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1.0 INTRODUCTION AND SUMMARY

In response to a September 21, 1981 letter from the U.S. MNuclear
Regulatory Commission (NRC) Northeast Nuclear Energy Company (NNECO)
submitted the Millstone Unit 3 Probabilistic Safety Study (PSS) on
July 27, 1983, This study (Reference 1) contained detailed
calculations of the probability and consequences of severe accident
sequences including Station AC Blackout. The Station Blackout
accident scenario involves a loss of Offsite Power, failure of the
redundant Emergency Diesel Generators, successful operation of the
steam driven Auxiliary Feedwater pump, and eventual degradation of the
Reactor Coolant Pump (RCP) seals resulting in a long term loss of
coclant. If AC power is not recovered (either onsite or offsite) it is
not possible to provide makeup to the reactor to compensate for the
loss of coolant through the RCP seals. This results in an eventual
core melt, the potential for containment failure, and consequences to
the public. The Millstone Unit 3 PSS assessed the core melt frequency
of such scenarios as roughly 1.65 x 10'6/yr and as such contributed to
only 3.6% of the total core melt frequency, less than .1% of the early
fatality risk, and approximately 18.4% of the latent fatality risk.

Following submittal of the PSS, the NRC initiated an in-depth
technical review and asked NNECO for further information related to
Station AC Blackout, RCP seal performance, and Station Battery
discharge times. The results of that review, along with NRC Staff
assumptions, calculations, and results are documented in the Draft
Millstone Unit 3 Risk Evaluation Report (RER), NUREG-1132, which was
provided to NNECO on October 17, 1985 (Reference 2). One of the more
important preliminary perceptions expressed in the Draft RER was the
possibility that Station AC Blackout could be a significant
contributor to risk at Millstone Unit 3.

On December 18, 1985, in order to determine whether or not the
Millstone Unit 3 license should be modified, suspended, or revoked in
order to reduce the apparent large contribution to risk due to Station
AC Blackout, the NRC pursuant to 10CFR50.54(f) requested NNECO to
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furnish an evaluation of the NRC Staff's analysis and conclusions.
This letter is included as Appendix A. The risk level perceived by the
NRC due to Station AC Blackout at Millstone Unit 3 was in part due to
assumptions made and calculations contained in the NRC Staff's Draft
RER (NUREG-1152) issued in August 1985. The NUREG-1152 calculations of
Station AC Blackout core melt frequency are included as Appendix B.

Because of this perceived high core melt frequency risk, the NRC Staff
asked NNECO to provide an evaluation of the assumptions and new
proposed calculations of Station AC Blackout Core Melt Frequency in
NUREG-1152 and suggest changes where appropriate. Additionally, NNECO
was asked to consider implementation of four potential design
backfits, which could possibly result in a significant reduction in
the likelihood of core melt. The suggested options to reduce core melt
likelihood were:

(1) Addition of a non-Seismic Category 1 Gas Turbine Generator
(and enclosure structure) capable of powering a dedicated
electric motor driven RCP Seal Cooling Pump.

(2) Addition of a non-Seismic Category 1 Diesel Generator (and
enclosure structure) capable of powering a dedicated electric
motor driven RCP Seal Cooling Pump.

(3) Increase the capsbility tc cope with Station AC Blackout to 8
ars by 1increasing the capacity of the Station Batteries,
Instrument Air, and Auxilia~y Feedwater supply.

(4) Addilion of a steam driven “'urbine Generator for charging the
Station Batteries, and capable of powering a dedicated
electric motor driven RCF Seal Cooling Pump.

Included along with these suggested improvements the NRC provided
NNECO with their analysis of value and impact of alternatives.

MILLSTONE UNIT 3

TATTAN A/ BY A/VNAITT AQQTCOMDMT



Summary

Upon performing the requested technical review of NUREG-1152 and
considering pertinent new data, test results, and new analysis, the
following summarizes our findings:

o The analytical methods used to predict the frequency of core
melt represent a more sophisticated technigue in accounting
for time dependent failure and restoration effects. The
specific models, however, contain a number of errors related
to time-phasing in the convolution integrals.

o] A significant portion of the core melt frequency predicted in
NUREG-1152 is attributab’e to an apparent error in
interpreting the frequency of luss of offsite power events of
various time durations from NUREG-1032. Correction of this
apparent error alone reduces the core melt frequency by
almost 50%.

¢ The results noted in NUREG-1152 do not include a statement of
the uncertainties involved, nor the fast that "conservative®
point estimates were utilized in lieu of mean values and
uncertainties.

o The NRC Staff estimate of Station AC Blackout core melt
frequency (8.2 x 10'5/yr) documented in Appendix B of
NUREG-1152 (Reference 2) was rounded upwards to 1 x 10'"/y*
in Reference 3 resulting in an increase of 22%.

) In terms of the current status of knowledge, the NUREG-1152
assumptions related to physical considerations are not
curre t Mrealistic"™ or "best estimate"™ values. Specific
examples include:
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(1) Assuming 4 RCP seal LOCAs after thirty minutes
without RCP seal cooling. Current experiments
sponsored by the Westinghouse Owners Croup and run
for as long as 20 hours indicate this type of
failure scenario is unrealistie.

(2) Assuming RCP seal leakages of 30C gpm/RCP over the
long term given seal failure. This is significantly
greater than current analysis and experimental data
would indicate.

(3) Civen a 300 gpm/RCP leak, assuming core uncovery in
one hour. This is twice as fast as physically
possible because it ignores the impacts of the RCP
seal leakage causing long term depressurization of
the RCS. Millstone Unit 3 plant specific best
estimate analysis indicates a minimum of roughly
two hours (assuming no secondary side
depressurization).

(4) Assuming the Station Batteries are depleted in
three hours. Use of recént Millstone Unit 3 startup
test data considering actual loads and battery
depletion rates indicates a minimum of 8 hours
available vefore battery depletion.

In terms of currently available dala the assumptions in
NUREG-~1152 related to: RCP seal degradation rates, RCP seal
ieak rates, coce uncovery times, Station Battery depletion
times, containment performance, and source terms should more
cerrectly be identified as "highly conservative"™ and
"limiting worst case"™ values.

Consideration of new information derived from the werk of the
Westinghouse Owner's Group would have a very significant
impsct on the results obtained in NUREG-1152. NNECO
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recermends this improved knowledge be factorec into the NRC
Staff's caleulations.

o Because of the usage and propagation of the ™highly
conservative" assumptions in the RER rizk calculations, NNECC
recomrends that the results should nol be communicated to
decision makers and the public as if the values were
"realistic™ or "hest estimate"™ measures of risk parameters.

As shown in this repert, if currently available "realistic" or "best
estimate" assumptions had been used in NUREG-1152, significantly
different results would have been obtained, This would have lead to a
conclusion that the Station AC Blackout risk at Millstone Unit 3 was
significantly lower than predicted in NUREG-1152 and that nro further
plant specific actions are warranted pending full generic resolution
of the Station AC Blackout Unresolved Safety Issue (USI A<44) and
other related generic safety issues.
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2.0 EVALUATION OF NUREG-1152 STATION AC BLACKOUT ASSESSMENT

This section presents the results of Nortneast Utilities review of
core melt frequency calculations due to Station AC Blackout in
NUREG=1152 including evaluations of:

o Modeling Assumptions and Physical Considerations
() Core Melt Frequency Model
o Reliability Dala Assumptions

In addition to this, sensitivity calculations are performed on the
most sensitive parameters and revised calculations using current data
and assumptions are provided. Alternate calculations of the frequency
of corc melt due to Station AC Blackout which incorporate the
technical points discussed in this section, are presented in Section
3.0.

6
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2.7 Modeling Assumptions and Physical Considerations

In order to develop a model for caleulating frequency of gore melt due
to Station AC Blackout at Millstene Unit 3, NUREG-1152 makes 2 number
of simplified modeling assumptions to take into account:

o the pnysical behavior of the Reactor Ccolant Pump (RCP) seals

o the thermal hydraulic behavibr of the Reactor Coolant System
(RCS8) in the presence of various leakage [lows

o the discharge of the Station Batteries

o Lthe effects of different depressurization and core cooling
strategies

Table 2.1-1 sumarizes the key modeling aseumpticns maue in NUREC-1152
and their assumed bases. Each of these key assumptlicns is further
aralyzed in the following discussion.

As is noted in the table, a majority of these sssumptions are "highly
conservative™ in nature. Making ¢uch assumptiohs is typical in PRA
calculations as a first cut, or when insufficient information exists
to make les$ bdounding assumptions. If the conservative assumptior
proves To be unimportant in terms of its comtribution to risk, it is
probably not woirth devoling significant rescurces for reevaluation,
(But the fact that it is conservative should be noted.) On the other
hend, when the issue results in a perception of significant risk to
the public and majcr plant modifications are thus being considéred,
cleser serutiny of each of these assumptions is clearly warranied.

7
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Table 2.1-1

Physical Considerations Modeled in NUREG-1152

Model Assumption

30 min. interruption in RCP seal
cooling witn RCS > LOJOF results
in 4 RCP seal LOCAs.

RCP seal LOCAs result in 300 gpm
per RCP leak flow.

Given 4 RCP seal LOCAs at 300 gpm
per RCP, core uncovers in 60 min.

90 min. onsite AC power inter-
ruption within 240 min. of loss
of offsite AC results in core
melt.

Operators delay cooldown for 120
min atter loss of offsite power.

RCS cooldown to less than 400°F
requires 120 min.

Tectinical Issue

Conservative approximation
based on Parker Seal Hand-
book from Jan. 1977,

Conservatively based on
mayximim leak flow assuming
all seals are wide open
to the full travel limits

Conservative calculation
neglecting depressuriz-
ation dpe to LOCA.

90 min. is based on 30 min
time to fail KCP seals and
60 min core uncovery time.

No bases. 30 min. delay
expected to be bounding
with current procedures.

Cooldown must be stopped
at 450 to prevent Nz
injection by Accumulators

8
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Station Batteries are depleted in
180 min. without charging.

180 min. onsite AC power inter-
ruption 240 min. after loss of
offsite power, results in core
melt.

Minimum of 8 hours

available pefore battery
depletion

Loss of Station DC results
in total loss of instru-
mentation. Coré melt is
assumec .



RCP Seal Failure as a Function of Time

NUREG-1152 makes a modeling assumption that given a 30 minute
interruption in RCP Seal Cooling (with RCS temperatures greater than
400°F), a catestrophic type RCP seal blowout will occur. NUREG-1152
states:

"The behavior of the reactor coolant pump seals is uncertain.
The mechanism for the reactor coolant pump seal leak on loss
of cooling of the seals is overheating and failing of the
O-rings (secondary seals). The basis for the estimate that
the O-rings will fail after 1/2 hour without cooling is a
chart from the Parker O-ring Handbook of January 1977. The
chart is intended only as a rough guide.....

"The approximation made in the calculation of severe core
damage frequency is even more rough - it is assumed that if
the reactor coolant system temperature is above 400%F the
seals will fail after 1/2 hour; below u00°F, they will not
fail.”

Comment :

These assumptions are equivalent to stating that, given a 30 minute
interruption in RCP seal cooling with temperatures greater than MOOOF,
the probability of a catastrophic seal failure is: Py = 1.0. In
reality the probability of catastrophic seal failure is considerably
less than one.

Reference 4 identifies 6 incidents in which operating nuclear power
plant RCP seals were subjected to prolonged loss of cooling 30 minutes
or longer at temperatures greater than 400°F. (This experience data
base does not include the results of controlled experimental tests
which have been run for periods of as long as 20 hours without
catastrophic failure.) Using only the limited industry experience, a
crude Chi-squared approximation for the probability distribution was
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constructed assuming zero failures in 6 prolonged loss of seal cooling
events. The results of this approximation and the NRC's point estimate
are shown in Figure 2.1-1. The purpose of this figure is not to define
what is suggested as Millstone Unit 3's prompt failure distribution,
but to point out how much the NRC's assumption differs from current
experience. Clearly the NRC Staff's assumption that: Pe = 1.0, amounts
to a worst-case upper bound which is twice as large as the 95th
percentile value of Pe estimated from zero failures in 6 events.

As a result of the work of the Westinghouse Owner's Group,
considerable new information exists regarding O-ring performance that
did not exist in January 1977. It has been recognized that there are
really two issues affecting seal integrity under prolonged loss of
cooling incidents:

0 Early failure (possibly in the 30 minute time frame) due
to improper seating of the #1 RCP seals. The probability
of such a failure mode is very difficult to calculate
and involves conditions in which the seal ring binds on
the pump shaft and remains in a full open position
despite a considerable force balance which would tend to
maintain the seals in a proper orientation (Reference
5).

o Longer term leakage as a result of thermal and
mechanical phenomena which may alter the leakage path
profiles for RCS leakage.

Effect on Station AC Blackout Core Melt Frequency:
Elimination of the short term catestrophic RCP seal failure mechanism

(or the dramatic reduction of it's probability) dramatically reduces
the frequency of core melt due to Station AC Blackout.
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CUMULATIVE DISTRIBUTION FUNCTION

1.0

NRC Point
Estimate 2|
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Industry
Experience
i L 1 i
0.2 Q4 0.6 08 1.0

Py: PROBABILITY OF CATASTROPHIC SEAL FAILURE

FIGURE 2.1-1
Probability of short term RCP seal failure.
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RCP Seal Leak Rates

A key assumption made by the NRC Staff in obtaining such short "grace
times" is that the best-estimate nominal RCP seal leak rate is 300
gpm/RCP. NUREG-1152 states:

"The magnitude of the RCP seal leak is assumed to be 300
gpm per pump..... The most recent position of the staff
is that a leak of 500 gpm per pump would occur if a
particular O-ring were to fail, provided that no
resistance to flow is given by the seals after failure
of the O-ring. Use of a 500 gpm leak rate would not
significantly affect the results.”

Comment. :

With the current RCP seals in place at Millstone Unit 3 References 5
and 8 (Attached as Appendix C) would indicate that the nominal leakage
is expected to be 21 gpm or less for the first two hours. This value
and its technical bases have been discussed with the NRC Staff at a
meeting held on December 17, 1985. Should subsequent failures of the
secondary sealing O-rings and channel seals occur well into the event,
the leakage rate could be as high as 76 gpm to 182 gpm per RCP.

A number of earlier probabilistic safety studies were performed making
an assumption of a 300 - 500 gpm/RCP leak flow following failure of
the RCP seals. This assumption is based on simplified calculations
with critical flow at full system pressure (2250 psiz) and enthalpy
(550 BTU/1bm) for the minimum, cold condition, nominal clearances of
fully opened seals. As it turned out, the high temperature conditions
result in mechanical loadings which change the tolerances involved for
fully opened seals. In that case, calculations estimate the leakage to
be 480 gpm/RCP.

Obviously this assumption is excessively conservative, but such an
assumption was made due to the lack of available test data on RCP seal
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performance under Station AC Blackout conditions. Because of the
societal risk impact of this conservative assumption, the Westinghouse
Owner's Group undertook an investigation of the response of the RCP
seal system via a program of thermal hydraulic/analysis, component
testing, and full scale RCP seal system testing.

Detailed thermal stress and thermal/hydraulic analyses were performed
using mildly conservative assumptions for both the 8" standard and 8"
cartridge seal assemblies subjected to the loss of all seal cooling.
The results of the analysis indicated that the expected RCP seal
leakage during a Station AC Blackout would be =21 gpm/RCP provided the
O-rings &and channel seals do not fail. The analysis results were
submitted to the NRC Staff in Reference 5. Following this submittal,
the NRC Staff contracted with the Energy Technology Engineering Center
(ETEC) to review Lhe details of the analysis and perform audit type
calculations. This review found that the results in Reference 3 were
conservative and that a best estimate leakage rate of 19 gpm/RCP was
actually expected over the long term.

The Westinghouse Owner's Group also participated in the full scale
testing of a 7" RCP seal system under the conditions representative of
Station AC Blackout. This test was conducted at the Electricite de
France (EdF) seal test facility in Montereau, France. The test results
indicated a 20% lower flow rate than predicted by current analysis.
Design evaluations completed by Westinghouse have indicated that the
T™ RCP seal system which was tested is similar in design to the 8" RCP
seal system which was analyzed.

This information was made available to the NRC Staff at a meeting on
December 17, 1985 (Reference 6).

Effect on Station AC Blackout Core Melt Frequency:
Lower RCP seal leakage rates imply longer time intervals before

reaching the point where the reactor core uncovers. This allows more
time to recover either offsite or onsite AC power. The net effect
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would be a decrease in Station AC Blackout frequency. :
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Secondary Depressurization

Depressurizing the RCS using the steam generators will reduce the
differential pressure across the seals thus reducing the RCP seal leak
rates. This prolongs the time before onset of core uncovery.
NUREG-1152 makes the following assumptions regarding depressurizing
the plant:

"..we assume that the reactor operators will begin
cooling down the reactor two hours after initiation of
the loss of offsite power event."

Comment. :

A 30 minute assumption on operator action is more realistic. The NRC
Staff assumption is not consistent with current plant Emergency
Operating Procedures (EOPs) which require the operator to initiate
steam generator depressurization down to 260 psig via manually dumping
steam at the maximum rate. This procedure would be entered immediately
after normal post trip actions and attempts to restart the diesels.

Effect on Station AC Blackout Core Melt Frequency:

Should significant RCP seal leakage occur, denressurization of the RCS
using the steam generators will reduce the magnitude of the leak rates
thus conserving RCS inventory. Conserving RCS inventory prolongs the
onset to core uncovery and allows more time for recovery. The net
effect of this would be a large decrease in core melt frequency.

16
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Core Uncovery Time

In addition to highly conservative assumptions regarding: seal failure
time, seal leakage rates, and lack of mitigating actions to conserve
RCS inventory, the NRC makes additional highly conservative
assumptions regarding how quickly the core uncovers. NUREG-1152

states:
"The magnitude of the RCP seal leak is assumed to be 300
gpm per pump, leading to a core uncovery time of about 1
hour after the onset of the leak."

Comment :

This is two times faster than physically possible. Even assuming a 300
gpm/RCP seal leak, plant specific best-estimate analysis performed as
a part of the Millstone Unit 3 Probabilistic Safety Study indicates at
least two hours being available before the ounset of core uncovery.
Figure 2.1-2 shows the actual reactor vessel water level as a function
of time assuming no cooldown. If the secondary plant is depressurized
after one hour (References 5,6), the time until the onset of core
uncovery 1is increased out to three hours as shown in Figure 2.1-3.
Figure 2.1-4 shows the predicted times to core uncovery at Millstone
Unit 3 both with and without cooldown at 100%/hr. Overlaid on this
figure is the NRC Staff's assumed value.

Effect on Station AC Blackout Core Melt Frequency:

Increasing the time available before core uncovery provides more time
to recover either onsite or offsite AC power. The net effect of
increasing the time available before core uncovery is a dramatic
decrease in Station AC Blackout core melt frequency.
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CORE UNCOVERY TIME IN HOURS
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FIGURE 2.1-4. Best-estimate core uncovery time following station
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RCS Cooldown Below 400°%F

The NRC Staff makes an assumption that given sufficient time (even
under Station AC Blackout conditions) the RCS can be cooled down to
below 400°F. Achieving this condition essentially defines a breakpoint
between two different types of core melt scenarios. For scenarios
where the cooldown below 400°F is not achieved, core melt due to RCP
seal failure is postulated. In cases where the cooldown is achieved,
core melt due to Station DC Blackout is considered.

Comment :

Under Station AC Blackout conditions and no capability to run the
charging pumps, the cooldown is procedurally terminated at about 450°F
to prevent pressurized nitrogen gas from the Accumulators being
discharged into the RCS. Figure 2.1-5 shows the anticipated pressure
response during a depressurization scenario following a Station AC
Blzkout. Figure 2.1-6 shows the anticipated temperature response
during a depressurization scenario fcllowing a Station AC Blackout.

The NRC Staff assumption thus impacts the way in which the "grace
times" were separated in the core melt frequency model, as well as the
integration limits in the convolution integrals.

Effect on Station AC Blackout Core Melt Frequency:

The NRC Staff's assumption effects the way in which core melt
frequency is calculated. It is difficult to project the net effect of
correcting this assumption.

21
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Battery Depletion Time
NUREG-1152 states:

"The assumed battery depletion time of 3 hours used in
the calculations 1is somewhat larger than the present
staff minimum estimate of 2 hours, but less than the
applicant's estimate of 8 hours. (More precisely, the
staff has no information to support a time greater than
2 hours, at present, since the applicant has not
supplied this information.) Sensitivity studies are
performed in which an 8 hour battery depletion time is
used. Severe core damage is assumed to occur after loss
of DC power because of loss of instrumentation and
control.”

Comment :

The NRC Staff's 3 hour battery depletion time is incorrect. It is
noted in the Millstone Unit 3 FSAR (Reference 7) in the July 1984
response to Question No. Q430.44 that using conservative industry
standards one will obtain a minimum 4 hour discharge time on each
battery.

To obtain a realistic upper bound estimate of battery depletion time
at Millstone Unit 3, special test measurements were made by NUSCO on
behalf of NNECO on January 23, 1986. With the plant at hot standby
conditions (DC electrical loads s.milar to what would exist during
Station AC Blackout) measurements were made of the DC current drain to
support all switchboard distribution loads. This load was increased by
a 1.50 multiplier to conservatively account for momentary cyclic loads
and possible future loads. The inverter load on the batteries was
determined via measuring the AC load and converting this to the
equivalent DC load with a 1.25 multiplier applied for conservatism.
The acceptance criterion for battery depletion time was based on
supplying minimum voltages to operate equipment at the end of the
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discharge period. The initial capacity of the batteries was
additionally degraded to end of life conditions, wherein only 80% of
rated capacity is available upon start of the discharge. Based on test
measurements using these criteria the existing 1650 Amphour batteries,
if subjected to a Station AC Blackout service profile, would have
ample capacity to supply sufficient DC power for at least 8 hours.
This would be true over the life of the batteries. This data equates
to an 8 hour worst case battery depletion time or 95% value. (No
battery capacity conservation measures are assumed.)

To obtain a best estimate battery depletion time, the conservative
multipliers on the switchboard and inverter DC loads were removed and
battery conservation efforts (initiated at 2 hours into the Station AC
Blackout) were considered. The scope of battery conservation measures
considered include: stripping of unnecessary DC loads, removing the
inverters from the train batteries and running the inverters on the
two channel batteries. A number of possible scenarios were considered
which lead to a '2 hour best estimate value for battery depletion
time.

Effect on Station AC Blackout Core Melt Frequency:

Using the NRC Stalf's core melt frequency model, elimination of the
NRC Staff's 3 hour Station Battery depletion time assumption results
in a 13% reduction in the Station AC Blackout core melt frequency. If
a corrected core melt frequency model were used an even larger
reduction in predicted core melt frequency would be obtained.
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2.2 Core Melt Frequency Model

NUREG-1152 developed a core melt frequency model based on a number of
physical considerations (some of which are felt to be unduly
conservative) to describe the processes involved in a postulated core
melt due to Station AC Blackout. The core melt frequency model is
based on time dependent reliability calculations which in general are
more sophisticated than those used in the Millstone Unit 3 PSS. The
core melt frequency model is comprised of five terms which describe
five particular scenarios or cases. These are:

4
|
\

Case (a) At time of loss of offsite power, each of the diesels is
unavailable either because of random failures, common
cause failures, or combinations of maintenance
unavailabilities and random failures. Recovery of AC
power (from either onsite or offsite sources) occurs

after core melt.

At the time of loss of offsite power, one diesel is
unavailable due to maintenance and the redundant diesel
starts but fails to run. Recovery of AC power occurs
after core melt.

At the time of loss of offsite power, one diesel fails
to start, the other diesel starts but fails to run.

Recovery of AC power uccurs after core melt.

At the time of loss of offsite power, both diesels start
but fail to run due to common cause failure. Recovery of

AC power occurs after core melt.

At the time of loss of offsite power, both diesels start
but both fail to run as a result of random failures.

Recovery of AC power occurs after core melt.

This section provides comm ) the way in which the core melt
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frequency model was constructed and what changes should be made to
yield a more realistic core melt frequency evaluation.
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Case (a)

This case involves a loss of offsite power and unavailability of both
diesels due to random failures to start, common cause failures to
start, and combinations of maintenance unavailability in one diesel
and random failure in the other diesel. A time line diagram of the NRC
Staff's postulated failure scenario is shown in Figure 2.2-1 along
with all assumptions used in the model.

The sequence probability for this case was quantified by the NRC Staff
using the following equation.

2 2
Py = An[(qf-qc) Qf(r1) + chc(13)]Qn(15)

*E%Qn( 7 )quf( T )mem( 71)
Comments:

The point estimate calculation scheme employed in this equation treats
the "grace time" ( 71) as a fixed system-related parameter which is
estimated using unduly pessimistic assumptions. As noted in Section
2.1, the "grace time" is more a2ccurately characterized as a random
variable which is dependent on:

0 whether or rot early RCP seal failure occurred,

(o] the time at which secondary depressurization is

initiated,
o the initial leakage rate through the RCP seals.

The above noted model fails to account for this.

The second portion of the probability equation makes an implicit
assumption that the maintenance unavailability of one of the diesels
is initiated concurrent with the loss of offsite power and the failure
to start event in the other diesel. This does not seem realistic. A
more realistic scenario would involve the initiation of a maintenance
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outage on one of the diesels which before completion was interrupted
by a loss of offsite power and failure of the redundant diesel. To
correct the error in time-phasing in the equation, the maintenance
unavailability should be redefined interms of the frequency of
maintenance outages while the plant is on-line and their duration.
This results in the following expression:

Py = A [a,Qx(T? + @ (7)1Q, (7)

+®
. meqt:[Anexp(-\,.t)Qn(T)Qf(T)Qm(t+‘r)dt

Effect on Station AC Blackout Core Melt Frequency:

Use of a fixed (and conservatively estimated) value of Ty = 90 min.
eliminates from any consideration the beneficial effects of the
operator depressurizing the RCS and the fact that RCP seal leakage is
more likely to be less than 182 gpm/RCP. Failure to consider such
scenarios artificially increases the predicted core melt frequency by
not considering scenarios where T, was significantly longer than the
fixed 90 min. value.

Assuming the maintenance outage on one of the diesels starts
concurrent with the loss of offsite power artificially prolongs the
length of the power outage and thus increases the probability of core
melt.
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Case (b)

This case involves a loss of offsite power while one of the diesels is
unavailable due to maintenance. The other diesel subsequently starts
but fails to continue to run. A time line diagram of this failure
scenario is shown in Figure 2.2-2 along with the key assumptions made
by the NRC Staff.

The sequence probability for this case is quantified by the following
equation:

Wy
Pd = 27\,‘qm[0t(r1 )-/‘Afexp(-krw)om(mnl )Qn(\-» r,)du
©
W,
+ Qf( Tz) Afexp(-ktu)Qm(m "2)Qn(""" rz)dw]
We

Comments:

The split integration limits on the comolution integrals are based on
an incorrect assumption related to the ability to cooldown below 400°F
during Station AC Blackout. The first term addresses core melt due to
early RCP seal leakage. The second term is based on Station DC
Blackout and assumes in long time scenarios (>4 hours) that the RCS is
cooled down below 400%F, As discussed in Section 2.1, this assumption
is not credible,

There is again an unstated assumption in this equation that the
maintenance unavailability of one of the diesels starts at the same
time that the loss of offsite power event occurs. This does not appear
to be realistic. A more likely scenario would be one where the loss of
offsite power event occurred somewhere in the middle of a diesel
maintenance unavailability. If the maintenance outage of the diesel
started before the loss of offsite power, such an outage would end
earlier and therebye reduce the duration of the Station AC Blackout.
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Again, as noted with Case (a), the "grace time" should be treated as a
random variable rather than a conservatively estimated fixed
parameter. The revised equation should read as follows:

49 yoo

Py 2 / fxfexp(-afx)orcr)om(umnexp(-;\‘t)on(x-wmm
o ¢t
Effect on Station AC Blackout Core Melt Frequercy:
Treating the "grace time" as a random variablie and correcting the

time-phasing of the maintenance will both result in a reduction in
core melt frequency.
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Case (c¢)

This case invelves a loss of offsite power in which one diesel fails
to start and the other diese! fails to run. Restoration of any of the
emergency power sources is delayed to beycnd the time of core melt
onset. A time line diagram of this failure scenario is shown in Figure
2.2-3 along with key assumptions made by the NRC Staff.

We
Py = 22 aplQ(T, y' Agexp(=AMIQ (a7, )Q (e 7y Y
<

w,
+ Qt‘( ) )ﬁfexp(-AfH)Qf(w ’2)°n“" Tz)du]
Weo
Comments:

The split integration limits on the convolution integrals are based on
an incorrect assumption related to the ability to cool down below
400°F under Station AC Blackout conditions.

The "grace time" should be treated as a random variable rather than @
conservatively estimated fixed parameter.

The revised equation should read as follows:

+@
Pd z 2)\‘qf0f(r)ﬁrcxp(-xfu)Qf(wr)Qn(w7)du
-]

Effect on Station AC Blackout Core Melt Frequency:

Treating the "grace time" as & random variable results in a reduction
in predicted core melt frequency.
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Case (d)

This case involves a loss of offsite power followed by the failure of
both diesels to run as a result of common mode failure. The time line
diagram for this scenario is shown in Figure 2.2-4. The sequence
probability for this case is quantified by the following equation:

We
Pd s AnQ(,(T1 )'/‘Accxp(-kcu)exp(-Z Ai")qn('“"! )dw
v
wl
+ AnOc(rz) Acexp(-xcw)exp(-ZAiw)On(wrz)dw

W,
Comment s .

The eplit integration limits on the convolution integrals are based on
an incorrect assumption related to the ability to cool down below
400% under Station AC Blackout conditions.

The "grace time" should be treated as a random variable rather than a
ccnservatively estimated fixed parameter.

The term: exp(—Z).iu) appears to be incorrect. The corrected equation
should read as follows:

4+
Py = A, \cexp(-kcw)Qc(T)Qn(wf)dw

Effect on Station AC Blackout Core Melt Frequency:

Treating the "grace time" as a random variable results in a reduction
in predicted zore melit frequency.
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Case (e)

This case involves a loss of offsite power followed by the failure of
both diesels to run as a result of random failures. The time line
diagram for this scenario is shown in Figure 2.2-5. The sequence
probability for this case is quantified by the following equation:

We w
Pd z ZAn[Qf( 1'1) Afexp(-krw)Qn(wr1z/‘xiexp(-xfx)oi(w-x;q)dxdw

o
w, W

+ Q!.( 'rz) Arexp(-xru)on(m r2)_/ Aiexp(-Afx)Qi(w-u re)dxdw]
[ (4]

Comments:
The split integration limits on the convolution integrals are based on
an incorrect assumption related to the ability to cool down below

400°F under Station AC Blackout conditions.

The "grace time" should be treated as a random variable rather than a
conservatively estimated fixed parameter.

The corrected equation should read as follows:

00 400
Pd = 2Anf'/;\fexp(-\fx)Qf(t-uT)Qn(xw)xfexp(-krt)Qf(T)d':.dx
6 X%

Effect on Station AC Blackout Core Melt Frequency:

Treating the "grace time" as a random variable results in a reduction
in predicted core melt frequency.
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2.3 Reliability Data Assumptions

This section provides comments on the reliability data assumptions
used in NUREG-1152 and which play a major part in tue perceived high
core melt frequency risk due to Station AC Blackout at Millstone Unit
3. In general, a majority of the point estimate values used for key
parameters in the calculations found in NUREG-1152 constitute upper
bound estimates which exceed currently known 90th percentile
confidence becunds. Specific examples include:

[¢] Frequency of Loss of Offsite Power
0 Diesel Failure to Start Probabilities
o Diesel Failure Rates to Run Given Start
o Diesel Common Cause Failure to Start Probabilities
o Diesel Maintenance Unavailabilities
To understand the impact of these individual terms, simple sensitivity

studies are performed using the existing NRC Staff models for core
melt frequency.
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Frequency of Offsite Power Loss
NUREG-1152 in Appendix B sta.es:

"The frequencies AnQn(t) cf losses of offsite power exceeding
t hours were taken from Figure 14 of the final draft of
NUREG-1032. (This figure applies specifically to Millstone
Unit 3.) This draft gives a range of values (called "Model
Range"); the values of this appendix were chosen in the
midpoint of this range. The table of values as used in this
appendix are given in Table 1. Beyond 16 hours (the cutoff
value for the table in NUREG-1032), a constant value of
.004/yr was assumed, for AnQn(t), until 24 hrs."

Comment ;

A detailed review of NUREG-1032 indicates that the actual values used
by the NRC Staff in NUREG-1152 are not the midpoint values of the
"Model Range" as stated. To the contrary, the values used are ioughly
factors of x2 greater than the midpoint values and are in fact greater
than the upper confidence bound limits in the model. Figure 2.3-1
shows the values actually used in the NRC Staff's calculations
overlayed on the "Model Range™ wiich should have been used.

Effect on Station AC Blackout Core Melt Frequency:

The AnQn(t) term is common in all five equations used in NUREG-1152 to
calculate the 8.2 x 10'5/yr core melt frequency estimate. Elimination
of the factor of x2 overconservatism in the NRC Staff's calculations
results in an overal reduction of the core melt frequency due to
Station AC Blackout by 50% yieiding roughly 4.1 x 10™>/yr.
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Table 1

Annual Frequencies AnQn(t) of Losses of Offsite Power
Exceeding t Hours at Millstone Unit 3
(Taken from NUREG-1152)

t (hrs) AQ. (1) (yr™)
1.0 .38
1.5 .029
2.0 .025
2.5 021
3.0 018
3.5 015
4.0 013
4.5 012
5.0 L1
5.5 .010
6.0 ,009
6.5 .008
7.0 ,008
7.5 007
8.0 007
8.5 006
9.0 006
9.5 .005

11.5 .005
12.0 .004

24.0 .004
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Diesel Unavailability on Demand

NUREG-1152 assumes a diesel unavailability on demand of Q = 3 x
10™2/demand based on NUREG/CR-2728.

Comment. :

Based on Northeast Utilities operating experience, the value chosen by
the NRC Staff is unrealistically conservative and is not a best
estimate of diesel unavailability on demand. Detailed reliability
analyses already performed for the diesels of two of our operating
nuclear power piants are shown in Figure 2.3-2. (This data for the
Millstone Unit 1 diesel has already been audited and reviewed by the
NRC Staff and their consultants as a part of the ISAP.) Also shown o¢n
this figure is the NRC Staff's suggested value which is a point
estimate without uncertainties. It is unlikely that the future diesel
experience at Millstone Unit 3 will be significantly different from
the Connecticut Yankee (Haddam Neck) and Millstone Unit 1 experience.

Diesel generator reliability experience from the Millstone Unit 1 and
Connecticut Yankee (Haddam Neck) diesels is summarized below and is
compared to the NRC Staff's estimate.

Data Source Mean Qe Var Qe
NUREG/CR-2728 3.0 x 1072 iy

Millstone Unit 1 PSS 6.7 x 10'3 9.6 x 10"6
Connecticut Yankee PSS 5.4 x 10'3 7.7 x 10"6

Our experience indicates that the e values used in NUREG-1152 are too
large by a factor of x5 to x6.

Effect on Station AC Blackout Core Melt Frequency:

The a4 term is common to probability calculations for cases (a) and
(e). Case (a) involves failures of both diesels to start due to random
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failures, common cause failures, and failures of one diesel while the
second diesel is in maintenance. Case (¢) invclves failure of one
diesel to start in conjunction with the other diesel failing to run.

Use of the more realistic best-estimate values in the equations
results in a dramatic reduction in predicted core melt frequency due
to Station AC Blackout of roughly 50%. Irn conjunction with the effects
of using the correct frequency for loss of offsite power, this change
has the result of reducing Station AC Llackout core melt frequency
down to roughly 1.7 x 10'5/yr.
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Diesel Failure to Run Given Successful Start

NUREG-1152 assumes a diesel failure rate to continue running given
successful start of = 3.0 x 10’3/hr based on NUREG/CR-2815, Table
C.1.

Comment :

The referenced Table C.1 of NUREG/CR-2815 under item C.3 "Shortcomings
of the Datz Table" clearly states:

"In all likelihood, modifications of this table (C.1) will be
necessary from time to time, .... because of new insights
gained from operational experience.."

Based on Northeast Utilities operating experience, a value of £ = 3.0
x 103/hr (as a best-estimate for the Millstone Unit 3 diesel) is
excessively conservative. Detailed reliability analyses already
performed for the diesels of two of our operating nuclear power plants
are shown ir Fligure 2.3-3. (The data for the Millstone Unit 1 diesel
has already been audited by the NRC Staff and their consultants as a
part of the ISAP.) Also shown overlayed on this figure is the NRC
Staff's suggested value. It is highly unlikely that the future
Millstone Unit 3 diesel experience will be significantly different
from the Connecticut Yankee (Haddam Neck Plant) and Millstone Unit 1
experience.

Diesel generator reliability experience for the Millstone Unit 1 and
Connecticut Yankee (Haddam Neck Plant) diesels is summarized below.

Data Source Mean ¢ Var

£
NUREG/CR-2815 3.0 x 10™3/hr
Millstone Unit 1 PSS 1.1 x 10~3/hr 1.1 x 1070
Connecticut Yankee PSS 1.3 x 10™3/hr 1.4 x 1070
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Alarge by a factor of roughly x2.5.
Effect on Station AC Blackout Core Melt Frequency:

The Mg term is common to probability calculations for Cases (b), (e),
and (e). Case (b) involves one diesel being in maintenance and the
redundant diesel failing to run given successful start. Case (¢)
involves one diesel failing to run after the other diesel failed to
start. Case (e) involves failures of both diesels to run due to either
random or cc unon cause failures.

In conjunction with the corrections previously noted, use of more

realistic best-estimate values for Af in the equations results in a

reduction of predicted core melt frequency down to roughly 1.2 x
-

10 “/yr.
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Diesel Common Cause Failure to Start Probability

NUREG-1152 assumes a diesel common cause failure to start probability
of q, = 1.1 x 10™3 on demand.

Comment :

This is unrealisticly high. Even using common cause failure rates
conservatively derived using LER data, data sources such as
NUREG/CR-2099 would yield: q, = 2.6 x 10'“. The NUREG-1152 value is a
factor of x4.2 larger than the NRC's published data would suggest.

Effect on Station AC Blackout Core Melt Frequency:

The q, term appears only in Case (a). Case (a), however is the largesg
of the five cases and 9 related terms will tend to dominate over Qe
regardless of which values are used. Correcting this value will also
reduce the predicted Station AC Blackout core melt frequency.
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Diesel Maintenance Unavailability

NUREG-1152 assumes a diesel maintenance unavailability of Q, =
107> on demand based on NUREG/CR-2989.

Comment. :

Based on Northeast Utilities operating experience, a value of q, = 6 x

=3 ol
10° (as a best-estimate for the Millstone Unit 3 diesel) appears

conservative. A detailed analysis of the maintenance records fur one
of our operating nuclear plants over a fifteen year time period has
shcwn q, = 1.07 x 10'3. (This data has already been audited by the NRC
Staff and their consultants as a part of the ISAP.) The NRC assumed
value 1is x5.6 larger. It is highly unlikely that the future Millstone

Unit 3 diesel experience will be significantly different.
Effect on Station AC Blackcut Core Melt Frequency:

e diesel maintenance term :s common to Cases (a) and (b). As noted
in the previous section the NRC Staff's calculations make an
umption that a maintenance outage on one of the diesels is
1itiated concurrently with the loss of offsite power event.
Correction of this error and the use of a more realistic maintenance

frequency will also reduce Station AC Blackout core melt frequency.
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3.0 CORRECTED CALCULATION OF STATION AC BLACKOUT CORE MELT FREQUENCY
Section 2.0 of this report NNECO provides technical comments on the
NRC Staff's assumptions, models, and calculations of Station AC
Blackout core melt frequency at Millstone Unit 3. The purpose of this
section 1is to provide a corrected Station AC Blackout core melt
frequency calculation which reflects the previous comments. In doing
this a time dependent framework similar to that developed in the NRC
Staff's proposed model has been used. A key difference with the NRC
taff's approach and that inherent in this report relates to our use
of a Monte Carlo numerical simulation of the actual best estimate
values and uncertainties vs. the use of worst limiting case values.
In performing this revised analysis an attempt has been made to be
responsive to other Station AC Blackout related issues which were not
explicitly considered in the NRC Staff's calculations. These issues
were identified as possible sources for modeling uncertainties in H.R.
Denton's letter (Reference 3) which could possibly increase the core

melt frequency due to Station AC Blackout, and include:

of including Hurricane Gloria in the loss of

initisting event data base.

the long restoration

loss of offsite power

The effects of concurrent loss of HVAC on eritical equipment
~1

as a result of th ion Blackout scenario.
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3.1 Revised Modeling Assumptions and Physical Considerations

The revised Station AC Blackout core melt frequency model provided in
this report is based on a number of improved and in some cases updated
medeling assumptions. Section 3.1 discusses the technical bases for
use of more realistic considerations in the following areas:

(o}

frequen?y of loss of offsite power at the Millstone site

o] restoration times for offsite power

o impacts of consequential loss of HVAC on critical equipment
o recovery time limitations due to RCP seal leakage

o] recovery time limitations due to Station Battery voltages.

The following section uses these assumptions to yield an updated
Station AC Blackout core melt frequency.
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Frequency of Loss of Offsite Power at the Millstone Site

The Millstone Unit 3 PSS (Reference 1, p.1.1-29), issued in August
1983, calculated a mean Millstone site loss of offsite power frequency
of 1.1 «x 10'1/yr using Bayesian statistics with a prior distribution
obtained from industry loss of offsite power experience. This was
updated with 13 years of Millstone site experience during which time
there was one loss of offsite power event, during Hurricane Belle in
1976.

The Millstone Unit 1 PSS (Reference 9, p. 1.2-8), issued in July 1985,
calculated a mean Millstone site loss of offsite power event frequency
of 1.24 «x 10'1/yr. This revised Bayesian statistics calculation was
based on exclusively northeastern regional experience obtained from
Northeast Power Coordinating Council (NPCC) data. This prior data was
updated with 14 years of Millstone site experience again with only the
Hurricane Belle event. The slight increase in frequency is a result of
using more regional statistics and a slightly larger plant experience
data base.

An updated estimate of the site specific loss of offsite power
frequency can be obtained via performing a Bayesian statistical
calculation using NPCC regional data updated with 15 years of
Millstone site experience in which there were two events: Hurricane
Belle in 1976 and Hurricane Gloria in 1985. The nature of the Gamma
distributed prior distribution is discussed in Reference 9. The
results of the Bayesian update are as follows:

= 1.85 x 10~ V/yr.

>
1

Var A = 3.92 x 10'3/yr.2

The results are similarly assumed to be Gamma distributed.
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Offsite Power Restoration Times at the Millstone Site

The distributions of offsite power recovery times used in the
Millstone Unit 3 PSS (Reference 1) were based on very limited data
available at the time that the study was performed. Despite this, it
compares reasonably well with analogous data contained in NUREG-1032

(Reference 10, p. A-39). The key differences are related to an

assumption that some finite probability for non-restoration exists for

very long time frames.

The issue of offsite power restoration times was reevaluated in the
Millstone Unit 1 PSS (Reference 9, p.2A-5) which was issued in July
1985. The Millstone Unit 7 PSS developed a cumulative distribution for
restoration times for nuclear plant sites in the NPCC region based on
NSAC data contained in Reference 11. This cumulative distribution
included only the effects of Hurricane Belle in 1976.

To evaluate the impacts of Hurricane Gloria on the assumed mean
restoration time an evaluation was performed of what time period would
be required to restore offsite power to Millstone Unit 3 had emergency
conditions existed at the time. Reference 12 (attached as Appendix D)
documented the fact that although offsite power was not promptly
recovered at the Millstone site - it could have been had conditions
warranted. Reference 12 did not address Millstone Unit 3 power
recovery because the unit was not operational and nad no fuel in the
reactor. s evaluation has since been performed to determine what the
restoration time at Millstone Unit 3 could have been had it been

necessary.

Figure 3.1-1 shows a simplified One Line Diagram of the Millstone site
switchyard. It is important to recognize that throughout the Hurricane
Gloria power outage the 345kV grid was available. The same is true of
Hurricane Belle in 1976. To reconnect Millstone Unit 3 to the offsite

power grid it would be necessary to perform the following actions:

Washdown all conducting surfaces between breakers 13T and
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15T. (It is not necessary to washdown the main North-South
bus ducts. The washdown of these bus ducts under
non-emergency conditicns is one of the prime causes for the
duration of the Millstone site switchyard outage.)

Washdown conducting surfaces associated with the Millstone
Unit 3 Main Generator Stepup Transformers and 345«V takeoff
structures.

Open breakers 13T and 15T. This isolates the potentially salt
coated bus ducts and insulators which could result in ground
faults.

Close the main disconnect between the Millstone switchyard
and 345kV line #348.

Re-ener_.ze 345kV line #348 from the remote end of the line.

Assure the Main Generator Breaker on the Millstone Unit 3
generator is open and the disconnect switches on the Main
Generator Stepup Transformers are closed.

Close breaker 14T thus powering tne Millstone Unit 3
auxiliaries via backfeeding through the Generator Stepup
Transformer.

An evaluation performed of these steps by NUSCO, on behalf of NNECO,
has lead to a conclusion that the entire restoration could have been
accomplished in roughly a two hour time period from the time started.
Based on weather conditions experienced at the time, it is estimated
that such restoration could have been initiated (had conditions
warranted) in 1.5 hours after the initial loss of offsite power. This
results in an overall estimate of 3.5 hours to restore offsite power
to the Millstone Unit 3 auxiliaries.

This additional data point was used to update the cumulative
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distribution of recovery times used in Reference 9. As would be
expected, inclusion of the 3.5 hour data point for Hurricane Gloria
causes an increase in the predicted mean restoration time. Using this
cumulative distribution for recovery, a cumulative distribution for
failure to recover offsite power Qn(t) was then developed.

To facilitate closed form evaluation of the convolution integrals in
the 3Station AC Blackout core melt frequency model, this cumulative
distribution function was fitted to a linear sum of two exponential
terms:

Qn(t) = A exp(-at) + B exp(-bt)

wwhere: A =04 a = 0.297
B : 0¢6 b 1‘06

The first term of this expression is asymptotic to the long term
restoration trend, whereas the second term (which drops off quickly)
describes the short term restoration effects. Our review of this
distribution function shows thot it is econservative for short
restoraticn times (higher non-recovery probabilities are predicted),
provides a2 reascrably aceurate best-estimate result for recovery times
in the 1.0 t0 5.0 range, and becomes conservative for restoration
times greater than 5.0 hours.
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Impacts of Consequential Loss of HVAC on Critical Components

A physical consideration not explicitly considered in the NRC Staff's
Station AC Blackout core melt frequency model is the potential impact
of consequential loss of HVAC to systems used to assure decay heat
removal and control of the reactor when the AC power is restored. In
Reference 3 the NRC noted:

"Some areas with associated uncertainty appear to lead to
higher core damage frequency and risk estimates:

Loss of room cooling (which itself can cause station
blackout) is not included in the station blackout core
damage frequency or risk results. We performed a scoping
analysis which estimated the potential mean core damage
frequency contribution from room cooling to be greater
than 1 «x 10'“ per year. The analysis did not consider
operator recovery and assumed that switchgear failed if
rocm cooling was lost for two hours. These may be very
conservative assumptions.”

This issue has been given additional consideration in NUSCO's, on
behalf of NNCCO, reevaluation. In the context of Station AC Blackout,
loss of HVAC (and associated room cooling) would potentially impact
two areas of the plant:

0 Loss of room cooling in the steam driven auxiliary feedwater

pump compartment might impact the long term operability of
the auxiliary feedwater systam,

o Loss of room cooling in the switchgear room might impact the
availability of the Vital AC buses used to control and

monitor plant conditions.

Both of thcse consequential failures have been evaluated.
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Loss of HVAC Impact on Auxiliary Feedwater Availability

Following a Station AC Blackout, the availability of the steam driven
auxiliary feedwater is critical in preventing severe core damage. If
the steam driven auxiliary feedwater pump should fail, the loss of
decay heat removal from the RCS would cause repressurization of the
RCS to the point that the pressurizer PORVs would open. This would
result in a long term loss of coolant inventory without the capability
to provide makeup.

Upon careful review of the design basis of the steam driven auxiliary
feedwater pump, it was determined that the existing equipment is
actually designed to operate under conditions of a long term sustained
Staticn AC Blackout. Amendment 13 to the Millstone Unit 3 FSAR
(Reference 7) notes that a 12 hour sustained 162°F room temperature
environment was used to bound the Maximum Abnormal Excursion (MAE) and
states:

"The transient Maximum Abnormal Excursion is based on the
requirement to have the turbine-driven auxiliary feedwater
pump operative through a complete loss of all AC power."

Based on this it may be concluded that the loss of room cooling which
is a direct consequence of a Station AC Blackout, will not result in
loss of the steam driven auxiliary feedwater pump. The impact of this
on the Station AC Blackout core melt frequency models is that
auxiliary feedwater flow availability does not have to enter into
considerations of the "grace time"™ available before the onset of
severe core damage.
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Following a complete loss of Station AC, all AC power related heat
loads in the switchgear rooms at Millstone Unit 3 are eliminated and
the flow of cool air drops off as the blower units coast down. The
only remaining heat loads would be the heat rejected by the inverter
units which convert DC power from the Station batteries to 120V AC for
use in the Vital AC dependent systems. If the inverters (which will
continue to run as long as DC power remains available from the
batteries) reject sufficient heat to the switchgear rooms, the
internal air temperature could increase to levels where the inverters
could fail. Failure of an inverter will result in the loss of all
associated 120V Vital AC loads. The key loads powered by the 120V
Vital AC buses are the control board instruments which will be
necessary to control the plant until Station AC is restored. Examples
include: steam generator water level and pressure, RCS temperature and
pressure, RCS subcooling, and the RVLMS.

To evalvate room heatup a multinode computer model was develcped which
considered the heat loss from the inverters as a heat source, and
considered the massive concrete walls and ceilings as passive heat
sinks. Best estimate calculations were performed along with a number
of sensitivity calculations using worst limiting case values.

The inverter units at Millstone "nit 3 are 25kVA units manufactured by
Elgar Controls of San Diego and are 80% efficient. The heat load from
such an inverter under Station AC Blackout conditions would be 13,658
BTU/hr. Internal cooling for the inverter units is provided by 5
self-powered fans each rated at 560 cfm. Accounting for backpressure
due to the tortuocus air flow path and the intake air filters, the net
cooling air flow would be roughly 800 cfm. The exhaust air from the
inverter cabinet is directed toward the switchgear (on the 4'- 6"
level) via a drip hood. Current test data indicate that the units can
run for at least 8 hours in a 122°F environment which corresponds to a
134°F internal temperature.

The results of the switchgear room heatup calculations are shown in
Figure 3.1-2. As noted, it takes 12 hours just to heat the room up to
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19¢%F. In view of this it is apparent that the NRC Staff's
calculations indicating 2 hours to fail switchgear rcom compcnents are
based on unrealisticly conservative gssumptions. The length of time
required to fail the inverters due to loss of room cooling is thus
evaluated as being so long that it does not represent any real
consideration in the Station AC Plackout issue (i.e., other issues

would tend to dominate).
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3.2 Revised Core Melt Freguency Model

Section 2.2 of this report identified a number of shortcomings in the
NRC Staff's proposed model of Station AC Blackout core melt frequency.
The purpose of thisz section is to document the corrected model
developed by NUSCO which addresses all of our previous findings,
Including:

0 Elimination of the time-phasing error related to the starting
of a maintenance action simultaneous with a loss of offsite
power. This is done via replacing U with Amexp(-xmt).

o Treatment of the "grace time™ as a random variable rather
thar a worst limiting case upper bound point estimate.

S Elimination of the split integration limits in the
convolution integrale.

o Inecorporation of an updated offsite power non-recovery
distribution function (updated to reflect Hurricane Gloria).

To develcp the corrected core melt frequency model the convolution

tegrals were 211 evaluated in tlosed form. The closed form solutions
were then evaluated with specific parameters using Morte Carlo random
sawpling techniques. The closed form expressions for the five cases
are discussed as follows.
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Case (a)

The equation is evaluated as follows:

- 2 2
Pa = A,[8,Q(T° + q Q_(11Q (7)

+

+ ZAqu:/; nexp(-knt)Qn(T)Qr(T)Qm(t-pT)dt

=alq 2exp(—2ar) + q_exp(-g7)][A exp(-at) + B exp(-br)]
A\ f (o

+ 2xmqf[7tn/(ln+ a)lexp(-2a7)[A exp(-a7) + B exp(-b7)]
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Case (b)

The equation is evaluated as follows:

+00 420
P 4 ZA%I];t.exp(-xfx)Qf(T)Q;n(xw)xnexp(-lnt)Qn(x-tw)dxdt
ot

s 2[Amxnxr/(xf. + A, +a) J{Alexp(-(2a+ a)r)]/[At. +a + al

Blexp(-(20 + b)‘r)]/[kf. +a + b)l}
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Case (c)

The equation is evaluated as follows:

+ 0o
Py = 2AanQf.(T‘)/Afexp(-kfu)Qf(w'r)Qn(w‘r)dw

= Zﬁqufexp(-Zar){A[exp(-a'r)]/[kf. +a + al

+ B[exp(-b'r)]/[kf +a + bl}
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Case (d)

The equation is evaluated as follows:

t0e
Py =, ﬁcexp(-xcw)Qc(f)Qn(wr)dw

z )‘nx‘:exp(-ﬁf){A[exp(-a'r)]/[)«c + al + B[exp(-bf)]/[)\c + bl}
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Case (e)

The equation is evaluated as follows:

0 400
Pd = 2Agl7§;exp(-kfx)Qf(t-x+190n(x+1)Afexp(-xft)0f(r)dtdx
O x
= 2) [\ exp(-2a7)/(@ +Ap l{Alexp(-an)1/[2A, + a]

+ Blexp(-b7)1/[2A, + bl}
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Determination of Realistic Station AC Blackout "Grace Time"

There are two competing effects which determine the "grace time"
during a Station AC Blackout event:

o Rate of degradation of the RCP sealing system
o Rate of depletion of the Station Batteries.

Appendix E (Proprietary) developed based on the results of the
Westinghouse Owner's Group work on RCP seal integrity defines the best
estimate distribution of core uncovery times for the existing
Millstone Unit 3 RCP seals. This distribution function is shown in
Figure 3.2-1.

The distribution times for battery depletion were constructed based on
available test data that indicates 95% confidence of providing
sufficient DC power for 8 hours, and a 50% confidence of providing
sufficient DC power for 12 hours. For very short time intervals the
random failure probability of 3.3 x 10'5 was used. The resultant
distribution function for DC power availability is shown in Figure
3.2-2.

A composite discrete probability distribution (DPD), representing both

DC power and RCP seal integrity related "grace time", was then
generated using the following formula:

P(Ti) B PRCP( Ti) + PDC( -ri) - PRCP( fi)PDC( 'ri)
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The resultant discrete probability distribution of "grace times" (in

hours) is as follows:

g

1.5
4.0
5.5
8.0
12.0
15.0

P(7)

5
4.3 x 10
5.0 x 10™°
2.9 x 107!
6.2 x 107"
9.7 x 107
1.0 x 1070

Using this distribution a mean "grace time"™ of 8.78 hours was obtained
using DPD arithmetic. Final calculations of Station AC Blackout core
melt frequency use Monte Carlo sampling from the above DPD.
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Data Used in the Core Melt Frequency Model

The reevaluation of the Station AC Blackout core melt frequency uses
the following values:

Term Mean Value Yariance Distribution Data Source
) 1.45x10" /yr  3.92x1073 Gamma MP-1 PSS
Updated for

Hurricane Gloria

a 6.7x1073 9.6x10"" Beta MP-1 PSS

% 2.59x10™" 9.0x10~2 Gamma NUREG/CR-2099
. 1.0/ 1.1x10°8 Gamma MP-1 PSS

L 9.0x10"2/hr  8.1x107 Gamma NUREG-1152

g 5.25x10"°/hr  2.76x107° Gamma MP-1 PSS

The non-restoration distributions are given by the following
expressions:

Offsite Power: Qn(t) = A exp(-at) + B exp(-bt)

A=0.4 a = 0.297

B = 0.6 b = 4,6
Emergency Diesel: Qf(t) = exp(-t/15) (based on NUREG-1152)
Diesel Haintenance:Qm(t) = exp(~t/15) (based on NUREG-1152)
Common Cause: Qc(t) = exp(=t/10) (based on NUREG-1152)
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Results

The overall Station AC Blackout core melt frequency was calculated

using Monte Carlo simulation tectiniques with a sample size of 30,000
via the SPASM Code. The results of the Monte Carlo calculations are

shown in Figures 3.2-3 through 3.2-8 and are summarized below.

Case: (J\)'so D> ()«).93
Case (a) 5.64x10™7 8.94x10™ 2.79x107°
Case (b) 5636100 19108 4.79x1078
Case (c) 6.07x10"°  1.05¢107  3.46x1077
Case (d) 5.83x107  9.49x10~7  3.08x10™°
Case (e) 1.52x10~7 5.63x10™7 2.44x107
TOTAL 1.91x10°  2.52410®°  6.65x107°
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FIGURE 32-3
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" DEC.18 83 11335 F.o81

W"‘o, UNITED STATES
f s * NUCLEAR REGULATORY COMMISSION
% . WASHMINGTON, D. C. 20656
N7
b Pt DEC 1 81885
Docket No.: 50-423 RECE IVED
Mr. John Opeka DEC18m85

Senior Vice President % Bane
Northeast Ut{lities SENIOR VICE PRESIDEAT

P. 0, Box 270 Nuclear Engineering 1 Operatic
Kertford, Connecticut 06141 '

Dear Mr. Opeka:

In September 1581 the Director of the Office of Nuclear Reactor Reguls’fon,
U.5. Nuclear Regulatory Commission (NRC)- mequested that Northesst Utflities
(NU) perform a design-specific risk study for Millstone 3, & righ population
density site. In August 1983 NU submitted the M{llstone 3 Proba™{listic
Safety Study (PSS) which estimatec the core damage frequency snd risk from
internal and external events, The NRC staff has recently completed 1+
review of the PSS {n the form of 2 draft risk evaluation report (RER) sub-
mitted to NU for comment on October 17, 1985. The staff's review of your
report considered current understanding of pump behavior and diese) generztor
evafladbility and led to {denti€ication of statfon blackout (loss of al] off.
site and onsite AC power) 25 the most dominant contributor to core damage
frecuency from interna] events. Concern for station blackout has been
further highlighted by the recent Toss of offsite power event caused by
Hurricene Gloria, The staff review considered four measures, two of which
would result 1n significant -eduction in the 1ikelihood of come melt, A
discussion of these measures and the supporting cost benefit analyses are
proviced in the enclosure.

ccordingly, in order to determine whether or not the Millstone 2 license
should pe modified, suspended, or revoked in order to reduce the apparant
large zontribytion tc risk due to stetion bleck out, pursuant <o 10 CFR
50.54(€), you are reguested t0 furnish under oath or effirmetion, in writing
no later than 30 deys from the date of this Tetter, your eveluztion re-
garding the staff's analysis and conclusions,

Sincerely,

/ﬁﬁré

Harold R, Denton, Director
0fffce of Nuclear Reazsor Hegulaticn

Enclosure:

Regulatory Analysis for Redustien
of Station Elackout Core Demage
Frequency at Millgsone 3

cc:  See next page
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ENCLOSURE )

Regulatory Anelysis: Reduction of Statfor Blackout Core Damage Frequency
At M{llistone 3

Statement of Problem

The term "station blackout™ refers to the complete loss of alternating
current (AC) electric power to “‘he essertia) and nonessential buses in a
nucleer power plant, Station blackout therefore involves the loss of
off:1te power concurrent with the faflure of the onsite emergency AT power
system, Because many safety systems required for reactor core decay heat
removal end containment heat removal are dependent on AC power, the
consequences of station blackout could be severe.

The staff in its review of the M{11stone 3 Probabilistic Safety Study (PSS)
finds that the Millstone 3 emergency power system, while meeting all our
regulatory requirements, has & near minimum design. There are two emergency
diesel generators at Millstone 3 with no diversity, electrical cross-ties, or
additional emergency power sources as are found &t plants such as Indian
Point end Zion, other high population density sites.

Station blackout leading to a reactor coolant pump (RCP) seal LOCA 4s the
Targest contributor 1 the Draft Millstone 3 Risk Evaluation Report (RER)
to mean core damage frequency (staff estimates about 1x10-4 per year). The
staff estimates that stetion blackout contributes 50% of the core damage
frequency due to internal events.

Station blackout 15 estimated by the staff in the RER to contribute about 230%
of the societal dose due to interna) events. Depending on the assumptions made
(e.g., conditional probability of K, burn, offsite power recovery rate,
de-inerting due to condensation), t‘e estimeted mean dose per reactor-year
from station blackout out to 50 miles from the plant can range from rh.ut 2
to 60 person-rem, (The staff's central estimate out %o 50 miles 45 about

7 persun-rem per reactor-yeer), 0Out to 150 miles from the plant, the mean
ennuzl dose can range from about B to 200 person-rem. (The staff's centra)
estimate out to 150 miles 1s about 26 person-rem per reactor vezr.) While
ordinarily CRAC calculations out to only 50 miles would be used in & backfit
enalysis vaiue-impact assessment, New York City, 1ts suburbs, and cther

“densely populated areas lie beyond 50 miles but within 150 miles., This 4s

significant because ste#f CRAC calculations estimate that downwind whele=body
doses of § rem or more 2re quite possible for {individuals 1iving more than
50 miles from the site (based on longeterm overpressure failure of containment).

The staff {s pursuing generic resolution of the fssues related to stetion
bleckout (USI A-44) and reactor coolant pump seal failure (81-23).
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Uncertainties

There are uncertainties related to the assumptions, equipment failure rates,
omissions, modeling, human error, and other areas involved in estimating core
damage *requency and risk due to station blackout., Some of these areas appear
to be biased towards increasing or decreasing core damege frequency and risk.
This section discusses both biases and uncertainties.

Some areas with associated uncertainty appear to be biased such that we
believe the results given by their mean values may result ina conservative
estimate: '

. One of the most important uncertainties 12 the estimation of station
blackout core damage freguency and risk is the RCP seal leak rate.
The assumed average leak rate per pump for RCP seal LOCAs, once seal
cooling is lost for some time following station blackout, wi11 determine
the time to core uncovery and core melt. Our analysis assumed 2 300 gom
per pump leak rate (same as used in the Indian Point Probabilistic Safety
Study) sterting 30 minutes after loss of cooling., Increasing the assumed
leak rate would not change our core damage or risk results. A 50 gpm per
pump leek rete would uncover the core sbout 4 hours after the leak began.
1¢ the leak rate could be dropped to 10 gpm per pump or or less, it would
take over 20 hours to uncover the core assuming no inventory makeup s
possible. Generic lssue 23 {s seeking resolution of RCP seal faflure.

The Westinghouse owners group on RCP seal faflure has committed (no date
de:erm1nedg to replace the current D-ring seals with seals of a composition
more suited to withstand the conditions they would experience during 2
station blackout ({.e., high temperature and pressure). Reactor coolant
pump D=ring failure s belfeved to be a significant contributer to
catastrophic RCP seal faflure during a station blackout.

The staff's analysis does not take ful) credit for fission product

egglomeration that can accelerate the gravitationma] settling that will

occur in containment and will continue to remove fission products from the

contzinment atmosphere, This difference {s a "new source term perception”

based on NAUA which has been benchmarked 2gainst experiments., This is an

important bias because it may recuce by an order of magnitude the estimated
releases on containment failure due to long term overpressure.

The st2ff analysis essumes that depletion of the DC safety related
batteries under station blackout conditions leads to rapid core melt
since the operator will be without any instrumentation and control power

for vaives, relays, etc. The estimated core demege frequency is noct
;cn§1t:vo to the time at which core damage occurs following battery
epletion,

Some arezs with 2ssocisced uncertainty appear to lead to higher core damage
frequency and risk estimates:

" Frequency of loss of offsite power events of long duration is Tikely

underestimated,
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o Loss of room cooling (which 1tself can cause station blackout) 15 not
included in the station blackout core damage frequency or risk results,
We performed a scoping analysis which estimated the potentia) mean core
damage fregquency contribution from room cooling to be greater than 1x10-4
per year. The analysis did not consider operator recovery and assumed
that switchgear failed 1f room cooling was lost for two hours. These may
be very conservative assumptions. .

¢ The following areas would tend to increase core damage frequency and
risk for station blackout and could turn out to be the most important
uncertainties., They are not readfly quantifiable: design and
construction errors, omissions in the analysis, and sabotage.

The staff has estimated that early contzinment feflure modes such as
direct heating will have negligible effect on risk, If 2 102 conditiona)
probability of early failure were assumed, the risk estimates would be
increased by about an order of magnitude.

Sensitivity Analysis

For station blackout events not caused by an earthouake, the staff in the
RER first evaluated a base case where, {f de-inerting of the containment
occurred due to natural condensation, the containment was estimated to fafl
10% of the time; 1f deinerting was due to spray recovery six or more nours
efter vessel failure, the containment was estimated to fai) 50% of the time;
and 1 AC power was unavailable for as long as 24 hours, power was always
assumed to be restored at 24 hours., Battery depletion time was assumed to
be 3 hours, This case resulted in an estimated mean annual risk of two

person-rem within 50 miles of the plant and eight person-rem within 150
miles of the plant,

In the first varfation, the battery depletion time following station blacksut
was assumed to be three hours; containment failure due to K, burns following
natura] condens2tion was neglected; 1f deinerting was due ¢0 spray recovery
six or more hours efter vessel failure, the containment was estimated %o fail
50% of the time; and {f offsite/onsite power was unavailadle for as long as

4E hours, power was 2lways essumed restored at 48 hours. For the first
variztion, the estimated mean annual risk was seven person-rem within 50 miles
of the plant and 26 person-rem within 150 miles of the plant. The staff
considers this their central estimate of mean annual risk from mon-earthouake
induced station blackouts.

The second variztion was the same as the base case, but all M. burns (natural
condensation or spray de-inerting) were 2ssumed to €2i) contatnment. For the
second variation, and more conservative case, the estimated mean annual risk

wes 1§ person-rem within 50 miles of the plant and 70 person-rem within 150
miles of the plant,
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For the third varfatfon (the most conservative case), & station blackout
lasting six hours after vessel fatlure was essumed to always ceuse a hydrogen
burn which faiied containment. This resulted in an estimated mean annual risk
of 58 person-rem within 50 miles of the plant and 200 person-rem within 150
miles of the plant.

Objectives

The general objective of probos1n9 the following possible fixes s %o reduce
the impact of severe accidents associated with statfon blackout by reducing
the statfon blackout contribution to total core melt frequency and risk,

Alternatives

'The following approaches were considered as alternatives to meet the
objective of reducing station blackout induced (non-earthguake events)
core damage frequenty and risk, b

(1) Add a diverse gas turbine generator (which can charge an emergency
battery) and an enclosure capable of withstanding winds of 150 mph.
Aud a self-cooling, high head, low volume electric pump (powered by
the gas turbine generator) to supply coolant to the RCP seals.

(11) Add @ redundant emergency diesel generztor (which can charge an
emergency battery) and an enclosure cepable of withstanding very high
wines (e.g., 150 moh), Add a self-cooling, high head, iow volume
electric pump (powered by the added diesel generator) to supply coolant
to the RCP seals.

(111)Upgrade emergency battery, insteument tir, and auxiliary feedwater
supply capacity to last et least eight hours following station blackout.

(iv) Acd ¢ steam-driven turbine generator to charge emergercy batteries and
, pou:r an acded electric pump {self cooled) to supply zoolant o the ROP
seals.
(v) Take nc action and await resolution of USI A-44 and Generic Issue 23,

Table 1 displays the value-impact an2lysis for esch of the potentis) #ixes
out to 150 miles., We have used 150 miles rether then 50 miles ‘r the values
impact analysis for severa) reasons:

©

Dense popuiation areas 1ie beyond 50 mites but within 150 miles of the
M{llstone site,

CRAC celculations for events which result ir late failure of contiinment
estimate that & significant fraction of the time whole-body dases will
e:cecd 5 person-rem to individuels Tiving mere thar 50 miles *rom the
site,
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' The vast nn{or1ty of the total estimated mean annuil dose to irdividuals
{even caltulated out to 2000 miles) occurs to (ndividuals 1iving betweer
50 to 150 miles from the site,

Table 3 provides a summary of benefits and cpsts. These fnclude (1) public
risk reduction due to avoided offsite »eleases associated with recuced acci-
dent frequencies; [2) Increased occupetionz] dese from fuplementation and
from cperation and maintenance activities, as well as educed eccupational
exposure from cleanup and repair becsuse of Tower accident freguency; (3)
costs to Northeast Utfl1ties for ‘mplementation of modifications and operation
and maintenance; (4) cost savings to hortheast Utilities from accident avoid-
ance (onsite demage); and (5) NRPC costs for review. Table 4 provides a
ccmpavzson of monitized vaive and costs (including avoided onsite property
gamage;,

value and Impact of Alternstives i)
Alternative (1):

This elternative fix would require installation of & non+Sefsmic Category !
as turbine generator in an enclosure designed to withstand very high winds
€.9., 150 mph), The turbine generator would be capabie of previding

sufficient AC power to run an electrit pump to cool RCP seals and charge an

emergency battery, This alternative would 2iso require installation of 2

non~Seismic Catepory 1, selfstonled, electric pump with high shutoff head and

Tow volumetric capacity. The value from implementing this pptential fix is 2

redyciion in the estimated frequency of core melt due to stetion blackeut and

the assccieted ~isk of offsite racioactive releases. The impact is primarily
on hortheast Ut{lities which would have to make the modifications. The major
edvantager of this €ix ere that 1t reduces the probability of RCP seal LOCA,
cf battery depletion, and of common cause failure of the emergency Al power
svstem, , .

Value

Based on the staff estimates for Millstone 3 of expected core camage
frecuency and risk due to station blackout (details are given in the Draft
Milistone 3 Risk Evaluation Report), we can estimete the range of incrementa)
risk and core damape freguency reduction associated with this alternative,
Core damage freguency resucticn for Alternative (1) 1s based on the
essumption that tne pas turbine generator (8 diverse emergency power supply)
will nave a reliability of 2t least 0.95 and therefore will reduce core
damage freguency by ebout an order of magnitude,

In calculating “value”, we have taken into account that not every core melit
sequence leads to containment faflure, and not every containment failure has
the same estimated cffsite consequences. The risk estimates used for this
velue-impact analysis ere unicue to the staff evaluation of Millstone 3. They
differ from cther plant specific and generic risk analiyses in pa~t because of
plant end site features and in part because of assumptions used in the
Milistone 3 review and this value-impact analysis,



Table I Value-impact Assessment For Station Riackout-Related Plant Modtfications {150 miles}

-

Incremental Redu-tion

Range**cf Incremental Fstimaled Average*+**

Reduction in Exposure Cost Per Pergor. -res

Potentlal Estimatedt in Frequency of Core {person-rem Averied Over 40 Year L1fs
Nodifications Costs (Mi1lion) WMelt per Reactor Year reactor year {3 per persen-rem)
1. Add a non-Selzmic .7 to 1.2 Bx 10-% 7 to 190 630
Category | diverse (25)
gas terbine genera-
tor and enclosure.
Add an electiric pump
for RCP seal cooling.
?2. Add a non-Seismic .6 to .8 , 1.5210-5 ! to 36 r 2900
Category 1, emergency (5
dlesel and enciocure.
Add an electric pump
for RCP seal cooling.
3. Increase capability .3 te .5 i.1x10-5% 1 to 27 1860
to cope with station (3

bilackout to 8 hours
by increasing
capacity of batterles,
tostrument alr, and
AN supply
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Table 1 Yalwe-Impact Assessment For Station Biackout-Related Plast Nod!fications {150 afies) ¢
Range**of Incremental Estimated Average*** -y
Incremental Reduction Peductien in Exposure Cost Per Person-rem {
Potential Fstimatad* in Frequency of Tore {per<on-rem per RAverted Over 40 Year Life .
Modifications Costs {$Ml11fon) Melt ner Reactor Year reactor _yeu-ge ($ per person-rew) b
4. Add 2 steam-driven 1.7 to 1.7 7x10-5 7 to 180 - 1005
turbine generater (23)
to charge batteries
and power an added
electric to
ccol RLP seals,
)
* Costs developed from R. A, Clark, et al, Science and Engineerin- “=soclates, Inc., "(ost Mﬂzsls for
Potential Madifications to Enhance the Ablifty of a Kuclear * Endure Statien Blackout,
USNRC Report NUREG/CR-3840, July 1984,
** The range varles with the particular case assuwed. The number .enthesiz 1s our central
estimale out to 150 mifes. :
*4% Based on gewmetric means of the cost and the person-rem averted.
T
~»

L
o
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The estimated cost to Northeast Utilities to implement this potential fix
ranges from $0.7 million to $1.2 million based on costs given in R. A, Clark,
et al, Science and Engineer1nxbkssociates. Inc., "Cost Analysis for Potential
Modifications to Enhance the Abil1ty of a Nuclear Power Plant to Endure
Statfon Blackout," p. A-19 USNRC NUREG/CR-3B40, July 1984. The cost estimate
includes hardware for 2 non-Seismic Category 1 gas turbine, a non-Sefsmic
Category 1 electric pump (low flow, high head), and construction of an
enclosure to house the gas turbine, The enclosure should be capable of
withstanding very high winds (e.g., 150 mph). If installation of tne turbine
can be rade inside an existing qualified structure, cost estimates would be
lower, Table 1 1ists the estimated range in costs for each potential fix.

Including averted plant damage costs can significantly affect the overs.|
cost-benefit evaluation. The effect of the proposed action on averting plant
damage and cleanup costs has been estimated by multiplying the reduction in
accident freguency by the discounted onsite property costs. The following
equetions from “A Handbook for Value-Impact Assessment,” USNRC Report
NUREG/CR-3568, December 1583 were used to make this calcylation:

V.= FU
op
and U e (e [t ) (1. ™)
where (mr2)
v?p = value of avoided onsite property damage.
o E BREEERIO0, 10057 BRR T ETBRNRERY, " aHile
€ = cleanup, repair, and replacement costs = $4.3 billion ($2.5 bil1lion for
cleanup anc repairs based on the assumed core melt being significantly
worse then TMI-2 and $1.8 bi1lion for replacement power based on
KUREG/CR-2568)
te = years remaining until end of plant life = &0
ty = years before reactor begins operation = 0
r' = ¢discount rete = .10 (10%)
m « period of time over which damage costs are paid out (recovery

period in years) = 10
The discounted present values are shown in Table 2. Table 4 compares costs
and benefits including avoided onsite property damage,
Teble 2 Discounted present velue of avoided onsite property damage

10% giscount rate £% discount rate

Cieanup, repair, and $2.1 mi1l4on $4.7 milldon
replacement power '

~

oy
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Value-Impact Ratio

Table 3 provides & summary of the benefits and cosis associated with the
Alternative (1), These include: (1) public risk reduction due to avoided
offsite releases associated with reduced accident frequencies; (2) increased
occupational dose from implementation, and operation and maintenance
activities, as well as reduced occupational exposure from cleanup and repair
because of lower accident froquenC{; (3) costs to NU for implementation,

and maintenance activities, as well as reduced occupationa) exposure from
cleanup and repair because of lower accidcnt freguency; (4) costs to NU

for implementation of modifications, operation and maintenance, and increased
reporting requirements; and (5) NRC costs for review of reports.

The estimated range of costs for NU to comply with Alternative (1) 1s $0.7 to
$1.2 m{17ion basec on NUREG/CR-3B40. At a 10% discount rate, the present
value of avoided cleanup, repair and replacement power is appreximately

$2.1 mi111on. Also, the public risk reduction over the 40 year 1ife of the
plant ranges from 280 to 7600 person-rem,

Alternative (1) is estimated to reduce the station blackout mean core damage
frequency by Bx10-5 per year. The estimated {ncremental risk reduction for
this alternative ranges from 7 to 150 person-rem per year depending on the
scenario assumed. The estimated average cost per person-rem averted over the
plant's 40 year 1ifetime s $€30 per person-rem (geometric mean). Our con-
teinment analysis conservatively treats fission product agglomeration and
gravitational settling in containment.

If cost savings to Northeast Ut{lities from accident avoidance (cleanup and
rep2ir of onsite damages and replacmert power) were included, the overal)
value-impact ratio would improve significantly. If this benefit were taken
fnto account, the overall value-impact would show that estimated onsite
savings are higher than estimated installation and operztion costs.
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Table 3 Value Impact Summary for Alternative (1) for Plant Lifetime
Dose Reduction Range(person-rem) Cost ($1,000)
Public Health 280 to 7600
Occupational Exgosuro 4
(Accidenta)?
Occupational Exposure NA
(Rout*ne)(z)
N Implementation 700 to 1200
WU Operation (3) 35 to 60
NRC Implamentat1on(‘) _ 7
Total 284 to 7600 742 to 1267
(150 miles)
Yalue-Impact Ratio(s) $ per Person-rem averted

The averaged sum of NRC and Northeast 665(5)
Utilities costs divided by public
dose reduction

1 Based on an estimated occupational radiation dose of 40,000 person-rem for
post-accident cleanup and repair activities, NiR Office Letter No, 1E,
Revision 2, "Regulatory Analysis Guidelines,” October 3, 1884,

2

No significant {ncrease in occupetional exposure 1s expected from operation
and maintenance or implementing the recommendations proposed in this
resolution., Equipment additions and modificazions contemplated do not
require significant work in and around the reactor coolant system and there-
fore would not be expected to result in significant radiation exposure.

KA = not affected,

3 Assumes 5% of installation costs for operztion and maintenance. (From
draft NUREG-1103).

4 Based on an estimated 120 person-hours for NRC review., (From draft

NUREG-110%).
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Teble 3 Value Impact Summary for Alternative (i) continued

5 This does not take intn account the additional benefit associfated with
avoided plant damage costs or replacement power costs resulting from reduced
freguency of core melt. The cost for plant cleanup following & core melt
accident 1s estimated to be $2.5 bi11ion, and replacement power s estimated
to cost ebout $1.8 billion based on NUREG/CR-3568. The estimated discounted
present value of these avoided onsite costs is given in Table 2.

6 The estimate of $665 per person-rem 4s based on the geometric mean of the
value divided by the geometric mean of the impact.



Alternative

Add a non-Seifsmic
Category 1 diverse
gas turbine genera-
tor and enclosure.
Add an electric pump
for RCP seal cooling.

Add a non-Seismic

Category 1, emergency
diese! and enclosure.
Add an electric pump
for RCP sezl cooling.

Increase cagablllty
to cope with station
blackout to 8 hours
by iIncreasing
capacity of batterles,
fnstrument afr, and
AFW supply.

-y
TADLE 4

Comparison of Values and Costs

Value ($MI111on Estimated Costs ($Mi111on)*

Monitized®*® fscounted
Averted Person-Rem Averted

($1000/person-rem Onsite Cost
) B ).

1.0 4.7 2.1 0.7 to 1.2
0.2 0.9 0.4 0.6 to 0.8
0.1 0.6 0.3 0.3 to 0.5

194



Aternative

Add a steam-driven
turbine generator
to charge batteries
and power an added
electric prwp to
cool RCP seals.

L

Costs develeped from R. A. Clark, et al, Sclence and Engineering Associates, Inc., " Cost Analysis for Potential
Modifications to Enhance the Abl1lity of a Kuclear Plant to Endure Statfon Blackout,” USNRC Report NUREG/CR-3840,

July 1984,

Central estimate

o .

Yalue ($Mi114on}
Monltized*® Discounted
Averted Person-Rem Averted

)

o

($1000/person-rem) ggslte Cost

0.9 4.1 1.8

Estimated Costs (§Million)*

1.2 to 1.7

AR
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Alternative (11)

This alternztive fix would require similar modifications to those in
Alternative (1) except that NU would install a non-Seismic Category 1
emergency diese) generator rather than a gas turbine generator. The major
advantage is that the utility already is experienced in operating and
maintaining diese]l generators. The major disadvantage {s that the extra
diese) generator does 1ittle to reduce the chance of a common cause faflure
of al) diesel generators. The estimated cost of Alternative ({1) ranges
from 0.6 to 0.8 million dollars based on cost estimates given on p. A-15,
USNRC NUREG/CR-3840., Alternative (11) 1s estimated to reduce the station
blackout core damage freguency by 1.5x10-5 per year based on the limiting
common cause failure rate among 3 diese) generators, The estimated incre-
mental risk reduction for this alternative ranges from 1 to 36 person-rem
per year, The estimated average cost per person-rem averted over the plant's
40 year 1ife 1s $2500 per person-rem,

-

Alternative (1i1)

Another alternztive considered by the staff would have KU upgrade the

capacity of emergency DC bus batteries, instrument 2ir system, and the water
supply to the suction of the aux{liary feedwater pumps such that they would
Tast 2t Teast efght hours following a station blackout. Along with this,
emergency procedures and operator testing would be upgraded., The major
advantages to these improvements are (1) the relative low cost and (2) if

the freguency or magnitude of reactor coolant pump seal LOCAs is reduced,

DC battery depletion appears to be the next largest contributor to station
blackout induced core damage freguency. The major disadventage to this
2lternative is that 1t does nothing to prevent or mitigete 2 reactor coolant
pump seal LOCA. The estimated cost of Alternative {i{{) ranges from 0.3 to
0.5 mi1lion dollars based on costs given in R. A, Clark et &1, Science and
tngineering Associates, Inc,, “Cost Analysis for Fotential Modifications %o
Innance the Ad{lity of 2 Nuclear Power Plant to Endure Station Blackous,*

po A-5, L-2, and D-Z, USNRC KUREG/CR-3840, July 1984, Based on st24f analysis
cf the effect of extending battery capaczity to 8 hours, Alternative (1{1) is
estimated to reduce station Slackout core damage frequency by 1.1x10-5 per year.
The estimated incremental risk reduction for this alternative ranges from 1 to
Z7 person-rem per year, The estimeted average cost per person-rem averted
over the plant's 40 year 14fe is $1850 per person-rem.

Alternztive (1v)

Ancther 2lternztive would be to install 2 noneSeismic Category 1,
AC-independent, steam-driven turbine generator <o charge the emergency
batteries and power an added, self-ccoled, motor-driven pump capable of
delivering 50 to 100 gpm to reactor coolant pump seals. This potential fix
{s similar to that instituted in France to help prevent core melt due to
station blackout induced RCP seal failure and core melt due to emergency
battery depletion. The mzjor advantages to this alternative are that it
helps reduce both freguency of station blackout and prodability of emergency
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battery depletion. The estimated cost of Alternative ({v) ranges from

1.2 mi114on dollars to 1.7 mi1lion dollars based on costs given on p. B-6 of
NUREG/CR-3840, Alternative (fv) {s estimated to reduce station blackout core
damage frequency by 7x10-5 per year based on an assumed relfability of 0.9 for
the system, The estimated {ncremental risk reduction for this alternative
ranges from 7 to 180 person-rem per year. The estimated average cost per
person-rem averted over the plant's 40 year 1ife {s $1005 per person-rem.

Alternative (v)

This alternative would be to take no actions beyond those resulting from the
proposed resolution of Unresolved Safety Issue A-44 And Generic Issue 23,
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Appendix B

Rate of Occurrence of Severe Core Damage Events Due to
the Loss of Offsite Power Initiator, for Millstone Unit’3

A.1 Introduction and'Summagy

This appendix gives an evaluation of the frequency, or rates of occurrence of
severe core damage events, from the loss of offsite power initiators for the
Millstone Unit 3. The frequency of severe core damaje from the loss of
offsite power ini;iator is estimated at 8.2x10-%/year.

A discussion of uncertainties is given. They are judged to be iarge, but
have not been guantified. Sensitivity analyses to some of the assumptions

are given.

The mode] used is based on the Marshall-Olkin model [Pef. 1] for fatal shocks

to take into account diesel generator failure-to-run, and common cause failure-
to-run of the diesel generators. Failures-to-start of the diesel generators, and
maintenance unavailability are also included. Recovery of diesel generators

and of Joss of offsite power is modeled. The ability of the plant to withstand
station blackout (loss of all AC power) of 1imiteq duration without severe core
damage is modeled. The duration of the station blackout that can be withstood
(the "grace time") without severe core damage depends on the time of initiation
of the station blackout. For early times, the grace time depends on the time
without seal cooling that the reactor coolant pump seals can withstand before

failing; for later times, the grace time depends on the battery depletion time.



B-3

For later times, the reactor coolant pump seals are assumed not to fail be-
cause a cooldown of the reactor is assumed to take place. We note ihat
failure-to-run of diesel generators were not modeled in the Millstone 3 PSS.
The remaining sections of this appendix are:

p.2 Physical Considerations

A.3 Definitions

A.4 Data Values and Sources

_A.5 Analysis and Numerical Results

_-. A.6 Discussion of Uncertainties . .

A.. References

A.2 Physical Considerations

We assume that if all AC electric-power is lost for a period t°=lﬁ hours, at
any time within the first v°=4 hours after the loss of offsite power, that
core melt occurs. If all AC electric power is lost for a period of 3 hours, at
ang time after the first 4 nours after loss of offsite power, then core melt
occurs. The rationale for this is that we assume 2 reactor coolant pump
seal LOCA will occur after X hour without electric power, if the reactor
coolar® temperature is above 400°F. The core will then uncover within
another hour, unless power is restored. However, we assume that the reactor
operators will begin cooling down the reactor two hours after initiation of
the loss of offsite power, and the reactor coolant temperature will be below
400°F at &% hours after the loss of offsite power event. Thus, if all AC
electric power is lost after 4 hours into the event, the seal LOCA will not

occur before the reactor coolant system is cooled pelow 400°F, and hence will
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not occur. The 3 hour grace time for the station blackouts which begin
4 hours after loss of offsite power comes from an assumed battery_dipletion

time of 3 hours.

The assumed battery depletion time of 3 hours used in the calculations is
somewhat larger than the present staff minimum estimate of 2 hours, but less
than the 7,plicant's estimate of 8 hours. (More precisely, the staff has no
information to support a time greater than 2 hours, at present, since the
applicant has not-supplied this information). Sensitivity studies are
performed in which an 8 hour battery depletion time is used. Severe core
damage is assumed to occur after loss of DC power because of loss of
jnstrumentation and contrel.

It is assumed that electric power will be restored with certainty 24 hours
after initiation of the loss of offsite power. However, one of the
sensitiyity studies considers the case where electric power is not restored

with certainty until 48 hours after initiation of the event.

Containment failure can occur by various mechanisms. First of all, a
hydrogen burn sufficiently intense to cause containment failure may occur.
For this to happen, the containment must first be de-inerted by the removal
of water vapor from the containment atuosphere. De-inerting may occur from
natural condensation or as a consequence of electric power being restored

and the containment sprays being actuated. (If de-inerting is due to
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containment spray actuation, the sprays will probably significant]x reduce
the source term; about 2 orders of magnitude.) In addition, a sufficient1y
large amount of hydrogen must have been produced so that the pressure rise
produced by burning it is sufficiently large to fail containment. Although
the amount of hydrogen produced after core melt may continue to rise, the
amount of hydrogen that can burn is limited by the amount of oxygen in
containment; this depends on the pre-accident containment pressure in the
subatmospheric containment at Millstone 3.

Whether the containment fails on a hydrogen burn depends also on the
efficiency of the burn in producing a pressure rise in containment. Burns
which are slow permit greater heat transfer from the containment atmosphere
to the walls and other materials-of the containment, reducing the pressure
rise. The staif estimates that if de-inerting occurs by natural
condensation, then the probability of containment failure from a nydrogen
burn which consumes all the oxygen in containment is .1; the burn here is
considered relatively slow and inefficient. On the other hand, if
de-inerting occurs because the contzinment sprays have been turned on, after
a stoichiometric mixture of hydrogen and oxygen exists, the probability of
containment failurg is taken as .5, since the burn is considered more

efficient.

Containment failure can also occur by overpressure from steam and noncondensibles.

For this to occur, the staff estimates 24 hours after core melt without the

’
restoration of electric power is necessary.
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The staff estimates that the rate of hydrogen production is such that a

stoichiometric mixture of hydrogen and oxygen exists after 6 hourg.-'The
calculations of containment failure assume no probability of contai;;ent
failure if electric power is restored before 6 hours after core melt; the

error here is small.

De-inerting by natural condensation (without sprays) is estimated to occur
with uniform probability at any +ime from 6 hours to 20 hours. There is

- -some conservatism here, since it is possible that natural condensation will

not occur at all.

A.3 Definitions
Time will be measured from the instant of loss of offsite power, oOT
from time of failure, as appropriate. The formulas below will indicate

the origin of the time axis.

R, (t) js the probability that the offsite power has been
‘recovered by time t after the onset of its loss
(symbol n designates electrical network); Rn(t) is the
distribution of recovery time

Qn (¢)= 1- Rn (t) 1is the probability that the offsite power has not been

restored by time t
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is the probability of nonrecovery of a diesel generator
by time t after its failure, for either thq.fii1ing-to-
start mode of failure or the failure-to-run n;de of
failure, if these failures were from indeperdent causes.
In the case of failure-to-run, the symbo] Qi(t) may also
be used.

is the probability of nonrecovery by time t from being
in maintenance or test

is the probabi1ity of nonrecovery of a diesel

generator by time t after jts failure, if it has

failed from common cause

is the probability of a single diesel generator being
in maintenance at time of remand.

js the probability of a single diesel generator

failing to start on demand.

is the probability that both diesel generators fail to

start on demand.

" is the probability of common cause failure of both

diesels starting.

is the failure rate for a running diesel generator.

is the failure rate from a common cause event (or shock)
that will disable all running diesels.

is the failure rate for a running diesel from

independent causes.
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subdivides the time interval after the loss of offsite
power. For station blackouts beginning at }iies before
Wo the grace time the plants can withstand a.total
loss of AC power before severe core damage oCcurs is
determined by the.reactor coolant pump seal failure;
for times after w, the grace time is determined by

battery depletion.

is the grace time (see definition wo) for station blackouts
initiated in the time interval OSt(wo. where the

reactor coolant pump seal failure is controlling. See
section on physical considerations of this appendix.

is the grace time for times t2w , where the battery depletion

is controlling.

is the termination time used in the calculations;

station blackouts initiated after time w, are assumed
not to lead to core melt. For the base case,

R 24 hours. By 24 hours after loss of offsite
power, recovery of electric power by one means or another
is assumed. In sensitivity calculations, it was

assumed that power was not recovered with certainty

until 48 hours after the loss of offsite power cccurred.

is rate of loss of offsite power.



(2)
(3)

B-9

parameter Values and Their Sources

The frequencies A, Q. (t) of losses of offsite power exceediqg‘i hours
were taken from Figure 14 of the final draft of NUREG-1032. (This
figure applies specifically to Millstone 3.) This draft gives a range

of values (called "Model Range"); the values of this appendix were

~chosen in the midpoint of this range. The table of values as used in

this appendix are given in Table 1. Beyond 16 hours (the cutoff value

for the table in NUREG-1032), a constant value of .004/yr was assumed,
. for A Qn (t), until 24 hours.

The values for Qf (1), Qm tL), Qc (t) were derived from values given in
NUREG/CR-3226 (Ref. 2), page 237. It was found that these values were
fitted reasonably well by exponential curves exp(-at). The values of a

for Qf (), Qm (t), and Qc (t) were:

Non-recovery periods a
Qe (t) 1/15
Q, (t) 1/15
Q () 2

A somewhat better fit could have been obtained for Qm (t), non-recovery
from maintenance, but the results are jnsensitive to this value.

g, was taken as & x 10-3/per demand from NUREG/CR-2983 (Ref. 3).

Gy was taken as 3 x 10-2/demand from NUREG/CR-2728 (Ref. 4) p. 128.



(4)

(5)
(6)
(7)

(8).

- .(9)
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G, was taken 2 x 10-3/per demand rounded off from 1.9 x 10- as listed

in NUREG/CR-2989, p.42. - .

q. was computed from g, and g, to be 1.1x10-3 .

A¢ was taken as 3 x 10-3 per hour from NUREG/CR-2815 (Ref. 5) Table C.1

Ac was taken as 9 x 10-5 per hour as derived from the B factor of .03
(rounded from .0325) of Midland Nuclear Plant Probabilistic Risk Assessment
(Ref.6), Appendix E.1, p. 76

A; =3 x10-2 = 9 x10-5 ~ 2.9 x 10-3 per hour
W, = 4 hours

1, was taken as 1.5 hours (see Section A.2)

1, was taken as 3 hours (see Section A.2), coming from battery depletion

time; in sensitivity studies, T, was taken as 8 hours.
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Table 1

-

-

Annua! Frequencies An Qn (t) of Losses of Offsite Power

Exceeding t hours, at Millstone 3

t (hrs) A Q () (Lyr) t A, Q, (8
1.0 .038 8.0 .007
1.5 - .029 8.5 .006
2.0 .025 9.0 .006
2.5 .021 $.5 .005
3.0 .018 11.5 .005
3.9 .015 12.0 .004
4.0 .013 24.0 .004
4.5 .012
5.0 .011
5.5 .010 S
6.0 .008
6.5 .008
7.0 .008
7.5 .007
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A.5 Analysis and Numerical Results

A.5.1 Sequences Analyzed

The rate of occurrence of severe core damage and rate of occurrence of core
damage with containment failure under various conditions was evaluated for five
“major" seguences.

- - (a) At time of loss of offsite power, each of the diesels is unavailable-

either because of maintenance or failure to start. W

(b) One diesel is in maintenance; the other diesel starts but fails
while running, leading ultimately to core melt.

(¢c) One diesel fails to start, the other diesel starts but fails while
running, leading ultimately to csre melt.

(d) Both diesels start but fail while running through common mode.

(é) Both diesels start but the first failing diesel fails while running

from an independent random failure, and the second diesel fails

while running, from either an independent or common cause.
A.5.2 Formulas

The formulas below are developed to deal with the probability (per year) of
severe core damage from the loss of offsite power initiator. The symbol Pd will
be used to denote the annual frequency of severe core damage, from the loss of
offsite power initiator. The numerical evaluation is for the base case, with

a battery depletion time of 3 hours.
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The derivation of the formulas fcilows rather diractly from the physical

mode] described above. A few explanations may make it easier for ihe reader

to follow. The contribution from terms involving the failure of a diesel
generator, its repair, and subseguent failure are neglected. Except for

case (a), all cases reaguire integration. Because two different grace periods
(t's) after loss of AC power are involved, two separate integrals are necessary.
These will be designated by 11 and Iz. Some of the tarmulas involve a factor
of 2; this factor of 2 arises because there are two symmetric cases; either

- diesel generator A fails first or diesel generator B fails first.

Both cases (d) and (c) involve exp1icit1j the shock model for common cause
failure, one that is eguivalent to the Marshall Olkin mode] for fatal
shocks. Shocks which cause both ‘diesels to fail simultaneously arrive at a
rate Ac and with denQity function for time of arrival Ao exp(-Act). In
additiqn, each diesel may fail from independent causes with the rate A, and
the density of failure times Aiexp(-kit). A1l arrivals of shocks and all
arrival times of independent failures are completely independent. It is
presumed that repairs on failed diesels from independent causes would be
concurrent and the respective repair times would be statistically independent.
This is also equivalent to repairing only the engine that would yield the
earliest repair. For common mode failures,the same common repair time for

both diesels was postulated.
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The most compl‘.ated formula pertains to case (e), in which the first diesel
failv-e is an independert diesel failure while running. Consider }i for case

(e) (this might be more profitably read after looking at the respeéiive formula).
The variable of integration, w, represents the time when the "second" diesel
fails and thus creates the loss of all AC power. The second failure can come
about either as an "independent" failure or as a common cause failure;

thus its failure rate is Af. Initiation in an interval (x,x+dx) has probability
expgfkfx)kidx. The factor exp(-hfx) comes from the fact that neither a common
cause failure nor-an independent failure occurs before time x. In order that .
the AC power supply be failed for a time 1;, restoration of the varicus componénts
cannot occur respectively before times ti, w1, and w = X = 14} hence

the Q's in the formula. In the computations, the exponential factors

associated with the failure densities were taken as unity, introducing a

slight conservatism.

Case (i) Neither diesel generator is available at the time of lcss of
offsite power, either because both fail to start or because one

fails to start and the other is in maintenance.

Pd - )‘:{(Qf v "*c)z[Qf(tl)lz*chc("l)}Qn(tl)*anqn("l)qfqmnf(tl)Qm(tl)
Py = 4.7x10-5/year

N.8. = The term involving q  was neglected in the numerical evaluation.

Case (b) One diesei generator in maintenance, the other fails while running.
Pd - 2 g, {I1 + Iz} where
I, = Qp (39) SGo Ap exp(-Agw) Qp (W + 1) Q (W + 1) O
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and

1= Qp (1) [ Ap exp(-Ag W) Qp (W + 15) Q (W + 7)) dw -
0 -

¢" 3.0x10-€/year

P
Case (c) One diesel fails to start and the other starts, then fails while
running.
- Pd A 2 Q¢ {I1 + Iz} where
Iy = Qg (39) Sgo Ap exp(-A) Qp (W + 1y) Qp (W + 1y) o
and

1, = Q¢ (1,) Syl exp(-Apw) Qg (W + 7)) Q (w+ 1)) dw
o -

Py® 1.3x10-5/year

Case (d) Both diesels start, then fail while running through common mode.
P& = A, [I; + 1,] where
I, = Q. (1) [0 A, exp (-A W) exp (=2 Aqw) Q (w + 1;) v
and

1,2 Q (1)) [Jl A, exp (-Aw) exp (-2 Ag w) Q (W + 1)) dw
0

Py = 1.0x10-%/year
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Case (e) Both diesels start, the first diesel generator fails whi}e running
from "independent causes", and the second diesel generator !a}ls while
running, from either independent causes, or a common mode shock.
p= Ay 2 {11 + 12] where
1, = Q (tl)f:o As exp(-AgW) Q (W + 1y) Ig Ay exp(-Agx) Qj(w = x + 1,) dxdw
Note Qi = Qf for all practical purposes

I2 = Qf (tz) I:I A exp(-kfw) Qn (w+ tz)fg A exp(-Afx)Qi (0= x+ tz) dxdw
0

My 8.3x10-€/year | :

The sum over the 5 cases yields

Py = 8.2x10-5/year

A-5.3 Sequences With Containment Failure. and Sensitivity Calculations

The above mathematical formulation can be used to determine the frequency of
events.in which electric power is not restored for a time tn after core
melt. To do this, in the above formulae,
(1) Replace Y by Lt
(2) Replace L by tz *t
(3) Replace ¥y by infinity, but assume, for the base case (where power
is restored with certainty 24 hours after loss of offsite power), that

Qn (t) =0 for t > 24 hours.

Suppose A er (tn) denotes the probability no electric power is restored

for a period of at least tn hours after core melt. Llet g (t) represent the
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density functien for natural condensation occurring. Then |
Af3(tg)0p (g0t - .
is the probability natural condensation occurs. wWccording to the discussion in
Section A.2, natural condensation occurs with egqual likelihood at any time
between 6 and 20 hours, so that g (t) = 1/14; the Tower limit on the
integral is 6 hours and the upper limit 20 hours. The result obtained must
be multiplied by .1, the conditional probabiiity of containment failure
after 2 hydrogen burn where de-inerting vccurred by natural condensation.
The frequency of severe core damage events in which containment failure
occurred with the sprays on was :a1cu1até& by computing the frequency of
events in which power was lost for at least 6 hours after core melt, sub-
tracting the probability of a hydrogen burn caused by natural condensation,

and multiplying by .5, the conditional probability of containment failure.

A sensitivity calculation was performed in which electric power was not
assumed to be restored within 24 hours of the loss of offsite poger, but
rather, for the time inteérval between 24 hours ard 48 hours ln Qn (t) was
taken as .004/year. Steam overpressure failure of containment was assumed
at 24 hours. be-inerting caused by natural condersaticn was assumed not t0

take place.

Additiona)l sensitivity calculations were run assuming the ba‘tery depletion

time was 8 hours instead of 3 hours.
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Table I1  Summary of Results for Freguencies of Station-Blackout Induced
Severe Core Damage, and Severe Core Damage With (ontainment
Failure, as a Functien of Battery Depletion Time _ °

-

Battery Depletion Time 1

>

3 hours 8 hours

Used in Base Casr

Fregquency ¢f severe core damage 4.4x20-"/yr 3.3x10-7/yr
with contaimment failure from
hydrogen burn after dé-inerting

y - by patural conhdensation

Frequency of severe core damage 4.3x10-%/yr 3.4x10-€/yr
with containment faiiure from

fiydrogen burn cfter sprays are

turred on

Used_in Central Eg;imate

Freguerty of severe core damage 1.6x10-8/yr 1.0x10-6/yr
with containment failure Ly steam

overpressure, given electric

powr= not restored for certainty

for 48 hours after loss of

offsite power

Fretucncy of severe core damage 8.2x10<3/yr 7.1x10-%/yr
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A.6 Discussion of Uncertainties

Some of the uncertainties in the astimate are caused by . :

1. Uncertai~ties in the freguency of losses of offsite power, and in the
distribuv. 1 of times to recover offsite power.

2. Diesel generator reliability data.

3. Uncertainty'concerning the behavior of reactor coolant pump seals on
loss of cooling.

4. . Uncertainty concerning the battery depietion time.

S5:. The assumptions concerning hydrogen burns after de-inerting by natural

condensation of steam.

Amongst the assumptions concerning hydrogen burns are the assumptions of
uniform probability of de-inerting by natural condensation between & and 20
hours after vessel failure, and the assumption of a 10% probability of con-
tainment failure, given a hydrogen burn. Note further that the frequency of
core nélts with containment failures occurring after the sprays are turned
on is reasonably sensitive to the assumptions made concerning de-inerting by
natural condensaticn of steam. The reason for this is the assumption that if
a hydregen burn occurs by natural condensatien (and 90X of these are assumed
not to fail containment) then a hydrogen burn after the spriys are turned

on will not fail containment. The subtraction of the probability of a
hydrogen burn caused by natural condensation causes about a factor of two
decrease in the freguency of severe core damage with containment failure

eccurring after the sprays are turned on.



8-20

The diesel generator reliablity datz we used is generic. There are wide
variations from plant to plant in diesel generator reliability, Dut since
there is no plant-specific operating data it is not possible to reduce

this uncertainty.

The behavior of the reacter coolant pump seals on loss of cooling of the
seals is uncertain. The mechanism for the reactor coolant pump seal leak
on -loss of cooling of the seals is overheating and failing of the C-rings
-(secondary seals). The basis for the estimate that the O-rings will fail
after 1/2 hour without cooling is a chart from the Parker Q-ring handbook
of January 1377. The chart is intended only as a rough guide. For
ethylene propylene C-rings the time to failure of the O-rings, as a

function of temperature, is:

Temperature Time
§50° .4 hrs
500° .7 hrs
450° 1.8 hrs
400° 5 hrs

The approximation made in the calculation of severe core damage frequency is
even mere rough = it is assumed that if the reactor coolant system
temperature is above 400°F the seals wiil fail after 1/2 hour; below 400°F,
they will not fail.
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The magnitude of the RCP sea) leak is assumed to be 300 gpm per pump,
leading to a core uncovery time of about 1 hour after cnset of gpef1eak.

The most recent position of the staff is that a leak of 500 gpm pé; pump
would ozeur if a particular O-ring were to fail, provided that no resistance
to fiow is given by the seals after failure of the O-ring. Use of a 500 gom

Jeak rate would not significantly affect the resulis.
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APPENDIX C

MILLSTONE UNIT 3
STATION AC BLACKOUT ASSESSMENT



Reactor Coolant Pump Seal LOCA

Current Status

SEAL DESICN

The Westinghouse reactor coolant pumps are of a vertical single stage
centrifugal design with controlled seal leakage. The controlled seal leakage
system is a three stage seal system design which restricts leakage flow and
reduces the pressure from operating system pressure to atmospheric. Each seal
contains a ring which is free to move axially and a runner which rotates with
the reactor coclant pump shaft.

The #1 s2al is a two piece seal which consists of a ring attached to the pump
housing and a runner attached to the pump shaft. The face-plates of the seal
ring and runner are an aluminum oxide compozition which utilizes a hydrostatic
film-riding, taper-face design. The majority of the pressure drop across the
reactor cnolant pump seal assembly occurs across the #1 seal. The leakage
control is pressure activated and does not require shaft rotation.

The # 2 seal is a rubbing face type seal consisting of a carbon-graphite insert
which is shrunk into a stainless steel ring. The seal ring insert rubs on a
hard faced stainless steel runner which rotates with the shaft. The seal is
primarily used to divert the #1 seal leakage to the leak-off line. The seal is
of high pressure capability and can maintain pressure retention for up to 24
hours with the coclant pump stopped.

The #3 seal is also a rubbing face type seal similar to the #2 seal and is used
to divert any #2 seal leakage to the leak-off line. The seal is of low
pressure capability.

The seal assembly also consists of secondary sealing materials between the seal
assembly components. These secondary seals are Ethylene-Propylene O-rings in
static sealing locations and Polymer-filled Teflon channel seals backed by
Ethylene-Propylene O-rings in dvnamic seal locations.

AT I TN

Cooling of the seal assembly during cperation is provided by the seal injection
system and the thermal barrier heat exchanger. th systems are normally in
operation and reactor coolant pump operation can continue for u» ¢o 24 hours
with only one mode of cooling in operation.

The seal injection system provides a flow of 1 gpm per pump of clean cooled
water from the CVCS makeup system to an area of the pump between the reactor
coolant and the #1 seal. Approximately 4 gpm of this flow goes through the #1
seal with the remainder entering the reactor coolant system. This arrangement
prevents reactor coolant from entering the seal 2rea and provides filtered cool
water to the seals.



The thermal barrier heat exchanger is located between the areas of the pump in
direct contact with reactor coolant and the seal area. The thermal barrier
heat exchanger is cooled by a component cooling water supply and limits the
heat transfer from the reactor coclant fluid to the pump lower internals,
including the seal assembly. The thermal barrier heat exchanger also provides
back-up cooling when seal injection is unavailable.

LOSS OF SERL COOLING

A loss of seal cooling is defined as the concurrent loss of the seal injection
system and the loss of component cooling water supply to the thermal barrier.
If cooling is not restored in a short period of time (see later discussion),
the seal assembly will be subjected to a severe thermel transient and operation
of the reactor coolant pump is prohibited.

Steady state analyses of the reactor coolant system leakage through the pump
seals during periods of loss of seal cooling has several assumptions. The
first assumption is that the reactor coclant pump is not rotating at the time
that significant temperature increases begin to occur in the seal area. The
second assumption is that the seal injection return line is isclated downstream
of the safety relief valve thereby providing a significant back-pressure in the
area between the #1 and #2 seals. These assumptions are reasonable for the
amost likely sequences of events which could lead to a loss of pump seal cooling
such as the loss of all station a.c. power.

= ISE = T

Following the loss af all seal cooling, the reactor coolant pump lower
internals water velume anu the thermal capacitance of the thermal barrier heat
exchanger would provide limited cooling to the seals for several minutes. The
lower internals water volume would begin to be purged within 5 minutes of the
loss of all seal cooling, resulting in an increase in the seal inlet
temperature. The temperature of the water at the seal inlet would increase
rapidly and eventually reach a rate approaching 150 degrees per minute.
Approximately 13 minutes following the loss of all seal cooling, the lower pump
internals volume will be completely purged and the fluid temperature at the
seal inlet will stabilize at the reactor coolant cold leg temperature. This
time period is based on an analysis of the component cooling water system for a
typical plant and includes the effects of natural circulation in the component
cooling water systexm.

The increase in seal inlet temperature initially results in increased seal
leakage due to changes in the viscosity of the fluid passing through the seals
and due to the transient thermal distortion of the seal assembly components.
As the seal assembly compenents reach thermal equilibrium with the high
temperature fluid from the reactor coolant system, the leakage flow rate will
stab:lize at a rate which is higher than the normal leak-off flow rate through
the #1 seal.



A number of different thermal consicerations are acting on the seal assembly
resulting in the increased flow rate. A thermal gradient across the #1 seal
causes changes in the taper of the face-plates. Changes in the face-plate
angles cause a change in the hydrostatic force balance, resulting in an
increased separation between the face-plates and therefore, a higher leakage
rate. There is also a reduction in the viscosity of the fluid at the #1 seal
which results in an increase in leakage. The increased flow in this area
results in a turbulence increase which also further increase the leakage rate.
Due to the initial pressure differential across the #1 seal, two-phase flow
will occur between the face-plates which results in a decrease in the flow
rate. Finally, the axial shaft thermal growth 1s greater than the film height
in the #1 seal face-plate which results in increased flow.

The transient thermal effects are no longer acting on the seal assembly and a
constant long term leakage can be established. The leakage rate across the
tapered #1 seal is self-limiting since the back-pressure in the area between
the #1 and #2 seals will act to close the #1 seal face-plates while the reactor
cooclant pressure will act to open the face-plates. Permanent distortion of the
seal pieces may result from the relief of manufacturing stresses during the
severe thermal transient following a loss of all seal cooling. Consequently,
after exposure to high temperature conditions and return to normal seal cooling
conditions, the seals are expected to experience distortion which may result in
increased normael condition leakage rates.

QO-RING SEAL RESPONSE

The O-rings presently used in the reactor coolant pump seals are Parker
E-515-80 material, which is an Ethylene-Propylene compound. Tests of the
O-ring material response to the temrcratures which the O-ring would experience
during a loss of pump seal cooling incident at AECL ( Atomic Energy of Canada,
Limited ) laboratories indicate +that the O-ring material would survive
approximately 2 to 2.5 hours before significant extrusion of the O-ring
occurs. O-rings manufactured in Europe to this same material specification
were used in the French 24 hour test and no O-ring extrusion occurred during
the test interval. An alternate O-ring material is presently being recommended
for installation in Westinghouse reactor coolant pump seals. The alternate
material has thermal properties which are better than the presently installed
O-ring material. Tests of an alternate material at the AECL laboratories
showed acceptable high temperature extrusion performance for test durations
greater than 18 hours.

The experted response of the reactor coolant pump seals following a loss of
seal cooling is based on experimental results supplemented by analytical
efforts. The leakage rate is expected to increase from the initial value of 3
gpm to approximately 60 gpm ( or less ) during the initial scal heatup and then
quickly return to approximately 21 gpm. The leak ze spike to 60 gpm has a
half-width of less than 2 minutes. Thereafter, the leakage is expected to
remain at approximately 21 gpm as long as reactor coolant system pressure is



maintained at the operating level. Reductions in reactor coolant system
pressure due to natural depressurization or operator actions to provide a
controlled cooldown of the system will result is lower leakage rates that
correspond to the lowsr system pressures. At approximately 600 psia system
pressure, the leakage rate is expected to be approximately 10 gpm.

As previously noted the seal leakage rates expected following a loss of seal
cooling are based cn experimental evidence. A full scale test was performed at
the EDF Montereau Power Station in France using a 7 inch reactor coolant pump
seal and O-ring material manufactured in Europe to the Parker E-515-80
specification. The results of this test showed that the leakage rate through
the seal assembly followed the transient flow spike response as described
above, but the high temperature, high pressure leakage stabilized at 16 gpm.
The seal assembly was subjected to high system pressures and temperatures for a
24 hour period. The experiment consisted of an initial period of approximately
3.5 hours at 540 degrees and 2250 psia. This was followed by a 3.5 hour
cooldown period during which the system pressure was reduced to approximately
600 psia and the system temperature was reduced to 470 degrees. This condition
was then maintained for 18 hours after which the experiment was terminated and
temperatures and pressures were reduced to atmospheric. The post-experiment
tear-down of the seal assembly revealed no major degradation of either the seal
surfaces or the O-ring material.

POTENTIAL SEVERE LEAKAGE RATFS

The reactor coolant pump seal loss of cooling event has traditionally been
analyzed as a condition which results in a severe pump seal LOCA. The event
postulates a 300 gpm leakage rate from the pump beginning at 30 minutes after
the loss of seal cooling. The 300 gpm leakage rate is based on a critical flow
4 assuming that no O-ring material is present, minimum seal component
teierances at nominal conditions, and that the #1, #2 and #3 seal are open to
the maximum extent possible. This modelling of the loss of reactor coclant
pump seal cooling is based on the assumption that the O-ring material in the

seal assembly cannot withstand the reactor coolant system temperatures and are
therefore conservatively assumed to disappear from the assembly.

re recent analyses of the leakage rates of the complete seal assembly
indicate that if the #1, £#2 and #3 reactor coslant pump seals are open to the
full extent of their travel at reactor coolant sysiem temperatures, a leakage
rate of 480 gpm is possible.

A mechanistic review of the reactor coolant pump seal performance following a
loss of all sezl cooling indicates that such large leakage rates are highly
improbaple.

In order to pestulate these very large leakage rates, the £1 seal must Jam in
the open position, and the #2 seal must enter the film riding mode of
operation. th of these occurrences are contrary to the analysis and
experimental results. High temperature degracation of the O-ring material mey
occur resulting in the extrusion of these materials. Extrusion of the O-ring
materizl could cause the seal rings to become Jexmed in a fixed position.



Thermal growth motions between the reactor coolant pump shaft and housing could
then mechanistically change the separation between the seal face-plates
resulting in an increase in the leakage rate. However, at this early stage of
the event, no significant degradation of the O-rings and channel seals is
expected. Furthermore, extrusion of the O-ring material is not expected to
result in binding of the #1 seal runner on the reactor coolant pump shaft.
Additionally, thermal growth motion between the reactor coolant pump shaft and
housing is in the direction of increasing the face-plate separation on during
the initial transient heatup of the seal system. Finally, the #2 seal is
expected to rotate to a closed, rubbing surface mode of operation, even if the
#1 seal is jammed open. Thus the high leakage situation is predicted to have a
low probability of occurrence.

Degradation of the O-ring materials due to high temperatures is likely to
result in a situation in which the #1 seal performs as intended. Increased
leakage through the #1 seal may occur as a result of the loss of back-pressure
in the area between the #1 and #2 seals due to the degradation of the O-rings.
Analysis of O-ring failures indicates that most O-ring failures would not
impact seal integrity. Only the failure of a few critical O-rings could lead
to increased reactor coolant pump seal leakage. A mechanistic evaluation of
the O-ring degradation shows that the O-rings would be expected to degrade in a
sequential fashion. Estimates of the leakage rate would be expected to
increase if the critical O-rings undergo degradation fro:o approximately 21 gpm
to 35 gpm the first critical O-ring degrades at approximately two hours
following the loss of all seal cooling. As sequential eritical O-rings
degrade, the leakage would increase to approximately 60 Epm. At this time, the
#2 reactor coclant pump seal is expected to remain in the rubbing face mode and
the leakage would stabilize at approximately 60 gpm. However, if the {2 seal
goes into a film-riding mode and opens due to the pressure in the area between
the #1 and #2 seal an increase in the leakage rate to approximately 175 gpm
would occur. The leakage rate would be expected to remain at this level for
the duration cof the event.

F RE ' SEAL COOLING

The specifications for restoration of seal injection cooling of the reactor
coolant pump seals is 1 degree per rinute and is based on limiting the thermal
stresses in the #1 pump seal to acceptable values. Cooling at a rate greater
than 1 degree per minute may result in significant degradation of the seal
~ntegrily as a result of high thermal stresses. Since there is a 10 to 15
minute thermal capacitance in the reactor coolant pump seal thermal barrier
heat exchanger, restoration of seal injection during this time should not
result in a significant degradation of the seal integrity. However,
restoration of full seal flow injection at times after the #1 seal has
equilibrated at reactor coolant temperatures could result in cooling rates in
excess of the specified limits. For loss of seal cocling everts of duration
greater than 10 to 15 minutes, cooling of the seal area by restoration of
component cooling water flow to the thermal barrier heat exchanger or by
cooldown of the reactor coolant system at the specified limit of 50 degrees per
hour will result in seal cooling within acceptable limits.



CONCLUSIONS

The following conclusions can be drawn based on the experimental and analytical
evicence gathered with respect to reactor coolant pump seal integrity under
loss of seal cooling conditions:

1) Loss of seal cooling for time periods less than 15 to 20 minutes is not
expected to result in any significant degradation in the reactor coolant
pump seal integrity.

2) Loss of seal cooling for extended time periods is expected to result in
& steady state leakage rate of approximately 21 gpm at reactor coolant
system operating temperatures and pressures. Operator actions to
depressurize the reactor coolant system will reduce the long term leakage
to approximately 10 gpm at 600 psia.

3) Large pump seal leakages of approximately 480 gpm are only possible for
the case in which it is postulated that the #1 seal Jams in a wide open
position with the subsequent full opening of the #2 and #3 reactor coolant
pump seals. This is considered to be a very low probability event.

4) Degradation of the O-ring material due to exposure to reactor coolant
system temperatures will only result in a change in seal integrity if the
degradation occurs in a few critical O-rings. Degradation of most O-rings
will not impact the overall seal integrity.

5) For the case of degradation of the critical O-rings, the pump seal
leakage is expected to increase progressively from approximately 21 gpm at
2 to 2.5 hours after the loss of seal cooling to approximately 60 gpm. At
this time the #2 reactor coolant punp seal woula be predicted to remain in
the rubbing surface mode and the leakage rate would stabilize at this
value. However, if the #2 seal enters the filop~-riding mode due to the
increased pressure in the area between the #1 and #2 seals, the seal leak
rate is precicted to be approximately 175 gpm. No further increase in pump
seal leakage is predicted after this time.

6) Restoration of pump seal cooling via seal injection is only recommended
if the cooling can be restored within 10 to 15 minutes. Pump seal cooling
after this time should orly oe attempted via standard procedures.
Restoration of pump seal cooling via seal injection after 10 to 15 minutes
mey result in degradation of the #1 pump seal integrity with attendant kigh
leakage rates.

8) The best estimate reactor coolant pump seal response to a cc. - <te loss
of cooling incident is the same for those pumps with the new alternate seal
material and those with the old seal materiazl (Parker Specification
E-515-80). The new seal materizl provides a greater degree of confidence
that the seal assembly response will be as predicted, compared to the seal
response using the older material.
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Mr. Haroi. R. Denton

Director of Nuclear Reactor Regulation
U.S. Nu-lear Regulatory Commission
Washington, D.C. 20555

Gentlemen:
Haddam Neck Plant

Millstone Nuclear Power Station, Unit Nos. 1, 2 and 3
Effects of Hurricane "Gloria"

On September 27, 1985 Hurricane Gloria moved through Connecticut with
sustained winds of up to 58 mph and gusts of un to 75 mph at the Millstone site
As reperted in License Event Reports (LER) £5-018-00(1) and 85-010-00,(25
Millstone Unit Nos. | and 2 experienced Joss-of-off-site power (LOOP) events as
@ result of Hurricane Gloria. In order tc maximize the extent to which the
insights derived from assessing this event can be appropriately factored into the
Staff's ongoing efforts to resolve Unresolved Safety Issue (USI) A-44, Station
Blackout, Connecticut Yankee Atomic Power Company (CYAPCO) and Northeast
Nuclear Energy Company (NNECO) are providing this informational letter to
more fully explain the details associated with the effects of Hurricane Gloria.

Preparztions for the Storm

On September 26, 1985, the Millstone site hurricane action plan was
implemented. The hurricane acticn plan included a checkout of the Emergency
Response Facilities (ERF), the selection of two Station Emergency Organization
(SEQ) shifts and successful testing of the emergency on-site AC power sources.
At 1500 hours on September 26, 1985 the National Weather Service declared a
Hurricane watch for Connecticut and the on-call emergency organizations for
the Millstone site, the Haddam Neck Plant and the Corporate Emergency
Operations Center were notified to report to duty stations at 0700 hours on
September 27, 1985.

(1) w. D. Romberg letter to U.S. NRC concerning LER 50-245/85-018-00, dated
October 25, 1985.

{2) w. D. Romberg letter to U.S. NRC concerning LER 50-336/85-014-00, dated
October 25, '985.
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The following points summarize the more important elements of our preparatory
activities:
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By 0700 hours on September 27, 1985, all Milistone ERFs were manned
and ready.

At 0745 hours, based on predictions that the storm would reach the
Millstone site between 1600 and 1700 hours, the decision was made to
bring all units at Millstone and Haddam Neck to a shutdown condition,

At 0815 hours each corporate EOC Manager was requested to prepare
contingency plans for dealing with a possible loss of communications
and/or loss of off-site power sources for each unit.

At 0830 hours the Governor declared a "State of Emergency” in
Connecticut.

At Millstone, all power was secured to nonessential plant areas at
0843 hours. The hurricane was being tracked east of New Jersey at
0845 hours and was moving north at 30 mph. The winds at Millstone
were determin~d to be 29 mph (lower level) and 40 mph (upper leve! of
approximately 142 1¢=t) at 0915 hours.

Twelve hour shift rotations were established for all Corporate EOC
functions.

The National Weather Service issued a tornado watch for all of
Connecticut for the hours between 1000 and 1800 hours.

In order 1o assure the availability of service water following the storm,
preventative measures were taken to protect the integrity of the service
water system during the storm.

The power level at 1030 hours was 25% for Unit | and 43% for Unit 2.

At 1040 hours the Millstone meteorological conditions included 40 mph
winds at the lower level and 50 mph at the upper level. The speed of the
eye of the storm was estimated at 40 mph.

The Millstone Unit N.. | gas turbine was successfully tested at
1045 hLours.

Milistone Unit No. 2 was taken off-line at 1112 hours.—
Millstone Unit No. | was ~aken off-line at 1140 hours.
The Millstone EOF shifted to emergency power at 1216 hours.

At 1220 hours the winds at Millstone were determined to be 49 mph 2t
the lower level and 57 mph at the upper level.

Milistone Unit No. 2 shutdown at 1227 hours. Both units were shutdown
by 1255 hours.



Details of LOOP Events

At Millstone Unit Nos. | and 2, the first or "preferred" source of off-site power
is supplied via each of the unit's reserve station service transformers (RSST). At
Milistone Unit No. 1, an alternate source of off-site power is via the Flanders
line, a distribution line originating in the Flanders Substation, approximately 5
miles from the Millstone site, and terminating at Millstone Unit No. l. On
September 27, 1985, at 1028 hours, the Flanders line to Unit No.l was
intermittently lost.

o At 1250 hours there was voltage fluctuation on the 345 kV line supplying
the switchyard.

o At 1300 hours the Millstone Unit No. 3 RSST was sparking.
o At 1307 hours Millstone Unit No. 2 was proceeding to natural circulation.

o At 1317 hours Millstone Unit No. 2 manually disconnected from the
RSST. Both of the Unit No. 2 emergency diesel generators automatically
started and loaded.

& At 1334 hours Millstone Unit No. | lost normal power and both the
emergency diesel generator and the gas turbine automatically started
and loaded (additionally, both of the Unit No.3 emergency diesel
generators automatically started).

© At 1300 hours the Millstone lower level winds were 49 mph and the upper
level winds were 59 mph.

Recovery From LOOP Events

The Station Emergency Organization had been activated and in place since
070" hours on the morning of the storm to ensure that all actions taken were
performed under a coordinated and planned effort. Extra personnel were kept at
the station to provide assistance and all non-essential personnel were sent home
well before the peak of the storm hit the area. A relief schedule was prepared
and put into effect which provided for adequate relief for those who remained at
the station during the storm.

Milistone Unit No. |

_The Millstone Switchyard was reenergized at 2000 hours on September 27, 1985.
The 23 kV Flanders line into Unit No. | was reenergized at 1705 hours on
September 27, 1985; however, operators elected to s"ay on emergency AC power,
This decision was based on the excezllent performance of all 3 units' e nergency
AC power sources and the stable ~onfiguration of il.e plant. This allowed the
unit to stay with the emergency power source until the RSST was energized via
the switchyard. Unit No. | energized its RSST at 0910 hours on September 28,
1985, following a complete washd: - of switchyard and station insulators.

While the unit relied on on-site power for approximately 20 hours, off-site
. power, if needed, could have been restored via the Flanders line within 3% hours,



Millstone Unit No. 2

The Millstone Switchyard was reenergized at 2000 hours on September 27, 1985.
The 23 kV Flanders line into Unit No. 1 was reenergized at 1705 hours on
September 27, 1985. At 1330 hours on September 27 natural circulztion had been
verified in the Millstone Unit No. 2 Reactor Coolant System, with heat removal
via both steam generators. The steam generators were being supplied with
feedwater by the electrically driven auxiliary feedwater pumps. The auxiliary
feedwater system functioned normally with an adequate supply of water being
maintained in the condensate storage tank.

Normal off-site power via the RSST was restored to Millstone Unit No. 2 at
1527 hours (on September 28, 1985) following a complete washdown of the
outside transformers, transmission lines, switchyard circuit breakers, and the
replacement of several damaged lightning arresters.

At the Milistone units, there are no automatic features which will energize any
of the buses via the "alternate" off-site AC power sources since the decision to
utilize an alternate off-site AC sources is based on an operator assessment of
the situation. 'n the case of Hurricane Gloria, emergency on-site AC power
source performance was excellent, thus operations personnel did not elect to
utilize their alternate sources of off-site power, which in all cases were
available earlier than the "preferred" sources. It is possible to provide Flanders
line power to Unit No. 2 via the Unit No. ] outdoor bus at its' connection to Unit
No. 2. This requires the defeat of several interiocks. However, it is an option
that the EOC support team mentally exercises during each training drill, and in
the event resulting from Gloria, also considered. Conservatively, 2 hours would
be required to complete this connection. Thus, Millstone Unit No. 2 could have
had off-site power restored, if needed, within 5% hours.

While the unit relied on on-site power for approximately 26 hours, off-site
power, if needed, was available within 5% hours. As noted by the Staff during
the November 14, 1985 Commission briefing on the resolution of USI A-4&, this
decision allowed for power to be restored in a prudent fashion:

"...they did in anticipation of some of the salt spray shut down the plant and
they took some very prudent procedures in restoring power. Indicated here,
actual loss of time to restore was about 20 hours. They might have been
able to restore power sooner but they were cleaning the salt off the
switchyard, off the insulators checking the breakers before they actually
went in and restored power. The diesels were operating successfully during
that event.”

Additionally, as indicated in Inspection Report No. 50-245/84-24, Inspection
Findings,

"...the licensee's actions taken in prepar.tion for the storm were timely and
appropriate.”

As indicated by the Staff, the LERs report the amount of time the plant was
without off-site power without respect to when power was available if needed.
In this case for Unit No. 2, off-site power could have been restored after
5% hours.



Millstone Unit No. 3

On September 27, 1985 Milistone Unit No. 3 had not yet loaded fuel and
accordingly did not have core cooling requirements. However, upon loss of
normal power, the emergency diesel generators automatically started and
loaded. The circumstances of this event had no impact on Unit No. 3 which was
undergoing final preparations for initial fuel load.

Haddam Neck Plant

While the Haddam Neck Plant did not experience a loss of off-site power event,
it is worth noting that the Haddam Neck Facility took essentially the same
precautions as the Millstone Units. The EOF was staffed at 0700 hours on
September 27, 1985, and the unit was at 0% power at 1106 hours on
September 27, 1985. The emergency diesel generators were successfully tested,
started and operated during the storm. The unit was back on-line later that
same day.

November 14, 1985 Coramission Briefing on Station Blackout, USI A-44

At the November 14, 1985 Commission briefing on USI A-44, Station Blackout,
the Staff portrayed the Milistone Unit No. 2 LOOP as having a duration of
approximately 20 hours. Additionally, the Staff indicated that Hurricane Gloria
illustrated a Staff concern with the rapid movement of some severe weather
events and the potential for inadequate time to take precautionary measures.

As discussed above, Hurricane Gloria, while being a rapidly moving storm, was
tracked and there was ample time to take precautions such as orderly plant
shutdowns, and preheating and starting the emergency on-site AC power sources.
Due to the precautionary actions taken before Gloria arrived, the Millstone Units
were in very stable conditions during the LOOP events and were able to proceed
to restore off-site power in a deliberate and orderly fashion.

While the units relied on on-site power for approximately 20 hours, off-site
power, if needed, would have been restored within 3% hours for Millstone Unit
No. 1 and within 5% hours for Millstone Unit Mo. 2.

The Staff also indicated that NNECO had implemented corrective actions
following a similar storm, Hurricane Belle, in 1976. Following Hurricane Belle,
NNECO assessed the results of a lack of effective rainfall during a storm which
would cause a buildup of salt spray in the switchyard., As a result of the
assessment, NNECO:

o Installed salt monitors in the switchyard and

o Installed new equipment in the switchyard to increase creep path, i.e.,
increase resistance to ground. Specifically, NNECO a) installed the
largest commercially available glass insulators in the switchyard;
b) replaced switchyard circuit breakers to provide better insulation
capability and ¢) replaced transformer bushings between the unit and the
switchyard,

These modifications and precautionary actions taken prior to the event enabled
NNECO to respond to the recent LOOP event at the Milistone Units in a prudent,
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delibera*e and coordinated manner without jeopardizing the safety and health of
either the public or company employees.

Summary

On September 27, 1985 with the impending arrival of Hurricane Gloria, CYAPCO
and NNECO commenc=d an orderly shutdown of the Haddam Neck Plant and
Millstone operating units. Prior to and during the reactor shutdown,
precautionary steps were taken which included laying out supply hoses to bring
alternate cooling water to a diesel generator or the instrument air compressors
installing sand bags around doorways, closing floodgate doors, installing life lines
between outdoor buildings to ensure personnel could move safely between
bulidings wren necessary, and other actions as described above.

As the storm reached its peak, it became evident that, because of a lack of any
effective rainfall, a heavy buildup of salt spray was taking place as evidenced by
an increased f{requency of arcing on outside transformers, switchyard
transmission lines and circuit breakers. Steps were taken to bring the units off-
line. All the Millstone emergency on-site AC power sources successfully started
and loaded and ran untii prudent plant actions were completed to allow for
restoration of normal off-site power. If necessary, Millstone Unit No. ! could
have had cff-site power restored within 3% hours and Millstone Unit Ne. 2 cou!d
have had off-site power restored within 5% hours. Since more rapid restoration
of off-site power was not vital, NNECO elected to pursue a more deliberate and
thorough cleaning and checking restoration process. This approach was in the
best interest of personnel safety of company employees.

The advance notification associated with severe weather events of this kind
permits advance precautionary actions not usually credited by the Staff or in
plant probabilistic safety studies. As noted by members of the Advisory
Committee on Reactor Safeguards (ACRS) during the November 19, 1985
Subcommittee meeting in Waterford, Connecticut (reference pages 207 through
209 of the meeting transcript), the advance warning and actions taken prior to a
severe storm arrival lead to conservatisms in a probabilistic risk assessment, and
perhaps, these events should be categorized in a fashion different from other
than LOOP events.

We are hopeful that the information provided above will put the September 27,
1985 events at Milistone in their proper perspective. As always, we are avallable
to answer any questions you may have on this matter.

Very truly yours,

CONNECTICUT YANKEE ATOMIC POWER COMPANY
NORTHEAST NUCLEAR ENERGY COMPANY

S - =~ Omthe
J. F. Opeka) §)
Senior Vice President
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