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ABSTRACT

The Xettle Falls wood-waste generating plant is the first of
its kind in the U.S. constructed for the sole purpose of
generating electricity using wood-waste as a fuel. In addi-
tion, there are some fairly unique protection problems and
schemes associated with this installation.

The overall protection schemes used for the generator pro-
tection, station service protection, and associated trans-
mission line relaying (while not wunique) are Dbriefly
described. These are included for clarification as is some
of the philosophy behind why the protection is needed. Al-
though they will be touched on only very briefly in this
presentation, they may assist the less experienced engineer
in understanding generator protection. The following some=-
what unique protection schemes are described in further de-
tail:

1. Accidental energization on turning gear protection which
consists of a non-directional instantaneous overcurrnet
relay that is in service only for a short period of time
after the generator is closed.

2. The relaying on the 115 kV OCB to the generator stepup
transformer (GSU) which consists of directional overcur-
rent relays and breaker failure relaying.

Under some operating conditions, the system in the area 1is
subject to possible unstable power swings. Because of this,
various things were done to try to maintain stability and to
protect the generator and system for actual instability.
Some of these are as follows and are explained in more
depth:

1. Microwave transfer trip relaying on one 115 kV line.

2. Fast trip zone 2 for 3-phase faults on the other 115 kV
line.

3. Out of step relaying on the generator.

4. Loss of field relaying set not to trip on any stable
swings.

5. No reclosing into faults.
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1.0 INTRCDUCTION

The Kettle Falls Generating Station owned and operated by
the Washington Water Power Company (TWWPCO) is the first
plant of its kind in the United States constructed for the
sole purpose of generating electricity using wood~waste as a
fuel. The plant site 1is located near the east bank of
Franklin Delano Roosevelt Lake approximately 85 miles north
of Spokane, Washington. U.S. Highway 395 is located at the
northeastern edge of the site. For the K.F. area electrical
system, please refer to Figure 1 on page 19.

The fully operational plant utilizes wood-waste as the pri-
mary fuel, with natural gas used as a backup or standby
fuel. The wood-waste, or hog fuel is supplied by independent
contractors operating within an 85-mile radius of the plant.
When fueled at maximum capacity, the facility produces a net
capacity of 42.5 MW,

The following several paragraphs briefly describe the gener-
ating system components of interest.

Generator: The generator is a 13.8 kV, 3600 rpm, three
phase, hydrogen inter-cooled, synchronous machine, rated
53,400 XVA at 0.95 power factor, 2.84 inertia constant, 0.58
short circuit ratio, (I.)*t=30.

Turbine and Governor: The turbine is a straight condens-
ing, single flow {(or stage) machine designed for inlet steam
conditions of 1450 psig at 950 degrees F, with a maximum
guaranteed rating of 46,000 Kilowatts at 2.5 in. (Hg) abso-
lute back pressure while extracting steam for 5 stages of
feed-water heating. The turbine is equipped with a digital
electro~hydraulic (DEH) control system (similar to IEEE type
1 speed-governing system or WSCC type 5 system). DEH con-
trols the speed and load of the turbine-generator by posi-
tioning the turbine steam valves in response to signals from
the operator's panel and the electronic speed detector.

According to the load rejection study for the X.F. genera-
tor, the maximum speed attained following unit separation
from the 115 kV system is 104.1 % {(or 63.5 cycles). The ini-
tial load on the generator was 46 MVA @ .95 power factor and
the final auxiliary load was 5.26 MVA @ .95 power factor.
The generator terminal voltage increased from rated to 105.6
% at 0.5 seconds following load rejection before the voltage
began to return to rated.

Exciter and Power System Stabilizer: Excitation 1s provided
by a Static Compound, High Initial Response System (or Shunt
SCR System). It is similar to the static compound system for
lower response ratios, except that this system includes a
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Power Current Transformer instead of a Saturable Current
Transformer. Control is accomplished by thyristors shunting
the field enabling response ratios up to 3.5 (Rated field
voltage = 250 Vdc, Ceiling Voltage = 469 Vdc). Since the
K.F. generator is small (smaller than 75 MVA), no power sys-
tem stabilizer is required.
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2.0 PROTECTION AT GENERATING STATION

Figure 2 on page 20 illustrates the K.F. station one line
and Figure 3 on page 21 illustrates the Kettle Falls genera-
tor protection. The following two sections briefly describe
the generator, exciter, and station service protection. The
relays discussed in the following sections may be located by
referring to Figure 3 on page 21.

2.1.1 Generator Protection

A great deal of consideration was given to providing backup
protection for those faults where a device failure could

subject the generator to serious damage. The following para-
graphs briefly describe each protection considered.

Stator Ground Fault: The type of grounding used is a dis=-
tribution transformer (15 kVA transformer, 12000/240 turns
ratio) with a secondary resistor (.7 ohms} which limits 3
times zero sequence current to 4.55 amps.

Although a single ground fault will not necessarily cause
immediate damage, the presence of one increases the proba-
bility of a second. This is because the occurrence of such a
fault is probably the result of damage which is not confined
to one sgpot. In effect, the existence of a ground fault
through high-voltage insulation is usually a result of an-
other potentially catastrophic trouble.

Referring to Figure 3 on page 21, 59NG (Generator ground
overvoltage relay} is used to detect a stator ground or bus
ground fault. It operates 86G within several seconds to
separate the unit from the bus. This type of ground relay-
ing protects about 95 % of the stator winding. Of course, to
be able to provide a sensitive setting without false oper=-
ations due to harmonics, a voltage relay tuned to 60 hertz
is used (A Westinghouse CV-8 was chosen}).

59NB 1s connected to the 13 kV bus and operates slower than
59NG. 59NB serves a dual purpose: First, it is a backup to
59NG 1in case of failure. Second, if the fault is on the 13
kV bus and not the generator, 59NG and 59NB will both oper-
ate and thus provide an indication to the operators of where
the fault is located. 59NB operates the transformer lockout
relay to clear a 13 kV bus ground fault.

Stator Line to Line (LL) Fault: A stator LL fault is very

serious because high currents can flow and produce large
amounts of damage to the stator winding and iron if allowed
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to persist. Induced twice-rated (actually 2 - slip) fre=-
quency rotor currents can also flow and damage the rotor
winding and iron if allowed to persist (Eddy current losses
are proportional to square of frequency). Because of the
nature of the construction of the armature, it is very
likely that this type of fault will grow to include ground,

thereby causing significant damage to the stator core. This
type of fault is detected by the generator differential re-

lays. A Westinghouse SA-1, variable % relay was selected to
provide good sensitivity.

The 46 (Negative sequence overcurrent vrelay) and 51V
(Voltage—~controlled overcurrent relay} may also detect a
stator LL fault and provide backup protection.

Loss of Excitation (Loss of Field): Loss of excitation (or
loss of field) results in loss of synchronism and eventual
operation of the generator as an induction machine. This
will result in the flow of slip frequency currents in the
rotor body and wedges, as well as severe torque oscillations
in the rotor shaft. The rotor is not designed to sustain
such currents, nor is the turbine generator shaft designed
to long withstand the alternating torgques. The result can
be rotor overheating, coupling slippage and even rotor fail-
ure. The length of time before serious damage occurs may be
a matter of seconds, and depends on the generator load at
the time of the incident, slip frequency, and whether the
field winding 1is open circuited or shorted.

A loss of excitation normally indicates a problem with the
excitation system which, depending on its nature, could be
serious (e.g. collector ring flashover). Because of the re-
active power absorbed to make up for the low excitation, the
K.F. generator cannot tolerate the continued operation with-
out excitation. Consequently, if the generator is not dis-
connected quickly when it loses excitation, areawide low
voltage will occur. A Westinghouse KLF-1 (Directional off-
set mho characteristic) was chosen for the loss of field
protection. The loss of field protection vs. stable and un-
stable swing curves will be further described in a later
chapter.

Motoring: Motoring of the generator can occur when the
steam flow to the turbine is reduced such that it develops
less than no-load losses (626 kW in our case) while the gen-
erator 1s still on line. Assuming excitation is sufficient,
the generator will operate as a synchronous motor driving
the turbine. The generator will not be harmed immediately by
synchronous motoring, but, if it occurs as a result of fail-
ure to complete a sequential trip, the protection for the
fault originating that trip is lost. In addition, the tur-
bine can be harmed through overheating during synchronous
motoring.
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If field excitation is lost, along with steam flow, the gen-
erator will run as an induction motor, driving the turbine.
In addition to possible harm to the turbine, this will
produce slip frequency currents in the rotor and the slip
frequency currents will damage the rotor winding and iron if
continued long enough.

A third type of motoring occurs when the generator is acci-
dentally energized when at low speed. This type of motoring
{Accidental energization on turning gear) will be further
described later.

Whichever relay 1is wused, the relay should not time-out on
power swings during synchronizing, nor should it time-out if
the directional unit operates on a transient basis during
nearby external faults. For the K.F. generator, a GE GGP53C
reverse power relay 1is used for the motoring protection.
While GE recommends a time delay of 30 seconds, a time delay
of 15 seconds is used, since a synchronizing swing can be
expected to be not much more than 10 seconds. Considering
that typical natural intermachine frequencies are 0.1 to 5
hertz, the 15 seconds time delay setting is resonable.

OQut Of Step (Loss of Synchronism): During any stage of de-
velopment of a power system, there will be some combination
of operating conditions, faults or other disturbances which
may cause the loss of synchronism between areas within a
power system or between interconnected systems. If such a
loss of synchronism does occur, it is imperative that the
asynchronous areas be separated before generators are dam-
aged, or before a widespread outage can occur.

When a generator loses synchronism, the resulting high peak
currents and off-frequency operation may cause winding
stresses, pulsating torques and mechanical resonances that
are potentially damaging to the turbine generator. In order
to minimize the possibility of damage, it is recommended
that the turbine generator be tripped without delay, prefer-
ably during the first half slip cycle of a loss of synchro-
nism condition (in the order of 0.1 to 0.5 seconds). A
combination of GE GSY (Offset mho characteristic) and GE CEX
(Blinder characteristic) relays are used at K.F. to detect
an out of step condition. This out of step protection vs.
unstable swings will be further described in a later chap-
ter.

Synchronizing Errors: For many hydroelectric generators,

sync check relays (25) or synchronizers are not wused. How-
ever, a sync check relay (Beckwith M-0188) used on the K.F.
steam-turbine generator supervises operator closing of the
generator Dbreaker. If maximum closing angle (10 degrees),
upper and lower limits, and delta V limit are not satisfied,
the sync check relay will not allow the generator breaker to
be closed.

193]
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Unbalanced Armature Currents: An unbalanced fault often
produces more severe heating in a machine than a balanced
fault. The negative sequence currents that flow during the
unbalanced fault induce twice-rated (actually 2 -~ slip) fre-
guency rotor currents. These currents tend to flow in the
surface of the solid rotor forging and in the non-magnetic
rotor wedges and end rings. The resulting loss quickly
raises the temperature. If the fault persists, the metal
will melt, damaging the rotor structure. A GE INC77F nega-
tive sequence overcurrent relay is used to detect negative
seguence currents.

The (I‘l)ak value of the K.F. generator is 30. The negative
sequence overcurrent relay is set below this curve to pro-
vide protection and the alarm unit is set at 0.08 per unit.

The 51V (Voltage-controlled overcurrent) relays can also de-
tect wunbalanced armature currents and thus they can provide
backup protection.

Abnormal Underfrequency Operation: During recent vyears,
considerable attention has been given to the operation of
steam turbine generators during major system disturbances.
In particular, the major concern has been with regard to the
possible damage of the steam turbine due to prolonged opera-
tion at reduced frequency during a severe overload condi-
tion, as might result from a system separation.

The K.F. steam turbine is comprised of one stage of turbine
buckets of various lengths and designs, each of which has
its own characteristic natural frequencies (typically
greater than 60 hertz). Departures from rated speed will
bring the stimulus frequencies closer to one or more of the

bucket natural frequencies with resulting higher vibratory
stresses.

The off-frequency operation will also result in the flow of
slip frequency currents in the rotor body, wedges, and end
rings and eventually damage the rotor iron and winding if

continued long enough. Especially, a slip frequency (or
forcing frequency) of 31.15 hertz must be avoided not to
have resonance. A three-step definite timing scheme (57

hertz with .5 seconds time delay, 58 hertz with 5 seconds
time delay, and 59 hertz with 30 seconds time delay) using
an Electromax SFR-59-3A underfrequency relay in series with
a 52/b contact is used for the K.F. generator.

Abnormal Overfrequency Operation: The abnormal frequency
operation is not desirable as discussed before. The K.F.
generator 1is equipped with an electronic overspeed device.
its set point is 66 hertz (or 10 % overspeed).

Accidental Energization on Turning Gear: When a generator
is energized three phase while on turning gear (normally 3
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RPM}, it will behave and accelerate as an induction motor.
The equivalent machine impedance during the high slip inter-
val can be represented by negative sequence resistance (R2)

in series with negative sequence reactance (X2). The ma-
chine terminal voltage and current during this interval will
be a function of generator, transformer and system

impedances. During the period the machine is accelerating,
high slip frequency currents will be induced in the rotor
and the time to damage may be in the order of a few seconds.
High stator currents (similar to locked rotor currents) can
also damage the stator winding and core if allowed to per-
sist. To prevent damage to the rotor, stator, bearings,
etc., it is desirable that high speed protection be provided
for this contingency.

There are several relays used in the generator zone that can
be set to eventually detect this condition. These are the
51V (Voltage-controlled overcurrent relay)}, 32 (Reverse
power relay) and 40 (Loss of excitation relay), but they
will not operate instantaneously for this condition. There-~
fore, the preferred approach is to provide an instantaneous
tripping means specifically designed for this purpose. De-
vices 50 (Instantaneous overcurrent relay} and 50X (Auxil-
iary relay) are used for this protection. 50 and 50X operate
86G which trips the generator turbine, main exciter breaker,
and generator «circuit breaker. For further detail, please
refer to Figure 5 on page 23.

System Fault: To detect a sustained system fault, voltage-
controlled overcurrent relays (51V}) are used. The 51V relays
can detect close-in faults such as SLG, LL, LLG and 3 phase
faults while providing other voltage and current relays with
backup protection.

The most common usage of this relay is on synchronous gener-
ators as a backup relay. The reason to have a voltage-
controlled relay 1is that after the generator has been
feeding a fault the generator output can be 1less than the
full load of the machine. However, the resulting machine
terminal voltage will be reduced.

Theoretically, the 3 phase fault current is as low as 1226
A, but the generator will generate higher fault current than
this Dbecause the HIR excitation system will raise the field
voltage. The 51V relays were set at approximately 50 % of
machine rating and set to coordinate with the station ser-
vice overcurrent relays.

Field Overvoltage (Off-line and On-line): Exciter: Exceg-
sive field wvoltage <can cause serious overheating of the
rotor winding and metallic parts. Therefore, the Shunt SCR
system is equipped with a field overvoltage device. The on-
line field overvoltage device set point is 279 Vdc with 15
seconds time delay and the off-line field overvoltage device
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set point is 105 Vdc with 10 seconds time delay. This device
trips the main exciter breaker and generator breaker.

Over-Volts Per Hertz: Exciter: Excessive flux can cause se-
rious overheating of metallic parts and localized melting of
generator core laminations. Therefore, the Shunt SCR system
is equipped with an over-volts per hertz device. The set
points are 1.1 per unit with 45 seconds time delay and 1.18
per unit with 2 seconds time delay. This device trips the
main exciter breaker and generator breaker.

Field Ground: Exciter: The generator field winding is not
normally grounded. Therefore, the existence of one ground
fault in the winding should not damage the rotor. The pres-
ence of two or more grounds, however, does cause magnetic
and thermal imbalance plus localized heating and damage to
the rotor forging or other metallic parts. Therefore, the
Shunt SCR system is equipped with a field ground detector.
This device trips the main exciter Dbreaker and generator
breaker.

2.1.2 Station Service Protection and GSU Protection

The main topic of this paper is the generator protection and
stability consideration, so only the automatic transfer
scheme and GSU protection will be described briefly.

Automatic Transfer Scheme: Automatic transfer of highly es-
sential station auxiliary loads such as the boiler feed pump
and induced draft fan is common practice. Paralleling the
normal and emergency sources is not generally recommended
because the higher breaker interrupting duties involved can
cause problems, as can circulating currents between systems.
The transfer scheme requires interlocks to prevent parallel-
ing of the supply sources. Transfers should not be made if
voltage in the alternate supply is not satisfactory or the
load circuits are faulted. Also, supply breaker tripping
should be delayed long enough to permit fault sectionalizing
in the load circuits.

Referring to Figure 2 on page 20 and Figure 6 on page 24, if
undervoltage (line to line voltage)} on the 13.8 kV generator
bus is detected, circuit breakers 3A12, 2a1l, and 3Bl12 will
trip. Circuit breakers 3242, 2A9 and 3B42 will close on a
fast transfer to busses 3A, 2A and 3B. Re-~transfer to normal
sources will be manual. Automatic transfer will not occur
for bus faults on busses 3A, 2A and 3B.

GSU Protection: Referring to Figure 3 on page 21 and
Figure 7 on page 25, the GSU is equipped with a sudden pres-
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sure rise relay and 3 Vestinghouse HU transformer and bus
differential relays.
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3.0 PROTECTION AT SWITCHING STATION

This section will briefly describe transmission line relay-
ing and breaker failure relaying. Some of the schemes will
be further described in the next chapter.

3.1.1 Relaying on The 115 kV OCB to GSU

The general relaying scheme is a set of directional phase
and ground overcurrent relays plus our standard 115 KV
breaker failure relaying scheme. The short line section be-
tween the GSU and 115 kV OCB is also protected primarily by
differential relays (87L). The 115 kV OCB to GSU is tripped
when one line is out of service and a fault is on the other
line. The reason for this is to isolate the generator from
the 115 kV bus when both lines are tripped. This will aid in
the restoration of the system and the generator can stay on
line feeding the station service load. The closing of the
115 kV OCB to GSU is by hot line/dead bus or hot bus/dead
line.

All protective relay trips of the 115 kV OCB to the GSU also

operate an auxiliary tripping relay (94T1) which operates
the 86TL transformer and line lockout relay at the plant via

an interposing relay (94TX1l}. The interposing relays are
needed because the switching station and the plant have dif-
ferent batteries. Please refer to Figure 3 on page 21 and

Figure 7 on page 25 for further detail.

Short Line Protection: The distance between the GSU and the
115 kV OCB is about 300 feet. Using three overcurrent relays
as differential relays to protect the short 1line has the
following advantages.

1. Economically 3 overcurrent relays are much cheaper than
three high impedance voltage differential relays.

2. Faults on this short line would normally be of high mag-
nitude and easy to relay. Light faults on this line
would not reguire high speed clearing.

3. 67 (Directional phase overcurrent relay connected A
phase and C phase) and 67N (Directional ground overcur-
rent relay) can provide adequate backup protection. Es-
pecially, 67 can be set below the full load current of
the K.F. generator since they see only the currents
flowing into the GSU.
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115 kV Breaker Failure Relaying: The scheme selected for
the 115 kV OCB to the GSU uses an instantaneous overcurrent
relay (50BF) and two timers. The instantaneous overcurrent
relay 1is comprised of three units enclosed in one case, and
is connected to two phases and ground (This type of breaker
failure relaying is TWWCO's standard 115 kV breaker failure
relaying). It also has two sets of electrically separate
contacts. There are two methods of obtaining a breaker fail~
ure operation with this scheme (Refer to Figure 8 on page
26} ¢

1. The first method (operation for an OCB failure} --- A
line protective relay and 50BF pickup for a fault and
energize 62BFX. Relays 50BF and 62BFX then energize
short time timer 62BF-1. If the fault is not cleared,
62BF-1 times out in about 11 cycles and operates the bus
lockout relay.

2. The second method (operation for a trip fuse blown) =---
Relay ©50BF energizes long time timer 62BF-2 directly
which times out in about 3 seconds. The 62BF~2 then
closes a contact to attempt to trip the breaker and also
closes another contact to energize 62BF-1. If the fault

is not cleared, 62BF-1 times out and operates the bus
lockout relay.

In this type of breaker failure scheme, the 50BF relay must

be set above load current, which could directly operate the
timer and trip the breaker.

3.1.2 Relaying on The 115 kV OCB to Colville BPA

The 115 kV OCB TO Colville BPA has 3 distance relays, 2 di-
rectional ground relays (one is 67NT), and our standard 115
kv breaker failure relaying. In addition, it has a micro-
wave transfer trip scheme using RFL model 6745 audio tone
equipment and a Progress tone test panel. This pilot scheme
is necessary for stability purposes and will be discussed in
the next chapter.

The reclosing for this line breaker is by hot line/dead bus
or sync check. The closing for this 1line by 101 (manual
switch) is direct and the closing for this line by 201 (su-
pervisory control) is by hot bus/dead 1line, hot line/dead
bus, or sync check. 1In addition, phase angle indication
across this line breaker is provided both locally and re-
motely to the System Operators Office via SCADA. For fur-
ther detail, please refer to Figure 9 on page 27.
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3.1.3 Relaying on The 115 kV OCB to Addy

The relaying scheme on the 115 kV OCB to Addy consists of
our normal 115 kV distance and directional ground scheme
with our standard 115 kV breaker failure relaying. The only
exception is that the zone 2 relay operates a second timing
relay via a GE PJC overcurrent relay for 3 phase faults
only. This is because of possible stability problems for
slow clearing 3 phase faults and will be discussed in more
detail later.

The closing and reclosing of this breaker is identical to

those of the 115 kV OCB to Colville BPA. For further detail,
please refer to Figure 10 on page 28.
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4.0 STABILITY CONSIDERATION

Generally speaking, a high impedance between two systems
means an electrically weak tie which, in turn, means more
possibilities of instability under certain operating condi-
tions. Referring to Figure 1 on page 19, the Addy 115 kV
bus is moderately strong electrically (3 phase fault duty is
approximately 1540 MVA). The impedance (including the gen-
erator impedance) between Kettle Falls and Addy is fairly
high. Also the impedance from Kettle Falls through Colville
to Boundary is quite high. This means that there could be
some stability problems around Kettle Falls.

Because the system in the area is subject to stability prob=-
lems, various things were done to try to maintain stability
and to protect the generator and system for actual instabil-
ity. These are listed as follows and will be described fur-
ther in the following sections:

1. 1Install microwave transfer trip relaying on the Kettle
Falls to Colville BPA line.

2. Use fast trip zone 2 for 3-phase faults on the other 115
kV line.

3. Provide out of step relaying on the generator.

4. Set loss of field relaying to not +trip on any stable
swings.

5. Set directional phase overcurrent relays to not trip on
any swings.

6. Do not reclose intc faults.

7. Verify that the generator ACB can withstand a recovery
voltage of two times normal at expected out of step cur-
rent.

8. Line distance relays are set not to trip unnecessarily
on any swings.

9. Provide a generator with high initial response
excitation system.

Microwave Transfer Trip Relaying on The Kettle Falls -
Colville BPA Line: Referring to Figure 1 on page 19,
Figure 11 on page 29, Figure 12 on page 30, and Figure 13 on
page 31, the K.F. generator will go unstable if a 3 phase
fault on the K.F. Tap-Republic line is not cleared quickly
enough. This necessitated installing the microwave transfer
trip relaying. Since the reach of the zone 2 distance relay
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is not long enough to reach Republic, a zone 3 distance re-
lay was added to protect the line adequately and to reduce
possible stability problems.

Fast Trip Zone 2 for 3-phase Faults on Kettle Falls - Addy
115 kV Line: From the system stability standpoint, the
speed of MUTT relaying is not required, but faster tripping
(within 20 cycles) than typical =zone 2 distance relaying
speed (typically 24 <cycles total clearing, with 20 cycles
time delay) is essential. This is because instability may
occur for 3 phase faults near Addy with long clearing times.
Therefore, zone 2 distance relaying (supervised by a 3 phase
fault detecting overcurrent relay) with 12 cycles time delay
was added to detect remote 3 phase line faults.

Out of Step Relaying on The Generator: The mho-blinder
scheme (which was designed to trip after a swing locus has
passed between the systems) using GSY and CEX relays works
very well, but its detection of an out of step condition is
slower than that of a conventional double-blinder scheme
(which was set up to trip before a swing locus passes be-
tween the systems]). Even though the double-blinder scheme
could, in general, detect various out of step conditions
faster than the mho-blinder scheme, it could misoperate for
fast stable swings or trip at the wrong instant and could
damage the generator breaker being tripped and create more
stresses with the two system segments 180 degrees apart at
the instant of interruption. Therefore, the mho-blinder
scheme was selected.

Figure 11 on page 29, Figure 12 on page 30, and Figure 13 on
page 31 illustrate unstable swing curves, out of step relay
settings, and loss of field relay settings.

Loss of Field Relaying Set Not to Trip on Any Stable Swings:
As explained before, a loss of excitation could develop
areawide low system voltages. Therefore, a Westinghouse
KLF-1 logs of field relay is used to detect this condition.

To set the loss-of-excitation relay, the following factors
should be taken into account:

1. The loss of field relay should not limit the machine ca-
pability.

2. Before the locus of load on the R-¥ plane reaches the
steady~state stability limit and when the machine is be-
ing operated wunderexcited, the loss of field relay
should trip.

3. The loss of field relay should trip on a loss of field

with no load. 23 MVA (0.43 p.u.) will flow towards
the machine according to the V curves.
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4. The loss of field relay should not trip on any stable
swings. The 15 cycles time delay (built into) of the
KLF-1 was needed to avoid false tripping on stable
swings. The KLF-1 operating characteristic was also off-
set towards the generator for the same reason.

5. The Kettle Falls generator should not be operated under-
excited for a long time. If it is, it will be operated
at a larger rotor angle, lower field voltage, and larger
Q absorbed from the system. This may cause system volt-
age problems.

6. The Kettle Falls generator should not be operated as an
induction generator.

7. The loss of excitation relay should not operate before
URAL operates to correct excitation problems. The URAL
stands for underexcited reactive ampere limit. It pre-
vents the a.c. wvoltage regulator from reducing the gen-
erator excitation to a level which results in loss of
synchronism.

The URAL, machine capability, KLF-1 curves are shown on Fig=-
ure 14 on page 32. It is interesting to note that the KLF-1
recommended setting (when dynamic studies are not available)
might cause misoperation on certain stable swings. This
fact emphasizes the importance of dynamic studies.

Directional Phase Overcurrent Relays Set Not to Trip on Any
Swings.: Generally speaking, directional phase overcurrent
relays might detect power swings depending on their pickup
and time lever settings. However, the directional phase
overcurrent relays on the 115 kV OCB to GSU were set not +o
trip on any swings.

No Reclosing into Faults: Automatic reclosing into faults
is not practiced at all for any 115 kV breakers at the
Kettle Falls switching station in order to reduce possible
stability problems and stresses on the generator.

Generator Breaker to Withstand & Recovery Voltage of Two
Times Normal: With the two system segments 180 degrees
apart at the instant of interruption, a theoretical undamped
recovery voltage of four times normal is possible, However,
a normal 14.4 kV air circuit breaker is qood for 1.88 times
normal. Practically speaking, the Kettle Falls generator
breaker might have to withstand a recovery voltage of two
times normal. The generator breaker is a standard 14.4 kv
indoor air circuit breaker with 28 kA interrupting capacity
and so it can withstand a recovery voltage of 2.12 times

normal at 30 % (or 8400 amps) of interrupting capacity.

Distance Relays Not to Trip Unnecessarily on Any Swings:
The local distance relays will not trip circuit breakers un-
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necessarily on any power swings (If the line circuit break-
ers were incorrectly tripped, they could have to withstand a
recovery voltage of two times normal). Therefore, no out of
step Dblocking is required for any line breakers at Kettle
Falls since they do not have to withstand a recovery voltage
of two times normal for several seconds.

Generator with High Initial Response Excitation System: The
excitation of the Kettle Falls generator is provided by a GE
static compound, high initial response system. Its response
ratio is 3.5.

Stability Consideration 16



5.0 CONCLUSION

As mentioned earlier, each generator has its own unique pro-
tection systems, as is the case with the Kettle Falls unit.

The Kettle Falls generator is well protected for abnormal
faults and operating conditions.

There are five design criteria (reliability, speed, selec-
tivity, economics, and simplicity) common to any well~-
designed and efficient protective system or system segment.
Since it is often impractical to satisfy all of these design
criteria simultaneously, the necessary compromises are eval-
uated on the basis of comparative risks.

An example of such a compromise is protecting only 96.6 % of
the stator windings by the 59NG relay as opposed to 100 %
protection. Recently, some utilities have been concerned
about 100 % protection of stator windings. Economical justi-
fication does not appear to warrent 100 % stator winding
protection at Kettle Falls and 96.6 % protection is consid-
ered adequate.

It has often been said that protective relaying is an art
rather than a science. It does make sense because ten relay
engineers could end up designing ten different relaying
schemes for the same job. The protective relaying schemes
presented here may not be completely consistent with schemes
of other utilities, but they should provide a similarly good
level of system protection.

Conclusion 17
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