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1. Executive Summary

After the July 2 and August 10, 1996 disturbances within the WSCC which caused
cascading outages of transmission and generation and a widespread loss of customer
load, the technical groups evaluating those events recommended a number of action items
to enhance interconnected system reliability. One of those action items was that WSCC
member systems should evaluate the need for Undervoltage Load Shedding (UVLS) and
report to WSCC regarding the implementation of UVLS on their individual systems.

Other documents supporting the call for UVLS studies are the NERC report titled
“Survey of Voltage Collapse Phenomenon” (August 1991), the NERC Planning
Standards (approved September 1997) and the WSCC Policy Regarding Extreme
Contingencies and Unplanned Events (approved October 1997, see Appendix C). The
WSCC policy in particular, places strong emphasis on the application of Safety Nets to
protect the system from unplanned events outside the performance levels defined under
the WSCC Reliability criteria. UVLS is one of the Safety Net schemes identified under
the WSCC policy.

To assist member systems on how to perform UVLS Studies to comply with WSCC
mandate, the Technical Studies Subcommittee (TSS) formed an Undervoltage Load
Shedding Task Force (UVLSTF) with a direction to:

•  Develop guidelines for the member systems to determine if they would benefit from
UVLS either as a Remedial Action Scheme (RAS) or as a Safety Net

•  Prepare application guidelines to design UVLS systems
•  Develop methodologies to study and implement UVLS

This report is prepared to achieve that goal. The report explains, with examples, which
systems may find UVLS beneficial and which systems may not. It also provides a section
on “Design Considerations” to benefit the user from the experiences of utilities who have
already installed UVLS in their systems.

UVLS has been successfully deployed in many systems throughout the world to protect
local systems from voltage collapse. Alternatives to improve reactive margin and voltage
profile in a voltage sensitive area include new generation, new transmission facilities, and
shunt compensation including static VAR compensation. For low probability events and
extreme contingencies, UVLS may be the most economical solution in preventing voltage
collapse.

Implementation of UVLS is not mandatory for member systems. Although most systems
may find UVLS very effective in preventing voltage collapse, it may not benefit all
systems. For example, systems with fast voltage decay characteristics (less than a second)
may find direct load tripping to be a better alternative. However, systems that are at a risk
of fast voltage decay may also be at a risk of slower voltage decay under different
conditions. Studies should be performed to determine which systems are the potential
candidates for a suitable UVLS scheme.  It should be noted that NERC Planning
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Standards and the WSCC Reliability Criteria do not allow load shedding under certain
conditions.

For systems that implement UVLS, it is recommended that UVLS should be automatic. If
a system has an existing manual UVLS scheme as a RAS, it should be replaced or
supplemented with an automatic UVLS scheme. The two schemes should then be
properly coordinated in terms of voltage pick-up, time delay, and the amount of load to
be shed. The load to be manually shed should not be part of the automatic scheme. UVLS
schemes should also be properly coordinated with other load shedding schemes within
the same system and in neighboring systems.

This report should be used in conjunction with the “Voltage Stability Criteria,
Undervoltage Load Shedding Strategy and Reactive Power Reserve Monitoring
Methodology Report” approved by WSCC in August 1998. For convenience, the later
report is referred with a short title “Voltage Stability Criteria” throughout this document.
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2. UVLS Application Guidelines

A voltage collapse of part of the electrical system is an indication that for the existing
conditions and contingencies, some portion of the combined generation and transmission
system has been operated beyond its capability. Voltage collapse can also be a symptom
of a much larger problem, and when the system starts to collapse, there is a real danger
that the localized problem will cascade into wider areas. The purpose of proper system
planning and operating philosophies is for the system to function reliably, and failing
that, to contain the impacts of disturbances to localized areas. While UVLS is not
mandatory for member systems, it can be useful tool to protect the system from voltage
collapse, or uncontrolled loss of load or cascading.

Voltage collapse, or uncontrolled loss of load or cascading may occur, for example, when
sending sources are far enough removed from an area that the voltage at its loads
experience a significant drop, especially during outage contingencies. System studies are
needed to determine which systems are the potential candidates for a suitable UVLS
scheme. It is most useful in a slow-decaying voltage system with the under-voltage relay
time delay settings typically between 3 to 10 seconds. When overloads occur on long
transmission lines in conjunction with a significant local voltage dip, then the effect of
UVLS action would also be to alleviate such overloads.

The disturbances appropriate for UVLS are among those described in NERC Planning
Standards Categories or WSCC Reliability Criteria Performance Levels, or for multiple
events beyond these Standards and Criteria, as in Safety Net1 applications. Among all the
potential uses of UVLS, it is usually not helpful for mitigating transient instability. The
relay time delay to trip is normally set long enough to avoid false tripping and, hence
load tripping will not occur fast enough to mitigate a transient stability event. UVLS is
usually not helpful for mitigating local network facility overloading. The under-voltage
trip threshold must be set low enough (again to avoid false tripping) that the UVLS relays
would not pick up for most system conditions under which the typical facility would
overload. Careful consideration must be given in developing any UVLS policy so it will
not conflict with other allowances in the Criteria.

In today’s stressed transmission system coupled with declining reactive power reserves,
most systems will find it difficult to meet NERC and WSCC standards and criteria
without using automatic transmission controls such as reactive switching, RAS, and
UVLS. Among these control actions, UVLS is gaining acceptance as a reliable and cost-
effective remedial action to prevent voltage collapse. The earlier fears of false load
tripping associated with automatic UVLS have subsided due to more accurate solid-state
relays and microprocessor controls, and with some redundancy in design such as
receiving input from more than one source.

UVLS can be a low cost alternative to constructing new transmission lines or new
generation to maintain system security. While new transmission lines and new generation
projects are needed to meet the system load and provide long-term stability, such projects

                                                
1 Refer to “WSCC Policy Regarding Extreme Contingencies and Unplanned Events”, October 9,
1997 in Appendix C.
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typically take about 3-10 years to complete. UVLS can be used as an interim measure
until these projects are completed.

2.1 System Scenarios
All system cascading events have low or very low voltages occurring in the system. The
speed at which voltages change affects the types of measures that will be effective to
prevent or contain the events. This speed is influenced by time and voltage varying
characteristics of system elements like the loads, automatic tap changing transformers,
generator excitation controls, governor and turbine response, protective relays, and other
automatic or manual control actions. The relevant features should be represented in
system studies. With this in mind consider the following:

1. Long-term (slow) voltage collapse.
There have been some examples outside WSCC where voltage collapse has occurred that
builds up over a long period, 5 minutes to an hour. In this condition, increasing loads are
met from remote sources. The loads may be both voltage sensitive, and thermostatically
increasing to meet constant cooling or heating demands. A simulation may correctly
indicate immediate load relief from voltage reduction by voltage sensitive loads, but it
must also include thermostatic load effects as distributed demands switch more loads on
in an attempt to achieve a constant cooling or heating energy demand. Additional features
that may accompany long-term voltage collapse are adverse control actions like
transformer automatic load tap changing to boost lower voltage systems, and generator
protective systems.

When designing a UVLS plan to protect against long-term and classical (following
paragraph) voltage collapse, the effect on the transmission system of lower voltage
distributed transformer load tap changing action and over-excitation-limiters must be
simulated and addressed. If UVLS relays sense voltage at the low voltage side of load tap
changing transformers, they may not trip loads before excessively low transmission
voltages are reached. Locations that have experienced long-term voltage collapse are
Sweden 12/27/83, Japan 8/22/70 and 7/23/87, and France 12/19/782. Figure 2-1 is given
to illustrate a voltage collapse in France on January 12, 1987 that lasted over 6 hours.

                                                
2 “Voltage Stability Analysis with Emphasis on Load Characteristics and Undervoltage Load
Shedding”, Carson W. Taylor, IEEE/PES Summer Meeting, Long Beach, CA, July 10, 1988.
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Figure 2-1 Voltage Collapse in Western France on January 12, 1987

2. Classical voltage collapse.
The result of low voltage in a load center following an outage is classical voltage
instability. An outage occurs for which there is not sufficient reactive reserves to stabilize
the system voltage within the first 30 second to 5 minutes. This type of voltage instability
is illustrated in figure 2-2. The second graph of figure 2-2 illustrates a coupled effect
between generator field current limiting and system voltages.
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b. Generator field currents for outage of one 500 kV transmission line. Field
current limiting on Gen 3.

Figure 2-2 Classical Voltage Collapse

An example is the July 3, 1996 disturbance with loss of the Jim Bridger-Goshen and Jim
Bridger-Kinport 345 kV lines, and simultaneous loss of two Jim Bridger generation

a. Load area voltages for outage of one 500 kV transmission line
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plants (1000 MW total). This disturbance resulted in low voltages in the Boise area, but
did not cascade into a widespread voltage collapse due to quick operator action to drop
load in the Boise area.

A similar incident had occurred a day earlier (July 2, 1996) by the loss of the same two
345 kV lines supporting the Boise area and loss of two Jim Bridger generation plants
(1000 MW total), but without operator intervention to trip load. Without load tripping,
this condition was gradually degraded by the loss of another line and reactive support
devices in the area. The collapse took nearly one half minute to occur, so there was
enough time to shed load with an automatic load shedding scheme if the under-voltage
relays could be set sensitive enough to pick up.  Figure 2-3, however, suggests that this
may not have been possible, because for a good part of the 30 seconds the voltage
appeared to stay up well.  This may be an incident best served by direct load tripping.

Figure 2-3 July 2, 1996 Voltage Collapse

The failure to mitigate the voltage collapse in the load center may adversely affect a
nearby interconnection and could result in a cascading event.  This appears to be what
happened to the Montana-Idaho and California-Oregon Intertie (COI) following the
collapse of the Boise load area.

3. Transient Instability
A fast voltage decay occurring on an interconnection is not a voltage collapse.  It is
characterized by voltage reduction in the 0 to 10 percent range in the load centers
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followed by a very fast collapse occurring over only a few seconds on an interconnection
away from the load centers.  The rapid voltage decay is the result of increasing angles
between the interconnected systems as they pull out of step.  The difficulty in applying
UVLS for such a disturbance is that the voltage within the major load areas may not be
depressed enough, and for a long enough time for UVLS relays to operate.

An example of this type of disturbance is the August 10, 1996 disturbance.  The system
response was characterized by slightly lower than normal voltages in the Portland load
area followed by a very fast voltage decay in the Malin area which took only about 5
seconds to go from 1.0 p.u. to 0.5 p.u. During that time, 1000 MW of generation and
reactive supply tripped at McNary, and large power oscillations across the COI and in the
PDCI were occurring. The McNary generator trips caused other Northwest hydro
generators to generate greater power and a greater angle developed between the NW
generation and California over the COI interconnection. At Malin, midpoint of the
interconnection, the angle separation was significantly increased and power and voltage
oscillations increased rapidly until the COI lines separated. The distinction between
voltage instability and angle instability, causes and effects, is unclear at this point.

It is clear that an UVLS scheme would not have operated even if it were installed,
because the voltage was swinging at oscillation frequencies of about 0.2 to 0.5 Hz
between magnitudes of 0.5 pu to 1.5 pu (see figure 2-4).

Figure 2-4 Validation Studies of the August 10, 1996 WSCC System Outage
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Islanding
The WSCC Reliability Criteria allows controlled system islanding for level D and E
contingencies. For inter-area connections, under-frequency load shedding (UFLS) is
applied to help prevent islanding, then to minimize the effects, and recover stable islands
when islanding does occur. These events occur much faster than UVLS relays can
appropriately respond.

UVLS cannot provide protection for all the types of events addressed by the planning
standards and reliability criteria, but it may be a solution to smaller, initial problems that
could lead to large events.

2.2 UVLS for Planning Standards and Reliability Criteria
The use of load shedding to meet the Performance Levels is allowed for the purposes of
meeting the NERC Planning Standards and WSCC Reliability Criteria. The WSCC
Performance Levels A and B do allow planned loss of load in a system where the
disturbance originated, but not in the neighboring systems. For WSCC Levels C, D and
E, planned loss of firm load can occur on all systems, however cascading cannot occur.
All member systems within the WSCC should perform system studies to determine if
their systems satisfactorily meet the planning standards and reliability criteria. If
standards and criteria are not met, then UVLS may be a useful tool.

The following points illustrate how UVLS can be used to meet NERC Planning
Standards and WSCC Reliability Criteria:

1. If UVLS is to be evaluated as an option to meet the planning standards and reliability
criteria, load shedding studies should be performed as described in this report. Note
that UVLS is not effective for those systems or contingencies where voltage collapse
occurs in less than one second, or where overloads occur without sufficient voltage
drop.

2. Systems that currently have a manual UVLS schemes could significantly improve
system reliability by supplementing or replacing their manual schemes with automatic
UVLS. The voltage pick-up and time delay settings of the automatic UVLS must be
properly coordinated with the manual scheme.

3. Systems where voltage collapse is not likely to cascade into neighboring areas can
still benefit from a cost-effective UVLS; 1) to avoid local voltage collapse, 2) to
control loss of load, and 3) to facilitate load restoration.

4. Systems where the needed generation and /or transmission projects have been
delayed, and the resulting lack of voltage support is likely to put the system at a risk
of voltage collapse, could employ UVLS until those projects are operational.

5. Some systems may use UVLS to support an increase in transfer capability across a
certain transmission path.  If UVLS is used to meet the WSCC criteria in supporting a
path rating, the failure of elements in the UVLS scheme should be considered in
establishing the path rating.

6. If UVLS is used to meet planning standards and reliability criteria, then it must be
highly reliable. UVLS is usually applied with local relays tripping local loads, in
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which case a failure to trip does not mean the failure of all UVLS, but only one
portion of the UVLS. If the desired planning standards and reliability criteria are not
met with failure to trip the most effective load, sufficient additional load can be
armed to shed so that the criteria would be met. Where a central UVLS or a direct trip
control is used, redundancy may be necessary so that RAS failure is not credible.

7. UVLS should be designed in a way to recover adequate real and reactive power
reserve margins in the system following contingencies. These margins should be
equal to or greater than those defined under the WSCC Voltage Stability criteria.

8. Some individual systems or “pockets” within these systems may use UVLS to
mitigate low voltage conditions caused by extreme weather conditions or
unanticipated load growth, even without any disturbances. Such systems would need
to drop even more load under contingencies. A multi-stage load dropping scheme
may be suitable for such systems.

9. UVLS can be armed to operate during limited times or seasons of the year, for
specific load levels, and /or during specific disturbances such as loss of a certain
transmission path. This is in contrast to UVLS applied as a Safety Net where it is
usually more appropriate to arm the scheme all the time.

2.3 UVLS for Safety Net Use
The purpose for using automatic UVLS as a Safety Net is to protect the system from
collapse or cascading for outages beyond the normal NERC and WSCC design
requirements. The WSCC Policy Regarding Extreme Contingencies and Unplanned
Events (see Appendix C) requires the use of Safety Nets to minimize and reduce the
severity of low probability and unforeseen events. As taken from that document, Safety
Nets shall:

1. be utilized to minimize and reduce the severity of low probability and unforeseen
events,

2. be distinct from Remedial Action Schemes, which can be used to maintain system
reliability while complying with Performance levels A-D,

3. not affect the system transfer capability , and
4. be implemented by areas or member systems that have initiated or could initiate

cascading outages in order to contain the impact of such disturbances.

The concept of Safety Net is used in UFLS for outages that propagate into large system
islands, and UFLS schemes may trip over  30% of customer load. This is mentioned for
comparison to UVLS, where there may be a need to automatically trip large amounts of
customer load for low voltage reasons. While UFLS applies load tripping for problems
involving large system islanding, UVLS uses load tripping to address reactive or var
problems that are local. Since “all vars are local” and voltage depressions are localized in
a classic gradual voltage collapse scenario, the UVLS safety net has very different
characteristics from the UFLS Safety Net.  The UVLS Safety Net must be customized to
become effective for those disturbances that lead to local voltage collapse.

Studies demonstrating the application of automatic UVLS as a Safety Net should adhere
to the following guidelines.
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1. Application of automatic UVLS should be considered as a Safety Net if it can be
demonstrated by studies that use of UVLS can prevent voltage collapse (or cascading)
for outages beyond the normal design requirements.

2. If an automatic UVLS is applied as a Safety Net, it should be designed to prevent the
loss of system elements, such as generators, and so that the system condition is
satisfactory after UVLS tripping (for example, positive VAR margin exists).

3. Automatic UVLS may not be a good candidate for Safety Net application under
certain circumstances, including:

•  If application of UVLS poses potential security problems, which may aggravate
the reliability problems it was intended to correct, or create collateral problems.
For example, exporting areas that can clearly demonstrate that applying UVLS in
their areas may in fact create a detrimental impact within their areas and/or on
neighboring systems.

•  Other mitigation measures provide better technical performance. For example,
systems that can experience fast voltage decay due to system characteristics may
find an inherently slow UVLS scheme inadequate for some disturbances. Such
systems may choose some other form of protection such as direct load tripping
instead of, or to supplement locally controlled UVLS.

•  Some utilities may determine that it is more prudent to do nothing based on an
overall risk assessment. They should clearly demonstrate that voltage collapse
will not cascade into neighboring areas.

The same load can be used as a Safety Net and as a component of UVLS to meet WSCC
Criteria.  Current policies and criteria do not exclude this possibility.  However, it must
be recognized that once the UVLS is used for a certain contingency, it will not be
available to mitigate unacceptable system performance for any subsequent disturbance.

Where UVLS is used to meet planning standards and reliability criteria, UVLS could be
restricted to specific contingencies by supervising controls to eliminate false load
shedding. In such cases load is shed only after trip signals from specific outages are
received and under-voltage settings are reached. However, using UVLS in a Safety Net
would not be so restricted since it must operate for a wide range of severe system
contingencies.

2.4 Reasons for considering UVLS for Safety Nets
There have been a number of widespread and dramatic voltage collapses throughout the
world. A Task Force within NERC studied the voltage collapse issue and prepared a
report entitled “Survey of Voltage Collapse Phenomenon.”3 One of the six recommenda-
tions in this report is “Regions or their individual utility members consider…the need for
and implementation of remedial measures to prevent, mitigate or deal with voltage col-
lapse.  Such measures could include: 1) coordination of voltage and reactive scheduling
among neighboring utilities and Regions; 2) blocking load tap changers during declining

                                                
3 “Survey of Voltage Collapse Phenomenon”, August 1991, NERC
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system voltage conditions; and 3) implementation of under-voltage load shedding
schemes.”

The July 2, 1996 Disturbance Report in Recommendation 1e required the WSCC
PCC/OC Joint Guidance Committee to “review and ensure that the recommendations
made in this (NERC) publication have been appropriately implemented within the
Western interconnection.”  This same assignment is also made in the August 10, 1996
Disturbance Report Recommendation 10d, to be completed June 1997.  Recommendation
10m states: “The WSCC member systems shall evaluate the need for and report to WSCC
regarding the implementation of under-voltage load shedding on their individual systems
to enhance interconnected system reliability (March 1997).”

NERC’s Operating Policy 6-Operations Planning contains the following criteria in
Section C-Automatic Load Shedding: “After taking all other remedial steps, a system or
control area whose integrity is in jeopardy due to insufficient generation or transmission
capacity shall shed customer load rather than risk an uncontrolled failure of components
or the interconnection.”  Section C.1.2 continues: “Automatic load shedding shall be
initiated at the time the system frequency or voltage has declined to an agreed-to level.
…  Automatic load shedding shall be in steps related to one or more of the following:
frequency, rate of frequency decay, voltage level, rate of voltage decay or power flow
levels.”

The NERC Planning Standards in Section III.E-Under-Voltage Load Shedding gives
further guidance on coordination requirements for any necessary UVLS programs.  Any
local program should be coordinated within the subregion and Region, with generator
protection and control programs, with transmission protection and control programs, and
with load restoration programs.

Largely in response to the July and August 1996 disturbance, WSCC developed the
Policy Regarding Extreme Contingencies and Unplanned Events.  The policy states that
“Safety Nets shall be used to minimize and reduce the severity of low probability and
unforeseen events.”  “Control areas and/or member systems that have initiated or could
initiate cascading outages shall implement prudent measures to locally contain the impact
of such disturbances.”  “Safety Nets are needed to minimize and reduce the severity of
these low probability and unforeseen events to prevent cascading.” The entire WSCC
Policy Regarding Extreme Contingencies and Unplanned Events should be used as a
reference for additional clarification and background (Appendix C).

In summary, WSCC has mandated that each member system shall evaluate the need for
UVLS on their system (this was scheduled to have been completed by December 1997).
If low probability and unforeseen events (beyond the WSCC Reliability Criteria) could
initiate cascading outages, then one possible Safety Net to minimize the extent of the
disturbance is UVLS.  Whatever Safety Net is chosen, it must be customized to local
characteristics and coordinated within the subregion or Region.

2.5 Design Information
The challenges in designing a UVLS scheme are to ensure operation only for intended
conditions, and to prevent operation during other conditions including momentary low
voltage conditions caused by system faults, load pickup, etc. An example of how to
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achieve this discrimination is demonstrated by a local group of WSCC utilities in the
Puget Sound area in the UVLS strategy used for their winter loads.  This strategy
recognized that:

1. The maximum duration for a fault would not exceed 30 cycles.
2. Measurement of the depressed voltage on all three phases provides added security

that a voltage collapse is occurring.
3. The maximum bus voltage dip following an outage is less than 5%.

These three items set the bounds for application of UVLS.  The under-voltage relay
pickup should be set lower than 95% of the normal minimum operating voltage, but high
enough to shed early in a disturbance to ensure effectiveness.  The relay time delay
should not be set shorter than any local fault duration (30 cycles in this case), and long
enough to insure that a real voltage instability is occurring.  The measurement of voltage
depression on all three phases adds security to the overall scheme. From this strategy,
Puget Sound area utilities developed a UVLS scheme.  Typical relays in the area are set
with a voltage pickup of 90% to 92% of the bus’ lowest normal operating voltage, and
with a time delay of 3.5 to 8 seconds. The load to be shed is divided into three stages of
load shedding based on voltage pickup and time delay.  Shorter time delays may be
appropriate for a predominant motor-based load (air conditioning). The Puget Sound area
utilities are reasonably confident that the load shedding will only occur for real voltage
instability problems, and not for other disturbances.  The example presented here is for
general information only.  The specific design considerations including voltage pickup
and time delay settings will vary form system to system.

For security purposes, two relays can be used to monitor voltage on the same bus,
tripping load only if both relays operate. Some utilities have applied UVLS relays to both
ends of high voltage lines that have distribution substations tapped off of them. The lines
must not be critical to the network, yet have generation supply at either end. Unless both
relays operate, the substation loads are not dropped.

UVLS may be more effective by monitoring higher voltage buses with under-voltage
relays, and shedding loads at lower voltage substations using direct trip signals.
Centralized load shedding has the advantage of greater sensitivity, with faster tripping.
The amount of load shed is predetermined, although several levels of load shedding are
possible. Other control actions (capacitor bank switching, HVDC fast power change,
generator voltage increase, generator tripping) are possible using the same remote
measurements. Cost may be high, especially if redundant sensors, computers, and
communication circuits are needed.
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3. Design Considerations

The following points should be kept in mind while designing the UVLS schemes:

1.  Load shedding scheme should be designed to coordinate with protective devices
and control schemes for momentary voltage dips, sustained faults, low voltages
caused by stalled air conditioners, etc.

2.  Time delay to initiate load dropping should be in seconds, not in cycles. A typical
time delay varies between 3 to 10 seconds.

3.  UVLS relays must be on PTs that are connected above automatic LTCs.
4.  Voltage pick-up points for the tripping signal should be set reasonably higher than

the “nose point” of the critical P-V or Q-V curve.
5.  Voltage pick-up points and the time delays of the local neighboring systems should

be checked and coordinated.
6.  Redundancy and enough intelligence should be built into the scheme to ensure

reliable operation and to prevent false tripping.
7.  Enough load should be shed to bring voltages to minimum operating voltage levels

or higher. Maintain VAR margin according to WSCC’s Voltage Stability Criteria.
8.  For load shedding to be manual or automatic, one-step or multi-step, the following

discussion will provide the necessary insight.

3.1 Manual or Automatic
The following excerpt from the NERC Planning Standards provides one perspective on
where to use manual or automatic UVLS. “Electric systems that experience heavy
loadings on transmission facilities with limited reactive power control can be vulnerable
to voltage instability. Such instability can cause tripping of generators and transmission
facilities resulting in loss of customer demand as well as system collapse. Since voltage
collapse can occur suddenly, there may not be sufficient time for operator actions to
stabilize the systems. Therefore, a load shedding scheme that is automatically activated as
a result of undervoltage conditions in portions of a system can be an effective means to
stabilize the interconnected systems and mitigate the effects of a voltage collapse.”

The July 2nd 1996 collapse was studied in depth: The following excerpt is from the July
2nd Validation study – which basically supports the above NERC perspective. “The root
cause of the July 2, 1996 system-wide disturbance was a voltage decay within 30 seconds
in the Idaho area (as a result of reactive deficiency prior to the disturbance), followed by
an undamped oscillatory system that ultimately resulted in COI angular instability and
system collapse. … The post-transient power flow validation analysis supports the theory
that after de-energization of the Bridger-Kinport / Bridger-Goshen 345-kV transmission
lines, tripping of 1,000 MW of Bridger generation, tripping of the Lagrande-Roundup
line and tripping of the Amps-Antelope 230-kV line (Amps Line), there was insufficient
reactive power support in the Idaho area.”

While in the literature, there are other instances of long, slow decaying of voltages and
final collapse, it is clear that protection should be given to the interconnected system for
potential cascading collapse in 30 seconds or so as in July 2nd, 1996. Therefore,
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1. Manual load shedding cannot be relied upon to provide the necessary action to
stabilize the interconnected systems and mitigate the effects of a voltage collapse.
Automatic load shedding is required.

2. However, manual load shedding can supplement automatic load shedding schemes.
3. Manual load shedding programs should not include, to the extent possible, customer

load that is part of an automatic UVLS program.
4. Manual load shedding can be used in small radial or self-contained systems where

there is no danger of cascading collapses.

3.2 One Step or Multi-Step
UVLS is inherently “multi-step” in the sense that buses will experience differing voltages
and voltage drops. This is unlike under-frequency sensing where all the buses in a local
area have the same frequency. Having all UVLS relays set at 92% of nominal, for
example, will work like groups of relays set at 91%, 92%, and 93% if the voltage drops to
below 91%, and the relays have the same trip delays. Reasons to have different voltage
settings and trip delays is to avoid over-tripping, and to attempt selectivity between loads.

1.  Plans to shed load automatically should be examined to determine if unacceptable
over-voltage, over-frequency, or transmission violations might result. Potential
unacceptable conditions should be mitigated.

2.  If over-voltage, or over-frequency is likely by a single large load shedding stage,
the amount of automatic load shed should be reduced, and multi-stage load
shedding be adopted.

3.  If N-2 events include EHV (500kV) and 230 kV combinations, a single stage of
load tripping may not be adequate to provide predictable, accurate and desirable
results. Using different trip delays, and/or trip set points may help.

4.  Dynamic studies should verify the UVLS voltage trip settings and trip time delays.

3.3 Relay Settings:
On applying under-voltage relays to automatically trip loads, choices must be made on
the time versus voltage response of the system and its loads. They are:

1.  Relay voltage trip levels for different load blocks, time delays to trip, time to reset,
and washout time.

2.  The selection of the load blocks to trip, their sizes, locations, and load composition.
3.  Relay automatic load restoration voltage levels, timing, and the choice of loads to

be automatically restored to control over-voltage. Automatic restoration can be
dangerous in UVLS and needs a lot of thought.

4.  Coordination with transformer load-tap changing, reactor and capacitor switching,
and generator VAR controls, and the total system response.

To develop these settings, it is important to model the loads with some form of voltage
sensitivity rather than constant MVA. Accurate load modeling to determine resultant
voltages is important, and because of time sensitivity, the models depend on whether
steady state or dynamic simulations are used. Loads are more constant current in the
dynamic state, and constant MVA in steady state. In the steady state, if LTCs hit limits
the loads reach MVA only after thermostats have settled, or more quickly in the case of
motors (and some loads do no reach constant MVA).
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It is important to address control and relay actions on the power system in both steady
state and dynamic simulations. They could include:

1.  Generator VAR controls like field current relays, reactive power limits, and line-
drop compensation.

2.  Transformer automatic LTC action and LTC blocking.
3.  Automatic capacitor and reactor switching, and SVCs.
4.  Remedial actions like direct load tripping.
5.  Other local protection systems, and relays affected by low voltage, such as

impedance relays.

The range of approaches between power flow and dynamic was described in a paper
written by the NWPP4 for the Puget Sound area, and is used to make the following
generalizations:

The mechanism of voltage instability is highly dependent on load characteristics,
particularly the voltage sensitivity of the load.

1.  In an area or sub-area with a high percentage of motor load, under-voltage load
shedding must be fast. There is danger of a complete blackout. For simulation,
motors must be represented as dynamic devices.

2.  In an area or sub-area with a high percentage of voltage sensitive loads (constant
impedance loads like heating and lighting), under-voltage load shedding design is
not as critical or sensitive, and short term stabilization at a low voltage may happen
without load shedding provided that unexpected relaying does not occur. For
simulation, dynamic representation of motors is less critical, and steady state
simulation may suffice.

3.  In an area or sub-area with a high percentage of voltage sensitive loads, it is
possible that the voltage will temporarily “stall” at an unacceptably low voltage
following initial load shedding. Under-voltage load shedding with longer time
delays may be required to return to normal voltage (an alternative is dispatcher-
directed load tripping). However, if a voltage decay occurs slowly, between minutes
and hours, the time delays will not matter. Relays with longer time delays will trip
as the voltage is first drifting down since the decay can take 10 to 30 minutes in
many situations.

4.  In a sub-area with coherent voltage decay that occurs in cycles or seconds, the
under-voltage load shedding should be staggered in time to avoid large voltage rises
and/or over-shedding.

The nature of possible voltage collapse may render local under-voltage load shedding
relays ineffective. For example, a fast voltage decay may occur across a system because
of high transfers and wide power angles, rather than from high loads in the area of
collapse. A transient stability simulation may be needed to verify angle stability. Under-
voltage relay tripping could be too slow or may exacerbate transfer loading, resulting in
higher reactive flows and lower voltage. Analysis may show that an angular instability
condition could be reached at voltages that are higher than the settings that could

                                                
4 “Under-voltage Load Shedding Program Design and Implementation for Puget Sound Voltage
Stability, Puget Sound Under-voltage Load Shedding Task Force”, Draft dated 7/10/90, p. 3.
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reasonably be applied to local substation or distribution under-voltage load shedding
relays. Direct load tripping would become necessary.

3.4 Load Modeling
Load models and their parameters are probably the most difficult and important
representation data to obtain. Loads are sensitive to voltage, frequency, and time. For the
voltage collapse time period, frequency sensitivity is not usually a concern, but load
sensitivity to voltage and time are always very important.

Voltage collapse can be studied in steady state simulations using constant MVA loads
having no voltage sensitivity, however, system response and actual performance of an
UVLS scheme may remain unknown by such simulations. Modeling with all constant
MVA loads will produce the most pessimistic results, but there can be disadvantages to
conclusions based on inaccurate analysis. The design may be less than optimal.

Voltage sensitivity may be modeled with loads at each bus represented as functions of the
bus voltage to a whole or decimal exponent.

P = Pload (a1vn1 + a2vn2 + a3vn3) and Q = Qload (a4vn4 + a5vn5 + a6vn6)

A common version of this is to model loads as part constant MVA, part constant current,
and part constant impedance. Load models are recommended in papers by Carson
Taylor5, and IEEE6. Because loads are typically voltage sensitive, a partial voltage
collapse will typically bring the system operation around to the underside of the PV
curve. It may be at this location of the curve that voltages are low enough to enter typical
UVLS relay trip settings.

A load synthesis program (such as the EPRI LOADSYN Program) can help to model the
voltage sensitivity of loads by equating customer classes to typical load characteristics.
The fractional parts of the customer classes being served at a load bus are used to
determine fractional amounts of the load characteristics at the bus, and the sum of
representative load characteristics is then used for the bus load model. The LOADSYN
program includes generic motor models.

To determine the accuracy of the modeling results, field tests of voltage, MW, and
MVAR versus time, can be conducted during the load conditions that are to be modeled.
Load sensitivity to voltage step changes caused by opening lines and switching a reactor
on can be measured. Examples of such load tests are provided by Carson Taylor7.

The time sensitivity of loads to address voltage collapse concerns is from the effects of
thermostats on loads. Load models that include these effects are typically used in mid-
term dynamics programs, and not transient dynamics programs. Perhaps for this reason,
the LOADSYN program does not include a model of thermostatic time sensitivity loads,
like electric heating. However, field testing, such as a voltage step change on small or

                                                
5 “Load Modeling for Longer-Term Voltage Stability”, Carson W. Taylor, prepared for WSCC
Modeling Work Group, October 24, 1995.
6 “Standard Load Models for Power Flow and Dynamic Performance Simulation”, IEEE Task
Force on Load Representation for Dynamic Performance, IEEE Transactions on Power Systems,
Vol. 10, No. 3, August 1995.
7 Power System Voltage Stability, Carson W. Taylor, McGraw-Hill, 1994.
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large area loads, has been and can be used to develop the models for time sensitive load
recovery. Area wide testing can not be used to determine motor stalling thresholds.

Steady State Simulations:
Voltage collapse can be studied using power flow V-Q or P-V analysis, using voltage
sensitive load modeling, and control action steps in sequences of power flow simulations.
The reactive margins at critical buses can be tested for different load-shedding amounts
and locations. The initial voltage drop following events can be determined for loads that
would not have substantial amounts of motor stalling.

Insight into the speed of collapse can be obtained by changing the system load model in
the power flow from constant MVA to constant impedance to represent the range from no
response to an immediate load response to voltage. If the voltage collapse is going to be
fast, the V-Q calculation will result in similar reactive margin between constant MVA
loads and constant impedance loads. This method may help a utility determine if UVLS
and automatic voltage controlled capacitors and reactors can respond fast enough to arrest
the declining voltage. Dynamic simulation is, however, the best method for determining
the speed of collapse.

Dynamic Simulations:
Under-voltage load shedding can be studied simulating under-voltage relays tripping
loads. Proposed settings for relay time delays and voltage trip thresholds can be modeled
with existing dynamic models. The important control actions again are:

1.  Generator VAR controls like field current relays, reactive power limits, and line-
drop compensation.

2.  Transformer automatic LTC action and blocking.
3.  Automatic capacitor and reactor switching, and SVCs.
4.  Remedial actions like direct load tripping.
5.  Other local protection systems, and relay actions like impedance relays.

Since dynamic simulations are more time consuming, much of the work can be done with
steady state, and then confirmed with dynamic analysis.

Relay Trip Settings:
The UVLS relay trip voltages and time delays to trip must be appropriate for the
system they are being applied to. The appropriateness depends on the structure of
the transmission and generation network, the contingencies being planned for, the
actual load response, and control actions of other devices like transformer LTC’s,
generators, switched capacitors, SVC’s, other relays, etc. This can be tested by
dynamic simulations.

There are differences of understanding on the necessity of using transient simulations in
the planning and design process. In the Puget Sound area, voltage collapse study was
attempted with the EPRI Extended Transient-Midterm Stability Program (ETMSP)
program, but its use was unsuccessful due to software bugs that have subsequently been
resolved. Most of the work was done with power flow simulations before and after
automatic LTC operations. Conventional dynamic simulations were run, and GE was
contracted to run long-term time simulations. GE’s simulations included machine field
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current relays and reactive power limits, LTCs, voltage sensitive and thermostatic loads,
but did not include the electro-mechanical and flux dynamics of machines. Their work
revealed the effects of relay tripping times, of automatic shunt capacitor switching, and of
LTC action and LTC blocking, and helped to confirm the trip times finally selected.

In the Puget Sound area, the voltage trip thresholds were determined from the results of
steady state simulations of worst contingencies using voltage sensitive load models.
These were confirmed from the dynamic simulations. The time delay to trip addressed
control actions like automatic capacitor switching, generator limits, transformer LTC
action, system security and load reliability. The settings were tested with dynamic
simulations which included the GE long-term simulations. The steps selected are:

•  Trip 5% of load when monitored bus voltages fall to 90% or lower of normal for a
minimum of 3.5 seconds.

•  Trip 5% additional load when bus voltages fall to 92% or lower for 5.0 seconds.
•  Trip 5% additional load when bus voltages fall to 92% or lower for 8.0 seconds.

Additional References:
“Voltage Collapse Mitigation, Report to IEEE Power System Relaying Committee”,
printed 30/10/96.
“Concepts of Under-voltage Load Shedding for Voltage Stability”, Carson Taylor,
IEEE/PES 91 WM 162-8-PWRD.
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4. Study Methodology

Generic load shedding schemes will not be suitable for every area within the WSCC.
Some areas may find remedy by dropping only a nominal amount of load in one step,
whereas others may need more extensive schemes using two or more levels of load
dropping with corresponding multiple voltage pick-up points and time delays. Some areas
may find it more efficient to use centralized schemes versus local schemes. It is also
possible that some areas, particularly heavy exporting areas, may not even need any load
shedding scheme as a Safety Net.

Therefore, the methodology presented here is very basic and applies to almost all load
shedding schemes. Customizing of individual schemes can be done after the basic
analysis is completed.

Identify local areas

In large electric systems, it is prudent to define local areas or “pockets” from voltage
perspective. These are the areas that will sail or sink together for any major voltage-
related disturbance. In PG&E control area, for example, there are local areas such as San
Francisco Bay area, Sacramento area, and Fresno area, for which separate load shedding
schemes were designed and implemented. For small electric systems, more than one
system can be combined electrically to form one local area. For example, SMUD and the
City of Roseville’s electric systems are part of  “Sacramento area”.

Boundaries of local areas are based on “electrical closeness” of system components, not
their physical distances. You might have noticed two electrical substations in the same
vicinity but owned by different utilities, and not connected electrically to each other.
These substations, even though close geographically, may not be part of the same local
area. One method to establish local areas technically is to take a broad spectrum of
system buses in the power flow case and apply capacitors (say 50 MVARs) at each of
those buses, one at a time. Perform Q-V analysis to determine change in system VAR
margin with and without capacitors. (System margin will be monitored only at one bus
throughout this analysis). The ratio of change in margin and capacitor MVAR is the
“effectiveness factor” for that bus. Prepare a table or chart showing the effectiveness
factors for all buses studied. Decide on merits which buses can be effective to be included
in a particular local area. A similar approach will be to drop load (say 10 MW, 2 MVAR)
instead of adding capacitors on these buses. Adding generation instead of capacitors will
also yield similar results.

A sample chart from a real study will illustrate this point.
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Effectiveness of system buses 
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Figure 4-1

Notice that HEDGE1 bus is 90% effective, meaning that if we put 50 MVAR capacitors
at HEDGE1, the local area margin will increase by 45 MVAR. On the contrary, if we put
the same 50 MVAR capacitors at AIRPORTW bus, the area margin will increase only by
5 MVAR (10%). From this chart we can conclude that LOCKFORD and buses on its
right, are not very effective in providing voltage support to the area. Therefore, these
buses may not be considered as part of the local area. Certainly these same buses will be
very effective in another local area to which they are closely tied electrically. These buses
may be considered as part of that area.

Identify critical system buses

After a local area is established from an electrical perspective, the load shedding studies
will now be focussed primarily on this area.  Although power flow and stability models
will be full-loop WSCC cases, the contingencies studied may be more localized. The PV
and the QV curves may also be narrowed down to only the local area. For that reason, it
is important to determine which buses are critical in the local area. These buses may be
quite different from the critical buses of the bigger system. Once identified, one of these
buses becomes the monitoring bus for voltage and VAR margin requirements. This bus
should have good accessibility for monitoring and metering purposes. (Metering
requirements are for real life benchmarking purposes at a later stage in design).
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This chart shows a set of QV curves with reactive margin monitored at different buses.

QV curves----Base case
Reactive Margin at various buses
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Figure 4-2

Notice that Roseville has the lowest VAR margin (about 525 MVARs) in the area, but
Elverta and Carmichael are also close. Elverta was chosen for monitoring purposes
because of easy access to data and better metering equipment available there. For further
information, refer to section 7.1 “Procedure for V-Q curve production” of WSCC’s report
on “Proposed voltage Stability Criteria, Undervoltage Load Shedding Strategy, and
Reactive Power Reserve Monitoring Methodology.”

Establish minimum operating voltage for the worst single contingency

A key consideration in determining the minimum operating voltage for the worst single
contingency is to make sure that the next major single contingency does not cause a
voltage collapse. In terms of PV curves, the minimum operating voltage when located on
the worst single contingency curve, should be on the left of the nose point for a double
contingency curve. How much to the left, depends on the slope of the curve.

WSCC’s Voltage Stability Criteria document provides one more method to determine the
minimum operating voltage. This criteria require to move up 5% from the nose point of
the worst single contingency PV curve. This position provides a voltage level that is a
minimum level to satisfy WSCC criteria. This voltage level should be checked against the
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worst double contingency. If power flow solves with acceptable system voltages, then
this can be considered a minimum operating voltage.

Establish minimum VAR requirement for the worst single contingency

WSCC Voltage Stability criteria establish the minimum VAR requirements for each
system within the WSCC.  These same criteria can be applied to joint systems forming a
local area. The crux of these criteria is that the systems should carry enough VAR
reserves while under worst single contingency, to sustain an increase of 5% in load. Once
this VAR requirement is determined, it will be used as a yardstick to determine how
much load need to be shed. The chart below shows how to determine the minimum VAR
requirement for a local area.

QV curves--#2
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Figure 4-3

In the above chart, the middle curve shows the VAR margin (438 MVAR) under the
worst single contingency. However, the right-most curve shows the VAR margin (301
MVAR) when the system is under the worst single contingency and also experiencing 5%
increase in load. The difference in these two margins (137 MVAR) is the minimum
MVAR requirement under Voltage Stability criteria.
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PV curves to determine need for load dropping

PV curves are very effective analytical tools to determine system’s load handling
capability and how well a system can perform under various types of contingencies.
Through PV curves one can readily see how much load can be served at minimum
operating voltage level, and what combination of contingencies can bring the system to a
voltage collapse.

The chart below shows a set of PV curves including single and double contingencies.
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Figure 4-4

The left-most curve is a double contingency PV curve. Its nose point falls short of
reaching 105 % load level. It means that if the system is operating at 2800 MW load level
and this double contingency occurs, the system will most likely collapse because it is
operating beyond the nose point of the double contingency curve. This is a typical
situation requiring load dropping to prevent this collapse. For a single contingency
(middle curve), however, the system will have no problems at that load level. 105% load
level reflects the extreme weather conditions.

Some systems may be more robust than the one shown in the above chart. Those systems
may need a three-line outage or an entire plant outage to cause a voltage collapse. PV
curves can be drawn to verify the impact of those extreme contingencies.
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How much load to drop?

The above chart also gives a good indication on how much load must be shed to sustain a
double contingency and still remain at or above the minimum operating voltage. For the
sample system represented in the above chart, the minimum voltage and the minimum
VAR requirement has been determined to be 218 kV and 150 MVAR respectively.

If the system is operating at 2805 MW load level, then under the above double
contingency, the load level must be reduced to 2650 MW (155 MW load dropping) in
order to stay at 218 kV. This voltage level will ensure that the system will survive one
more contingency if it occurs at that time (This is the condition of establishing minimum
operating voltage level). The new load level of 2650 MW should be tested for reactive
margin of 150 MVAR. If it meets or exceeds that level, then 155 MW is the right amount
of load to shed. Otherwise, decrease system load even further until the VAR requirement
is met. (According to WSCC Reliability Criteria, only 75 MVAR of margin is required for
a double contingency. However, the area utilities wanted to keep it at 150 MVAR to cover
for pre-disturbance uncertainties such as a generator or a line outage)

QV curves after load dropping

QV curves should be drawn to verify that the desired load dropping also satisfies the
VAR margin criteria. The system shown in the above chart did not meet the 150 MVAR
margin criteria when load was dropped by 155 MW.  A series of QV curves were drawn
at lower load levels until the criteria was met. In the end, 200 MW of load dropping was
found appropriate for the above system. The final QV curve is shown below.

QV curves--#3
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Dynamic Analysis

While the power flow analysis can provide a fairly accurate estimate of how much load
should be dropped to protect the system from voltage collapse and maintain adequate
voltages, dynamic analysis is necessary to confirm and refine the power flow findings.
Whether the load should be shed in a single stage or in multiple stages and the under
voltage relay time delay settings can be accurately determined only through dynamic
analysis.

Figure 4-6 below has been taken from reference [5] and shows the results of major
disturbances and how load shedding applied in a timely manner can prevent voltage
collapse.

At point A, a 500 kV line is tripped. The system, however, quickly stabilized with
voltages higher than 0.95 per unit. After a few seconds, at point B, another 500 kV line
tripped, causing rapid voltage decay. At point C, 5% of the total system load is shed 1.5
seconds after the voltage decayed below 0.9 per unit. This resulted in voltage recovery to
satisfactory levels. The system is now ready to handle the next contingency if it occurs at
this time.

The voltage pick-up point, amount of load to be shed, and the time delay setting, are
determined through simulations changing one variable at a time. Optimum settings are
those in which the amount of load to be shed is the least while making sure the voltage
pick-up point is low enough to avoid nuisance tripping. The time delay setting should not
be less than 1 second.

System with Fast Voltage Collapse characteristics

Figure 4-6 Voltage at loads: Point A: trip one 500 kV line; Point B: trip second
500 kV line; Point C: trip 5% of total load by UVLS with voltage setpoint at 0.9
pu and 1.5 second time delay.
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Figure 4-7, also taken from reference [5], shows a lesser disturbance but with an increase
in load to simulate the effect of LTC transformers and thermostatic controlled heating
load. The Gray line in the figure shows the industrial load that is predominantly induction
motor load (constant MVA).

At point A, a 500 kV line is tripped. The system recovers quickly and voltages are
satisfactory. Load is added (at the residential bus) to approximate load restoration by tap
changing and a morning load buildup. Time compression is used, where the next load
addition is applied soon after steady state conditions are reached. The outage and load
buildup results in gradual voltage decay to below 0.9 per unit. The same 5% undervoltage
load shedding happens at point F after the 1.5 seconds time delay. Note that the voltages
do not fully recover and that more manual or automatic load shedding may be desirable.

Impact of Increasing load and LTC operation

Figure 4-7 Voltage at loads: Gray curve is for industrial load, black curve
for residential load. Trip one 500 kV line at Point A. Resistive load added
at the residential load bus: 200 MW at points B, C, and D; 100 MW at
Point E. At Point F, trip 5% of total load by UVLS with voltage setpoint at
0.9 pu and 1.5 second time delay.

A similar methodology should be applied to Mid-term and Long-term voltage collapse
phenomenon (collapse takes few minutes to tens of minutes). An example of a slow
voltage collapse system is shown on page 5, figure 2-1, where the system did not collapse
even though voltages went below 50% of nominal. Load was shed after 54 minutes and
the system voltages quickly recovered to satisfactory levels.
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For a dynamic study to be successful in simulating a voltage collapse scenario, proper
representation of several models, including the usual generator, generator excitation
systems, PSS and turbine governor models is important. The reactive capability limits of
the generators and the proper modeling of Over Excitation Limiters (OEL’s) is critical for
accurate results. Modeling of the load data should be as close to the real conditions as
possible. Constant MVA load gives conservative results that may warrant excessive load
shedding. A voltage dependent component of the load in the total load mix, helps
stabilize system voltages under contingencies.

Load shedding is not only helpful in preventing a possible voltage collapse, it may also
help mitigate sustained low voltage conditions due to major contingencies.

The following dynamic analysis plot has been obtained from a real study and shows the
benefit of load shedding in recovering voltages.

Low Voltage Condition

Figure 4-8 Low voltages caused by a double contingency. UVLS set for 215 kV
and 10 second time delay drops about 10% of the area load.
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A three phase fault was applied and cleared in 5 cycles through opening of two 230 kV
transmission lines. The voltage stabilizes within 5 seconds but does not recover to
acceptable level of 0.95 per unit. The low voltage at 211.6 kV prompts UVLS after a 10
second delay.  A pre-calculated 278 MW of load is dropped through a centralized UVLS
scheme. The voltage immediately recovers and settles at a slightly higher than the desired
0.95 per unit level. The amount of load dropped (278 MW) was determined through
power flow, PV and QV analysis using WSCC’s Voltage Stability Criteria. This stability
chart confirmed that the amount of load dropping was not excessive. The voltage pickup
setting was determined from the nose point of the PV curve. This value was 215 kV,
however, this stability chart suggests that it could be lowered to near 212 or 213 kV
(slightly above 211.6 kV). The time delay of 10 seconds was established after concluding
from the above plot that (1) the system is transiently stable during the first ten seconds,
(2) there is no collapse occurring, (3) Even if the collapse did occur, it may take tens of
seconds to fully materialize, and (4) ten seconds is a part of the existing UVLS scheme.
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 APPENDIX A

Existing or Planned UVLS’ in WSCC
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SYSTEM OPERATING ORDER 6T-34
(Supersedes S.O.O. 6T-34 dated 19 June 1996)

AUTOMATIC UNDERVOLTAGE LOAD SHEDDING

1.0 GENERAL

This order describes operation of the automatic undervoltage load shedding remedial
action scheme to maintain B.C. Hydro 500 kV system voltage stability and the system
conditions used to arm the scheme.

An automatic undervoltage load shedding scheme has been implemented to prevent a
voltage collapse of the integrated electric system following loss of major transmission or
reactive power support facilities.  The scheme will shed Vancouver Island loads and
Lower Mainland loads individually or collectively, depending on the magnitude of the
undervoltage condition and the amount of dynamic var reserve in the two load areas.

2.0 RESPONSIBILITIES

The System Control Centre (SCC) will direct Vancouver Island Control Centre (VIC) and
Lower Mainland Control Centre (LMC) to arm and disarm the automatic undervoltage
load shedding scheme as required in accordance with system conditions.  VIC and LMC
will be responsible to ensure connected load is available for shedding at all times and to
allocate loads for shedding in different blocks.  After load shedding has occurred, load
restoration shall be coordinated by SCC.

3.0 DESCRIPTION OF THE SCHEME

The automatic undervoltage load shedding scheme monitors a selected list of dynamic
system conditions and will shed load until proper system voltages and var reserves are
restored.  The scheme consists of two independent subsystems, one at Vancouver
Island and another at Lower Mainland, which can shed load in their respective areas, or
jointly for more severe system problems.
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Each subsystem monitors three key station bus voltages and a designated group of units
for its var reserve, which is the remaining var boost capacity of the group.  If the bus
voltage drops below a set level or if the var reserve drops below a set level, its sensor
will key a continuous signal to either VIC or LMC.  At the control centre, the var reserve
is ANDED with three different combinations of two bus voltages.  After time delay (Ts2) ,
load shedding will start and continue in incremental blocks until the initiating conditions
have reset.  A reduced time delay (Ts1) is used if both subsystems have simultaneously
initiated load shedding.  Refer to Attachment 1 of this order for a functional logic diagram
of the scheme.

3.1 Vancouver Island Subsystem

The monitored list for the Vancouver Island sub-system are:

• Dynamic var source:  total var output of VIT S/C1, S/C2, S/C3 and
S/C4 (in % of its "true" capacity).

• Bus voltages:  DMR230, VIT230 and SAT230.
(Note: Low voltages at "SAT AND VIT" are not used to initiate automatic
undervoltage load shedding because this condition can also be precipitated by
local disturbances.)

3.2 Lower Mainland Subsystem

The monitored list for the Lower Mainland subsystem are:

• Dynamic var source:  total var output of BUT units 1 to 6
   (in % of its "true" capacity)

• Bus voltages:  ING230, MDN230 and HPN230

Notes: 1) "True" capacity is based on connected units with AVRs in service.  Any unit
with its AVR out of service do not contribute to "true" capacity.

2) The Programmable Logic Controller (PLC), used to monitor the individual var
reserve group, measures the "true" capacity of the S/C or generator unit
automatically.

3) If the positive var capacity of a unit is restricted below its normal rating, P&C
personnel will be notified to re-program new rating in the PLC.
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3.3 Settings

Vancouver Island Subsystem

Monitor Sensor Monitor Setting

VIT S/C total var output ≥95% true capacity

DMR230 kV ≤221 kV

VIT230 kV ≤220 kV

SAT230 kV ≤220 kV

Lower Mainland Subsystem

Monitor Sensor Monitor Setting

BUT unit total var output ≥70% true capacity

MDN230 kV ≤223 kV

HPN230 kV ≤221 kV

ING230 kV ≤220 kV
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4.0 ARMING CONDITIONS

The automatic undervoltage load shedding scheme will be armed and disarmed by VIC
and LMC under direction from SCC.  The scheme is not required and should not be
armed at times when transmission lines are taken OOS for voltage control during light
load condition.

4.1 Arming Both VI and LM SubSystems

Conditions to arm the scheme are:

a) when VSLIM data is not available during heavy load and/or heavy
export periods;

b) when operating near (say within 100 MW) or outside a VSLIM
boundary, especially with one or more 230 kV lines OOS in the
Lower Mainland or Vancouver Island;

c) when the total dynamic var reserve for VIT S/Cs is less than 135
MVar;

d) when the total dynamic var reserve for BUT S/Cs is less than 360
MVar.

4.2 Arming The VI Subsystem

The VI subsystem should be armed when:

a) Vancouver Island is only connected to the Mainland via one 500 kV
circuit (i.e. any of the parallel circuits OOS:  5L29/5L31, 5L30/5L32,
5L42/5L45).

AND
b) the total load on Vancouver Island (plus Sechelt area load if 5L42 or

5L45 was the first contingency outage) exceeds the Vancouver
Island generation plus HVDC loading.
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5.0 MANUAL LOAD SHEDDING

Manual load shedding may be required to backup the automatic scheme.

To facilitate manual load shedding, the following procedures will be used:

• The SCC Dispatcher will notify the VIC and LMC Dispatcher of any impending
requirements to initiate manual load shedding based on system conditions
described in Section 4.0 of this order.  This is the first alert.

• The SCC Dispatcher will cancel the first alert when load shedding is no longer
required.

• While in the first alert and after occurrence of a contingency that will impact
the ability of the electric system to maintain voltage stability (e.g. loss of a
major 500 kV transmission line or a heavily loaded lower voltage transmission
line, or loss of major voltage support equipment), the SCC Dispatcher will
immediately inform the VIC and/or LMC Dispatcher of the outage.  The SCC
Dispatcher will also delegate responsibility to the ACC Dispatcher to monitor
the key var reserve group and substation voltages in the area and initiate
manual load shedding if these monitored quantities remain above or below
their settings described in section 3.3.

When communication between SCC and the ACC is not immediate but the
ACC Dispatcher can see that a major disturbance has occurred and the var
reserve and voltages in the control area are steadily declining, the ACC
Dispatcher can unilaterally take operating responsibility on an emergency
basis to shed load.

A lack of var reserve is an early indication of voltage stability problems.  To
shed load manually, it is recommended the VIC and LMC Dispatchers monitor
respectively the total VIT S/C Vars and the BUT plant Var output.  The
following procedures can be followed for VIC and LMC after load shedding
appears to be imminent to prevent a system voltage collapse.

LMC manual load shedding is initiated by the dispatcher selecting Groups 1
and 2 to manually trip (see Attachment 2).

VIC manual load shedding is initiated by the dispatcher selecting specific
circuit breakers to manually trip blocks of load via SCADA which will
correspond approximately to loads in Attachment 3.
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At VIC At LMC
1. If VIT/SC var output is 1. If BUT plant output is at or near
at or near maximum, shed 75% of its capacity, shed Blocks 1 & 2
approximately 265 MW (approximately 284 MW) via SCADA.
(block 1 and block 2 loads)
by calling the customers or by
tripping feeder circuit breakers
using SCADA.

2. If the var output on the 2. If the var output from the BUT
VIT S/C units drop below 90% plant drops below 65% of its
of its capacity, no further load capacity, no further load
shedding is required. shedding is required.

If the var output remains If the var output remains above
above 95%, shed the approximately 70%, shed Blocks 3, 4 & 5
517 MW of load (remaining (approximately 239 MW) via SCADA.
5 blocks of load).

3. After load shedding, load restoration will be coordinated by SCC.
Modification of the manual load shedding at VIC is being reviewed to permit
group control shedding of several blocks of load via the Vancouver Island
Subsystem.

6.0 DESIGNATED LOADS

The designated loads to be shed are described in Attachment 2 and
Attachment 3 of this order.

The amount of load to shed in the first block must be greater than 125 MW.

_________________________
Douglas A. Cave, P.Eng.,
Manager, System Control

Indicates Revisions
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Attachment 2
Page 1 of 1

Table 1
Lower Mainland Load Shedding Block Allocation

Customer
& Sub
Names

Load Description Load
Magnitude
(MW) (Note
2)

Auto
Shedding Blocks

Manual Shedding
Blocks

Block
No.

Cum.
MW

Group
No.

Cum.
MW

M&B POW 1L48 (Note 1) 100 1 100 1 100
STV-1 25B61 & 25B62

(25CB21/31)
63 1 163 1 163

STV-2 25B51 & 25B52
(25CB22/23)

24 2 24 1 187

SYH-1 25B14 & 25B34
(25CB11/13)

100 2 124 1 287

CAM-2 25B45 & 25B65
(25CB12/14)

17 3 17 2 17

COK-1 25B81 & 25B82
(25CB41/44)

70 3 87 2 87

CAM-1 25B44 & 25B64
(25CB11/13)

62 4 62 2 146

COK-2 25B71 & 25B72
(25CB42/43)

63 4 125 2 209

SYH-2 25B45 & 25B65
(25CB12/14)

21 5 21 2 230

Notes: 1. Presently M&B POW will be tripped at MSA by opening BCH
CBs.

2. LM substation loads are based on T&D's Maximum Demand
Readings for 4 December 1997.

3. HSP is not included in the automatic or manual load shedding
table not connected).  When it is connected, HSP will be part
of Block 5 in the automatic and Group 2 in the manual load
shedding scheme.
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Attachment 3
Page 1 of 1

Table 2
Vancouver Island Load Shedding Block Allocation

Customer
& BCH Load Description

Load
Magnitude

Auto & Manual
Shedding Blocks

Sub Names (MW) Block Cum. MW
(Note 1) No. Total

EFM-A Refiner lines 1 & 2 (trip CBs) 45 1 45
CFT-A 6 Grinders (trip CBs) 25 1 70
PAL MILL-A Refiner Lines (trip CB) 30 1 100
GTP-A 25 kV feeders (40 series) 60 1 160
NFD all feeders except one (hospital) 50 2 50
EFM-B Refiner lines 3 & 4 (trip CBs) 20 2 70
PVO 25 kV feeders except 25F51 (Note 2) 35 2 105
HSY-A 12 kV feeders(60, 300, 400 series)

 & 12 kV capacitors 107 3 107

GTP-B 25 kV feeders (50, 60 series) 87 4 87
GOW-A 12 kV feeders (50 series) 12 4 99
GOW-C 25 kV feeders (Note 2) 16 4 115
GOW-B 60L83/87 Sidney Sub (25 kV feeders) 55 5 55
PAL-B 12 & 25 kV feeders (all) 59 5 114
HSY-B 12 kV feeders (50, 70, 80 series) 60 6 60
HSY-C 25 kV feeders (Note 2) 52 6 112
ESQ 12 kV feeders 69 7 69
Total 782 782

Notes: 1. VI sub MWs except industrial loads are from the actual Jan 1993
maximum demand reading.

2. The HSY and GOW disconnected distribution feeder loads (HSY-
C, GOW-C) have been reconnected.  PVO will be reconnected.
All three will be available for both load shedding schemes.
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FIGURE 1 - AUTOMATIC UNDERVOLTAGE LOAD SHEDDING
FUNCTIONAL SCHEMATIC DIAGRAM
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PACIFIC GAS AND ELECTRIC COMPANY
FRESNO UNDER-VOLTAGE LOAD SHEDDING SCHEME
(ASHLAN, MCCALL, FIGARDEN SUBSTATIONS)

Trips distribution only based on potential from line side of breaker.  Voltage must reach
207 kV on all three phases to pick-up relay.  All distribution breakers with under-
frequency tripping cut-in will be tripped.  Based on ‘91 loading, available load drop for
the 3 substations combined is approximately 160 MW.  Based on 6/96 loading, the
available load drop was estimated to be 195 MW.

Anticipated Load Shed =  Approx. 105 MW  (Based on ‘91 Loads) , at Ashlan
Anticipated Load Shed = Approximately 30 MW (Based on ‘91 Loads),  at McCall
Anticipated Load Shed = Approximately 25 MW (Based on ‘91 Loads),  Figarden
feeders

Relay Pick-up =  207 kV f-f primary = 0.9* 230 kV = 103.5 V secondary f
Time Delay =  7 seconds
Restoration: awaits instructions from Fresno Grid Operator before performing
manual reset of lock-out relay.

In service dates: ASHLAN -- 8/14/91
McCALL - 8/15/91
FIGARDEN 8/13/91

V-Q Curve at McCall 230 kV Bus

6/17/94 Study  (Study must be updated)

Worst Contingency during Fresno Peak =  Loss of Gates-McCall 230 kV line

Pre-Contingency Voltage at McCall =  218 kV
Post-Contingency Voltage at McCall =  207 kV (about 310 MVAR Margin to Post-
Contingency)
Pre-Post kV =  11 kV

Distribution Voltage Criteria
218 kV is within our Minimum Normal Voltage range (217 - 226 kV) for Urban Area
Load Buses.
207 kV is below our Minimum Emergency Voltage range (210 - 219 kV) for Urban Area
Load Buses.



41

 Boise Bench C-231 (93.7 MVAR) capacitor RAS control and
Undervoltage load shedding program.

The following describes a proposed scheme for the Boise Bench  C231 shunt
capacitor automatic closing  control logic, and one required to initiate undervoltage load
shedding through the EMS system.

C-231 Automatic Closing Scheme.

The closing control logic, is designed to ensure that C231 will be automatically
switched on during significant loss of Idaho’s Eastern resources during high import
conditions from the Northwest. The additional flows superimposed on the 230kV lines
into Boise Bench from the West, during these circumstances, could lead to a drain in our
reactive resources if adequate voltage support is not available in our area. It is mainly for
this reason, that timely switching of the new bank (C231) is critical to prevent further
voltage decline. The proposed scheme is intended to achieve just that.

The actual control logic should preferably be implemented via a Programmable
Logic Controller, although both a relay with a flexible enough programmable logic or the
current EMS system might be capable of the task. Use of a PLC, will provide ease of
implementation and the higher degree of flexibility needed to accommodate future
modifications that may be required under different system conditions. Additionally a
simpler hardware/software interface and broader accessibility to field personnel, will cut
down, when needed,  the effective re-programming time to a fraction of that obtained
through the other two alternatives.

As indicated in the appended schematic, automatic closure of the bank can take
place via three separate criteria. The first and more sensitive one is through a power flow
level detector (PWR), which will normally be enabled, when the total MW flows into
Boise Bench, on the Brownlee lines is above a pre-determined minimum. This
supervisory condition should reduce unnecessary closing operations of the bank. With
power flows above the prescribed minimum, meeting either one of the following
conditions will suffice for bank closure:

a) ∆PWR : MW change into Boise Bench on either one of the Brownlee lines above a
prescribed minimum. Note that each line is to be monitored separately and the change
measured over an adjustable time interval.

b) ∆ I : Current magnitude change on either one of the Brownlee lines above a
prescribed minimum. Highest loaded phase or average phase loading is an acceptable
compromise. Note that each line is to be monitored separately and the change
measured over an adjustable time interval.

c) Qcond : Reactive or Current magnitude on either one of the Boise Bench synchronous
condensers over a prescribed minimum. Again if current measurement is to be used,
either highest loaded phase or average phase loading will suffice. Condition should be
present over an adjustable time interval.

The second and third criteria, are independent of transfer level information and
are intended to pick up on the more gradual changes in line loading and/or serve as last
resort indicators of the need for capacitor switching.  One is based on line overload
(based on highest loaded phase, or average phase current on either one of the Brownlee
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lines) exceeding a pre-determined limit for an adjustable time period. The last criterion
relies on the 230kV and the 138kV bus voltages (positive sequence voltage or three phase
voltage with provisions for fuse failure)  and will initiate closing of the bank, when either
one falls below a pre-specified level for an adjustable time period.

Undervoltage Load Shedding Scheme.

Here the intent is to utilize the intelligence already built into the automatic closing
control logic, to securely and dependably initiate the undervoltage load shedding
program. It should be noted, that the proposed scheme’s function is to provide the go or
no-go decision to the load shedding program currently executed by the EMS system.
Further improvements, in the reliability of the scheme will require redundant
communication and a more secure tripping logic at the remote sites (load dropping
stations).
If the capacitor closing signal is asserted (86-AUX, also with adjustable delay on drop
out) and there is no current being drawn by the shunt bank after a pre-determined time
delay (T1), the load shedding program will be initiated. Similarly if an undervoltage
condition (UV2) , also based on 230 and 138kV bus voltages continues to exist for an
adjustable time period permission is given to initiate the load shedding program. At this
time the EMS will initiate automatic tripping of up to 300 MW under heavy load
conditions. Additionally the dispatcher has access to a manual load shedding page within
the EMS, that could be use to expedite shedding additional 500 MW of load.



43

 BOISE BENCH C-231 AUTOMATIC  CLOSING SCHEME.

43SW

 UV1 IO/L

 QCOND ∆I ∆PWR

 UV2 T1

 ICAP

 86-AUX

PWR

86
AUX

LS
PT1

CC

43SW  :  ON/OFF SWITCH.

PWR    :   Power Level Detector. (total MW into
                   Boise Bench 230kV on Brownlee lines)
                   (with time delay on drop-out ~ 60 secs).

∆PWR :    MW change into Boise Bench on either
                    one of the Brownlee lines.
                    (2 sec time delay or sample time).

∆ I        :   Magnitude current change on either
                   one of the Brownlee lines.
                   (2 sec time delay or sample time).

QCOND    :     Reactive / Current level detector on
                    either one of the Boise-Bench
                    Synchronous condensers.
                    (4 sec time delay or sample time)

IO/L            :    Current magnitude level detector on either one of
                   the Brownlee lines.
                   (2 sec  time delay or sample time).

UV1      :  Under voltage level detector on 230 / 138 kV buses.
(2 ti d l l ti )

UNDERVOLTAGE LOAD SHEDDING
PROGRAM INITIALIZER.

T1: Adjustable timer.

Icap: Phase current magnitude level detector on C231
bank.

UV2: Undervoltage level detector on 230 / 138 kV
buses. (2 sec                                       time delay or
sample time.

LSP: Undervoltage load shedding program.
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Sacramento Valley UV Load Shedding Program

The Sacramento area utilities have been maintaining an Under Voltage Load Shedding
program since July 1997. System studies are conducted each year by the Sacramento
Valley Study Group (SVSG) to update the load shedding parameters. For the summer of
1999, the following UV load shedding parameters were recommended:

SMUD 256 MW
PG&E 150 MW
City of Roseville 22 MW
Total 428 MW

No. of Steps 1

Initiating Voltage 215 kV (can be lowered to 213 or 212 kV if warranted)
Time Delay 10 seconds

Load Level at which the scheme is activated
SMUD 2400 MW
Roseville   180 MW
PG&E Continuous

Copies of Study reports have been provided to WSCC each year since 1996.
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PROCEDURES FOR THE EPE UNDERVOLTAGE LOAD
SHEDDING SCHEME:

The following procedures were used in the analysis:

1. A number of various system configurations were considered.  Single
contingencies of EPE’s  345 kV tie-lines were taken and V-Q curves
corresponding to these contingencies were developed for each 345 kV bus.  The
single realistic scenario which represents the case with the lowest operating
margins during the single 345 kV contingencies was found by comparison of
these V-Q curves.

2. This scenario was modified (by raising Southern New Mexico Import (SNM)
level) in order to “bring” the V-Q curve instability point as close to zero MVAR
margin point as possible.  This case was then stored (“instability case”).  The
“instability case” was used in order to determine the potentially unstable voltage
levels at every bus in EPE system.

3. The ALIS version of the “instability case” was used in a single contingency
analysis; each transmission line in EPE service area was dropped and voltages at
every distribution substation were monitored.

4. The results of the V-Q curve and single contingency analysis were combined with
the following information available for each substation:  the size of load, the
number of distribution feeders, the location of the substation relative to the
generation and SVG, the availability of supervisory control at this substation, the
type of customers this substation serves (restricted buses), the nature of load at
this substation (power factor), the physical limitation for the installation of the
load shedding relay equipment.  The following is the list of factors derived from
the V-Q curve and contingency analysis:

•  The relative “stiffness” of the considered bus
 

•  The relative impact of MVAR injection at the considered bus on the
345 kV system.  (The voltage impact of MVAR injection at the
considered bus was monitored at all EPE 345 kV busses and plotted
on the V-Q curve for the considered bus.  This impact can be
visualized from the V-Q curve as the slope of the voltage for the
monitored busses (345 kV busses) relative to the slop of the voltage
of the considered bus.

 
•  The voltage sensitivity of the considered bus to single contingencies

on the underlying system .
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•  The relative value of the critical voltage (instability voltage) derived
in the V-Q curve analysis as it compares to the contingency voltage
at the same bus and 0.95 P.U.

 
 5. The trigger voltage for each bus were determined as the lowest voltage between

following voltages.
 

•  The voltage at this bus corresponding to the “instability case”, as it
follows from V-Q curve analyses, plus an addition 0.01 P.U.

 
•  The lowest single contingency voltage for this bus

 
•  A minimum trip voltage of 0.95 P.U.

6. The time delay was set for each bus in every category.  The time delay was spread
in the range of  5-11 seconds in order to avoid false trips due to the transient
conditions as well as to protect the system from an excessive and unnecessary
load tripping (if all relays would operate simultaneously).

The scheme was designed to preserve integrity of EPE system against
unplanned events that may lead to a complete EPE's system  blackout.

The undervoltage relays cover about 55% of EPE load.

The trigger point is set individually for each installation.  The
trigger voltage varies for each bus (the values of trigger voltages
are in the range of 0.89 P.U. and 0.95 P.U.).

The time delay for load tripping following activation of the trigger
voltage is set for each bus (the time delay used varies in between
five and eleven seconds, with one second increment).

The feeders that carry a "critical load" (hospitals, police, radio
stations,.) were excluded from the undervoltage load shedding scheme.



47

PUGET  SOUND  UNDERVOLTAGE  LOAD  SHEDDING  RELAYS

Since the winter of 1990-91, the Puget Sound Undervoltage Load Shedding Program has
been activated each year between mid-November until the end of April.  The area utilities
have applied undervoltage relays to trip loads for severe contingencies during peak winter
loads.

PSE, SCL, SPUD, TCL, BPA use undervoltage relays to trip breakers supplying buses,
feeders, or subtransmission lines.  The breakers and their loads are grouped into three
levels to mitigate increasing severity of reduced voltage.  At each level, sufficient
breakers are selected so that each utility trips about 5% of their total load. The sum of
loads at all three levels in the Puget Sound Basin is about 1800 MW, which is 15% of a
total 12,000 MW winter peak.

Each undervoltage relay is installed to monitor a substation bus voltage, and to trip
selected breakers at that bus.  The relays operate when the voltage is below a set
threshold, for a minimum time duration.  The voltage threshold setting is determined as a
percent (shown below) times the lowest normal bus voltage measured during the past two
winter peak load periods at that bus.

 (a) Each utility trips breakers serving 5% of load when monitored bus voltages fall
to 90% or lower of normal for a minimum of 3.5 seconds.

(b) Each utility trips breakers serving 5% of load when monitored bus voltages fall
to 92% or lower of normal for a minimum of 5.0 seconds.

(c) Each utility trips breakers serving 5% of load when monitored bus voltages fall
to 92% or lower of normal for a minimum of 8.0 seconds.

Before Schultz Substation was constructed, BPA applied direct load tripping to an
aluminum smelter for a double line loss of Coulee-Raver 500 kV.  Schultz Substation
reduced the need for load tripping by connecting the lines with breakers in the middle,
along with two other 500 kV lines.  The direct load tripping is not employed at this time.
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Appendix B

(Survey Results)
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1. Does your organization have an undervoltage load shedding UVLS scheme in
place?

Yes 9 No 9

Grant County PUD#2
NCPA One member – the City of Roseville – has a
U/V scheme as part of the SVSG – load shedding
scheme for Sacramento.

PRPA Yes.  Platte River serves 4 wholesale
municipalities.  Our largest member, who
represents 50% of our load, has implemented an
automatic scheme that trips entire substation load
when the voltage at the distribution level is below
90% for one second.  This is a “quality of service”
issue for customer load.  They have historically had
problems with 3 phase motors below this voltage
level.

PG&E
PAC
PSE - Yes. In the Pacific Northwest, UVLS
schemes seem to work for us.  They rarely operate,
so it is difficult to know how well they work in
actual practice.

In 1991, a UVLS scheme was installed to protect
against voltage collapse for the entire Puget Sound
Basin - over 10,000 MW of load during winter
conditions.

Seattle City Light - Yes, this is with the Puget
Sound Area UVLS

SCE - No, however, Edison does have an existing
undervoltage load shedding scheme that sheds area
loads for multiple line outages without actually
detecting undervoltage conditions.  This manually
armed scheme is to prevent identified area low
voltage conditions and line overloads for the loss of
three 500 kV lines.  The initiation of the scheme
and the amount of load dropped depends on the
detection of line outages and the line loading levels,
respectively.

SMUD

AEP
APS
CDWR
NCE
PEGT
PNM
TEP - No.  We do have a “Tie-Open-
Load-Shed” scheme (TOLS).  Outages of
one or more of the four ties into the
Tucson area can result in voltage collapse;
therefore, under certain conditions we arm
load to be shed for those outages.

USBR - No,  Reclamation does not
operate a transmission and distribution
system.  Power from Reclamation
powerplants is distributed and marketed
by the Power Marketing Agencies
(PMAs) Western Area Power
Administration and Bonneville Power
Administration.

WAPA-SNR
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2. Are you planning on one?

Yes  7 No 7

APS
NCE
NCPA: Not for the others, except possibly for City
of Lodi.

PEGT is currently investigating the possibility of
such a scheme.

PRPA  I plan to raise this issue with the other
wholesale municipalities.

PNM
SCE - We are planning to conduct a study to
determine the need for and the effectiveness of
UVLS for our system later this year.

AEPCO
CDWR
PG&E: Not for 1998.

PAC No additions are presently planned

TEP
USBR
WAPA-SNR

3. Is the UVLS scheme Manual? Automatic?  How did you determine if the
scheme should be manual or automatic?

APS Rex Stulting Automatic.  Fastest and most dependable in a crisis situation.

Grant
County
PUD#2

Craig
Jorgensen

Automatic.  Determination was easy.  Our UVLS is basically a RAS
to protect WWP from low voltage for our loss of our Potholes - Sand
Dunes 230 kV line during heavy load periods.  Manual dispatch
would never be fast enough to prevent WWP’s customers from having
problems associated with extremely low voltage (.87 p.u.).

NCE Inez
Dominguez

I think we are considiring both, but leaning towards an automatic
one.

NCPA Les Pereira Automatic.  Determined by SVSG study.

PG&E Chifong
Thomas

Automatic.  Based on estimated time to collapse on nose curve.
Manual scheme was not used because it may create potential human
errors is too slow.

PAC Don Johnson Our system is both.  Our UVLS is automatic in operation to trip load,
but requires dispatcher action to allow restoration of load.

PRPA Duane
Braunagel

Automatic.  As a “quality of service” issue, there in insufficient time
to have it manually triggered.

PNM Tom Duane Planned scheme will be automatic due to required speed.  The
scheme will address instantaneous voltage collapse for double
contingencies or loss of a line with one line initially-out-of-service.
Scheme will also include logic to detect slow voltage decay that may
lead to voltage instability.
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Seattle
City
Light

Franklin Lu Automatic, we set relay to trip breaker automatically.  Manual
operation is to slow to react to prevent voltage collapse in the area.

SMUD Nisar Shah Automatic. Determined by a study performed by the Sacramento
Valley Study Group (SVSG).

TEP Jim
Whitaker

Our TOLS scheme is automatic.  If an outage does occur requiring
load shed, an automatic scheme will operate much faster than a
“human” scheme.

4. If Manual, how did your organization determine when to shed load?  What is
the load shedding procedure (operating instruction)?  What communication and
other special hardware and/or software do you use?

5. If Automatic, how did your organization determine the voltage set point?
What communication and other special hardware and/or software do you use?

APS Rex Stulting General engineering judgment was used.  The first phase will use
existing capability of new relays.

Grant
County
PUD#2

Craig
Jorgensen

The voltage set point was determined from load flow studies.  Being
next to Grand Coulee, the transmission system in the region is quite
stout.  When we lose the Potholes - Sand Dunes 230 kV line, we have
voltages in our Wheeler corridor on the order of .93 p.u.  WWP’s
system has much lower voltages.  No other realistic set of
contingencies were found which cause the voltage to drop this low in
this area.  Hence our set point was set at .95 p.u. (the bottom of the
ANSI A range).

As far as hardware, we used the KISS principle.  We trip load at three
substations.  In each of these stations there is a breaker with an
undervoltage relay set to trip at .95 p.u.  The first breaker has a time
delay of 5 seconds, the next 10 seconds, and the third 25 seconds.  If
the voltage rises above .95 p.u. at any time in the timing process, no
further units will trip.  If for some reason one unit fails to trip, the
next one in line will still operate.  In other words, multiple locations
provide some level of redundancy.  SCADA is utilized to alarm
dispatch of the operations, and their cause.

NCPA Les Pereira Determined by SVSG study – performed by NCPA, SMUD and
WAPA.

PG&E Chifong
Thomas

Voltage set point based on slope of nose curve.

Fresno - Normal local alarm, trip when voltage dip below 207kV for 7
seconds.

Bay Area - Voltage set point “A” trip when voltage dip below 210 kV
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for 10 seconds.  Set point “B” trip when voltage dip below 212 kV for
5 seconds

Gold Hill - Normal local alarm, trip when voltage dip below 210 kV
for 10 seconds

PAC Don Johnson The system set points were results of studies conducted by the NWPP.
We use local 3-phase undervoltage relays with auxiliary timing relays
to initiate tripping of load.  Potential transformers for voltage sensing
at each distribution substation are on the transmission line side of  the
substation.  Load restoration is via SCADA control by our dispatcher
and is locally supervised by a voltage relay to insure that the voltage
is above 95% of the lowest expected system operating voltage.

PRPA Duane
Braunagel

The minimum emergency voltage on the transmission system is 92%.
This voltage will permit minimum emergency voltages on the
distribution system.  The 90% set point allows some margin.

PNM Tom Duane Set points and equipment are being determined through short and
long-term transient stability studies.  The scheme will use
programmable logic controllers which will detect the occurrence of
critical 345 kV line outages combined with undervoltage permissive
relays which operate only for balanced voltage depressions.
Communications will utilize existing fiber optic, microwave and
distribution SCADA systems.  Redundant transmitters and receivers
will need to be added.
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5 . If Automatic, how did your organization determine the voltage set point?
What communication and other special hardware and/or software do you use?
(Continued)

PSE Joe Seabrook For the 1991 UVLS, in 1989, BPA identified outages of their 500 kV
lines that cross the northern Cascade Mountains from Eastern
Washington that could result in a voltage collapse in the Puget Sound
Basin.  The performance criteria used was to meet WSCC Level C
(two circuits) under extreme heavy loads.  The extreme heavy load
condition is a 1 in 20 year probability, being about 13% higher than
average annual peak loads.

Studies were done that included employing GE to perform mid-term
dynamics simulations.  It was important to know the voltage versus
time characteristics of the loads to set voltage pickup and times for
the UVLS relays. Loads associated with the UVLS scheme are
assigned to one of three steps, and are tripped by under-voltage relays
that are set to one of the following levels:

Step 1.    Trip at <= 90% of lowest normal bus voltage after a
3.5 second time delay.

Step 2.    Trip at <= 92% of lowest normal bus voltage after a
5.0 second time delay.

Step 3.    Trip at <= 92% of lowest normal bus voltage after a
8.0 second time delay.

The load versus time information needed to establish these steps is
derived from mid-term dynamics simulations.  The dynamics program
used should model the time varying effects of loads (especially
thermostatic loads), transformer tap changing, distribution substation
transformers and their tap changing, distribution side capacitors,
capacitor switching, excitation limiting, etc.

Seattle
City
Light

Franklin Lu The voltage set point is determined by the Puget Sound Voltage
Stability Work Group where the recommendation is that all utilities
share proportional amount of load shed.  SCL uses Beckwith Pride M-
0296 Mod 154 relays serve as the 27LS relays at substation bus to trip
bus breakers.  Our System Control Center can enable or disable the
undervoltage load shedding scheme of each substation via the RTU
and a 1LS relay.

SMUD Nisar Shah Voltage set points were determined by SVSG study. The general
philosophy was to keep the voltage set point reasonably higher than
the nose-point-voltage of the worst double contingency PV curve.
Load tripping signals will be issued through EMS application
modules. The first module detects the sudden simultaneous sustained
increase in reactive output of the generators on-line and will shed the
defined level of load after 12 seconds. The second module in the EMS
scheme will monitor voltages at five selected buses and if majority of
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the valid voltages fall below 210 kV for 8 to 10 seconds, the defined
load will be shed.

TEP Jim Whitaker Currently using a post outage voltage level of 0.98 p.u. as our criteria.
Hardware:
Our current system uses a latching switch matrix for local supervisory
control.  This is then duplicated through latching relays on a remote
terminal unit (RTU).  The Tucson load area is served by four ties, the
Westwing-South 345 kV Line, the Greenlee-Vail 345 kV Line, the
Springerville-Vail 345 kV Line, and the Saguaro-Tortolita 500 kV
Line.  A direct load shedding scheme sheds up to one third of the load
of the area when two of the four ties into the Tucson area are opened.
Other remedial action includes tripping of a 68 MVAR shunt reactor
at South Substation, inserting 96 MVAR of shunt capacitors at Vail
substation, and inserting 45MVAR of shunt capacitors at our
Northeast 138 kV substation.

6. How did your organization determine the amount of load to be shed?

APS Rex Stulting That is still open for debate.

Grant
County
PUD#2

Craig
Jorgensen

Load flow studies were used to determine how much load must be
dropped to prevent WWP’s voltage from being below ASNI
standards.

NCPA Les Pereira Determined by SVSG study – performed by NCPA, SMUD and
WAPA.

PG&E Chifong
Thomas

Based on the P-V curve

PAC Don Johnson Requirements were decided by the Northwest Power Pool studies
done for the Willamette Valley/Southern Washington area
(WILSWA).

PRPA Duane
Braunagel

All load at a substation is shed.  As a “quality of service” issue,
voltages below the emergency minimum will potentially damage both
utility and customer equipment.  When the voltage is below the
emergency minimum, simplicity in design suggested tripping all load
and then letting the dispatcher manually restore the system as
permitted by conditions.  Since low voltage conditions are localized,
there is little danger of tripping unnecessary load outside the problem
area.

PNM Tom Duane Based on studies aimed at maintaining WSCC criteria and preventing
uncontrolled local system separation.

PSE Joe Seabrook See Question # 5
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Seattle
City
Light

Franklin Lu The amount of load to be shed is from studies by Puget Sound
Voltage Stability Work Group and agree upon by the Puget Sound
Area Utilities.

SMUD Nisar Shah The amount of load to be shed was determined through SVSG studies,
using PV and QV curves. The main idea was to drop enough load to
survive the worst double contingency and still maintain the minimum
operating voltage levels and required VAR margins in the system.

TEP Jim Whitaker We run studies simulating the EHV outages listed above and other
EHV outages.  During these studies, we shed load until the system
voltage returns to the .98 p.u. level or better.  The transmission system
operator arms the appropriate amount of remedial action for a given
system condition as determined by the studies.



56

7. Are all such loads to be shed at the same time?   If not, how many steps?
How much load per step? What is the waiting period before going to the next step?
How are the number of steps and the amount of load per step determined?   

APS Rex Stulting We will have three voltage trip settings and three time delays
possible. There is no set amount of load to be dropped per segment.
The number of steps was determined by engineering judgment.

Grant
County
PUD#2

Craig
Jorgensen

See above answers.  The load shed is 18 MW, 20 MW and 7 MW
respectively.

The Wheeler Corridor is an industrial site.  We worked with our
customers here, and let them determine the priority of tripping.  They
are staged in order of economic impact due to an outage, with the
customer having with the least economic impact going first.  The
number of steps was easy also.  After enough load was shed to bring
the voltage above .95 p.u., no more was required.  Three customers
more than accomplished this.

NCPA Les Pereira Single step – we do not have agreement yet, nor performed studies for
a multi-step scheme.

PG&E Chifong
Thomas

All load in scheme tripped at the same time when the voltage set point
is reached.

PAC Don Johnson There are three set-points used for tripping.  Each step is set to trip
approximately 1/3 of the required load that is needed as determined
from studies.  I have attached a copy of our current UVLS relay
settings.

PRPA Duane
Braunagel

All load at a substation is shed.  As a “quality of service” issue,
voltages below the emergency minimum will potentially damage both
utility and customer equipment.  When the voltage is below the
emergency minimum, simplicity in design suggested tripping all load
and then letting the dispatcher manually restore the system as
permitted by conditions.  Since low voltage conditions are localized,
there is little danger of tripping unnecessary load outside the problem
area.

PNM Tom Duane There will be multiple steps depending on system load levels and the
contingency detected by the PLC scheme, however, most of the
details are still under study.

PSE Joe Seabrook See Question # 5

Seattle
City
Light

Franklin Lu Not all load are shedded at the same time.  The Northwest Power Pool
agreement provided a guideline which SCL adapted is as follows.
The SCL program is designed to shed a percentages of the system
peak load when the voltage at the measuring points falls below the
lowest normal voltage for that point:

1st step 5% of load shed at voltage 10% below lowest normalvoltage
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with 3.5 second time delay

2nd step 5% of load shed at voltage 8% below lowest normal
voltagewith 5 second time delay.

3rd step 5% of load shed at voltage 8% below lowest normal voltage
with 8 second time delay.

SMUD Nisar Shah SMUD’s load shedding scheme is one-step only. All load is shed at
the same time.

TEP Jim Whitaker All such load is shed at the same time.  The amount of load to shed
varies with system load, local generation on line, and system
topology.  The steam generation in the Tucson area must be sufficient
so that after (i) any non-transitory generation or any transmission
outage occurs and (ii) the system has been readjusted, any subsequent
single contingency will not require shedding customer load.
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8. Is automatic load restoration allowed?  If so, what is the condition under
which load restoration can begin?  What is the waiting period before load
restoration can begin?

APS Rex Stulting Not in the plans at this time.

Grant
County
PUD#2

Craig
Jorgensen

No, automatic load restoration is not allowed.   Load restoration can
begin after the Potholes - Sand Dunes 230 kV line is restored to
service, or after peak period loads have dropped in the Wheeler/
Moses Lake area by the amount shed.

NCPA Les Pereira Not yet.  Presently manual.

PG&E Chifong
Thomas

All load in scheme tripped at the same time when the voltage set point
is reached.

PAC Don Johnson Yes.  The NWPP does allow automatic restoration provided that the
voltage remains above 95% of normal voltage for several minutes.

PRPA Duane
Braunagel

All restoration is manual.  Just because the voltage may restore to be
above emergency levels does not mean that the system is in position
to serve additional load.  This same philosophy was adopted in the
underfrequency load shedding program.  All automatic restoration is
delayed by 30 minutes and then only restored in small increments.

PNMP Tom Duane Under study but will most likely be operator controlled restoration.

PSE Joe Seabrook See Question # 5

Seattle
City
Light

Franklin Lu No automatic load restoration.  Restoration is done by Dispatcher’s
discretion.  Dispatcher will determine if the voltage have stabilized
and that there is sufficient generation available to support the load.

SMUD Nisar Shah Automatic load restoration is not allowed at the present time. Load
restoration is manual.

TEP Jim Whitaker We do not have automatic load restoration with our TOLS.

9. What other load shedding schemes has your organization implemented or
planned to implement?

APS Rex Stulting Only under frequency is automatic.  Manually, we have a plan to drop
load if resources become insufficient.

Grant
County
PUD#2

Craig
Jorgensen

Off nominal frequency.

NCE Inez
Dominguez

Underfrequency load shedding—but this is standard for everyone now
(this probably not what you are asking).

NCPA Les Pereira None,  except possibly for City of Lodi – which may require if and
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when connected to the Western system.

PG&E Chifong
Thomas

UFLS, 500 RAS Direct load tripping

PAC Don Johnson We also have Underfrequency Load Shedding.

PEGT Stephen
Eckles

Plains has an Under Frequency Load Shedding (UFLS) scheme in
place, and its system operators have the ability and authority to shed
load manually.

PRPA Duane
Braunagel

Other than underfrequency, none.

PNM Tom Duane We have had under-frequency load shedding for many years
consistent with WSCC’s under frequency load shedding program.
We also have a complete operator controlled load shedding plan for
emergency situations.

9. What other load shedding schemes has your organization implemented or
planned to implement?  (Continued)

Seattle
City
Light

Franklin Lu Underfrequency, which is set up the same as UVLS.

SCE Nam Nguyen In addition to underfrequency load shedding schemes, Edison also has
a number of other load shedding schemes installed on the system to
protect equipment from exceeding its short-term emergency limits
under line/bank outage conditions.  These loading shedding schemes
are initiated upon detection of equipment outages and overload
conditions.

SMUD Nisar Shah We have Air Conditioning Load Management (ACLM) programs in
place. We can use these load reduction measures under emergency
conditions.

TEP Jim Whitaker None.

10.  How did you coordinate the UVLS scheme with your other load shedding
schemes?

APS Rex Stulting Initially, the same loads that are armed for under frequency will be
armed.

Grant
County
PUD#2

Craig
Jorgensen

One is triggered via voltage, the other by frequency.
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NCE Inez
Dominguez

They are different by nature.

NCPA Les Pereira Coordinated with PG&E’s Goldhill scheme. PG&E is a member of
SVSG.

PG&E Chifong
Thomas

No coordination between schemes.

PAC Don Johnson No coordination was needed.

PRPA Duane
Braunagel

All shunt reactive equipment has appropriate overvoltage settings.
Caps come off, reactors come on.  The importance of this was
highlighted last week when a fault with delayed clearing dropped
about 600 MW of customer load and voltages went high.  No utility
brreakers operated to drop load but the customers themselves
automatically dropped their consumption.

PNM Tom Duane There is no planned coordination between the under-frequency and
UVLS schemes.

Seattle
City
Light

Franklin Lu No coordination between those schemes.

SMUD Nisar Shah SMUD’s UVLS scheme is not fully coordinated with the neighboring utilities at this
time. This issue will be resolved in 1999.

TEP Jim Whitaker N/A
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11. What problems have you encountered?

APS Rex Stulting Not in service yet.

Grant
County
PUD#2

Craig
Jorgensen

None to date.

NCE Inez
Dominguez

The biggest problem is identifying the “problem,” and differentiating
a voltage collapse from a normal voltage drop.

NCPA Les Pereira None really

PG&E Chifong
Thomas

None at this point.

PAC Don Johnson None,  After two years of having the relays in-service, the relays have
yet to operate for an event.

PRPA Duane
Braunagel

To date, have had no false trips.

PNM Tom Duane Studies show the potential for large over-voltage swings depending on
the load model and possible over-voltage problems during restoration.
Studies to obtain better definition of the load model and means of
controlling over-voltages are on-going.

PSE Joe Seabrook Security and cost are always concerns.

Seattle
City
Light

Franklin Lu None

SMUD Nisar Shah SMUD’s UVLS scheme has not been called far since it has been
implemented in the system (two years). Therefore no problems have
been encountered.

TEP Jim Whitaker Recent studies have indicated that post outage voltage level is not a
good indicator of how close you are to voltage collapse.
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12. If you have the chance to do it all over again, what would you change?

APS Rex Stulting Not in service yet.

Grant
County
PUD#2

Craig
Jorgensen

This scheme is a RAS to match load with transmission capacity, for
the loss of a key transmission section.  This scheme will be disabled
after the completion of the Rocky Ford Project (under construction
now).  We lost at least one major account because we did not have
adequate reliable capacity to serve their load.  If I could change
something, I would have preferred that the District have built the
Rocky Ford Project earlier.

NCPA Les Pereira It was a difficult process to get 5 entities to agree – but its working.
There are no short cuts.

PG&E Chifong
Thomas

More SCADA for both information and control restoration.

PAC Don Johnson Nothing

PRPA Duane
Braunagel

The municipalities implemented this undervoltage load dropping
scheme without our knowledge.  We have no objection to it and are
grateful that they are doing it, but better communication and
coordination is possible.

PSE Joe Seabrook At PSE, the first UVLS scheme was applied on a 115 kV system
serving an island load with a winter peak load of about 120 MW.
Two solid state undervoltage relays monitored bus voltage, and both
had to operate to be able to trip breakers.  Since risk was limited to
the outage of one 230-115 kV transformer, a transfer trip signal
initiated by the outage was also required to trip the serving breakers.
The scheme was intended to trip enough load to recover voltage
during the highest peak loads.  On the one time that the transformer
relayed out, load was not sufficiently high enough for the under-
voltage relays to trip, and nothing happened.  Two years later, the
system was reinforced with an additional transformer, and the UVLS
scheme was removed.

Seattle
City
Light

Franklin Lu None

SMUD Nisar Shah Nothing. We are satisfied with the reliability of the present scheme.
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13. Other comments?

AEP Ray Som Too costly to implement on our system

APS Rex Stulting We anticipate having the first part of the scheme in service in late
1998.

CDWR Eddie
Ledesma

CDWR has no easy way to implement ULVS schemes due to the
load not easily controllable. The requirement of shedding and
restoring of the load incrementally makes it difficult to compensate
for overshoot and stalling. Other diffulties that keep CDWR from
implementing a ULVS is that we minimal load on peak to make a
significant contribution to the system.

PAC Don Johnson The relays were installed as a “Safety Net” for the WILSWA area to
prevent voltage collapse for multiple contingency outages.

PEGT Stephen
Eckles

Plains will keep WSCC informed of any changes.

PNM Tom Duane We anticipate having a scheme in-place by the end of 1999.

PSE Joe Seabrook I think they can be a helpful Safety Net device, if they are
discriminately applied to potential problems that are shown to be
solved with UVLS.  If system-wide means everywhere and
anywhere, I think they can cause more problems with security than
they solve with reliability.

I agree with the concern expressed by some that UVLS relays would
be ineffective in an application where the affected system
experiences a fast collapse.  UVLS is more effective for load serving
systems, and less effective across power transferring systems.  The
Puget Sound Basin would be an example of a system that sometimes
has high transfers across it, yet the peak loads exceed the transfers.

SCE Nam Nguyen We believe that the new guidelines and standards on UVLS for
Safety Nets, as adopted by WSCC/NERC, should be applied and
implemented on a case by case basis in each member’s system, rather
than on a system wide basis due to different nature of the members’
systems.  This can be accomplished through thorough studies of
specific system problems.  In so doing, we will avoid unnecessary
tripping of loads from possible false operations due to the fact that
low voltage conditions are a symptom of many different system
conditions such as long duration faults, out-of-step conditions, etc.

WAPA-
SNR

Mariam
Mirzadeh

Most of our loads are deep load (no sub-transmission or distribution
feeders).  All of our customers are WSCC members, they report their
load shedding (UV & UF) plans directly.  We do not have any
control over our customers’ loads to be able to trip them.  The
Federal pumps’ loads at Tracy, Dos Amigos, and San Luis are
reported by U.S.B.R.
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Appendix C

WSCC Policy Regarding Extreme Contingencies and
Unplanned events
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WSCC Policy Regarding Extreme Contingencies and Unplanned Events

Introduction

The events of July 2 and August 10, 1996 in the Western Interconnection involved
cascading outages of transmission and generation, and widespread interruption of
customer electric service.  Restoration of service on August 10 was hampered by the
large amount of thermal generation lost due to the disturbance.  These outages have
resulted in the implementation of a broad spectrum of measures, which are intended to
preserve and maintain an adequate level of bulk electric system reliability throughout the
Western Interconnection.  Cascading is unacceptable and shall be prevented.  Strict
adherence to WSCC Minimum Operating Reliability Criteria, policies, and procedures
shall be observed at all times.  These criteria, policies, and procedures do not permit the
uncontrolled loss of generation, load, or uncontrolled separation of transmission facilities
under Performance Levels A-D.  This policy document was developed to prevent
cascading outages by maintaining system operation within identified secure system
conditions and by deployment of measures (Safety Nets) to mitigate against
unforeseeable system events.  A high level of cooperation and coordination among
WSCC members will be required in order to implement this policy.

Policy

1. In order to prevent cascading outages, WSCC approved study methodologies and
reliability criteria must be observed and applied at all times  so that for any given
operating period:

•  the boundaries  of secure system conditions will be identified,

•  the interconnected electric system shall be operated at all times such that
secure system conditions are not exceeded, and

•  if, at any time, operating conditions exceed these secure system conditions,
immediate action shall be taken to reduce stress on the system and return
operation to safe and reliable levels.

2. Safety Nets shall be utilized to minimize and reduce the severity of low probability
and unforeseen events.  Safety Nets are distinct from Remedial Action Schemes,
which can be used to maintain system reliability while complying with Performance
Levels A-D.  In addition, the system transfer capability shall not depend on or be
affected by the use of Safety Nets.  Individual elements of Safety Nets may be used in
complying with Performance Levels A-D.

3. Control areas and/or member systems that have initiated or could initiate cascading
outages shall implement prudent measures to locally contain the impact of such
disturbances.
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Identification of and Operation Within Secure System Conditions

The key element to preventing cascading outages for more common or foreseeable
contingencies is operating the system within known and defined secure system conditions
as defined in the WSCC Minimum Operating Reliability Criteria and Reliability Criteria
for Transmission System Planning.  Sufficient studies shall be conducted to identify
critical operating conditions and key system parameters.  Operating criteria shall be
developed to ensure that the appropriate equipment, remedial action schemes, and
operating procedures are in place to provide for reliable system operation at all times.
Secure system conditions will be identified for any given operating period through the
use of WSCC approved methodologies and criteria.  The interconnected electric system
shall be operated at all times such that the secure system conditions identified above are
not exceeded.  If, at any time, operating conditions exceed these secure system
conditions, immediate action shall be taken to reduce stress on the system and return
operation to safe and reliable levels.

In addition to the real time quantities that operators generally monitor for voltage,
frequency, and power, consideration should be given to installation of specialized system
monitoring (such as monitors for oscillations, reactive reserves, and phase angles) at
regional security centers and control area operating centers.  These monitors are intended
to provide operators with real time information and alarms to alert them when the system
approaches critical operating conditions.

Safety Nets for Severe Unforeseen Contingencies.

It is not feasible or even possible to predict or prevent all multiple contingency events.  It
is recognized that these events will occur randomly and can have very serious
consequences.  Therefore, Safety Nets are needed to minimize and reduce the severity of
these low probability and unforeseen events to prevent cascading.  Safety Nets have a
wide range of applications addressing regional and local area disturbances and are
distinguished from remedial action schemes as shown in Table I.  Safety Nets should
only be utilized for such low probability events and do not relieve control area operators
of their responsibility to operate within the WSCC criteria without cascading.  In
addition, the system transfer capability shall not depend on the use of Safety Nets.

Remedial Action Scheme Safety Net
For Criteria defined events For unplanned or extreme events
To meet WSCC Reliability Criteria To prevent or contain cascading
Used in demonstrating transfer capability Not used in demonstrating compliance
Criteria Performance Levels A-D Events outside Levels A-D

Table I.  Differences of Remedial Action Scheme and Safety Net Applications.

Historically, major disturbances within the North American power system have resulted
in declining frequency or voltage and caused widespread loss of load throughout an
interconnected system.  In response to these types of disturbances, under-frequency load
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shedding relays were installed as a global Safety Net for the Western Interconnection to
mitigate the effects of these low probability and unforeseen cascading events.

The 1996 disturbances in WSCC resulted from localized voltage problems leading to
California- Oregon Intertie instability and widespread loss of generation and load
throughout the Western Interconnection.  There is a need to revise and improve the
existing global under-frequency load shedding Safety Net within the Western
Interconnection and to implement additional regional Safety Nets to mitigate localized
problems and prevent more widespread disturbances.

These protective schemes (Safety Nets) shall be designed and implemented to localize
disturbances, minimize cascading and the uncontrolled loss of generation, transmission
and interruption of customer electric service.  While the primary purposes of Safety Nets
are to minimize the loss of load and damage to power system equipment, these Safety
Nets shall also be designed and implemented to facilitate the quick restoration of
transmission tie lines when system separation does occur.

Although designed to operate for extreme disturbances which may be beyond the scope
of the WSCC Reliability Criteria, portions of these Safety Nets may be used as remedial
actions for other more likely disturbances which, for whatever reason, could otherwise
escalate into a more severe disturbance.  The initiators of these more likely disturbances
will be responsible for designing and implementing the appropriate measures.  Extreme
disturbances that have actually occurred shall be used as examples of the types of events
that this policy is intended to address.

Examples of Safety Net schemes that shall be coordinated, designed, implemented, and
tested to comply with this policy include, but are not limited to, direct load tripping
schemes, under-voltage load tripping schemes, under-frequency load shedding schemes,
and controlled islanding schemes.  All WSCC members shall be responsible for
identifying, coordinating, designing, implementing, and testing the safety-net type
schemes that are suitable for their respective regional and local transmission
characteristics, load, and generation types.  Safety Nets are subject to review by WSCC.

Examples

Three examples that illustrate how this policy is to be applied are given below.  The first
example involves the identification of and operation within secure system conditions and
a possible remedial action scheme.  The second example demonstrates the use of rapid
corrective action to prevent cascading, and the third example represents the use of a
Safety Net to minimize the impact of an event that could result in cascading.

Identification of Secure System Conditions.  The simultaneous loss of two large
generating units in critical parts of the system, under certain conditions, can potentially
escalate into a WSCC wide disturbance.  On July 2, 1996, the simultaneous loss of two
Bridger units, combined with the unintentional operation of the system in excess of
system transfer capabilities, initiated voltage collapse and system separation.  In recent
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work by the Operating Capability Study Group (OCSG), it has been found that the
simultaneous loss of two large generating units, such as two Palo Verde units, can cause
growing oscillations on the interconnected system.  The implementation of a remedial
action scheme, such as direct load tripping, for the simultaneous loss of two such large
units is an example of one way to prevent these types of disturbances from escalating into
WSCC-wide disturbances

Remedial Measures for Severe Contingencies.  On July 2, 1996 a multiple contingency
disturbance occurred in Idaho which resulted in declining voltages and ultimately voltage
collapse and cascading.  On July 3, 1996 a replay of the July 2 disturbance began to
occur.  The same multiple contingency occurred and the voltages began to decline.  Fast
operator action to trip load in the voltage deficient area prevented the disturbance from
escalating into a WSCC-wide cascading event.

The July 3 disturbance was arrested by fast operator action that prevented further
cascading.  However, such operator action cannot always be relied upon. If possible,
automated schemes that mimic the operator actions should be designed and implemented
to ensure that prompt and effective actions are taken to manage severe multiple
contingencies.

Safety Nets for Severe Unforeseen Contingencies.  The Southern Island Load Tripping
Plan recently developed by the NE/SE Work Group is one example of a Safety Net.  This
Safety Net allows the southern island entities to quickly recover following a system
separation especially when the southern island is experiencing high import conditions.
The plan includes provision for either direct tripping of load based on operation of the
NE/SE separation scheme or high level under-frequency load shedding.

SEC\PCCOCJGC\NESEWG\POLIC12
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