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ABSTRACT:

This paper describes the use of conventional relaying techniques
for the protection and control of a 400 km, 115 kV transmission line
and stations located in northern Saskatchewan, above the fifty-eighth
parallel, and traversing in a general west to east direction.

The challenges involved in the application of conventional relays
were low fault levels, high ground impedances, majority of the load
located at the opposite end of the transmission system, unbalanced
loads, overvoltages, harmonics, and grid/radial operations with various
combinations of hydro and diesel generation.

The paper presents the unique challenges that faced the Protection
Engineer. The paper also discusses the solutions chosen, which allow
fast clearing and fault location, and at the same time, affords a high
degree of immunity to the harsh electrical conditions.
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OVERVIEW

In 1987, SaskPower acquired an existing hydro power system in
northern Saskatchewan. The system is located above the fifty-eighth
parallel, along the north shore of Lake Athabasca. The system consisted
of the three plants (Wellington, Waterloo, and Charlot River, with a
total installed capacity of 30 MV-A), 45 kms of 115 kV transmission, and
the station at Uranium City (Beaverlodge). FIGURE 1.0 shows the
location of this system in relation to the Province of Saskatchewan.

SaskPower undertook to construct an additional 355 km line from
Beaverlodge to supply a uranium mining operation at Rabbit Lake near
Wollaston Lake. The new line runs in a general west to east direction
along the north shore of Lake Athabasca, as shown in FIGURE 2.0. The
line also supplies the communities of Fond du Lac, Stony Rapids, and
Wollaston Post (which is connected to the Rabbit Lake 35 kV bus). The
transmission line is designed with no shield wires, except for
two kilometers out from each station to attenuate lightning strikes
entering the station. The line will be operated in a three pole
tripping mode, with no high-speed reclosure. The Rabbit Lake mining
operation has 5 diesel generators, with a total installed capacity of
17 MV'A, to be used for emergency operations only.

SYSTEM OPERATING REQUIREMENTS
The following system operating requirements were chosen to ensure a
reliable and economic supply of electric power to the customer, and also
guided the development of the protection application philosophy. The

system operating requirements were:

- Temporary faults shall result in outages of less than, or equal to, 10
minutes.

- Permanent faults shall result in outages of less than, or equal to,
eight hours.

- The Rabbit Lake diesel generators shall only be used to back feed
under emergency conditions.

- The Rabbit Lake diesel supply shall be capable of operating the
generators for 15 days per year.
SYSTEM AND PROTECTION APPLICATION PROBLEMS

Various obstacles, such as long lines, low fault levels, high
system voltages, harmonics, high ground impedances, =zero sequence



in-feeds, and dual source radial or grid operations made this project a
challenge. This was intensified by a short design lead time.

System Energization Problems

The long transmission lines, coupled with the weak system, results
in overvoltages, and harmonics during system energization. Normally, a
minimum 3 phase fault level, at the point of line energization, should
be at least 10 times the line charging to prevent overvoltage problems.
In this case, the best ratio available under maximum generation
conditions was only four times. TABLE 1.0 shows the Stony Rapids
voltage results of EMTP Studies for the energization of the Beaverlodge
to Stony Rapids (B1S) line with 1.0 per unit (pu) voltage at Beaverlodge
and 2 Wellington generators only. With certain operating
configurations, unacceptable system overvoltages were produced. FIGURES
3.0.a and 3.0.b show one set of voltage and current wave forms from
Stony Rapids and Beaverlodge, respectively. The oscillographs show high
voltages, and currents with harmonics present in the signals. The peak
voltages exceed 2.4 pu (230 kV). The FIGURES also show the voltage and
current oscillates during energization, and the current appears to be
increasing.

TABLE 1.0

STONY RAPIDS 115 kV PEAK PHASE TO GROUND VOLTAGE (1 pu = 93.9 kV)

Units on Line Initial Peak Voltage Peak Voltage at 1 Second

|
|
!
|
|
1.65 pu | 1.25 pu
|
|
l
|
i

All 5 Units
2 WE and 1 WA 1.65 pu 1.17 pu
2 WE Only 2.45 pu 1.86 pu
. Generating Station: WA - Waterloo
WE - Wellington
A frequency scan was performed on the EMTP.data. .The results in

TABLE 2.0 show the impedance resonance frequencies of the system at
different locations with various combinations of lines, reactors, and
generators. Resonance frequencies were found around the second, third,
and seventh harmonics. During system energization, second and third



harmonic

currents

are expected, which means overvoltages at these
frequencies will be produced.

TABLE 2.0

EMTP FREQUENCY SCAN

I

I

I

I I I I |

| 115 kV | Hydro | ST j 115 kV | Harmonic QOvervoltage

| Lines | Units | Reactor | Bus | 2 3 4 5 6 7

! | | | | | | | | | |

I I I I | I I | I I |

| WE-RL | 5 | 0.00 | RL | X| ] ] | i |X

| WE-RL | 5 | 0.00 | ST | X] | ] | ] |

j WE-RL | 5 | 0.00 | FO ! X] | i | | 1X

| WE-ST | 5 | 0.00 | ST | | X | | ] | |

| WE-ST | 5 | 0.00 | FO | | X | | | | |

I I I | I I I I | I I

| WE-RL | 5 | 9.50 | RL | X | | | ] |X

| WE-RL | 5 | 9.50 | ST | X | | | | |

| WE-RL | 5 | 9.50 | FO | X | | | | 1X

| WE-ST | 5 | 9.50 | ST i | X| ] | i |

| WE-ST | 5 | 9.50 | FO | i X] i | i !

| I | I I | | I I | |

| WE-RL | 3 ] 0.00 | RL | X | | | | | X]

| WE-ST | 3 | 0.00 | ST | |X ] | | | ]

I [ I I I I I I I I I

| WE-RL | 3 | 9.50 | RL | X | | | | | X]

| WE-ST | 3 | 9.50 | ST | | X | | ] | |

| I I I I I I I I I |

| WE-ST | 5 | 4.75 | ST ] | X| | | ] ]

| WE-ST | 3 | 4.75 | ST ] | X ] | | ] ]

| WE-ST | 2 | 4.75 | ST | X | | | | ] i

] ] ] | | | ] ] | l ]

Bus Names: BL - Beaverlodge Hydro Units: 5 - All Units
FO - Fond du Lac 3 - 2 Wellington
RL - Rabbit Lake + Waterloo

ST
WE

Stony Rapids
Wellington

Fault Clearing and Load Rejection

2 - 2 Wellington
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Overvoltage problems were also expected for switching conditions

caused by fault and load rejection operations.

FIGURE 4.0 shows the

expected recovery voltage after clearing a 25 kV fault at Beaverlodge.

The peak recovery voltage is in excess of 1.4 pu (138 kV).

In some



cases, the wvoltage was up to 2.3 pu with certain combinations of
generation,

Self-Excitation

The relative small size of the Wellington generators (3 MV'A each)
and the Rabbit Lake diesel generators (2.25 MV'A each) means that they
may  become self-excited if 1 generator was left connected to a large
-enough portion of the 115 kV line.

High Ground Impedances

Initial measurements along the 115 kV line corridor indicated very
high and wvaried values of ground resistivity. The general terrain of
the corridor consists of Canadian Shield (rock), water, and sand. The
measurements indicated ground resistivities, were in some cases, in
excess of 10 000 ohm meters. The 115 kV system was converted from an
ungrounded delta to a grounded system to prevent excessive overvoltage
on a ungrounded system of this length. This was done by adding high
voltage (HV) wye connected transformers at Wellington, Stony Rapids, and
Rabbit Lake; also, a grounding transformer was added at Beaverlodge.

With the conversion of the transmission system to a grounded
configuration, a zero sequence source was introduced for ground fault
currents. Ground faults and high ground impedances create problems with
touch and step potentials. Therefore, it was important to remove such
faults as quickly as possible. The high ground impedance was also
expected to cause problems with the ability of ground protection to
detect faults.

In order to reduce the effects of some of the obstacles, EMTP
Studies were used to determine the system design, modes of operation,
and predict the effects on the protective relays. These studies
resulted in design and operating guide lines, which also aided in the
protection application.

To aid in the analysis of the system disturbances, Transient Fault
Data Recorders (TFDRs) were added at Beaverlodge and Stony Rapids.

PROTECTION APPLICATION PHILOSOPHY

The location of this system means that long periods with
temperatures below -50°C are possible. Accessibility to this area is
limited by seasonal conditions and the lack of roads. The Athabasca
Power System may be the only source of heat and light available. These
facts elevate the importance for the protection schemes to detect,



locate, and clear all system disturbances as quickly as possible, and to
keep the permanent outage times to less than eight hours.

Because of these concerns, it was important to design protection
schemes which would be sensitive enough to detect abnormal system
conditions, and yet be immune to the expected harsh electrical
environment.

To ensure maximum system availability, the following protection
application philosophy was chosen.

The protection schemes used must:
- Be readily available "OFF-THE-SHELF.*"
- Be capable of detecting all fault configurations.
- Allow quick clearing and fault location.

- Not operate on the harsh electrical signals during normal system
transients.

- Have performance equivalent to the schemes used on The Southern
System.

- Be capable of operating in a radial configuration from either of two
sources or as a grid system.

- Allow the system to fail safe.

PROTECTION ANALYSIS AND DESIGN

FIGURE 5.0. shows the entire Athabasca Power System layout from the
plants to Rabbit Lake. There are 115 kV breakers located on the east
sides of the Beaverlodge and Stony Rapids stations, with one other
customer owned 115 kV breaker at Rabbit Lake (there are no 115 kV

breakers at Wellington or Fond du lac). These 115 kV breakers are
required to sectionalize the line for energization and
operating purposes. Having breakers on one side of the stations both

aided and complicated the application of protection and tripping
requirements. ‘ '

FIGURE 6.0 shows a typical protection layout for the Stony Rapids
Switching Station. This is an important station, which plays a key roll
in the energization and operation of the entire system. The station has
2 7.5/10 MV'A transformers, 2 - 25 kV, 4,75 MV'A reactors, 1 feeder, 1
set of phase to phase fault throwers, and 1 - 115 kV breaker on the
Rabbit Lake side of the station. The line connecting Stony Rapids to



Beaverlodge is transformer ended at this station. The reactors are
required for system voltage control under steady state, energization,
and switching conditions. The fault throwers were added in to act as
back up to the protection channels.

The station’s protection consists of:
- Individual transformer biased differential relays.

- High side and low side bay differential (composed of three standard
inverse over-current relays, connected in a differential mode).

- Restricted earth fault reactor differential relays.
- Phase and ground over-current relays on the transformers and reactors.
- Phase and ground over-current relays, or RVEs on the feeders.

- Line protection consists of dual non-switched impedance relays, with
sensitive directional ground over-current and system burn down
protection relays.

- Three phase to neutral, 115 kV instantaneous overvoltage relays.
- 115 kV breaker failure relays.

The use of the differential protection allows quick detection and
location of faults within the station. The over-current relays serve as
a back up to ensure the faults are detected in case of primary relay
failure. The protection operation issues transfer trips to the remote
ends to ensure faults are removed from the system. The fault throwers
produced phase to phase faults to allow the remote impedance relays to
clear for ground faults not detectable by the remote ground relays, and
also backs up the direct transfer trip channels.

All the protections chosen were "OFF-THE-SHELF" types, and the
principles of operation are similar to the relays normally used on The
Southern System. This was necessary to insure the greatest familiarity
of the equipment by the Technicians. This approach was taken to
minimize downtime and maximize system availability.



SYSTEM APPLICATION SOLUTIONS

Reduced Voltage Energization

To prevent the excessive harmonic overvoltages expected under
energization, certain modifications to the system and energization
method was required.

The 66/115 kV transformer at Wellington was replaced by one with an
on load tap changer range from +10% to -20%. With this change, the
voltage at the Beaverlodge station could be reduced to 0.8 pu of nominal
prior to system energization. Also, the system is never to be operated
with only two Wellington units, and the Stony Rapids reactors are
required for energization and normal operation. EMTP Studies have shown
that, with the above changes, the amount of harmonic overvoltage
expected during system energization was reduced to manageable values.
FIGURES 7.0.a and 7.0.b show the Stony Rapids voltage and Beaverlodge
currents expected using the reduced voltage energization with two
Wellington and one Waterloo generators. The graphs show the peak
overvoltage for this method will be reduced from the previous value of
230 kV (2.4 pu) in FIGURE 3.0.a to 132 kV (1.4 pu) in FIGURE 7.0.a. The
. oscillations, which occurred on the previous case, was not seen in the
latter, and settled to acceptable wvalues of 93 kV and 20 amps,
respectively.

Although the reduced voltage energization allows the system to be
operated, there are still some harmonics, overvoltages, and inrush
currents in the signals shown in FIGURES 7.0.a and b. These may still
cause relay problems such as:

- The transformer differential relays may trip on line energization
currents.

- The system overvoltage relays may trip on energization voltage.

- The line protection may trip on energization, or may not trip during
this period, for switch on to a fault situation.



PROTECTION APPLICATION SOLUTIONS

System Energization and Switching

Differential Relays

It was felt that the transformer differential relay would likely
not mal-operate from transformer energization current; but because of
the remote location and the need to get the system commissioned in a
short time, delay timers were added in case problems occurred during
system energization. Because of the possibilities of energizing on to a
faulted transformer, the time delay was set at zero initially. If the
inrush current caused tripping to occur during commissioning, a time
delay could be applied very quickly to allow commissioning to continue.
TABLE 3.0 shows the final time delay settings applied to the
differential relays at Beaverlodge and Stony Rapids.

TABLE 3.0

TIME DELAYS FOR TRANSFORMER DIFFERENTIAL DURING SYSTEM ENERGIZATION

Station Time Delay Settings Range

Beaverlodge

Stony Rapids 0 seconds 0 to 5 seconds

l
|
I
l
l
I
l
l
I
l
l

I
I
|
|
0 seconds ] 0 to 5 seconds
|
|
|

Delay timers were not installed at Wellington and Rabbit Lake
because the transformers were not subjected to the same inrush
conditions. Also, the Fond du Lac transformers had only phase and
ground over-current relays, which were expected to be less susceptible
to tripping for these conditions; therefore, the delay timers were not
required.

Overvoltage Relays

The system overvoltage relays applied to the 115 kV system are
required to protect against sustained overvoltages resulting from
voltage recovery after fault clearing, or load rejection. EMTP Studies
showed that the reduced voltage system energization would only produce
short durations of non-damaging overvoltages in excess of 1.2, or 1.3,
times nominal voltage; but was of sufficient duration to cause operation



of the system overvoltage relays. To prevent the mal-operation on
system energization, delay timers were added. TABLE 4.0 shows the
voltage pick up values and time delays applied at Beaverlodge, Stony
Rapids, and Rabbit Lake.

TABLE 4.0

TIME DELAYS FOR SYSTEM OVERVOLTAGE RELAYS
FOR
SYSTEM ENERGIZATION AND DELAYED TRIPPING

l
1
|
|
l
l
l
|
] | |
l
l
I
l
l
l
|

l
|Pick Up Voltage]| Timer 1 | Timer 2 | Timer 2
Station | (Per Unit) |[(Millisecond)]|(Millisecond)](Millisecond)
] ]
l l l l
Beaverlodge | 1.3 | 600 | 0 | 0 - 160
I l l . l
Stony Rapids| 1.2 | 600 | None ] -
| I | I
Rabbit Lake | 1.3 | 80 | 0 | 0 - 160
] | i

]

Timer 1 was used to delay the initial pick up of the overvoltage
relay until the transient overvoltage drops below the setting. Timer 2
was added to delay the trip output, if required, and was initially set
at zero.

Line Protection

EMTP Studies were once again used to determine how the 1line
protection relays would behave during system energization and closing on
to a fault (during energization). The study results indicated that the
relays would likely operate correctly for both conditions. The EMTP
Studies showed that the faulted quantities consisted mostly of the
fundamental frequencies. This information shows that the relays are
likely to behave correctly for both energization and close on to fault
situations. The relay filtering was expected to eliminate most of the
third and higher harmonics. Discussions with the manufacturer indicated
the relays were expected to operate correctly with these signals.
TABLES 5.0.a to 5.0.c and TABLES 6.0.a to 6.0.c show the expected peak
voltage and current values at Beaverlodge. The values show different
intervals at Beaverlodge for energization of the B1S line. _ FIGURES
8.0.a and 9.0.a are line energization quantities, FIGURES 8.0.b and
9.0.b are switch on to a ground fault (red phase) and FIGURES 8.0.c and
9.0.c are switch on to a phase to phase fault (red - blue phases).



TABLE 5.0.a
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TABLE 5.0.c

ENERGIZE BEAVERLODGE TO STONY RAPIDS

WITH LL FAULT AT STONY RAPIDS

Beaverlodge Voltage (kV)
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TABLE 6.0.a

ENERGIZE BEAVERLODGE TO STONY RAPIDS

NO FAULT

Beaverlodge Current (Amps)
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TABLE 6.0.b

[ ONHOO O o O -HONAHOO
) 38} ™ O
o~ o~
[ NTo} ONHAHO GO [&] KTy g e NN e e
— o — O~ m
o~ o~
o~ OO ANNHNHO o~ NN O TG OO
~~ — N ~ O N
0] o~ ) o~
o [}
(7} e s i e e e ] n e e s o e e o e e e e
A - e A ) s
— p— Pt e
Ay U (o] ~HOMNONHOOO <75 ] o O NN N O
MD 3] 2] 0 — N MD s o ™~ ™M
4 o . o .
> o ; v
B o 5 Z o ¥
o 3 uy N OO O OO o] o Te] [ia 1N @ B oo TG RN QN B, J
Tm O] enf [ e e R e Tm O} e v ™ O
75 i [75]
o [ 1) o ()
O H by e e e e — ] . O H Y i e e el
= kel o - o]
[o) o~ ~ N O N ) ls) o~ 00 M 0 O e
=1 B+ i SV IRV NN} o =] = 4 NN~
O« - O« b
S | & 2| 81 | 8
25 | 890 SoICIooC = | 28 | &9 oIoooooo
= b o HmvoadHO S &l < @b o AN O A A
> () W — ™M S N ) O
5 | o o
Q 3
Bﬂ B e e s [=2 S e e s e s i i o s e et
=3 <¢ 1 MNOM e OVN e 0 =] <] 1 NN NN NN
N o =t 00 o N o™ ed N —l O~ ™
o - o= ~
= e o o e e s e e ] £ e o — e e e — —
=3 =1
2 o~ NN F M = o~ <G U 00 WO N
= [sa 3= 30S N 5] 2%1
5] 0
[ IO ] Q Q 0 Q Q
©w g~ ol n B —~ o
o o O [=} g ot U =
SN OO NMIF N WIS LS OO~ ANM I OIS
(=%} (&] =] Py (%] =]
- Lo
L} o}
ja o] o o




Self-Excitation Protection

To reduce the possibilities of self-excitation occurring to the
Wellington generators, a logic tripping scheme was devised. FIGURE 10.0
shows the logic scheme. It is designed to treat both Wellington units
as one. If Wellington is the only plant generating, the logic will send
a direct trip to the Beaverlodge 115 kV breaker, which prevents the
possibility of operating the Wellington plant with only 1 generator.
Also, the 115 kV system overvoltage relays will act as a secondary
defence against this situation. '

A remedial tripping scheme was devised to reduce the possibilities
of self-excitation of the Rabbit Lake generators. The scheme, in FIGURE
11.0, introduces a delay timer to the 115 kV breakers at Beaverlodge,
Stony Rapids, and the 66 kV breaker at the Wellington station, if a
Rabbit Lake generator is synchronized to the SaskPower 115 kV system.
These timers delay tripping the SaskPower breakers to allow the Rabbit

Lake 115 kV breaker the opportunity to trip and clear first. This
scheme was implemented by SaskPower to minimize the risk of self-
excitation. The Rabbit Lake customer was still responsible for the
protection of his generators against self-excitation. The delayed

tripping scheme is only in affect for faults east of the Wellington
Switching Station. Faults west of this station will not introduce any
intentional delays. This was chosen to minimize damage to SaskPower
generation equipment.

The protection is achieved by sending a direct transfer trip from
the station which initiated the breaker opening, whether produced by a
protective relay operation or a manual breaker opening. This trip
signal is echoed back-to-back via carrier to each station towards the
Rabbit Lake station, .and initiates a trip. of the Rabbit Lake 115 kV
breaker, which is not delayed. The delay timer arming signal is
transmitted from Rabbit Lake, towards the west, via the protection data
channel, and is echoed back-to-back to all the SaskPower stations
equipped with breakers. This time delay is disabled whenever no Rabbit
Lake diesel generation is synchronized to the SaskPower 115 kV system.

@

The communications transit times, back-to-back keying times, and
breaker tripping times are all considered in determining the delay. The
delay time was chosen to allow the Rabbit Lake 115 kV breaker, at
minimum, one cycle head start before any SaskPower breakers were
tripped. The one cycle lead time was chosen so as not to excessively
delaying the SaskPower breakers. This minimizes the damage to SaskPower
equipment.



Fault Detection

Counterpoise

To ensure that line faults had the greatest possibility of being
detected with the expected high ground impedance, a counterpoise cable
using 5/16 inch steel, normally used as shield wire in The Southern
System, was laid on the surface along the entire 400 kms of the 115 kV
transmission line. The counterpoise was not buried because of the rocky
terrain. Each of the steel structures, on the 335 km new section, were
bonded at the guy wires to the counterpoise. The wood pole section of
the 45 kms of the old lines were not bonded, to reduce the possibilities
for pole fires caused by leakage current; but, the counterpoise was
still run underneath this section, to allow easy, and less costly future
connections, if required.

The steel cable was chosen because of its expected longevity over
copper or aluminium. Based on the system fault levels, initial analysis
indicated a reduction of the ground impedance to 100 ohms would be
preferred. The selection of the steel cable, however, would diminish
the capabilities of the ground fault protection, by reducing the ground
impedance to only 200 ohms. With this order of magnitude of ground
impedance, ground distance relays were not expected to detect faults.
Also, the sensitivity of the ground over-current relays were expected to
be limited, and slow clearing was expected at the ends remote from the
ground fault.

Line Protection

Since the system could be operated either as a grid or radial line
from either generation source, fully configured line protection was
added at both ends of each of the line sections. The impedance
protection was set in a basic under reach mode. FIGURE 12.0 shows the
impedance relay settings. Zone 1 was set to about 90% of the line, Zone
2 was set to about 120% of the line, and Zone 3 was set at about 200% of
the line. One of the 2 impedance relays has a Zone 4, which was set to
about 220% of the line.

The directional ground over-current relay was set as sensitive as
possible to aid in the detection of high impedance ground faults. To
ensure the ground over-current relays can be set as sensitive as
possible, zero sequence currents from the expected unbalanced 25 kV
loads must not enter the 115 kV system. This was achieved by using
transformers which have a delta through connection between the system
and the load.



It was also important to insure the ground over-current relay did
not mal-operate due to neutral current imbalance during system
energization. The value chosen was, at least, twice the value indicated
in the EMTP Studies, with no instantaneous elements applied. FIGURES
13.0.a and 13.0.b show the compressed and expanded versions of the
expected neutral currents from the Wellington station transformer
neutral for system energization. As the oscillographs show, the neutral
current expected is only 16 amps peak, or 11 amps rms primary current.
The directional ground over-current setting on the lines was about
"15 amps rms. Therefore, the ground over-current relays were not
expected to operate for line energization.

The relatively weak system, multiple =zero sequence sources,
transformer ended lines, and the high ground impedance makes fault

detection difficult for the line protection. For ground faults, the
zero sequence source closest to the fault tends to supply the greater
amounts of zero sequence current. In some instances, based on the

200 ohms ground impedance previously mentioned, the directional ground
over-current relays are not able to see faults which are close to the
remote ground source. In these cases, the breaker at the end closest to
the fault must trip and remove the zero sequence source before the far
end can detect the fault. This is the case on the Stony Rapids to
Rabbit Lake line where there was a breaker at each end ¢f the line. On
the Beaverlodge to Stony Rapids section, however, there is no breaker at
the Stony Rapids end. Ground faults close to, or in the vicinity of,
Stony Rapids will not have the zero sequence source remove because this
line is transformer ended at Stony Rapids. Also, ground faults past
Stony Rapids may not be cleared if the Stony Rapids breaker fails to
open, because the remote relays at Beaverlodge cannot detect the ground
fault due to intermediate zero sequence in-feeds.

To help ensure the ground faults at all locations are cleared, two
methods were used. The first sends a direct transfer trip to the
Beaverlodge station, if the Stony Rapids BlS line protection or station
protection operates. The second is - a phase to phase fault thrower on
the 115 kV side of the station is close initiated by all station and B1S
line protections. The results are either the Beaverlodge 115 kV breaker
is directly tripped, or the Beaverlodge BlS phase impedance relays
detects the closed fault thrower in Zone 2 and trips the breaker.

Faults on the Stony Rapids to Rabbit Lake (S1R) line detected by
the Stony Rapids 1line protection will only trip the Stony Rapids
breaker. If the breaker fails to trip, the breaker failure relay will
send a direct transfer trip to Beaverlodge and will close the phase to
phase fault thrower. FIGURE 14.0 is a logic diagram for the tripping at
the Stony Rapids station. Also, as stated in the self-excitation
protection section, all protection operations will also send a direct
trip to the Rabbit Lake 115 kV breaker.



Line impedance measurements have since indicated the ground
impedances Zg are 36 ohms and 13 ohms for the BlS and SIR lines,
respectively. The line protection was now expected to detect phase to
ground faults along a greater portion of the line. The ground impedance
relay elements are expected to detect some line to ground faults. The
ground over-current relays are expected to be more sensitive to ground
faults, but will still have problems detecting faults close to ground
sources at the remote end. Impedance relay modeling, based on these
values, have indicated the impedance relays at Stony Rapids and
Beaverlodge were now expected to see 71% and 78% of the BlS line from
Beaverlodge and S1R line from Stony Rapids in Zone 1, respectively, as
compared to not seeing the faults at all with the previous 200 or
100 ohms ground impedance.

PROTECTIVE RELAY PERFORMANCE

The TFDRs at Stony Rapids detected some faults on the S1R line.
FIGURE 15.0 shows the oscillographs of an event from 1989 May 15.
Analysis of the oscillographs, and associated calculation programs show
that the fault initially started as a R-B-G fault (Point A), and was
likely close to the Rabbit Lake end. Both impedances relays at Stony
Rapids saw the fault, but not in Zone 1. It appears that the Rabbit
Lake SIR directional ground over-current relay tripped the Rabbit Lake
115 kV breaker after 3 cycles, which caused the fault to evolve to a R-G
fault. When the Rabbit Lake ground source was removed, the combination,
of the fault evolving to a R-G fault and the removal of the Rabbit Lake
ground source, caused the neutral current supplied by Stony Rapids to
increase (between Points B and C). The current did not increase high
enough to cause the Stony Rapids ground over-current relays to trip in
2 1/2 cycles; but, was sufficiently high to start the directional ground
over-current relay. What actually appears to have occurred was the
Rabbit Lake breaker opening caused a direct transfer trip to be sent to
the Stony Rapids 115 kV breaker (Point B). All targets indicated Stony
Rapids S1R line protection did not trip the 115 kV breaker at Stony
Rapids. Unfortunately, because of the lack of event points, the red,
yellow, and blue phase indicating contacts on both impedance relays were
all commected in parallel into the sequence of event part of the TFDR.
The events shown on TFDR traces gave no clear indication of what type of
fault the relays actually detected. There were no recorders installed
by the customer at Rabbit Lake to aid in the analysis of this fault.

A SaskPower computer program, for one of the relays, was used to
determine what the relay may have seen. The program uses the rms values
from the TFDR analysis program, and using the relay equations, attempts
to determine what the relay saw. The results of the program showed the
fault was out side Zone 1,, and should have targeted a R-B-G fault,
which is what the output recorded traces on the TFDR oscillograph
appears to indicate. The calculation program also indicated the phase



to phase output would be blocked based on relay design. Therefore, the
target would have only shown an R-G fault.

Another fault occurred 1989 August 25 on the B1S line. FIGURE 16.0
shows the Stony Rapids TFDR recordings, and FIGURE 17.0 shows the
Beaverlodge end. As both FIGURES show, it was a Y-G fault. FIGURE 16.0
shows the B1S (802L-N) neutral current, while FIGURE 17.0 shows all 3
phases. Point A shows the fault initiation. Point B shows the neutral
start of one of the impedance relays at both ends (no trip). Point C on
FIGURE 16.0 only, shows a trip at Stony Rapids, which also initiated a
direct trip to Beaverlodge and Rabbit Lake. Point D on both FIGURES
shows the Beaverlodge breaker opening. Point E shows when the arc
extinction occurs. Calculations of the neutral current contributions
from Beaverlodge was only about 15 amps rms; but, the current
contribution from Stony Rapids was about 177 amps rms. The comparison
of the fault currents, relay curves, and TFDR times showed the Stony
Rapids B1S line ground directional over-current relay likely operated
and sent a direct trip, which opened the Beaverlodge 115 kV breaker.
From the analysis, it is seen that the fault was likely close to the
Stony Rapids end of the line. Both cases show that the line protection
operated correctly for the faults involved and confirms the requirement
for direct transfer tripping.

There has been a third fault on the 115 kV system. It was a three
phase fault on the S1R line. The indication was the fault was close to
the Rabbit Lake end, but in Zone 1 of the Stony Rapids impedance relays.
The Stony Rapids line protection tripped for this fault.

There has been several low voltage faults at the Rabbit Lake
station. All SaskPower line and station protection has worked correctly
to date, and have not tripped for these low level faults.

There was also a 25 kV fault at the Stony Rapids station where a
permanent feeder fault caused the Rabbit Lake Static Var System (SVS) to
trip off. This was attributed to the sensitivity of the customer SVS
protection. SaskPower is working to resolve this problem with the
Rabbit Lake customer.

There have not been any station faults at this time, and therefore,
no relevant comments can be made regarding the performance of these
schemes for faults at this time.

CONCLUSIONS

Since the commissioning in October of 1988, the protection has
worked as per design. The system modifications and operation procedures
have reduced the amount of harmonics and overvoltages during system
energization. TFDR recordings, obtained during commissioning, indicated



the voltages and harmonics were less than initially anticipated. The
voltages were only about 1.3 pu, and the harmonics died out after 3
cycles. The EMTP Studies were invaluable in determining the system and
operating design, which made the application of conventional relaying
possible.

Based on the 3 recorded faults on the 115 kV system, the line

protection has worked as designed. The direct transfer trips were
required to clear the ground fault on the BlS line. The counterpoise
aided in the detection capabilities of the line protection. The time

delays, applied to the overvoltage relays, were required as indicated by
the TFDR recordings for system energization during initial
commissioning. The decision not to apply time delays on the
differential relays was correct, as shown by the TFDR recordings and the
nonoperation during system energization.

The limited operating and fault experience of this system has shown
that the protection has operated correctly thus far. There has not been
sufficient time to fully exercise, and evaluate the relay schemes.
Future experience may alter the design of these schemes.

FUTURE PROJECTS

FIGURE 18.0 shows a new proposed 138 kV 1line to connect The
Athabasca Power System at Points North to The Southern System at the
Island Falls Hydro Generating Station. The proposed line will be used
to supply uranium, and gold mining operations at Cigar Lake, Key Lake,
and Claude Resources. The construction of this line is expected to
provide more economical energy for these mining operations. Some of the
problems associated with The Athabasca Power Project are also expected
in this application, Additional complications may appear, as a
possibility exists for the addition of series compensation to prevent
system stability problems for 25 kV customer faults. But, the
experience gained in the design of The Athabasca Power Project, will
contribute to the design of this new line.
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FIGURE 18.0
ISLAND FALLS TO POINTS NORTH TRANSMISSION PROPOSAL




