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investrent in nuclear power plants by enhancing AC power
reliability, and recommends that, as an aTtevrot1ve to
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Rulemaking should acknowledge the NUGSBC proposal and
encourage further development of industry initiatives
during the public comment period.
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BACKGROUND:

DISCUSSION:

On May 6, 1985, the staff submitted a proposed rulemaking
package (SECY-85-163) to obtain Commission approval for
publication of a proposed rule on station blackout. In

that Commission paper we noted that a Nuclear Utility Group

on Station Blackout (NUGSBO), representing approximately 25
utilities, was preparing an alternative resolution of USI

A-44 that would avoid rulemaking because, in their opinion,
rulemaking on station blackout 1s unnecessary. We requested
that the Commission not schedule meatings on this matter

until the staff received NUGSBO's proposal and forwarded to
the Commission its evaluation of the industry's submittal. On
May 8, 1985, the staff received NUGSBO's proposal entitled
“Proposal for Resolution of USI A-44 (Station Blackout)"
(Enclosure 1). The staff met with NUGSBO on May 22, 1985,

and requested, at that meeting, that NUGSBO submit the
analyses that supported the group's conclusions and recom-
mendations. NUGSBO submitted a draft report on May 23rd and

a final report on June 5th entitled "Estimation of Site-
Specific Station Blackout Core Damage Frequency Using NRC
Staff Methodology" (Enclosure Z). On May 28th representa-
tives of the utilit $roup met with the NRC Executive Director
for Operations (EDO{ or further discussion, and on July 17th
NUGSBO sent a follow-up letter to the EDO that contained

some clarification of the group's proposal (Enclosure 3). The
staff's evaluation of NUGSgO's proposal is presented below.

NUGSBO's position is that rulenakin? is not necessary to
u

resolve USI A-44, because they conclude that “station
blackout does not represent a significant risk to public
health and safety." NUGSBO proposes industry initiatives
that would provide improved protection of the capital
investment in nuclear power plants by enhancing AC power
reliability, and claims that "if such initiatives are
embraced by industry, they will also increase the current
Tevel of safety associated with station blackout events."

At a moctin?. on May 22, 1985, NUGSBO presented the technical
background for their submittal to the NRC, "Proposal for
Resolution of USI A-44 (Station Blackout)." The information
discussed at the meeting consisted mainly of four tables
(Tables 1, 2, 4 and 5 in Enclosure 2) which presented the
frequency of core melt as a result of station blackout for
52 nuclear plant sites. These tables were prepared utilizing
the staff's methodology in draft NUREG-1032, "Evaluation of
Station Blackout Accidents at Nuclear Power Plants." The
four tables are described~in the following paragraphs.
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Table 1 presents the calculated frequency of core melt

for the 52 sites based on the factors proposed by the staff.
These factors include diesel generator configuration and
reliability; grid, switchyard and weather characteristics
for each site; and capability (hours) for coping with a
station blackout. Core melt frequencies are presented
assuming plants have a 4-hour, 2-hour, or no capability to
cope with a station blackout event (e.g., maintain core
cooling with AC power unavailable). NUGSBO obtained the
diesel generator configuration data for each site from a
published staff contractor report (NUREG/CR-2989) and from
the licensee responses to Generic Letter 84-15.

The diesel reliability assumed was a site-averaged
reliability based on the individual diese! generator
reliabilities reported by the licensees in response to
Generic Letter 84-15. None of the 52 sites indicated a
site-averaged diesel generator reliability of less than
0.95 per demand, although some licensees had reported
individual diesel generator reliabilities below this level
for the last 100 starts in response to Generic Letter 84-15.
In some cases, NUGSBO adjusted the reliabilities upward
because licensees made corrections or improvements to their
emergency diesel generators. In these cases, NUGSBO used
the number of failures in the last 20 starts, instead of
the last 100, to represent current reliability levels.

The site-specific grid, switchyard and weather characteris-
tics were obiained from varicus staff and contractor reports
and National Oceanic and Atmospheric Administration climato-
Togical reports. Using these inputs, NUGSBO then obtained
the core melt frequency estimates from tables containing

the results of staffnﬂaranotric calculations presented in
Appendix C of draft NUREG-1032 (Enclosure 4 of SECY-85-163).

For an assumed coping capability of four hours, 12 of the

52 sites have an estimated core melt frequency from station
blackout events of greater than 1 x 10°° per reactor-year.
The staff's proposed Regulatory Guide (Enclosure 3 of
SECY-85-163) would indicate that such sites should have a
coping capability of eight hours to reduce the core melt
frequency from station blackout to the desired range. (By
reviewing existing probabilistic risk assessment studies for
a number of plants, the staff determined that in order to
keep station blackout a relatively small contributor to total

core melt frequency, core melt frequencies from station black-

out events alone should be about 1 x 10°° per reactor-year



or less. This desired range was based upon a review of
operating experience, practically achievable reliability
of offsite and onsite emergency AC power systems,
variations over time in AC power reliability and from
site tc site, ancd the potentially severe consequences of
a station blackout because of limited decay heat removal
capability and no containment heat removal capability
without AC power.) For the remaining 40 sites, a four-
hour coping capability would be needed to achieve the
desired core melt frequency range from station blackout.

Teble 2 of the NUGSBO report is similar to Table 1 with
the exception that the "Cluster Group" appreach used by
the staff in KUREG-1032 to simplify the generic dis-
cussion was replaced by an analysis of the specific
charecteristics for each site. In Table 2 (and sub-
sequent tables) information was presented for only sites
1 through 22 (thke primary sites of interest) and sites 35
and 39 (additional data points). Table 2 indicates no
significant change in the information presented in Table
1, and would indicate a similar grouping of plants in the
four- and eight-hour capability groups.

Table 4 is similar to Table 2 with the exception that
slightly revised data, based on an Electric Power Research
Institute report ("Loss of Cffsite Power at U.S. Nuclear
Power Plants - A1l Years Through 1984," NSAC-85), were
used to determine the frequency of losses of offsite power.
Some reduction in core me!t frequency is noted, but the
overall results are not changed significantly from Table 2.

Table 5 presents the main thrust of the information used
by NUGSBU tc support their positicn on station blackout.
This table is based on using only data for the losses of
offsite power for the years 1979 thru 1983. NUGSBO stated
that the mere recent data indicate there has been a signif-
icant improvement in the frequency of losses of offsite
power, and that for various reasons, these data are more
indicative of the systems today. The industry-average
Toss-of-offsite-power frequency (only seven events in the
five years) was assumed to be applicable to all sites in
Table 5. This resulted in almost a decade decrease in the
estimated statfon blackout core melt freguencies for some
sites. The following results were obtained using these
assumptions: . W



(1) For an assumed four-hour coping capability, the
estimated frequency of core melt from station
blackout would be less than 1 x 107 per reactor-
year for all sites.

(2) For an assumed two-hour coping capability, there are
11 sites in the range from 1.1 to 1.5 x 1075 per
reactor-year. These plants would approximately meet
the staff's general objective for core melt frequency
from station blackout. The other plants would have
smaller frequencies.

(3) Plants with no coping capability would have an
estimated core melt frequency greater than 1 x 10°%
per reactor-year. For the 24 glants tabulated, the
range is from 2.1 to 9.6 x 107 (i.e., the freguency
of a station blackout event).

It should be noted that NUGSBO's analysis is based on the
methodology and calculations in draft NUREG-1032 which
already g1ves credit for recent reductions in frequency of
losses of offsite power, specifically for plant-centered
losses. The staff has concluded that there probably has
been a decrease in the frequency of these events as operating
experience has increased. Therefore, the staff's analysis
included about a 30 percént reduction in the frequency of
the plant-centered losses compared to the actual observed
frequency. Statistical analysis of the data did not show
a comparable decrease in grid- or weather-related losses
of offsite power.

It is NUGSBO's position, based on the information in Table 5,
that rulenakin? is not required, since they believe that all
plants currently have at least a two-hour coping capability
and thus, given the assumptions on loss-of-offsite power and
diesel generator reliability in Table 5, would meet the pro-
posed staff target of about 1 x 10°% per reactor-year.

NUGSBO has proposed voluntary industry initiatives to assure
that diesel generator reliability is maintained, and that
appropriate procedures are developed together with operator
training for restoring AC power and coping with a station
blackout event. The NUGSBO proposal does not include a
commitment by licensees to assess the capabilitg of their
plants to cope with a station blackout for two hours (or any
other time). NUGSBO has recommended that the Commission
issue a policy statement indicating its support of the



proposed voluntary industry initiatives, rather than a
notice of proposed rulemaking.

The staff's view is that NUGSBO's proposal is based on a

very optimistic assessment of recent data for losses of
offsite power and the assumption that licensees will maintain
diesel generator reliability greater than 0.97 per demand

for most plants (and in many cases greater than 0.99 per
demand) over the 40-year life of the plant. Although the
offsite power data for the five-year period from 1979 through
1983 is favorable, there is no assurance that this level

will be maintained over the next 20 to 40 years. Also, since
construction of new power plants has decreased, it is possible
that more losses of offsite power will occur as the grid
reserve margins decrease with the overall increase in power
demand in future years. An event such as occurred in the
Northeast Blackout of 1965 would, in the future, involve

many nuclear plants, and the statistics for loss of offsite
powe? could then change dramatically with the occurrence of
just one grid failure. The staff has requested comments

from the Department of Ener?y (DOE) and the North American
Electric Reliability Council (NERC) on loss-of-offsite-power
experience and expectations for future trends in electric
transmission system reliability. A copy of the NERC response
is provided in Enclosure 4. Their general conclusion is

that it is difficult to predict the frequency of grid dis-
turbance in the future based on recent past experience.

Even if the optimistic assumptions used in Table 5 were
accepted, most plants would need to have a station blackout
coping capability of about two hours to achieve a core melt
frequency of about 1 x 1075 per reactor-¥ear. (The staff

reco?nizes that a few plants with unusually high redundancy
configurations of on-site power sources might achieve the
objective with coping capabilities of less than two hours.)
Without rulemaking, however, there is no basis in NRC's
regulations to require a showing of such capability. Based
on the generic plant analyses performed for USI A-44, the
staff agrees that many licensees shouid be able to show they
have this capability. (In fact, for the value-impact
analyses in Enclosure 2 of SECY-85-163, the staff assumed
that all plants can cope with a station blackout for two
hours. )
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The gist of NUGSBO's conclusion regarding rulemaking seems
to be that if all plants can withstand a two-hour station
blackout event, then the frequency of core melt from such
events is acceptably low; and therefore there is no need
for the proposed rule. Since the principal thrust of the
proposed rule is to require that licensees determine that
their plants can withstand blackout events of an acceptable
duration, the Togic of NUGSBO conclusion seems questionable.
The proposed rule does not specify a particular duration.
The associated draft Regulatory Guide does present a simple
methodology that would lead to selection of either a four-
or eight~hour duration, but allows plant-specific justifi-
cation of shorter durations as well.

As noted above, NUGSBO's conclusion regarding the generic
acceptability of a two-hour coping capability depends on
projections of recent loss-of-offsite power data that the
staff believes are optimistic. The staff is concerned that
for many plants a blackout capability of only two hours
would Teave very little margin for potential degradations
in grid reliability or diesel generator reliability that
may occur, in spite of good-intentioned voluntary industry
initiatives to maintain and improve them. The core melt
frequencies in NUGSBO's document are the result of staff
"best estimate" calculations and no consideration is given
in the NUGSBO document to the uncertainties pointed out by
the staff in NUREG-1032. In the proposed rulemaking package,
the staff has included a discussion in the Regulatory
Analysis (Enclosure 2 of SECY-85-163) of uncertainties

and other non-quantified considerations.

NUGSBC proposes that each utility would implement
voluntarily a plant-specific program designed to enhance
AC power reliability, described as follows (see Enclosure 1).

“The industry initiatives embodied in each program wil)
include the following actions, as appropriate:

1. Ensuring the adequacy of practices or procedures
and training for the restoration of AC power to
necessary systems;

2. Ensuring the adequacy of procedures and training
for operators to cope with plant response to a
station blackout event;



3. Post-failure evaluation and correction of the root
cause of losses of individual AC power sources;

4. Ensuring the adequacy of severe weather procedures
(hurricane and tornado);

5. Reducing the frequency of emergency diesel
generator cold fast starts through changes in
technical specifications and/or the addition of
pre-heat systems;

6. Su portin? industry groups regarding development of
(1) guidelines designed to improve diesel generator
performance (e.qg., IEEE) and (2) methods for more
accurately and realistically assessing diesel
generator reliability in the context of station
blackout (e.g., NSAC); and

7. Industry evaluation of significant events relating
to AC power relfability."

These proposed voluntary industry initiatives, although
lacking in detail, appear to include many of the elements
in the staff's proposed resolution of USI A-44, as
reflected in the proposed Regulatory Guide (Enclosure 3
of SECY-85-163). Further development of such initiatives
should be encouraged.

If NUGSBO, or some other industry organization, were to
develop more detailed standards for voluntary programs
to improve and maintain diesel generator reliability and
ensure the adequacy of procedures and training related
to station blackout events that could be endorsed by the
staff, and committed to by all licensees, then it might
not be necessary to issue those portions of the proposed
Regulatory Guide.

The proposed voluntary program does not include an
industry commitment to determine the station blackout
coping capability for each plant. The staff believes such
an assessment (which would be required by the propoged
rule) is necessary for the development of meaningful
station blackout procedures and evaluation of their
adequacy.



In a letter to W. J. Dircks, dated July 17, 1985

(Enclosure 3), NUGSBO reiterated its position and

provided some additional comments on three aspects of

their proposal. With regard to the extent of industry
support of the NUGSBO proposal, they state that the

proposal "has been agreed to by all of the nation's

nuclear utilities with the exception of three which are
still considering it." With regard to the seven suggested
industry initiatives (noted above), the NUGSBO letter
provides some additional discussion of the objectives of
each. With regard to the capability of operating plants

to cope with a postulated station blackout, the July 17
NUGSBO Tetter provides some additional discussicn, based

in large part on generic discussions in staff and contractor
reports, to support NUGSBO's view that "[s]taff analysis and
the literature, in general, indicate that the safety
functions which need to be provided in a station blackout
can be provided reliably for several hours without AC power."

We have recently learned of initiatives within
INPO-NUMARC to provide industry support for developing
integrated approaches to the problem of station

blackout. As the industry initiatives demonstrate broad
participation in the industry effort, it would be
possible for the NRC to take note of these during the .
discussions on the rulemaking, and make modifications in
whatever form the final rule might take.

RECOMMENDATIONS : After review of the NUGSBO proposal, and for the reasons
discussed above, the staff continues to believe that the
risk of severe accidents attributable to station blackout
events can, and should, be made a relatively small contrib-
utor to the total core melt frequency from all causes.

We believe that an important ingredient in achieving that
objective is to assure that all plants are able to cope with
station blackout events of some acceptable duration, and we
believe that our regulations should contain such a requirement.
The development and implementation of programs for assuring
the reliability of onsite emergency power systems and the
adequacy of procedures and training related to station
blackout events are also important to achieving the
objective, and we believe that guidance such as that
contained in the proposed Regulatory Guide on Station
Blackout (or that could be developed by the industry and
endorsed by the NRC) is needed. We believe that further
industry initiatives to develop and implement such guidance
should be encouraged, but that initiation of the proposed
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rulemaking should not be further delayed. An addition
should be made to the supplementary informaticn section
of the Notice of Proposed Rulemaking to acknowledge the
NUGSBO proposal and encourage further development of
industry initiatives during the public comment period.
A proposed addition is provided in Enclosure 5.

We recommend that the Commission proceed with the
proposed rulemaking on station blackout as recommended
in SECY-85-163 with the addition of the language of
Enclosure 5 to the Notice of Proposed Rulemaking
(Enclosure 1 to SECY-83-163).

/

William J. Dircks
Executive Director for Operations

Enclosures:
1. "Proposal for Resolution of USI A-44 (Station Blackout)", Nuclear
Utility Group on Station Blackout, May 8, 1985.

2. NUGSBO-85-003, "Estimation of Site-Specific Station Blackout Core Damage
Frequency Using NRC Staff Methodology", Nuclear Utility Group on Station
Blackout, May 198S. .

3. Letter from C. H. Poindexter and L. G. Kuncl to W. J. Dircks, July 17,
1985,

4, Letter form D. M. Jenjamin to T. P. Speis, July 1, 1985,

5. Proposed Addition to Notice of Proposed Rulemaking on Station Blackout.
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Secretariat should be apprised of when comments may be expected.
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NUCLEAR UTILITY GROUP ON STATION BLACKOUT
PROPOSAL FOR RESOLUTION OF USI A-44

I. Issue Background

The NRC Staff defines Station Blackout as a complete
loss of alternating current (ac) electrical power to the
essential and nonessential switchgear buses in a nuclear
power plant. The topic was designated as an Unresolved
Safety Issue (USI) by the Nuclear Regulatory Commission
(NRC) in 1978. 1In July 1980, the NRC Staff issued Task
Action Plan A-44 for resolution of the,issue. Subsequent
work has focused on three major areas: (1) loss of offsite
power experience, (2) reliability of emergency power
supplies, and (3) station blackout core damage segquences.

It is our understanding that the NRC Staff ha; proposed
a rule which would (1) designate a station blackout as a
design basis event, (2) require plants to determine the
maximum duration station blackout that could be handled and
analyze the limiting factors governing the duration, and (3)
require plants to demonstrate capability (making
modifications as necessary) of withstanding a station
blackout for specified durations based on specific
characteristics of each plant’s onsite and offsite power
capabilities. A draft Regulatory Guide, which forms part of

the Staff’'s rulemaking package, would interpret the proposed



.
regulation to require a duration on the order of four or
eight hours. To support its rulemaking resolution of
Station Blackout, the Staff has also prepared draft NUREG-
1032, entitled "Evaluation of Station Blackout Accidents at
Nuclear Power Plants, Technical Findings Related to
Unresclved Safety Issue A-44," which provides or references,
in large measure, the database upon which the proposed
regulation is based.

The Staff has presented its proposed rulemaking package
to the Committee tc Review Generic Requirements (CRGR) and
the Advisory Committee on Reactor Safeguards (ACRS)
Electrical Systems Subcommittee. The CRGR approved sending
the rulemaking package to the Commission for consideration;
however, in so doing CRGR recommended that greater emphasis
be placed on integrating the resolution of other issues
along with Station Blackout and that allowance for a zero
hour duration category be included.

By letter to NRC Staff management dated March 12, 1985,
the ACRS gave a guarded conceptual endorsement of the
resolution of the issue. Specifically, the ACRS recommended
that actions considered in the resolution of USI A-44 "be
closely cocordinated with recommendations which may emerge
from ongoing work on USI A-45 ’'Shutdown Decay Heat Removal
Requirements.’" Further, the ACRS stated that "if a better
alternative [for resolving A-44) than rulemaking is
advanced, we recommend that it be given serious

consideration."
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II. Overview of Position of Nuclear Utility Group on
Staticn Blackout (NUGSBO)1l/

NUGSBC has reviewed the technical record on Station
Blackout and has evaluated the implications of the new
requirements under consideration by the Staff. NUGSBO's
review has included the following topics:

i Loss of offsite power (LOOP)
experience as it pertains to the
lavel of reliabiljty which is
currently demonstrated by normal ac
power sources.

S Diesel generator failure experience
as it pertains to the existing level
of diesel generator reliability.

3. Station blackout accident sequence
assessment as it pertains to
quantifying the level of risk posed
by station blackout events.

4. Estimated costs associated with
implementing a design basis station
blackout capability.

S Implications of other safety issues
which are related either to the
probability of station blackout
events or the capability to
withstand a station blackout.

1/ A number of nuclear utilities interested in the
resolution of Station Blackout formed the Nuclear
Utility Group on Station Blackout in the spring of 1984.
NUGSBO currently represents 25 nuclear utilities, with
several others considering membership or otherwise
expressing support. The objective of the Group is to
achieve a reasonable resolution of USI A-44 and related
issues.
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NUGSBO has discussed these issues with the NRC Staff and has
monitored the pertinent efforts of industry organizations
such as AIF, NSAC, IEEE, IDCOR, and ANS. 1In addition,
NUGSBC is carefully examining the Staff’s generic risk model
(draft NUREG-1032) and its implications when applied to
actual plant sites in an effort to quantify and characterize
the risk associated with Station Blackout.

As a result of its review and analysis, NUGSBO has

reached the following conclusions:

i. Station blackout has not been shown at this
time to exhibit sufficient generic safety
concern to warrant rulemaking. Indeed, the
Staff has stated that it is primarily
concerned with only a relatively small number
of plants.

r The overall level of safety in the industry is
demonstrably high when measured in terms of ac
power system reliability.

The Staff’s database for diesel generator
failures is presently not appropriate for use
in station blackout risk assessment. While
the Staff’'s database for loss of offsite power
events appears to be accurate, a few
discrepancies are currently under
investigacion by NUGSBO.

4. The approach adopted by the Staff’s proposed
rule is undesirable because it does not allow
for recognition and continued assurance of
high ac system reliability as a means for
resolving the issue.

$. The Staff has underestimated the ;otential
cost of implementing the proposed rule.

6. The Staff has not demonstrated that its
approach will provide substantial additional
protection to the health and safety of the
public.



oSn

1. The Staff resolution does not adequately

consider the related aspects cf a number of
other generic safety issues.

In short, the Staff’s technical record does not currently
support substantial generic concern regarding the risk of
station blackout and, therefore, the large expenditure of
resources that would result from the proposed rule cannot be
justified on the basis of safety considerations. The
Staff’s current rulemaking effort is premature (and in the
long term may not be needed at all) and resolution of the
issue should proceed in a coordinated fashion with the
resclution of aspects of the several other power-related
issues now before the Staff. (Several of NUGSBO's concerns
regarding the Staff’s efforts are addressed in more detail
in Section III.)

In light of NUGSBO’s conclusions, the central issue of
Station Blackout appears to be potential economic risk
rather than potential risk tc public health and safety. In
this regard, NUGSBO is aware of initiatives of various
utilities designed to protect their power plant investment
from station blackout accident sequences which could lead to
core damage. Such measures directed toward achieving
economic goals would also offer additional safety benefits.
NUGSBO believes that, as an alternative to current Staff
rulemaking efforts, industry'’s endorsement of such

initiatives could lead to further reduction of the minimal
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risk for all plants, including those few which may be of
Staff concern. These initiatives, included in the NUGSBO
alternative proposal, maintain emphasis on the reliability
of ac power sources and recognize the highly plant-specific
nature of the station blackout issue and other related
issues. With such initiatives in place, the risk to the
public health and safety from station blackout will be even
further reduced and final resolution of the station blackcut
issue can proceed in an orderly and integrated fashion with
the resolution of several other power-related issues.

NUGSBO believes that the inherent synergism offered by such
a coordinated approach will yield econcmic and safety
benefits which exceed those provided by resolving related
issues independently. (NUGSBO's alternative proposal is
addressed in more detail in Section IV.)

NUGSBO strongly endcrses the concept of issue
integration as a framework for achieving an orderly and
timely resolution of interrelated issues. To this end,
NUGSBO supports the recommendation made by ACRS stressing
coordination of the Station Blackout resolution with the
resclution of related issues. Similar observations have
been made by CRGR. The "Minutes of CRGR Meeting Number 60",
May 8, 1984, reflect CRGR consideration of the need for
coordination among the resolutions of generic issues. At
page 2, the Minutes state:

The Staff’'s proposed resolution of USI
A-44 appeared to the CRGR to confront the
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currently evolving Commission Policy on
Severe Accidents and the resolution of
other closely related generic issues.
This resolution of A-44 also appeared to
foreclose, or at least discourage
licensee arguments that the overall
reliapility of their ac power systems was
sufficient (or could be made so) to allow
a specified ac blackout duration of less
than 4 hours (e.g., zero). The CRGR
explored these severe accident concerns
and the interrelationships to other
issues in arriving at their conclusions
and recommendations to the EDO on the
proposed resclution of USI A-44.

In sum, CRGR concluded, at page 4:
. . . that the time was ripe to recommend
to the EDO that a major effort be
undertaken by NRR/RES to develop a plan
that would better integrate the
resolutions of major generic issues now
pending. This should strive to order and
to better manage the means to achieve the
most cost-beneficial implementation and
resolution of those separate generic
issues now in progress or envisioned for
the near future.

On October 12, 1984, NUGSBO submitted to the NRC Staff a
proposed integrated resolution process for Station Blackout
and power-related aspects of other generic issues. NUGSBO
tentatively identified six generic safety issues whose
eventual resolution could have a bearing either on the
likelihood of a station b_ackout event or the capability of
the plant to mitigate such an event. It is NUGSBO's
position that with appropriate industry and Staff
involvement, the integration process provided in NUGSBO's
October 12 submittal could be used to develop a plan to

achieve an orderly and timely resoluticn of these six
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issues. To support this position, NUGSBO has prepared an
example of such a plan (Attachment B). While this plan has
not received the requisite industry and NRC Staff
coordinated review to support its adoption, it does provide
a substantial framework from which a final integration plan
could be developed.

To amplify NUGSBO's general conclusions noted above,
Section III addresses in some detail several of the issues
giving rise to NUGSBO’'s concerns regarding the adequacy of
the record supporting the Staff’s rulemaking initiatives.
Section IV provides an alternative to the Staff’'s proposed

rule.



III. NUGSBO's Assessment of the Technical Record
Supporting the Staff’'s Rulemaking Effort

The initial impetus for considering the station blackout
issue emerged from early risk studies and the loss of
offsite power experience of the 1970’s. These
considerations suggested that further study was necessary to
determine the nature and extent of the risk which may exist
at operating plants. The Commission identified Station
Blackout as an Unresolved Safety Issue in 1978 and initiated
a substantial research program which has only recently been
concluded. This program has incorporated recommendations
from NSAC and IEEE concerning the appropriate analysis and
classification of LOOP events. 1In addition, the Staff and
its consultants reviewed a spectrum of generic plant
analyses performed (primarily) by the NSSS vendors
concerning the coping capability of operating plants.
Finally, emergency diesel generator reliability experience
provided further input to the Staff’'s proposals.

NUGSBO does not believe that the technical record
published to date provides a sufficiently well-founded basis
for concluding that a generic safety problem exists. 1In
fact, to the contrary, the record indicates that (1) onsite
and offsite power system reliability has significantly

improved since attention was first drawn to the station
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blackout issue, and (2) a substantial blackout mitigation
capability exists which will be even further enhanced with
the resolution of other power-related issues. The record on
its face does not support the Staff’'s rulemaking
initiatives. While NUGSBO is continuing its review of the
record, several of NUGSBO's concerns regarding the technical
basis for the Staff’s actions are discussed below.

The first concern regarding the Staff’s reccrd involves
consideration of the LOOP experience. This database
represents the significant joint efforts of the staff, its
consultants, IEEE, and NSAC, and covers all reported events
experienced through December 1983. A statistical inalysis
of this data indicates a direct correlation between
declining event frequency as reported by NSAC and the Staff,
and the continued growth in overall industry operating
experience. (See Figure 1.) In fact, since 1976, both the
frequency and the total number of LOOP events have declined
markedly. (See Figure 2.) A variety of statistical tests
and measures all support the conclusion that the Staff/NSAC
database indicates a declining trend in the LOOP frequency.

NUGSBO concludes from its analysis that the observed
reductions in LOOP frequency are due in part to increased
operating experience and improvements in design and
represent a "learning curve." NUGSBO's analysis of the
Staff’'s database indicates that these improvements are

concurrent with a three-fold reduction in the industry
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average for loss of offsite power frequency. In addition to
being evident in the NSAC/NRC database, these reductions and
their association with operating experience are
independently cited in recent Industry Degraded Core
Rulemaking Program (IDCCR) studies. See "Nuclear Power
Plant Response to Severe Accidents,"” Technical Summary
Report, IDCOR Program (November 1984). IDCOR suggests that
this same magnitude of reduction is evident for all
transients, including LOOP events. Taken as a whole, the
recent experience appears markedly different from the
experience apparent to the Staff in 1978 when Station
Blackout was idcntiflod as an Unresolved Safety Issue.

NUGSBO recommends that the Staff review the LOOP
experience in view of these recent trends. Due credit for
improvements evident in the recent experience should provide
a significant reduction in the perceived risk of station
blackout. Based on consideration of these trends, NUGSBO
submits that the risk due to station blackout is currently
not substantial, and is not the same as was previously
perceived. In fact, an updated evaluation of risk could
well yield results comparable to the level of safety sought
by the Staff in its rulemaking proposal.

The reliability of onsite power sources has also been
recently shown to be better than previously assumed. The
earlier alsunétrans were derived from historical diesel

« W
generator experience documented by utility data and recorded
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(generally) under the guidelines of Regulatory Guide 1.108.
To update this state of knowledge, the NRC requested plant-
specific information about the reliability of emergency
diesel generators in Generic Letter 84-15. The responses
demonstrated that over half of all diesels have
reliabilities greater than 99% and almost 90% have
reliabilities in excess of 95%. There were only three
machines with reliabilities less than 90%. These machines
have since been upgraded to better than 95% based on the
last 20 successive tests reported to the NRC.

It is also possible that the reported periormance of
these three (and other) machines may be more a result of
irrelevant failure criteria than a true measure of their
reliability. Specifically, Generic Letter 84-15 asked fcr
reliability data to be reported in accordance with
Regulatory Guide 1.108, i.e., identification of failures
based on the ability to meet the fast start criteria for
loss of cocolant accidents. While important to the basis for
satisfying Regulatory Guide 1.108 (i.e., for satisfying LOCA
response criteria), achieving rated lcad in a 10 to 15
second time period (as opposed to a longer period) is
irrelevant to station blackout risk assessment.

Some utilities took exception to Regulatory Guide 1.108
when responding to Generic Letter 84-15; others did not.

For those utilities which did not, some reported reliability

data which was based on reported failures attributed solely
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to failure, by a few seconds, of the diesels to assume rated
load in a 10-15 second time period. The application of a
more appropriate failure criterion to the database would
reveal that the contribution tc station blackout risk from
diesel generator failures is even smaller than assumed as a
result of the Generic Letter 84-15 response.

The current method of determining diesel generator
reliability is also unnecessarily pessimistic in counting
all failures yet omitting many "successful"” demands that are
terminated in less than one hour. In this regard, efforts
are currently underway at NSAC to provide a method for more
accurately and realistically assedsing diesel generator
reliability in the context of station blackout.

As has been the case with increasing offsite power
system reliability, it can be anticipated that diesel
generator reliability will continue to improve. Several
factors point to this conclusion:

Cold fast starts, which are
recognized as being harmful to
reliable diesel generator coperation,
are being reduced in frequency or
eliminated through changes in
technical specifications and the
addition of pre-heat systems.

2. Industry groups, such as IEEE, are
developing standards aimed at

=  improving diesel generator
performance.

3. As more focus is put on diesel
generator performance, root cause
identification will enable the

industry to remedy problems through
constructive modifications to
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equipment and procedures, rather
than through more frequent
potentially destructive testing to
demonstrate reliability.
4. Industry is implementing a program
for the collection and trending of
diesel generator reliability data.
Thus, NUGSBO submits that with regard to Station Blackout,
actual diesel generator reliability is understated by
cuiLcan*t svalyuation methods and should be expected to improve
as the industry continues to acquire greater e nerience
Despite the clear evidence in the technical record of a
pattern of decreasing station blackout risk, one concern
which has been raised by the Staff is that such improvements
will be evident only in those areas subject to industry
remedies. The Staff maintains that the residual risk from
weather-related LOOP events may be less subject to
improvement. These types of events are classified by the
Staff as uncontrollable events, as distinguished from
equipment reliability events which are largely controllable
by licensees. The Staff contends that the frequency of
these uncontrollable events has not been shown to be
declining. Contrary to the Staff’s view, however, NUGSBO's
review of the database indicates that improvements have
indeed occurred in the frequency of weather-related LOOP
events. In fact, the improvement seen in the so-called

uncontrollable event frequency is comparable to that

observed in the equipment-related category. This
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improvement suggests that station blackout risk can be
reduced as a result of industry initiatives. NUGSBO
believes that additional steps can be taken to further
reduce the risk of a station blackout initiated by severe
weather, without substantial plant medifications or
rulemaking. These initiatives are part of NUGSBO's
alternative proposal and are described in Section IV, Part
A.

To obtain a better understanding of the Staff’'s
perception of the station blackout risk, NUGSBO conducted a
review of operating sites using the assumptions, data, and
methodology discussed in NUREG-1032. A ncccnd;ry goal of
this review was to understand the value and limitations of
the methodology as a tool for assessing the nature of the
station blackout risk at actual plants. In this regard,
despite its stated assumption that a small number of sites
are at risk from station blackout, the Staff has notably
failed to demonstrate this risk by the analysis of any
actual sites.

The conclusion of NUGSBO's analysis is that the Staff’'s
methodology fails to identify any plant which constitutes a
significant public health and safety risk due to station
blackout. 1In addition, the analysis (using the Staff’'s
assumptions and lcthodolyqy) indicates that overall station
blackout risk is not significant. rtnaliyf“tho blackout

.
mitigation measures cf the type currently under
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consideration by the Staff fail to offer significant
potential improvements tc the public health and safety - an
essential step to proposing a backfit. This latter finding
is especially important because the implementation of the
Staff's proposed backfits could consume an inordinate amount
of Staff and industry resources.

Notwithstanding NUGSBO’s conclusion that the Staff's
methodulogy and assumptions fail to identify any plant which
poses a significant public health and safety risk due to
station blackout, NUGSBO conducted a further investigation
of the plants whicp the Staff’'s methodology determined to be
most vulnerable. Significantly, NUGSBO’'s investigation
revealed considerations at each site not factored into the
analysis that provide a further and substantial decrease in
the risk of cors damage due to station blackout, e.g., the
availability of other ac power sources, recently improved
diesel generator reliability, the capacity to enhance
effective diesel generator redundancy, a dedicated diesel,
or improved grid reliability.

It should be emphasized that the Staff’s methodology
appears to be useful only as a screening test and is very
conservative. FPor example, the governing criterion of
concern is core damage rather than core melt or radicactive
release frequency. Given the Staff’s “risk" criterion, the
potential reduction or elimination of important containment

failure modes or the revision of the source term have no
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impact on the assessment of station blackout risk. Further,
sufficient credit is not given for either alternative power
sources on-site (e.g., a fossil unit, IC turbine, or other
non-safety source of ac power) or recent improvements to
offsite power sources. Taken together, these considerations
further reduce the station blackout risk by margirs
ccnpatiblo to or greater than that offered by the proposed
modifications. Yet, even as a screening test, NUGSBO
concludes that the Staff's analysis fails to support
classifying Station Blackout as either a generic or site-
specific design basis safety issue, and clearly does not

support qcnc?ic rulemaking.



IV. NUGSBO's Proposed Resolution

NUGSBO's proposed alternative was developed based in

large measure upon consideration of three relevant factors:

1. The Staff's technical record fails
to support its conclusion that
blackout is a generic safety issue
warranting rulemaking. Rather,
NUGSBO concludes that station
dlackout does not represent n
significant risk to public health
and safety.

r There are various ongoing utility
initiatives in this area designed to
provide greater protection of the
capital investment in the plant
which provide additional safety
benefits. While their focus is
primarily economic, NUGSBO believes
that {f such initiatives are
embraced by industry, they will also
increase the current level of safety
associated with station blackout
events.

3. Any resclution of station blackout
must proceed in coordinated fashion

with the resolution of other power~-
related issues.

The major elements of NUGSBO's proposal (discussed
below) are:

1. Implementation of plant-specific programs
designed to enhance ac power reliability;

2. Issuance of a Commission policy statement
endorsing this industry program; and
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3. Implementatic of an 1nto?zatod resolution

process for ultimate rescolution of station
blackout and other power-related issues.

A. Implement ac Power Reliability Programs

The first step of the NUGSBO proposal is for each
utility to implement a plant-specific program embodying
industry initiatives designed to enhance ac power
reliability. while these programs will be designed
primarily to ensure that economic risk from station blackout
is acceptable, they will also increase the current level of
safety associated with station blackout events. Under this
approach utilities will be provided the flexibility to
establish a program reflecting specific plant design
features and operating practices, and may consider, among
other things, administrative controls, and improvement. to
ac power systems. The industry initiatives embodied in each

program will include the following actions, as appropriate:

1. lnlurinz the adequacy of practices or procedures
and training for the restoration of ac power to
necessary systems;

2. Ensuring the adequacy of Rtoccdutco and training
for operators to cope with plant response to a
station blackout event;

3 Post-failure avaluation and correction of the root
cause of losses of individual ac power sources;

4. Ensuring the adequacy of severe weather procedures
(hurricane and tornado);
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S, Reducing the frequency of emergency diesel
generator cold fast starts through changes ‘n
technical specifications and/or the additinn of
pre~heat systems;

6. SuppOtting industry groups regarding development of

(1) guidelines designed to improve diesel generator
performance (e.g., IEEE) and (2) methods for more
accurately and realistically assessing diesel
generator reliability in the context of Station
Blackout (e.g., NSAC); and

Ta Industry evaluation of significant events relating

to ac power reliability.

While at present primarily NUGSBO member utilities have
been involved in dovclopth and supporting these
initiatives, NUGSBO is actively working to gain industry
acceptance. To further these initiatives, NUGSBO is
committed to assuring the development of guidelines for

implementation.

B. Issue a Commission Policy Statement

In view of the clear and significant trends in LOOP
events and diesel generator reliability and the industry
initiatives noted above, NUGSBO maintains that (1) the
perceived risk to the public health and safety from Station
Blackout has decreased ouﬁntantially since it was declared a
USI, and (2) such risk will decrease further in the future.
Further, NUGSBO submits that to avoid potentially
unnecessary and wasteful expenditure of both Staff and

industry resources on piecemeal resolution of related
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issues, all power-related issues should be resolved in an
integrated fashion. Accordingly, NUGSBO recommends that the
Commission issue a policy statement which would endorse the
above-noted industry initiatives regarding this issue and
recognize that the substantial reduction in risk from
Station Blackout provides interim resolution pending an
orderly and deliberate intoqratcd.rosolutian of all power-
related issues. Further, NUGSBO recommends that the policy
statement conceptually embrace and provide active support
for the integrated resolution. A proposed pelicy statement

is provided in Attachment A to this document.
’

C. Implement a Process to Achieve an Orderly Resolution of
Power-Related Generic Issues

NUGSBO submits that with the implementation of industry
intiatives noted above, the NRC Staff will have further
assurance of the low risk to public health and safety from
Station Blackout such that a more deliberate and integrated
resolution of this issue can proceed in conjunction with the

several other pows:r-related issues of concern.2/ NUGSBO

2/ Widespread use of the term "integration" in other
nuclear liconsin? contexts may lead to misinterpretation
of this Group’s intent. NUGSBO is not suggesting an
integrated resolution process which would conclusivnlt
lead to a single, universally-applied backfit to resolve
station blackout and related issues, In the proposed
ugflication, the term integration refers to a process by
which the information needed to support the resolution
of a set of related generic issues is identified and
gathered in a timely fashion. Evaluation of the
resulting information then leads to a reasonable and
mutually consistent resolution for each of the related

(Footnote 2 continued on next page)
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maintains that sound regulatory practice mandates such an
integrated resolution. Such an integrated resolution will
minimize the potential for near-term over-commitments of
industry and Staff resources which in the long-term may
prove to be either unnecessary or unjustified on a
cost/benefit basis. Further, an orderly and integrated
resolution of related issues will minimize disruptive and
potentially unwarranted impacts on plant operations that
could re ult from piecemeal resolution of the related
issues. ;

In an October 12, 1984 submittal to the Staff, NUGSBO
provided two screening criteria to identify power-related
issues subject to integrated resolution. Further, NUGSBO
suggested a five-step framework for the actual integration
of those issues. NUGSBO contends that, using these criteria
and framework, the NRC and industry could work together to
develop and implement an integrated task action plan leading
to ultimate resolution of all power-related issues within a
2-4 year period. (Irplementation of activities associated
with the resclution uf the various related issues may

proceed in staggered fashion as each issue is resolved.)

(Footnote 2 continued from previous page)
issues. Any new performance criteria or recommendations
resulting from this resolution could then be issued
concutront1¥, and addressed bY individual utilities in
an orderly fashion. The regulatory stab£11t¥ inherent
with this approach will enhance plant reliability by
limiting disruptive chlnzos to hardware and procedures
and alloving for more efficient expenditure of resources
by each utility.
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While the development of any integration plan must have
full coordination and input from both the NRC and the
various industry groups associated with the related issues,
NUGSBO provides as Attachment B a sample plan for the
resolution of power-related issues in order to provide an
example of how such a process would work. The sample plan
contains a listing of power-related generic issues and
relevant technical considerations, a matrix reflecting the
sequenced resolution of such issues, a task action plan for
implementation, and a discussion of organizational
considerations associated with resolution. While the sample
plan in Attachment B contains substantial detail and’may
reflect many industry and NRC Staff views on the integrated
resolution of power-related issues, NUGSBO reiterates that
prior to adopting any such plan a full and complete review
by both the NRC Staff and other industry groups would be
necessary. To that end, NUGSBO reaffirms the suggestion
made in its October 12 submittal that an NRC/industry
workshop should be held to address the elements of this
integrated resolution plan., NUGSBO would commit to sponsor

or co-sponsor such a workshop.
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v. Conclusion

NUGSBO's proposal represents (1) a program of plant-
specific initiatives designed to provide further short-term
enhancement of ac power reliability and (2) combined NRC and
industry efforts designed to provide, in a timely and
integrated fashion, long-term resolution of the several
power-related generic issues. Notwithstanding the
substantial concerns regarding the adequacy of the Staff’s
technical record to support its rulemaking initiatives,
NUGSBO maintains that its proposed alternative is preferable
to the Staff’'s proposal for several reasons.

First, the alternative proposal will yield safety
benefits faster than the Staff’s approach, because the
NUGSBO proposal focuses on ac power system reliability. The
Staff’'s proposal, on the other hand, emphasizes backfitting
mitigation capability to protect against core damage. The
ultimate realization of such mitigation benefits is limited
by the long lead times for equipment design, procurement,
installation, and refinement.

Second, NUGSBO's proposal provides for the timely and
integrated resolution of several issues. As a result,
industry and NRC resources will be focused to accomplish the
resolution of necessary tasks and the potential for wasted
resources, which history teaches will occur absent the
integrated approach envisioned by NUGSBO's proposal, will be

substantially reduced.
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Third, NUGSBO's proposal will provide greater assurance
that the overall cost/benefit of coordinated resolutions is
maximized. Piecemeal resolutions of related issues, as
curtrently advanced by the Staff, promote substantial
inefficiencies which will result in a reduced cost/benefit.

Pourth, focusing on core damage, the Staff’s technical
record fails to support Station Blackout as a safety issue
at any plant. The Staff’'s analysis, however, does raise the
potential concern that Station Blackout may be an economic
iss e at some plants. Economic issues are within the
jurisdiction of, and should be resolved by, the utility
industry, rather than the NRC. Furthermore, utilities are
better staffed and equipped to analyze and manage such
issues. Notwithstanding the good intentions of Staff
proposals in this area, utility-initiated actions are
clearly preferable,.

Finally, NUGSBO's proposal is based on industry
initiatives. This approech is clearly in support of the
NRC's goal of fostering independent action by industry.
Such an approach has the added benefit of providing a
mechanism whereby both industry and the NRC can work
together to resolve a number of generic issues in a
cvordinated fashion., If successful, these initiatives may
provide a model for more efficient and timely resolution of

other generic issues.
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In sum, the NUGSBO alternative to the Staff’'s proposed
rule is a preferable method for addressing the Station
Blackout issue and should receive strong NRC consideration.
Moreover, should the NRC choose to pursue the Staff's
proposed rule through notice and comment rulemaking, the
NUGSBO alternative resolution could form the basis for an
option published concurrently for comment with the proposed
trule. This latter approach was accomplished successfully in

the recent ATWS rulemaking.



Attachment A

Proposed Commission Policy Statement

A. Background

The Commission declared Station Blackout, defined as a
complete loss of alternating current (ac) electrical power
to the essential and non-essential switchgear buses in a
nuclear power plant, an unresolved safety issue in 1978. In
July 1980, the NRC Staff issued Task Action Plan A-44 to
address the issue. The NRC Staff has been working on this
issue since that time, focussing upon three major areas: 1)
loss of offsite power; 2) reliabili .y of onsite backup sys-
tems; and 3) station blackout core damage sequences. During
this time, the Commission has sponsored a number of studies
and the Staff has issued the following reports: NUREG/CR-
2989, NUREG/CR-3226, NUREG/CR-3840, NUREG/CR-3992, and most
recently, draft NUREG-1032.

The results of these studies reflect that the reliabil-

ity of the two major ac power sources at each site (i.e.,



offsite power and onsite emergency diesel generators) has
improved substantially during the past several years and all
indications reflect that this reliaBility will continue to
improve. Further, without taking into consideration the
positive impact of source ;crn reevaluation, these studies
do not demconstrate that Station Blackout constitutes a
significant risk to the public health and safety.

The Commission is aware that the power-related aspects
of other unresolved and generic salety issues remain out-
standing. The CRGR and ACRS Subcommittee on Electrical
Systems have expressed interest in having the resolution of
Station Blackout integrated with other power-related issues.
The Commission endorses the concept of integrated resolution
of related issues.

The Commission has recently issued a Policy Statement
endorsing industry initiatives regarding training and quali-
fication of nuclear power plant personnel and considers a
similar approach applicable for the resolution of Station
Blackout (USI A-44).

B. Policy Statement

The Commission recognizes that the industry has made
progress in improving ac power reliability. In addition,
the Commission recognizes that the initiatives proposed by
the Nuclear Utility Group on Station Blackout will further

enhance the reliability of ac power systems. In this



regard, the Commission realizes the importance of industry’'s
initiatives and wishes to encourage further self-
improvement. Subject to the success of these programs, the
Commission will refrain from new rulemaking in the area of
station blackout. Although the Commission is deferring
rulemaking in this area in recognition of the industry
efforts, the NRC can only exercise this flexibility as long
as the industry initiatives produce the desired results. 1In
addition, it remains the continuing responsibility of the
NRC to independently evaluate applicants’ and licensees’ ac
power reliability to determine the success of these
initiatives and to evaluate the possible need for further
NRC action.

The NRC policy with respect to licensees’ and appli-
cants’ programs for ac power reliability is presented below.
The Commission expects that, pursuant to the guidance
contained herein, each licensee or applicant for operating
license will implement a plant-specific program designed to

further enhance ac power reliability.

Each program will include the following actions, as

appropriate:

1. Ensuring the adequacy of practices or procedures
and training for the restoration of ac power to
necessary systems;

2. Ensuring the adequacy of procedures and training
for operators to cope with plant response to a
station blackout event;

Post-failure evaluation and correction of the root
cause of losses of individual ac power sources;



4. Ensuring the adequacy of severe weather procedures
(hurricane and tornado);

S. Reducing the frequency of emergency diesel
generator cold fast starts through changes in
technical specifications and/or the addition of
pre-heat systems;

6. Supporting industry groups regarding development of
(1) guidelines designed to improve diesel generator
performance (e.g., IEEE) and (2) methods for more
accurately and realistically assessing diesel
generator reliability in the context of Staticn
Blackout (e.g., NSAC); and

y Industry evaluation of significant events relating
to ac power reliability.

C. Enforcement

The NRC retains authority to use the full range of
enforcement actions for regulatory viclations invelving ac
power reliability as specified in the Commission’s Enforce-
ment Policy, 10 C.F.R. Part 2, Appendix C. Enforcement
actions for viclations related to the availability of onsite
and offsite ac power will be based upon Commission regula-
tions and individual license conditions. The Commission,
however, in recognition of industry initiatives involving ac
power sources, will exercise some discretion in selecting

cases appropriate for enforcement.



Attachment B

Sample Plan For Coordinated Resolution
of Power-related Issues

In its October 12 submittal, NUGSBO proposed an
integrated resclution process which involved the following

five steps:

Identify the generic power-related
issues which are candidates for
integrated resolution.

3. Identify the technical
considerations underlying the
related issues which must be
addressed in the integrated
resolution process.

3. Develop an integrated task action
plan to prioritize and coordinate
analysis of the technical
considerations necessary to
ultimately resolve the issues.

4. Execute the integrated task action
plan in order to develcp a full
database from which to choose
possible resolutions.

S. Select and implement final
resolutions for related issues in a
timely fashion.



In that submittal, a trial application of the first step
was performed. Generic issues were reviewed to identify
those that were related to the reliability or availability
of ac power using the following screening criteria:

(1) the issue bears on the likelihood or
duration of a total loss of ac
power; or

(2) the issue relates to the ability of
a plant to withstand or cope with a
total loss of ac power.

This review produced seven "power-related” issues as
candidates for a coordinated resolution. 1Issues of primary
importance in this category are: (1) "Diesel Generator
Reliability" (Generic Issue B-56), (2) "Reactor Cocolant Pump
Seal Failures" (Generic Issue 23), and (3) "Shutdown Decay
Heat Removal Requirements" (USI A-45). 1Issues which have
relationships of lesser importance to Station Blackout, but
which should also be considered, include "Adequacy of
Safety-Related DC Power Supplies" (GI A-30) and "Probability
of Core Melt Due to Component Cooling Water System Failures”
(GI 65). (One of the seven issues, USI A-47, "Safety
Implications of Control Systems," has since been dropped
from the list because of its specific focus on accident
sequentes not related to station blackout.)

In performing the second step in the process, NUGSBO

identified a number of’ﬁ?bhnical considerations within each

. o
of the power-related issues which are related to station



blackout. These issues are listed in Table 1 and their
specific relationship to ac power reliability/availability
is shown diagrammatically in Figure 1.

Using Figure 1 as a template, it is now possible to

perform the third step in the integrated resolution process;

i.e., to propose a task action plan for development of

complete data from which to select and implement appropriate
resolutions. The initial emphasis in such a plan would be
to review the status of each issue to determine those which
have already been sufficiently studied and those which are
the subject of ongoing NRC or industry research.

An industry organization should be established with
overall responsibility for implementing the integrated task
action plan. This organization would monitor the progress
of relevant activities ongoing within the NRC and the
industry.

A preliminary task action plan is set forth in Table 2.
The task action plan will, if implemented, result in an
orderly resolution of USI A-44, GI B-56, GI A-30, GI 23, and
GI 65. USI A=-45 will only be partially resolved, but its
ultimate resoluticn should be coordinated to ensure

consistency with this proposed integrated resolution.
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Table 1 (continued)

3.2 Battery capacity during total loss of ac power -
affects ability to deal with station blackcut
events through loss of instrumentation or DHR
equipment support function.

RCP Seal Integrity Without AC Power (GI 23) - related to

ability to maintain RCS inventory when makeup capability
not present due to total loss of ac power:

4.1 Hydrostatic seal designs (failure mechanisms,
leakrate and timing).

4.2 Hydrodynamic seal designs (failure mechanisms,
leakrate and timing).

CCW Reliability (GI 65) - related to likelihood and
severity of seal tailure during total loss of ac
power.

Shutdown Decay Heat Removal Systems (USI A-45) -
Reliability of ac-independenc DHR systems influences
ability to cope with a total loss of ac power.
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TASK I:

A. Determine the Present Reliability of ac Power Systems (1.1)

Table 2

TASK ACTICN PLAN FOR RESOLUTION OF POWER-

RELATED GENERIC ISSUES
(PRELIMINARY)

DEVELOP A COMPLETE DATABASE

Offsite Power Reliability (1.1.1)

b.

Verify long duration LOOP event data;

Re-review LOOP database to examine feasibility
or appropriateness of "rectifying" prior data
to reflect past corrective actions by
utilities;

Refine "learning curve" effects model to
determine whether a correlation exists between
number of plant sites and the experienced
reduction in LOOP frequency and duraticn; and

Examine relevant industry experience to
identify significant precursors to a LOOP
event (e.g., dc bus failures).

Onsite Power Reliability (1.1.2)

Develop method for measuring diesel generator
reliability (EDGR) in a manner appropriate for
station blackout concern (2.0);

Reassess EDGR from utility responses to NRC
Generic Letter 84-15, or develop a clearer
information request and send to utilities.
D;ta obtained is used to measure current EDGR
(2.0) and;

Assess whether dc system failures are
significant contributors to overall diesel
generator unavailability (3.1).

Enhanced Recovery Capability (1.1.3)

Establish criteria for allowing credit for
backup ac power sources; and



Table 2 (continued)

b. Review each site for the presence of enhanced
recovery capability, including restoration
procedures.

B. Evaluate Ability to Withstand a Total Loss of ac Power
(1.2)

s Ability to Maintain RCS Inventory (1.2.1)

a. By test or engineering evaluation, identify
RCP seal failure mode (if any), leakrate, and
timing for hydrostatic seal design (4.1); and

b. Same as (a) for hydrodynamic seal design
(4.2).

S Ability tc Remove Decay Heat (1.2.2)

a. Assess fhe reliability of ac-independent DHR
systems, identify failure mode and timing
(6.0); and

b. Evaluate impact of dc system failures on DHR
performance during station blackout due to
insufficient battery capacity (3.2).

3. Equipment Support/Survivability (1.2.3)

a. Realistically establish credible conditions
that may result from a station blackout that
have an adverse effect on required equipment.

TASE II: REASSESS RISK ASSOCIATED WITH AC POWER LOSS EVENTS

Under this task, the results of Task I would be employed
in a reassessment of risk posed by station blackout.

TASK IIl: ESTABLISH PERFORMANCE GOALS

An ac power reliability/performance goal should be
established. If from the results of TASK II the existing
level of protection is deemed to be acceptable, then this
level of protection is translated into a performance goal
and measures can then be taken to ensure that this
performance is maintained in the future. If the existing
level of protection is deemed inadeguate, then a goal may be
established in terms of improved reliability.



Table 2 (continued)

TASK IV: SELECT RESOLUTION, IMPROVEMENTS FROM AVAILABLE
OPTIONS

A. Suggestions to Consider for Improved Reliability of ac
Power Sources

; Offsite Power Reliznility:

Examine relevant industry experience to
identify switciyard problems which could lead
to LOOP events:

Devalop "weather-related" procedures which
minimize the likelihood of a total loss of ac
power events which have hurricanes or
tornadoes as precursors; and

Continue tracking and analysis of LOOP events
industrywide.

2. Onsite Power Reliability

NOTE:
B-56.

Develop a means for continued assurance of
high EDGR by analyzing failure mechanisms,
applying corrective maintenance, minimizing or
eliminating unnecessary testing, and
implementation of good preventive maintenance
practices; and

Implement an industry-wide EDGR trending
program.

These suggestions, if implemented, resolve GI

e DC Power System Reliability

Assure that dc power system design and
operational features do not compromise ac
power availability; and

Assure that test and maintenance activities
required for battery operability include
preventive maintenance procedures on bus
connections, procedures to demonstrate dc
power availability from the battery to the
bus, and administrative controls to reduce



NOTE:
A‘30 -

«ll=

Table 2 (continued)

battery damage during testing, maintenance,
and charging.

These suggestions, if implemented, resolve GI

B. Suggestions With Regard to Demonstrating Ability to
Withstand a Total Loss of AC Power

1.

2.

TASK V:

Improvements to reactor coolant pump seals (if
shown to be necessary) and proper operating and
maintenance practices (NOTE: This resolves GI 23

and 65);
Procedures for restoration of ac power scurces; and
Procedures and training for goping with staticn

blackout events which promote understanding of
event and minimize likelihood of human error.

Implementation of Resolution

The resolution options selected under Task IV will then
be implemented on a plant-specific basis in a timely,
cocrdinated fashion.
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1.0 INTRODUCTICON

The primary objective of this study was to examine the site-
specific station blackout core damage frequency for each
operating nuclear plant in the United States using a methodology
developed by the NRC Staff., A secondary objective was to examine
the impact of mecdifying the loss of offsite power database to
reflect industry improvements in AC power reliability.

The methodclogy used in this analysis is based on NUREG-1032
(NRC (1985]), "Evaluation of Station Blackout Accidents at
Nuclear Power Plants, Technical Findings Related to Unresolved
Safety Issue A-44." The details of the Staff's methodology and
its application in this analysis are discussed in Section 2.0 of
this report. The analysis required data concerning plant
locaticn, AC power equipment configuration, diesel generator
reliability, local weather experience, and plant transient
respcnse, Where possible, documented site-specific information
was used. Assumptions made for purposes of the analysis are
identified in the subsequent sections of this report.

It is important ¢to note that the use of the Staff's
methodology in this report should not be construed as an
endorsement of this particular approach to the determination of
station blackout risk. Rather, the frequency estimates indicate
how actual sites compare with the generic assessment the Staff

has reported in NUREG-.032.
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2.0 SITE-SPECIFIC CORE DAMAGE FREQUENCIES USING STAFF
METHODOLOGY

2.1 Qverview
In NUREG-1032, the Staff summarizes its findings concerning
the likelihocod and consequences of station blackcut events at
nuclear power plants. These findings include a generic
assessment of the expected frequency of core daﬁage from station
blackout events. In the Staff's methodology, the core damage
frequencies are dependent on a number of plant design and
leccation factors. When all the various factors are combined, the
resulting core damage frequency categories number in :;e hundreds
and represent a freguency range of nearly six orders of
magnitude. The Staff states that the expected core damage
frequency range extends from 107% o greater than 1074 per site-
year,
In this report, the Staff's methcdology is applied to all
ites with operating licenses issued prior to the end of 1983 in
order to determine the range and distribution of expected core

damage frequencies represented by the nuclear industry.

2.2 Staff Methodology

2.2.1 Site Attributes

The focus of NUREG-1032 in estimating station blackout risi
is the estimated frequency of core damage. In Table C.4 of
NUREG-1032, cthe Staff presencts the expected core damage
frequencies from station JSlackout as a function of four

attributes:

(4
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emergency diesel generator configuration;
emergency diesel generator reliability;
loss of offsite power susceptibility; and,
station blackout coping capability.

P~~~
L B
W S N S

Each of these site attributes are discussed in the following

subsections. Table C.4 is reproduced herein as Appendix A.

2.2.2 Emergency Diesel Generator Configuration

The emergency diesel generator (EDG) configuration is a
combination of two parameters:

(1) The minimum number of EDGs needed to meet AC power load
requirements for a design basis accident (DBA); and,

(2) The number of EDGs available.
The configuration is described in NUREG-1032 and this report

by the notation "x/y", where "x" is the number of EDGs needed and
"y" is the number of EDGs present onsite. The Staff's analysis
accommodates only three different configurations: 1/2, 2/3, and
1/3. 1t is assumed that other configurations found at scme sites
(i.e., 2/5, 3/8) are bracketed (in terms of redundancy) by the

chree configurations analyzed.

2.2.3 Emergency Diesel Generator Reliability

The NUREG-1032 methodology requires the determination of
individual EDG failure likelincod based on a site average. In
this case, an EDG failure is defined as a failure (o start and
properly assume load. The Staff's analysis considers both
independent and common-cause Iailures =0 stare. In addizion,
independent and ccmmon-cause ZIailure-to-run rates are fac:ored

into the analysis.
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The models developed by the Staff for diesel generator
reliability permit the evaluation of a 1/2, 2/3, or 1/3 onsite AC
system with arbitrary failure-to-start probabilities and failure-
to-run rates. However, the generic core damage f:equenc}
analysis in NUREG-1032 and in this analysis was limited to
independent failure-to-start likelihood values of 0.10, Q.085,
0.025 and 0.01. For each configuration, averace values for the
common-cause failure-to-start probability and the independent and

common-cause failure-to-run rates were used,

2.2.4 Loss of Offsite Power Susceptibility

Loss of offsite power (LCCOP) susceptibility is the most
complicated cf the four station blackout risk characteristics
provided in NUREG-1032. In the Staff's analysis, LOOP
susceptibility is composed of four factors, representing:

(1) Frequency and duration of "plant-centered” LCOP events;

(2) Frequency and duration of "grid-related"” LCOP events;

(3) Frequency and duration of "severe weather" LCOP events;
and

(4) Frequency and duration of "extremely severe weather"
LOCP events.

ach of the four factors are subdivided into several
categories representing ranges of susceptibility to the
particular type of LOCP event. The categories within each of the

four LOCP susceptibility factors are as follows:

2ige 4



(1) "i" - Four categories of offsite power system designs;

(2) "GR" - Seven categories consisting of (a) expected
frequency of LOOP events due to grid loss, and (b)
existence of enhanced recovery capability;

(3) "SR" - Six categories of severe weather LOOP
susceptibility depending on: (a) expected {requency of
LCOP events due to severe weather, and (b) existence of
enhanced recovery capability; and

(4) "SS" - Five categories of extremely severe weather LCCP
susceptibility.

The LCCP susceptibility of a given site 1s then
characterized by the assignment of an appropriate category for
each of the four LCCP factors. Various combinations of the four
LOCP factor categories result in similar expected LOCP
frequencies and durations. NUREG-1032 reports that the Staff
performed a statistical "cluster analysis"™ to group together
those combinations which yield similar overall LocP
susceptibilities. This analysis yielded nine cluster groups that
include all the relevant combinations of the four factors and
thus span the range of LOCP susceptibilities.

The tables from NUREG-1032 defining the LOOP factor
categories are reproduced in Appendix B of this report. The
actual cluster group definitions of NUREG-1032 are provided in
Appendix C.

Although the Staff identified seven categories of grid-
related events, only three are used. According to NUREG-1032,
two sites are assigned =0 GR7,. The rest are assigned to either

GR1 or GRZ.
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Under the Staff's methodology, determination of the
appropriate severe weather parameter for a given site requires
the compilation of local data and the estimation of three weather

hazard factors:

(1) The average frequency of hurricanes and other winds
exceeding 75 miles per hour (mph);

(2) The average number of tornadoces per sgquare mile per
year; and,

(3) The average inches of snowfall per year.

As a first step, industry average proportionality factors
are determined based on the number of actual LCOP events
associated with the given type of weather. Summing each weather
hazard factor for all sites and all years provides a cumulative
weather hazard factor. The site-specific expected severe weather
LOCOP frequency is then calculated by multiplying the three site-
specific weather hazard factors Dy the corresponding industry
average proportionality factor and summing the results.

The final category of "extremely severe weather" LOCP events
1s meant to include those events in which the damage to
transmission lines, towers, etc. 1is postulated to be so severe
that the restoration time is of the order of 12 to 24 hours. The
frequency of these LCCP events s assumed to De equal to the
expected frequency of occurrence of extremely severe weather
events ("great" hurricanes, nultiple tornadces). An event is
"extremely severe” if it procduces w.nd speeds in excess of the
design basis. The Staff assumes :that snow/ice storms do not
contribute to the <frequency 2f “extremely severe weather"” LOCOP

events.



2.2.5 Station Blackout Coping Capability

The final site attribute contributing to the expected core
damage frequency in the Staff's methodology is coping capability,
expressed in terms of 0, 2, 4, 8, or 1lé hours. Coping capabilicf
is assumed to be a function of both early and lenger term AC-
independent decay heat removal (DHR) capabilities. The frequency
of core damage due to early failures is modeled as a function of
EDG configuration and reliability, LOOP cluster group, and DHR
system reliability.

Staff analyses presented in NUREG-1032 indicate that core
damage results within one to two hours of a station blackout
event with the unlikely concurrent failure of AC-indepencent DHR
systems and/or loss of reactor coolant system (RCS) integrity.
The expected core damage frequencies due to such early failures
are included in the total core damage freguency estimates of
Table C.4&. A generic DHR system reliability s presumably
assumed for the analysis, though its value is not reported.

The longer term component of the Staff's core damage
frequency estimates represents the limits of plant coping
capability given that DHR systems function as designed. Plant
coping capability is assumed to be potentially limited by the
depletion of support features such as DC power, cooling water, or
compressed air. The onset of core damage is estimated to follow

within one or two hours of the .oss of coping capability. Thus,



the "Coping and Recover, Capabilities" »{ Table C.4 should be
interpreted as the "time sufficient for core damage to occur
because decay heat removal capability limits are exceeded during

an extended station blackout." (Page C-5, NUREG-10132)

2.3 Assumptions and Sources of Data

This analysis applied the Staff's methodolegy to actual
plant sites in order to determine the site-specific core damage
frequency estimates the Staff's methodology would provide.
Accordingly, the methodology was followed as closely as possible,
including the use of Staff data sources where possible., The
actual sources of data, the conventions adopted for the use of
the data, and any assumptions made in the analysis are discussed
in the remainder of this section. Figure 1 summarizes the basic
structure of the Staff's methodology and identifies the data
sources usecd in this analysis.

Site-specific EDG configurations were obtained f{rom two
sources: NUREG/CR-2%89 (Battle and Campbell [1383]) and licensee
responses to NRC Generic Letter 84-15 (Eisenhut [1584]). Since
the Staff's analysis only included i/2, 2/3, and 173
configurations, other configurations such as 2/5 and 3/8 were
handled by interpolation between 1/2 and l/3 configurations. A
2/4 configuration was taken - te equivalent to a 1l/2

configuration.
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Site-specific EDG failure rate data was obtained from
licensee responses to Generic Letter 84-15. In most cases, the
reported number of failures in the last 100 starts for each EDG
was used to obtain a site-average failure-to-start rate. In S
few cases, licensees discussed corrections and improvements to
their EDGs resulting in apparent recent improvements in EDG
reliability. In these cases, the number of failures in the last
20 starts was taken as representative of current reliability
levels.

In many cases, licensee responses tOOk exception to the
Regulatory Guide 1.1C criteria and provided a more detailed
description of their EDG failures. Whem it was clear that a
reported failure was not meaningful with respect to the station
blackout context, the failure was not counted in the site EDG
reliability calculation.

The Staff's generic risk analysis described in NUREG-1032
considers discrete EDG reliabilities: 0.%0, 0.95, 0.97S, and
0.99. Consequently, as with EDG configurations, some
interpolation of reported reliability was performed when the
site-specific values were not approximately equal to one of the
four levels of Table C.4&.

The determination of the appropriate LOCP cluster group for
each site required a variety of sources of information. OQffsite
power design features wvere 2>tained from NUREG-1032 and NUREG/
CR-1992 ‘3accle [138S5)). The site-specific grid reliabilirty
values were cased .pon Jsoth NUREG-.032 and discussions with the

Staff.
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NRC STAFF APPROACH TO STATION BLACKOUT
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The site-specific weather data wvused 1in the analysis is
derived from several sources: NUREG/CR-2639 (Changery [1982])
NUREG/CR-2890 (Changery [1982a]), "Climatological Data - NOAA
(1980]), Naticnal Summary" (NOAA  ([1980]), and "Ccmparativé
Climatic Data"” (NCAA [198l]). For western, mid-western, and some
southeastern sites, the hurricane/high wind data referenced by
the Staff was not applicable to certain sites. In thcse cases,
average fregquencies were used. The tornado hazard factor for all
sites was assumed to be the average value for the state in which
the site is located. Snowfall data from nearby weather stations
was used for all sites.

For assigning severe weather _categories, enhanced.recovery
capability was not assumed to exist except in a few cases where
it was known to be available. Thus, the severe weather
categories may te conservative for some of the sites analyzed.

The cata sources [or extremely severe weather were the same
as for severe weather, The frequency of storms exceeding 125
miles per hour was used as the measure of expected fregquency of
LOQOP events due to extremel,; severe weather. In order to have a
consistent appiication of the data to the Staff's frequency
ranges (see Table A.5, Appendix B), a convention of the
equivalence of 1000 years per 1l15.0 mph storm to 1200 years per

125 mph storm was adopted.



2.4 Results

The results of the application of the Staff's methodology to
operating reactor sites are summarized in Table I. In some
cases, missing information and/or the need toc interpolate betwes2n
categories necessitated the specification of a core damage
frequency range rather than a single value. The values given in
Table 1 represent a conservative statement of site-specific core
damage risk. An additional value of these results is in
identifying relative risks in light of the methods and
assumptions of NUREG-1032.

The 52 sites analyzed show a wide range of station blackout
core damage frequencies. Ffor a two-hour coping capability and
restoration time, the range is 8.7 X 10735 to 1.8 x 107 per site
year. For a four hour coping capability and restoration time,
the range is 4.0 X 10°% to 6.5 x 1077 per site-year. In both
cases, approximately two orders of magnitude separate the highest

néd lowest frequencies.

The two sites in Table 1 with the highest core damage
frequency (Sites 1 and 2) merit special attention because of
their unique categorization by the Staff. Unlike the other fifty
sites, the LOCP factors and cluster group assignments for Sites 1
and 2 are given implicitly in NUREG-1032, Thus, the core damage
frequencies given in Table ! for Sites ! and 2 reflect the
Staff's site-specific risk assessment as well as :ts generic
methcdology. ince z:he gjective of :his analysis is =0
determine the site-specific <core damage <Irequencies using =he

nethodolegy and data <of NUREG-L232., =he Staff's categorizations
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Given thact the LOOP factors and cluster group assignments
for Sites 1 and 2 were pre-determined by the Staff, flexibility
in the determination of their core damage frequencies was not
possible. As a result, the f{requencies for Sites 1 and 2 shown
in Table 1 are somewhat inconsistent with those for the other
fifty sites. For example, a consistent categorization of Sites 1
and 2 would place both in a more favorable grid reliability
category, including enhanced recovery capability. In addition,
one of the sites wguld be given credit for severe weather
enhanced recovery capability. The net effect of these changes
would e to reduce the absolute and relative core damage
frequencies of Sites 1 and 2. These changes in LOOP f{actors are
reflected in all subsequent analyses in this report.

The Staff's analysis in NUREG/CR-3226 (Kolaczkowski and
Payne [1983]) indicates that power plants are capable of
mitigating a station blackout of at least two hours duration (see
also ACRS [1985] at pp. 43,115). Thus, in many respects, the two
hour duration represents the Staff's perception of the present
risk of station blackout (note that some sites have already
demonstrated greater than twc hours coping capability). It also
appears that the Staff's proposed rule would require all sites o
have at least a four hour coping capadbility. For all S2
operating sites, the average risk reduction gained by going from
a two hour tc & four aour mitigation capability is approximately

2.4,



ALTERNATIVE ANALYSES OF STATICN BLACKOUT FREQUENCY

Direct Calculation Using NRC LOOP Database

The first alternative analysis involved a direct calculation

of the site-specific station Dblackout frequencies using the

Staff's LOOP database and curves but omitting the cluster groups.
This direct calculation methodology 1is based on the statioen
blackout fregquency equations of NUREG-1032, Appendix B. The
alternative analysis is considered superior to the cluster-based
analysis of Section 2.0 for the following reasons:

The direct analysis allows any EDG reliability to be
used, obviating the need for interpolations.

The direct analysis allows for the frequency of any
duration station blackout to be calculated.

Sensitivity studies showed that the cluster groups are
less accurate for the durations of interest (i.e., 0, 2
and 4 hours).

The results of this analysis are summarized in Table 2. The
expected frequencies of station Dblackout events exceeding 0, 2,
and 4 hours were calculated for Sites 1 through 22 (the primary
sites of interest), and Sites 35 and 39 (additional data points).
It should be noted that translating these station blackout

frequencies into core damage frequencies (as presented in Table

1) would further reduce the indicated site-specific values.
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3.3 Direct Calculation Using LOCP Data From 1579 Through 195813

This analysis shows the impact of considering only the
recent industry LOOP experience as indicative of current LOCP
likelihood. The industry-average frequency of LOCP events has
declined significantly since the mid-1970's based, in part, on
improvements to plant designs and operating practices.
Therefore, using twenty-five vyears of LOOP data (as in NUREG-
1032) overestimates the current expected LCOP frequency.

The small Lcer frequency in recent vyears prevents
establishing statistically meaningful subdivisio%s. Accordingly,
a single industry-average frequency-duration curve was used for
all sites in calculating the expected station blackout {requency.

. Table 5 summarizes the expected station blackout frequencies
for durations exceeding 0, 2, and 4 hours. The frequency range
for all blackout events is 3.6 X 10°° to less than 2.1 X 1072 per
site-year, The frequency range for durations exceeding two hours
is 1.5 X 10" to less than 3.2 x 1078 per site-vear. These
frequencies represent a significant reduction (a factor of 3 to

10) over those shown in Table 2.
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APPENDIX A

NRC Staff Generic Assessment of Station Blackout Risk

Contents:

Table C.4 of NUREG-1032



Tadble C.4. Tabulatad Sstimated Values of Total Core Damage
Frequancy for Station 3lackout Accidents as a Function of
Coping and Recovery Capability

1/2 €06 Configuratien

£D8R=0.1
s(hr) 0 2 3 4 H
0 3.2(=4) 2.8(=4) 4.3(-4) 4.8(=4) 7.2(=4)
2 2.3(-8) 2.8(-8) 6.1(~85) 1.5(=98) 2.5(=4)
4 7.3(=8) 1.0(-8) 2.2(-8) 7.8(-8) 1.5(=4)
3 1.4=2.4(-8) 2.2=3.4(-8) 4,.5-2.3(-6) 2.5°3.1(%) 8.4=7.5(-%)
pe | 1.912(=7) 2.3=18(-7) 5.8=34(-7) 3.9=00(-9) 1.4=2.5(-%)
Clyistar
s{nr) H 2 ? 3 B
- 3
0 4.4(~4) §5.9(=4) 3.0(-3) 1.3(~8)
2 4.0(=8) 3.3(=4) 3.2(=4) 1.5(=3)
B 1.9(-%) $.2(-8%) 4,.1(=4) 8.3(-4)
8 $.7(=§)=7.5(~6) 1.2=1.8(=%) 1.5(-4) 2.83.5(=4)
<8 9.4=27(-7) 1.4=7.3(-8) 1.328.5(-8) &, 8=11(-5)
ggGR-.GS
slhr) = < 3 : 3
S e 2("4) 9.2(-8) 1.4(=¢) - 8(*4) 2.5(=4)
2 7.7(-8) 9.7(=8) 2.1(=%5) S.3(-%) 9.1(~8)
B 2.5(-6) 3.5(-6) 7.6(=8) 2.7(=8) §.5(-8)
8 4,9-8.2(-7) 3.6(=12(-7) 1.6-2.5(-6) 8.9=11(-6) 2.3-2.8(-%)
15 §.5-41(-8) 1.0-5.4(-7) L.9=1(-7) 1.4=3.7(-6) $.0-9.1(-6)
t(hr) 5 7 3 9
Q 1.4(=4) 2.0(=4) 1.0(-3) 1.2(-3)
2 1.4(~%) 4.6(~5) 3.2(=4) §.4(-4)
4 6.6(-86) 1.8(-8%) 1.4(-4) 3.0(=4)
3 2.1-2.7(-8) 4.0-6.1(-6) 3.8-5.2(-%) 1.0=1.3(=4)
16 3.4-9.7(=7) 4.8-28(-7) 4.6-13(-6) 1.7=4,.1(-%)




Table C.4 (continued)
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Table C.4 (continued)

2/3 ED0G Configuraticn

E0GR=0.1
2 : : s :
9.4(-¢) 8.3(=4) 1.3(=3) 1.5(=3) 2.1(=3)
L7(=%) 8.4(-5) 1.8(=4) 4.4(=4) 7.4(=4)
z 2(-%) 3.0(=%) §.3(=3%) 2.2(=4) 4.5(=9)
4,07.1(=%) §.4=10(=%5) 1.32.1(=8%) 7.3-9.2(-%) 1.3=2.2(=4)
5.8=38(=7) 3.5-48(=7) 1.7+9.3(-8) 1.2=3. (%) 4. 1e7.8(%)
B 7
1.3(3) 1.7(=3)
1.2(=4) 3.9(=4)
§.5(%) 1.6(=4)
1.7-2.2(-%) 3.4-5,2(-5)
2.3-3.1(-%) 4.1-2.2(-8)
go83= 08
Clustar
p 2 1 4 &
1.3(=4) 2.7(=8) 3. 1(=8) §.0(-4) 7.2(=4)
2.2(=8%) 2.8(-8) §.0(=8) 1.5(=4) 2.5(=4)
7.2(~8) 1.0(=%) 2.2-2.5(=%) 7.8(~%) 1.6(=4)
1.4=2.4(-8) 2.2-3.5(-6) 4.5-7.2(-8) 2.5-3.3(-9) §.8+8.0(-5)
1L.3=12(=7) 2.9=16(=7) §,7=33(=7) 4. 1-11(-8) 1.5=2.6(=8%)
* 7
4.1(-4) 5.7(=4)
4.1(-9%) 1.3(=4)
1.9(-%) 5.2(~%)
6.0-7.8(=6) 1.2-1.8(~%)
9.8-28(~7) 1.4=7.3(=8)
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Table C.4 (continuead)

2/3 £2G Configuraticn

E0GR=. 023

2 3 4 s
1.1(=4) 1.7(=4) 2.2(=4) 3.2(=4)
1.2(-8) 2.6(=5%) 6.3(=%) 1.2(=4)
4.5(-8) . 9.7(=8) 3.8(-8%) 7.8(=%)
9.7-18(=7 2.0-3.2(-6) 1.1-1.5(-%) 3.2-3.8(-%)
1.4=8.3(-7) 2.5=14(~7) 1.3-4. 3(-8) §.3-13(-%)

7

2.4(-4)

§.8(-%8)

2.3(-%)

§.1-7.7(=%)

§.2-32(-7)

2GR=. )

2 3 4 s
§.0(-8%) 3.4(-%) 1.2(=4) 2. 5(=4)
§.8(-8) 1.4(-5) 3.8(-8) 1.8(-4)
2.5(-6) §.3(-6) 2.00(-5) 1.8(-4)
5.4-8.3(-7) 1.1-1.7(~6) 6.7-8.4(-%8) 1.92.2(-%)
7.1-37(-8) 1.4=7.9(=7) 1.1-2.8(-6) 4,.1-7.2(-6)

#

1.3(