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PREFACE

This report presents the supporting value-impact analysis, backfit analysis, and

decision rationale for the resoluti
sists of a rule that requires nucle
station blackout for a specified pe

on of USI A-44. The resolution itself con-
ar power plants to be able to cope with a
riod, and an associated regulatory guide that

provides guidance on an acceptable means to comply with the rule. Thc NRC staff

seport that provides data and techn
this issue is published separately
lished under this task in the NUREG
Section 5.2 of this report.

ical analyses supporting the resolution of
as NUREG-1032. NRC contractor reports pub-
/CR series are listed and summarized in

The Commission published a proposed station blackout rule in the Federal

Reéister on March 21, 1986 (51 FR 9

829) for public comment. In April 1986, the

pubTished a regulatory guide on station blackout for comment (Regulatory

Guide 1.155). Previously, in Janua

ry 1986, NRC published a draft version of

the present report (NUREG-1109) for comment. A1l public comments on this issue were

reviewed and considered by the staf

f in formulating the final resolution of

UST A-44 and this final version of NUREG-1109. Responses to the public com-

ments are discussed in the suppleme
Final Rulemaking for the Station N’
Federal Register.
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ntary information section of the Notice of
ackout Rule, which is to be published in the
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The estimated tota)l cost for 100 operating reactors to comply with the resolu-
tion of USI A-44 is about $60 million. The average cost per reactor is esti-
mated to be $600,000, ranging from $350,000 if only a station blackout assess-
ment and procedures and training are necessary to a maximum of about $4 million
if substantial moaifications are needed, including requalificatior of a diesel

generator.

The overall value-impact ratio, not including accident avoidance costs, is about
2,400 person-rems averted per million dollars. If cost savings from accident
avoidance (cleanup and repair of onsite damages and replacement power) were
included, the overall value-impact ratio would improve significantly to about
6,100 persnn-rems averted per million dollars.

Several NRC programs are related to USI A-44, including Diesel Generator Relia-
pility (Generic Issue B-56), Reactor Coolant Pump Seal Failures (Generic Issue
B-23), Safety-Related DC Power Supplies (Generic Issue A-30), and Shutdown
Decay Heat Removal Requirements (USI A-45). These programs are closely co-
ordinated within NRC and are compatible with the resolution of USI A-44,
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REGULATORY/BACKFIT ANALYSIS FOR THE RESOLUTION OF
UNRESOLVED SAFETY ISSUE A-44, STATION BLACKOUT

1 STATEMENT OF THE PROBLEM

“Station blackout" refers to the complete loss of alternating current (ac)
electric power to the essential and nonessential switchgear buses in a nuclear
power plant. Station blackout involves the loss of offsite power concurrent
with turbine trip and the unavailability of the onsite emergency ac power sys-
tem. Because many safety systems required for reactor core decay heat removal
and containment heat removal depend on ac power, the consequences of station
blackout could be severe.

The concern of the Nuclear Regulatory Commission (NRC) about station blackout
arose because of the accumulated experience regarding the reliability of a-
power supplies. In numerous instances emergency diesel generators have “ai ed
to start and run during tests conducted at operating plants. In additio
number of operating plants have experienced a total loss of offsite elect
power, and more occurrences are expected. In almost every one of these lo:
of-offsite-power events, the onsite emergency ac power supplies were availaL..
immediately to supply the power needed by vital safety equipment. However, in
some instances, one of the redundant emergency power supplies has been unavail-
able. In a few cases, there has been a complete loss of ac power, but during
these events, ac power was restored in a short time without any serious
consequences.

The results of the Reactor Safety Study (NUREG-75/014, formerly WASH-1400)
showed that for one of the two plants evaluated, a station blackout accident
could be an important contributor to the total risk from nuclear power plant
accidents. Although this *total risk was found to be small, the relative impor-
tance of the station blackout accident was established. This finding and the
accumulated diesel generator failure experience increased the concern about
station blackout.

The issue of station blackout involves the likelihood and duration of losses

of offsite power, the redundancy and reliability of onsite emergency ac power
systems, and the potential for severe accident sequences after a loss of all ac
power. These topics were investigated under Unresolved Safety lssue (USI) Task
Action Plan A-44, and the technical finding are reported in detail in NUREG/
CR-2989, NUREG/CR-3226, NUREG/CR-3992, NUREGL/CR-4347, and NUREG-1032. In addi-
tion to identifying important factors and sequences that could lead to station
blackout, the results indicated that estimated core damage* freguencies from

*Analysis has shown that for postulated station blackout events, the difference
between the estimated frequency of core damage and core melt is small because
of the relatively low probability of recovering ac power and terminating an
accident sequence after initial core damage, but before full core melt
(NUREG-1032).
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(1) The reliability of the onsite emergency ac power sources should be main-
tained at or above specified acceptable reliability levels.

(2) Procedures and training should be developed to restore emergency ac power
and offsite power using nearby power sources if the emergency ac power
system and the normal offsite power systems are unavailable.

(3) Each nuclear power plant should be able to withstand and recover from a
station blackout lasting a specified minimum duration. Regulatory
Guide 1.155 entitled "Station Blackout"* provides a method for determin-
inJ an acceptable plant-specific station blackout duration based on a
comparison of a plant's characteristics to those factors that have been
identified as the main contributors to risk 7rom station blackout. These
factors include: (a) the redundancy of onsite emergency ac power sources
(number of sources available for decay heat removal minus the number
needed for decay heat removal), (b) the reliability of onsite emergency
ac power sources (usually diesel generators), (c) the frequency of loss
of offsite power, and (d) the probable time to rectore offsite power.
The frequency and duration of loss of offsite power are related to grid
and switchyard reliability, historical weather data for severe storms,
and the availability of nearby alternate power sources (e.g., gas tur-
bines). The staff has concluded (NUREG-1032) that long-duration offsite
power outages are caused primarily by severe weather (e.g., hurricanes,

& = wnn :
tornadees, ice storms)

(4) tach nuclear power plant should be evaluated to determine its capability
to withstand and recover from a station blackout of a duration as deter-
mined in (3) above. This evaluation should include such considerations
as:

+  Verifying the adequac, of station battery power, condensate storage
tank capacity, and plant, .ztrument air for the duration of a station
blackout,

Verifying the adequacy of reactor coolant pump seal integrity for the
duration of a station blackout. This should be done by demonstrating,
via experiment and/or analysis, that seal leakage due to a lack of
seal zooling will not reduce the primary system coolant inventory to
the degree that the ability to cool the core during station blackout
is lost.

Verifying that the equipment needed to operate during a station black-
out and the recovery from the blackout will be able to operate under
the environmental conditions associated with a total loss of ac power
(i.e., loss of heating, ventilation, and air conditioning).

*Single copies of this guide may be obtained by writing to the Distribution Ser-
vices, Division of Information Support Services, U.S. Nuclear Regulatory Com-
mission, Washington, DC 20555.
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Table 2 Emergency ac power configuratior groups'

No. of EAC power sources

Emergency ac (EAC) required to operate ac-
power configuration No. of EAC b poworedcdocay heat removal
group power sources systems
A * 1
4 1
B 4 2
5 2
d
C 2 1
3" 1
D o 1
3 2
4 3
5 3

aSpecia]-purpose dedicated diesel generators, such as those asso-
ciated with high pressure core spray systems at some BWRs, are
not counted in the determination of EAC power configuration aroups.

Br¢ any of the EAC power sources are shared among units at a multi-
unit site, this is the total number of shared and dedicated sources
for those units at the site.

“This number is based on all the ac loads required to remove decay
heat (including ac-powered decay heat removal systems) to achieve
and maintain safe shutdown at all units at the site with offsite
power unavailable.

dFor EAC power sources not shared witn other units.

®For EAC power sources shared with another unit at 2 multiunit
site.

fFor shared EAC power sources in whi.h each diesel generator is
capable of providing ac power to more than one unit at a site
concurrently.

Source: Regulatory Guide 1.155, Table 3.
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Figure 3 Schematic of two switchyards electrically
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One example of an application of this method considers a nuclear power plant
that has (1) two diese) generators, one of which is required for ac power for
decay heat removal systems; (2) one switchyard and one alternate offsite vower
circuit, in addition to the normally energized offsite circuit to the Class 1f
buses; (3) an estimated frequency of loss of offsite power due to severe weather
of 0.005 per site-year; and (4) an annual expectation of storms at the site with
winds greater than 125 miles per hour of 0.002 per year. On the basis of this
information, this plant is independent of offsite power group 13 (see Table 4),
severe weather group SW2 (see Table 5), severe weather recovery group SWR2 (no
enhanced recovery for severe weather, Table 6), and extremely severe weather

)up ESW3 (see Table 7). This rombination of factors places the plant in off-
site power design characteristic group P2 (see Table 3). Based on the number
ot diesel generators, the plant is in emergency ac power configuration group e
As indicated on Table 1, if the failure rate of each emergency diesel generator
is maintaired at 0.025 failure per demand or less, this plant should have the
capability to withstand and recover from a station blackout lasting 4 hours or
more. If the failure rate of each emergency diesel generator were between 0.025
and 0.05, the acceptable station blackout duration would increase to 8 hours.
If the emergency diesel generator failure rate were greater than 0.05, then
steps should be taken to improve the diesel generator reliability.

32 Alterpative (ii)

Alternative (1i) would treat plants uniformly by requiring all plants to be
able to cope with station blackout of the same duration.

3.3 Alternative (iii)

Alternative (i1i) would require plants with the highest potent’al risk from sta-
tion blackout to add either an additiona) emergency diese)l generator or another
ac-independent decay heat removal system.

3.4 Alternative (iv)

The Nuclear Utility Management and Resources Committee (NUMARC) endorsed the
following industry initiatives to resolve the station blackoul issue (letter
from J. H. Miller, Jr., to N. J. Palladino, June 17, 1986):

1. Each utility will review its site(s) against the criteria speci-
fied in NUREG-11C9, and if the .ite(s) fall into the category of an
eight-hour site after utilizing al) power sources available, the
utility will take actions to reduce the site(s) contribution to the
overall risk of station blackout. Non-hardware changes will be made
within one year. Hardware chanyes will be made within a reasonable
time thareafter,

2. Each utility will implement procedures at each of its site(s)
for:

a. coping with a station blackout event,
b. restoring ac power following a station blackout event, and

NUREG-1109 11




Table 5 Definitions of severe weather (SW; groups

Estimated frequency of loss of offsite power due
SW group  to severe weather, f* (per site-year)

f<3x10

-4 -

3x10 <f<1x10
-3 X |

1x10 <f<3x10

e
3Ix107 <f<1x10

o s W NN

-l
1x10 <f

*The estimated frequency of loss of offsite power due to
severe weather f, is determined by the following equation:

f=(1.3 x 10-4)h, + (b)hz + (0.012)h, + (c)hy
where

h; = annual expectation of snowfall for the site, in inches
he = annual expectation of tornadoes (with wind speeds

greater than or equal to 113 miles per hour (mph)) per
square mile at the site

b =12.5 for sites with transmission lines on two or
more rights-cf-way spreading out in different
directions from the switchyard, or

b =72.3 for sites with transmission 1ines on one

riaht-of-way

hs = annual expectation of storms at the site with wind
velocities between 75 and 124 mph

hg = annual expectation of hurricanes at the site

¢ =0 if switchyard is not vulnerable to the
effects of salt sprav

¢ =0.78 if switchyard is vulnerable to the
effects of salt spray

The annual expectation of snowfall, tornadoes, and storm;
may be obtained from National Weather Service data from the
weather station nearest the plant or by interpolation, if
appropriate, between nearby weather stations. The basis for
the empirical equation for the frequency of loss of offsite
power due to severe weather, f, is given in NUREG-1032,
Appendix A.

Source: Regulatory Guide 1.155, Table 6.
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Table 6 Definitions of severe weather recovery (SWR) groups

SWR group Definition

1 Sites with enhanced recovery (i.e., sites that
have the capability and procedures for restor-
ing offsite (nonemergency) ac power to the
site within 2 hours following a loss of offsite
power due to severe weather).

2 Sites without enhanced recovery.

Source: Regulatory Guide 1.155, Table 7.

Table 7 Definitions of extremely severe weather (ESW) group:

Annual expecta.ion of storme at a site with wind
velocities equal to or greater than 125 miles
ESW group per hour (e)*

1 e < 3 x 10-1
2 3x10-4<e<1x 103
3 1x 10-3 < e < 3 x 10-3
B 3 x 10-3% < e<1x10-¢
5 1 x10-2 <e

*The annual expectation of storms may be obtained from Na-
tional Weather Service data from the weather station nearest
the plant or by interpolation, if appropriate, between nearby
weather stations.

Source: Regulatory Guide 1.155, Table 8.

c. preparing the plant for severe weather conditions, such
as hurricanes and tornados to reduce the likelihood and
consequences of a loss of offsite power and to reduce
the overall risk of a station blackout event.

3. Each utility will, if applicable, reduce or eliminate cold
fast-starts of emergency diesel generators for testing through
changes to technical specifications or other appropriate means.

4, Each utility will monitor emergency ac power unavailability
utilizing data utilities provided to INPO (Institute of Nu-
clear Power Operations) on a regular basis.

These initiatives include some of the same elements that are included in the
staff's resolution discussed in Section 3.1. However, the industry initiatives

NUREG-1109 13




(1) do not include ruiemaking, (2) do not require plants to be able to withstand
a station blackout for a specified period of time, and (3) do not require any
specific assessment of a plant's station blackout coping capability.

3.5 Alternative (v)

Under this alternative no action would be taken.
4 CONSCQUENCES

4.1 Costs and Benefits of Alternative Resolutions

4. 1.1 Alternative (i)

The benefit from implementing the station blackout rule and regulatory guide is
a reduction in the frequency of core damage due to station blackout and the
associated risk of offsite radioactive releases. The costs are primarily those
incurred by industry (1) to assess the plant's capability to cope with a station
blackout, (2) to develop procedures, (3) to improve diesel generator reliability
if the reliability falls below certain levels, and (4) to retrofit plants with
additional components or system, as necessary, to meet the requirements. These
are discussed in the following paragraphs.

(1) Value: Risk Reduction Estimates

To estimate the chang in expected risk that the resolution of USI A-44 could
effect, both the postulated radioactive exposure (in person-rems) that would
result in the event of an accident and the reduction in frequency of core damage
have been estimated. A simplified method to estimate public dose for value-
impact analysis would use an "average" plant to estimate the consequences of
station blackout and subsequent core damage for all plants. However, using a
single value does not account for the differences in offsite consequences asso-
ciated with differences in the sizes of reactors and with differences in the
population densities around different sites.

Because of the differences between sites and plant designs, it we. not realistic
tc select a "typical” plant for analysis (using the value and impacts for that
plant and then muitiplying them by the total number of plants) to obtain an
overall value-impact ratio. Instead, the staff used the method described below
to estimate offsite consequences for use in this value-impact analysis. Results
indicate that consequences range from 0.5 to 9 million person-rems per plant,
with an average of about 2 million person-rems per plant.

NUREG/CR-2723 gives estimates of offsite consequer-~s of potential accidents at
nuclear power plants. That report includes resul.. of calculations for 91 sites
in the United States that had reactors with opera.ing licenses or construction
permits. The actual distributions of population around the sites were used in
calculating estimated total population dnses (ir person=rems) for various fission
product releases. The results include a scaling factor to account for different
reactor power levels at the various sites.

NUREG-1109 14



The scaled results (from NUREG/CR-2723) for release category SST1* (siting source
term) were used to develop estimites of site-specific consequences for station
blackout events. However, these results were not used directly in the value-
impact analysis for several reasons. First, SST1 overestimates the fission
product release for station blackout events. Second, the consequences given in
NUREG/CR-2723 include the entire population around the plant (i.e., an infinite
radius), whereas Enclosure 1 of NRR Office Letter No. 16 (NRC, May 13, 1986)
specifies that a 50-mile radius around the plant is to be used to caiculate

risk reduction estimates for value-impact analyses.

Extensive research efforts by NRC and industry have been under way since about
1981 to evaluate severe accident source terms and are reported in NUREG-0956,
NUREG-1150, NUREG/CR-4624, and Industry Degraded Core Rulemaking (IDCOR) tech-
nical reports. Based on NRC's source term research, it appears that, for sta-
tion blackout events, the release fractions for most plants would be roughly

1/3 to 1/30 of the releases from the 55Tl estimate. One reason for this reduc-
tion is that SST1 is an estimated upper bound assuming prompt containment failure;
whereas if a core melt resulted from station blackout, containment failure would
be delayed for a number of hours. Results of a sensitivity study in which the
consequences of a severe accident were estimated for reduced source terms indi-
cate that if the SST1 release fraction were reduced by a factor of 3 (i.e.,

66 percent reduction in SST1 releases), the consequences in terms of person-rem
would be reduced by about 50 percent (NUREG/CR-2723, Table 10). Likewise, if

the SST1 releases were reduced by a factor of 30 (i.e., 97 percent reduction in
$ST1 releases), the estimated person-rem would be reduced t, about 85 percent.
Therefore, the high and low estimates for person-rem consequences for station
blackout accidents used in this value-impact analysis are 0.5 and 0.15 of the
person-rem associated with SST1 releases, respectively. (These values correspond
to reductions in SST1 release fractions by factors of 3 and 30, respectively.)

A value of 0.33 of the SST1 person-rem was used as a best estimate for purposes

of this analysis.

Scaling factors comparing offsite exposures within a 50-mile radius of a plant
to that for an infinite radius are included in Table 3 of a Sandia letter

report (1983). The total person-rem exposure within a 50-mile radius is approx-
imately 1/4 the person-rem exposure for an infinite radius. This factor, in
addition to the factor discussed above associated with reduced source terms,

was used to scale the site-specific results from NUREG/CR-2723.

To clarify the discussion above, an example calcuiation is given for an 845-Mwe
PWR (Calvert Cliffs). From Appendix A of NUREG/CR-2,23, the mean offsite effect
conditional on release for the SST1 category is 3.61 x 107 person-rems. This
number is multiplied by 0.33 to account for the smaller releases for station
blackout events compared to SST1 releases and by 0.25 to account for the 50-mile
radius (Sandia, 1982). The resulting offsite exposure from a station blackout
event and subsequent core melt within a 50-mile radius of the plant is estimated
to be about 3 million person-rems.

*Five release categories, denoted as SST1-55T5, have been defined by NRC to
represent a spectrum of five accident groups. Each category represents a
different degree of core degradation and failure of containment safety features.
Group 1, SST1, is the most severe and involves a loss of all installed safety
features and direct breach of containment.
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in a loss of all offsite power or all onsite emergency ac power. Results of
sensitivity studies presented in NUREG-1032 indicate that if potential common
cause failures of redundant emergency diesel generators exist (e.g., in service
water or dc power support systems), then estimated core damage frequencies can
increase significantly.

. Sabotage

No total losses of offsite power or diesel generator failures have been attri-
buted to sabotage. Therefore, sabotage was not considered explicitly in the
risk analysis for USI A-44. However, a sabotage event in 1986 caused three out
of four 500-kV transmission lines at one site to be out of service for several
hours. Thus sabotage could increase the probability of loss of offsite power.
If saboteurs managed to simultaneously take out all offsite power and/or emer-
gency diesel generators, the resolution of USI A-44 would provide additional
defense in depth for a period of time to cope with such an event.

4.1.2 Alternative (ii)

The alternative of treating plants uniformly by requiring all plants to be able
to cope with the same station blackout duration has been considered. This
simplified approach has the advantage of being potentially easier to implement,
but it also has two major drawbacks. First, operating nuclear power plants

have significant differences in plant- and site-specific factors that contribute
to risk from station blackout. This alternative would not take these known
factors into account. For example, plants that have a more redundant emergency
ac power system than other plants would not be given any credit for such features.
Second, requiring all plants to be able to cope with the same blackout duration
would result in one of two undesirable alternatives: (1) If a uniform duration
of 4 hours or less were recommended, station blackout could still be a signif-
icant contributor to total core damage frequency for some plants and, therefore,
the objective of the requirements would not be met; and (2) if & uniform 8-hour
requirement were imposed, it would necessitate expenditures at some plants that
would not be considered cost effective in reducing the risk from station blackout
events. Therefore, this alternative was not recommended.

4.1.3 Alternative (iii)

Another possible alternative to the recommended action is to require plants
to install either an additional emergency diesel generator or another ac-
independent decay heat removal system. This alternative was not recommended
for several reasons. First, the cost for either of these additions (from $10
to $30 million per plant) is much higher than the estimated cost for the
recommended resolution. The recommended approach is more cost effective and
meets the objective stated in Section 2. Second, the adequacy of present
requirements for decay heat removal systems is being studied under USI A-45,
and any major hardware changes or additions tn these systems should await the
technical resolution of USI A-45. Third, experience indicates that there are
practical limits to diesel generator reliability, including common cause fail-
ures of redundant divisions, and the recommended resolution provides greater
diversity and additional defense in depth.

NUREG-1109 , 25



4.1.4 Alternative (iv)

At the time this report was written, details of the NUMARC initiatives were not
available to the NRC staff. This made it difficult for the staff to evaluate
the benefits of the industry program. For example, the industry initiatives do
not include assessments to determine that plants can cope with a station black-
out for any period of time. Even so, an attempt was made to estimate the likely
impact this initiative would have compared to the station blackout rule and
regulatory guide.

The largest risk reduction associated with the industry program would probably
result from NUMARC's initiative number one. Assuming that implementing this
initiative would result in licensees taking actions to reduce the risk from
station blackout for those plants that fall into the category of needing an
8-hour coping capability, the staff estimated the value-impact ratio for the
remaining plants. The estimated total cost for these plants to comply with the
resolution of USI A-44 is $42 million; the estimated reduction in risk to the
public for these plants is 61,000 person-rems; and therefore, the overall value-
impact ratio is approximately 1,500 person-rems per million dollars. This
rough analysis supports the conclusion that althaugh the industry initiatives
would provide benefits in terms of reducing risk from station blackout events,
the recommended resolution provides greater benefits that are cost effective.

4.1.5 Alternative (v)

This alternative would be to take no actions beyond those resulting from the
NUMARC initiatives endorsed by industry and the resolution of Generic Issue B-56
(see discussions in Sections 3.4, 4.1.4, and 4.2.1). Operating experience with
diesel generator failures and losses of offsite power has raised a significant
concern regarding the potential risk from a station blackout event. The use of
this data base with relatively straightforward application of probabilistic
risk assessment (PRA) techniques indicates that station blackout events could
be a significant contributor to risk for many plants. The additional actions
recommended for USI A-44 would significantly reduce the estimated frequency of
core damage associated with severe accidents from station blackout. Because
the value-impact analysis has shown that it would Le beneficial to implement
these recommendations, the no-action alternative is not recommended.

4.2 Impacts on Other Requirements

Several ongoing NRC generic programs and requirements that are related to the
resolution of USI A-44 are discussed below.

4.2.1 Generic Issue B-56, Diesel Generator Reliability

The resolution of USI A-44 includes a regulatory guide on station blackout that
specifies the following guidance on diesel generator reliability (Regulatory
Guide 1.155, Sections C.1.1 and C.1.2):

The reliable operation of the onsite emergency ac power sources should
be ensured by a reliability program designed to monitor and maintain the
reliability of each power source over time at a specified acceptable
level and to improve the reliability if that level is not achieved.

The reliability program should include surveillance testing, target
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values for maximum failure rate, and a maintenance program. Surveil-
lance testing should monitor performance so that if the actual failure
rate exceeds the target level, corrective actions can be taken.

The maximum emergency diesel generator failure rate for each diesel
generator should be maintained at or below 0.05 failure per demand.
For plants having an emergency ac power system [configuration requir-
ing two-out-of-three diesel generators or having a total of two diesel
generators shared between two units at a site], the emergency diesel
generator failure rate for each diesel generator should be maintained
at 0.025 failure per demand or less.

In Generic Letter 84-15, dated July 2, 1984, the staff requested information
from licensees regarding proposed actions to improve and maintain diesel gener-
ator reliability. The letter requested specific information on three areas

(1) reduction of cold fast-start surveillance tests for diesel generators

(2) diesel generator reliability

(3) the licensee's diesel generator reliability program, if any, and comments
on the staff's example performance technical specifications for diesel
generator reliability

A summary of the data and recommendations in response to Generic Letter 84-15
was published in NUREG/CR-4557. This information, along with other input,
will be used in the resolution of Generic Issue B-56 to provide specific quid-
ance for diesel generator reliability programs consistent with the resolution
~of USI A-44.

4,2.2 USI A-45, Shutdown Decay Heat Removal Requirements

The overall objective of USI A-45 is to evaluate the adequacv of current licens-
ing requirements to ensure that nuclear power plants do not pose an unacceptable
risk as a result of failure to remove shutdown decay heat following transients
or small-break loss=cf-coolant accidents. The study includes an assessment of
alternative means of 'mproving shutdown decay heat removal and of an additional
"dedicated" system for this purpose. Results will include proposed recommenda-
tions regarding the desirability of, and possible design requirements for,
improvements in existing systems or an additional dedicated decay heat removal
system.

The USI A-44 concern for maintaining adequate core cooling under station black-
out conditions can be considered a subset of the overall USI A-45 issue. How-
ever, there are significant differences in scope between these two issues.

USI A-44 deals with the probability of loss of ac power, the capability to

remove decay heat using systems that do not require ac power, and the ability to
restore ac power in a timely manner. USI A-45 deals with the overal'l reliability
of the decay heat removal function in terms of response to transients, small-
break loss-of-coolant accidents, and special emergencies such as fires, floods,
seismic events, and sabotage.

Although the recommendations that might result from the resolution of USI A-45
are not yet final, some could affect the station blackout capability, others
would not. Recommendations that involve a new or improved decay heat removal
system that is ac power dependent but thai does not include its own dedicated
ac power supply would have no effect on USI A-44. Recommendations that involve
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an additional ac-independent decay heat removal system would have a very modest
effect on USI A-44. Recommendations that involve an additional decay heat re-
moval system that include its own ac power supply would have a significant
effect on USI A-44. Such a new additional system would receive the appropriate
credit within the USI A-44 resolution by either changing the emergency ac power

configuration group or providing the ability to cope with a station blackout
for an extended period of time.

The resolution of USI A-44 would necessitate average expenditures of about
$600,000 per plant, with a range estimated to be from about $350,000 to a maxi-
mum ot around $4 million. A resolution for USI A-45 involving the addition of
a dedicated and independent system, such as an additional shutdown cooling
system with its own dedicated diesel generator, would be much more expensive,
with an expenditure on the order of $50 to $100 million. However, such expen-
ditures would resolve other concerns with respect to the decay heat removal
function which will be delineated in a future regulatory analysis for USI A-45.

The resolution of these two issues is coordinated along two main lines. First,
technical information resulting from both studies is shared among the major
participants, including NRC staff and contractors. In this wav, the resolution
of USI A-45 will take into account any modifications resulting from the reso-
Tution of USI A-44 tha* are applicable to the decay heat removal function.
Second, the schedules are coordinated so that by the time a final rule on USI
A-44 is published--and well before plant modifications, if any, would be imple-
mented--the proposed technical resolution of USI A-45 will be published for
public comment.

The technical summary findings report and the regulatory analysis for the pro-
posed resolution of USI A-45 are targeted to be issued for public comment in
late 1987. For plants needing hardware modifications to comply with the USI
A-44 resolution, this schedule would permit a re-evaluation before any actual
modifications are made o that any contemplated design changes following from
the resolution of USI A- '5 can be considered at the same time.

4.2.3 Generic Issue B-23, Reactor Coolant Pump Seal Failures

The Task Action Plan for Generic Issue B-23 includes three tasks: (1) a review
of seal failure operating experience, (2) an assessment of the effects of loss
of seal cooling on reactor coolant pump (RCP) seal behavior, and (3) an evalua-
tion of other causes of RCP seal failure such as mechanical and maintenance-
induced failures. Only task 2 is closely related to USI A-44 because during a
station blac':out, systems that normally provide RCP seal cooling are unavail-
able, and RCP seal integrity is necessary for maintaining primary system
inventory under station blackout conditions.

NRC and industry analyses of seal performance with loss of seal cooling are
proceeding, but at this time the staff has not completed its recommendations to
resolve Generic Issue B-23. The estimates of core damage frequency for station
blackout events in NUREG/CR-3226 assumed that tne RCP seals would leak at a

rate of 20 gallons per minute (gpm) per pump. Results of the analysis for
Generic Issue B-23 will provide the information necessary to determine seal
behavior and, likewise, a plant’'s ability to cope with a station blackout for a
specified time. Should this analysis conclude that there is a significant prob-
ability that RCP seals can leak at rates substantially higher than 20 gpm,
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then modifications such as an ac-independent RCP seal cooling system may be
necessary to resolve Generic Issue B-23. If there is high probability that the
RCP seals would not leak excessively during a station blackout, then no modifi-
cations would be required. A cost-benefit analysis associated with the need
for an ac-independent seal cooling system would be included in the regulatory
analysis for Generic Issue B-23.

4.2.4 fGeneric Issue A-30, Adequacy of Safety-Related DC Power Supply*

The analysis performed for USI A-44 (NUREG-1032) assumed that a high level of
dc power system reliability would be maintained so that (1) dc power system
failures would not be a significant contributor to losses of all ac power and
(2) should a station blackout occur, the probability of immediate dc power
system failure would be low. Whereas Generic Issue A-30 focuses on enhancing
battery reliability (e.g., restricting interconnections between redundant dc

" ‘sions, monitoring the readiness of the dc power system, specifying admin-
is.rative procedures and technical specifications for surveillance testing and
maintenance activities), the resolution of USI A-44 is aimed at ensuring ade-
quate station battery capacity in the event of a station blackout of a specified
duration. Generic Issue A-30 would provide additional assurance that station
battery reliability is adequate and consistent with the assumptions on which
USI A-44 is based. Therefore, these two issues are consistent and compatible.

4.2.5 Regulatory Guide 1.108, Periodic Testing of Diesel Generator Units Used
as Onsite Electric Power Systems at Nuclear Power Plants

Regulatory Guide 1.108 describes the currently acceptable method for complying
with the Commission's regulations with regard to periodic testing of diesel
generators to ensure that they will meet their availability requirements. This
guide may need to be modified to be consistent with the proposed actions de-
scribed in Section 4.2.1 above (Generic Issue B-56). Regulatory Guide 1.108
will be revised to be consistent with the resolutions of USI A-44 and Generic

Issue B-56,
4.2.6 Fire Protection Program for Nuclear Power Facilities

10 CFR 50.48 states that each operating nuciear power plant shall have a fire
protection plan that satisfies GOC 3. The fire protection features required to
satisfy GDC 3 are specified in Appendix R to 10 CFR 50 and in Branch Technical
Position CMER 5.5.1 (NUREG-0800). They include certain provisions regarding
alternative and dedicated shutdown capability. To meet these provisions, some
licensees have added, or plan to add, improved capability to restore power from
offsite sources or onsite diesels for the shutdown system A few plants have
installed a safe shutdown facility for fire protection that includes a charging
pump powered by its cwn independent ac power source. In the event of a station
blackout, this system can provide makeup capability to the primary coolant
system as well as reactor coolant pump seal cooling. This could be a signifi=-
cant benefit in terms of enhancing the ability of a plant to cope with a
station blackout.

*Generic Issue A-30 is being resolved as part of Generic Issue B-128, Electrical
Power lssues. Generic Issue A-30 is the only part of Generic Issue B-128 that

is closely related to USI A-44,
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Because the plant modifications required for fire protection have already been
specified, it would not be feasible to consider these modifications together
with the requirements of USI A-44. However, credit would be given for improve-
ments made for the fire protection program in meeting the station blackout rule.
For example, plants that have added equipment to achieve alternate safe shutdown
in order to meet Appendix R requirements could take credit for the equipment

(if available) for coping with a station blackout event.

4.2.7 Generic Issue B-124, Auxiliary Feedwater System Reliability

This issue has focused on the r liability of seven older PWRs that have two-
train auxiliary feeuwater (AFW) systems. The staff has established a review
team that will perform reviews (including plant audits and walkdowns) to assess
each of these plants on a case-by-case basis. Other relevant information such
as AFW system reliability analyses will be considered in the staff reviews, as
available. The staff may allow credit for compensating factors, such as feed-
and-bleed capability, to justify acceptance of the two-pump AFW systems, or may
decide that hardware, procedural, and/or training modifications are necessary.

[f the proposed resolution of Generic Issue B-124 requires the AFW system in
several PWRs to be upgraded, this would most likely result in the addition of

an AFW pump. The installation of a pump that is independent of ac power would
be beneficial in handling station blackout accident sequences by providing addi-
tional reliability in the ac-independent decay heat removal system. Because

all PWRs now have an AFW train that is independent of ac power, the requirement
could be met by adding a motor-driven pump. Consequently, the AFW system up-
grades could have no effect on the station blackout issue.

4.2.8 Multiplant Action Items B-23 and B-48, Degraded Grid Voltage and
Adequacy of Station Electric Distribution Voltage

These two multiplant action items have been under consideration by both the
staff and licensees fcr several years. They relate to (1) sustained degraded
voltage conditions at .he offsite power sources, (2) interaction between the
offsite and onsite emergency power sys.ems, and (3) the acceptability of the
voltage conditions on tie station electric distribution systems with regard to
potential overloading and starting transient problems. Licensees' responses to
these concerns have consisted of verifying the adequacy of existing power systems
or of upgrading the power systems. The modifications are designed to ensure
that the power systems can perform their intended function and consequently
would enhance their dependability. If additional power sources have been added
to address these concerns, the plant would be placed in an improved category
and may be required to withstand a blackout of lesser duration. In the resolu-
tion of USI A-44, the staff is not recommending that work that has been done on
these two action items be repeated.

4.2.9 Severe Accident Program
Brookhaven National Laboratory (BNL) has proposed a set of preliminary guide-
lines and criteria that could be used to assess the capability of nuclear power

plants to cope with severe accidents (for example, see BNL Technjca\ Report
A-3825R). This work was performed in support of the Implementation Plan for
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the Commission's Severe Accident Policy Statement. The proposed guidelines
cover a large number of potentially severe accident sequences. for station
blackout events, the guidelines assume that plants will comply with the
requirements in the station blackout rule. Therefore, the severe accident
program and the recylution of USI A-44 are consistent and compatible. Require-
ments for operating plants to comply with additional criteria beyond those in
the station blackout rule would need to be justified in accordance with the
backfit rule (10 CFR 50.109).

4.3 Constraints

The staff has reviewed current Commission regulations to determine if they
provide a basis for implementation of the USI] A-44 requirements. This review
included (1) the Atomic Safety and Licensing Appeal Board Hearing (ALAB-603) on
station blackout for St. Lucie Unit 2; (2) the Commission review of that hearing;
(3) GDC 17, "Electric Power Systems"; and (4) the backfit rule (10 CFR 50.109).

. St. Lucie Unit 2 Atomic Safety and Licensing Appeal Board Hearing

In ALAB-603, the board took the position that station blackout should be con-
sidered a design-basis event for St. Lucie Unit 2 because of the high frequency
of such an event (10-% to 10-® per year at that site). As a result, the Appeal
Board required St. Lucie Unit 2 to be capable of withstanding a total loss of
ac power and to implement training and procedures to recover from station
blackout. The Appeal Board went as far as to say,

Our findings that station blackout should be considered as a
design basis event for St. Lucie Unit 2 manifestly could be
applied equally to Unit 1, already in operation at that site.
By a parity of reasoning, this result may well also obtain at
other nuclear plants on applicent's system, if not at most
power reactors. OQur jurisdiction, however, is limited to the
matter before us licensing construction of St. Lucie 2.
Beyond that, we an only alert the Commission to our concerns.

The Commission upheld the Board's action on St. Lucie Unit 2. However, the
Commission determined that ALAB-603 did not establish station blackout
generically as a design-basis event.

General Design Criterion 17

GDC 17 states, in part,

Provisions shall be included to minimize the probability of losing
electric power from any of the remaining supplies as a result of,
or coincident with, the loss of power generated by the nuclear
power unit, the loss of power from the transmission network, or
the loss of power from the onsite electric power supplies.

The intent of GDC 17 is to require reliable offsite and onsite ac power systems.

The ability to cope with the coincident loss of both of these systems is not
addressed explicitly.
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accidents, an attempt was made to approach a reasonably consistent level of
risk in the recommendations developed.

A survey of probabilistic risk assessment studies showed that total core damage
frequency from all dominant accident sequences ranged from 2 x 10-% to 1 x 10-*
per reactor-year, with a typical frequency being about 6 to 8 x 10-® per reactor-
year (NUREG/CR-3226). For those plants currently in operation or under construc-
tion, a value-impact analysis was performed to determine that the resolution of
USI A-44 is cost effective. Implementation of the resolution will result in
station blackout being a relatively small contributcr to total core damage fre-
quency. (NUREG-1032 provides a more detailed discussion of the analysis of
station blackout accident likelihood performed for this regulatory analysis.)

5.1 Commission's Safety Goals

On August 4, 1986, the Commission published in the Federal Register a policy
statement on "Safety Goals for the Operations of Nuclear Power Plants”

(51 FR 28044). This policy statement focuses on the risks to the public from
nuclear power plant operation and establishes goals that broadly define an
acceptable level of radiological risk. The discussion below addrec<ses the
resolution of USI A-44 in light of these goals.

. The two qualitative safety goals are:

. Individual members of the public should be provided such a level of
protection from the consequences of nuclear power plant operation
that individuals bear no significant additional risk to life and
health.

- Societal risks in life and health from nuclear power plant opera-
tion should be comparable to or less than the risks of generating
electricity by viable competing technologies and should not add
significant’y to other societal risk.

. The following quantitative objectives are used in determining achievement
of the above safety goals:

= The risk to an average individua)l in the vicinity of a nuclear power
plant of prompt fatalities that might result from reactor accidents
should not exceed one-tenth of one percent (0.1%) of the sum of prompt
fatality risks resulting from other accidents to which members of the
U.S. population are generally exposed.

. The risk to the population in the area near a nuclear power plant of
cancer fatalities that might result from nuclear power plant operation
should not exceed one-tenth of one percent (0.1%) of the sum of cancer
fatality risks resulting from all other causes.

Results of analyses published in NUREG-1150 for five plants (Surry, Zion,
Sequoyah, Peach Bottom, and Grand Culf) indicate that all five plants meet the
risk criteria for prompt fatalities and latent cancer fatalities stated ahove,
even considering the large uncertainties involved. Implementation of the station
blackout rule will result in the average core damage frequency from station
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blackout events being in approximately the range of frequencies estimated for
station blackout for the five NUREG-1150 plants. Therefore, the station black-
out rule meets both of the Commission's qualitative safety goals.

The Commission also stated the following regulatory objective relating to the
frequency of core damage accidents at nuclear power plants.

Severe core damage accidents can lead tc more serious accidents with
the potential for life-threatening offsite releases of radiation, for
evacuation of members of the public, and for contamination of public
property. Apart from their health and safety consequences, such acci-
dents can erode public confidence in the safety of nuclear power and
can lead to further instability and unpredictability for the industry.
In order to avoid these adverse consequences, the Commission intends
to continue to pursue a regulatory program that has as its objective
providing reasonable assurance, giving appropriate consideration to
the uncertai, .1es involved, that a severe core damage accident will
not occur at « U.S. nuclear power plant.

An estimate of the total probability of core damage for the nuclear industry is
beyond the scope of this regulatory analysis, but some perspectives on station
blackout are presented here. The mean core damage frequency from station black-
out events before implementation of the station blackout rule is estimated to
be 4.2 x 10-5 per reactor-year. Thus, the probability of core damage from
station blackout is about 0.12 (i.e., about 1 chance in 8 that station black-
out would result in severe core damage at one of 125 reactors over an assumed
remaining 25-year 1ife expectancy of these plants). Implementation of the
station blackout rule would reduce the estimated mean core damage frequency to
1.6 x 10-® per reactor-year, and therefore, the estimated probability of a
severe core damage accident from station blackout would be 0.05 (i.e., about 1
chance in 20 of severe core damage). Therefore, implementing the resolu‘ion of
USI A-44 provides reasonable assurance that a severe core damage accident from
station blackout will not occur at a U.S. nuclear power plant.

The Cuinission also proposed the following guideline for further staff
evaluation:

Consistent with the traditional defense-in-depth approach and the
accident mitigation philosophy requiring reliable performance of
containment systems, the overall mean frequency of a largs release
of radicactive materials to the envirunment from a reactor accident
should be less than 1 in 1,000,000 pur year of reactor operation.

Given the current state of knowledge recarding containment performance and the
large uncertainties with respect to the probability of cortainment failure fol-
lowing severe accident sequences, 7. is not possible to conclude that the safety
performance guideline on the freg ency of a large release would be met. This
conclusion is based on the estimited mean core damage frequency for station
blackout events of 1.6 x 10-° rer reacteor-year coupled with the uncertainty

band for the probability of early containment failure ranging from about 0.05

to 0.90 as reported in wREG-1150. Since the potential for a high likelihood

of containment failure cannot be eliminated, the overall mean frequency of a
large release of radioactivity ¢f 10-® per reactor-year cannct be ensured.
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Additional rationale for implementing the station blackout rule and the regula-
tory guide over other alternatives is discussed in the value-impact analysis
(Section 4.1). This action represents the staff's position based on a compre-
l.nsive analysis of the station blackout issue. This position includes all the
requirements and guidance to resclve the station blackout issue.

5.2 Station Blackout Reports

The studies and data on which this resolution is based are documented in
NUREG-1032 and NUREG/CR-2989, -3226, -3992, and -4347. Summaries of these
reports follow.

5.2.1 NUREG-1032, Evaluation of Station Blackout Accidents at Nucliear Power
Plants, Technical Findings Related to Unresolved Safety Issue A-44

This report summarizes the results of technical studies performed in support
of USI A-44 and identifies the dominant factors affecting the likelihood that
station blackout accidents will occur at nuclear power plants. These results
are based on operating experience data; analysis of several plant-specific
probabilistic safety studies; and reliability, accident sequence, and conse-
quence analyses performed in support of this unresolved safety issue.

In summary the results show the following important characteristics of station
blackout accidents.

(1) The likelihood of station blackout varies between plants with an estimated
frequency ranging from approximately 10-° to 10-3 per reactor-year. A
“"typical" estimated frequency is on the order of 10-% per reactor-year,

(2) The capability of restoring offsite power in a timely manner can have a
significant effect on accident consequences.

(3) Onsite ac power system redundancy and individual power supply reliability
have the largest influence on station blackout accident frequency.

(4) The capability of the decay heat removal system to cope with long-duration
blackouts can be a dominant factor influencing the likelihood of core
damage or core melt.

(5) The estimated frequency of station blackout events resulting in core
damage or core melt can range from approximately 10-° to greater than
10-* per reactor-year. A "typical" core damage freguency estimate is
2 to 4 x 10-% per reactor-year.

(6) The best information available indicates that containment failure by over-
pressure may follow a core melt induced by station blackout with smaller,
low-design-pressure containments most susceptible to early failure. Some
large, high-design-pressure containments may not fail by overpressure, or
the failure time could be on the order of a day or more.

Losses of offsite power could be characterized as those resulting from plant-
centered faults, utility grid blackout, or severe weather-induced failures of
offsite power sources. The industry average frequency of total losses of off-
ite power was determined to be about 1 in 10 site-years, The median restora-
tion time was about 1/2 hour, and 90 percent of the losses were restored in
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3 hours or less. The factors that were identified as affecting the frequency
and duration of offsite power losses are

(1) design of preferred power distribution system, particularly the number
and independence of offsite power circuits from the point at which they
enter the site up to the safety buses

(2) operations that can compromise redundancy or independence of multiple off-
site power sources, including human error

(3) grid stability and security, and the ability to restore power to a
nuclear plant site with a grid blackout

(4) the hazard from, and susceptibility to, severe weather conditions that
can cause loss of offsite power for extended periods

A design and operating experience review, combined with a reliability analysis
of the onsite, emergency, ac power system, has shown that there are various
potentially important causes of failure. The t{pical unavailability of a two-
division emergency ac power system is about 10-% per demand, and the typical
individual emergency diesel generator failure rate is about 2 x 10-2 per demand,
The factors that were identified as affecting the emergency ac power system
reliability during a loss of offsite power are

(1) power supply configuration redundancy
(2) vreliability of each power supply

(3) deperdence of the emergency ac power system on support of auxiliary cool-
ing systems and control systems and the reliability of those support
systems

(4) vulnerability to common cause failures associated with design, operational,
and environmental factors

The likelihood of a station blackout progressing to core damage or core melt
is dependent on the reliavility and capability of decay heat removal systems
that are not dependent on ac power. If sufficient capability exists, additional
time will be available to permit an adequate opportunity to restore ac power to
the many systems normally used to cool the core and remove decay heat. The most
important factors involving decay heat removal during a station blackout are

(1) the starting reliability of systems required to remove decay heat and
maintain reactor coolant inventory

(2) the capacity and functionability of decay heat removal systems and aux-
iliary or support systems that must remain functional during a station
blackout (e.g., dc power, condensate storage)

(3) for PWRs, and 3WRs without reactor coolant makeup capability during a
station blackout, the magnitude of reactor coolant pump seal leakage
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(4) for BWRs that remove decay heat to the suppression pool, the ability to
maintain suppression pool integrity and operate heat removal systems at
high pool temperatures during recircuiation

It was determined by reviewing design, operational, and location factors, that
the expected core damage frequency from station blackout could be maintained
around 10-% per reactor-year or lower for almost all plants. The ability to
cope with station blackout durations of 4 to 8 hours and emergency diesel
generator reliabilities of 0.95 per demand or better would be necessary to
reach this core damage frequency level.

5.2.2 NUREG/CR-3226, Station Blackout Accident Analyses

This report analyzes accident sequences following a postulated total loss of

ac power to (1) determine the core damage frequencies from station blackout,

(2) provide insights through sensitivity studies of important factors to consider
for lowering the core melt frequency, and (3) provide perspectives on the risks
from such an event. Probabilistic safety analyses were done on four generic
"base" plant configurations. Fault trees of different systems and event trees
of possible station blackout accident seguences were constructed for these
plants. These event trees modeled three time periods, including an initial time
period for sequences resulting from unavailabilities on demand and longer time
intervals in which other failures can occur such as depletion of dc power,
degradation of reactor coolant opump seals, or depletion of condensate storage
tank suppiy. Data from the offsite and onsite power studies (NUREG/CR-2989 and
-3992) as well as from licensee event reports and PRAs were used to quantify

the accident sequences. Lastly, containment failure modes and timing were
reviewed to calculate the risk to the public from station blackout.

For the "base" cases, tibe total core damage frequencies from station blackout
resulting from the dominant accident sequences were estimated to be in the

range of 10-° per reactor-year. Plants with features different from the base
case designs have different core damage freguencies, so sensitivity analyses

were conducted. For example, the reliability and recovery of ac power from

both the offsite and emergency onsite power systems have a direct impact on

core damage frequencies. Depending on tie expected frequency of station blackout
at a plant and other factors, the frequency of core damage associated with loss
of all ac power ranged from about 2 x 10-® to greater than 10-% per reactor-year.

In summary, results of “he accident sequence analyses indicate that the follow-
ing plant facters are important when considering station blackout:

(1) the effectiveness of actions to restore offsite power once it is lost

(2) the degree of redundancy and reliability of the emergency onsite ac power
system

(3) the reliability of decay heat removal systems following loss of ac power

(4) dc power reliability and battery capacity including the availability of
instrumentation and control for decay heat removal without ac power

(5) common service water dependencies between the emergency ac power source
and the decay heat removal systems
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(6) the magnitude of reactor coolant pump seal leakage and the likelihood of
a stuck-open relief valve occurring during a station blackout

(7) containment size and design pressure
(8) operctor training and available procedures

5.2.3 NUREG/CR-2989, Reliability of Emergency AC Power Systems at Nuclear
Power Plants

This study estimated the reliabilities of representative onsite ac power sys-

tems and the costs of improving the reliabilities of these systems. For this
analysis, the initial design of onsite ac power systems was reviewed, using

Final Safety Analysis Reports (FSARs) for plants, plant schematics, and plant-
specific procedures. The study included examining the following areas: switch-
yards, distribution systems, dc power systems, diesel generators, support systems,
and procedures. Historical data on diesel generator operating experience for

the 5-year period from 1976 through 1980 were collected from licensee event
reports and responses to questionnaires sent to licensees.

Eighteen different configurations were identified, and representative plants
were selected for a more detailed reliability analysis. This analysis involved
constructing fault tree models for the onsite power systems and quantifying
these fault trees with the data gathered on operating experience. The onsite
system undependanility (the probability that it will fail to start or fail to
continue to run for the duration of an offsite power outage) was calculated

for ac power outages up to 30 hours after a loss of offsite power. Results of
a sensitivity study were used to identify potentially important contributors

to unreliability, and costs of improvements were estimated.

Results showed that important contributors to onsite power undependability were
independent diesel generator failure, common cause failure due to hardware
failure or human error, unavailability because of scheduled maintenance, and
cooling subsystem undepeondability. Reliability of onsite ac power systems varies
from plant to plant. QDepending on diesel generator configuration, the system
unavailability ranged from 1.4 x 10-* to 4.8 x 10-2 per demand. Significant
variabilit, exists so that any reliability improvements and the associated costs
must be <valuated on a plant-specific pasis.

5.2.4 NUREG/CR-4347, Emergency Diesel Generator Operating Experience, 1981-1983

This report updates operating experience of emergency diesel generators reported
in NUREG/CR-2989. Diesel generator failure rates during surveillance testing
and during actual ‘'emands (e.g., unplanned demands following losses of offsite
power or safety i; _.ction actuation signals) are estimated. The data indicate
that overall diesel generator performance has improved since 1976; the overall
median failure rate is estimated at 0.019 failure per demand. However, for the
1981 to 1983 period, the diesel generator failure rate during actual demands

was 0.025 failure per demand--a rate higher than that for all demands (i.e.,
including surveillance tests). Data from NUREG/CR-2989 and -4347, along with
results of an industry survey conducted by the Electric Power Research Institute
(NSAC/108), were used in the staff's evaluation of risk from station blackout
events (NUREG-1032).

NUREG-1109 38



5.2.5 NUREG/CR-3992, Collection and Evaluation of Complete and Partial Losses
of Offsite Power at Nuclear Power Plants

This report describes and categorizes events involving complete or significant
partial losses of offsite power that have occurred at nuclear power plants
through 1983. This study provides an accurate data base to ectimate frequen-
cies and durations of losses of offsite power and details how offsite power
design features may affect these losses as well as the ability to restore off-
site power. A parallel study documenting loss of offsite power experience
through 1985 was published by the Nuclear Safety Analysis Center of the
Electric Power Research Institute (NSAC/103). Data from both NUREG/CR-3992 and
NSAC/103 were used in NUREG-1032 for analyzing the loss of offsite power.

Based on industry-wide data for the years 1959 through 1983, loss of offsite
power occurs per plant about once every 10 site-years. A total of 46 complete
loss-of-offsite-power events were documented, ranging in duration from a few
minutes up to a maximum of almost 9 hours. In approximately half of these events,
offsite power was restored in 1/2 hour or less. Information for this study was
collected from licensee event reports, responses to an NRC guestionnaire, and
various reports prepared by the utilities. Most of the event descriptions in
the licensee event reports and other documentation within the NRC files did not
contain sufficiently detailed information for the purpcses discussed above.

For example, in one case a licensee reported offsite power restoration time to
be & hours, but actually one offsite power source was restored in 8 minutes,
and all offsite power was restored in 6 nours. Because restoration of one
source of offsite power terminates a loss of offsite power, the documented
description was not accurate enough. In other cases, offsite power was avail-
able to be reconnected, but the plant operators did not reconnect it for some
time after it was availabl'e. The time power was reconnected was usually
reported; however, the data that were actually needed were the times that power
was available for reconnection. Because of the need for more accurate data,
additional information was obtained by contacting utility engineers for better
descriptions of the causes, sequences of events, and the times and methods of
restoring offsite power.

Once these data were collected, the offsite power failures were identified as
plant-centered or grid failures. In addition, the causes of the failures were
attributed to weather, human error, design error, or hardware failure. The
plant-centered failures were usually of shorter duration than the grid failures
caused by severe weather. For this reason, the weather-related events were
reviewed in detail.

Offsite power design features were tabulated for most of the operating nuclear
power plants to determine which features significantly affect the reliability

of offsite power systems. The frequency and duration of losses of offsite power
caused by severe weather are affected by the number of transmission lines and
rights-of-way and the availability of alternate power sources (such as hydro,
gas turbines, or fossil units near the nuclear plant). Design features that

may be important for plant-centered losses of offsite power are the number of
offsite power sources, the electrical independence of those sources, and the
relay scheme for transferring power between offsite sources.
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& IMPLEMENTATION

6.1 Schedule for Implementing the Final Station Blackout Rule

The ster” and schedule listed in Table 13 summarize the implementation schedule
in the tation blackout rule (10 CFR 50.63(c) and (d)). Within 9 months after
promulgation of the rule, licensees will submit to NRC (1) the length of time
the plant should be able to cope with a station blackout (coping duration),

(2) a justification for the coping duration, (3) a description of the procedures
to cope with a station blackout for that duration, and (4) a list of equipment
modifications necescary, if any, to meet the specified duration of station
blackout. The staff will review the licensees' submittals, and, within 6 months
after that review, licensees viill submit a schedule for modifying any necessary
equipment to comply with the rule.

The factors that must be considered to determine the minimum cceptable station
blackout duration, as specified in the revision to Appendiv .0 °7C 17, are
relatively straightforward. In fact, licensees have revi - - t' ..r plants
against these factors as part of an industry initiative s., orted by NUMARC.
Tnus, Lhis acceptable duration can be determined in approximately 1 or 2 months.
Licensees will be required to perform plant-specific analyses to determine if
the plant, as designed, can cope with a station blackout for the acceptable
duration, and to determine what modifications, if any, are needed to meet the
acceptable duration. These andlyses could take 6 to 9 months. Thus, it seems
reasonable to require that the information be submitted to the NRC within 9
months after the date the final rule is issued.

Procedural changes to cope with a station hlackeut and diese! generator reli-
ability impcovements, if necessary, will be implemented early in the schedule.
Hardware backfits, if necessary, should be implemented as soon as practical,
based on scheduled plant shutdown, but no later than 2 years after the staff
reviews a licensee's station blackout duration submittal. A fina)l schedule for
implementation of design and associated procedural modifications will be mutually
agreed upon by the licensee and the NRC staff,

Other schedules were considered; however, the staff believes the implementation
schedule in Table 13 can be achieved without placing unnecessary financial bur-
den on licensees for plant shutdown. The schedule a)lows reasonable time for
implementing necessary hardware items to reduce the risk of severe accidents
associated with station blackout, yet achieves significant early benefits by
requiring an assessment of a plant's station blackout capability and procedures
and training to cope with such an event. Shorter or less flexible schedules
would be unnecessarily burdensome; longer schedules would delay necessary plant
improvements.

6.2 Relationship to Other Existing or Proposed Requirements

Several NRC programs are related to USI A-44; these are discussed in Section 4.2.
These programs are compatible with the resolution of USI A-44.
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Table 13 Implementation schedule for final station blackout rule

Moaths after Commission

Activity decision to issue final rule
Issuance of final rule 0
Licensees' submittal of acceptable station 9

blackout durations to NRC, including
description of procedures and list of

modifications
Completion of NRC review of submittal 20
Licensee's submittal of schedule for 26

implementing hardware modifications

Completion of licensees' hardware
modifications

*Schedule to be agreed upon with NRC, but within 2 years of NRC review of sub-
mittal, unless the licensee submits justification for a later date and the
staff accepts the later date.
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to be a realistic indicator of future performance. An argument can be made that
the future performance will be better than the past. For example, when problems
with the offsite power grid arise, they are fixed and, therefore, grid reli-
ability should improve. On the other hand, grid power failurcs may become more
frequent because fewer plants are being built, and more power is being trans-
mitted among regions, thus placing greater stress on transmission lines.

A number of other nations, including France, Britain, Sweden, Germany, and
Belgium, have taken steps to reduce the risk from station blackout events.
These steps include adding design features to increase the ability of the plant
to cope with a station blackout for a substantial period of time and/or adding
redundant and diverse emergency ac power sources.

The factors discussed above support the determination that additional defense

in depth provided by the ability of a plant to cope with station blackout for

a specific duration would provide a substantial increase in the overall protec-
tion of the public health and safety, and the direct and indirect costs of imple-
mentation are justified in view of this increased protection. The Commission
has considered how this backfit should be prioritized and scheduled in light of
other regulatory activities taking place at operating nuclear power plants.
Station blackout warrants a high priority ranking based on both its status as an
“unresolved safety issue" and the results and conclusions reached in resolving
this issue. As noted in the implementation section of the rule (10 CFR
50.63(c)(4)), the schedule for equipment modification (if needed to meet the
requirements of the rule) shall be mutually agreed upon by the licensee and

NRC. Modifications that cannot be scheduled for completion within 2 years

after NRC accepts the licensee's specified station blackcut duration must be
justified by the licensee.

Analysis of 50.109(c) Factors

(1) Statement of the specific objectives that the backfit is designed to
achieve

The NRC staff has completed a review and evaluation of information
developed since 1980 on USI A-44, "Station Blackout." As a result of
these efforts, the NRC is amending 10 CFR 50 by adding a new paragraph,
10 CFR §50.63, "Station Rlackout."

The objective of the station blackout rule is to reduce the risk of severe
accidents associated with station blackout by making station blackout a
relatively small contributor to total core-damage frequency. Specifically,
the rule requires all light-water-cooled nuclear power p'ants to be able

to cope with a station blackout for a specified duration (coping duraticn)
and to have procedures and training for such an event. A regulatory guide
(Regulatory Guide 1.155), to be issued along with the rule, provides an
acceptable method to determine the coping duration for each plant. The
duration is to be determined for each plant based on a comparison of the
individual plant design with factors that have been identified as the main
contributors to risk of core melt resulting from station plackout. These
factors are (1) the redundancy of onsite emergency &c power sources, (2) the
reliability of onsite emergency ac power sources, (3) the frequency of loss
of offsite oower, and (4) the probable time neecded to restore offsite power.
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(2) General description of the activity required by the )icensee or applicant

(3)

in order to complete the backfit

In order to comply with the resolution of USI A-44, licensees will be
required to

. Maintain the reliabilicy of onsite emergency ac power sources at or
above specified acceptable reliability levels.

. Develop procedures and training to restore ac power using nearby power
sources if the emergency ac power system and the normal offsite power
sources are unavailable.

Determine the duration that the plant should be able to withstand a
station blackout based on the factors specified in 10 CFR 50.63,
"Station Blackout," and Regulatory Guide 1.155, "Station Blackout."

. Use (if available) an alternate ac power source, which meets specific
criteria for independence and capacity, to cope with a station
blackout.

. Evaluate the plant's actual capability to withstand and recover from

a station blackout. This evaluation will include

“ verifying the adequacy of station battery power, condensate
storage tank capacity, and plant/instrument air for the station
blackout duration

- verifying adequate reactor coolant pump seal integrity for the
station blackout duration so that seal leakage due tc lack of
seal cooling would not result in a sufficient primary system
coolant inventory reduction to lose the ability to cool the core.

» verifying the operability of equipment needed to operate during a
station blackout for envircnmental conditions associated with
total loss of ac power (i.e., loss of heating, ventilation, and
air conditioning).

Depending on the plant's existing capability to cope with a station black-
out, licensees may or may not need to backfit hardware modifications
(e.g., adding battery capacity) to comply with the rule. (See item 8 of
“his analysis for additional discussion.) Licensees will be required to
develop procedures and training to cope with and recover from a station
blackout.

Potential change in the risk to the public from the accidental offsite
release of radioactive material

Implementation of the station blackout rule will result in an estimated
total risk reduction to the public from 65,000 to 215,000 person-rems,
with a best estimate of about 145,000 person-rems.
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(4) Potential impact on radiological exposure of facility employees
For 100 operating reactors, the estimated total reduction in occupational
exposure resulting from reduced core-damage frequencies and associated
post-accident cleanup and repair activities is 1,500 person=rem. No in-
crease in occupational exposure is expected from operation and maintenance
activities associated with the rule. Equipment additions and modifications
contemplated do not require work in and around the reactor coolant system
and therefore are not expected to result in significant radiation exposure.

(5) Installation and continuing costs associated with the backfit, including
the cost of facility downtime or the cost of construction delay
For 100 operating reactors, the total estimated cost associated with the
station blackout rule ranges from $42 to $94 million, with a best estimate
of $60 million. This estimate breaks down as follows:

Estimated total cost
Estimated ($1 million)
number of

Activity reactors Best est. High est. Low est.

Assess slant's capability to 100 25 40 20

cope with station blackout

Develop procedures and 100 10 15 5

training

Improve diesel generator 10 2.5 4 1.3

reliability

Requalify diesel generator 2 5.5 11 2.5

Install hardware to increase 27 17 24 13

plant's capability to cope

with station blackout o o o
Totals 60 94 42

(6)

The potential safety impact of changes in plant or operational complexity,

including the relationship to proposed and existing regulatory reguirements

The rule requiring plants to be able to coupe with a station blackout should
not add to plant or operational complexity. The station blackout rule is
closely related to several NRC generic programs and proposed and existing
regulatory requirements, as the following discussion indicates.

Generic Issue B-56, Diesel Generator Reliability
The resolution of USI A-44 includes issuing a regulatory guide on station

blackout that specifies the foilowing guidance on diesel generator reli-
ibility (Regulatory Guide 1.155, Sections C.1.1 and C.1.2):
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The reliable operation of the onsite emergency ac power
sources should be ensured oy a reliability program
designed to monitor and maintain the reliability of each
power source over time at a specified acceptable level
and to improve the reliability if that level is not
achieved. The reliability program should include sur-
veillance testing, target values for maximum failure
rate, and a maintenance program. Surveillance testing
should monitor performance so that if the actual fail-
ure rate exceeds the target levei, corrective actions
can be taken.

The maximum emergency diesel generator failure rate
for each diesel generator should be maintained at 0.05
failure per demand. However, for plants having an
emergency ac power system [configuration requiring
two-out-of-three diesel generators or having a total
of two diesel generators shared between two units at a
site], the emergency diesel generator failure rate for
each diesel generator should be maintained at 0.025
failure per demand or less.

The resolution of B-56 will provide specific guidance for use by the staff
or industry to review the adequacy of diesel generator reliability programs
corsistent with the resolution of USI A-44,

‘ Generic Issue B-23, Reactor Coolant Pump Seal Failures

Reactor coolant pump (RCP) seal integrity is necessary for maintaining
primary system inventory during station blackout conditions. The esti-
mates of core-damage frequency for station blackout events for USI A-44
assumed that RCP seals would leak at a rate of 20 gallons per minute.
Results of analyses performed for Generic Issue B-23 will provide the
information necessary to determine RCP seal behavior during a station
blackout. Should this analysis conclude that there is a high probability
that the RCP seals would not leak excessively during a station blackout,
then no modifications would be required. If there s a significant prob-
ability that RCP seals can leak at rates substantially higher than

20 gallons per minute, then modifications such as an ac-independent RCP
seal cooling system may be necessary to resolve Generic Issue B-23. Any
proposed backfit resulting from the resolution of Generic Issue B-23 would
need to comply with the backfit rule.

. USI A-45, Shutdown Decay Heat Removal Requirements

The overall objective of USI A-45 is to evaluate the adequacy of current
licensing design requirements to ensure that the nuclear power plants do
not pose an unacceptable risk as a result of failure to remove shutdown
decay heat. The study includes an assessment of alternative means of
removing shutdown decay heat and of diverse "dedicated" systems for this
purpose. Results will include proposed recommendations regarding the
desirability of, and possible design requirements Tor, improvements in
existing systeme or an alternative dedicated method for removing decay
heat.
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The USI A-44 concern for maintaining adequate core cooling under station
blackout conditions can be considered a subset of the overall USI A-45

issue. However, there are significant differences in scope between these
two issues. USI A-44 deals with the probability of loss of ac power, the
capability to remove decay ieat using systems that do not require ac power,
and the ability to restore ac power in a timely manner. USI A-45 deals
with the overall reliability of the decay heat removal function in terms
of response to transients, small-break, loss-of-coolant accidents, and
special emergencies such as fires, floods, seismic events, and sabotage.

Although the recommendations that might result from the resolution of

USI A-45 are not yet final, some could affect the station blackout
capability; others would not. Recommendations that involve a new or
improved system to remove decay heat that is ac power dependent but that
does not include its own dedicated ac power supply would have no effect

on USI A-44. Recommendations that involve an additional ac-independent
decay heat removal system would have a very modast effect of USI A-44,
Recommendations that involve an additional decay heal removal system

with its own ac power supply would have a significant effect on USI A-44,
Such a new additional system would receive the appropriate credit within
the USI A-44 resolution by either changing the emergency ac power config-
uration group or providing the ability to cope with a station blackout for
an extended period of time. Well before plant modifications, if any, will
be implemented to comply with the station blackout rule, it is anticipated
that the proposed technical resolution of USI A-45 will be published for
public comment. Those plants needing hardware modifications for station
blackout could be re-evaluated before any actual modifications are made, so
that any contemplated design changes resulting from the resolution of USI
A-45 can be considered at the same time.

Generic Issue A-30, Adequacy of Safety-Related DC Power Supply

The analysis performed for USI A-44 zssumed that a high level of dc power
system reliability would be maintained so that (1) dc power system failures
would not be a significant contributor to losses of all ac power and

(2) should a station blackout uccur, the probability of immediate dc power
system failure would be low. Whereas Generic Issue A-30 focuses on
improving battery relaibility, the resolution of USI A-44 is aimed at
ensuring adequate station battery capacity in the event of a station
blackout of a specified duration. Therefore, these two issues are
consi:tent and compatible.

+ Fire Protection Program

10 CFR 50.48 states that each operating nuclear power plant shall have a
fire protection plan that satisfies GDC 3. The fire protection features
required to satisfy GDC 3 are specified in Appendix R to 10 CFR 50. They
include certain provisions regarding alternative and dedicated shutdown
capability. To meet these provisions, some licensees have added, or plan
to add, improved capability to restore power from offsite sources or onsite
diese)l generators for the shutdown system. A few plants have installed a
safe-shutdown facility for fire protection that includes a charging pump
powered by its own independent ac power source. In the event of a station
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APPENDIX ©

WORKSHEETS FOR COST @ STIMATES
Section 4.1 of this report provides a summary of the estimated costs to industry
and NRC associated with the resolution of USI A-44. This appendix provides
suoplementary information to support these cost estimates. The estimates in
the following worksheets are based on information from the following references:
EG&G (1983), Science and Engineering Associates (1986), NRC (1986), and NUREG/
CR-3568, -3840, -4568, -4627, and -4932. The utility personnel cost used in
these estimates is $100,000 per person-year, including overhead and general and
administrative expenses.
References

EG&G, "Cost Analysis for Enhancement of DC Systems Reliability and Adequacy of
Safety-Related DC Power Systems," EG&G Report RE&ET-6151, January 1983.
Station Blackout Cost Estimates (NUREG/CR-3840)," letter report to NRC,
November 12, 1986.

U.S. Nuclear Regulatory Commission, "Reoulatory Analysis Guidelines," NRR Office
Letter No. 16, Revision 3, May 13, 1986

___» NUREG/CR-3568, "A Handbook for Value-Impact Assessment," December 1983.

, NUREG/CR-3840, "Cost Analysis for Potential Modifications To Enhance the
AbT1ity of a Nuclear Power Plant To Endure Station Blackout," July 1984.

___» NUREG/CR-4568, "A Handbook for Quick Cost Estimates," April 1986.
___» NUREG/CR-4627, "Generic Cost Estimates," June 1986.

, NUREG/CR-4942, "Equipment Operability Curing Station Blackout Events,"

Science and Engineering Associates, Inc., "Response to Industry Comments on
SAND87-0750, Sandia National Laboratory, to be published.
|
|
|
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Worksheet 1 Estimated cost to assess plant's capability to cope
with station blackout (SBO)

Activity

Estimated resources

Person-months Dollars
Determine system capabilities (e.g., 12 .
batteries, instrument air, condensate
storage tank, reactor coolant pump
seals)
Evaluate equipment operability
Determine equipment/components 2 )
necessary during SBO
Determine heat loads for 6 -
rooms/compartments
Calculate environmental conditions 4 -
during SBO
Compare equipment design/operational 2 -
capability with predicted environ-
mental conditions
Quality assurance 4 -
Total 30 $250,000
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Worksheet 2 Estimated rost to develop procedures and training for
station blackout

Estimated resources

Activity Person-months Dollars
Develop procedures (includes writing 3 25,000
review, and approval)
Training
Initial training 3 25,000
Annual update training 0.5/yr 5,000/yr

~ Total training costs are calcu! .ed by adding the initial training costs and the
present value of the annual training costs over the remaining plant lifetime.

L
+ ~
Ciii® Cop v Gy 51(1 f)o'-) 1 (= 70,000
where CTL = total training costs

CIT = initial training costs
CRT = annual training costs

D = discount rate (.10)

L = remaining plant lifetime (25 years)

Therefore, adding the cost to develop procedures, the total cost for procedures
and training is estimated to be $100,000.
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Worksheet 3 Estimated cost to improve diesel generator

reliability
Activity Estimated Cost
Reliability investigatior $100,000
Equipment modifications 150,000
Total $250,000

Worksheet 4 Estimated cost to requalify a diesel generator

Assuming that a plant would shut down for 5 days to requalify a diesel
generator. The replacement energy cost (CR) is the dominant cost associated

with this activity. CR can be calculated using the following equation:

CR = ExPxR

where E = net electrical output (kwe)
P = shutdown period (hours)
R = replacement energy charge rate ($/kwh)

The table below presents the data used to calculate the best, high, and low
estimates to requalify a diesel generator.

Value
Parameter Best High Low
Net plant electrical outpost (kWe) 900,000 1,150,000 500,000
Shutdown period (hours) 120 120 120
Replacement energy cost ($/Kwe)* 0.026 0.040 0.020
Total cost ($1 million) 2.8 5.5 1.2

*Costs from NUREG/CR-4568

NUREG-1109 4 Appendix B



US NUCLEAR REQULATORY COMMISSION | ' BEPORT NUMBER Augoed by T/0C 000 v No famy)

BIBLIOGRAPHIC DATA SHEET

THt REVERSE

NAC FORM 338
(284
NR W00
12012902

SEE INSTRUCT O
2 TITLE ANO ST

NUREG-1109 4

JOLEAVE BLANK

Regulatory, kfit Analysis for the Resolution of e

Unresoclved S§@ety Issue A-44, Station Blackout o R
S ALTHORTS| March 4 1988
1 6 DaLEEPORT I$SUED
AoHc RUbln MONT ™ ¥ YEAR
June A 1988
8 PROGECT TaAS K UNIT NUMBER

T PERFOAMING ORGANIZATION NAME A AILING ADDRESS iacivae 20 Come

Office of Nuclear Reflatory Research 8P A-44
Office of Nuclear ReaW@or Regulation il e
U.S8, Regulatory Commis n
Washington, DC 20555

10 SPONSORING ORGANIZATION NAME AND MA LING €55 (incivae &9 Code 11 TYPEOF REPORY
Office of Nuclear RegulatorWResearch , _
st toa Regulatory Analysis

Office of Nuclear Reactor Re
UsS. Nuclear Regulatory Commi i'on
Washington, DC 20555 \

b PERIOD COVERED /incivive dotes

12 SUPPLEMENTAR Y NOTES

None

11 ABSTRACT (200 words o ‘am )
Station blackout is the complete los
the essential and nonessential buses 3
offsite power and the onsite emergenc
many safety systems required for react
heat removal depend on ac power, the Jon
severe. Because of the concern aboyl the Wrequency of loss of offsite power, the
namber of failures of emergency digel gend@mtors, and the potentially severe con-
sequences of a loss of all ac poglr, "Statid@Blackout" was designated as Unresclved

Safety Issue (USI) A-44. \

of alffernating current (ac) electric power to
clear power plant; it results when both
power systems are unavailable. Because
ore decay heat removal and containment
juences of a station blackout could be

%

This report presents the regyfatory/backfit anaWksis for USI A-44., It includes

(1) a summary of the issue gX2) the recommended thchnical resolution, (3) alternative
resolutions considered byffhe Nuclear Regulatory @mmission (NRC) staff, (4) an
assessment of the benefil¥ and costs of the recomm@ded resolution, (5) the decision
raticnale, (€) the relaffionship between USI A-44 an@@other NRC prograzs and require-
ments, and (7) a back§ft analysis demonstrating thatWhe resolution of USI A-44
complies with the bg#kfit rule (10 CFR 50.1(9). K

14 DOCUMENT ANALYSS o WORDS DESCRPTORS £ AVA AR L
STATEMENT

Unlimited

StatigW Blackout . 6 SECUR Ty Lo ASSIEICATION
USI 44 Thu pape
& IDENY €N ENDED TERMS ' Unclassified
’ ”‘ '.l'“:’"

Unclassified

T NUMBER OF PATES

8§ PRICE

CUS COVEANRENT PRINTING OF T ICL 1984, «29




UNITED STATES
NUCLEAR REGULATORY COMMISSION




