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DISCLAIMER
Thi- is an unofficial transcript of a meeting of
the United States Nuclear Regulatory Commission held on

April 23, 1997 in the Commission’s office at One

White Flint North, Rockville, Maryland. The meeting was
open to public attendance and observation. This transcript
has not been reviewed, corrected or edited, and it may
contain inaccuracies.

The iranlcript is intended solely for general
informational purposes. As provided by 10 CFR 9.103, it is
not part of the formal or informal record of decision of the
matters discussed. Expressions of opinion in this
transcript do not necessarily reflect final determination or
beliefs. No pleading or other paper may be filed with the
Commission in any proceeding as the result of, or addressed

to, any statement or argument contained herein, except as

the Commission may authorize.




w

a ,m

10
11
12
13
14
15
16
17
.18
19
20
21
22
23
24
25

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

Tk

BRIEFING ON ELECTRIC GRID RELIABILITY

LA B

PUBLIC MEETING

* o x

Nuclear Regulatory Commission
One White Flint North
Rockville, Maryland
Wednesday, April 23, 1997

The Commission met in open session, pursuant to
notice, at 1:30 p.m., Shirley A. Jackson, Chairman,
presiding.

COMMISSIONERS PRESENT:

SHIRLEY A. JACKSON, Chairman of the Commission

KENNETH C. ROGERS, Commissioner

GRETA J. DICUS, Commissioner

NILS J. DIAZ, Commissioner

EDWARD MCcGAFFIGAN, JR., Commissioner
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STAFF AND PRESENTERS SEATED AT THE COMMISSION TABLE:

JOHN C. HOYLE, Secretary

KAREN CYR, General Counsel

DAVID MEYER, Electricity Team Leader, Office of
Policy & International Affairs, Department of
Energy

DENNIS EYRE, Executive Director, Western Systems
Coordinating Council

ERLE NYE, President and Chief Executive, Texas
Utilities Company

JOSEPH CALLAN, EDO

ASHOK THADANI, Associate Director for Inspection
and Technical Assessment, NRR

RONALDO JENKINS, Electrical Engineering Branch,
NRR

MARY WEGNER, Reaztor Systems Engineer, AEOD

DENWOOD ROSS, Director, AEOD

ROBERT WOLFF, Chief Executive, New England Power
Pool

MICHEHL GENT, President, North American Electric
Reliability Council

JOSE DELGADO, Director of Electric System

Operations, Wisconsin Electric Company
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PROCEEDINGS
(1:30 p.m.]

CHAIRMAN JACKSON: Good afternoon, ladies and
gentlemen, thie meeting is the first of two Commission
meetings dealing with electric utility deregulation and
related issues. This first meeting will focus on electric
grid reliability and how it may be impacted by electric
utility restructuring -- deregulation and restructuring.

The second meeting will address deregulation
issues in general with representatives from several federal
agencies involved.

The Commission will hear presentations today from
both the NRC staff and invited industry representatives,
along with a reptesentative from the Department of Energy,
I'm told.

Specifically at this first meeting, the Office for
the Analysis and Evaluation of Operational_Data, or AEOD,
will present information from its study of grid performance
factors. The study was initiated to collect operating
experience where grid disturbances had an impact on nuclear
power plants and other background information on grid
performance.

Last year, two electrical disturbances within a
five-week period on the western grid caused 190 plants to

trip off line, including several nuclear units.
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These events occurred after AEOD had released its
draft report -- after it had released its draft report
concluding that the grids are basically stable.

A stable and reliable grid was an assumption in
the NRC's report on unresolved safety issue A-44, the
evaluation of station blackout accidents at nuclear power
plants dated June 1988.

The reliability of off-site power ig important to
nuclear safety since accident sequences initiated by loss of
off-site power are important contributors to risk for many
nucléar plants.

The Office of Nuclear Reactor Regulation also will
address licensing requiréments for electric power systems,
station blackout, and potential safety concerns with recent
grid events. |

The Commission understands that grid reliability
is a voluntary function under 'h"e North American Electric
Reliability Council and the regyional councils, and that
federal oversight is currently located at the Federal Energy
Regulatory Commission and at the Department of Energy.

DOE has created a working advisory committee on
the reliability of the U.S. electric system, which is
considering whether efforts to date to maintain reliability
are sufficient to provide assurance of reliability in the

future and whether there may be a need for increased federal
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authority over reliability in the future.

NRC, we understand, has been coordinating with DOE
and will continue to keep abreast of this effort. Thig is a
long introduction.

Following the NRC staff presentation, industry
representatives chosen to representc several different
geographical areas and grids will discuss the strengths and
vulnerabilities of their grids.

Additionally, a representative from the DOE will
describe the department's current activities regarding
electric grid reliability.

And so the Commission is interested in a number of
things and I'll tell you a few.

First, insight on what effects electric utility
deregulation will have on grid reliability as far as we
understand, a discussion of the independent system operator
concept, and an assessment of what governments or
operational specifications need to be built into the IS0
process to ensure a stable grid.

I personally have discussed the issue of electric
grid reliability with numerous utility executives over the
past year. It was not poseible to invite to the panel today
all of the industry representatives who have been active on
this issue, so I apologize to you in advance. But if there

is, toward the end of the meeting time, I may invite other
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untility or state representatives to offer any additional
brief comments they would have to the Commission as
Appropriate.

I understand that copies of the various -- the
presentation, at least the staff's, is available at the
entrance to the meeting, and so unless there are any further
comments, Mr. Callan, please proceed.

MR. CALLAN: Thank you, Chairman, and good
afternoon, commissioners. WITH me at the table a > Dr.
Denwood Ross, tpe director of AEOD, and to his right, Mary
Wegner, who is a reactor systems specialist who works for
Dr. Ross in AEOD. To my left is Ashok Thadani, who is an
associate director in the Office of Nuclear Reactor
Regulation, and to his left is Ronaldo Jenkins, an
electrical engineer who works for Mr. Thadani.

Chairman, you've covered ail the points I was
going to make in my preamble, so I will at this point turn
the discussion over to I'r. Ross who will begin the
presentation.

DR. ROSS: 1If we go to slide 2, the reliability of
the grid to which the nuclear plant is connected can affect
the safe operation of the plant. And because of several
events on grids around the country, AEOD performed a study
which is the basis for the first part of this Commission

briefing and Mary Wegner is the author of that study.
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The study identified several grid performance
factors, such as demand growth, capacity margin, and plant
age, which she will talk about. And on the basis of this
study, AEOD developed a recommendation that all licensees
should confirm and maintain their licensing basis with
respect to stability.

Mary will discuss her study in more detail, and
then following that, NRR will discuss the original licensing
basis concept and NRR's plans for addressing grid
reliability. Mr. Jenkins will provide the NRR comments,
aloné with Mr. Thadani.

Slide 3.

CHAIRMAN JACKSON: And before you go, in terms of
the recommendation from this study for licensees to confirm
and maintain their licensing basis, I think the memo you
sent also states that several licensees reviewed their grid
analyses. Was this voluntary on their part?

DR. ROSS: Yes. In fact, Mary will have the
specific discussion on that point. Sometimes it was in
response to an event, such as the Virgil summer event
prompted a Virgil summer reconsideration, but I think we'll
discuss that in more detail in the middle of her
presentation. But I'm not aware of any regulatory
requirement that dictated or required reexamination of it.

Now, it is true that this concept is embedded in
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their 5054 letters that went out last year with respect to
licensing basis in general, of which this is just a part.

CHAIRMAN JACKSON: Now, are you going to talk
about agency actions that are generic -- any generic agency
actions that came about as a result of the summer event you
mentioned at the summer plant?

DR. ROSS: I don't think we were.

MS. WEGNER: The only action I know of was the
issuance of an information notice and that led to another
utility doing --

DR. ROSS: But I don't believe there are a
specific licensing action if that's the question.

CHAIRMAN JACKSON: Okay. Even though at the time,
the FSAR stated for that plant that the grid should be able
to absorb the loss of a generating unit, but in that
particular case, it couldn't and 16 other units tripped off
line. You didn't feel chat any --

DR. ROSS: ILet me check.

MR. THADINI: T think my understanding also is
that, as you say, an information notice was issued as a
result. Any other actions we may have taken, I don't know
of, but we can check on that.

DR. ROSS: S8lide 3. Certainly, reliable power is
needed for safety equipment, and we see this at several

places in the Commission's regulations.
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For example, GDC-17 has the notion or the idea
that an off-site electric power system shall be provided to
permit functioning of structure systems and components
important to safety.

It has a number of statements and provisions
relative to off-site power as well as on-site power.

Further, GDC-35 staces that for ECCS, system
safety function must be accomplished using the off-site
electrical power system assuming the on-site power system is
not available, and conversely, and also, assuming a single
failure.

And other 1ules have links to off-site power. For
example, 10 CFR 50.63, loss of all AC, has requirements
linked to the expected frequency and loss of off-site power
and duration of the loss.

Risk assessments also considered a loss of off-
site power, and if in the modeling you alsc lose the on-
site power from the emergency diesels, you would be in a
condition referred to as station blackout, or SBO.

This event in many risk assessments is the
dominant contributor to core damage freguency.

At present, the contribution of grid reliability
to loss of station power is relatively small and it's more
likely the origin of loss of station power would be within

the station, sometimes called plant centered, such ag a
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10
circuit breaker or tranifcrmer faults, or weather related,
such ar winter ice stors, strong winds, possibly an
earthquake, and Hurricane Andrew is a good example of a
weather-related loss of station power.

And from this you can see that adequate safety is
based on a combination of both, on site and off-site power.
And while at present, grid reliability ig not a dominant
contributor to the risk factor such as core damage
frequency, it seemed important to us to provide assurance
that this would continue to be the case in the future
consistent with the licensing basis.

What I want to do now is turn over a discussion of
the grid performance factor study to Mary Wegner.

CHAIRMAN JACKSON : Let me just ask you a couple
questions before you do.

Do we have confidence that the assumptions
supporting the station blackout rule remain valid in light
of some of the more recent data? And what would be the
sigaificance if such events -- the loss of off-site power
were more frequent that what had been assumed at the time?

DR. ROSS: From what we've seen -- we don't have a
published study -- that the frequency, especially related to
grid stability and loss of station power, is less.

Now, I'd say the definitive study is in a NUREG-

1032 which is good up to 1985. 1It's a 20-year study from, 1
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11
think, 1966 through '85, and it counts the number of events

and categorizes them into the three bins that I mentioned,
which is grid centered, plant centered, and weather, severe
weather.

We are in the process of updating that study, so
we will have a new Sub 1 or Rev 1 to 1032. Actually, it
will have a different number.

There was about, I think, 12 grid stability events
at the time of that study, but most of them were in the
Florida Peninsula area and it was a hardware alignment
situation which was corrected and there's been essentially
no subsequent grid centered -- or grid stability problems
because of the way they rearranged their interties.

So from what we can tell, the data would support a
lower frequency of occurrence.

Now, what we would have to do is put in the
duration, which is part of the blackout rule also.

The other half of your question would deal with
the reliability of on-site facilities. AEOD just finishegd a
publication on that study, almost all the diesels in all the
plants, and it showed in general that the reliability is
tracking about what it was assumed to be, and there is a
statistical spread. And I think we have made this available
to the Commission.

We don't have any information now that would put
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12
50.63 in a new and different light, but we are working on
it.

CHAIRMAN JACKSON: Do we require a certain
reliability of on-site power sources that is referenced to
assumptions about the grid?

MR. THADANI: In most cases, as a result of the
station blackout rule requirements, licensees came in and
make certain commitments about reliability of on-site AC
power source. In this case, it might be diesel generators.
So we do have licensee commitments on site, AC power source
reliabilivy.

If I may just add to it --

CHAIRMAN JACKSON: 1I guess what I'm -- let me just
ask you this. Are they referenced to assumptions about the
duration --

'MR. THADANI: Yes.

CHAIRMAN JACKSON: -- and the extent of the loss?

MR. THADANI: 1In fact, I was going to touch on
that. That's exactly the issue, is the station blackout
rule, the real controlling factors are not just the
frequencies themselves, loss of off-site power, but also
duraticn.

Duration is a very critical issue, and in many
cases, the resolution on a plant-specific basis was that

they could cope with station blackout for a certain time
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13
period. In most cases, it was on the order of four hours,
because the expectation was that off-site power could be
recovered during that time period.

And there are a number of -- as you noted in your
introduction, that this rule went into effect in 1988, and a
number of issues have developed in the intervening years.

Dr. Ross mentioned the IPEs are showing station
blackout to be still a dominant contributor, and in some
cases it's quite significant still.

And there have been some new issues that have
developed over the last eight or nine years, one of which
has to do with the behavior of reactor pump seals, and their
performance could be significantly degraded in the absence
of cooling to the pump seals.

What we're doing in the Office of Nuclear Reactor
Regulation is we are collecting and looking at all the new
information, grid reliability being one of the issues. We
are collecting all the information and we're planning to
reassess the whole issue of station blackout, integrating
all this new knowledge that we have now, and would expect to
complete that evaluation by the end of 1998.

That was going to be Mr. Ronaldo Jenkins' -- part
of his presentation, so excuse me for having -- I think it's
important to recognize that we're trying to integrate all

these issues and reevaluate station --
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CHAIRMAN JACKSON: So we'll wait.

DR. ROSS: I think many of the commitments are
found in the companion reg guide to the biackout rule, which
is -- Mary.

MS5. WEGNER: Slide 4, please.

In 1989, an event occurred at the Virgil summer
nuclear plant that resulted in a major grid disturbance.
AEOD began an inquiry to identify other grid-related events
that impacted the operations of nuclear plants, naturally
the availability of off-site power.

| It was necessary to learn about the grid in order
to evaluate the findings of the study and to communicate
them. My presentation is'divided intc three parts.  First I
will address the orgaﬁization of the North American Electric
Reliability Council and some important characteristics of
the grid.

Secondly, I will describe some event: involving
grid perturbations or the potential for a grid instability.

Finally, I will close with the conclusions I have
drawn.

Slide 5, please. The North American Electric
Reliability Council was formed in 1968. 1Its mission is to
promote the reliability of the electricity supply for North
America. It is made up of ten regional councils and one

affiliate council. The local utility is connected to other
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utilities in its reliability council and to other
reliability councils which form the North American Electric
Reliability Council.

The entire Continental United States, most of
Canada, and part of Mexico are interconnected in order to
provide reliable electric power to consumers.

Membership in the regional councils is voluntary
and is open to all individual electric systems from all
ownership segments of the electricity supply industry.

This map shows the location of each reliability
council. The acronym and the names of the councils are
listed in the study.

In 1997, adherence to the North American Electric
Reliability Council standards was made mandatory. Each
reliability council has a set of operating criteria that
were based upon the North American Electric Reliability
Council criteria, but modified to allow for regional
differences.

The operation of each reliability council is not
uniform, that is, the Mid-Atlantic Area Council operates as
a single entity, while the Southeastern Reliability Council
is composed of four subregions which are virtually
autonomous.

Slide 6, please.

CHAIRMAN JACKSON: When you said that the
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16
adherence to the operational requirements was made
mandatory, made mandatory by whom?

MS. WEGNER: The board of trustees of the North
American Electric Reliability Council, and I believe the
members have completed their voting on the acceptance of it.
But Mr. Gent could answer more detailed questions on that
than I could.

CHAIRMAN JACKSON: Mr.?

MS. WEGNER: Gent of the North American Electric
Reliability Council.

COMMISéIONER ROGERS: Just before we go on, does
every electric generator or generator of electricity for
sale belong to an electric reliability council?

MS. WEGNER: I would say probably not since it's a
voluntary organization, but I would say most of them do, if
they wanted to be interconnected to other utilities to
provide their electricity to others and to receive aid from
them when they need more additional power. There's nothing
requiring them to be.

MR. JENKINS: Independent power producers would
net f211 under this. This was mainly for utilities.

MS. WEGNER: Well, they can. 1It's voluntary.

CHAIRMAN JACKSON: So membership is voluntary?

MS. WEGNER: Yes.

CHAIRMAN JACKSON: But decisions are binding on

ANN RILEY & ASSOCIATES, LTD.
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17
the members, provided the members accept them?

MS. WEGNER: I presume. Mr. Gent can answer the
question more adequately, that there are business contracts
written up to enforce these decisions.

CHAIRMAN JACKSON: Okay.

MS. WEGNER: Peak demand and capacity margin
projections are important grid parameters. On thisg chart,
the peak demand projections for the Mid-Atlantic Area
Council, our council, are shown in the upper left-hand
graph. The lower left-hand graph shows the peak demand
projeﬁtions for the New England Region of the Northeast
Power Coordinating Council.

All reliability.councils project a yearly increase
in peak demand over the next ten years from about 1 percent
to about 2 percént per year.

Capacity margin is a planner's tool to deal with
unexpectedly high demand, demand forecast error, ani so
forth. Capacity margin projections for the Mid-Atlantic
Area Council are shown in the upper right-hand graph.
Capacity margins for the New England Council -- the New
England region of the Northeast Power Coordinating Council
are shown in the lower right-hand graph.

System response to a developing situation is
affected in part by the availability of unloaded generation.

Unloaded generation is related to capacity margin. A

ANN RILEY & ASSOCIATES, LTD.
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18
continuing decrease in capacity margin will eventually
impact system response.

Slide 7, please. Power plants are aging. The
plants that are expected to produce the electricity needed
during the 1997;2005 period have already been built. The
chart shows the total numbers of plants started up and their
total capacity by decades. Both the number of plants coming
on line and their capacity declined sharply after the 1970s.

40 percent of the electricity is generated by
plants which may be 26 years old or older. According to the
East Central Area Reliability Coordination Agreement, ECAR,
the aging of generating capacity necessitates the increased
maintenance and lengthened outages.

The Virgil Summer 1989 events report named the age
of nearby plants as a contributing factor. Age has the |
potential to become a factor in grid reliability.

Slide 8, please. I have talked about the
organization of the North American Electric Reliability
Council and some characteristics of the grid. Now I will
address some operational aspects of the grid as demonstrated
during events.

There are two kinds of grid emergencies. The
first is the outcome of excess demand. That is, demand
above expected peak demand that may exceed reserves. As

this kind of emergency develops, there is usually time for
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human intervention to mitigate the transient.

The second emergency type develops very rapidly as
a result of a fault. Automatic systems protection must cope
with the situation.

The third type of situation is a discovery of the
potential for grid instability due to an existing nuclear
plant condition.

Slide 9, please.

CHAIRMAN JACKSON: I'm looking at the fault issue
with the summer event, and particularly the western grid
disturbance of laﬁt year, and I recall that your draft
report at that time concluded reliability just weeks before
this western grid disturbance --

MS. WEGNER: Yes.

CHAIRMAN JACKSON: -- on August 10th.

Now, had that report specifically looked at the
potential of the kind of fault that caused those two events,
that caused the western grid disturbance?

MS. WEGNER: There were previous faults, the July
2nd one, the December 14th, 1994 in which a seemingly
innocuous situation occurred far across the country from the
nuclear plants and caused a disturbance, and I looked at it
to the point in which I determined to the best of my ability
what transpired during these events and wrote them up in

technical review reports, and they were summarized in the
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20
report.

That is, I believe, as far as I could say that we
have reviewed the events, but --

CHAIRMAN JACKSON: I guess I'm really more
interested not so much in ringing your bell relative to that
particular event, but more to understand is whether the way
we track the status of the grid was such or is now such that
we would be sensitive to the potential for the kind of event
that occurred last summer.

DR. ROSS: Other than expose what happened in the
reports, I'm not sure of any specific action --

CHAIRMAN JACKSON: I guess I'm saying, what do you
measure to make a conclusion that a grid is stable and
reliable? What do you measure? What do you look at? How
do you reach that conclusion?

DR. ROSS: Okay, I understand your question now.
The specific event, and I think Mary's going to get bottled
-- segmented the western area to a number of little ad hoc
islande, and within the islands, certain actions took place.

And if the plant -- some of them tripped, most of
them tripped, some did not -- it was such that you still
have reliable off-site power to the plant, even though the
plant may trip, then I think that's relevant.

CHAIRMAN JACKSON: I guess I'm wondering, are we

sensitive to whether there may be operational conditions
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21
that are occurring, or do we know enough even about the
maintenance of the grid to know whether the loading -- or
whatever factors, to know when a potentially problematic
situation is developing?

MS. WEGNER: That, I believe, would be DOE's
Office of Emergency Management's job.

CHAIFMAN JACKSON: Okay. And I guess this goes
back again to something we had talked about in an earlier
stage, and the issue becomes then the interface.

If DOE's Office of Emergency Management -- and
we're going to hear from them -- tracks certain things, what
communication is there then to us that we fold into in any
kind of a trending database that would trigger us to be more
sensitive or transmit information to the regions, to have
our folks be more sensitive to the potential for some --

MS. WEGNER: DOE has been sending me weekly
reports, which I've been transmitting to a number of people
in DOE and NRR, discussing a potential situation in a few
weeks in areas where there may be problems or where there
have been problems.

Don't know about any databases other than the
study --

CHAIRMAN JACKSON: But nothing that would allow
any response on a real-time basis or anything that

approaches that?
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MR. CALLAN: Chairman, I think in all candor, I'm

speaking as an ex-regional administrator, the insights the
region gets regarding grid reliability they get from
industry sources, typically through the resident inspectors
who are -- attend several operational meetings every day
that the licensee holds at site.

But we don't have a mechanism, a reliable
mechanism internally to disseminate that kind of
information.

DR. ROSS: And I think also to the point we talked
about, the sudden, rather than the slow drop in capacity.
There's some inner workings amongst the councils about how
to, given a trauma of some sort, to separate into islands,
and we don't review that. We don't have access or --

CHAIRMAN JACKSON: You have the issue of sudden
disturbances.

DR. ROSS: Yeah.

CHAIRMAN JACKSON: And then you have the issue of
degraded voltage, right?

DR. ROSS: Right.

CHAIRMAN JACKSON: And I noted that your report,
and I'm going to quote from it in discussing a particular
plant that had a degraded voltage event stated, that "the
degraded voltage analysis accepted by the NRC in 1979 was

not updated because no requirement for periodic update
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existed."

And so what's the status with respect to that? Do
licensees adequately monitor degraded voltage concerns, if
the licensee's data is updated with respect to that when
they perform their IPEs or their PRAs now?

And I guess my -- I'm told that degraded voltage
weaknesses were routinely identified when we did these
electrical system SSFIs some years ago. What staff actions
came out of those and do we have any current concerns?

DR. ROSS: Let me answer the first part and I'll
turn to Mr. Thadani for the second part. We don't know the
extent to which utilities have updated their stability,
hence our recommendation. We just don't know.

As far as what came out of the SSFIs, I'll ask Mr.
Thadani to answer, but I'll expect we're into the plant
centered rather than the grid centered area now.

MR. THADANI: Yes. By and large, the findings
were more on plant-centered issues and there were follow-on
activities as a result of that. But two parts. Let me go
back to this point to a question you raised.

IPEs are -- at least it's my view that they do not
look at degraded conditions. They look at failures, actual
experiential database, and that's how they come up with

frequencies of events.

In addition to that, Mr. Jenkins will be talking
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about an effort that we're initiating at Oak Ridge National
Laboratory, and one element of that is going to be -- focus
attention on the issue you raised just now.

CHAIRMAN JACKSON: I keep coming to Mr. Jenkins.

DR. ROSS. He's the last speaker so we're all --

CHAIRMAN JACKSON: I will try to be good for the
next three minutes.

MS. WEGNER: €£lide 9, please.

The first example is an event in which weather-
driven excess demand affected grid operations locally. The
event occurred on January 18th through 20th, 1994. Cold
weather affected most of the Midwest, uth, northeast, and
Mid-Atlantic areas of the United States. The figure shows
the relationship of temperature at the Washington National
Airport to electricity demand for the region.

On the 18th in the Mid-Atlantic area, the
temperature began to drop from 35 degrees Fahrenheit at 5
a.m. to 8 degrees Fahrenheit at midnight. 1In the evening,
electricity demand increased inversely with the temperature
when it was expected to drop with the change in usage from
commercial to residential.

Weather conditions not only increased customer
load, but also disrupted fuel supplies. Generation was
increased to the maximum. Transmission lines were loaded to

their maximum.
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Slide 10, please. Emergency measures for reducing
the load as shown on slide 10 were instituted. The Mid-
Atlantic Area Council and Virginia Power had to resort to
rotating blackouts to maintain the reliability of the grid.
Florida, New York and Canada provided power to the Mid-
Atlantic. Load reduction measures as shown in slide 10 were
instituted and utilities, government entities, the business
community, and the private sector all cooperated to reduce
load.

The system frequency never decreased to the point
where step 8, actuation of automatic underfrequency load
shedding relays occurred.

' The second kind of emergency, a fault driven
transient, occurred in 1989 at the Virgil Summer Nuclear
Plant. At Virgil Summer, a loss of cooling signal was
generated, the turbine tripped, and the reactors scrammed.
Nearby plants attempted to make up the load but tripped
because their generator protection was set high because of
their age.

A cascading failure resulted during which 16 units
tripped off line and caused a severely depressed voltage
throughout Scuth Carcolina and the neighboring states.

Virgil Summer's 20 buses saw the degraded grid
condition and isclated from the grid. The emergency diesel

generators started and loaded the running buses. They ran
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for one hour and 35 minutes. Subsequently, the licensee
determined that his grid analyses had to be periodically
updated.

Slide 11, please. Another important event was the
western grid disturbance of August 10, 1996. The weather in
Los Angeles was hot. Relatively inexpensive hydropower was
available from the northwest. Large amounts of power were
flowing southward when voltage problems in the northwest
became evident.

A line sagged into a tree at Oregon. Lines
tripped; generatiﬁg plants tripped. The system separated
into four islands as shown on the slide outlined in heavy
black lines.

Frequency in the Northern California island
dropped. All five sets of load shedding relays actuated
causing about 50 percent of Northern California load to be
shed.

Many power plants tripped, including Diablo Canyon
units 1 and 2-- units 1 and 2. Southern California, Arizona
and New Mexico were part of the southern island. Freqguency
dropped there also, triggering load shedding.

Palo Verde units 1 and 3 in the southern ‘sland
tripped. Neither nuclear site lost all off-gite power as a
result of the event. A transient resulted in the loss of

over 30,000 megawatts of load, 25,000 megawatts of
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generation, and the tripping of 190 generating units shown
in dots on the slide, which came from the western grid
disturbance report of WSCC.

Included in those dots are the Diablc Canyon units
in California and the Palo Verde unit<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>