73.34 Ohm)._|

I
-10 10 2

Al rgll:euy Unlt.? areFr‘:alatrairJﬁnla::i. Deﬁlglj,r=99995.

|
o g0 1

=i

10— FAULT DESCRIPTION:

Bus Fault on:

0 ComeByChance 13.8 kW 3LG

Figure 9 - Apparent impedance to a fault on the CBC 13.8 kV bus without infeed from WAV

The zone 2 timer will be enabled, and set as existing at 1 second. This long delay is not necessary for coordination
with remote primary protection but may be helpful for coordination with the CBC backup protection. This element will
not overreach the zone 1 function on the shortest line (TL237) out of CBC.
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Zone 3

The zone 3 function is not used since the POR1 scheme does not include an echo function so there is no need for
any reverse blocking function. Since the Zone 2 timer has to be set with the coordination of the ground distance
element in mind, it is set at 2 second; so there is no benefit in applying a longer reaching zone 3 function.

Zone 3 element is blocked - same as existing.

Load Encroachment logic

The optimho instruction manual recommends a margin of at least 10% between the impedance of the maximum
load and the resistive reach of the quadrilateral distance element.

Check loadability of the Zone 2 phase distance element assuming worst case depressed voltage of a stressed
system of 0.9 per unit.

(0.9kaase)2
Smax

Zloadmin := Zloadmin = 158.114  Ohms primary (assume worst case at 30 degrees)

Zloadmin_sec := Zloadmin-

Zloadmin_sec = 18.974

A 12 ohm secondary resistive reach is less than 90% of the load impedance at anyypower factor and meets the Areva
criterion. Anyway there is no difficulty with load encroachment as can be seen in Figure 10.

80— | 21P1 TL207 S50 ALT Type=LFZP111m
CTR=240 PTR=2000 Min |= 0.504

Lone 2 Z=1.60 sec Ohm & 80.0 deg. T=0.30s
G0— | Line 2= 0.41& 81.7 sec Ohm [ 3.38 Ohm)

21M1 TL207 550 ALT Type=LFZF111g
40| CTR=240 PTR=2000 Min I= 0.504
Char ang= 85.0deq, Dir blinder= 85.0deq
fone 2: ¥=160 sec Ohm, R+=12.00 F-=-14.40 T=1.00s
20| Line = 0.41& 1.7 sec Ohm { 3.38 Ohrm)

) |

-20 20 40 n 120 140 160

Figure 10 - Apparent impedance of load
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Zone 1 Resistance - QUAD

If a quad element was provided for Zone 1, a secure setting would need to have such a small resistive reach
that it would not be much use for a resistive single line to ground fault. In order to get a reasonable setting for
the resistive reach for the zone 2 function, the zone 1 function will be blocked from tripping.

Zone 2 Resistance - QUAD

The existing setting is 1.32 ohms secondary. From Figure 11, it can be seen that this will be sufficient to sense a 100
ohm single line to ground fault close to the CBC terminal.

21N1 TL207 S50 Type=LFZP111g 70
CTR=240 PTR=2000 Min = 0.504 ZINT TL207 55D ALT Type=LFZP111qg
Char ang= 85.0deg, Dir blinder= 35.0degy anll| CTR=240 PTR=2000 Min I= 0.504
Zone 2 ¥=1.32 sec Ohm, R+=12.00 R-=-14.40 T=1.00s || Char ang=85.0deq, Dir blinder= 85.0deq
Line 7= 0.41@& 81.7 sec Dhm [ 3.38 Ohm) Zone 2: ¥=1.60 sec Ohm, R+=12.00 R-=-14.40 T=1.00s
Apparent impedances platted (K=0.90@0.0); 50| Line Z= 0.41@& 81.7 sec Ohm ( 3.38 Ohr)
Yallla+3Klo)= 721801 sec Ohm (5010 Chrn). Apparent impedances plotted (K=0.91@&0.0):
Wb/(lb+3Kla)= 18.77@&-75.8 sec Ohm (156.38 Ohm). 4q | Vaf(la+3klo)= 7.18@0.1 sec Ohm (53.84 Dhm).
Yiedle+3KIo)= 29.86@109.1 sec Ohm (248.86 Ohm). Whillb+3Klo)= 18.59@-76.1 sec Ohm (154,95 Ohrm).
Relay response: Zone 2 tripped. Delay=1.00s. Velfllc+3kloFE 29.43@109.5 sec Ohm (24524 Ohrn).
S AUNIT - Zone 2 Tripped. 30| Relay response: Zone 2 tripped. Delay=1.00s.
B UMIT : All zones restrained. < A UNIT - Zone 2 Tripped.
CUNIT : All zones restrained. 20 B UNIT : All zones restrained.
Wore details in TTY window., CUNIT : All zones restrained.
!
0=
T _
I I I | [ I I I I 0 I [ I
|80 /0 -BO B0 4 30 200 10 10 2n 3 70 80 a0 i
FALULT DESCRIPTION: 0—

Close-In Fault on: 0 CBC I23IZI 230k - 0 Sunnyside 2300 kN 1L 1LG Type=A R=100

Figure 11 - Sensitivity for 100 ohm SLG fault near CBC

Retain the existing setting of resistive reach. Rquad:=12  ohms secondary
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Settings of K attenuators

KZPh Coarse setting common to all DISTANCE zones should be set as high as possible while below the
required Zone 1 reach. The current level detectors vary inversely with KZph. Maximum setting available is 1.0.
However, the minimum setting on KZ1 is 1, therefore for this short line, KZPh has to be set less than 1.

KZPh := 0.32

Zone 1 attenuators and angular selection

In:=5 Z1P = 0.32 This is the desired secondary reach (previously calculated)
Z1P 5
KZ1 := —5 Kz1=1 Zlsec_reach = KZl-KZPh-I— Zlsec_reach = 0.32
n
[KZPh l—j
: Tripping by the zone 1 function is disabled - same as existing.

Z6PH = (arg(Z1Linesec)) Z6PH = 81.718-deg

Rounded to the nearest 5 degrees ZOPH := 80 Degrees
MWW

ZON := arg(ZOLinesec — Z1Linesec) Z6N = 82.7-deg

Rounded to the nearest 5 degrees ZON := 85 Degrees
MWW

Zone 2 attenuators selection

Z2 sec = 1.6 This is the desired secondary reach (previously calculated)

Z2 sec
KZ2 =———— KZ2 =5.1

5
[KZPh-—j
In

Zone 3is not used
QUAD Resistive Reach setting

Rquad = 12 ohms secondary. This reach will be required to sense a 100 ohm SLG fault anywhere on the line.

_ Rquad

Residual Compensation attenuators selection

KR =12

Zero sequence current compensation for ground faults is provided by the KZN factor. Zero sequence mutual
compensation is not used in this application (it causes extra complexity for only moderate gain in setting accuracy).

ZOLinesec — Z1Linesec . -3
KZN := KZPh KZN = 0.292 + 5.027j x 10
3-Z1Linesec
|KZN| =0.292 This close to the existing setting
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Switch On To Fault (SOTF) Protection.

If SOTF is enabled, it can be set to 200ms or 110 s after all poles of the line have been de-energized. The 110 s
setting is intended to override automatic reclosing dead time. However it makes more sense to enable after the
shorter time. Once the SOTF feature has been initiated, it remains in effect for 250ms after the line has been
re-energized. The SOTF tripping options are:

a) Any distance comparator.
b) Any current level detector as long as a corresponding voltage level detector has not picked up within 20ms.
¢) Either current or distance, as long as a corresponding voltage level detector has not picked up within 20ms.

SOTF := "Enabled"
SOTF_TIME :=0.20 Seconds

Elements_in_SOTF := "BOTH"  (Both Comparators and current level detectors).

Power Swing Detector

This element will not be used. It will be left Blocked, and if there is a power swing, the distance elements will trip
naturally.

VT Supervision
Set the VT supervision to BLOCK TRIP

Set the VT fail detection to SELF RESET this is as existing .

SELF_RESETTING := "ENABLED"

Start Indication

This function will bring up information on the LCD screen of the relay if a start event occurs. This function will not be
used.

START_INDICATION := "BLOCKED"
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Communications assisted logic.

The existing communications assisted logic is permissive overreaching transfer trip, scheme POR 1. This
scheme is familiar to Newfoundland and Labrador Hydro, and even though the POR 2 scheme offers the
advantage of weak infeed echo, which would help the sensitivity to resistive faults, it is not recommended to
change the existing scheme logic at this stage with years of experience on a product that is nearing the end of its
useful life.

The POR 1 logic is a basic permissive overreaching transfer trip scheme but it does include current reversal
timers to increase security against misoperation due to current reversal when a fault on the parallel line is cleared
sequentially. The current reversal logic is achieved by a timer TP which will block permissive tripping and keying
of permissive trip if the local zone 2 element does not pick up within a reasonable time of receiving permissive
trip. The block will be maintained for a time delay of TD after the local zone 2 element picks up, or the received
permissive trip signal resets.

The application of the current reversal timers is required only if the settings of the zone 2 comparators are greater than
1.5 times the line impedance. Since the reaches of these elements are less than or equal to 1.5 times the line
impedance, the current reversal logic is not required, and the recommended default settings are as existing>

TP := 98 ms
TD:=0 ms

Page K - 12 of 13 15/11/2010



PUB-NLH-163, Attachment 1

Page 225 of 425, Isl Int Sys Power Outages
Newfoundland and Labrador Hydro Protection Review for Five 230 kV APPENDIX K
Transmission Lines SSD TL207 P1

Comparison of Existing and Proposed alternative (ALT ) settings.

124
10— 21P1 TL207 350 Type=LFZF111m
CTR=240 PTR=2000 Min |= 0504
g Lone 2: 7=1.32 sec Ohm @ 80.0 deg. T=1.00s
Line 7= 0.41& 81.7 sec Ohm { 3.33 Ohm)
E_
4 21P1 TL207 S50 ALT Type=LFZF111m
CTR=240 PTR=2000 Min |= 0.504
7 Zone 2 Z=1.60 sec Ohm & 80.0 deg. T=0.30s
Line 7= 0.41& 81.7 sec Ohm { 3.38 Ohm)
I I I I I I I I I I I I I I
Y 2 4 ) 5] m 12 14 1B 18 X4 2 M
-

Figure 12 - Comparison of phase distance characteristics

I
2101 TL207 35D Type=LFZF111qg
CTR=240 PTR=2000 Min |= 0.504
Char ang= 85.0deg, Dir blinder= 85.0deg
Zone 2 ¥=1.32 sec Ohm, R4+=12.00 R-=-14.40 T=1.00s
Line 7= 0.41@ 81.7 sec Ohm ([ 3.38 Ohm)

I
21M1 TL207 S50 ALT Type=LFZP111y
CTR=240 PTR=2000 Min |= 0.50A
Char ang= 85.0deq, Dir blinder= 85.0deq
Zone 2; ¥=1.60 sec Ohm, R+=12.00 F-=-14.40 T=1.00s
Line Z= 041& 81.7 sec Ohrm [ 3.38 Ohm)

[ 1

e |

[ I I [ [ [ [ [
20 =100 -80 -0 =400 =20 20 40 L

Figure 13 - Comparison of ground distance characteristics
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Protection Review for Five 230 kV Transmission Lines

Appendix L
Detailed settings review for SSD TL 207

"'P2" protection.

Settings recommended to be changed from existing are highlighted.

Prepared for:
Newfoundland and Labrador hydro

Prepared by: C. F. Henville, Henville Consulting Inc.
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Scope

To review the existing settings of the P2 protection systems for the Sunnyside (SSD) terminal of circuits TL207 .
This 230 kV transmission circuit is from Sunnyside (SSD) to Come By Chance (CBC)
The circuit does not run parallel to any other circuit for any significant distance.

138 kV and 60 kV system

Stonybrook
(STB)
Es
L204 —qaL
105 km uh Sunnyside
(SSD) L203 45 km
1231 L206 142k
105 km m
L237 44.5km
O 1202 142 km L207 :
6.7
Bay km Western
D’Espoir Avalon
(BDE) Come by - (WAV)
Chance | |
(CBC) >
EXAAMATERAAAAY Y

Figure 1 - System Single Line Diagram

Existing P2 protection systems are SEL321 systems with permissive overreaching transfer trip and single phase
tripping and reclosing. Automatic reclosing is provided by external logic.

Definitions
2
MV Abase := 100 kVbase := 230 Ibase := w Zbase := k\/bi
kaase-\/§ MVAbase
j=v-1
Instrument Transformers
Two breakers are provided at each line terminal.
CT ratio is: CTR := @ VT ratio is: VTR := m
5 1

Accuracies of instrument transformers are not reviewed. Since this protection has been in service for more
than 10 years, it is assumed that experience has shown they are satisfactory. Fault levels are not changing
from the initial application so duties of maximum currents through CTs have not increased significantly.
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Fault Study Results

Using ASPEN OneLiner Case “Hydro Interconnected System (2010-08-13) V10.olr ” with zero sequence
mutual coupling added. Faults are simulated from "From a linear network solution™ fault option with all
shunts ignored (unless needed for load flow simulation).

Minimum fault current seen by each terminal (multiphase and SLG with 100 ohm fault resistance).

At SSD, with Circuit TL202 out of service, and TL207 and TL237 lines in service, for a fault at the remote
terminal.

I3Pmin := 2624  ISLGminPH := 780 A ISLGminOseq := 893 A

The current for a phase to phase fault would be lower, but the current supervision element of the SEL321
measures phase to phase currents, and the phase to phase current for a phase to phase fault is twice the phase
current.

Calculate the minimum negative sequence source impedances behind each terminal. This will be with all
generation on line, with the parallel line in service and with the remote end of the line open. For this
calculation only, simulate 50 MVA of generation (i.e., simulating motor load) at CBC to minimize source
impedance.

Minimum source impedance behind SSD Z2minSSD := 3.23 + j-27.31 ohms primary
Minimum um source impedance behind CBC Z2minCBC := 4.68 + j-41.16 ohms primary
SSD WAV
3.34pu
—
G m— -®
13.49 pu 5.29 pu
» /4 CBC -—
18.8 pu

Figure 2 - 3 Phase Fault at CBC

SSD 4.77 pu WAV
—

H— ®

4.13 pu 4.13 pu
20.0 pu 34— CBC <—p

Figure 3 - 3 Phase Fault at SSD
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WAV

_@

SSD 1.41 pu
—
O+——
12.69 pu 4 CBC 4.73 pu
17.42 pu

Figure 4 - SLG Fault at CBC (310 currents)

SSD 3.44 pu
-

WAV

A—+——

2.70pu ' 2.70 pu
19.8 pu& < CBC e4—

Figure 5 - SLG Fault at SSD (310 currents)

SSD 2.54 pu
—

WAV

A—+—

12.56 pu # CBC 4.86 pu
D -
17.42 pu

Figure 6 - SLG Fault at CBC (Phase currents)

WAV

SSD 4.3 pu
-
@ i
19.8 pu w CBC ‘_3'63 pu

Figure 7 - SLG Fault at SSD (Phase currents)
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Line impedances.
Line impedances (per unit on 230 kV, 100 MVA base):

Z11.207 := 0.00092 + j-0.00632  Z0L207 := 0.00314 + j-0.02366
In primary ohms
Z11L.207pri := Z1L.207-Zbase Z0L207pri := Z0L207-Zbase

In secondary ohms

CTR CTR
Z1Llinesec := Z1L.207pri-—— ZOLinesec := Z0L207pri-——
VTR VTR
| Z1Linesec| = 0.405 arg(Z1Linesec) = 81.718-deg
| ZOLinesec| = 1.515 arg(ZOLinesec) = 82.44-deg

These impedances match the existing settings in the P2 relay no need for changes.

Load Data

From 2010 System peak load case provided in start up information, the peak load is given as 138.4 MVA (with
TL203, TL207 and TL237 in service). The highest load of the three lines is TL207 with a load of 138.4 MVA. In the
event of sudden loss of TL203. Peak load in TL207 will increase to take up the lost load through TL207. Thus the
peak load in TL207 will be slightly less than double until operators can adjust loads.

Speak_207 := 138.4 MVA Speak_203 := 132.6 MVA

Smax := Speak_203 + Speak_207 = 271 MVA
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P2 Relay Settings

The existing line impedance settings are slightly different from the line data book. They should be adjusted to
improve the accuracy of the fault location algorithm.

arg(Z1Linesec)
deg

ZIMAG := |Z1Linesec| ZIMAG = 0.41 Z1ANG : Z1ANG = 81.7

Z0Li
ZOMAG = |ZOLinesec| ZOMAG = 1.5 ZOANG = w ZOANG = 82.4
eg

LL207 := 6.7

In order to obtain sensitivity to 100 ohm single line to ground faults, the echo function will be needed. Enable two
forward and one reverse zone.

PMHOZ = 3 GMHOZ := 3 QUADZ =3

DIR1:=F DIR2 := F DIR3:=R

Mho phase distance functions

Zonel

NL Hydro normal practice is to set Zone 1 reach to 85% of line impedance. This will be OK if the line is long and
voltages for line end fault are greater than 20% of nominal. Check the maximum source impedance to a fault at the
SSD Station bus under weak source conditions with TL202 out of service and all of TL203, TL207 and TL237 lines
in service. From ASPEN OneL.iner, voltage at SSD for a 3 phase fault at CBC is 0.07 per unit. So there is less than
20% voltage at SSD during a fault at CBC under weak source conditions.

Since the voltage is not higher than 20%, the line is considered short, and a reduced Zone 1 setting is
recommended to provide more security. Choose a setting of 80% of nominal.

Z1P := 0.8-|Z1Linesec| Z1P =032  Ohms secondary

This is the same as the existing setting.
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Zone 2
NL Hydro normal practice is to set Zone 2 reach t0125%-130% of line impedance

However, for such a short line, it is preferable to set a longer reach so the relay may operate faster. Existing
setting is about 320% of the line, and this is a reasonable number that could be retained, however for
consistency with the P1 protection it recommended to increase this setting to 400% of the line.

Z2P := round(4-|Z1Linesec| ,1) Z2P =16 Ohms secondary

As can be seen from Figure 8, this element (with the proposed new setting) does not overreach the zone 1
element at the CBC terminal of TL237 even without infeed.

The existing Zone 2 timer setting of 18 cycles will be appropriate.

Z2PD := 18 cycles

Zone 3

Set Zone 3 reverse element to reach further behind this terminal than the remote Zone 2. This function adds
security for external faults. The element should always be more sensitive than the forward looking Zone 2 at the
remote terminal. Set it the same as the remote Zone 2 overreach plus 100%. This higher margin than used on
other lines is desirable considering the short line does not provide much margin in itself.

Z2P
Z3P := ZlMAG-(— -1+ 1) Z3P =16 Ohms secondary
Z1IMAG (as existing)
_ 2P = 394.65-% of line length
|ZIMAG|

The reverse looking zone 3 element need not be set to trip through a timer. It is needed only for security in the
POTT scheme.
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Type=SELI2TP_

Zone 2 ZP=160. Z2PD=18.00cy

Line 7= 0.41& 81.7 gec Ohm [ 3.38 Ohm)

[ !
21P2 TLZ237 CBC
CTR=240 PTR=2000 Min |= 0504
fane 1. Z=2.34 sec Ohm @@ 80.1 deg. T=0.0s

Line 7= 2.76iE& 80.1 sec Ohm [ 22,93 Ohm)

Type=2=EL 321hho

i fone 20 7=3.20 sec Ohm @ 80.1 deg. T=0.30=
fone 3. Z=0054 sec Ohm @@ 26001 deg. T=0.08s

21P2 TL207 S50 ALT
40 | CTR=240 PTR=2000
Zone 1 Z1P=032.
35— | Zone 3 Z3P=1.E0.
304
25—
204
15—
10—
5_
[
-10

5 10 15 20 24 30 34 40

APPENDIX L
SSD TL207 P2

Figure 8 - Existing SSD TL207 Zone 2 underreaches CBC TL237zone 1 without infeed,

and coordinates with zone 1 on this line.
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Mho phase distance current supervision

If the current supervision elements can be set above load, they will be secure in the event that potential is lost.
However given that loss of potential logic is available, it is recommended that only the zone 1 current
supervision function be set above load. If potential is lost, it will be able to block tripping by Zone 2 before it
trips on time delay or receives a permissive trip from the remote terminal.

For the point of view of current supervision being above maximum load, there is no need to worry about
abnormal conditions. It would be a double contingency for the VT signal to be lost while the parallel line was
out of service. Therefore, consider a maximum load of 135 MVA. The current supervision elements for the phase
distance functions measure phase to phase currents.

Speak_207-1000

IPPmax_normal = 602 A primary
kVbase

IPPmax_normal :=

The current supervision elements use phase to phase currents for supervision of the phase distance function;.
so the minimum phase to phase fault current will be root three times the minim phase fault current. Choose a
margin of 50% of the minimum phase to phase fault current for dependability.

IPPmin := 0.5I3Pmin-\/§ IPPmin = 2272 A primary

A setting of 720 A primary for 50PP1 will ensure the Zone 1 function operates for any fault even under
minimum source conditions but will not be susceptible to trip on load due to loss of potential under normal
maximum load conditions. This is somewhat lower than the existing setting but there is no need for any higher
setting.

'50PP1 := 3 A Sec '50PP1-CTR = 720 A primary

Since Zone 2 and zone 3 elements will be blocked by LOP function, set them at minimum. The zone 3 current
supervision should not be set higher than the zone 2 current supervision element at the remote terminal. In
this case the remote zone 2 current supervision element will be set at 1.0 A secondary.

'50PP2:=1 A Sec '50PP3 =1 A Sec
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Ground Distance Protection

Since there are no parallel lines there is no impact from mutual coupling. However, on this short line, it is
important to be aware of the possibility of incorrect measurement of a fault beyond the remote terminal due to a
high resistive reach on the zone 1 quadrilateral. Choose a setting of 80% of the line impedance and find the
maximum resistive reach that should be set using the guideline provided by SEL.

Let the per unit reach of the Zone 1 function be m% of the line. m:=08 per unit
ZIMG := m-|Z1Linesec| ZIMG = 0.32
XG1:= ZIMG XG1=0.32 These are the same as existing settings.

Zone 1 Resistance
XG1 is set at m per unit of the transmission line. The imaginary component of this is

ImXG1sec := Im(Z1Linesec) ImXGlsec = 0.401 ohms

The maximum advisable resistive reach can be found from the equation (3) in Appendix A Quadrilateral
Reactive Reach Versus Resistive Reach Setting Guideline from the paper Digital Communications for Power
System Protection: Security, Availability, and Speed. This paper is obtainable at www.selinc.com.

From this equation, the maximum advisable resistive reach, assuming angular maximum errors of 3 degrees, in
measurement by CTs, VTs and the relay, can be determined.

RG1 := round[(1 — m)-20-ImXG1sec, 1]

RG1 = 1.6  This is the maximum secure setting for the resistive reach so the desired zone 1 resistive
reach setting would not be confirmed as being secure.

Use the maximum secure setting of 1.5 ohms for RG1 RG1 := 1.50hms secondary

With a resistive reach setting of 1.5 ohms, the SSD Zone 1 quad element will see a maximum 10 ohm resistive

SLG fault 25% of the distance from of the SSD terminal (see Figure 9) and gradually reducing resistance as the
fault moves away from the terminal. Zone 2 protection will be depended upon to sense faults with resistance up
to 100 ohms.

It should be noted that the 10 ohm resistive SLG at 25% of the distance from SSD will depress the faulted phase
voltage by about 66%; so this fault is fairly severe on the system and communications assisted tripping will be
required to maintain reasonable performance from the protection.

Communications assistance becomes of increasing importance in protecting a short line such as this. The
zone 2 and permissive trip echo function is important on this line.
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21M2 TL207 S50 ALT Type=5SEL3G__

100 | CTR=240 PTR=2000
Zone 1: ¥G1=0.32. RG1=1.50. Z1MG=0.32.
Zone 2: ¥G2=1.32. RG2=2000 72Mi=132 Z:PD=36.00cy
Zone 3: ¥G3=1.60. RG3=2200 ZiMiz=1k0.
kOM1=0.212 k0AT=1 kOM=0.912 kDA=1 T=-3.00
Line 7= 041G 81.7 sec Ohm { 3.38 Ohm)
Apparent impedances plotted (K=091G1.0)
B0— Yallla+dklo= 0.80@6.9 sec Ohrm (B.63 Ohm).
Wh/(lb+3klol= 4.81&-56.0 sec Ohm (40.05 Ohm).
Yolordklol= 4.67i@-17.3.8 sec Ohm (38.94 Ohm).
an— | Relay response: Zone 1 tripped. Delay=00s.
S AUNIT - Zone 1 Tripped.

B UNIT : All zones restrained.

CUNIT  All zones restrained.

80—

20| Mare details in TTY window.
| | | | | | |
0 20 1] a0 100 120 140 160 180
FALLT DESCRIPTION:

Interrn. Fault on: 0 Sunnyside 230,k - 0 CBC 230 2300 kY 1L 1LG 25.00% Type=A R=10

Figure 9 - Proposed reduced resistive reach of Zone 1 quadrilateral reduces sensitivity to
resistive faults considerably.

Zone 2 Ground Distance Protection

The Zone 2 ground distance function will set the same as the Zone 2 phase distance protection function because
there are no significant mutual coupling effects from parallel lines. In any case, the phase distance function is set
at 400% of the line impedance.

Z2MG = Z2P Z2MG = 1.6 Ohms secondary

The quad element reactive reach will be set similarly to the mho.

XG2:= Z2MG  XG2=1.6 Ohms secondary

The resistive reach of the quad will be increased to sense a 100 ohm resistive close to the CBC terminal of the
line so it will operate without the need for any assistance from the CBC terminal (with permissive trip echo if
necessary because of lack of sensitivity of the CBC terminal).

By trial and error from ASPEN it is found that a resistive reach of 20 ohms secondary will sense a 100 ohm SLG
fault close in to the CBC terminal. However the permissive trip echo function will be required to ensure that a
fault that is seen by the zone 2 element at only the SSD terminal will still be cleared by the permissive trip logic.

Therefore, to avoid extremely large resistive reaches, and to retain sensitivity to 100 ohm resistive SLG faults, it
is recommended that the echo function be enabled at both terminals.

R2G := 20  Ohms secondary
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Transmission Lines

2IM2 TL207 S50 ALT Type=3EL321G__
CTR=240 PTR=2000
Zone 1. ®G1=0.32. RG1=1.50. Z1MG=032.
Zone 2 WG2=1.32. RG2=2000 Z2Mi=1.32 Z:PD=36.00cy
Zone 3 XG3=1.60. RG3I=22.00 ZiMiG=1.60.
kOM1=0.912 k0AT=1 kOWM=0.912 kDA=1 T=-3.00
Line 7= 041 81.7 sec Ohm [ 3.383 Ohm)
Apparent impedances plotted (K=021G1.0%
YWallla+tdklol= 6.6EE@-1.9 sec Ohm (55,70 Ohm).
Whlb+3klol= 16.81E-68.0 sec Ohrm (140.07 Ohrn).
Yodlordklol= 34.73E89.1 sec Ohm (289 42 Ohm).
Relay response: Zone 2 tripped. Delay=060s.
< AUMNIT - Zone 2 Tripped.
B UMIT : All zones restrained.
CUMIT : All zones restrained.
More details in TTY window.

I
-20

FALLT DESCRIPTION:
Close-In Fault on: 0 CBC 230 230 k% - 0 Sunnyside 230 kN TL LG Type=A R=100

Figure 10 - Local Zone 2 Quad element operates for 100 ohm resistive SLG close to the

4

20 80

remote (CBC) terminal.

APPENDIX L
SSD TL207 P2

With very heavy prefault load flow (220 MVA in TL203 and 240 MVA in TL207) if TL203 trips single pole, the
ground distance elements with the increased resistive reach on the P2 protection will remain secure. See

Figure 11
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I
21M2 TL207 S50 ALT Type=SELI21G__
(CTR=240 PTR=2000
Zone 1. ¥G1=0.32. RG1=1.50. ZMG=032.
fone 20 WG2=132. RGZ2=20.00. Z2MG=1.32. Z2P0D=36.00cy
one 3: KG3=1.60. RG3I=22.00. Z3MG=1.60
kOW1=0912 kDAT=1 kOM=0.912 kDA=1 T=-3.00
Line 7= 0.41@& 81.7 sec Ohrm [ 3.38 Ohm)
Apparent impedances plotted (K=091G31.0):
< Waflla+dklo= 13.808&-8.0 sec Ohm (11587 Chrn).
YhAlb+3klol= 29.128-21.2 sec Ohm (242,69 Ohrm).
Yof(lo+dklol= 30 66@E-5.3 sec Ohm (255,46 Ohrn).
LAl relay units are restrained. Delay=9959s.
bore details in TTY window.

8011 211 TLo07 55D ALT Type=LFZP111q

CTR=240 PTR=2000 Min I= 0.504

Char ang= 85.0deg, Dir blinder= 85.0deq

B | Zone 2: ¥=1.60 sec Ohm, R+=12.00,R-=-14.40 T=1.00s
Ling 7= 0.41& 81.7 sec Ohm { 3.38 Ohrm)

Apparent impedances plotted (K=091G0.0):

40— Yallla+aklo= 13.91&-7.8 sec Ohrn (115.89 Chim).
Yhillb+3klol= 28.96-21.2 sec Chm (241.35 Ohm).
Yioflo+aklo= 30.828-5.9 sec Ohrm (256.84 Chim).
204 | All relay units are restrained. Delay=9993s,

I [
10 =20

SIMULTANEQUS FAULT DESCRIPTION:

1-Phase Open on: 0 West. Avalon 2Z30.k% - 0 Sunnyside 230k 1L Type=A,

Figure 11 - Ground distance elements remain secure during heavy load flow with one phase

20

APPENDIX L

SSD TL207 P2

open on TL.203

The zone 2 ground distance time delay trip will need to be reduced from 60 to 36 cycles (0.6 seconds) in order
to aid coordination for resistive single line to ground faults "around the loop"” of TL203 TL237 and TL207
where otherwise, the ground time overcurrent functions might not have coordinated fully. A setting of 0.6
seconds is proposed to aid coordination with the CBC TL237 zone 1 ground distance protection since there is
no fault current infeed at CBC to aid this coordination.

Z2GD := 36 Cycles

Page L - 13 of 26
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Zone 3 Ground Distance Protection

The zone 3 ground mho function will be set the same as the zone 3 phase distance function.

Z3MG = Z3P Z3MG = 1.6  Ohms secondary
Z3P _ 394.65.% of line length This is the same as the existing setting,
|ZIMAG|
XG3:= Z3MG  XG3=16 Ohms secondary

Set the Zone 3 quad resistive reach at 10% more than the remote Zone 2

R2Grem := 20 Ohms secondary
R3G := round(R2Grem-1.1,0) R3G = 22 Ohms secondary
Ground distance current supervision

Since there is no concern about these elements operating on load, even with loss of potential, set all current
supervision elements at minimum, for maximum sensitivity of the distance elements.

'50L1:= 0.5 A Sec '50L2 := 0.5 A Sec '50L3:= 05 A Sec

'50G1:= 0.5 A Sec '50G2:= 0.5 A Sec '50G3:= 05 A Sec

Zero sequence current compensation

Set the zero sequence current compensation as usual.

koim - [ | 2OL207 — 21207 kO1M = 0.912
3-Z21L.207
Z0L207 — Z1L.207
kO1A := | arg kO1A = 0.987-deg Say  KkO1A := 1deg
3-Z21L.207 AN
Set the overreaching zones the same as zone 1 kOM := kO1M kOA := k01A
kOM = 0.912 kOA = 1-deg

These settings are only slightly different from the existing settings.

Non Homogenous Angle Setting

Compare the angle of the total zero sequence current at the remote bus with the angle of the zero sequence
current contribution from the local terminal to determine this setting. From ASPEN OneL.iner, the worst case is
normal conditions. For this case, for an SLG at CBC the angle of 10 at the fault is -114 degrees and the angle of
10 out of the SSD terminal is -114 degrees. Therefore, the total fault current lags the current contribution from
SSD by 0 degrees and angle T may be set at zero and ensure no overreach. However, because this is such a
short line, the angle T should be set at the default angle of -3 degrees for extra security.

T:.= -3 degrees
MWV
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Out of step blocking and tripping

Not used in this application. There is a danger of out of step conditions arising. Historically no action has
been taken to provide special tripping or blocking functions. Natural tripping during swings is accepted.

Load Encroachment logic

Check loadability of the Zone 2 phase distance element assuming worst case power factor of 0.87 simultaneous
with worst case depressed voltage of a stressed system of 0.9 per unit. Note that units of kV squared match units
of MVA. Note that quadrilateral elements are only used for the ground distance functions that are not sensitive to
balanced three phase load. Therefore no need to worry about the reach of the quadrilateral elements.

(0.9kVbase)’
Smax

Zloadmin := Zloadmin = 158.114 Ohms primary (assume worst case at 30 degrees)

Maximum reach of the Zone 2 element is at the line angle of 81 degrees. At 30 degrees, the reach will be given by
Z2load := Z2P-cos[(Z1LANG — 30)deg] Z2load = 0.991 ohms secondary

VTR .
Z2load-—— = 8.26 ohms primary

CTR

Since the reach of the Zone 2 element at 30 degrees is less than the apparent impedance of the maximum
load, there is no need to apply load blinding logic. See Figure 12

80—

B0 | 21p2 TLo07 SsD ALT Type=SELI21P__

CTR=240 PTR=2000

Fone 1: Z1P=0.32.

404 | Zane 2: Z2P=1.60. 72PD=1800cy

Fone 3 Z3P=1.E0.

Line /= 0.41& 81.7 sec Ohm [ 3.33 Ohrm)

20—

I [ I I I [ [ I
( 20 40 1l 80 100 120 140 160

20—

Figure 12 -Load impedance with respect to proposed new Mho function reaches.
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Ground directional element

The SEL-321 application example recommends finding the minimum source impedance behind the terminal and
setting the reverse and forward boundaries of the negative sequence directional element at the 1/3 and 2/3 points
respectively.

In the negative sequence plane, the sum of the two source impedances and the line impedance is:

Z2total := Z2minSSD + Z1L.207pri + Z2minCBC | Z2total| = 72.302

Z2total 27 2total

The 1/3 pointis 72 1 3:= The 2/3 pointis 72 2 3:=

Z2Rpri == Z2 2 3 — Z2minSSD | Z2Rpri| = 20.701 | z1L.207pri| = 3.379
|Z2minCBC| = 41.425

Z2Fpri:= Z2_1 3 — Z2minSSD | Z2Fpri| = 3.4
|Z2minssSD| = 27.5

Converting the primary impedances to secondary ohms

CTR

7Z2R = zszri.ﬁ |Z2R| = 2.484 Ohms secondary arg(Z2R) = 83.432-deg
. CTR

Z2F = 22|:pr|.m | z2F| = 0.408 Ohms secondary arg(Z2F) = —97.285-deg

Rounding up Z2F (note that Z2F is negative) and rounding down Z2R gives:
Z2F .= 0 Ohms secondary Z2R = 2 Ohms secondary

The proposed Z2F and Z2R settings are considerably less than existing, reflecting the addition of
motor load as generation at CBC. This will move the thresholds closer to SSD.

Set the current level detectors at minimum level that will allow operation of the ground distance elements.

Due to the very small zero sequence current contribution to a single line to ground fault at the remote terminal,
the negative sequence current contribution will always be higher than the zero sequence. Therefore there is

no point in setting the forward looking negative sequence overcurrent elements any more sensitively than the
zero sequence ground overcurrent supervision of the ground distance elements.

'50QF := '50G2 '50QF = 0.5 A secondary

Set the supervision function for the reverse looking element to be the same as, or a little more sensitive than
the forward looking supervision element at the remote terminal.

'50QR := 0.5 A secondary

The positive sequence current restraint (a2) factor should be set just smaller than the ratio of the maximum load
current (positive sequence) to the most sensitive current supervision element (50QR).

Smax-1000 11 i
IImaxpri = ~max 2 I1maxsec := ~~maxpn I1maxsec = 2.834
kVbase-/3 CTR
Bearing in mind that the 50QR setting is in units of 3*I2
__S0QR = 0.059 Choose a value of a2 := 0.06
3-11maxsec

This a2 factor is lower than existing setting because of higher maximum load current used.
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Phase time overcurrent element

This element is not used
Residual time overcurrent element

This element is used to provide the most sensitive backup protection. It will be non directional element.
Minimum pickup needed to sense a higher resistance than 100 ohm SLG near the CBC terminal. Choose 200
ohm arbitrarily. Note that this terminal contributes 3 times more zero sequence current to a fault near CBC
than the CBC terminal. However choose a desensitization factor of 2 for most conservative requirement for
sensitivity.

SF =2 Desensitization factor due to remote end infeed is  Dfactor := 2 Rf := 200
kVbase-1000
\/3-SF-Dfactor-Rf-CTR

'5INPU = round[ 1] '5INPU = 0.7

The existing setting of 0.6 A is more sensitive than required to sense this fault with arbitrary resistance.
However, it will coordinate OK with the CBC TL237 51N for resistive SLG faults. Therefore it will be retained.

'5INPU := 0.6 A secondary
NMWWWWWWW\

Coordination checks show that existing time dial settings around the loop TL203, TL237 and TL207 (counter
clockwise) will not coordinate, because the CBC TL237 relays with a time dial setting of 4 are too slow. Therefore
if there is a fault on TL237 that has to be cleared by the ground time overcurrent relay at CBC, the SSD TL207 will
trip simultaneously or not coordinate. Therefore the existing time dial settings on CBC TL237 have to be

adjusted. The ground distance elements will speed up tripping for faults with resistance up to 150 ohms fed from
one end, where ground relay coordination is challenged), so coordination will be checked for faults with

resistance of 150 ohms or more. Trial and error checks show that in order to achieve coordination, the existing
time dial setting of CBC TL237 ground time overcurrent relay will have to have its time dial settings reduced from
existing 4 to 3. The WAV terminal of TL203 already is going to have its pickup increased from 0.5 to 0.6 A sec.

Check the coordination with the other relays for three faults (all with 150 ohm resistance). Line end TL237,
Close in to CBC on TL237 and 89% from WAV on TL203 (at the end of the mutually coupled section). See
Figure 14 to find that existing settings (curves 2&3) do not coordinate, and Figures 14, 15 and 16 to find
that Curve 3 and revised curves 4 and 5 settings will coordinate.

'51NPU = 0.6 A secondary '51NPU-CTR = 144 A primary
'5INTD := 4 '51INC = "U3" '5INTC := "N" '51NRS = "N"
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10 2 3 45 7 100 2 3 45 7 10000 2 3 45 7
1000 1. 51N TL203 WAV SELVI TD—4 0007 [ [ 1000
700 CTR=240 Pickup=0.5ANo inst. TP@12=0.4937s 700
3lo= 2262A(0.9 secAT= 6.46s
500 2.5IN TL237 CBC SEL-M TD=4.000 500
400 CTR=240 Pickup=0.5ANoinst. TP@12=0.4937s 400
300 3lo= 843.7A(35 secA T= 0.71s | 300
3.5INTL207 SSD SEL-VI TD=4.000
200 CTR=240 Pickup=0.6ANo inst. TP@12=0.4937s 200
3lo= 8440A(35 secA)T= 0.85s
4.51N TL203 WAVALT SEL-M TD—4 OOO
100 CTR=240 Pickup=0.6ANoinst. TP@12=0.4937s 100
3lo= 226.2A(0.9 secA)T= 10. 96<\ ‘ ‘ ‘
70 5. 51N TL237 CBCALT SEL-VI TD=3.000 70
50 CTR=240 Pickup=0.5A (Dir) No inst. TP@12=0.3703s 50
0 3lo= 843.7A(35 secA) T= 053s 0
30 30
20 20
2 14
S10 5 x 10
E
c 7 7
Os5 5
g 4 4
s 3 3
2 2
1 1
7 7
5 5
4 T F— 4
3 T 3
2 2
1 A
.07 07
82 " FAULT DESCRIPTION: 82
"~ Close-In Fault on: 0 ComeByChance 230.kV - 0 West. Avalon 230.kV 1L 1LG Type=AR=150 '
03 withend opened 03
.02 .02
o1 Fault1I=843.6 A o1
"7 10 2 3 45 7 100 2 3 45 7 1000 2 3 45 7 10000 2 3 45 7 '
CURRENT (A)
WAV 1 TIME-CURRENT CURVES @ Voltage 230 By CFH
For CCW Coordination of TL203, TL207, TL37 Ground O/C PN No. WAV1
Comment 150 ohm SLGfaults Date 7 Nov. 2010

Figure 14 - coordination of ground time overcurrent elements for close-in fault on TL237 close
to CBC
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200
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.05
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.02
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10 2 3 45 7 100

?

1.
CTR=240 Pickup=0.5ANo inst. TP@12=0.4937s
3lo= 7935A(3.3 secA)T= 0.75s

2.51N TL237 CBC SEL-M TD=4.000
CTR=240 Pickup=0.5ANoinst. TP@12=0.4937
3lo= 308.1A(1.3 secA) T= 3.16s |
3.51INTL207 SSD SEL-MI TD=4.000
CTR=240 Pickup=0.6ANo inst. TP@12=0.4937s
3lo= 3082A(13 secA)T= 4.72s

4. 51N TL203 WAVALT SEL-VI TD=4.000
CTR=240 Pickup=06ANo inst TP@12=0.4937s
3lo= 793.5A(33 secAT= 091s
5.51N TL237 CBCALT SEL-M TD=3.000
CTR=240 Pickup=0.5A (Dir) No inst. TP@12=0.
3lo= 308.1A(1.3 secA) T= 2.37s

Protection Review for Five 230 kV
Transmission Lines

345 7
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10000 2 3 45 7

3 45 7 1000 2
51N TL203 WAV SEL-M TD=4.0007 1 [ [ []

3703s

INEY
)

—FAULT DESCRIPTION:

~Interm. Fault on: 0 West. Avalon 230.

kV- 0 Sunnyside 230.kV1L 1LG 89.00% Type=AR=150

1000
700

500
400

300
200

100

N W o N

NI SO

.07
.05

.03
02

01

.~ withend opened
Fault I=793.4 A
10 2 3 45 7 100 2 3 45 7 1000 2 3 45 7 10000 2 3 45 7
CURRENT (&)
WAV 2 TIME-CURRENT CURVES @ Voltage 230 By CFH
For CCW Coordination of TL203, TL207, TL37 Ground O/C PN No. WAV2

Comment 150 ohm SLGfaults

Date 7 Nov. 2010

Figure 15 - coordination of ground time overcurrent elements for fault 89% on TL203 from

WAV with SSD terminal open.
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10 2 345 7 100 ? 3 45 7 10000 2 3 45 7
1000 1 51N TL203 WAV SELVI TD—4 000 [ [ [ [ 1000
700 CTR=240 Pickup=0.5ANo inst. TP@12=0.4937s 700
3lo= 2293A(1.0 secA)T= 6.24s—
500 2.51IN TL237 CBC SEL-M TD=4.000 500
400 CTR=240 Pickup=0.5ANoinst. TP@12=0.4937s 400
300 3lo= 0.1A(00 secA)T=9999s | 300
3.51INTL207 SSD SH.-VI TD=4.000
200 CTR=240 Pickup=0.6ANo inst. TP@12=0.4937s 200
3lo= 8554A(36 secAT= 0.84s |
4.5IN TL203 WAVALT SEL-M TD=4.000
100 CTR=240 Pickup=06ANo inst. TP@12=0.4937s 100
3I0 229 3A(10 secA) T= 10.50s ||
70 5. 51N TL237 CBCALT SEL-VI TD=3.000 70
50 CTR=240 Pickup=0.5A (Dir) No inst. TP@12=0.3703s 50
40 3lo= 0.1A(0.0 secA) T=9999s 40
30 30
20 20
3\ 1 4
S10 10
E
c 7 7
O5 5
g 4 4
s 3 3
2 2
1 1
7 7
5 5
4 T il 4
3 3
2 2
1 1
.07 .07
'82 ~ FAULT DESCRIPTION: '82
"~ Close-In Fault on: 0 Sunnyside 230.kV- 0 CBC 230 230.kV1L1LG Type=AR=150 '
03 withend opened 03
.02 .02
o1 Fault £855.3 A o1
710 2 345 7 100 2 3 45 7 1000 2 3 45 7 10000 2 3 45 7 '
CURRENT (A)
WAV 3 TIME-CURRENT CURVES @ Voltage 230 By CFH
For CCW Coordination of TL203, TL207, TL37 Ground O/C PN No. WAV3
Comment 150 ohm SLGfaults Date 7 Nov. 2010

Figure 16 - coordination of ground time overcurrent elements for close in fault on TL207 at
SSD with CBC terminal open.
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Permissive Overreaching logic settings
EPOTT = "Y"

Z3RBD is set at remote breaker time plus channel reset time plus channel reset time plus zone 2 reset time. From
review of fault records it appears that the breaker time is 3 cycles. Channel reset time is not easily determined from
existing records but can conservatively be assumed to be 1 cycle, and relay reset time will also be about 1 cycle.
Total time for Z3RBD is then 5 cycles.

Z3RBD:=5 cycles

Echo block delay timer blocks the echo after the local elements have picked up. This can be set relatively
long since there is no significant need for the echo function shortly after the local terminal has just seen a
fault but the remote terminal has not. Set at 10 cycles as per the example in the instruction manual.

EBLKD := 10 cycles
Echo time delay on pickup should be set to override noise on the communications so that it doesn't echo noise.
Typical time according to the SEL application guide is 2 cycles. Since this delay only affects clearing time for

relatively light (high resistance) faults that are sensed by zone 2 function at one end, the typical setting is
acceptable.

ETDPU := 2 cycles
Echo duration should be long enough to ensure the permissive trip is received by the remote terminal and

should also be shorter than the Z3RBD time to ensure that the reverse blocking will always be longer than
any permissive trip received (including echo time stretching).

EDURD := 4  cycles

No need to enable week feed conversion to trip, since both terminals will be quite sensitive enough to detect
high resistance faults after the remote terminal has cleared. Therefore we can accept sequential (or "step™)
clearing with no need for the added insecurity of weak infeed tripping.

EWFC := "N"  No other communications logic settings are required for this application.

Switch on to Fault Settings

Switch on to fault logic will ensure the protection will operate when energizing the line onto a close-in three
phase fault when there is no polarizing voltage available for the distance elements.

ESOTF = "Y"

The breaker close signal is not available to the relay. The 52A method of enable SOTF will be used.
Therefore the Close end delay is not critical. Typical duration for enable SOTF is 10-15 cycles

ENCLO = "N" CLOEND =0 ENS2A = "Y" SOTFD := 15

Set 50H for high magnitude close-in multiphase faults with weakest source at SSD It should be set less than 50%
of the minimum close-in fault magnitude. Minimum close-in magnitude of a three phase fault with TL207 out of
service is 2800 A. Therefore desired maximum setting for 50H is 1400 A. This is considerably lower than existing.

Imin3P_close_in := 2800

Imin3P_close_in

'50H := '50H = 5.833 A secondary
2CTR
Choose a setting of 5 A secondary for this element. '50H := 5 A secondary
Choose a setting for 52AEND less than the shortest reclose time. '52AEND := 30 cycles
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Residual overcurrent settings.

Tripping directly by instantaneous ground overcurrent is not necessary because the zone 1 ground distance is
more selective on this short line. However it would be helpful to monitor steady state unbalance, and issue an
alarm for continuous unbalance. Set the detector at minimum or just at the point necessary to override normal
unbalances.

ES0N =1 '50N1:= 0.25

Negative Sequence overcurrent settings.

Similar to ground overcurrent, apply a negative sequence overcurrent element to initiate an alarm for steady
state unbalances. Set the detector at minimum or just at the point necessary to override normal unbalances.

E50Q =1 '50Q1:= 0.25

Voltage Element Settings

Similar to unbalance current monitoring, it is helpful to have an unbalance voltage monitor to detect steady state
unbalances from the voltage supply.

EVOLT := "Y"

Set the zero sequence overvoltage element at 1% of rated voltage or just at the point necessary to override
normal unbalances. The zero sequence voltage element measures 3 times the zero sequence voltage.

kVbase-1000
ase '59N = 1.992 Say  '59N := 2 V secondary

59N := 3.0.01 —————
V3-VTR

L oss of Potential

Enable loss of potential settings. Advanced LOP settings are not available on this model of relay.

ELOP := "Y" Time delay of 1.25 cycles is commonly used. LOPD := 1.25

The 50 M element should be set above maximum load and below minimum fault current for a fault at the remote
terminal under weak source conditions. The maximum load for this case should be normal maximum, not
emergency maximum which only exists for a few minutes before the operator can act to reduce load.

Speak_207-1000

= 1.448 A secondary
\/3-kVbase-CTR

Imax_normal :=

Minimum fault current for a remote three phase fault is I13Pmin = 2624 A primary.

Minimum fault current for a remote phase to phase fault is 87% of the minimum three phase fault current level.

Dependability factor to be sure to operate for a minimum remote fault is chosen to be 1.6. DF:= 16
Maximum setting for 50M should be 0.8713Pmin = 5.945 In this case a setting of 2 A secondary
DF-CTR will be adequately dependable and secure.

'50M := 2 A secondary

The 59QL setting should be above normal maximum unbalance and below the level expected for a blown VT fuse.
For a blown fuse, one phase voltage will be lost, and the negative sequence voltage will be roughly 33% of the
nominal positive sequence voltage. Choose a setting of 15% of the nominal positive sequence voltage. This will
be well above any normal unbalance.
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0.15-kVbase-1000
J3VIR '50QL = 10V secondary

'59QL = round[

The 59PL setting should be less than the minimum voltage to be expected for a remote bus fault under weakest
source conditions. There is no minimum setting (above zero) for this function. Since this is a short line, choose
a setting equal to half the voltage drop along the line impedance at the minimum fault current.

0.8713Pmin .
'59PL := round[O.S-(W~|ZlL|nesec|j,0} |'59PL| =2

Miscellaneous Scheme Settings

Pole discoordinance logic is not being used. EPOLD := "N" SPPDD := "N/A"
Enable single pole tripping by distance elements only ESPT := "Y"
Enable single pole open ESPO = "Y"

Set single pole open time delay for future SPO conditions SPOD := 0.25

3 Pole open reset delay to override small discrepancies in pole closing '3POD := 0.5
Stub line protection is not required ESTUB := "N" '50MFD := "N/A"
Trip unlatch logic not applied TULO := "N"

Loqic variables and Miscellaneous timers

Minimum trip duration timer is set at 9 cycles as per the application example in the SEL-321 instruction manual.

TDURD := 9 Cycles

Trip during open pole time delay should be set longer than the reclose time. Existing setting is OK.

TOPD :=55  Cycles

Retain existing settings except use time ZT to trigger an alarm for sustained unbalance.

LOGIC_Z := "59N+50N1+50Q1" TZPU := 1200  cycles TZDO =0 cycles
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Tripping Logic

Permissive tripping is required only for instantaneous overreaching functions. No need for any functions that
trip directly. Existing 5INT word in MTCS is not required.

MTCS := "M2P+Z22G"

Unconditional tripping MTU := "M1P+Z1G+M2PT+Z2GT+51INT"

No need for existing direct tripping zone 1 functions in the switch on to fault logic.

SOTF Tripping MTO := "M2P+Z2G+50H"

Event records will be triggered automatically by all trip events. Other event record triggers should be by
starting of other elements to ensure capture of all relevant events. Events should be triggered by keying or
receiving permissive trips to ensure separation of relay and teleprotection issues.

MER := "M2P+Z2G+51IN+LOP*52AA1+LOP*52AA2+KEY+PT+EKEY"

Outputs
Retain existing output assignments except add the continuous unbalance alarm to OUT15.
OUT15 := "LOP*50L+ZT"

Input Contact Assignment

Retain existing input assignments.
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26—
21P2 TLAO7 550 1S Type=3SELI2TP__

CTR=240 PTR=2000

fone 1: Z1P=032.

fone 20 72P=132 ZPD=18.00cy

224 | Zone 3: 73P=1.50.

Line 2= 041 81.7 sec Ohm { 3.38 Ohm)

24—

20+

2P2 TLO7 550 ALT Type=SELZP__
18— | CTR=240 PTR=2000

Fone 1 Z1P=0.32.

15 | Lone 20 Z2P=1.60. Z2PD=18.00cy

Fone 3; Z3P=1.60.

Line &= 0.41& 81.7 sec Ohm { 3.28 Ohm)

14—

12+

10—

Figure 17 - Comparison of phase distance characteristics. Red is existing, blue is proposed alternative

Page L - 25 of 26 16/11/2010



100—

80—

B0—

40—

PUB-NLH-163, Attachment 1

Page 251 of 425, Isl Int Sys Power Outages
Newfoundland and Labrador Hydro Protection Review for Five 230 kV

Transmission Lines

2INZ TL207 550 1F5 Type=SELING__

CTR=240 PTR=2000

Zone 10 ¥E1=032. RG1=12.00. Z1MG=0.32.

Lone 20 ¥E2=132 RGZ=1200 ZMi=1.32. ZPD=E0.00cy
Lone 3 ¥E3=1.600 RG3=14.40. Z3Mis=1.60.

kOMT=0.903 kOAT=0453 kOM=0.903 kDA=0.593 T=0.1%

Line 7= 0.41& 81.7 sec Ohm [ 3.38 Ohm)

21M2 TL207 350 ALT Type=SELI21G_

CTR=240 PTR=2000

Zone 1 XGE1=032. RG1=1.020 J1WG=032.

Zone 2 kG2=1.32. RGZ=20.00, ZMG=1.32. ZPD=36.00cy
Zone 3 ®XG3=1.60. RG3=22.00, Z3MG=1.60.

kOM1=0512 kOAT=1 kOM=0.912 kDA=1 T=-3.00

Line 2= 0.41@& 81.7 sec Ohm [ 3.38 Ohm)

APPENDIX L
SSD TL207 P2

Figure 18 - Comparison of ground distance characteristics. Red is existing, blue is proposed alternative
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Protection Review for Five 230 kV Transmission Lines

Appendix M
Detailed settings review for CBC TL207
""P1" protection.

Settings recommended to be changed from existing are highlighted.

Prepared for:
Newfoundland and Labrador hydro

Prepared by: C. F. Henville, Henville Consulting Inc
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Scope

To review the existing settings of the P1 protection systems for the Come By Chance(CBC) terminal of circuit
TL207 . This 230 kV transmission circuit is from Sunnyside (SSD) to Come By Chance(CBC)
The circuit does not run parallel to any other circuit for any significant portion of its length.

138 kV and 60 kV system

Stonybrook
(STB)
S
<
L204 —;L
105 km L Sunnyside
(SSD) L203 45 km
L231 L206 142k
105 km m
L237 44.5km
O L202 142 km L207 :
6.7
Bay km Western
D’Espoir Avalon
(BDE) Come by . (WAV)
Chance | |
(CBC) >
FXAMMATIRALALY Y

Fiqure 1 - System Single Line Diagram

Existing P1 protection systems are Areva LZFP111 (Optimho) systems with permissive overreaching transfer trip
and single phase tripping and reclosing. Automatic reclosing is provided by external logic.

Definitions
MVAbase-1000 kaase2
MVAbase := 100 kVbase := 230 lbase i = —— Zbase .= ———
kaase.-\/_3 MVAbase
j=y-1
Instrument Transformers
Two breakers are provided at each line terminal.
CT ratio is: CTR = ﬂ VT ratio is: VTR = &
1

5

Accuracies of instrument transformers are not reviewed. Since this protection has been in service for more
than 10 years, it is assumed that experience has shown they are satisfactory. Fault levels are not changing
from the initial application so duties of maximum currents through CTs have not increased significantly.
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Fault Study Results

Using ASPEN OneLiner Case “Hydro Interconnected System (2010-08-13) V10.olr” with zero
sequence mutual coupling added. Faults are simulated from "From a linear network solution” fault
option with all shunts ignored (unless needed for load flow simulation).

Minimum fault current seen by each terminal (phase to phase, and SLG with 100 ohm fault resistance).

At CBC with Circuit TL237 out of service this terminal will not be a significant source of fault current to the
TL207 line protection. A permissive trip echo function would be desirable to cater for the case when TL237
is out of service. However the echo function is not available with the POR 1 scheme that is normally used by
Newfoundland and Labrador Hydro. Under normal conditions, for a fault near SSD

ILLmin:=916 A ISLGminPH:=911 A ISLGminOseq := 677 A

The optimho current level detectors that block the distance comparators in the event of line opening are fixed at 5%
of the rated current, or 0.25 A secondary, or 60 A primary. They will have no difficulty in operating for normal fault
levels. However, the ground distance elements are also supervised by a low set neutral current level detector
(LDLSN that requires the neutral current to be greater than 10% of the maximum amplitude of phase difference
current. This prevents the ground comparators from operating during close-in multiphase faults with CT errors.
ASPEN OneLiner shows that for a bolted fault at the remote bus even under heavy load, there is sufficient neutral
current (22% of maximum phase to phase fault current) that means this LDLSN function does not inhibit the ground
distance comparator.

Calculate the minimum negative sequence source impedances behind each terminal. This will be with all
generation on line, with the parallel line in service and with the remote end of the line open.

Minimum um source impedance behind CBC Z2minCBC := 6.76 + j-49.82 ohms primary
Minimum source impedance behind SSD Z2minSSD := 3.23 +-27.31 ohms primary
SSD WAV
3.34 pu
4—
13.49 pu 5.29 pu
s Uy Ple:-le -—=
18.8 pu

Figure 2 - 3 Phase Fault at CBC

SSD 4.77 pu WAV
—
©— | —)
| . 4.13 pu 4.13 pu
20.0 pu#]d—— CBC G-

Figure 3 - 3 Phase Fault at SSD

Page M - 3 of 13 15/11/2010



Newfoundland and Labrador Hydro

SSD 1.41 pu
-

Protection Review for Five 230 kV
Transmission Lines

PUB-NLH-163, Attachment 1

Page 255 of 425, Isl Int Sys Power Outages
APPENDIX M
CBC TL207 P1

WAV

& m—

_@

12.69 pu jCBC
D —

17.42 pu

Figure 4 - SLG Fault at CBC (310 currents)

SSD 3.44 pu
-

4.73 pu
—

WAV

A—+——

2.70pu ' 270 pu
il ey S

Figure 5 - SLG Fault at SSD (3I0 currents)

SSD 2.54 pu
-

WAV

A+

12.56 pu 4 CBC 4.86 pu
_> 4—
17.42 pu

Figure 6 - SLG Fault at CBC (Phase currents)

SSD 4.3 pu WAV
—
@ i
3.63
198 pubf @ cac B

Figure 7 - SLG Fault at SSD (Phase currents)
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Line impedances.

Line impedances (per unit on 230 kV, 100 MVA base):

Z11L.207 := 0.00092 + j-0.00632 Z0L207 := 0.00314 +j-0.02366
In primary ohms
Z1L207pri := Z1L207-Zbase Z0L207pri := Z0L207-Zbase

In secondary ohms

. . CTR
Z1Linesec := Z1L207pri-

. . CTR
Z0Linesec := Z0L207pri-

|ZlLinesec| = 0.405 arg(Z1lLinesec) = 81.718-deg
|ZOLinesec| =1.515 arg(ZOLinesec) = 82.44-deg
Load Data

From 2010 System peak load case provided in start up information, the peak load is given as 138.4 MVA (with
TL203, TL207 and TL237 in service). The highest load of the three lines is TL207 with a load of 138.4 MVA. In
the event of sudden loss of TL203. Peak load in TL207 will increase to take up the lost load through TL207.
Thus the peak load in TL207 will be slightly less than double until operators can adjust loads.

Speak_207:=138.4 MVA  Speak 203:=132.6 MVA

Smax := Speak_203 + Speak 207 = 271 MVA
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P1 Relay Settings

Distance element reach settings

Note that resistive reaches are forced to be the same for all zones. Reactive reaches for phase and ground distance
elements must be the same as each other.

Zone l

NL Hydro normal practice is to set Zone 1 reach to 85% of line impedance. This will be OK if line is long and voltages
for line end fault are greater than 20% of nominal. Check the maximum source impedance to a fault at the SSD
Station bus under weak source conditions with TL202 out of service and all of TL203. TL207 and TL237 lines in
service. From ASPEN OneLiner, voltage at CBC for a 3 phase fault at SSD is 0.026 per unit. So there is less than
20% voltage at SSD during a fault at WAV under weak source conditions.

Since the voltage is not higher than 20%, the line is considered short, and a reduced Zone 1 setting is
recommended to provide more security. Choose a setting of 80% of nominal.

Z1P := 0.8-|Z1Linesed] Z1P =032  Ohms secondary

This is the same as the existing setting. However, note that direct tripping by zone 1 will be blocked, because it is
desired to use a higher resistive reach for the quadrilateral element than could be secure with such a short zone 1
setting. This is a limitation of the optimho relay that the resistive reach for all zones has to be set the same.

. VTR ,
Z1pri = Z1P-—— = 2.703 Ohms primary
CTR

Zone 2
NL Hydro normal practice is to set Zone 2 reach t0125%-130% of line impedance

However, for such a short line, it is preferable to set a longer reach so the relay may operate faster. Existing
setting is about 360% of the line, and this is a reasonable number that could be retained. For consistency
with the P2 protection, the setting could be changed to 400% of the line. Check that as setting of 400% wiill
not reach beyond the LV bus at CBC without infeed and also that it will not reach past the zone 1 element of
the CBC TL237 protection. 400% reach is OK, see "ALT" setting in Figure 9.

. Z2_sec
Z2_sec = 4- |ZlL|nesec| Z2 sec=1.6 Ohms secondary T — 400-%
Z1llLinesec

= 13.514 Ohms primary

) VTR
Z2_pri:=Z2_sec:
CTR

. VTR
|ZlL|nesec| .
CTR

=3.379
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40—
30—
\
21P1 TL207 CBC ALT Type=LFZF111m
CTR=240 PTR=2000 Min |= 0504
2 Zone 2: 7=1.60 sec Ohm & 80.0 deg. T=0.30s
Line 7= 0.41@ B1.7 sec Ohm { 3.38 Ohm)
H". ja'
21P1 T3 550 ALT Type=LFIP111m
10+ CTR=240 PTR=2000 Min I= 0.504
fone 1. 7=2.068 sec Ohm & 80.0 deg. T=0.0s
| Zone 20 7=4.10 sec Ohm @ B80.0 deg. T=1.00s
Line /= 274G Y87 sec Ohm ( 22.87 Ohm)
I I I I I I
-10 10 20 30 40 ac

Figure 8 - Proposed Zone 2 Setting underreaches SSD TL203 Zone 1 without infeed.

The zone 2 timer will be enabled, but with a reduced setting to 0.3 second. This reduced delay is required for
coordination for severe single line to ground faults with communications assistance not available. For such faults,
faster clearing than is available from the ground time overcurrent protection in the P2 protection is required.

Z2T:=0.3 Seconds

Zone 3

The zone 3 function is not used since the POR1 scheme does not include an echo function so there is no need for
any reverse blocking function. Since the Zone 2 timer has to be set with the coordination of the ground distance
element in mind, it is set at 2 second; so there is no benefit in applying a longer reaching zone 3 function.

Zone 3 element is blocked - same as existing.

Load Encroachment logic

The optimho instruction manual recommends a margin of at least 10% between the impedance of the maximum
load and the resistive reach of the quadrilateral distance element.

Check loadability of the Zone 2 phase distance element assuming worst case depressed voltage of a stressed
system of 0.9 per unit.

_ (0.9kVbase)”

Zloadmin := Zloadmin = 158.114  Ohms primary (assume worst case at 30 degrees)

Smax

Zloadmin_sec := Zloadmin- Zloadmin_sec = 18.974

A 12 ohm secondary resistive reach is less than 90% of the load impedance at anyypower factor and meets the Areva
criterion. Anyway there is no difficulty with load encroachment as can be seen in Figure 9.
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B0

40

20+

21P1 TL207 CBC ALT Type=LFZP111m
CTR=240 PTR=2000 Min |= 0.50A

Zone 2: 7=1.60 sec Ohm & 80.0 deg. T=0.30s
Line 7= 0.41& 81.7 sec Ohrm [ 3.38 Ohm)
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21M1 TL207 CBC ALT Type=LFZF111yg
CTR=240 PTR=2000 Min |= 0.50A4
Char ang= 85.0deg, Dir blinder= 85.0deq

fone 2: ¥=1.60 sec Ohm, R+=12.00 F-=-14.40 T=0.30s
Line 2= 041& 81.7 sec Ohm [ 3.38 Ohm)

204

20 40 n

Fiqure 9 - Apparent impedance of load
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Zone 1 Resistance - QUAD

If a quad element was provided for Zone 1, a secure setting would need to have such a small resistive reach
that it would not be much use for a resistive single line to ground fault. In order to get a reasonable setting for
the resistive reach for the zone 2 function, the zone 1 function will be blocked from tripping.

Zone 2 Resistance - QUAD

The existing setting is 12 ohms secondary. From Figure 10, it can be seen that this is not sufficient to sense a 100
ohm single line to ground fault anywhere on the line, even close to the CBC terminal.

21M1 TL207 CBC Type=LFIP111q

140— | CTR=240 PTR=2000 Min |= 0504

Char ang= 85.0deq, Dir blinder= 85.0deg
Fone 2; ¥=1.32 sec Ohm, B+=12.00 F-=-14.40 T=1.00s

Line 7= 041 81.7 sec Ohm [ 3.33 Ohm)

Apparent impedances plotted (K=0.90G0.0%:
Walla+3klo= 22 97E-0.2 sec Ohm (191.41 Chrm).
Whi(lb+3kI0)= 55.259E-104.8 sec Ohm (460.72 Ohm).

100 | wedle+3Klo= 52.71@136.3 sec Ohrm (439.22 Ohrr).

All relay units are restrained. Delay=4999¢,

Mare details in TTY window.

120

80—
1M1 TL207 CBC ALT Type=LFZP111yg
CTR=240 PTR=2000 Min |= 0.50A
g0— | Char ang= 85.0deg, Dir blinder= 85 0deg

Fone 2: ¥=160 sec Ohm, R+=12.00 F-=-14.40 T=0.30s
Line 7= 041G 81.7 sec Ohm [ 3.38 Ohm)
Apparent impedances plotted (K=0.91E0.0%:
40+ Yaflla+akloi= 22 85G-0.2 sec Ohrm (190.42 Chim).
Yhe(lb+3kloi= 54 67E@-104.8 sec COhm (45558 Ohm).
Yoflo+aklo= 52 1251363 sec Ohm (@34.33 Ohm).
20— | All relay units are restrained. Delay=2993s.

1

i ;
| | | | | s I
20 40 0 120 140 a0 180 :

FAULT DESCRIPTION:
20—  Close-ln Fault on: 0 CBC 230 230.kY - 0 Sunnyside 230 kY 1L 1LG Type=A R=100

Figure 10 - Lack of Sensitivity for 100 ohm SLG fault near CBC

It was found that the maximum fault resistance that could be covered for a close-in fault was 50 ohms. This will still
be of some value because many faults will have a resistance of less than 50 ohms. However, the P1 protection
without the echo function will not be nearly as sensitive as the P2 protection for resistive single line to ground faults.

Retain the existing setting of resistive reach. Rquad:= 12  ohms secondary
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ame |
21M1 TL2O07 CBC Type=LFZP111qg

CTR=240 PTR=2000 Min |= 0.504A

Char ang= 85.0deq, Dir blinder= 85.0deg
fone 2; ¥=1.32 sec Ohm, B+=12.00 F-=-14.40 T=1.00s

Line /= 0.41& 81.7 sec Ohm [ 3.33 Ohm)

Apparent impedances platted (K=0.90G0.0%;
Wal(la+3klol= 11.48E@-0.2 sec Ohm (8571 Ohm).
Whillb+3klo)= 32.09E-92.0 sec Ohm (267 .45 Chm).
Wefle+3klol= 29.88E150.9 sec Ohm (248.99 Ohm).

Relay response: Zone 2 tripped. Delay=1.00=,

S AUNIT - Lone 2 Tripped.

B UMT : All zones restrained.
CLUMT - All zones restrained.
Wlare details in TTY window,

|

21M1 TL20V CEC ALT Type=LFZP111y

CTR=240 PTR=2000 Min = 0.50A

Char ang= 85.0deg, Dir blinder= 85.0deq
fone 20 ¥=160 sec Ohm, R+=12.00,F-=-14.40 T=0.30s

Line Z= 0.41@ 81.7 sec Ohrm { 3.35 Ohm)

Apparent impedances plotted (K=091&0.0):
Wallla+t3dklol= 11.43@-0.2 sec Ohm (25.21 Ohrm).
Wh/(Ib+3klo)= 31.745&-92.0 sec Ohm (264,45 Ohm).
Wed(lo+3klo)= 29555 150.9 sec Ohm (24622 Ohm).

Relay response: Zone 2 tripped. Delay=0.30s.

< ALUMIT @ Zone 2 Tripped.

B LIMIT : All zones restrained.
CLMIT - All zones restrained.

| I I I I I | I B
20 -100 -0 B0 -40 20 20 40 0

FAULT DESCRIPTION:
Close-In Fault on: 0 CBC 230 230.kY - 0 Sunnyside 230k 1L LG Type=A R=50

Figure 11 - Sensitivity for 50 ohm resistive fault close to CBC

Page M - 10 of 13 15/11/2010



PUB-NLH-163, Attachment 1

Page 262 of 425, Isl Int Sys Power Outages

Newfoundland and Labrador Hydro Protection Review for Five 230 kV APPENDIX M
Transmission Lines CBC TL207 P1

Settings of K attenuators

KZPh Coarse setting common to all DISTANCE zones should be set as high as possible while below the
required Zone 1 reach. The current level detectors vary inversely with KZph. Maximum setting available is 1.0.
However, the minimum setting on KZ1 is 1, therefore for this short line, KZPh has to be set less than 1.

KZPh := 0.32

Zone 1 attenuators and angular selection

In:=5 Z1P = 0.32 This is the desired secondary reach (previously calculated)
Z1P 5
KZ1 := —5 Kz1=1 Zlsec_reach = KZl-KZPh-I— Zlsec_reach = 0.32
n
[KZPh l—j
: Tripping by the zone 1 function is disabled - same as existing.

Z6PH = (arg(Z1Linesec)) Z6PH = 81.718-deg

Rounded to the nearest 5 degrees ZOPH := 80 Degrees
MWW

ZON := arg(ZOLinesec — Z1Linesec) Z6N = 82.7-deg

Rounded to the nearest 5 degrees ZON := 85 Degrees
MWW

Zone 2 attenuators selection
Z2 sec = 1.6 This is the desired secondary reach (previously calculated)

Z2 sec
KZ2 =———— KZ2 =5.1

5
[KZPh-—j
In

Zone 3 is not used

QUAD Resistive Reach setting

Rquad = 12 ohms secondary. This reach will be required to sense a 100 ohm SLG fault anywhere on the line.

_ Rquad
5
In

Residual Compensation attenuators selection

KR: KR =12

Zero sequence current compensation for ground faults is provided by the KZN factor. Zero sequence mutual
compensation is not used in this application (it causes extra complexity for only moderate gain in setting accuracy).

ZOLinesec — Z1Linesec . -3
KZN := KZPh KZN = 0.292 + 5.027j x 10
3-Z1Linesec
|KZN| =0.292 This close to the existing setting
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Switch On To Fault (SOTF) Protection.

If SOTF is enabled, it can be set to 200ms or 110 s after all poles of the line have been de-energized. The 110 s
setting is intended to override automatic reclosing dead time. However it makes more sense to enable after the
shorter time. Once the SOTF feature has been initiated, it remains in effect for 250ms after the line has been
re-energized. The SOTF tripping options are:

a) Any distance comparator.
b) Any current level detector as long as a corresponding voltage level detector has not picked up within 20ms.
c) Either current or distance, as long as a corresponding voltage level detector has not picked up within 20ms.

SOTF := "Enabled"

SOTF_TIME := 0.20 Seconds

Elements_in_SOTF := "BOTH" (Both Comparators and current level detectors).

Power Swing Detector

This element will not be used. It will be left Blocked, and if there is a power swing, the distance elements will trip
naturally.

VT Supervision
Set the VT supervision to BLOCK TRIP

Set the VT fail detection to SELF RESET this is as existing .

SELF_RESETTING := "ENABLED"

Start Indication

This function will bring up information on the LCD screen of the relay if a start event occurs. This function will not be
used.

START_INDICATION := "BLOCKED"

Communications assisted logic.

The existing communications assisted logic is permissive overreaching transfer trip, scheme POR 1. This
scheme is familiar to Newfoundland and Labrador Hydro, and even though the POR 2 scheme offers the
advantage of weak infeed echo, which would help the sensitivity to resistive faults, it is not recommended to
change the existing scheme logic at this stage with years of experience on a product that is nearing the end of its
useful life.

The POR 1 logic is a basic permissive overreaching transfer trip scheme but it does include current reversal
timers to increase security against misoperation due to current reversal when a fault on the parallel line is cleared
sequentially. The current reversal logic is achieved by a timer TP which will block permissive tripping and keying
of permissive trip if the local zone 2 element does not pick up within a reasonable time of receiving permissive
trip. The block will be maintained for a time delay of TD after the local zone 2 element picks up, or the received
permissive trip signal resets.

The application of the current reversal timers is required only if the settings of the zone 2 comparators are greater than
1.5 times the line impedance. Since the reaches of these elements are less than or equal to 1.5 times the line
impedance, the current reversal logic is not required, and the recommended default settings are as existing>

TP :=98 ms

TD:=0 ms
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Comparison of Existing and Proposed alternative (ALT ) settings.

15—
21P1 TL207 CBC Type=LFZP111m
CTR=240 PTR=2000 Min |= 0.50A

Lone 2 7=1.32 sec Ohm & 80.0 deg. T=1.00s
7] Line 2= 0.41& 81.7 sec Ohm [ 3.33 Ohm)

5] 21P1 TL207 CBC ALT Type=LFIF111m
CTR=240 PTR=2000 Min I= 0504
fone 2: 7=1.60 sec Ohm @ 80.0 deg. T=0.30s
Line 7= 0.41& 81.7 sec Ohm { 3.38 Ohm)

I | [ [ [ I [
-5 ] 10 14 20 25 30

Figure 12 - Comparison of phase distance characteristics

|
21N1 TL207 CBC Type=LFIP111q

CTR=240 PTR=2000 Min |= 0.50A
Char ang= 85.0deg, Dir blinder= 85.0deg

fone 2; ¥=1.32 sec Ohm, B+=12.00 F-=-14.40 T=1.00s
Line 7= D0.41@ 81.7 sec Ohm ( 3.38 Ohm)

I
21N1 TL2O7 CBC ALT Type=LFZF111g

CTR=240 PTR=2000 Min |= 0504
Char ang= 85.0deq, Dir blinder= 85.0deg

fone 2; ¥=160 sec Ohm, F+=12.00 F-=-14.40 T=0.30s
Line 7= 0.41& 81.7 sec Ohm { 3.383 Ohm)

T ]

I [ [ [ [ I I
20 -100 -g0 60 =40 =20 20 40 n

Figure 13 - Comparison of ground distance characteristics

Page M - 13 of 13 15/11/2010



PUB-NLH-163, Attachment 1

Page 265 of 425, Isl Int Sys Power Outages
Newfoundland and Labrador Hydro Protection Review for Five 230 kV APPENDIX N
Transmission Lines CBC TL207 P2

Protection Review for Five 230 kV Transmission Lines

Appendix N
Detailed settings review for CBC TL207

"'P2" protection.

Settings recommended to be changed from existing are highlighted.

Prepared for:
Newfoundland and Labrador hydro

Prepared by: C. F. Henville, Henville Consulting Inc.
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Scope

To review the existing settings of the P2 protection systems for the Come By Chance (CBC) terminal of circuits
TL207 . This 230 kV transmission circuit is from Sunnyside (SSD) to Come By Chance (CBC)
The circuit does not run parallel to any other circuit for any significant distance.

138 kV and 60 kV system

Stonybrook
(STB)
Es
L204 —qaL
105 km uh Sunnyside
(SSD) L203 45 km
1231 L206 142k
105 km m
L237 44.5km
O 1202 142 km L207 :
6.7
Bay km Western
D’Espoir Avalon
(BDE) Come by - (WAV)
Chance | |
(CBC) >
EXAAMATERAAAAY Y

Figure 1 - System Single Line Diagram

Existing P2 protection systems are SEL321 systems with permissive overreaching transfer trip and single phase
tripping and reclosing. Automatic reclosing is provided by external logic.

Definitions
2
MV Abase := 100 kVbase := 230 Ibase := w Zbase := k\/bi
kaase-\/§ MVAbase
j=v-1
Instrument Transformers
Two breakers are provided at each line terminal.
CT ratio is: CTR := @ VT ratio is: VTR := m
5 1

Accuracies of instrument transformers are not reviewed. Since this protection has been in service for more
than 10 years, it is assumed that experience has shown they are satisfactory. Fault levels are not changing
from the initial application so duties of maximum currents through CTs have not increased significantly.
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Fault Study Results

Using ASPEN OneLiner Case “Hydro Interconnected System (2010-08-13) V10.olr ” with zero sequence
mutual coupling added. Faults are simulated from "From a linear network solution™ fault option with all
shunts ignored (unless needed for load flow simulation).

Minimum fault current seen by each terminal (multiphase and SLG with 100 ohm fault resistance).

At CBC, with Circuit TL217 out of service, and TL207 and TL237 lines in service, for a fault at the remote
terminal.

I3Pmin := 800 ISLGminPH := 290 A ISLGminOseq := 172 A

The current for a phase to phase fault would be lower, but the current supervision element of the SEL321
measures phase to phase currents, and the phase to phase current for a phase to phase fault is twice the phase
current.

Calculate the minimum negative sequence source impedances behind each terminal. This will be with all
generation on line, with the parallel line in service and with the remote end of the line open. For this
calculation only, simulate 50 MVA of generation (i.e., simulating motor load) at CBC to minimize source
impedance.

Minimum um source impedance behind CBC Z2minCBC := 4.68 + j-41.16 ohms primary
Minimum source impedance behind SSD Z2minSSD := 3.23 + j-27.31 ohms primary
SSD WAV
3.34 pu
—
O S
13.49 pu 5.29 pu
» /4CBC -—
18.8 pu

Figure 2 - 3 Phase Fault at CBC

SSD 4.77 pu WAV
—

H— ®

4.13 pu 4.13 pu
20.0 pu 34— CBC <—p

Figure 3 - 3 Phase Fault at SSD
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SSD 1.41 pu WAV
—
O+— -®
12.69 pu 4CBC 4.73 pu
17.42 pu

Figure 4 - SLG Fault at CBC (310 currents)

SSD 3.44 pu WAV
. E—

o+ -®

2.70pu ' 2.70 pu
19.8 pu& < CBC e4—

Figure 5 - SLG Fault at SSD (310 currents)

SSD 2.54 pu WAV
—

H— ®

12.56 pu # CBC 4.86 pu
D -
17.42 pu

Figure 6 - SLG Fault at CBC (Phase currents)

SSD 4.3 pu WAV
—
O——— -©
19.8 pubf QP cpe 330

Figure 7 - SLG Fault at SSD (Phase currents)
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Line impedances.
Line impedances (per unit on 230 kV, 100 MVA base):

Z1L.207 := 0.00092 + j-0.00632  Z0L207 := 0.00314 + j-0.02366

In primary ohms

Z11L.207pri := Z1L207-Zbase Z0L207pri := Z0L207-Zbase

In secondary ohms

CTR CTR
Z1Llinesec := Z1L.207pri-—— ZOLinesec := Z0L207pri-——
VTR VTR
| Z1Linesec| = 0.405 arg(Z1Linesec) = 81.718-deg
| ZOLinesec| = 1.515 arg(ZOLinesec) = 82.44-deg

These impedances match the existing settings in the P2 relay no need for changes.

Load Data

From 2010 System peak load case provided in start up information, the peak load is given as 138.4 MVA (with
TL203, TL207 and TL237 in service). The highest load of the three lines is TL207 with a load of 138.4 MVA. In the
event of sudden loss of TL203. Peak load in TL207 will increase to take up the lost load through TL207. Thus the
peak load in TL207 will be slightly less than double until operators can adjust loads.

Speak_207 := 138.4 MVA Speak_203 := 132.6 MVA

Smax := Speak_203 + Speak_207 = 271 MVA

P2 Relay Settings

The existing line impedance settings are close to the line data book. No need for adjustment

arg(Z1Linesec)

ZIMAG = |ZiLinesec|  ZIMAG =041 ZIANG:= —o= "0 ZIANG = 817
eg
Z0Li
ZOMAG = |ZOLinesec| ZOMAG = 1.5 ZOANG = w ZOANG = 82.4
eg
LL207 = 6.7

In order to obtain sensitivity to 100 ohm single line to ground faults, the echo function will be needed. Enable two
forward and one reverse zone.

PMHOZ = 3 GMHOZ := 3 QUADZ =3

DIR1:=F DIR2 := F DIR3:=R
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Mho phase distance functions

Zonel

NL Hydro normal practice is to set Zone 1 reach to 85% of line impedance. This will be OK if the line is long and
voltages for line end fault are greater than 20% of nominal. Check the maximum source impedance to a fault at the
SSD Station bus under weak source conditions with TL217 out of service and all of TL203, TL207 and TL237 lines
in service. From ASPEN OneL.iner, voltage at CBC for a 3 phase fault at SSD is 0.02 per unit. So there is less than
20% voltage at CBC during a fault at SSD under weak source conditions.

Since the voltage is not higher than 20%, the line is considered short, and a reduced Zone 1 setting is
recommended to provide more security. Choose a setting of 80% of nominal.

Z1P := 0.8-|Z1Linesec| Z1P =032  Ohms secondary
This is the same as the existing setting.

In addition, because this voltage is so low, the zone 1 function is exposed to a risk of misoperation due to
measuring error and/or CVT transient performance problems. Therefore, a 1 cycle security delay is proposed to
be added to tripping by this element. The delay will be added by SEL logic variable timer YT.

Zone 2
NL Hydro normal practice is to set Zone 2 reach t0125%-130% of line impedance

However, for such a short line, it is preferable to set a longer reach so the relay may operate faster. Existing
setting is about 320% of the line, and this is a reasonable number that could be retained, however for
consistency with the P1 protection it recommended to increase this setting to 400% of the line.

Z2P := round(4-|Z1Linesec| , 1) Z2P =16 Ohms secondary

As can be seen from Figure 8, this element (with the proposed new setting) does not overreach the zone 1
element at the SSD terminal of TL203 even without infeed.

The existing Zone 2 timer setting of 18 cycles will be appropriate.

Z2PD := 18 cycles

Zone 3

Set Zone 3 reverse element to reach further behind this terminal than the remote Zone 2. This function adds
security for external faults. The element should always be more sensitive than the forward looking Zone 2 at the
remote terminal. Set it the same as the remote Zone 2 overreach plus 100%. This higher margin than used on
other lines is desirable considering the short line does not provide much margin in itself.

Z2P
Z3P := ZlMAG-(— -1+ 1) Z3P =16 Ohms secondary
ZIMAG (slightly different from existing
but set the same as at SSD for

Z3P = 394.65-% Of line length consistency)

|ZIMAG|

The reverse looking zone 3 element need not be set to trip through a timer. It is needed only for security in the
POTT scheme.
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30— 21P2 TL207 CBC ALT Type=SELZ21P__
CTRE=240 PTR=2000
25 Zone 1 Z1P=032.

Zone 2 ZP=160. Z2PD=13.00cy
Zone 3 Z3P=1.60
7] Line 2= 0.41& 81.7 sec Ohm [ 3.33 Ohm)

15—

21P2 TL203 SSDALT Type=5SEL32MFP__
10— CTR=240 PTRE=2000

fone 1. Z1P=222

fone 2 FZAP=362 ZPD=18.00cy

Zone 3: 73P=1.40. Z3PD=2000.00cy

Line 7= 274 73.7 sec Ohm [ 2287 Ohm)

| | | | | | | | | |
m 15 20 2% 30 3% 400 45 A0 &5

Figure 8 - Proposed new CBC TL207 Zone 2 underreaches SSD TL203 zone 1 without
infeed, and coordinates with zone 1 on this line.
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Mho phase distance current supervision

If the current supervision elements can be set above load, they will be secure in the event that potential is lost.
However given that loss of potential logic is available, it is recommended that only the zone 1 current
supervision function be set above load. If potential is lost, it will be able to block tripping by Zone 2 before it
trips on time delay or receives a permissive trip from the remote terminal.

For the point of view of current supervision being above maximum load, there is no need to worry about
abnormal conditions. It would be a double contingency for the VT signal to be lost while the parallel line was
out of service. Therefore, consider a maximum load of 135 MVA. The current supervision elements for the phase
distance functions measure phase to phase currents.

Speak_207-1000

IPPmax_normal = 602 A primary
kVbase

IPPmax_normal :=

The current supervision elements use phase to phase currents for supervision of the phase distance function;.
so the minimum phase to phase fault current will be root three times the minim phase fault current. Choose a
margin of 50% of the minimum phase to phase fault current for dependability.

IPPmin := 0.5I3Pmin-\/§ IPPmin = 693 A primary

A setting of 648 A primary for 50PP1 will ensure the Zone 1 function operates for any fault even under
minimum source conditions but will not be susceptible to trip on load due to loss of potential under normal
maximum load conditions. This is somewhat lower than the existing setting but there is no need for any higher
setting.

'50PP1:= 2.7  ASec '50PP1-CTR = 648 A primary

50PP1 is higher than the existing zone 2 settings but is sensitive enough, and offers better security. Since
Zone 2 and zone 3 elements will be blocked by LOP function, set them at minimum. The zone 3 current
supervision should not be set higher than the zone 2 current supervision element at the remote terminal. In
this case the remote zone 2 current supervision element will be set at 1.0 A secondary.

'50PP2:=1 A Sec '50PP3 =1 A Sec
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Ground Distance Protection

Since there are no parallel lines there is no impact from mutual coupling. However, on this short line, it is
important to be aware of the possibility of incorrect measurement of a fault beyond the remote terminal due to a
high resistive reach on the zone 1 quadrilateral. Choose a setting of 80% of the line impedance and find the
maximum resistive reach that should be set using the guideline provided by SEL.

Let the per unit reach of the Zone 1 function be m% of the line. m:=08 per unit
ZIMG := m-|Z1Linesec| ZIMG = 0.32
XG1:= ZIMG XG1=0.32 These are the same as existing settings.

Zone 1 Resistance
XG1 is set at m per unit of the transmission line. The imaginary component of this is

ImXG1sec := Im(Z1Linesec) ImXGlsec = 0.401 ohms

The maximum advisable resistive reach can be found from the equation (3) in Appendix A Quadrilateral
Reactive Reach Versus Resistive Reach Setting Guideline from the paper Digital Communications for Power
System Protection: Security, Availability, and Speed. This paper is obtainable at www.selinc.com.

From this equation, the maximum advisable resistive reach, assuming angular maximum errors of 3 degrees, in
measurement by CTs, VTs and the relay, can be determined.

RG1 := round[(1 — m)-20-ImXG1sec, 1]

RG1 = 1.6  This is the maximum secure setting for the resistive reach so the desired zone 1 resistive
reach setting would not be confirmed as being secure.

Use the maximum secure setting of 1.5 ohms for RG1 RG1 := 1.50hms secondary

With a resistive reach setting of 1.5 ohms, the SSD Zone 1 quad element will not be much use. The mho element
will be more sensitive than it due to expansion of the characteristic due to cross polarizing. The mho zone 1
element will see a maximum of 5 ohm fault resistance for a close - in fault (see Figure 9) and gradually reducing
resistance as the fault moves away from the terminal. Zone 2 protection will be depended upon to sense faults
with higher resistance.

It should be noted that the 5 ohm resistive SLG close in to CBC will depress the faulted phase voltage by about
85%); so this fault is fairly severe on the system and communications assisted tripping will be required to
maintain reasonable performance from the protection.

Communications assistance becomes of increasing importance in protecting a short line such as this. The
zone 2 and permissive trip echo function is important on this line.

Similar to the phase distance element, the zone 1 ground distance element will be configured to trip
through a 1 cycle delay (using SEL Logic variable YT) to increase security on this very short line.
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an— | 212 TL207 CBC ALT Type=SELS2G

CTR=Z40 PTR=2000

Zone 1 ¥G1=0.32. RG1=1.50. I1MG=032.

Lone 2 ¥G2=160. RG2=20.00, Z2MG=1.60. Z2PD=18.00cy

Zone 3 ¥G3=1.60. RG3I=22.00 Z3MG=1.60.

30| kOMI=0912 kDAT=1 kOWM=0.912 KDA=1 T=-3.00

Line 2= 041@& 81.7 sec Ohrm [ 3.38 Ohm)

Apparent impedances plotted (W=091E1.0%:
Walllatalklol= 1.14G-0.7 sec Ohrm (9.51 Ohm).
YWh(lb+3klo)= 16.28iE@-51.2 sec Ohrm (135.69 Ohrn).
YWedloraklol= 15.78i@-162.5 sec Ohm (131.47 Ohrm).

Relay response: Zone 1 tripped. Delay=0.0s.

< A UNIT : Zone 1 Tripped.
B LUMIT : All zones restrained.

104 | CUNIT : All zones restrained. T ——————

More dnlataila in TTY window.

T t T T T
A0 / i 0 40 £
FAULT DESCRIPTION:

C|DSE-|H ﬁﬂﬂt an; EI CBC 230 230 kY - 0 Sunnyside 230k 1L LG Type=AR=5 "

20—

Figure 9 - Proposed reduced resistive reach of Zone 1 quadrilateral reduces sensitivity to
resistive faults considerably.

Zone 2 Ground Distance Protection

The Zone 2 ground distance function will set the same as the Zone 2 phase distance protection function because

there are no significant mutual coupling effects from parallel lines. In any case, the phase distance function is set
at 400% of the line impedance.

Z2MG = Z2P Z2MG = 1.6 Ohms secondary
The quad element reactive reach will be set similarly to the mho.
XG2:= Z2MG  XG2=1.6 Ohms secondary

The resistive reach of the quad will be increased to 20 ohms similar to the SSD terminal. This will not sense a 100
ohm resistive SLG fault close to the CBC terminal of the line so it will only operate sequentially after the CBC
terminal opens (with permissive trip echo if necessary because of lack of sensitivity of the CBC terminal).
However, there is no point in increasing the sensitivity any more.

By trial and error from ASPEN it is found that a resistive reach of 20 ohms secondary will sense a 40 ohm SLG
fault close in to the CBC terminal and 25 ohm SLG close to the SSD terminal, therefore it will still be useful.
However the permissive trip echo function will be required to ensure that a fault that is seen by the zone 2
element at only the SSD terminal will still be cleared by the permissive trip logic.
Therefore, to avoid extremely large resistive reaches, and to retain sensitivity to 100 ohm resistive SLG faults, it
is recommended that the echo function be enabled at both terminals.

R2G := 20 Ohms secondary
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7| 21M2 TL207 CBC ALT Type=SELI21G__

B0—

A0

40—

30—

20+

CTR=240 PTR=2000

Jone 1: ¥51=032. RG1=1.580. I1ME=032.

fone 20 ¥GE2=160. RGZ=2000 I2MG=160 Z2PD=13.00cy

fone 3 ¥XG3=1.60. RG3=2200 I3MG=1E0D

KOM1=0.912 kOAT=1 kOW=0312 kDA=1 T=-3.00

Line 7= 0.41& 81.7 sec Ohm { 3.383 Ohm)

Apparent impedances plotted (K=0.91G1.0%:
Walla+3klol= 9.83@1.2 sec Ohm (81.89 Ohm).
Whilb+3kI0)= 46.24F-53.3 sec Ohm (335.30 Chm).
Weflo+3kio)= 45.07E@ 157 .9 sec Ohm (375.62 Ohm).

Relay response:; fone 2 tripped. Delay=0.30s.

< A UMIT - Lone 2 Tripped.

B LMIT : All zones restrained.
CLUMIT - All zones restrained.
hlare details in TTY window,

10—

10 40 &0 B0 710 80 80 100

FAULT DESCRIFTION:
Close-In Fault on: 0 Sunnyside 230 kY - 0 CBC 230 230 kY 1L LG Type=A R=25

Figure 10 - Local Zone 2 Quad element operates for 25 ohm resistive SLG close to the

remote (SSD) terminal.

With very heavy prefault load flow (170 MVA in TL203 and 177 MVA in TL207) if TL203 trips single pole, the
ground distance elements with the increased resistive reach on the P2 protection will remain secure. See

Figure 11
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100— | 21M2 TL207 CBC ALT Type=5SEL3G__

CTR=240 PTR=2000

Zone 1: ¥G1=0.32. RG1=1.50. Z1MG=0.32.

90 | Zone 2: ¥G2=160. RG2=20.00. 72MG=1.50, Z2PD=18.00cy
Zone 3: ¥G3=1.60. RG3=2200 ZiMiz=1k0.
kOM1=0.212 k0AT=1 kOM=0.912 kDA=1 T=-3.00

Line 7= 041G 81.7 sec Ohm { 3.38 Ohm)

Apparent impedances plotted (K=091G1.0)

70— Yallla+dklol= 20.05&175.5 sec Ohm (167.09 Ohm).
Wh/(lb+3klo)= 32 48E&163.5 sec Ohm (329.04 Ohm).
Yedlordklol= 41.97@177 .8 sec Ohm (349,74 Ohm).
gO— | All relay units are restrained. Delay=3393s,

More details in TTY window.

80—

50| 21M1 TL207 CBC ALT Type=LFIP111q

CTR=240 PTR=2000 Min I= 0504

Char ang= 85.0deq, Dir blinder= 85.0deg

4091 Zone 2: %=1.60 sec Ohm, R+=12.00,R-=-14.40 T=0.30s

Line 7= 0.41& 81.7 sec Ohm [ 3.38 Ohm)

Apparent impedances plotted (K=0.91&0.0):
“allla+3klo)= 20.06E175.6 sec Ohm (167.13 Ohm).
Yhiflb+3k]o)= 39.29iE163.5 sec Ohm (327.39 Ohm).

- | Wedle+3kla= 421781777 sec Ohm (351.39 Ohm).

All relay units are restrained. Delay=9999s,

30—+

SIMULTANEOUS FAULT DESCRIPTION:
1-Phase Open on: 0 %West. Avalon 230 k% - 0 Sunnyside 230 kY 1L Type=A

Figure 11 - Ground distance elements remain secure during heavy load flow with one phase
open on T1.203

The zone 2 ground distance time delay trip will need to be reduced from 60 to 18 cycles (0.3 seconds) in order
to aid coordination for resistive single line to ground faults "around the loop"” of TL203 TL237 and TL207
where otherwise, the ground time overcurrent functions might not have coordinated fully. A setting of 0.3
seconds is proposed to aid coordination below the WAV TL237 zone 1 ground distance protection since

there is no fault current infeed at CBC to aid this coordination.

Z2GD := 18 Cycles
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Zone 3 Ground Distance Protection

The zone 3 ground mho function will be set the same as the zone 3 phase distance function.

Z3MG = Z3P Z3MG = 1.6  Ohms secondary
Z3P . This is not exactly the same as the existing setting but is
|ZIMAG| = 394.65:% o line length set the same as zone 3 at
SSD for consistency.
XG3:= Z3MG  XG3=1.6 Ohms secondary

Set the Zone 3 quad resistive reach at 10% more than the remote Zone 2

R2Grem := 20 Ohms secondary
R3G := round(R2Grem-1.1,0) R3G = 22 Ohms secondary
Ground distance current supervision

Since there is no concern about these elements operating on load, even with loss of potential, set all current
supervision elements at minimum, for maximum sensitivity of the distance elements.

'50L1:= 0.5 A Sec '50L2 := 0.5 A Sec '50L3:= 05 A Sec

'50G1:= 0.5 A Sec '50G2:= 0.5 A Sec '50G3:= 05 A Sec

Zero sequence current compensation

Set the zero sequence current compensation as usual.

koim - [ | 2OL207 — 21207 kO1M = 0.912
3-Z21L.207
Z0L207 — Z1L.207
kO1A := | arg kO1A = 0.987-deg Say  KkO1A := 1deg
3-Z21L.207 AN
Set the overreaching zones the same as zone 1 kOM := kO1M kOA := k01A
kOM = 0.912 kOA = 1-deg

These settings are only slightly different from the existing settings.

Non Homogenous Angle Setting

Compare the angle of the total zero sequence current at the remote bus with the angle of the zero sequence
current contribution from the local terminal to determine this setting. From ASPEN OneL.iner, the worst case is
normal conditions. For this case, for an SLG at SSD the angle of 10 at the fault is -114 degrees and the angle of
10 out of the CBC terminal is -112 degrees. Therefore, the total fault current lags the current contribution from
SSD by 2 degrees and angle T may be set at -2 and ensure no overreach. However, because this is such a

short line, the angle T should be set at the default angle of -3 degrees for extra security.

T:.= -3 degrees
MWV
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Not used in this application. There is a danger of out of step conditions arising. Historically no action has
been taken to provide special tripping or blocking functions. Natural tripping during swings is accepted.

Load Encroachment logic

Check loadability of the Zone 2 phase distance element assuming worst case power factor of 0.87 simultaneous
with worst case depressed voltage of a stressed system of 0.9 per unit. Note that units of kV squared match units
of MVA. Note that quadrilateral elements are only used for the ground distance functions that are not sensitive to
balanced three phase load. Therefore no need to worry about the reach of the quadrilateral elements.

(0.9kVbase)’
Smax

Zloadmin :=

Zloadmin = 158.114 Ohms primary (assume worst case at 30 degrees)

Maximum reach of the Zone 2 element is at the line angle of 81 degrees. At 30 degrees, the reach will be given by

Z2load := Z2P-cos[(Z1ANG - 30)deg] Z2load = 0.991 ohms secondary

VTR .
Z2load-—— = 8.26 ohms primary
CTR

Since the reach of the Zone 2 element at 30 degrees is less than the apparent impedance of the maximum

load, there is no need to apply load blinding logic. See Figure 12

BO0—
21P2 TL207 CBC ALT
CTR=240 PTR=2000
A0— | Lone 1: Z1P=0.32.
Lone 2: 72P=1.60. ZP0=18.00cy

Zone 3: Z3P=1.60.

Line /= 0.41& 81.7 sec Ohm { 3.38 Ohm)

Type=SELFZTP

20—

Figure 12 -Load impedance with respect to proposed new Mho function reaches.
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Ground directional element

The SEL-321 application example recommends finding the minimum source impedance behind the terminal and
setting the reverse and forward boundaries of the negative sequence directional element at the 1/3 and 2/3 points
respectively.

In the negative sequence plane, the sum of the two source impedances and the line impedance is:

Z2total := Z2minCBC + Z1L207pri + Z2minSSD | Z2total| = 72.302

Z2total 27 2total

The 1/3 pointis 72 1 3:= The 2/3 pointis 72 2 3:=

Z2Rpri == Z2 2 3 — Z2minCBC | Z2Rpri| = 6.778 | z1L.207pri| = 3.379
|Z2minCBC| = 41.425

Z2Fpri:= Z2_1 3 — Z2minCBC | Z2Fpri| = 17.325
|Z2minSSD| = 27.5

Converting the primary impedances to secondary ohms

CTR
7Z2R = zszri.ﬁ |Z2R| = 0.813 Ohms secondary arg(Z2R) = 82.218-deg

CTR
Z2F = zszri-ﬁ |z2F| = 2.079 Ohms secondary arg(Z2F) = —96.233-deg

Rounding up Z2F (note that Z2F is negative) and rounding down Z2R gives:

Z2F := -2 Ohms secondary Z2R:= 0 Ohms secondary

MWW MWW

The proposed Z2F and Z2R settings are considerably higher than existing, reflecting the addition of
motor load as generation at CBC. This will move the thresholds closer to SSD.

Set the current level detectors at minimum level that will allow operation of the ground distance elements.

Due to the very small zero sequence current contribution to a single line to ground fault at the remote terminal,
the negative sequence current contribution will always be higher than the zero sequence. Therefore there is

no point in setting the forward looking negative sequence overcurrent elements any more sensitively than the
zero sequence ground overcurrent supervision of the ground distance elements.

'50QF := '50G2 '50QF = 0.5 A secondary

Set the supervision function for the reverse looking element to be the same as, or a little more sensitive than
the forward looking supervision element at the remote terminal.

'50QR := 0.5 A secondary

The positive sequence current restraint (a2) factor should be set just smaller than the ratio of the maximum load
current (positive sequence) to the most sensitive current supervision element (50QR).

Smax-1000 11 i
I1maxpri := ~maxe 2 Ilmaxsec := —~maxpnt Ilmaxsec = 2.834
kVbase-/3 CTR
Bearing in mind that the 50QR setting is in units of 3*I2
__S0QR = 0.059 Choose a value of a2 := 0.06
3-11maxsec

This a2 factor is lower than existing setting because of higher maximum load current used.
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Phase time overcurrent element

This element is not used
Residual time overcurrent element

This element is used to provide the most sensitive backup protection. It will be a directional element.
Minimum pickup needed to sense a higher resistance than 100 ohm SLG near the CBC terminal. Choose 200
ohm arbitrarily. Note that this terminal contributes 1/3 of the zero sequence current to a fault near CBC than
the CBC terminal. Choose a desensitization factor of 4 for sensitivity.

SF =2 Desensitization factor due to remote end infeed is  Dfactor := 4 Rf := 200

kVbase-1000
\/3-SF-Dfactor-Rf-CTR

'5INPU = round[ 1] '5INPU = 0.3

The existing setting of 0.5 A is less sensitive than required to sense this fault with arbitrary resistance.
However, it is the minimum setting available. Therefore it will be retained.

'5INPU := 0.5 A secondary
NMWWWWWWW\

Coordination checks show that existing time dial settings around the loop TL203, TL237 and TL207 (clockwise)
will not coordinate, because the CBC TL207 and WAV TL237 relays are set exactly the same. Therefore if there is
a fault on TL207 that has to be cleared by the ground time overcurrent relay at CBC, the WAV TL237 will trip
simultaneously or not coordinate. Therefore the existing time dial settings on CBC TL207 have to be adjusted.

The ground distance elements will speed up tripping for faults with resistance up to 150 ohms fed from one end,
where ground relay coordination is challenged), so coordination will be checked for faults with resistance of 150
ohms or more. Trial and error checks show that in order to achieve coordination, the existing time dial setting of
CBC TL207 ground time overcurrent relay will have to have its time dial settings reduced from existing 4 to 3. The
WAV terminal of TL203 already is going to have its pickup increased from 0.5 to 0.6 A sec.

Check the coordination with the other relays for three faults (all with 150 ohm resistance). Line end TL237,
Close in to CBC on TL237 and 89% from WAV on TL203 (at the end of the mutually coupled section). See
Figure 14 to find that existing settings (curves 2&3) do not coordinate, and Figures 14, 15 and 16 to find
that revised (Curves 4, 5 and 6) settings will coordinate.

'51NPU = 0.5 A secondary '51NPU-CTR = 120 A primary
'5INTD := 3 '51NC := "U3" '5INTC := "N" '51NRS := "N"
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Protection Review for Five 230 kV
Transmission Lines

CBC TL207 P2

to CBC

10 2345710023457100023457100002 345 7 0
T TTT [ TTT [ |
151N TL203 SSD SELM TD=4.000 - H
CTR=240 Pickup=0.5ANo inst. TP@12=0.4937s 700
3lo= 3357A(14 secA) T= 2.66s 500
2. 51N TL237 WAV SEL-VI TD=4.000 400
CTR=240 Pickup=0.5ANo inst. TP@12=0.4937s 300
3lo= 7919A(33 secA)T= 0.75s
3.5IN TL207 CBC SEL-M TD=4.000 200
CTR=240 Pickup=0.5ANoinst. TP@12=0.4937s
3lo= 791.7A33 secAT= 0.75s |
4.5IN TL203 SSD ALT SEL-VI TD=4.000 100
CTR=240 Pickup=0.6ANoinst. TP@12—0 4937s
3lo= 335.7A(14 secA)T= 388s | | 70
5. 51N TL237 WAVALT SEL-\ TD=4.000 50
CTR=240 Pickup=0.6ANoinst. TP@12=0.4937s 40
3lo= 791.9A(33 secA)T= 092s | 30
6. 51N TL207 CBC ALT SEL-VI TD=3.000
CTR=240 Pickup=0.5ANoinst. TP@12=0.3703s 20
3lo= 791.7A(3.3 secA) T= 0.56s
3\5 1\ 4
6 10
7
5
4
3
2
1
7
= 5
T 3
2
1
.07
.05
.04
.03
'FAULT DESCRIPTION: .02
Close-In Faulton: 0 CBC 230230.kV- 0 Sunnyside 230kV1L 1LG Type=AR=150
winendopered ||| framereosa | o
10 2 345 7 100 2 3 45 7 1000 2 3 45 7 10000 2 3 45 7
CURRENT (A)
TIVE-CURRENT CURVES @ Voltage 230 By CFH
For TL203 TL207 and TL237 CWcoordination No. SSD1
Comment 150 Hiah Resistance SLG Date 5 Nov. 2010
Figure 14 - coordination of ground time overcurrent elements for close-in fault on TL207 close
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Protection Review for Five 230 kV

Transmission Lines

10 2345710023457100023457100002 345 7 00
T TTT T T 117
1.5INTL203 SSD SEL-VI TD=4.000 B
CTR=240 Pickup=0.5ANo inst. TP@12=0.4937s 700
3lo= 8106A(34 secA) T= 0.73s 500
2. 51N TL237 WAV SEL-VI TD=4.000 400
CTR=240 Pickup=0.5ANo inst. TP@12=0.4937s 300
3lo= 384.0A(1L6 secA) T= 2.06s
3.51IN TL207 CBC SEL-V TD=4.000 200
CTR=240 Pickup=0.5ANoinst. TP@12=0.4937s
3lo= 3840A(1.6 secA)T= 206s
4.51IN TL203 SSD ALT SEL-VI TD=4.000 100
CTR=240 Pickup=0.6ANoinst. TP@12=0.4937s
3l0= 8106A(34 secA)T= 089s | 70
5,51N TL237 WAVALT SEL-VI TD=4.000 50
CTR=240 Pickup=0.6ANoinst. TP@12=0.4937s 40
3l0= 3840A(L6 secAT= 2925 | 20
6.5IN TL207 CBC ALT SEL-VI TD=3.000
CTR=240 Pickup=0.5ANoinst. TP@12=0.3703s 20
3lo= 384.0A(16 secA) T= 1.55s
1,4 3) &
5. 10
\
;
5
4
3
2
1
7
5
= | [Tl | 4
= 3
2
1
07
.05
.04
.03
'FAULT DESCRIPTION: 02
'Line-End Faulton: 0 Sunnyside 230.kV - 0 West. Avalon 230.kV 1L 1I‘_G e=AR=150
| \ LT ] \HH mpaum-m T o
10 345 7 100 2 3 1000 3 45 7 10000 2 3 45 7
CURRENT A
TIVE-CURRENT CURVES @ Voltage 230 By CFH
For TL203 TL207 and TL237 CWcoordination No. SSD2
Comment 150 Hiah Resistance SLG Date 5 Nov. 2010
Figure 15 - coordination of ground time overcurrent elements for line end fault on TL203
close to WAV
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Protection Review for Five 230 kV

Transmission Lines

10 2 3 45 7 100 23457100023457100002 3 45 1000
T TTT TTT T 111
151N TL203 SSD SEL-VI TD=4.000 T
CTR=240 Pickup=0.5ANo inst. TP@12=0.4937s 700
3lo= 3360A(14 secA) T= 2.65s 500
2. 51N TL237 WAV SEL-Ml TD=4.000 400
CTR=240 Pickup=0.5ANo inst. TP@12=0.4937s 300
3lo= 798.1A(33 secA) T= 0.74s
3.5IN TL207 CBC SEL-M TD=4.000 200
CTR=240 Pickup=0.5A (Dir) No inst. TP@12=0.4937s
3lo= 0.IA(00 secA)T=9999s =
4.51IN TL203 SSDALT SEL-VI TD=4.000 100
CTR=240 Pickup=0.6ANo inst. TP@12=0.4937s
3lo= 336.0A(14 secAT= 388s 70
5.51N TL237 WAVALT SEL-VI TD=4.000 50
CTR=240 Pickup=0.6ANoinst. TP@12=0.4937s 40
3Io 798 1A(33 secA) T— 0915 [ 30
6.51N TL207 CBC ALT SEL-VI TD=3.000
CTR=240 Pickup=0.5A (Dir) No inst. TP@12=0.3703s 20
3lo= 0.1A(0.0 secA) T=9999s
25 1) 4
10
;
5
4
3
2
1
7
S 5
3
2
1
07
.05
04
.03
'FAULT DESCRIPTION: 02
Interm. Fault on: 0 West. Avalon 230.kV - 0 ComeByChance 230.kV 1L 1LG 88.00% Type=AR=150
itenopenes || [ [ L] HFaum—weoA\ L [ o
10 2 345 7 100 2 3 45 1000 2 3 45 7 10000 2 3 45 7
CURRENT N
SSD3 TIVE-CURRENT CURVES @ Voltage 230 By CFH
For TL203 TL207 and TL237 CWcoordination No. SSD3
Comment 150 Hiah Resistance SLG Date 5 Nov. 2010
Figure 16 - coordination of ground time overcurrent elements for intermediate fault on TL237
88% from WAV with CBC terminal open.
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Permissive Overreaching logic settings
EPOTT = "Y"

Z3RBD is set at remote breaker time plus channel reset time plus channel reset time plus zone 2 reset time. From
review of fault records it appears that the breaker time is 3 cycles. Channel reset time is not easily determined from
existing records but can conservatively be assumed to be 1 cycle, and relay reset time will also be about 1 cycle.
Total time for Z3RBD is then 5 cycles.

Z3RBD:=5 cycles

Echo block delay timer blocks the echo after the local elements have picked up. This can be set relatively
long since there is no significant need for the echo function shortly after the local terminal has just seen a
fault but the remote terminal has not. Set at 10 cycles as per the example in the instruction manual.

EBLKD := 10 cycles

Echo time delay on pickup should be set to override noise on the communications so that it doesn't echo noise.
Typical time according to the SEL application guide is 2 cycles. Since this delay only affects clearing time for
relatively light (high resistance) faults that are sensed by zone 2 function at one end, the typical setting is
acceptable.

ETDPU := 2 cycles
Echo duration should be long enough to ensure the permissive trip is received by the remote terminal and

should also be shorter than the Z3RBD time to ensure that the reverse blocking will always be longer than
any permissive trip received (including echo time stretching).

EDURD := 4  cycles

No need to enable week feed conversion to trip, since both terminals will be quite sensitive enough to detect
high resistance faults after the remote terminal has cleared. Therefore we can accept sequential (or "step™)
clearing with no need for the added insecurity of weak infeed tripping.

EWFC := "N"  No other communications logic settings are required for this application.

Switch on to Fault Settings

Switch on to fault logic will ensure the protection will operate when energizing the line onto a close-in three
phase fault when there is no polarizing voltage available for the distance elements.

ESOTF := "Y"

The breaker close signal is not available to the relay. The 52A method of enable SOTF will be used.
Therefore the Close end delay is not critical. Typical duration for enable SOTF is 10-15 cycles
ENCLO := "N" CLOEND := 0 ENG2A = "Y" SOTFD := 15

Set 50H for high magnitude close-in multiphase faults with weakest source at CBC It should be set less than
50% of the minimum close-in fault magnitude. Minimum close-in magnitude of a three phase fault with TL203 out
of service is 1890 A. Therefore desired maximum setting for 50H is 900 A. This is lower than existing.

Imin3P_close_in := 900
Imin3P_close_in
2CTR

Choose a setting of 1.8. A secondary for this element. This is considerably lower than existing, but is necessary
for good dependability. Also, there is no concern with unequal saturation of CTs in a stub bus for an external
fault because there will only be one line CT for this terminal

'50H = '50H = 1.875 A secondary

'50H := 1.8 A secondary
MWW
Choose a setting for 52AEND less than the shortest reclose time. '52AEND := 30 cycles
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Residual overcurrent settings.

Tripping directly by instantaneous ground overcurrent is not necessary because the zone 1 ground distance is
more selective on this short line. However it would be helpful to monitor steady state unbalance, and issue an
alarm for continuous unbalance. Set the detector at minimum or just at the point necessary to override normal
unbalances.

ES0N =1 '50N1:= 0.25

Negative Sequence overcurrent settings.

Similar to ground overcurrent, apply a negative sequence overcurrent element to initiate an alarm for steady
state unbalances. Set the detector at minimum or just at the point necessary to override normal unbalances.

E50Q =1 '50Q1:= 0.25

Voltage Element Settings

Similar to unbalance current monitoring, it is helpful to have an unbalance voltage monitor to detect steady state
unbalances from the voltage supply.

EVOLT := "Y"

Set the zero sequence overvoltage element at 1% of rated voltage or just at the point necessary to override
normal unbalances. The zero sequence voltage element measures 3 times the zero sequence voltage.

kVbase-1000
ase '59N = 1.992 Say  '59N := 2 V secondary

59N := 3.0.01 —————
V3-VTR

L oss of Potential

Enable loss of potential settings. Advanced LOP settings are not available on this model of relay.

ELOP := "Y" Time delay of 1.25 cycles is commonly used. LOPD := 1.25

The 50 M element should be set above maximum load and below minimum fault current for a fault at the remote
terminal under weak source conditions. The maximum load for this case should be normal maximum, not
emergency maximum which only exists for a few minutes before the operator can act to reduce load.

Speak_207-1000

= 1.448 A secondary
\/3-kVbase-CTR

Imax_normal :=

Minimum fault current for a remote three phase fault is I13Pmin = 800 A primary.

Minimum fault current for a remote phase to phase fault is 87% of the minimum three phase fault current level.

Dependability factor to be sure to operate for a minimum remote fault is chosen to be 1.6. DF:= 16
Maximum setting for 50M should be 0.8713Pmin =1.813 In this case a setting of 1.5 A secondary
DF-CTR will be adequately dependable and secure.

'50M := 1.5A secondary

The 59QL setting should be above normal maximum unbalance and below the level expected for a blown VT fuse.
For a blown fuse, one phase voltage will be lost, and the negative sequence voltage will be roughly 33% of the
nominal positive sequence voltage. Choose a setting of 15% of the nominal positive sequence voltage. This will
be well above any normal unbalance.
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0.15-kVbase-1000
J3VIR '50QL = 10V secondary

'59QL = round[

The 59PL setting should be less than the minimum voltage to be expected for a remote bus fault under weakest
source conditions. There is no minimum setting (above zero) for this function. Since this is a very short line,
choose a setting equal to half the voltage drop along the line impedance at the minimum fault current.

0.8713Pmin .
'59PL := round[O.S-(W~|ZlL|nesec|j,0} |'s9PL| =1

Miscellaneous Scheme Settings

Pole discoordinance logic is not being used. EPOLD := "N" SPPDD := "N/A"
Enable single pole tripping by distance elements only ESPT := "Y"
Enable single pole open ESPO = "Y"

Set single pole open time delay for future SPO conditions SPOD := 0.25

3 Pole open reset delay to override small discrepancies in pole closing '3POD := 0.5
Stub line protection is not required ESTUB := "N" '50MFD := "N/A"
Trip unlatch logic not applied TULO := "N"

Loqic variables and Miscellaneous timers

Minimum trip duration timer is set at 9 cycles as per the application example in the SEL-321 instruction manual.

TDURD := 9 Cycles

Trip during open pole time delay should be set longer than the reclose time. Existing setting is OK.

TOPD :=55  Cycles

Add a new use for timer YT to delay tripping by the zone 1 elements for extra security on this very short line.

LOGIC_Y := "M1P+Z1G" TYPU :=1 cycle TZDO := 0 cycles

Retain existing settings except use time ZT to trigger an alarm for sustained unbalance.

LOGIC_Z := "59N+50N1+50Q1" TZPU := 1200  cycles T7DO := 0 cycles
MWW
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Tripping Logic

Permissive tripping is required only for instantaneous overreaching functions. No need for any functions that
trip directly. Existing 5INT word in MTCS is not required.

MTCS := "M2P+Z22G"

Unconditional tripping MTU = "YT+M2PT+Z2GT+5INT"
No need for existing direct tripping zone 1 functions in the switch on to fault logic.

The revised tripping logic includes the timer YT to add a 1 cycle delay to the zone 1 tripping elements.

SOTF Tripping MTO := "M2P+Z2G+50H"

Event records will be triggered automatically by all trip events. Other event record triggers should be by
starting of other elements to ensure capture of all relevant events. Events should be triggered by keying or
receiving permissive trips to ensure separation of relay and teleprotection issues.

MER := "M2P+Z2G+51IN+LOP*52AA1+LOP*52AA2+KEY+PT+EKEY"

Outputs
Retain existing output assignments except add the continuous unbalance alarm to OUT15.
OUT15 := "LOP*50L+ZT"

Input Contact Assignment

Retain existing input assignments.
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] 21P2 TLOY CBC IS Type=3EL321P__
CTR=240 PTRE=2000
fane 1. Z1P=0.32.
£ fone 2: F2P=132. ZPD=18.00cy
fane 3: F3P=1.40.
Line /= 041 81.7 sec Ohm { 3.38 Ohm)
I I I I I I I
5 10 15 20 25 30 ]
21P2 TLO? CBC ALT Type=SELF2TP_

CTR=240 PTR=2000

Fone 1: Z1P=0.32.

Zone 20 ZP=160. Z2PD=13.00cy

Fone 3 Z3P=1.E0.

Line /= 0.41& 81.7 sec Ohm [ 3.33 Ohrm)

Figure 17 - Comparison of phase distance characteristics. Red is existing, blue is proposed alternative

212 TL207 CBC IS Type=SELT21G_

o0— CTR=240 PTR=2000

Zone 1 ®XG1=0.32. RG1=12.00, I1MG=0.32.

Zone 2 ®G2=1.32. RGZ=12.00, ZMG=1.32. Z2PD=60.00cy
Zone 3 ¥G3=1.80. RG3=14.40, F3MG=1.50.

kOK1=0.903 kDAT=0.93 kOh=0.903 k0A=0.93 T=0.19

Line Z= 0.41@& 81.7 sec Ohm { 3.35 Ohm)

50—

B0 21M2 TL207 CBC ALT Type=SEL32NG_

CTR=240 PTR=2000

Zone 1: ¥G1=0.32. RG1=1.50. Z1MG=0.32.

40| Zone 2: ¥G2=160. RG2=20.00. 72MG=150. Z2PD=18.00cy
Zone 3 ¥G3=160. RG3=22.00. Z3MG=1.60.

KOM1=0.912 kDAT=1 kOM=0.912 kDA=1 T=-3.00

oo Line Z= 0.41@ 81.7 sec Ohm ( 3.38 Ohm)

)

-

]

20

A0

Figure 18 - Comparison of ground distance characteristics. Red is existing, blue is proposed alternative
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Protection Review for Five 230 kV Transmission Lines

Appendix O
Detailed settings review for CBC TL237

"P1" protection.

Settings recommended to be changed from existing are highlighted.

Prepared for:
Newfoundland and Labrador hydro

Prepared by: C. F. Henville, Henville Consulting Inc.
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Scope

To review the existing settings of the protection systems for the Come By Chance(CBC) terminal of circuit
TL237 . This 230 kV transmission circuit is from Sunnyside (SSD) to Western Avalon (WAV)
The circuit runs parallel to TL203 for 88% of its length.

138 kV and 60 kV system

Stonybrook
(STB)
S
<
L204 —;L
105 km L Sunnyside
(SSD) L203 45 km
L231 L206 142k
105 km m
L237 44.5km
O L202 142 km L207 :
6.7
Bay km Western
D’Espoir Avalon
(BDE) Come by . (WAV)
Chance | |
(CBC) >
FXAMMATIRALALY Y

Fiqure 1 - System Single Line Diagram

Existing P1 protection systems are Areva LZFP111 (Optimho) systems with permissive overreaching transfer trip
and single phase tripping and reclosing. Automatic reclosing is provided by external logic.

Definitions
MVAbase-1000 kaase2
MVAbase := 100 kVbase := 230 lbase i = —— Zbase .= ———
kaase.-\/_3 MVAbase
j=y-1
Instrument Transformers
Two breakers are provided at each line terminal.
CT ratio is: CTR = ﬂ VT ratio is: VTR = ﬂ
1

5

Accuracies of instrument transformers are not reviewed. Since this protection has been in service for more
than 10 years, it is assumed that experience has shown they are satisfactory. Fault levels are not changing
from the initial application so duties of maximum currents through CTs have not increased significantly.
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Fault Study Results

Using ASPEN OneLiner Case “Hydro Interconnected System (2010-08-13) V10.olr” with zero
sequence mutual coupling added. Faults are simulated from "From a linear network solution” fault
option with all shunts ignored (unless needed for load flow simulation).

Minimum fault current seen by each terminal (phase to phase, and SLG with 100 ohm fault resistance).

At CBC with Circuit TL207 out of service this terminal will not be a significant source of fault current to the
TL207 line protection. A permissive trip echo function would be desirable to cater for the case when TL207
is out of service. However the echo function is not available with the POR 1 scheme that is normally used by
Newfoundland and Labrador Hydro. With TL202 out of service, for a fault near WAV

IPPmin := 639 A ISLGminPH := 175 A ISLGminOseq := 111 A

The optimho current level detectors that block the distance comparators in the event of line opening are fixed at 5%
of the rated current, or 0.25 A secondary, or 60 A primary. They will have no difficulty in operating for normal fault
levels. However, the ground distance elements are also supervised by a low set neutral current level detector
(LDLSN that requires the neutral current to be greater than 10% of the maximum amplitude of phase difference
current. This prevents the ground comparators from operating during close-in multiphase faults with CT errors.
ASPEN OneLiner shows that for a bolted fault at the remote bus even under heavy load, there is sufficient neutral
current (22% of maximum phase to phase fault current) that means this LDLSN function does not inhibit the ground
distance comparator.

Calculate the minimum negative sequence source impedances behind each terminal. This will be with all
generation on line, with the parallel line in service and with the remote end of the line open.

Minimum um source impedance behind CBC Z2minCBC := 2.94 +j-27.18 ohms primary
Minimum source impedance behind WAV Z2minWAYV := 2.64 + j-25.85 ohms primary
SSD WAV
3.34 pu
4—
13.49 pu 5.29 pu
s gy Mle:le <=
18.8 pu

Figure 2 - 3 Phase Fault at CBC

SSD 2.94 pu WAV
—_—

H— ®

'9E '
195pu . 1.95 pu o

Figure 3 - 3 Phase Fault at WAV
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SSD 1.41 pu WAV
-
& m— -®
12.69 pu 4CBC 4.73 pu
17.42 pu

Figure 4 - SLG Fault at CBC (310 currents)

SSD 2.49 pu WAV
—

OH— -

1.95
J CBC ﬂ 21.65 pu &

Figure 5 - SLG Fault at WAV (310 currents)

SSD 2.54 pu WAV
-

OH— -

12.56 pu 4 CBC 4.86 pu
_> 4—
17.42 pu

Figure 6 - SLG Fault at CBC (Phase currents)

SSD 4.22 pu WAV
—_—

H— ®

358pu ' 358pu
2228 cec 2200 21.65 pu &

Figure 7 - SLG Fault at WAV (Phase currents)

Page O - 4 of 15

APPENDIX O
CBC TL237 P1

16/11/2010



PUB-NLH-163, Attachment 1

Page 293 of 425, Isl Int Sys Power Outages
Newfoundland and Labrador Hydro Protection Review for Five 230 kV APPENDIX O

Transmission Lines CBC TL237 P1

Line impedances.
Line impedances (per unit on 230 kV, 100 MVA base):

Z11L.237 := 0.00748 +j-0.04282 Z0L237 := 0.02245 +j-0.15972

In primary ohms

Z1L.237pri := Z1L237-Zbase Z0L237pri := Z0L237-Zbase

In secondary ohms

. . CTR . . CTR
Z1Linesec := Z1L237pri- Z0Linesec := Z0L237pri-

|ZlLinesec| = 2.759 arg(Z1Linesec) = 80.091-deg
|zoLinesec| = 10.239 arg(ZOLinesec) = 81.999-deg

These impedances match the existing settings in the P2 relay no need for changes.

Zero sequence mutual coupling between TL237 and TL203 is Z0m := 0.0132 +j-0.0697

Load Data

From 2010 System peak load case provided in start up information, the peak load is given as 110.3 MVA (with
TL203, TL207 and TL237 in service). The load in TL203 is 132.6 MVA. In the event of sudden loss of TL203.
Peak load in TL207 will increase to take up the lost load through TL203. Thus the peak load in TL207 will be
slightly more than double until operators can adjust loads.

Speak_237:=110.3 MVA Speak_203:=132.6 MVA

Smax := Speak_203 + Speak 237 =242.9 MVA

Page O - 5 of 15 16/11/2010



PUB-NLH-163, Attachment 1

Page 294 of 425, Isl Int Sys Power Outages
Newfoundland and Labrador Hydro Protection Review for Five 230 kV APPENDIX O
Transmission Lines CBC TL237 P1

P1 Relay Settings

Distance element reach settings

Note that resistive reaches are forced to be the same for all zones. Reactive reaches for phase and ground distance
elements must be the same as each other.

Zone l

NL Hydro normal practice is to set Zone 1 reach to 85% of line impedance. This will be OK if the line is long
and voltages for line end fault are greater than 20% of nominal. Check the maximum source impedance to a
fault at the WAV Station bus under weak source conditions with TL202 out of service and all of TL203, TL207
and TL237 lines in service. From ASPEN OnelLiner, voltage at CBC for a 3 phase fault at WAV is 0.16 per unit.
So there is less than 20% voltage at CBC during a fault at WAV under weak source conditions.

Since the voltage is not higher than 20%, the line is considered short, and a reduced Zone 1 setting is
recommended to provide more security. Initially, try to choose a setting of 80% of nominal.

Z1P := round(0.8- |ZlLinesec| ,1) Z1P = 2.2 Ohms secondary

Existing setting of 2.34 ohms is a little high, and should be reduced especially as the ground distance function will be
subject to a little overreach if TL203 is out of service and grounded at both ends. The ground distance reach in the
optimho has to be set the same as the phase distance reach; so we need to consider the ground faults too.

The reach of the ground distance element will limit the reach of the zone 1 function. It can be seen from Figure 8 that
the apparent impedance presented to the relay for a fault at the remote bus when the parallel line is out of service
and grounded at both ends is less than the line impedance.

Zapp_ext := 2.51 ohms Zapp_ang := 80.5deg This angle is close enough to the line angle to treat it as
equal to the line angle.
Zapp_ext . . .
———— =091 The apparent impedance is reduced by about 9% due to the effect of the parallel line
|z1Linese] being out of service and grounded at both ends.

Page O - 6 of 15 16/11/2010



PUB-NLH-163, Attachment 1
Page 295 of 425, Isl Int Sys Power Outages

Newfoundland and Labrador Hydro Protection Review for Five 230 kV APPENDIX O
Transmission Lines CBC TL237 P1
21N1 TL23Y CBC Type=LFZP111q

CTR=240 PTR=2000 Min I= 0.504

Char ang= 85.0deq, Dir blinder= 85.0deq

80— | Zone 1: ¥=2.34 sec Ohm, R+=12.00 R-=-14.40 T=0.0s
Zone 2 ¥=3.20 gec Ohm, R+=12.00 F-=-14.40 T=1.00g

Line 7= 2.76@& 80.1 sec Ohm [ 22.99 Ohm)

Apparent impedances plotted (=0 902 6):

B Yal(la+3klol= 2.51@@80.5 sec Ohm (20,95 Ohm).
YWhillb+3K]ol= 31.17iE-32.3 sec Chm (269.72 Ohm).
Yoflo+3kIo= 30.98&-167.8 sec Ohm (25815 Ohm).

Relay response; Zone 2 tripped. Delay=1.00s,

S AUNIT - Zone 2 Tripped.

40 B UMIT : All zones restrained.

CUMIT ;- All zones restrained.

Muore details in TTY window,

20— 1 I
I I I I I
-40 =20 20 80 100
FALLT DESCRIFTION:
Bus Fault on: 0 %West. Avalon 2300 kKW 1LG Type=4

Branch outage: 0 West Awalon 230.k% - 0 Sunnyside 230.k% 1L Ends grounded with R=0

Figure 8 - Apparent impedance to a fault just beyond the remote terminal is reduced by 10% when parallel
line is out of service and grounded at both ends.

The normal reach of the zone 1 should be reduced to less than 85% of the line impedance to make it more
secure against misoperation for a fault. Choose a setting of 75% of the line impedance, which is lower than the
setting required to make the zone 1 element more secure for faults beyond the end of this short line. Note that as
will be seen later, the reduced reactive reach is required to allow a relatively large resistive reach for sensitivity
while retaining security against overreach due to CT and VT errors.

Let the per unit reach of the Zone 1 function be m% of the line. m=075  per unit
Z1_sec:=m- |ZlLinesec| Z1_sec = 2.07 Ohms secondary

= 17.246 Ohms primary

. VTR
Zlpri:= Z1_sec:
CTR
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Zone 2
NL Hydro normal practice is to set Zone 2 reach t0125%-130% of line impedance

Existing setting is 3.2 ohms secondary (about 117%). However, in order to dependably reach a single line to
ground fault at the remote terminal, it will be necessary to set the reach significantly further.

2101 TL237 CBC Type=LFZF111g
CTR=240 PTR=2000 Min |= 0504
a0— | Char ang= 85.0deg, Dir blinder= 85.0deg
Zone 1; ¥=234 sec Ohm, R+=12.00 B-=-14.40 T=0.0s
Zone 2 ¥=3.20 sec Ohm, B+=12.00 B-=-14 40 T=1.005
Line /= 276 80.1 sec Ohm [ 22.893 Ohm)
g0— | Apparent impedances plotted (K=0.90&2 k).
Warlla+3klol= 3.46@@79.9 sec Ohm (28.87 Ohm).
Whellb+3kI0)= 62 41iE-34.1 sec Ohm (520.05 Ohm).
Wefle+3klol= B1.26iE-173.4 sec Ohm (510.53 Ohm).
40— All relay units are restrained. Daelay=9999s,
hlare details in TTY windaw.

-
20— [ I

| [ | |
-20 20 100

FAULT DESCRIFTION:
Close-In Fault an: IT"I West. Avalon 230 k% - 0 ComeByChance 230 kW 1L 1LG Type=4A

Figure 9 - Apparent impedance to a fault close to the remote terminal is increased by 25% when parallel
line is in service. Relay will not operate with existing settings for this fault.

As can be seen from Figure 9, the apparent impedance to a fault close to the remote terminal is increased by so
much when the parallel line is in service that the P1 protection will not sense this fault.

Zapp_int := 3.46 Ohms secondary
. Z2_sec
Z2_sec = 1.25-Zapp_int Z2_sec=4.3 Ohms secondary — = - 156.738%
ZlLinesec|

) VT
Z2_pri:=Z2_sec:

R = 36.042 Ohms primary
R
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01—
21P1 TLO3 WA ALT Type=LFZP111m
40— CTR=240 PTR=2000 Min I= 0.504

fone 1. =206 sec Ohm @ 80.0 deg. T=0.0s
fone 20 7=4.10 sec Ohm & 80.0 deg. T=1.00=
30 Line /= 2.74i@ 73.7 sec Ohm {2287 Ohm)

N— 21P1 TL237 CBC ALT Type=LFZF111m
CTR=240 PTR=2000 Min |= 0.50A
Zone 1: Z=2.07 sec Ohm i@ 80.0 deg. T=0.0s

10 Zone 2 7=4.30 sec Ohrm & 80.0 deg. T=0.30s
Line £= 276@ 80.1 sec Ohm (22,99 Ohm)
[ I I I I [ I I I I |
-10 10 20 30 40 50 &0 0 80 80 1

Figure 8 - Proposed Zone 2 Setting underreaches WAV TL203 Zone 1 without infeed.

The zone 2 timer will be enabled, but with a reduced setting to 0.3 second. This reduced delay is required for
coordination for severe single line to ground faults with communications assistance not available. For such faults,
faster clearing than is available from the ground time overcurrent protection in the P2 protection is required.

Z2T:=0.3 Seconds

Zone 3

The zone 3 function is not used since the POR1 scheme does not include an echo function so there is no need for
any reverse blocking function. Since the Zone 2 timer has to be set with the coordination of the ground distance
element in mind, it is set at 2 second; so there is no benefit in applying a longer reaching zone 3 function.

Zone 3 element is blocked - same as existing.

Load Encroachment logic

The optimho instruction manual recommends a margin of at least 10% between the impedance of the maximum
load and the resistive reach of the quadrilateral distance element.

Check loadability of the Zone 2 phase distance element assuming worst case depressed voltage of a stressed
system of 0.9 per unit.

(0.9KVbase)?
Smax

Zloadmin := Zloadmin = 176.406  Ohms primary (assume worst case at 30 degrees)

Smax = 242.9

Zloadmin_sec := Zloadmin- Zloadmin_sec = 21.169

A 12 ohm secondary resistive reach is less than 90% of the load impedance at anyypower factor and meets the Areva
criterion. Anyway there is no difficulty with load encroachment as can be seen in Figure 9.
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2P TLZ3Y CBC ALT Type=LFZP111m

BO0— | CTR=240 PTR=2000 Min = 0.504,
fane 1. Z=2.07 sec Ohm @@ 80.0 deg. T=0.0s
fone 20 7=4.30 sec Ohm @ 80.0 deg. T=0.30s
Line /= 2.76E 80.1 sec Ohm [ 22.89 Ohm)

40—

20—

20—

Fiqure 9 - Apparent impedance of load
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Zone 1 Resistance - QUAD

The maximum advisable resistive reach can be found from the equation (3) in Appendix A Quadrilateral
Reactive Reach Versus Resistive Reach Setting Guideline from the paper Digital Communications for
Power System Protection: Security, Availability, and Speed. This paper is obtainable at www.selinc.com.

From this equation, the maximum advisable resistive reach, assuming angular maximum errors of 3
degrees, in measurement by CTs, VTs and the relay, can be determined.

R1Qmax := round[(1 — m)-20-Im(Z1Linesec), 2] ohm

R1Qmax = 13.59Q This is the maximum secure setting for the resistive reach and is less than the existing
zone 1 resistive reach setting. The existing setting of 12 ohms will be secure enough - but
will it be sensitive enough?

With the existing resistive reach setting of 12 ohms, there will be a region of 10% of the line in which neither
terminal will see a 100 ohm fault. If the resistive reach is increased to 13 ohms, one or the other terminal will
(just) be able to sense a 100 ohm SLG on any portion of the line.

Increase the resistive reach setting from 12 to 13 ohms Rquad := 13 ohms secondary.

Check the maximum fault resistance that can be sensed for a fault at a location where the current contribution from
each terminal is roughly the same. From Figure 11, it can be seen that the limit of sensitivity is about 100 ohms, for
a fault about 34% of the distance from CBC. This meets the required sensitivity of 100 ohms.

21M1 TS CBC ALT Type=LFZP111q
CTR=240 PTR=2000 Min I= 0504 120 21M1 TL237 WAy ALT Type=LFZP111g
Char ang= 85.0deg, Dir blinder= 85.0deg CTR=240 PTR=2000 Min = 0.50A4

Zone 1: ¥=2.07 sec Ohm, R+=13.00,R-=-15.60 T=0.0s Char ang= 85.0deq, Dir blinder= 85.0deg

Zone 2: ¥=4.30 sec Ohm, R+=13.00 R-=-15.E0 T=0.30=0 fone 1; ¥=2.07 sec Ohm, R+=13.00,R-=-15.60 T=0.0s
Line 7= 2.76@ 80.1 sec Ohm { 22.99 Ohrm) Fone 20 ¥=4.30 sec Ohm, R4+=13.00,R-=-15.60 T=0.30s
Apparent impedances plotted (K=0.90&0.0): Line Z= _2-?5@ 80.1 sec Ohm (Z22.93 Ohm)

Vaf(la+3Klo)= 12.65@4.1 sec Ohm (105.44 Ohm). | | Apparent impedances plotted (K=0.90G0.0):

Whilb+3Klo)= 31.30@-102.0 sec Ohm (260.82 Ohr). Wa/lla+3Klo= 13.18@7 .9 sec Ohrn (103.81 Ohrr).

Wef(le+3Klo)= 30.94@137.9 sec Ohrn (257.83 Ohr). Whi(lb+3klo)= 26 43@-102.5 sec Ohm (2026 Thrn).
Relay response: Zone 1 tripped. Delay=0.0s. Wedle+3klo= 27 B6@136.5 sec Ohm (230.53 Ohrmy.
A UNIT - Zone 1 Tripped. B0 Felay response: Zone 1 tripped. Delay=0.0s.

B UMIT : All zones restrained. < AUNIT : Zone 1 Tripped.

CUMIT : All zones restrained. B UNIT : All zones restrained.
hiare details in TTY window. 40 CUMIT @ Al zones restrained.

20+
e / g
f I
I I [ [ [ [ [ [ [ I
=120 EEIEI -30 sl -40 -20 20 40 ao 120

FAULT DESCRIPTION:
Interm. Fault on: O CameByChance Z30.k% - IIII West, Awalon 230.k% 1L 1LG 34.00% Type=4A R=100

Figure 11 - Apparent impedance of a resistive fault near the mid point of the line.
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Settings of K attenuators

KZPh Coarse setting common to all DISTANCE zones should be set as high as possible while below the
required Zone 1 reach. The current level detectors vary inversely with KZph. Maximum setting available is 1.0

KZPh :=1.0

Zone 1 attenuators and angular selection

In:=5 Z1P = 2.2 This is the desired secondary reach (previously calculated)
Z1 sec 5
KZ1 := —5 Kz1 = 2.07 Zlsec_reach = KZl-KZPh-I— Zlsec_reach = 2.07
n
[KZPh-l—j
: Tripping by the zone 1 function is disabled - same as existing.

Z6PH = (arg(Z1Linesec)) Z6PH = 80.091-deg

Rounded to the nearest 5 degrees ZOPH := 80 Degrees
MWW

ZON := arg(ZOLinesec — Z1Linesec) Z6N = 82.7-deg

Rounded to the nearest 5 degrees ZON := 85 Degrees
MWW

Zone 2 attenuators selection

Z2 sec = 4.3 This is the desired secondary reach (previously calculated)

Z2 sec
KZ2 =———— KZ2 = 4.3

5
[KZPh-—j
In

Zone 3is not used
QUAD Resistive Reach setting

Rquad = 13 ohms secondary. This reach will be required to sense a 100 ohm SLG fault anywhere on the line.

KR ;:Rq—lm
5
In

Residual Compensation attenuators selection

KR =13

Zero sequence current compensation for ground faults is provided by the KZN factor. Zero sequence mutual
compensation is not used in this application (it causes extra complexity for only moderate gain in setting accuracy).

ZO0Linesec — Z1Linesec .
KZN := KZPh KZN = 0.903 + 0.041;j

3-Z1Linesec

|KZN| = 0.904 This is very close, but not identical to the existing setting
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Switch On To Fault (SOTF) Protection.

If SOTF is enabled, it can be set to 200ms or 110 s after all poles of the line have been de-energized. The 110 s
setting is intended to override automatic reclosing dead time. However it makes more sense to enable after the
shorter time. Once the SOTF feature has been initiated, it remains in effect for 250ms after the line has been
re-energized. The SOTF tripping options are:

a) Any distance comparator.
b) Any current level detector as long as a corresponding voltage level detector has not picked up within 20ms.
c) Either current or distance, as long as a corresponding voltage level detector has not picked up within 20ms.

SOTF := "Enabled"
SOTF_TIME := 0.20 Seconds

Elements_in_SOTF := "BOTH" (Both Comparators and current level detectors).

Power Swing Detector

This element will not be used. It will be left Blocked, and if there is a power swing, the distance elements will trip
naturally.

VT Supervision
Set the VT supervision to BLOCK TRIP

Set the VT fail detection to SELF RESET this is as existing .

SELF_RESETTING := "ENABLED"

Start Indication

This function will bring up information on the LCD screen of the relay if a start event occurs. This function will not be
used.

START_INDICATION := "BLOCKED"
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Communications assisted logic.

The existing communications assisted logic is permissive overreaching transfer trip, scheme POR 1. This
scheme is familiar to Newfoundland and Labrador Hydro, and even though the POR 2 scheme offers the
advantage of weak infeed echo, which would help the sensitivity to resistive faults, it is not recommended to
change the existing scheme logic at this stage with years of experience on a product that is nearing the end of its
useful life.

The POR 1 logic is a basic permissive overreaching transfer trip scheme but it does include current reversal
timers to increase security against misoperation due to current reversal when a fault on the parallel line is cleared
sequentially. The current reversal logic is achieved by a timer TP which will block permissive tripping and keying
of permissive trip if the local zone 2 element does not pick up within a reasonable time of receiving permissive
trip. The block will be maintained for a time delay of TD after the local zone 2 element picks up, or the received
permissive trip signal resets.

The application of the current reversal timers is required only if the settings of the zone 2 comparators are greater than
1.5 times the line impedance. Since the reaches of these elements are less than or equal to 1.5 times the line
impedance or if current reversals are not possible, the current reversal logic is not theoretically not required. However,
given the fact that the WAV terminal of this protection tripped undesirably during the 7 December 2007 fault on TL203,
and noting that the current reversal logic could have prevented this misoperation (if indeed an incorrect permissive trip
signal was issued from CBC) it is recommended that this logic be enabled on this circuit.

Recommended setting for TP is 30 ms - minimum signalling channel time. It has been found that the minimum
signalling channel time is approximately 3 ms. Therefore, unless this time is changed.

CS_Min =3 TP :=30- CS_Min TP =27 ms

Recommended setting for TC is Maximum signalling channel reset time +35 ms. The maximum signalling
channel reset time will always be less than 10 ms.

CR_Max:= 10 TD := 35+ CR_Max TD = 45 ms

These new times will increase the security of the communications assisted scheme.
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Comparison of Existing (red) and Proposed alternative (ALT ) settings.

30 21P1 TLE37 CBC Type=LFZP111m
CTR=240 PTR=2000 Min = 0.504
Zone 1; Z=2.34 sec Ohm @& 80.0 deg. T=0.0g
Zone 20 /=320 sec Ohrn & 80.0 deg. T=1.00s
20— Line /= 2.76& 80.1 sec Ohm [ 22.99 Ohm)

10— 21P1 TL237 CBC ALT Type=LFZP111m
CTR=240 PTR=2000 Min I= 0.504,
Zone 1 =207 sec Ohm & 800 deg. T=0.0s
Zone 2 Z=4.30 sec Ohm & 80.0 deg. T=0.30s
Line 2= 276 80.1 sec Ohrn { 22.99 Ohrm)
_1n 1!1 jln QI'I n!‘u -':I'| F.I‘I
Figure 12 - Comparison of phase distance characteristics

T

21M1 TL237 CBC Type=LFZIF111q
CTR=240 PTR=2000 Min |= 0.50A
Char ang= 85.0deg, Dir blinder= 85.0deq
fone 1: ¥=2.34 sec Ohm, B4=12.00 B-=-14.40 T=0.05
fone 20 ¥=3.20 sec Ohm, R4=12.00 B-=-14.40 T=1.00s
Line zi._. EI.?E@ 80.1 sec Ohrn [ 22.99 Ohm)
|

21M1 TL237 CBC ALT Type=LFZP111q
CTR=240 PTR=2000 Min |= 0.50A
Char ang= 85.0deq, Dir blinder= 85.0deg
fone 1 ¥=2.07 sec Ohm, R4=13.00 R-=-15.60 T=0.05
Fone 20 ¥=4.30 sec Ohm, R4+=13.00 R-=-15.60 T=0.30=
Line 7= 2.76E 80.1 sec Ohm (22.85 Ohm)

-120 -100 -5 -B0 -40 -20 20 40 0

Figure 13 - Comparison of ground distance characteristics
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Protection Review for Five 230 kV Transmission Lines

Appendix P
Detailed settings review for CBC TL237

"'P2" protection.

Settings recommended to be changed from existing are highlighted.

Prepared for:
Newfoundland and Labrador hydro

Prepared by: C. F. Henville, Henville Consulting Inc.
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Scope

To review the existing settings of the P2 protection systems for the Come By Chance (CBC) terminal of circuit
TL237 . This 230 kV transmission circuit is from Come By Chance (CBC) to Western Avalon (WAV)
The circuit runs parallel to TL203 for 88% of its length.

138 kV and 60 kV system

Stonybrook
(STB)
Es
L204 —qaL
105 km uh Sunnyside
(SSD) L203 45 km
1231 L206 142k
105 km m
L237 44.5km
O 1202 142 km L207 :
6.7
Bay km Western
D’Espoir Avalon
(BDE) Come by - (WAV)
Chance | |
(CBC) >
EXAAMATERAAAAY Y

Figure 1 - System Single Line Diagram

Existing P2 protection systems are SEL321 systems with permissive overreaching transfer trip and single phase
tripping and reclosing. Automatic reclosing is provided by external logic.

Definitions
2
MV Abase := 100 kVbase := 230 Ibase := w Zbase := k\/bi
kaase-\/§ MVAbase
j=v-1
Instrument Transformers
Two breakers are provided at each line terminal.
CT ratio is: CTR := @ VT ratio is: VTR := m
5 1

Accuracies of instrument transformers are not reviewed. Since this protection has been in service for more
than 10 years, it is assumed that experience has shown they are satisfactory. Fault levels are not changing
from the initial application so duties of maximum currents through CTs have not increased significantly.
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Fault Study Results

Using ASPEN OneLiner Case “Hydro Interconnected System (2010-08-13) V10.olr ” with zero sequence
mutual coupling added. Faults are simulated from "From a linear network solution™ fault option with all
shunts ignored (unless needed for load flow simulation).

Minimum fault current seen by each terminal (multiphase and SLG with 100 ohm fault resistance).

At CBC, with Circuit TL202 out of service, and TL207 and TL203 lines in service, for a fault at the remote
terminal.

I3Pmin := 730A  ISLGminPH := 175 A ISLGminOseq := 111 A

The current for a phase to phase fault would be lower, but the current supervision element of the SEL321
measures phase to phase currents, and the phase to phase current for a phase to phase fault is twice the phase
current.

Calculate the minimum negative sequence source impedances behind each terminal. This will be with all
generation on line, with the parallel line in service and with the remote end of the line open. For this
calculation only, simulate 50 MVA of generation (i.e., simulating motor load) at CBC to minimize source
impedance.

Minimum um source impedance behind CBC Z2minCBC := 2.94 + j-27.18 ohms primary
Minimum source impedance behind WAV Z2minWAYV = 2.64 + j-25.85  ohms primary
SSD WAV
3.34pu
—
G m— -®
13.49pu /g 5.29 pu
18.8 pu

Figure 2 - 3 Phase Fault at CBC

SSD 2.94 pu WAV
——l

= ®

1.95 E
u CBC 1.95 Eu 21.7 pu

Figure 3 - 3 Phase Fault at WAV
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SSD 1.41 pu WAV
—
O+— -®
12.69 pu 4CBC 4.73 pu
17.42 pu

Figure 4 - SLG Fault at CBC (310 currents)

SSD 2.49 pu WAV
——l

= ®

1.95
—§ cBc 1'—95& 21.65 pu %

Figure 5 - SLG Fault at WAV (310 currents)

SSD 2.54 pu WAV
—

H— ®

12.56 pu # CBC 4.86 pu
D -
17.42 pu

Figure 6 - SLG Fault at CBC (Phase currents)

SSD 4.22 pu WAV
-

H— ®

|
3.58 pu 3.58 pu
=220 cee 22000 21.65 pu %

Figure 7 - SLG Fault at WAV (Phase currents)
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Line impedances.
Line impedances (per unit on 230 kV, 100 MVA base):

Z11.237 := 0.00748 + j-0.04282  Z0L237 := 0.02245 + j-0.15972

In primary ohms

Z11L.237pri := Z1L237-Zbase Z0L237pri := Z0L237-Zbase

In secondary ohms
CTR CTR
Z1Llinesec := Z1L.237pri-—— ZOLinesec := Z0L237pri-——
VTR VTR
| Z1Linesec| = 2.759 arg(Z1Linesec) = 80.091-deg

| ZOLinesec| = 10.239 arg(ZOLinesec) = 81.999-deg

These impedances match the existing settings in the P2 relay no need for changes.

Zero sequence mutual coupling between TL237 and TL203 is Z0m := 0.0132 + j-0.0697

Load Data

From 2010 System peak load case provided in start up information, the peak load is given as 110.3 MVA (with
TL203, TL207 and TL237 in service). The load in TL203 is 132.6 MVA. In the event of sudden loss of TL203. Peak
load in TL207 will increase to take up the lost load through TL203. Thus the peak load in TL207 will be slightly
more than double until operators can adjust loads.

Speak_237 := 110.3 MVA Speak_203 := 132.6 MVA

Smax := Speak_203 + Speak 237 = 2429 MVA
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P2 Relay Settings

The existing line impedance settings are close to the line data book. No need for adjustment

arg(Z1Linesec)
deg

ZIMAG := |Z1Linesec| ZIMAG = 2.76 Z1ANG : Z1ANG = 80.09

Z0Li
ZOMAG = |ZOLinesec| ZOMAG = 1024  ZOANG := w ZOANG = 82
eg

LL237 := 4495 km

In order to obtain sensitivity to 100 ohm single line to ground faults, the echo function will be needed. Enable two
forward and one reverse zone.

PMHOZ = 3 GMHOZ := 3 QUADZ =3

DIR1:=F DIR2 := F DIR3:=R

Mho phase distance functions

Zonel

NL Hydro normal practice is to set Zone 1 reach to 85% of line impedance. This will be OK if the line is long and
voltages for line end fault are greater than 20% of nominal. Check the maximum source impedance to a fault at the
WAV Station bus under weak source conditions with TL202 out of service and all of TL203, TL207 and TL237
lines in service. From ASPEN OneL.iner, voltage at CBC for a 3 phase fault at WAV is 0.16 per unit. So there is less
than 20% voltage at CBC during a fault at WAV under weak source conditions.

Since the voltage is not higher than 20%, the line is considered short, and a reduced Zone 1 setting is
recommended to provide more security. Choose a setting of 80% of nominal.

Z1P := round(0.8-| Z1Linesec| , 1) ZIP =22 Ohms secondary

This is a little lower than the existing setting.
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Zone 2

NL Hydro normal practice is to set Zone 2 reach t0125%-130% of line impedance

Existing setting is 3.2 ohms secondary (about 116%) and is too short. It should be increased.

Z2P := round(1.3-| Z1Linesec| ,1) Z2P =36 Ohms secondary

As can be seen from Figure 8, this element (with the proposed new setting) does not overreach the zone 1
element at the WAV terminal of TL203 even without infeed.

The existing Zone 2 timer setting of 18 cycles will be appropriate.

Z2PD := 18 cycles

Zone 3

Set Zone 3 reverse element to reach further behind this terminal than the remote Zone 2. This function adds
security for external faults. The element should always be more sensitive than the forward looking Zone 2 at the
remote terminal. Set it the same as the remote Zone 2 overreach plus 20%

Z3P := ZIMAG- P -1+ .2 Z3P =14 Ohms secondary
Z1IMAG
Z3P . This is a little higher than the existing setting, but
m = 50.464-9%  of line length provides additional security.

The reverse looking zone 3 element need not be set to trip through a timer. It is needed only for security in the
POTT scheme.
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757 21P2 TL237 CBC ALT Type=SELI2IP__

CTR=240 PTR=2000

70— Lone 10 Z1P=234.

fone 2 ZAP=360. ZPD=18.00cy

Zone 3 Z3P=1.40.

E5— Line 7= 276G 80,1 sec Ohm { 22,99 Ohm)

21P2 TL203 WAy ALT Type=SEL321P
BU| cTR=240 PTR=2000

Fone 1: Z1P=222.

Lone 2 Z2P=362. ZZPD=18.00cy

Fone 3 £3P=1.40. F3P0=2000.00cy

Line 2= 274 78.7 sec Ohm [ 2Z2.87 Ohrn)

e

-10—

Figure 8 - Proposed new CBC TL237 Zone 2 underreaches WAV TL203 zone 1 without
infeed, and coordinates with zone 1 on this line.

55—
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Mho phase distance current supervision

If the current supervision elements can be set above load, they will be secure in the event that potential is lost.
However given that loss of potential logic is available, it is recommended that only the zone 1 current
supervision function be set above load. If potential is lost, it will be able to block tripping by Zone 2 before it
trips on time delay or receives a permissive trip from the remote terminal.

For the point of view of current supervision being above maximum load, there is no need to worry about
abnormal conditions. It would be a double contingency for the VT signal to be lost while the parallel line was
out of service. Therefore, consider a maximum load of 110 MVA. The current supervision elements for the phase
distance functions measure phase to phase currents.

Speak_237-1000

IPPmax_normal = 480 A primary
kVbase

IPPmax_normal :=

The current supervision elements use phase to phase currents for supervision of the phase distance function;.
so the minimum phase to phase fault current will be root three times the minim phase fault current. Choose a
margin of 50% of the minimum phase to phase fault current for dependability.

IPPmin := 0.513Pmin-/3 IPPmin = 632 A primary

A setting of 528 A primary for 50PP1 will ensure the Zone 1 function operates for any fault even under
minimum source conditions but will not be susceptible to trip on load due to loss of potential under normal
maximum load conditions. This is a little higher than the existing setting and will give better security without
compromising dependability.

'50PP1:= 2.2  ASec '50PP1-CTR = 528 A primary

Since Zone 2 and zone 3 elements will be blocked by LOP function, set them at minimum. This is lower than
the existing settings but will not affect the security under loss of potential conditions. The zone 3 current
supervision should not be set higher than the zone 2 current supervision element at the remote terminal. In
this case the remote zone 2 current supervision element will be set at 1.0 A secondary.

'50PP2:=1 A Sec '50PP3 =1 A Sec
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Ground Distance Protection

The reach of the ground distance functions will be affected by mutual coupling to the parallel line. These
functions will tend to underreach the remote bus while the parallel line is in service, and overreach the remote
bus if the parallel line is out of service and grounded at both ends. Figure 9 shows that for a remote bus fault,
with the parallel line out of service and grounded, the apparent impedance of the line is reduced to about 2.52
ohms secondary instead of the nominal 2.74 ohms. This is 91% of the actual line impedance.

21M2 TL237 CBC IS Type=SEL321G__
70| CTR=240 PTR=2000
Zone 1. ¥G1=234. RG1=12.00. Z1MG=234.
Lone 2 ¥G2=3.20. RG2=12.00, Z2MG=3.20. ZPD=60.00cy
f0— | Zone 3 XG3=0.54. RG3=14.40. I3MG=054.
kOM1=0.5034 kDA1T=2.61 kOM=029034 kOA=2.61 T=-3.05
Line £= 276E 80.1 sec Ohm (22,93 Ohm)
Apparent impedances plotted (K=090E2.6):
S0 walfla+3Klo)= 2.52@60.5 sec Ohm (21.03 Ohm).
Yh/[lb+3Klo)= 34.02iE-34.2 sec Ohrn (283.51 Ohrn).
Wedlo+3klo= 33,89 - 167 .9 sec Ohm (282,41 Ohm).
40— | Relay response: Zone 2 tripped. Delay=1.00s.
S A UNIT : Zone 2 Tripped.

B UNIT : All zones restrained.

CUNIT ¢ All zones restrained.

30+ Mare details in TTY window,

10—
I I I I I I I I
10 30 40 a0 B0 70 a0 a0 100
FALLT DESCRIPTION:
Bus Fault on: 0 'West, Avalon 230 kY 1LG Type=A —

Branch outage: 0 West. Avalon 230k - 0 Sunnyside 230k 1L Ends grounded with R=0
| —

Figure 9 - Apparent impedance to a fault just beyond the remote terminal is reduced by 11% when parallel
line is out of service and grounded at both ends. Existing relay settings modeled in this figure.

The normal reach of the zone 1 should be reduced to less than 85% of the line impedance to make it more secure
against misoperation for a fault. Choose a setting of 75% of the line impedance, which is lower than the setting
required to make the zone 1 element more secure for faults beyond the end of this short line. Note that as will be
seen later, the reduced reactive reach is required to allow a relatively large resistive reach for sensitivity while
retaining security against overreach due to CT and VT errors.

Let the per unit reach of the Zone 1 function be m% of the line. m:=075 per unit
ZIMG := m-|Z1Linesec| ZIMG = 2.07
XG1l:= Z1IMG XG1 = 2.07
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Zone 1 Resistance

The resistive reach of the Zone 1 quad should provide enough sensitivity to trip the local terminal immediately
without waiting for permission from the remote terminal for a severe fault that depresses the voltage
significantly. Further, it should not allow the function to reach beyond the remote terminal due to errors in relay
measurement or CT or VT. If possible, it should also operate for a 100 ohm SLG 25% of the distance from the
local terminal. Operation for a 100 ohm resistive fault at the 25% location will ensure this function can trip for a
close in fault without assistance from the remote terminal. The remote terminal zone 1 function will be set to
operate sequentially for this fault.

However, with a resistive reach of 12 ohms, the quadrilateral characteristic cannot even sense a 100 ohm SLG
close in to the CBC terminal. Therefore the desired sensitivity for the P2 zone 1 function cannot be achieved.
However, it can be seen that the P1 zone 1 function will operate for this fault.

212 TL237 CBC I¥S Type=SELI21G__

160 | CTR=240 PTR=2000

Fone 1; ¥31=234. RG1=12.00. FIMGE=234.

Fone 2 ¥(G2=320. RG2=12.00. Z2MG=3.20. Z2PD=60.00cy
Fone 3 ¥G3=054. RG3I=14.40. FIMG=0.54.

40— | Lom1=0.9034 KOAT=2.61 KOM=0.9034 kDA=2 61 T=-3.05
Line Z= 2.76@ 80.1 sec Ohm ( 22.99 Ohrm)
Apparent impedances plotted (K=090E2.6):

190 Wailla+3Klo)= B.50@-1.1 sec Ohm (7169 Ohm).

YhA(lb+3Klao)= 20.39&-106.6 sec Ohm (169.92 Ohm).
Yed(le+3klo= 18.26@134.6 sec Ohm (1680.54 Ohm).
All relay units are restrained. Delay=59999s.
100— Mare details in TTY window.

21M1 TL237 CBC Type=LFZP111q
CTR=240 PTR=2000 Min |= 0.504
80— Char ang= 85.0deq, Dir blinder= 85.0deg

fone 1; ¥=2 34 sec Ohm, R+=12.00 F-=-14 .40 T=0.05
Fone 2: ¥=3.20 sec Ohm, R+=12.00, R-=-14.40 T=1.00s

Line 7= 2.76E 80.1 sec Ohm ({2299 Ohm)

Apparent impedances plotted (K=0.90G2 . 6):
Wal(la+3klol= 8.60@E-1.1 sec Ohm (71.69 Ohm).
Whillb+3klo)= 20.39E-106.6 sec Ohm (169.92 Ohm).

40— Weflc+3klol= 19.26iE@ 134 6 sec Ohm (160.54 Ohm).

Relay response: fone 1 tripped. Delay=0.0s.

< A UNIT : Zone 1 Tripped.

= B UNIT : All zones restrained.
0| _J'x\ CUMT : Al zones reatrained.g

B0—

| | | L1 | |
Ty 100 120 140
FAULT DESCRIPTION:
Close-In Fault |:|r|1: 0 ComeByChance 230k - 0 West, Avalon 230NV 1L 1LG Type=A R=100
b

Figure 10 - CBC P1 but not P2 Zone 1 function operates for a 100 ohm SLG fault close in to the
local terminal.
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The existing 12 ohm secondary resistive reach of the zone 1 element will not sense this fault, and would need to
be increased to 20 ohms secondary. Check whether this reach will be secure, considering possible CT and VT
errors.

XG1 is set at m per unit of the transmission line. The imaginary component of this is

ImXG1lsec := Im(Z1Linesec) ImXGlsec = 2.718  ohms

The maximum advisable resistive reach can be found from the equation (3) in Appendix A Quadrilateral
Reactive Reach Versus Resistive Reach Setting Guideline from the paper Digital Communications for Power
System Protection: Security, Availability, and Speed. This paper is obtainable at www.selinc.com.

From this equation, the maximum advisable resistive reach, assuming angular maximum errors of 3 degrees, in
measurement by CTs, VTs and the relay, can be determined.

RG1 := round[(1 — m)-20-ImXG1sec, 1]

RG1 = 13.6 This is the maximum secure setting for the resistive reach so the desired zone 1 resistive
reach setting would not be confirmed as being secure.

Use the maximum secure setting of 13 ohms for RG1 RG1 := 13 ohms secondary

With a resistive reach setting of 13 ohms, the SSD Zone 1 quad element will see a 75 ohm resistive SLG fault
immediately in front of the SSD terminal and gradually reducing resistance as the fault moves away from the
terminal. Zone 2 protection will be depended upon to sense faults with resistance up to 100 ohms.

In spite of this poor sensitivity of the Zone 1 element, it should be noted that the 75 ohm resistive SLG will only
depress the faulted phase voltage by about 10%; so this fault is not very severe on the system and
communications assisted tripping (slightly slower than zone 1 communications independent tripping) should not
have a significant negative impact on the system.

Zone 2 Ground Distance Protection

The Zone 2 ground distance function will need to be set longer than the Zone 2 phase distance protection
function because it will tend to underreach the remote terminal while the parallel line is in service. By simulation
in ASPEN OneLiner it is found that the apparent impedance to a zero ohm fault close in to the remote terminal is
3.42 ohms secondary, or 23% more than the actual line impedance. In fact, as can be seen from Figure 11, the
existing setting of the zone 2 protection will not reach a zero ohm fault close to the remote terminal. The reach of
the Zone 2 ground distance element should be set at least to 1.25 times the apparent impedance.
ZSLG_remote := 3.42
Z2MG := round(1.25-ZSLG_remote, 1) Z2MG = 4.3 Ohms secondary
The quad element reactive reach will be set similarly to the mho.

XG2 := Z2MG XG2 = 4.3 Ohms secondary

The resistive reach of the quad will be increased to sense a 100 ohm resistive in the middle of the line with a
good overlap of zone 2 elements from each end.
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F0—
21M2 TL237 CBC /S Type=SELS2M1G__

CTR=240 PTR=2000

Zone 1 XG1=234. RG1=12.00. Z1MG=2.34.

BU— | Zone 2; ¥32=3.20. RG2=12.00. I2MG=3.20. Z2PD=60.00cy

Zone 3 KG3=0.54. RG3I=14.400 Z3MG=0.54.

kOK1=0.9034 kDA1=2.61 kOM=02034 k0A=2.61 T=-3.05

e0— | Line 2= 276& 80.1 sec Ohm [ 22.99 Ohm)

Apparent impedances plotted (=0 902 6);
Yallla+dklol= 3.42E50.0 sec Ohm (283.53 Chrm).

40— Yh(lb+3klol= 72.51E-37 4 sec Ohm (604,27 Ohrn).

Yiedloraklol= 71.07E-175.2 sec Ohm (592,25 Ohm).
All relay units are restrained. Delay=59999s,
More details in TTY window.

30—

O

10—

a

FAULT DESCRIPTION:
Close-In Fault on: 0 West. Avalon 230k - 0 ComeByChance 230 kY 1L LG Type=A
| T

Figure 11 - Existing Zone 2 distance function is set too short to see a fault close to the
remote terminal.

By trial and error from ASPEN it is found that a resistive reach of 25 ohms secondary will sense a 100 ohm SLG
fault from both ends of the line between 32 to 39 percent of the distance from the CBC terminal. However since it
will not overlap the Zone 1 element at the remote terminal, the permissive trip echo function will be required to
ensure that a fault that is seen by the zone 2 element at only one terminal will still be cleared by the permissive
trip logic.

Therefore, to avoid extremely large resistive reaches, and to retain sensitivity to 100 ohm resistive SLG faults, it
is recommended that the echo function be enabled at both terminals.

The zone 2 ground distance time delay trip will need to be reduced from 60 to 18 cycles (0.3 seconds) in order
to aid coordination for resistive single line to ground faults "around the loop" of TL203 TL237 and TL207
where otherwise, the ground time overcurrent functions might not have coordinated fully. Check that the

Zone 2 ground distance element will not be more sensitive than the Zone 1 ground distance element on the
shortest line out of SSD.

Figure 13 shows that there is no danger of the zone 2 element, even with the increased resistive reach,
overreaching the zone 1 protection out of WAV. Therefore, assuming there is not a concern with

coordination with WAV transformer backup protection, there will be no danger of miscoordination if the zone
2 ground distance function delay is reduces to 18 cycles.

Z2GD := 18 Cycles
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21M2 TL2F7 CBC ALT
CTR=240 PTR=2000

|
Type=SELI21G_ U

220

Zone 1 XKG1=207. RG1=13.00. Z1MG=2.07.

Zone 2 ¥G2=4.30. RG2=25.00, Z2MiG=4.30. ZP0=18.00cy

Zone 3 XKG3=210. RG3=28.00. Z3MG=2.10.

kOK1=0.904 k0A1=26 kOW=.904 kDA=26 T=-3.00

Line 2= 2.76@ 80.1 sec Ohm (22,93 Ohm)

Apparent impedances plotted (=0 902 6):
Yallla+3klol= 1311831 sec Ohm (109,26 Ohm).
Yhi(lb+3kloi= 32.58&-104.8 sec Ohm (271.47 Ohm).
Yed(lo+dklo= 322981351 sec Ohm (269.05 Ohm).

Relay response; Zone 2 tripped. Delay=0.30s,

< AUNIT - Zone 2 Tripped.

B UMIT : All zones restrained.
CUMNIT : All zones restrained.
More details in TTY window, |

_

21N2 TL237 WA ALT Type=SEL3MG__

CTR=240 PTR=2000

Zone 1: ¥G1=2.0¢7. RG1=13.00. I1MGE=2.07.

Zone 2 ¥G2=430. RGZ=25.00. FMG=430. ZPD=35.00cy

Zone 3 ¥G3=2.100 RG3=28.00. I3MG=2.10.

kOMT=0.904 kOA1=26 kOM=3904 kDA=26 T=-3.00

Line /= 2.76iE 80.1 sec Ohm {22.83 Ohm)

Apparent impedances plotted (K=090&2 B6):
Waf(la+3klol= 12.73iE@6.5 sec Ohm (106.11 Chrm).
Whillb+3klo)l= 25.54iE@-104.9 sec Ohm (212.85 Ohm).
Wefle+3klol= 26.70iE134.1 sec Ohm (22252 Ohm).

Relay response: Zone 2 tripped. Delay=0.60=.

< A UNIT © Zone 2 Tripped.,, |

|'| —1 B UNIT : All zones restrained. -—
CUMNT : All zones rest{rainekl%i. -

-
FALLT DESCRIPTION: KTy
Interm. Fault on: 0 ComeByChance 2300 kY - 0 West, Avalon 230 kY 1L 1LG 37.00% Type=A R=100

Figure 12 - Local Zone 2 Quad element operates for 100 ohm resistive SLG at 54% of the
distance from the local terminal.
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21M2 TL237 CBC ALT Type=SEL32M1G__

CTR=240 PTR=2000

fone 1: ¥XE1=207. RG1=13.00. Z1MG=207.

fone 20 ¥G2=430. RGZ=2600 I2MG=430. Z2PD=18.00cy

fone 3 XG3=2.10. RG3=25.00 I3MG=210.

kOM1=0.904 kOA1=26 kOM=904 kDA=26 T=-3.00

Line 7= 276 80.1 sec Ohm {2283 Ohm)

Apparent impedances plotted (K=0.90G2 . 6):
Walla+3klo)= 13.46E@6 6 sec Ohm (112,16 Chrm).
Whilb+3klo)= 326323 .4 sec Ohm (271.11 Chm).
Vefloc+3klo= 48 61E-7.6 sec Ohm (405.11 Chrm).

All relay units are restrained. Delay=4999¢,

Mare details in TTY window.

140

120+

100—

80—

212 TL203 WAy ALT Type=SEL321G__
CTR=240 PTR=2000
Zone 1 XG1=2.06. RG1=13.00. Z1MG=2.06.
Zone 2 ¥G2=4.10. RG2=25.00. ZZMG=4.10. Z2PD=60.00cy
Zone 3 ¥G3=1.90. RG3=28.00. Z3MG=1.90. Z3PD=2000.00cy
kOM1=0.951 kOAT=4.55 kOM=0.951 kDA=4.55 T=-273
Line 2= Z.74@ 78.7 sec Ohm (22.87 Ohm)
Apparent impedances plotted (K=095E4.5):
YWallla+3dklo= 3.228-0.4 sec Ohm (26,80 Ohm).
Wh/Ib+3klo)= 7 47E-113.7 sec Ohm (52.23 Ohm).
Wed(le+3klo= 6.10E141.5 sec Ohrm (50.86 Ohrn).
Relay response: Zone 1 tripped. Delay=0.0s.
S ALUMIT @ Zone 1 Tripped.
B UMIT : All zones restrained.
CUMIT @ All zones restrained.

—ap

-20

FAULT DESCRIPTION:
Close-In Fa|T|It on: 0 West. Avalon Z30.kY - O Sunnyside 230k 1L 1LG Type=A R=40

Figure 13 - Zone 2 guad with 25 ohm resistive reach will not operate for 40 ohm fault on

[ [ [ |
20 il 80 100 120 1

TL203 that WAV TL203 Zone 1 sees comfortably.
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Zone 3 Ground Distance Protection

The zone 3 ground mho function will be set using the same principles as the zone 3 phase distance function.

Z2MGrem := 4.3 ohms secondary

Z3MG = 2.1  Ohms secondary

Z3MG = zwme-(w 14 .zj

MAG
Z3P . This is a little higher than the existing setting, but
m = 50.464-%  of line length provides additional security.
XG3:= Z3MG XG3=21 Ohms secondary

Set the Zone 3 quad resistive reach at 10% more than the remote Zone 2

R2Grem := 30 Ohms secondary

R3G := round(R2Grem-1.1,0) R3G = 33 Ohms secondary
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With very heavy prefault load flow (220 MVA in TL203 and 180 MVA in TL237) if TL203 trips single pole, the

180+

1009 cTR=240 PTR=2000 Min I= 0.50A
B0 Zone 2: ¥=4.30 sec Chm, R+=13.00 R-=-1560 T=0.30s
B0 “afla+3Klo)= 15.84@-8.3 sec Ohm (132.02 Ohm).

40— All relay units are restrained. Delay=9999s,

21N TL2TF CBC ALT Type=3ELIMG_

CTR=240 PTR=2000

fone 1; RG1=207. RG1=13.00, Z1Mi=2.07.

fone 2 xG2=4.30. RGZ=25000 Z2Mi=4.30. ZPD=18.00cy
fone 3: ®G3=2.10. RG3=28.00, Z3Mis=2.10.

B0 kOhd1=0.904 kOAI=2.5 kOM= 904 kDA=2.6 T=-3.00

Line Z= 276G 80.1 sec Ohm (22.99 Ohm)
Apparent impedances plotted (K=090G2.6);

1404 Wai(la+3Klo)= 15.84@-5.8 sec Ohm (131.98 Ohm).

Vhi(Ib+3Klo}= 39.70@-22.5 sec Ohm (330.80 Ohm).
Ve/(le+3Klo)= 40.69@-1.5 sec Ohm (339.09 Ohm).

120 All relay units are restrained. Delay=52529s,

More details in TTY window.

21N1 TL237 CBC ALT Type=LFZIP111q

Char ang= 55.0deq, Dir blinder= 85.0deg
Zone 1; X=2 07 sec Ohm, R+=13.00 B-=-1560 T=0.0s

Line /= 276 80.1 sec Ohm [ 22.893 Ohm)
Apparent impedances plotted (K=0.900.0)

Whiflb+3Kla)= 36.94@-22 8 sec Ohm (324.52 Ohm).
veifle+3Kla)= 41.48@-1.9 sec Ohm (345.70 Ohm).

(o

ground distance elements with the increased resistive reach on the P2 protection will remain secure. See
Figure 14

0=
SIMULTANEOLUS FAULT DESCRIFTION:

1-Phase Open on: 0 'West. Avalon 2300k - U Sunnyside 230k 1L Type=A

Figure 14 - Ground distance elements remain secure during heavy load flow with one phase

open on TL.203

The zone 2 ground distance time delay trip will need to be reduced from 60 to 18 cycles (0.3 seconds) in order
to aid coordination for resistive single line to ground faults "around the loop"” of TL203 TL237 and TL207
where otherwise, the ground time overcurrent functions might not have coordinated fully. A setting of 0.3
seconds is proposed to aid coordination below the WAV TL237 zone 1 ground distance protection since

there is no fault current infeed at CBC to aid this coordination.

Z2GD := 18 Cycles
MWW
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Zone 3 Ground Distance Protection

The zone 3 ground mho function will be set using the same principles as the zone 3 phase distance function.

Z2MGrem := 4.3 ohms secondary
MWWWWWWWW

Z2MG
Z3MG = zmm-(ﬁ 14 .zj Z3MG = 2.1 Ohms secondary
Z3P . This is a little higher than the existing setting, but
m = 50.464-9%  of line length provides additional security.
XG3:= Z3MG XG3=21 Ohms secondary
MWWV

Set the Zone 3 quad resistive reach at 10% more than the remote Zone 2

R2Grem := 30 Ohms secondary
MWWWWWWWWW

R3G := round(R2Grem-1.1,0) R3G = 33 Ohms secondary
MWWV

Ground distance current supervision
Since there is no concern about these elements operating on load, even with loss of potential, set all current
supervision elements at minimum, for maximum sensitivity of the distance elements.

'50L1:= 0.5 A Sec '50L2 := 0.5 A Sec '50L3:= 05 ASec

'50G1:= 0.5 A Sec '50G2:= 0.5 A Sec '50G3:= 05 A Sec

Zero sequence current compensation

Set the zero sequence current compensation as usual.

ko1 = [ | Z0L237 — 21237 kO1M = 0.904
3-721L.237
Z0L237 — 711237
kO1A = | arg kO1A = 2.611-deg Say  kO1A := 1ldeg
3-721L.237 AN
Set the overreaching zones the same as zone 1 kOM := kO1M kOA := k0O1A
kOM = 0.904 kOA = 1-deg

These settings are only slightly different from the existing settings.

Page P - 18 of 29 16/11/2010



Newfoundland and Labrador Hydro

PUB-NLH-163, Attachment 1

Page 322 of 425, Isl Int Sys Power Outages

Protection Review for Five 230 kV

Transmission Lines

Non Homogenous Angle Setting

APPENDIX P
CBC TL237 P2

Compare the angle of the total zero sequence current at the remote bus with the angle of the zero sequence
current contribution from the local terminal to determine this setting. From ASPEN OneL.iner, the worst case is
normal conditions. For this case, for an SLG at WAV the angle of 10 at the fault is -115 degrees and the angle
of 10 out of the CBC terminal is -113 degrees. Therefore, the total fault current lags the current contribution
from SSD by 2 degrees and angle T may be set at -2 and ensure no overreach. However, because this is such a
short line, the angle T should be set at the default angle of -3 degrees for extra security.

T:.= -3 degrees
MWV

Out of step blocking and tripping

Not used in this application. There is a danger of out of step conditions arising. Historically no action has
been taken to provide special tripping or blocking functions. Natural tripping during swings is accepted.

Load Encroachment logic

Check loadability of the Zone 2 phase distance element assuming worst case power factor of 0.87 simultaneous
with worst case depressed voltage of a stressed system of 0.9 per unit. Note that units of kV squared match
units of MVVA. Note that quadrilateral elements are only used for the ground distance functions that are not
sensitive to balanced three phase load. Therefore no need to worry about the reach of the quadrilateral elements.

(0.9kVbase)’
Smax

Zloadmin :=

Zloadmin = 176.406 Ohms primary (assume worst case at 30 degrees)

Maximum reach of the Zone 2 element is at the line angle of 81 degrees. At 30 degrees, the reach will be given by

Z2load := Z2P-cos[(Z1ANG - 30)deg] Z2load = 2.31  ohms secondary

VTR .
Z2load-—— = 19.247 ohms primary
CTR

Since the reach of the Zone 2 element at 30 degrees is less than the apparent impedance of the maximum

load, there is no need to apply load blinding logic. See Figure 15

B0 21P2 TLE37 CBC ALT

CTR=240 PTR=2000

Fone 1: Z1P=234.

B0— Zone 2: Z2P=3.60. 72PD=18.00cy

Fone 3 Z3P=1.40.

Ling Z= 276 80.1 sec Ohm [ 22.99 Ohrm)

Type=3EL321P__

40—

20

[ [ [ [ | |
C 20 40 B0 80 100 120

Figure 15 -Load impedance with respect to proposed new Mho function reaches.
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Ground directional element

The SEL-321 application example recommends finding the minimum source impedance behind the terminal and
setting the reverse and forward boundaries of the negative sequence directional element at the 1/3 and 2/3 points
respectively.

In the negative sequence plane, the sum of the two source impedances and the line impedance is:

Z2total := Z2minCBC + Z1L237pri + Z2minWAV | Z2total| = 76.28

Z2total 27 2total

The 1/3 pointis 72 1 3:= The 2/3 pointis 72 2 3:=

Z2Rpri == Z2 2 3 — Z2minCBC | Z2Rpri| = 23.524 | z1L.237pri| = 22.995
|Z2minCBC| = 27.339

Z2Fpri:= Z2_1 3 - Z2minCBC | Z2Fpri| = 1.967
|Z2minWAV/| = 25.984

Converting the primary impedances to secondary ohms

CTR
Z2R = zszri-ﬁ |Z2R| = 2.823 Ohms secondary arg(Z2R) = 81.646-deg

CTR
Z2F = zszri-ﬁ |Zz2F| = 0.236 Ohms secondary arg(Z2F) = —83.023-deg

Rounding up Z2F (note that Z2F is negative) and rounding down Z2R gives:
Z2F .= 0 Ohms secondary Z2R = 2 Ohms secondary
The proposed Z2F is close to existing, and Z2R is a little lower than existing.

Set the current level detectors at minimum level that will allow operation of the ground distance elements.

Due to the very small zero sequence current contribution to a single line to ground fault at the remote terminal,
the negative sequence current contribution will always be higher than the zero sequence. Therefore there is

no point in setting the forward looking negative sequence overcurrent elements any more sensitively than the
zero sequence ground overcurrent supervision of the ground distance elements.

'50QF := '50G2 '50QF = 0.5 A secondary

Set the supervision function for the reverse looking element to be the same as, or a little more sensitive than
the forward looking supervision element at the remote terminal.

'50QR := 0.5 A secondary

The positive sequence current restraint (a2) factor should be set just smaller than the ratio of the maximum load
current (positive sequence) to the most sensitive current supervision element (50QR).

Smax-1000 I1maxpri
IImaxpri .= ———— I1maxsec := ~~maxpn IImaxsec = 2.541
kVbase-/3 CTR
Bearing in mind that the 50QR setting is in units of 3*I2
__S0QR = 0.066 Choose a value of a2 := 0.07
3-11maxsec

This a2 factor is lower than existing setting because of higher maximum load current used.
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Phase time overcurrent element

This element is not used
Residual time overcurrent element

This element is used to provide the most sensitive backup protection. It will be a directional element.
Minimum pickup needed to sense a higher resistance than 100 ohm SLG near the CBC terminal. Choose 200
ohm arbitrarily. Choose a desensitization factor of 2 to reflect half the total fault current coming from each
end.

SF =2 Desensitization factor due to remote end infeed is  Dfactor := 2 Rf := 200

kVbase-1000
\/3-SF-Dfactor-Rf-CTR

'5INPU = round[ 1] '5INPU = 0.7

The existing setting of 0.5 A is more sensitive than required to sense this fault with arbitrary resistance.
However, we need speed and sensitivity at this terminal. Therefore it will be retained.

'5INPU := 0.5 A secondary
NMWWWWWWW\

Coordination checks show that existing time dial settings around the loop TL203, TL237 and TL207 (counter
clockwise) will not coordinate, because the CBC TL237 relays time dial setting is too high. Therefore if there is a
fault on TL237 that has to be cleared by the ground time overcurrent relay at CBC, the SSD TL207 will not
coordinate. Therefore the existing time dial settings on CBC TL237 have to be adjusted. The ground distance
elements will speed up tripping for faults with resistance up to 150 ohms fed from one end, where ground relay
coordination is challenged), so coordination will be checked for faults with resistance of 150 ohms or more. Trial
and error checks show that in order to achieve coordination, the existing time dial setting of CBC TL237 ground
time overcurrent relay will have to have its time dial settings reduced from existing 4 to 3. The SSD terminal of
TL207 already has a suitable pickup of 0.6 A sec.

Check the coordination with the other relays for three faults (all with 150 ohm resistance). Line end TL237,
Close in to CBC on TL237 and 89% from WAV on TL203 (at the end of the mutually coupled section). See
Figure 16 to find that existing settings (curves 2&3) do not coordinate, and Figures 16, 17 and 18 to find
that Curve 3 and revised curves 4 and 5 settings will coordinate.

'51NPU = 0.5 A secondary '51NPU-CTR = 120 A primary
'5INTD := 3 '51NC := "U3" '5INTC := "N" '51NRS := "N"
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10 2 3 45 7 100 2 3 45 7 10000 2 3 45 7
1000 1. 51N TL203 WAV SELVI TD—4 0007 [ [ 1000
700 CTR=240 Pickup=0.5ANo inst. TP@12=0.4937s 700
3lo= 2262A(0.9 secAT= 6.46s
500 2.51IN TL237 CBC SEL-M TD=4.000 500
400 CTR=240 Pickup=0.5ANoinst. TP@12=0.4937s 400
300 3lo= 843.7A(35 secA T= 0.71s | 300
3.51INTL207 SSD SEL-VI TD=4.000
200 CTR=240 Pickup=0.6ANo inst. TP@12=0.4937s 200
3lo= 8440A(35 secA)T= 0.85s | |
4.51N TL203 WAVALT SEL-VI TD=4.000
100 CTR=240 Pickup=0.6ANoinst. TP@12=0.4937s 100
3lo= 226.2A(0.9 secA)T= 10. 96<\ } ! ‘
70 5. 51N TL237 CBCALT SEL-VI TD=3.000 70
50 CTR=240 Pickup=0.5A (Dir) No inst. TP@12=0.3703s 50
0 3lo= 843.7A(35 secA) T= 053s 0
30 30
20 20
2 14
S10 5 x 10
E
c 7 7
Os5 5
g 4 4
s 3 3
2 2
1 1
7 7
5 5
4 T F— 4
3 T 3
2 2
1 A
.07 07
82 " FAULT DESCRIPTION: 82
"~ Close-In Fault on: 0 ComeByChance 230.kV - 0 West. Avalon 230.kV 1L 1LG Type=AR=150 '
03 withend opened 03
.02 .02
o1 Fault1I=843.6 A o1
"7 10 2 3 45 7 100 2 3 45 7 1000 2 3 45 7 10000 2 3 45 7 '
CURRENT (A)
WAV 1 TIME-CURRENT CURVES @ Voltage 230 By CFH
For CCW Coordination of TL203, TL207, TL37 Ground O/C PN No. WAV1
Comment 150 ohm SLGfaults Date 7 Nov. 2010

Figure 16 - coordination of ground time overcurrent elements for close-in fault on TL237 close
to CBC
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10 2 345 7 100 2 3 45 7 1000 2 3 45 7 10000 2 3 45 7
1. 51N TL203 WAV SEL-M TD=4.0007] 1 | 1" 1000
CTR=240 Pickup=0.5ANo inst. TP@12=0.4937s 700
3lo= 7935A(3.3 secA)T= 0.75s
2.51N TL237 CBC SEL-M TD=4.000 500
CTR=240 Pickup=0.5ANoinst. TP@12=0.4937s 400
3lo= 308.1A(1.3 secA) T= 3.16s | 300
3.51INTL207 SSD SEL-VI TD=4.000
CTR=240 Pickup=0.6ANo inst. TP@12=0.4937s 200
3lo= 3082A(13 secAT= 472s |
4.5IN TL203 WAVALT SEL-M TD=4.000
CTR=240 Pickup=06ANo inst. TP@1sz 4937s 100
3lo= 7935A(33 secA)T= 091s|
5. 51N TL237 CBCALT SEL-VI TD=3.000 70
CTR=240 Pickup=0.5A (Dir) No inst. TP@12=0.3703s 50
3lo= 308.1A(1.3 secA) T= 2.37s 40
30
20
1,4 2
\ = 10
7
5
4
3
2
1
7
5
TS LIT 4
T 3
2
1
07
— .05
 FAULT DESCRIPTION: 04
—Interm. Fault on: 0 West. Avalon 230.kV - 0 Sunnyside 230.kV1L 1LG 89.00% Type=AR=150 '
- withend opened 03
.02
Fault I=793.4 A o1
10 2 345 7 100 2 3 45 7 1000 2 3 45 7 10000 2 3 45 7
CURRENT (&)
WAV 2 TIVE-CURRENT CURVES @ Voltage 230 By CFH
For CCW Coordination of TL203, TL207, TL37 Ground O/C PN No. WAV2
Comment 150 ohm SLGfaults Date 7 Nov. 2010
Figure 17 - coordination of ground time overcurrent elements for fault 89% on TL203 from
WAV with SSD terminal open.
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10 2 345 7 100 ? 3 45 7 10000 2 3 45 7
1000 1 51N TL203 WAV SELVI TD—4 000 [ [ [ [ 1000
700 CTR=240 Pickup=0.5ANo inst. TP@12=0.4937s 700
3lo= 2293A(1.0 secA)T= 6.24s—
500 2.51IN TL237 CBC SEL-M TD=4.000 500
400 CTR=240 Pickup=0.5ANoinst. TP@12=0.4937s 400
300 3lo= 0.1A(00 secA)T=9999s | 300
3.51INTL207 SSD SH.-\I TD=4.000
200 CTR=240 Pickup=0.6ANo inst. TP@12=0.4937s 200
3lo= 8554A(36 secAT= 0.84s |
4.5IN TL203 WAVALT SEL-M TD=4.000
100 CTR=240 Pickup=06ANo inst. TP@12=0.4937s 100
3lo= 229.3A(1.0 secA)T= 10.50s
70 5. 51N TL237 CBCALT SEL-VI TD=3.000 70
50 CTR=240 Pickup=0.5A (Dir) No inst. TP@12=0.3703s 50
40 3lo= 0.1A(0.0 secA) T=9999s 40
30 30
20 20
3\ 1 4
S10 \ 10
E
c 7 7
O5 5
g 4 4
s 3 3
2 2
1 1
7 7
5 5
4 T il 4
3 3
2 2
1 1
.07 .07
'82 ~ FAULT DESCRIPTION: '82
"~ Close-In Fault on: 0 Sunnyside 230.kV- 0 CBC 230 230.kV1L1LG Type=AR=150 '
03 withend opened 03
.02 .02
o1 Fault £855.3 A o1
710 2 345 7 100 2 3 45 7 1000 2 3 45 7 10000 2 3 45 7 '
CURRENT (A)
WAV 3 TIME-CURRENT CURVES @ Voltage 230 By CFH
For CCW Coordination of TL203, TL207, TL37 Ground O/C PN No. WAV3
Comment 150 ohm SLGfaults Date 7 Nov. 2010

Figure 18 - coordination of ground time overcurrent elements for close in fault on TL207 at
SSD with CBC terminal open.
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Permissive Overreaching logic settings
EPOTT = "Y"

Z3RBD is set at remote breaker time plus channel reset time plus channel reset time plus zone 2 reset time. From
review of fault records it appears that the breaker time is 3 cycles. Channel reset time is not easily determined from
existing records but can conservatively be assumed to be 1 cycle, and relay reset time will also be about 1 cycle.
Total time for Z3RBD is then 5 cycles.

Z3RBD:=5 cycles

Echo block delay timer blocks the echo after the local elements have picked up. This can be set relatively
long since there is no significant need for the echo function shortly after the local terminal has just seen a
fault but the remote terminal has not. Set at 10 cycles as per the example in the instruction manual.

EBLKD := 10 cycles

Echo time delay on pickup should be set to override noise on the communications so that it doesn't echo noise.
Typical time according to the SEL application guide is 2 cycles. Since this delay only affects clearing time for
relatively light (high resistance) faults that are sensed by zone 2 function at one end, the typical setting is
acceptable.

ETDPU := 2 cycles
Echo duration should be long enough to ensure the permissive trip is received by the remote terminal and

should also be shorter than the Z3RBD time to ensure that the reverse blocking will always be longer than
any permissive trip received (including echo time stretching).

EDURD := 4  cycles

No need to enable week feed conversion to trip, since both terminals will be quite sensitive enough to detect
high resistance faults after the remote terminal has cleared. Therefore we can accept sequential (or "step™)
clearing with no need for the added insecurity of weak infeed tripping.

EWFC := "N"  No other communications logic settings are required for this application.

Switch on to Fault Settings

Switch on to fault logic will ensure the protection will operate when energizing the line onto a close-in three
phase fault when there is no polarizing voltage available for the distance elements.

ESOTF := "Y"

The breaker close signal is not available to the relay. The 52A method of enable SOTF will be used.
Therefore the Close end delay is not critical. Typical duration for enable SOTF is 10-15 cycles
ENCLO := "N" CLOEND := 0 ENG2A = "Y" SOTFD := 15

Set 50H for high magnitude close-in multiphase faults with weakest source at CBC. It should be set less than
50% of the minimum close-in fault magnitude. Minimum close-in magnitude of a three phase fault with TL203 out
of service is 2600 A. Therefore desired maximum setting for 50H is 1300 A. This is lower than existing.

Imin3P_close_in := 2600
Imin3P_close_in
2CTR

Choose a setting of 4 A secondary for this element. With a single CT on this breaker, there is no concern about CT
saturation for an external fault through CTs on a ring bus.

'50H = '50H = 5.417 A secondary

'50H := 4 A secondary
MWW

Choose a setting for 52AEND less than the shortest reclose time. '52AEND := 30 cycles
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Residual overcurrent settings.

Tripping directly by instantaneous ground overcurrent is not applicable because the zone 1 ground distance is
more selective. However it would be helpful to monitor steady state unbalance, and issue an alarm for
continuous unbalance. Set the detector at minimum or just at the point necessary to override normal
unbalances.

ES0N =1 '50N1:= 0.25

Negative Sequence overcurrent settings.

Similar to ground overcurrent, apply a negative sequence overcurrent element to initiate an alarm for steady
state unbalances. Set the detector at minimum or just at the point necessary to override normal unbalances.

E50Q =1 '50Q1:= 0.25

Voltage Element Settings

Similar to unbalance current monitoring, it is helpful to have an unbalance voltage monitor to detect steady state
unbalances from the voltage supply.

EVOLT := "Y"
Set the zero sequence overvoltage element at 1% of rated voltage or just at the point necessary to override
normal unbalances. The zero sequence voltage element measures 3 times the zero sequence voltage.

KVbase-1000
'5ON := 3.0.01 e 20 '5ON = 1.992 Say '59N = 2 V secondary

V3-VTR

L oss of Potential

Enable loss of potential settings. Advanced LOP settings are not available on this model of relay.

ELOP := "Y" Time delay of 1.25 cycles is commonly used. LOPD = 1.25

The 50 M element should be set above maximum load and below minimum fault current for a fault at the remote
terminal under weak source conditions. The maximum load for this case should be normal maximum, not
emergency maximum which only exists for a few minutes before the operator can act to reduce load.

Speak_237-1000

= 1.154 A secondary
\/3-kVbase-CTR

Imax_normal :=

Minimum fault current for a remote three phase fault is I13Pmin = 730 A primary.

Minimum fault current for a remote phase to phase fault is 87% of the minimum three phase fault current level.

Dependability factor to be sure to operate for a minimum remote fault is chosen to be 1.6. DF:= 16
Maximum setting for 50M should be 0.8713Pmin = 1.654 In this case a setting of 1.5 A secondary
DF-CTR will be adequately dependable and secure.

'50M := 1.5A secondary

The 59QL setting should be above normal maximum unbalance and below the level expected for a blown VT fuse.
For a blown fuse, one phase voltage will be lost, and the negative sequence voltage will be roughly 33% of the
nominal positive sequence voltage. Choose a setting of 15% of the nominal positive sequence voltage. This will
be well above any normal unbalance.
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0.15-kVbase-1000 0
J3VIR '50QL = 10V secondary

'59QL = round[

The 59PL setting should be less than the minimum voltage to be expected for a remote bus fault under weakest
source conditions. There is no minimum setting (above zero) for this function. Choose a setting equal to half the
voltage drop along the line impedance at the pickup 