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ABSTRACT

The protection planning considerations for an IPP connected to a distribution feeder at
B.C. Hydro's Valemount substation are reviewed.

The impact to the feeder and station protection at Valemount substation is discussed. The
need for HV transmission line protection at the utility substation is reviewed and includes
a discussion on the criteria for whether or not line protection needs to be applied at the
station to remove the IPP infeed to transmission line faults.

By using the Valemount area transmission system as an example, the need to review the
protection and reclosing practice several stations back into the utility system is
demonstrated. ‘



INTRODUCTION

This paper discusses the protection aspects of an Independent Power Producer (IPP)
connected to a distribution feeder at B.C. Hydro's Valemount substation. In addition to
the requirements for utility - consumer load interconnections(V there are additional
requirements for an independent power producer, since such a facility is a contributor of
fault current to the utility system.

Historically, the Public Utility Regulatory Policy Act (PURPA) of 1978 was the catalyst
for the development of independent power resources in the United States.?

In British Columbia, management initiative within B.C. Hydro and the desire to
increment generation resources in small blocks on the system to meet a variable load
forecast was the impetus.

Valemount Substation is located near the British Columbia - Alberta border as shown in
Fig. |
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The Valemount IPP, in actuality, consists of five synchronous generators dispersed over
two sites located about 108 and 159 km along a 25 kV feeder, designated 25F52,



supplied by Valemount Substation. Fig. 2 shows the location and sizes of the IPP's as
well as the ransformer connections at each IPP site.
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Fig 3 shows the surrounding HV transmission system which serves Valémoum, and the
138 kV area loads. The IPP's connected to 25F52 are shown as a single Thevenin
equivalent. Hereafter the paper reférs to these IPP's as a single equivalent [PP.
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The scope of this paper concerns only the impact to Valemount substation, 25 kV feeder
faults adjacent to Valemount, and the HV network.
ISLANDED OPERATION

Islanded operation is defined as sustained operation of the IPP with utility loads, isolated
from the integrated power system. Such a system becomes a small power system
independent of the frequency and voltage of the main network.®

Islanding is a pertinent issue and relates to several important protection concems:
e voltage and frequency excursions during isolated operation

e adequacy of existing utility protection, since the IPP is the sole source of
EMEF for isolated system faults

e out of synchronism reclosure onto the islanded system by the utility

Whether or not islanded operation is possible is difficult to evaluate and depends upon
many factors which include:

e Isolation and Separation Points in the Power System
o  Relationship between Islanded Load and Generation
e«  [PP's Protection and Control Equipment

e  IPP's Generator Excitation System Characteristics

¢« JPP's Voltage Regulation

A broad guideline, based on the relationship of islanded load to islanded generation is
proposed. ‘

Sustained, islanded operation of the IPP with utility loads
is not expected if the minimum islanded load is > 2X the maximum
IPP generation.

When the minimum islanded load is greater than 2X the maximum IPP generation, it is
expected that the IPP generator protection and control equipment will trip the generator
off line during the overloaded condition. Such a system is illustrated in Fig. 4(a). If the
minimum islanded load is less than 2X the maximum generation, the island may be
sustainable for a long period of time, as illustrated in Fig. 4(b).
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The broad guideline just described, can be used in the absence of detailed studies to
address the protection concerns mentioned previously. Detailed studies, though useful,
can be costly, time consuming and possibly inaccurate if sufficient data cannot be
obtained for the complete system.

As shown by the load and generation data in Fig. 5, sustained islanded operation is
possible if, for example, the 25F52 feeder breaker is opened at Valemount Substation or
if the 1L211 line breaker, circuit breaker 1, is opened at Avola. ‘
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Voltage and Frequency Excursions - Quality protection must be provided in the form of

under/overvoltage and under/over frequency at the Independent Power Producers sites to
trip generator units off line if voltage or frequency excursions exceed acceptable limits.

Adequacy of Existing Utility Protection - Since islanded operation is possible, protection

may have to be added or existing protection modified to ensure protection operation to
remove the IPP infeed to utility faults.

For example, the existing line protection at Avola would be expected to operate and trip
breaker 1 (Fig. 5) for the 1L211 transmission line fault. After breaker 1 trips, a
sustainable island is possible because the minimum load is not > 2X the maximum IPP
generation. For the reasons given below, it is generally not possible to rely on the IPP
generator protection and control to bring the generator off line to remove the IPP infeed
to the line fault. Dedicated line protection would have to be added at Valemount station
to trip breaker 2, to remove this infeed. Alternatively, the IPP has to demonstrate that the
protection provided will operate reliably for transmission line faults. In most cases this
will not be practical for the following reasons:

e  Zero sequence isolation between the IPP and the transmission system which
precludes the application of ground protection

e  Large impedance between the IPP and the transmission line fault, resulting in
low fault currents, precluding the application of phase overcurrent protection

o  Significant voltage rise between the IPP and the transmission line fault
precluding the application of undervoltage detectors for phase fault
protection

Details on the line protection provided for the Valemount system are covered
in the section 'Line Protection Issues'.

Qut of Synchronism Reclosure - Following a transmission line fault, an out of

synchronism reclosure of the utility system line breaker could occur. After the fault is
cleared, using Fig. 5 as an example, breaker 1 will be closed automatically or via
supervisory control. If the IPP is still connected to the system when this occurs, damage
to the IPP's generators could result. It is the responsibility of the IPP to ensure for each
specific installation that the generators will be disconnected from the system prior to
utility reclosing.

The utility has two obligations on this issue however:

¢ Inform the IPP of the possibility where out of synchronism condition can
occur, and the fastest speed automatic reclosing that may be applied. Note
that more than one location can apply depending upon the distribution station
arrangement, and the topology of the HV transmission network. For practical



reasons, the review should only look at single contingencies (one system
element such as a transmission line out of service).

. Propose protection solutions, where practical, to mitigate the problem of out
of synchronism reclosure. The IPP at his option, would have to pay for any
solutions offered. The IPP must also be informed that any solution
implemented is not an absolute guarantee of preventing an out of
synchronism reclosure on his generators.

FEEDER PROTECTION ISSUES

There are a number of feeder protection issues which are important for the Valemount
25F52 feeder protection.

e feeder ground overcurrent relay desensitization
e« coordination for adjacent feeder faults

J synchronizing concems

IPP Feeder Ground Relay Desensitization - The purpose of station feeder protection is to

provide coverage for phase and ground faults from the station to the first protective

- sectionalizing device on the feeder. If the IPP transformer connection is a source of
ground fault current, desensitization of the utility ground relay can occur. This affect can

be shown by the examples in Fig. 6.
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The most onerous case will always be as shown in Fig. 6 (b).

The HV grounded wye - LV delta transformer shown in Fig. 6 is a typical choice for an
[PP. The connection is chosen for system reasons and is described elsewhere in the

literature4®

For the specific installation at Valemount, ground current contributions from Valemount
did not change significantly with the IPP's on line as shown by the spreadsheet output in
Table 1.

-There are concerns that the feeder relaying on
the IPP feeder will miscoordinate for a fault on an adjacent feeder. This is illustrated in
Fig. 7.
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If the infeed from the IPP is significant, the IPP feeder relays, 51-1, may miscoordinate
with the relays 51-2, for a fault on an adjacent feeder. One solution to this problem is to
directionalize the 51-1 relays. As indicated by Table 1 the infeed factor for an adjacent
feeder fault is 8.2 for three phase faults and 44.8 for single line to ground faults. Hence,
miscoordination is not a concern.

The application of a low set ground instantaneous element applied as a distribution fuse
saving feature can also present a potential miscoordination problem with an IPP which is
a source of ground fault current.. If the ground fault contribution from the IPP exceeds




the setting of the low set instantaneous element, the element will misoperate for an
external fault. Possible solutions to this problem include:

s  Directionalizing the element
e  Raising the setting
e«  Removing the element from service

As shown in Table 1 the ground fault contribution from the IPP is 39 amperes, which is
well below the low set instantaneous setting at Valemount substation. Miscoordination is

therefore not a problem.

Synchronizing Concerns -

As discussed under 'Islanding’, protection solutions may be required to prevent an out of
synchronism reclosure. For the Valemount system as shown in Fig. 8, voltage relays
connected to 25 kV voltage transformers in combination with voltage relays connected
to 138 kV voltage transformers supervise automatic reclosing of the feeder circuit
breaker. Reclosing is only allowed to proceed if the 138 kV voltage is normal and the 25
kV feeder voltage is effectively zero. Reclose timing is set at 10 seconds to give time for
the IPP's to trip off line prior to the reclose.
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STATION PROTECTION ISSUES
For the station bus protection, various aspects need to be considered:
¢ Removing the IPP infeed to a bus fault
e  Coordination concerns between the IPP feeder protection and bus protection
e Including the IPP infeed in the bus protection zone
o  Protecting the bus section when the IPP is the sole source of generation

e Outof synchronism closing of bus breakers

Removing IPP Infeed to a Bus Fault - It is important to remove the IPP infeed to a bus

fault. In Fig. 9 it is clear that extending the tripping of the bus protection to include
tripping of the IPP feeder breaker (breaker 1) will remove this infeed.
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Coordination Concerns - For a bus fault, the bus protection should include tripping of
breaker 1 and blocking of automatic reclosing of the breaker. If the bus protection
operates at least as fast as the IPP feeder protection there should be no coordination
concern. However, there may be a concem for the case where the IPP feeder protection
operates faster than the bus protection for a bus fault, since it could result in undesirable
automatic reclosing of breaker 1. This can be prevented by delaying the reclosing long
enough to allow the bus protection to operate. Bus protection operation would block the
reclose sequence from being completed.

Because the utility infeed to a Valemount bus fault is large relative to the IPP infeed, this
potential coordination problem does not exist.

Including IPP Infeed in Bus Protection zone - If the IPP infeed to bus faults is small

relative to the utility infeed, including the IPP feeder currents in the bus protection zone
generally offers little benefit to the utility for the expense involved. Fig. 10 shows that a
CT circuit would have to be installed to include the IPP feeder current. Relative to the



secondary CT currents from CT2, the inclusion of CT1 would only provide a marginal
increase in the secondary currents seen by the bus protection.
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If the IPP infeed to bus faults is large compared to the utility infeed, the cost of including
the IPP infeed in the bus protection may be justified, since it could result in faster
clearing and would overcome the coordination concern mentioned previously.

IPP_As The Sole Source For Bus Faults - When the IPP is the sole source for bus faults,

there may be a concern that bus faults will not be cleared. If the minimum bus load is >
2X the maximum IPP generation, then an island composed of the bus load and IPP
generation should not be sustainable and uncleared bus faults should not be of concern.

If islanded operation is a possibility as is the case for the Valemount system, protection
measures need to be taken to clear the IPP infeed for bus faults. The undervoltage
detectors (27F), used for the feeder reclosing scheme in Fig. 8 can be used for this
purpose, with tripping via a long time delay.

Dut of Synchronism Closing of Bus Breakers -

It is sufficient to cover out of synchronism reclosing concerns by operating instructions,
since bus breakers ( a circuit switcher in the case of Valemount) are not closed
automatically. Voltage sensing of the 25F52 feeder voltage is available to assist system
operators, prior to any closing condition.

LINE PROTECTION ISSUES -

For the Valemount area system, reviews of the protection were made at the following
terminals:

* Valemount 11211
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® Avola 1L.211
° Brocklehurst 1L.210
e  Valleyview 11241, Savona 1L206

Valemount 11211 - To ensure that the IPP infeed to line faults is removed duplicate
primary and standby protection systems are provided as described below.

Coverage for single line to ground faults is provided by timed zero sequence overvoltage
relays connected across the open comner delta of 138 kV voltage transformers. Relay
timing is set long at several seconds to coordinate with line protections at Brocklehurst.
The pickup setting of the overvoltage relay is not critical, since Valemount 1L211 is a
delta system after the Avola terminal opens.

Coverage for phase to phase and three phase faults is provided by timed undervoltage
protection connected phase to phase to the same 138 kV voltage transformers. The trip
timer setting and dropout of the undervoltage elements must be set to coordinate with the
Valemount bus protection and feeder protection to avoid undesired trip outs of 25F52.
There is an additional benefit if the relay dropout and trip timing is coordinated with the
Avola 1L211 automatic reclosing scheme. This benefit is described in the section ‘Avola
1L211 protection'.

Automatic reclosing, initiated by the Valemount 1L211 line protection is provided by the
same scheme described for feeder reclosing in 'Feeder Protection Issues’.

Fig. 11 shows the line protection applied at Valemount in single line form.
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Avola 11.211] Protection - No changes are requiréd to the Avola line protection scheme.
The infeeds to 1L.211 faults remain unchanged whether or not the IPP is in service.

As shown by the system diagram, Fig. 5, it is possible for the Avola circuit breaker to be
opened for a fault condition or non-fault condition on 1L211 with the IPP remaining in
service supplying area loads. If an out of synchronism reclose sequence takes place,
damage to the IPP's synchronous machines could occur. Accordingly, the reclose timing
at Avola was increased to 10 seconds and sensitive voltage reclose supervision relays
were applied, set tot 20% dropout of the nominal line to line system voltage.

A comparison of the Avola reclose scheme settings with the Valemount 1L.211

undervoltage protection illustrates the benefits in coordinating the settings with each
other. The settings are summarized in Fig. 12.
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Two important observations can be made from Fig. 12.

e  The dropout of the Avola reclose supervision relay is lower than the dropout
of the Valemount line protection undervoltage relay.

e  Reclose timing at Avola is set longer than the undervoltage tripping time at |
Valemount

This means that if automatic reclosing were to proceed at Avola, the undervoltage
protection at Valemount must have already operated, removing any IPP's still connected.

Brocklehurst 11,206 - Though a sustainable island is not formed if the Brocklehurst
terminal of 11206 is tripped, it is prudent to increase reclose timing to about 10s.



Valleyview 11241, Savona 11.206 - As shown in Fig. 13, a single transmission line
outage (1L.206 or 1L.241) results in a long radial connection to the integrated utility
system. Possible separation points from the integrated system are shown in Fig. 12 (a)
and (b). Though these are not sustainable islands it is prudent to increase the reclose

timing at these terminals to approximately 10 seconds, to ensure all IPP's are off line
prior to reclosing taking place.
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CONCLUSIONS

The protection planning considerations of an IPP connected to the Valemount
distribution system have been reviewed. The need to review possible protection impacts
to the HV transmission system several buses back has been demonstrated. The
application of a simplified method to determine the requirements for HV line protection
at Valemount has been shown.

The principles and potential problems discussed, though specific to the Valemount
system, are applicable to many other IPP installations and can be used as a starting point

in the evaluation process.
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SUBSTATION: VLM

FEEDER #: 25F52

DATE: 28-JUL.-93

SOURCE DATA Z1 2 Z0

pu, 100 MVA base R1 X1 R2 X2 RO X0
BCH 0.0000 1.7603 0.0000 1.7603 0.0000 0.8371

Source is NORMAL

BCH/IPP @max gen | 0.0665 1.5550

0.0665 1.5550 0.0056 0.8184

BCH/APP @ min gen 0.0000 1.7603

0.0000 1.7603 0.0056 0.8184

TOTAL STATION LOAD:
1750 - 10800 kva
Z1 = 0.0000+(1.7603 BCH

Z1 = 4.4258+ j11.8990, 12.70<70 (max. IPP gen.) 4470 kva
20 = 10.2011+ j33.5710, 35.09<73

Z1 =infinity  (min. IPP gen.) Okva
20 = 10.2011+ j33.5710, 35.09<73

20 = 0.0000+ j0.8371 BCH

Om_____.

25F52 O

1000 - 6200 kva load

All data pu, 100 MV_A base

VLM 25

{Except as noted)
1750 - 10900 kva load

INCREASE IN FAULT LEVELS:
MAX 3PH LV BUS FLT W/O IPP: 1301 AMPS

MAX 3PH LV BUS FLT MAX IPP: 1472 AMPS

MAX SLG LV BUS FLT W/O IPP: 1577 AMPS
MAX SLG LV BUS FLT MAX IPP: 1750 AMPS

IPP FDR GND RELAY DESENSITIZATION:

W/O any IPP'S FDR GND SEES 1577 AMPS
MIN IPP GEN, FDR GND SEES 1549 AMPS
MAX IPP GEN, FDR GND SEES 1710 AMPS

IPP FDR COORD. FOR ADJ FDR FAULT:
IPP FDR PTN SEES: 180 AMPS 3PH
IPP FDRPTN SEES: 39 AMPS SLG

% increase 3PH==> 13.10%

% increase SLG==> 10.93 %

% change SLG==> -1.85%
% change SLG==> 8.61%

INFEED X
ADJ FDR PTN SEES: 1472 AMPS 3PH. 8.2
ADJ FDR PTN SEES: 1750 AMPS SLG 4438

TABLE 1




