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Mr. Frederick J. Shon
Administrative Judge
Atomic Safety and Licensing

Board Panel
U.S. Nuclear Regulatory

Commission
Washington, D.C. 20555

RE: In the Matter of Consumers Power Company (Big
Rock Point Nuclear Power Plant), Docket No.
50-155-OLA (Spent Fuel Pool Modification) *

Gentlemen:

The Atomic Safety and Licensing Board requested,
during the recent hearings (Tr. 1325), a copy of the portion
of Consumers Power Company's~Probabilistic Risk Assessment
("PRA") for the Big Rock Point Plant concerning containment
integrity and its failure probabilities. Pursuant to this
request, I am enclosing Chapter 5.0 of the PRA and the related
material in Appendix IV of the PRA.

I am also enclosing a letter dated July 20, 1982
from Mr. Vincent of Consumers Power Company to Mr. Crutchfield
of the NRC Staff. Revisions to some of the above-cited PRA
material are enclosed with Mr. Vincent's letter. Specifically,
the probability of containment isolation failure was
re-analyzed with the result being a reduction in the
probability of such a failure from .25/ demand to .06/ demand.
This matter is discussed in more detail on the second page of
Mr. Vincent's letter.

Sincerely,

Om-d
fr
Joseph Gallo

Encl.: As stated,

cc: Service List
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5.0 RADIONUCLIDE RELEASE ANALYSIS

5.1 INTRODUCTION

In the evaluation of risk from the Big Rock Point Plant, two
ingredients are necessary: The probability of events which can

___ lead _to_ degradation of the core, and the consequences of these
events. The previous chapter presented the development and
probabilistic quantification of the various accident sequences
with potential to contribute to public health risk. The result
of this analysis is a listing of key accident sequences developed
by' considering their probability of occurrence and, in a qualita-
tive manner, their potential for producing serious health conse-
quences. The purpose of this chapter is to present the approach

- taken in quantifying the releases of radionuclides from the fuel
and ultimately to the environment outside of containment. The
next chapter will deal with the quantification of the effect of
the various radionuclide releases on the health of the population

- surrounding the Big Rock Point site.

The Big Rock Point release analysis is presented in detail in
Appendix V and a brief methodology overview was presented earlier
in Chapter 3.0. This chapter will concentrate on the selection
of sequences for analysis and on a summary of the results of thisC --

analysis.

The calculation of radionuclide releases to the environment
associated with accidents involving serious core damage is an
exercise in evaluating the integrity of the various barriers
designed to prevent release of this material. The principal
barriers of interest are the fudl and cladding, the primary
system, and the containment. Each of these barriers must be
violated to produce a significant release of radionuclides to the
environment. Since the initial step in producing a release of
radioactive material to the environment involves release from the
fuel and cladding, analysis of the potential for the occurrence
of this release was first required. This analysis is discussed
in Section 5.2.

A significant factor in determining the severity of a radio-
nuclide release to the environment is the state of- the contain-
ment during and after the core degradation process. For this
reason, an evaluation of containment failure modes and the
conditions necessary to produce those containment failure modes
provided the basis for selecting accident sequences to be
analyzed. This selection process is discussed in Section 5.3.
Finally, the results of the radionuclide release analysis and the
categorization of releases is presented in Section 5.4, the
association of radionuclide releases with accident sequences is
discussed in Section 5.5, and a discussion of various accidents

(, not involving the core is summarized in Section 5.6.

ma0381-0902a-72-52
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5.2 CORE MELT EVALUATION

As discussed in Appendix V, the release of radionuclides from the
fuel is predicted, consistent with the analysis in WASH-1400, to
occur in several components, including:

Cap release-

_
. . _ _ _. .-

Melt release-

Steam explosion release-

Vaporization release-

Because the melt release is by far the most significant component
of those listed above, and because melting of..the core is re-
quired prior to the occurrences of both the steam explosion (ex-
vessel) and the vaporization releases, it was decided to

. carefully review the potential for melting of the core. The need
to perform this careful evaluation was further highlighted by the
fact that the Big Rock Point core is both significantly smaller
in diameter and significantly shorter than the core in current
BWRs (6 feet vs 12 feet).

C'i The analysis performed to assess the potential for core melting .

at Big Rock Point, which is reported in more detail in Appen-
dix IV, evaluated the following conditions:

(a) By one of a variety of means the core was assumed to be
devoid of all water. RDS
sequences could produce th. actuation for a_v_ariety ofis state;

(b) The decay power was assumed to be 1% of ful1 power (this
condition will not exist until approximately six (6) hours
after shutdown); and

(c) No active cooling in the form of core spray was available.
Under these conditions, the potential for decay heat removal was
evaluated considering the following mechanisms:

(a) Decay heat was radiated to the wall of the reactor vessel;
and

(b) Decay heat was removed from the core by natural convection
using high-pressure steam as the fluid and the surface of
the steam drum as the heat sink.

The analysis reported in Appendix IV concluded that neither of
the above heat removal mechanisms was sufficient to prevent melt-

I ., ing of the' core. The analysis also concluded that, given the'

N' presence of water in the core, core melting could be prevented.
This analysis was corroborated by the results obtained with the
ma0381-0902a-72-52
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BOIL code, in which the core was predicted to melt under the
conditions defined above.
5.3 SELECTION OF ACCIDENT SEQUENCES FOR RELEASE ANALYSIS

_ _ . _ _ _ . . . _

5.3.1 CHALLENGES TO CONTAINMENT INTEGRITY
. _ _ _ . _ .

In defining the range of severity of radionuclide releases from '

the Big Rock Point Plant, the state of the containment during and
after the occurrence of core damage is the dominant factor. For
this reason, the process of selecting accident sequences.for cal-
culation of in-plant consequences leading to radionuclide re-
leases to the environment began with the development of-a logic
model. This model depicted the processes contributing to the
inability of the containment to retain radionuclides. This logicmodel is shown as Figure 5.1.

Figure 5.1 is a logic tree in which the top event is " Enclosure
Fails To Contain Radionuclide Inventory." This model has been
developed under the condition that an event has occurred in which
radioactive material has been released from the fuel and the
containment must prevent the release of this material- to the en-
vironment. The remainder of this section will be devoted to sum-marizing the accident sequences for which radionuclide releases

C'- have been calculated (see Table 5.1) in the light of the require- ..

ments for analysis which are depicted in the logic tree in Fig-
ure 5.1. The format for this discussion will be to consider allof the notes shown in Figure 5.1. A more detailed description of
the analysis summarized in this section is presented in Appen-
dices IV and V. The accident sequences in Table 5.1 are
described in Appendix V. \

<NOTE 1: One possible way in which containment can fail to
completely contain its radionuclide inventory is by. normal
leakage at a rate of 0.5 percent volume per day. Three typical
leakage sequences were analyzed to represent this inventory loss.
These are Numbers 1, 3 and 6 in Table 5.1.

NOTE 2: Several possible containment system failures can be
classified as failures to isolate. Among these, the most
significant are: The failure of the vent valve to close, leakage
through the vent valves or other leakage path and leakage from
the primary system to regions outside the containment. An
estimate of the probability of the failure of the vent valve to
close (together with other holes of effective diameter greater
than 1/2 inch) has been developed in Appendix IV as 0.10 per
demand. Sequence Number 2 in Table 5.1 has been analyzed as a
representative case of the releases from. containment associated
with a core melt sequence with failure of the -vent -valve to
close. It should be noted that a modification of the vent valvec.
currently being considered will lower the best estimate of the
probability of failure to close to 0.025 per demand.

ma0381-0902a-72-52
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TABLE 5.1

Summary of Accident Sequences for Which Radionuclide
Releases Have Been Analyzed for Big Rock Point

Sequence Important Containment
Sequence Description Number Failures State

.

Small Steam Line Break
Inside Containment

Sequence S E,C-1 1 EM-Cond, Core- Isolated3 Spray

Sequence S E,C-2 2 EM-Cond, Open (Early), No3 Core Spray Enclosure Spray

Loss of Off-Site Power
Sequence PEF C-1 3 EM-Cond, Main Isolated, Nos Cond, RDS - Enclosure Spray
Sequence PEF C-2 4 EM-Cond, Main Open (at Vessels Cond, RDS Melt-Through),

No Enclosure

'

Large Steam Line Break
Outside Containment

Sequence S ZC 5 MSIV Closure, Open (Early)8
Core Spray

Large LOCA \

Sequence S C 6 Core Spray Isolated7

Large Primary Leakage
and Into Turbine
Building

Sequence PIF,YC 7 Primary System Open to Tur-
Isolation, bine Building
Main Conden- (Early)
ser, Core

l

Spray
Long-Term Containment
Failure

Sequence S E*L-1 8 EM-Cond, Core Isolated Ini-3 Spray tially (Leakage)

Sequence S E,L-2 9 EM-Cond , Core-- Ultimately Open3 Spray (Late)

C
ma0381-0902a-72-52
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TABLE 5.1

Summary of Accident Sequences for Which Radionuclide
Releases Have Been Analyzed for Big Rock Point

Sequence Important Containment
Sequence Description Number Failures State

,

Early Release
Sequence 10 Nonmechanistic Open (Early),

' Sequence Released Defined
Nonmechanisti-
cally

Release of Noble Gases 11 Nonmechanistic Leakage Paths
Sequence to Turbine

Building Avail-
able Via Tor-
tuous Routes

.

~

i

.

J <

0
ma0381-0902a-72-52
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NOTE 3: Another manner in which the containment can fail to iso-late is for leakage paths to be available from inside to outside
of the containment. Again, the containment isolation analysis
presented in Appendix IV has indicated that this failure proba-
bility is approximately 0.13 per demand. Of this value, leakage
paths which can allow communication between inside the contain -
ment and the outside atmosphere represent approximately 0.03 per ----
demand.

Although the radionuclide releases associated with these leak
paths would be expected to be somewhere between those discussed
in NOTES 1 and 2, this evaluation has conservatively assumed that
the leakage rate for these cases is characterized by the releases
described in Sequence Number 2 in Table 5.1 (see NOTE 2).
NOTE 4: The final containment isolation failure mechanism con-
sidered is that leading to a leak path between the primary system
and the region outside the containment. For any such paths to be
available, the MSIV must remain open. In addition, either the
primary system must rupture outside of containment, or signifi-
cant leakage paths must exist associated with the turbine or the
condenser (eg, steam seals, ruptured disks). Because of the
possible differences in severity of releases between large pri-
mary system leak paths, which exist directly to the environment,C, and those which produce leakage flow into the turbine building, ..

two cases were analyzed. These cases are represented by Sequence
Numbers 5 and 7 in Table 5.1 for large primary leakage directly
to the environment and to the turbine building, respectively.
NOTE 5: Another general category of causes for the enclosure to
f ail to contain its radionuclid'e inventory is the situation in
which the accident produces the failure of the containment. To
provide some insfghts into the various physical parameters which
will influence the ability of the contai.iment to resist accident-
related failure, Table 5.2 is presented. This table compares keycharacteristics of the Big Rock Point containment with those of
the Surry conta.inment. As shown, the Big Rock Point power level
is approximately 10% that of Surry, the containment volume is
half as large, the design pressure is about two-thirds, and the
primary inventory is about one-third that of Surry. These
factors combine to indicate that the challenge to containment as
a result of a blowdown of the primary system is similar for Surry
and Big Rock Point. The challenge to containment resulting from
physical processes relating to the power level (eg, long-term
failure'resulting from an inability to remove decay heat fromi debris) is less than 20% as significant for Big Rock Point as fort

'' Sudry. Other results in Table 5.2 will be discussed in
subsequent notes.

ma0381-0902a-72-52
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TABLE 5.2

Comparisons of Containment Physical Parameters

Big Rock Point Surry

Power Level (MW ) 240 2,440t

Containment Volume (Ft3) 0.94 x 10 1.8 x 10
6 6

Containment Design Pressure (Psig) 27.0 45.0

Energy Releases in Large LOCA
Information Required

Primary Volume (Ft3) 3,639 8,387-

Primary Temperature ( F) 566 572
-

Primary Pressure (Psia) 1,350 2,295
-

Pressure in Containment Following 20 39.3
a Large LOCA Assuming No Contain-

( ment Spray (Psig) .
*

,

4 4Volume of Steam Produced at Atmos- 0.382 x 10 3.88 x 10pheric-Pressure by 1% Decay Power
(Ft"/ Min) (@l00*C)

0.41 x 10-2 2.2 x 10-2Divided by Cont Volume x

Mass of UO2 (Lb) 27,500 175,600

Mass of Zirconium in Core (Lb) ~11,000 36,300

Percent of H in Containment 7 to 8 12 to 149(Assuming AlI Zirconium Reacts)

Removal Rate Constant (Per Hour)

Iodine (Natural) 1.5 1.4
-

Particulate (Natural) 0.9 0.6-

Iodine (Spray) 0.1 3.0*
-

Particulate (Spray) 0.6 20.0-

)E *This number applies for boric acid. The removal rate constant'

is a factor of 10 higher with hydroxide in the spray.

ma0381-0902a-72-20
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One of the possible causes of accident-related containment fail-
ure is underpressure failure following failure of the vacuum
relief system. An accident sequence for which this containment
failure mode would be relevant, would be characterized by a small
steam line break in which the steam flow is insufficient to re-sult in an early automatic vent valve closure. After some time,
during which the steam flow would reduce the partial pressure of
air in the containment, the vent valves would close either
manually or automatically and, following a 15-minute delay (a
recent design modification requires the enclosure spray to come
on immediately), the enclosure spray would come on. Ultimately,
the enclosure spray could condense sufficient steam to produce a
demand on the vacuum relief system. Failure of this system to
open the vent valves could then lead to an underpressure failure
of containment.

A pessimistic evaluation of the radionuclide releases associated
with a core damage event in which containment fails, as described
above, has been performed. Sequence Number 2 in Table 5.1 is
that evaluation. Although this eva'luation has been performed,
sequences similar to this are not expected to be significant con-
tributcrs to risk. This is because the product of the probabil-
ity of sequences involging small steam line breaks inside.

containment (1.4 x 10- ) and the probabi*

C4 ventvalvestorgfievevacuhm(5.4x10gityoffailureofthe ,,

per demand) is verysmall (7.6 x 10- per year).
NOTE 6: An alternative way in which to fail containment as a
result of an accident is for the fuel and core debris to pene-
trate the concrete base mat of the containment. Experimental
evidence together with analysis \ presented in Appendix IV indi-
cates that for any core debris penetration of the base mat to
occur, there must be an almost total absence of water in the
vicinity of the core debris. In addition, even in the absence of
water, the debris will not necessarily penetrate completely
through the base mat. Indeed, analysis performed for Big Rock
Point and reported in Appendix V indicates limited debris pene-
tration in the absence of water. Moreover, should this penetra-
tion occur, the public health consequences have been shown not to
be of significance. For these reasons, base mat penetration has
been judged to be both highly improbable and of little public
health consequence. Therefore, radionuclide releases via base
mat penetration have not been analyzed in this risk assessment.

NOTE 7: For missiles to be generated with sufficient energy to
cause penetration of containment, a significant localized energy
release would be required. Such an energy release could be
associated with a steam explosion within the reactor vessel or
within the containment. Appendix IV presents an evaluation of
the potential for steam explosions and concludes that such events
with sufficient energy to produce a missile are extremely un-
likely. Although risk analyses have attempted to qualify the
probability of these " extremely unlikely" events.with estimates

ma0381-0902a-72-52
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ranging from 10-2 to 10-3 given a core damage event, such a
procedure for the Big Rock Point Plant would produce an insignif-
icant perturbation to the estimated risk. For.that reason, con-
tainment failure resulting from missile generation has been '

;

excluded from consideration. The health consequences associated'

with such events have, however, been estimated. They are the ;
,

consequences associated with Sequence Numbers 2 and 4 in !

Table 5.1.
,

NOTE 8: Another accident-related cause of containment failure is'

a severe pressure loading produced in advance of the occurrence
of significant core damage. Only a limited range of events i

,

involving Anticipated Transient Without Scram (ATWS) have the
potential to significantly challenge containment integrity in
advance of the occurrence of core damage. As discussed in '

,

Appendix VII, the plant as presently designed has an insufficient,

| supply of feedwater for ATWS events to provide a severe pressure
challenge to containment integrity in advance of the occurrence4 ,

;of core damage. However, some of the modifications being evalu- i

ated to reduce the probability of ATWS events at Big Rock Poiht !will assure a longer term supply of feedwater during the event,
| and thereby increase the severity of the challenge to containment j

:integrity. For this reason, radionuclide release analyses have i

'

been performed for sequences representative of this case. These *

[} are Sequence Numbers 2 and 4 in Table 5.1.
*},

NOTE 9: In the early phases of a variety of accident sequences, !
.| those in which either lines break or safety relief valves lift,

i'

there is a need for enclosure spray to assure that the contain- :
ment temperature does not exceed the value to which key equipment ;

is qualified. Should the accident sequence eventually lead to
activation of the reactor depressurization system and the need

ifor core spray, then the principal means of removing decay heat ,

in the long term is by the post.-incident system operated in the [recirculation mode. For this system to operate, the water level
|in containment must be above 587 feet and this system is supposed

to be activated prior to the level reaching 596 feet. In theory, |if the water le' vel were allowed to. exceed this value, the
,

containment could fail. To assess the conservatism of this
assumption, a containment margin analysis was performed in which
the water level required to fail the containment was estimated.
This analysis, presented in Appendix IV, indicated that overfill
failure would not occur'below an enclosure level of 634 feet.4

Other analysis has concluded that if the containment water level '

were increased to this height via core spray and enclosure spray,
the water in the containment could accommodate all of the decay,

heat generated over a period of 30 days without exceeding 212*F
.

|

even without any' active heat removal capability. After 30 days, jthe natural heat removal processes through the enclosure sphere
;would allow removal of decay heat. For these reasons, contain- :

C failure due to high water level is considered to be quitement
unlikely. Nonetheless, the radionuclide releases associated with
an event involving overfill failure of the enclosure can be :

r

ma0381-0902a-72-52
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conservatively estimated by referring to the analysis for
Sequence 9 in Table 5.1.

NOTE 10: A variety of causes are possible for severe containment ~ - ~ ~ ~ ~
pressure loading subsequent to core melt. This and the next fournotes discuss these causes. The discussion of ATWS sequences
presented in Appendix I has shown that, for Big Rock Point as
presently designed, a significant fraction of such sequencer lead -

'

ultimately to activation of the RDS. Based on current under-
standing, it is not possible to demonstrate that following an RDS
actuation, recriticality of the core can be prevented as the
water level is restored in the vessel by the core spray-system.
Should this recriticality occur, the containment pressure would -

=

rise rapidly and, as analyzed under the assumption in Appen-
dix VII, overpressure failure would result.

During the time when the reactor is critical, its power level has
~ ~

'

been estimated to be 20% of full power. At this power level with
a significant fraction of the length of the core uncovered, the
integrity of the fuel cannot be assured. For this sequence,.~the._ -- =

radionuclide releases from the containment were estimated to be
the same as the releases from the fuel in the TMI-2 accident.
These releases are reasonable because:

C, ... .(a) The phenomena in the core region are similar to those which
occurred when the core was partially uncovered at TMI;

(b) The radionuclide removal processes which would be in_effect________
during this type of ATWS event at Big Rock Point'are signif- =

icantly less efficient than those which were available.in
the pressurizer at TMI-2; '

(c) Since the containment is expected to fail by overpressure-~ ~ ~ " '
during the event, the radionuclide removal processes within
the containment (which normally have time constants on the
order of an hour - Table 5.2) would be expected to. be less

_

effective in this case.

Radionuclide releases estimated for this sequence have been
analyzed to determine their health effects and.are represented as
Sequence 10 in Table 5.1. In practice, the mechanistically
calculated releases associated with Sequences 2, 4 and 7 in
Table 5.1 were employed in characterizing releases for ATWS
sequences.

NOTE 11: A detailed discussion of in-vessel steam explosions is
presented in Appendix IV. The conclusion of that analysis is
that the physical conditions for an in-vessel steam explosion of
sufficient energy to fail the containment do not exist in the
accident sequences for BRP. For this reason, in-vessel steam
explosions are not considered in this study as causal events for
containment failure.

ma0381-0902a-72-52
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NOTE 12: Appendix IV presents a discussion of the potential for
significant challenge to containment integrity resulting from a
steam explosion within the containment. The conclusion of this

, analysis is that for those sequences in which water is accumu-
-- lated below the reactor vessel, ex-vessel steam explosions in-

volving a limited amount of core debris can occur. However,
these events do nct pose any threat to the containment integrity.
For this reason, ex-vessel steam explosions are excluded from

-

- 70wsideration in this analysis.

NOTE 13: Following an accident sequence resulting in serious
core degradation, the potential exists for containment failure
caused by inability to remove decay heat in the long term. An~~

aWalysis - performed to assess this potentialis-discussed in~ -- -

Appendices IV and V. The conclusions of this analysis include:

- fa) Decay power level of 0.2% or less can easily _be_ removed from---- -

the containment via radiation and convection. This power
-

level will exist after about 32 days.

__ .__ fby--If the accident sequence being analyzed involves actuation
of the RDS, then a sufficient quantity of water would con-
dense on the floor of the containment to allow accommodation
of decay heat (via refluxing and heatup of structures)

O___ .without. reaching the containment design pressure for an .c
extrapolated minimum of 10 days after the accident. Best
estimate analysis indicates that the containment-design
pressure of 27 psig will not be reached at any time during
this sequence. This conclusion is valid even in the absence
of enclosure spray.

_ _ . _ . -

~ ~ ---

x

(c) If the enclosure spray functions, then sufficient water can
. be added to the containment to assure that the integral de-

~ - -cay heat over a 30-day period can be accommodated. If the
spray water is added until the level reaches the 634-foot
elevation, then the temperature of the water in the enclo-

_____ ...__sure would never reach 212 F. Despite the fact that the
best estimate analysis indicates that long-term inability to

__ remove decay heat via active means would not cause a failure. _ _ _ . . _

oof containment, an analysis was performed to characterize
: .__ __ radionuclide releases both in the case of long-term contain-
|

.

integrity and in the case in which overpressure failurement
! is assumed to occur at 10 days after the accident. The se-

quence numbers in Table 5.1 which are representative of
these two cases are Sequences 8 and 9, respectively.

NOTE 14: Certain accident sequences develop in such a way as to
produce hydrogen by reaction between the zirconium in the
cladding and hot water or steam. An analysis presented in Appen-

-- _ ._ dix _IV has shown that even if all the zirconium in the cladding'
were to react with steam, the hydrogen concentration would be

| below that at which complete combustion and an associated signif-
| icant pressurization would occur. For this reason, an additional
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source of hydrogen is required to produce a sufficiently high
concentration for combustion to occur and cause containmentpressurization. This source could only come from the interaction
between fuel debris and concrete. For this interaction to occur,
no water can be present in the region where the debris is accumu-
lating. The only sequences for which this situation could exist
are sequences in which the primary system water inventory is lost
outside containment either as a result of failure to close the
enclosure vent valves or as a result of the failure of the MSIV
to close. In both of these types of sequences (see, for example,
Sequences 2, 5 and 7 in Table 5.1), the enclosur'e has failed to
isolate well in advance of the accumulation of hydrogen. For
this reas_o h .the hydrogen accumulation and eventual rapid com-

_ Eustion would have essentially no effect on radionuclide releases
, _

,

._ ___for sequences in which these phenomena are possible.
--5 3 2~CONTXINMENT INTEGRITY

-

In the preceding section, reference was made to evaluations of
the integrity of the containment in various accident sequences
and under various mechanical loadings. The detailed work on this
subj ec t is reported in Appendix IV, and a brief summary is pre-sented here.

() 5.3.2.1 CONTAINMENT ISOLATION N,

Eliminating leak paths from the , containment can be achieved by
closing off the containment (closing ventilation valves as well
as other possible leak paths) and by isolating the primary sys-
remr= rsolation of the primary system can be achieved either by- -

closing the MSIV (which is effe'etive even for line breaks outside
containment) or by closing a variety of exhaust paths to the out-
side (including air ejectors and steam seal regulators).
Results of the analysis of the probability of failure to isolate
are shown in Table 5.3 for the system as designed in May 1980.
The relevant information from that table are the probabilities<

for all size 1e'ak paths through the vent valves and the leaks
through the steam line or feedwater piping. Other leak paths are
not important either because of the low probability of failure to

i isolate or because the leak path leads into a confined regionl

outside the containment boundary (such as the radwaste tanks).

For this analysis, the important numbers in Table 5.3 are:
(a) The probability that the vent valves will leak or fail to

close (0.13 per demand)

(b) The probability that there will be leak paths through the
- steam line or the feedwater line (0.066 per demand)
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*0to PROBABILITl[$ OF FAllDRE 10 ISOLATE CONTAINMENTW '1
' O

o'
to W

o'
u' System Small Leak i" Hole 2" llole 12" llole 24" Hole Total H

p.
nto

P,-r
H

1. Locks 4x10'4 lx10'' - - Ix10 5.0x10-4
-6

-2 0
2. Vents 3x10 . . _ lx10'I

1.3x10
*1

3. Steam Line/ Feedwater 6x10'I 3x10' 2x10'3 lx10'3 - 6.6x10'I
b
P' d
k

4. Sumps 3x10-2 (. 3x10-3 - 3.3x10-2 y Q
,

-

*-1 Ln
5. Demin/ Weste Ix10'3 4x10-5 - - 1.0x10'3 0 *-

H
-5 (n6. Air Supply 2x10 2x10' I - - 2.0x10 o-5-

N-27. Fuel Pit 2x10 2x10'3 - - 2.2x10 Q-2-

-5 n8. Resin Slutce 2x10 lx10'I - - 2.0x10-5 g-

r,

9. Control Rod Drive Ix10'I >10' # - - - 1.0x10'I
m
P'

E
D

TOTALS 1.4x10'I 3.1x10'3 7.0x10'3 1.0x10'3 1 x10'I 2.5 xlo'I "

c
to

i

n
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Subsequent to May 1980, the design of the system for closing the
vent valves has been improved. Although the new design has not
been implemented, the effect of this improvement has been
determined to reduce the probability of failure of the vent
valves to close from 0.1 per demand to 0.025 per demand. This
would lower the total probability of failure to close or leak
from 0.13 per demand to 0.055 per demand. The probability of
leakage through the feedwater line or the steam line is '

unaffected by this modification.

It should be noted here that the release associated with the two
categories of isolation failure (vent valves fail open and
primary system leakage to the turbine building) are expected to
be significantly different. For the first category, the releases
are expected to be characterized by Sequence 2 in Table 5.1 while
the second category is characterized by leakages for Sequence 11.
For conservatism, releases from the second category have been
assumed to be equal in severity to releases associated with open
vent valves.

~

Primary system isolation failure is dominated by the probability
that the MSIV will fail to close. This probability has been
estimated to be 0.038 per demand. The releases associateo with
this containment isolation failure mode have been characterized() by Sequences 5 and 7 in Table 5.1. "

5.3.2.2 OVERPRESSURE FAILURE

As discussed earlier, the primary energy sources which can con-
tribute to pressurization of an isolated containment include:

\

Stored energy in the primary ' system and fuel

Decay heating-

Zircaloy oxidation-

Hydrogen com'bustion-

Nuclear power prior to shutdown (ATWS events)-

Fuel debris interaction with the concrete-

Analysis has been performed to characterize the containment pres-
sure response to these energy sources. Assuming that the enclo-
sure spray system is functional, the design pressure of 27 psig
is not predicted to be exceeded for a variety of accident condi--

tions. Only ATWS events have significant potential to challenge
containment integrity as discussed in Appendix VII. For the risk
assessment, however, the pressure to which containment integrity
can be assured has been calculated to be 72 psid based on the
ASME III, Appendix F faulted allowable stress of 0.7 times
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ultimate strength. This analysis is reported in more detail in
Appendix IV.

5.3.2.3 VACUUM RELIEF FAILURE

For some sequences in which the containment atmosphere is signif-
icantly diluted by steam prior to enclosure isolation, it may be
necessary to provide vacuum relief when the enclosure spray is
activated. The allowable level of vacuum in the enclosure was
calculated in the design analysis to be 0.94 psid (assuming i-
snow load of 0.28 psi). It should be noted that the very low
probabilitybe 5.4 x 10,gf failure of the vacuum r'elief system, estimated toper demand, makes this failure mode not importantfrom a risk perspective.
5.3.2.4 HIGH CONTAINMENT WATER LEVEL

For sequences in which cooling of the core is provided by core
spray and the containment is cooled by the enclosure spray fol-
lowing RDS actuation, it is ultimately necessary to switch to the
recirculation mode of core cooling. Should this switch-over notoccur, the enclosure spray may continue to add water to the con-
tainment until the sphere fails. Based on the same allowablestress as the overpressure failure criterion, it has been deter-O mined that failure of the sphere by overfilling will not occur . .

below a level of 634' 6". At an enclosure spray flow rate of
400 gpm, filling the enclosure to this level (which is several
feel above the centerplane of the sphere) will require approxi-mately 8 days. Thus the overfill failure mode seems quite un-
likely. This analysis is reported in Appendix IV.

1

5.3.3 SUMMARY OF FAILURE MODES

From the analysis in the previous sections, it can be concluded
that the following containment failure modes are expected to be
relevant in the risk assessment of the Big Rock Point Plant:
(a) Normal Leakage - This would occur in any accident sequence

in which the containment isolates and some significant
pressure builds up within the containment.

(b) Containment Isolation Failure - Because of the relatively
high probabilities of vent valve leakage or failure to
close, and the relatively high probability of failure of the
MSIV to close, the failure of containment isolation is ex-
pected to be important in the evaluation of the risk from
Big Rock Point.

(c) Overpressure Failure - Although a limited number of pressure
f- challenges to containment integrity are expected to occur,
{ the potential severity of such sequences as ATWS events

characterized by high primary system pressure may make
containment overpressure failure a significant sequence.
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5.4 QUANTIFICATION AND CATEGORIZATION OF RADIONUCLIDE RELEASES

For all of the sequences noted in Table 5.1, radionuclide re-
leases from the containment to the environment have been es-
timated. The methodology for this release analysis has been
discussed in Section 3.4 and the details are presented in Appen-
dix V. The purpose of this section is to present the releases
and to develop categories which are representative of the
releases associated with the accident sequences presented in

-- Chapter 4.0.

Table 5.4 is a summary of the calculated radionuclide releases
for the eleven sequences of interest. Careful review of the
releases in this table indicates that several distinct groups or
categories exist. These categories, together with the largest
radionuclide release fraction in each chemical group, are re-
ported in Table 5.5. As shown, five release categories have been
defined in that table ranging in severity from BRP-1, in which
the primary system is open to the region outside the containment
during the core meltdown process, to BPR-5 in which containment
integrity is maintained during and after the core melt and the
radionuclide releases occur via leakage through very small leak
paths in the containment.

Ci Table 5.5 also lists the release fractions represented in WASH- "

1400 for the PWR-2 release category. These release fractions are
for the PWR V-Sequence which is similar in effect to the Big Rock
Point sequence involving a large steam line break outside con-,

tainment with failure to isolate the primary system (BRP-1). A
comparison between the release fractions for BRP-1 and PWR-2
reveals the expected similariti'es between the two categories.

A brief description of the primary characteristics of the five
release categories is presented below:

BRP-1 This release category is characterized by rapid depletion
of coolan.t inventory in the primary system through a break
in the main steam line located in the pipe tunnel. Follow-
ing the rapid blowdown of the system, the primary system
fails to isolate via closure of the MSIV and consequently
the primary system is open to the atmosphere during the
time when core melt produces significant releases of radio-
nuclides from the fuel. In this sequence, the containment
is bypassed during the time when the largest radionuclide
releases would occur.

C
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[ ' 5t# NARY OF IMPORTANT RADIOMJCLIDE RELEASE PARAMLi[RS FOR BIG ROCK PolNT gN

Initial Release ".

b Sequence Sequence Release Duration klhsder Description Time (HR) (HR) Xe-Kr f I -Br Cs-Rs Te Ba-$r Ru laorg. 2

O 1. 5 E,C-1 4 '8.2x10-5 6.0x10'I '7.4x10-5 7.8x10'' '5.0x10-6 7.9x10'I '4.5x10'I '6.8x10-83

B
5 E,C-2 4 8 6.1x10'I 4.3x10'3 1. 9x10' 9.0x10-2 1.4x10'I 9.1x10' 9.8x10'3 1.1x10'

2.
3

M
rt

PEF,C-1 6 14 1.8x10'3 1.2x10 5.3x10 4.5x10'4 1.6xto'4 5.7x10 1.5x10'* 1.7x10'' $$
-5 -5 -53.

M rt

PEF,C-2 6 14 8.9x10'I 6.0x10' 4.3x10' 3.0x10'I 1.2x10'I 3.9x10'I 1.2x10'I 1.2x10-3 %[q
4.

09 ct >
5. 5 ZC I 19 9.0x10'I 7.0xl'0' 9.0x10'I 8.lul0'I 1.5xto'I 1.0x10'I 3.0x10 3.0x10'3 gg {

H- 018 -2

nC6. 5C 3 17 1.1x10'3 7.6x10-6 4.1x10-5 1.3x10'4 1.3x10'4 1.4x10 1.0x10-5 1.7x10-6 y f7 -5

*v H- k
7. ## $7, $I'y "' O O.I IS 8.8x10'I 6.9x10'3 8.3x10-2 1.6x10 2.6x10-2 1.7x10 5.1x10'3 5.1x10'4 $8

-2,

turbine 1:lDC Sequence
PIFsVC "N

*
8. 5 t ml.-l 12 228 3.9x10-2 2.7x10'4 4.0x10'4 2.4x10'4 2.6x10 2.6x10-5 2.1xl0 3.4x10

H
3 -4 -5 -6

in
M

9. 5 Int-2 240 0 1.0 7.0x10'3 8.7x10 2.4x10'4 2.7x10'4 2.6x10 2.lul0 3.4x10
-3 -5 -5 -63

MHHP-2 Complete
b10. llelt (early contain- 0.33 0.67 0.7 5x10'3 6.0x10'I 6.0x 10'.I 1.0x10'I 1.5xto 2.0x10-2 -2 2.0110'3 men:nt falliere)
"m
M

11. Noble r.as Release 0.9 0 0 0 0 0 0 0
in

e
04

.

0
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TABLE 5.5
Sumary of Release Categories for Big Rock Point

.

.

Taale 5.4
Er:1 ease lequence Fraction of Core Inventory Released
Cate p ry %neers

Designation incluoed I,-K, I org. 1 *I O *I T, 8 -5, R, L
2 r s S a

sap-1 5 9.0 10*I 7.0x10*3 9.0x10'I 8.la10*I 1.5a10*I 1.0x10*I 3.0x10-2 3,g,gn-3

i BAP 2 10 7.0 10*I 5.0 10*3 6.0 10*I 6.0x10*I 1.0 10*I 1.5a10-2 2.0x10-2 2.0 10*3

BAP-3 2.4.7 8.9a10*I 6.9:10*3 2.3 10-2 3.0a10*I 1.4x10*I 3.9:10-2 1.2x10*I 1.7a10*38

I

SRP-4 9 1.0 7.0a10*3 8.7a10*3 2.4x10*4 2.7a10*' 2.6 10-5 2.la10-5 3.4a10*'

sap-5 1.3.6.8.11 0.9 2.7 10*4 4.0x10~4 4.5 10*4 2. 6a10" 5.7a10-5 1.5x10 3.410*'4 **

Pwa-2 9.0a10*I 7.0 10*3 7.0 10*I 5.0x10*I 3.0 10*I 6.0a10-2 2.0a10-2 4.0a10*3

\

/
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BRP-2 This release category has been developed based on a
subjective evaluation of the expected releases from the
containment for an event similar to TMI-2 in the severity
of fuel damage. In this event, however, the containment
was assumed to be ineffective in both retaining and
depleting the radionuclide source term released from the
fuel. The radionuclide releases from containment which
have been assumed for this case, are those estimated
releases from the fuel for the TMI-2 accident. No
radionuclide depletion was assumed because the removal
processes were assumed to be ineffective in reducing the
concentrations in the primary system or containment
environment. No sequences were identified for which BRP-2
releases could be appropriate.

BRP-3 Three accident sequences have been analyzed in the develop-
ment of this release category. Two principal types of
sequences can be identified from these three sequences..
(a) Sequences involving early failure of the ability to

maintain primary coolant inventory leading to the
requirement to actuate RDS. Failures in either RDS or
in core spray would then lead to melting of the core,
and failure to close the enclosure vent valves would

Ci
.

lead to significant releases to the environment. In
the sequences of this type which were analyzed, the
enclosure spray was assumed not to function. The
primary effect of this failure is to cause the radio-
nuclide sweep-out rate from the containment to be
slightly higher than it would be with enclosure spray
functioning. The depletion of radionuclides from the
containment atmosphere resulting from the availability
of enclosure spray would be expected to have a
secondary effort.

(b) Sequences leading to core melt in a way similar to (a)
above with a path available from the primary system to
the~ turbine building through the main steam line and
through the turbine or condenser. This sequence would
result if a large path existed from the primary system
into the turbine building rather than a very small
leak path. The pressure retention capabilities of the
turbine building have been ignored in the evaluation
of releases for this type of sequence.

BRP-4 As discussed earlier in this chapter, the current best
analysis of the containment pressure history in the long-
term following a core melt event in which the containment
isolates indicates that the design pressure of 27 psig

- would never be reached. This conclusion is valid even if
. the enclosure spray is assumed to be unavailable throughout
! the event. The analysis which has determined the releases
j in BRP-4 category has assumed that the containment

ma0381-0902a-72-6
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integrity i.s maintained during the first ten days and that
a rapid depressurization caused by a large enclosure leak
at ten days releases all of the inventory remaining in the r

containment atmosphere at that time. This release category I

is being used to conservatively represent the radionuclide
releases which would occur if seal degradation on the time
frame of days caused containment leakage.

BRP-5 The final release category included in this analysis has
been defined based on the predicted radionuclide releases
developed for a number of sequences in which the core dam-
age occurs in a containment which has been successfully
isolated and which does not fail as a result of
overpressurization or seal degradation. The sequences
analyzed to determine the releases for this category
include both sequences in which the enclosure spray
functions and in which it fails. One of the. sequences
considered in this release category is-a sequence in which
the primary system fails to isolate via a small leak into
the turbine building (Table 5.5, Sequence Number 11).
Because this evaluation was intended to characterize
sequences in which a very small leak existed and only a
small pressure driving force for leakage existed, the
associated releases have been judged to be insignificant in -

C all chemical groups except the noble gases. Ninety percent
..

of the noble gases were assumed to be released. . The
sequence categorization used in developing releases for
BRP-5 has resulted in the addition of some release fraction
for each of the remaining seven chemical groups.

5.5 ASSOCIATION OF RELEASE CATEGORIES WITH ACCIDENT SEQUENCES1

In the evaluation of risk from Big Rock Point, the following
elements have been required:

(a) Development and compilation of important accident sequences
and their probabilities of occurrence;;

,

(b) An assessment of the severity of radionuclide releases
associated with the spectrum of accidents and the various
possible containment failure modes;-

| (c) A categorization of predicted radionuclide releases by
severity of release;

|

| (d) Association of each potentially important accident sequence
! with the various release categories which it could lead to,'

and an assignment of the probability that each sequence will
lead to each relevant release category;

( (e) Calculation of the total probability of each release
category;

I
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C
(f) Calculation of the spectrum of health consequences which

could result from each release category given variations in
possible weather conditions at the time of the accident;

(g) Development of the composite risk curve based on the
information developed in Elements (a), (e) and (f) above.

Item (a) has been discussed in Chapter 4.0, Items (b) and (c) i

have been developed earlier in this chapter, Items (f) and (g) ;are discussed in Chapter 6.0, and this section will deal with
Items (d) and (e). The completion of these items leads to an :estimate of the probability of occurrence of each of the release
categories. *

Table V.5-4 in Appendix V presents a compilation of the important
accident sequences together with estimates of the probability
that each sequence will lead to each relevant release category.
The notes to Table V.5-4 describe the basis of the assignment of
the probability that each sequence will lead to each relevant

irelease category.

Some observations extracted from Table V.5-4 (and Table 6.4 of ;
Chapter 6) will be discussed at this time. The first of these '

observations is that the total core damage probability has beens

split among the five release categories in such a way that the
.,

!

probabilities of BRP-3 and BRP-5 comprise nearly all of the'

probability of core damage. Because the radionuclide release
fractions are of the same order for Categories BRP-1, 2 and 3, |and because these fractions are significantly greater for BRP-3 i

than for BRP-5, the risk from t.he Big Rock Point Plant is ex-
pected to be dominated by. accidents leading to Release Category

i BRP-3.

| The second observation arises from a separation of the sequences
leading to releases in BRP-3 into classes which are associated
with their relevant containment failure mode. If sequences which
contribute more. than 99% of the probability of Release Category ;

BRP-3 are considered, the results in Table 5.6 are produced. '

Note that fire sequences which lead to failure of containment
integrity contribute over 52% to the probability of BRP-3. The

,

'

next most significant contributors are sequences which terminate ;
in the failure of the vent valves to close (19.5%) and sequences !leading to leakage through the steam and feedwater lines, past,

! the backup isolation valves, and into the turbine building
(12.8%). ATWS overpressurization sequences are the next class of
sequences of importance, contributing 7.3% to the probability of
BRP-3.

:

.

<
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TABLE 5.6

Containment Failure Modes Contributing to
Release Category BRP-3

Contributing Percentage
Failure Sequence Contribution

Probability
Probability 4) To BRP-3

Failure Mode (Per Demand) Per Year (10 (Percent)
Vent Valve Fails
To Close 0.1 7.13 19.5

Vent Valve Leaks 0.03 7.13 5.8

Leaks in Steam and
Feedwater Lines
and Backup Isola-
tion Valves Fail
To' Seal (0.066) x (1.0) 7.13 12.8

MSIV Fails to
Close and Backup
Isolation Valves

C' Fail To seal - (0.038) x (1.0) 2.25 2.3
-.

ATWS Over Pres-
surization 1.0 0.266 7.3

Fire Sequence g
Failures Various 2.33 52.3

C
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The results in Table 5.6 can be employed to assess the effect of
improvements in vent valve closure reliability, leakage suscepti-
bility of the backup isolation valves, and reductions In the
probability of fire-related sequences. As an example, a reduc-
tion in the probability of vent valve failure to close from 0.1
perdemand0.025perdemandwillreduceCbi5probabilityofthe
BRP-3 release category by about 15% [s(00.1 ) x 19.5%).

The information contained in Table V.5-4 in Appendix V will be
employed in the final quantification of risk to be developed in
Chapter 6.0 and discussed in Chapters 7.0 and 8.0.
5.6 ACCIDENTS NOT INVOLVING THE CORE

Three accidents not involving the entire reactor core have been
considered in the Big Rock Point PRA study: a possible refueling
accident, the potential loss of the water in the spent fuel stor-
age pool and a dropped fuel transfer cask. The refueling acci-
dent has considered the possible damage to one fuel assembly.
This may occur as the result of an error or equipment malfunction
occurring as a fuel assembly is being trasferred from the reactor
to the spent fuel pool. The scenario for the spent fuel pool* accident assumes that the water in the pool is lost by.

C.; evaporation (ie, due to decay heat generation from the spent fuel ,

rods) so that the fuel assemblies become uncovered, overheat and
fail. In the event of a dropped fuel transfer cask, several fuel
assemblies may be damaged. A more detailed description of these
events and the results of the risk assessment performed is pre-
sented in Appendix VIII. This section summarizes the results of
the analysis presented there.

5.6.1 REFUELING ACCIDENT

During refueling, accidents can occur which result in either me-
chanical damage to the fuel assembly or in the inhibiting of heat
transfer from the spent fuel being handled. In most BWR, the
transfer is made without a cask. A gate isolating the reactor
well (pool) above the reactor vessel from a separate storage pool
is lifted and the fuel is removed from the reactor. It is then
transferred (without a cask) underwater to the storage area.
From the storage area, the fuel is transferred to the spent fuel
pit via a transfer tube. There is one significant procedural
difference between the refueling process used at BRP and that
used in most BWR. This is the use of a 24-ton cask to transfer
the fuel assemblies from the core to the spent fuel pit.

C
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An evaluation of the consequences of a refueling accident has
concluded that the resulting " equivalent fraction of coyg inven-
tory released" ranges from 1.4 x 10-* (Xe) to 7.9 x 10-
with the galues for cesium and strontium being 7.5 x 10~5 (S*)and4.4 x 10~ respectively.,

Th'e impact of these releases, when compared with the consequence
of core melt sequences, is insignificant. The result of such an
accident would be an unhabitable containgent. However, the prob-
ability of this occurring (ie, 1.5 x 10- per year) is much less
than that(~ l x 10'yesulting from RDS actuation for a variety of causesper year) where the consequences are also much
greater.

5.6.2 SPENT FUEL POOL ACCIDENT

The spent fuel pool at Big Rock Point is located within contain-
ment. Normally, this tank is completely filled with water and
would not be expected to present a problem since the fuel assem-
blies would be adequately cooled without forced circulation.
There is, however, one scenario in which the spent fuel pool
could conceivably become a factor in the PRA study. The sequence
of postulated events which comprise this scenario is given below
relative to the Big Rock Point Plant.

C', .<

l. A LOCA or another type of event occurs which contamin'ates the
area (ie, the containment building) preventing access to that
area.

2. As a direct result of the accident or because of some other
effects, equipment which is\used to provide cooling capabil-
ity to the spent fuel pool malfunctions. For example, a LOCA
or high water in the containment could fail the two Fuel Pit
Pumps.

3. Once the normal cooling circuit is lost, the spent fuel pool
begins to heat up; the water boils, and the fuel assemblies
eventually become uncovered.

i

! 4. Once the water level drops below the top of the active fuel
j assembly, the fuel rods will become overheated, helped to
l some extent by the exothermic steam /Zircaloy oxidation

process.

5. The cladding will eventually reach the melting point, the
cladding will be breached, and radioactive products will be
released to the containment.

An evaluation of the release fractions of various radionuclide
r- groups is presented in Appendix VIII. The values relative to

,['- core values range from 29% for Group VII (La) to less than 1% for
! Groups I, II and IV (Xe, I and Te). Cesium (Group III) and

.

I strontium (Group V) have values of about 9% and 8%, respectively.
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It is estimated that the consequences associated with such
releases would average about 10% of those associated with a core
melt. Moreover, the overall risk from a spent fuel pool accident
is estimated to be less than 1% of that associated with the core
melt sequences considering the reduced probability (factor of 10)
and reduced consequences (factor of 10). It is therefore con-
cluded that the potential for a spent fuel pool accident will
have a negligible impact on the overall risk at the Big Rock
Point Plant.

5.6.3 DROPPED FUEL TRANSFER CASK ACCIDENT

A third potential noncore related accident is one involving a
dropped fuel transfer cask. The refueling cask could potentially
be dropped over the core, over the spent fuel pool, or in the
time period when the cask is being moved between the core and
spent fuel pool. During the transfer between the core and the
spent fuel pool, the cask is moved horizontally along the
refueling floor with only a few inches of clearance. If the cask
were dropped during this period, little or no damage would be
expected because of the short distance that the cask could fall.
Thus, the two potential areas of concern are dropping the cask
over the core or while lowering or lifting it over the spent fuel
pool.

..

If the cask were dropped over the spent fuel pool, there is the
possibility that it will directly strike the bottom of the pool,
strike one of the spent fuel racks, or impact on one or more of
the fuel assemblies in the pool. Analyses have indicated that if
a cask of this type would strike the bottom of the pool directly,
the liner integrity might be lost, but loss of coolant from the
pool would be limited to possible seepage through the concrete
and would be well within the capability of the makeup system. -

If the cask were to strike the racks, structural damage of the
racks would occur. However, it is expected that the maximum
possible consequence of a dropped cask accident would occur if
the cask would strike a number of fuel assemblies with sufficient
force to breach the cladding, thereby releasing radioactive
material. Since a similar occurrence can be postulated to occur
over the reactor core and since the level of activity would be
much less in the pool than in the recently shutdown core, consid-
eration of a dropped cask into the core will conservatively cover
the case for the pool.

The most probable cause of a dropped cask would either be failure
of the cables or failure of the crane. Because the safety sling
would prevent cask drop if the cable failed, the probability of
crane failure would be much higher than the combined failure of
the cable end the safety sligg. The probability of crane failure

hasb.eenestimatedtobelgperyearva.per year This value is 15 times
smaller than the 1.5 x 10- lue reported in Section
5.6.1 as bounding the probability of a singl.e assembly refueling
ma0381-0902a-72-52 -
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accident.-Thus, even if a large number of fuel assemblies were
damaged by dropping the cask over the reactor or over the pool,
the consequences would not be any worse than that described in-
Section 5.6.1 and are therefore considered to be insignificant
when compared:.to the consequences from core melt sequences or RDS
actuation.
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Appendix IV

CORE DEBRIS TRANSPORT AND CONTAINMENT FAILURE MODE ANALYSIS

IV.1 Introduction
.

In evaluating the risk from the Big Rock Point plant, it has been
necessary to assess, employing best estimate methods, a variety of phenomena

relating to the core damage process and the integrity of the containment
boundary. The purpose of this appendix is to assemble these analyses into
one source for future reference. In the introductory section, a brief summary
of the conclusions of the various analyses will be presented. Additional analy-
sis of the radionuclide releases associated with a spectrum:of accident sequences
is reported in Appendix V.

Analyses on several irsues are contained in this appendix. The intro-

C#
; ductory and report sections in which these analyses arq presented are tabulated -

below:

Issue Introductory Section Appendix Section

I'.1.1 IV.2 and IV.4Potential for Core Melt V

Containment Isolation Failure IV.1.2 IV.3
| Challenges to Containment IV.1.3 IV.4

Integrity

Containment Natural Heat IV.1.4 IV.4 and IV.5
Rejection Ability.
Containment Strength Evaluation IV.1.5 IV.6

IV.1.1 Potential for Core Melt

Because of the snell size c' *) 24, Kock Point core, it was necessary
to evaluate the potential for heat rtp' ni :r :he core in the absence of water.
The incentiv6 fer this analysis was to determine whether natural heat transfer
processes could be effective in preventing core melt. Three analyses were

- performed:

IV-1,
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a. Natural circulation analyses employing pressurized steam

as the transfer medium and the steam orum as the heat
sink. Despite a variety of highly optimistic assumptions
regarding this heat transfer (discussed further in Apper-
dix IV.2). The conclusions reached in this study were: _

1. The calculations whic'h have been made tend to support
the assumption that melting will occur.

.

2. - A more detailed calculation may be required. In par-
ticular, pressure drop loss coefficients for the pump,
reactor internals, etc., will need to be consioered if
these additional calculations are to be meaningful.

b. Primary system heat sinks were evaluated to assess their po-
tential for removing heat from the core. This analysis
(reported in Appendix IV.4) concluded that insufficient -
heat ~ sinks are availab-le even assuming a decay power level

-. .of 1% (appropriate after 6 hours).
_. _

:

c. Thermal radiation to the vessel wall was assessed as a mech-
anism for removing decay heat from the core. Again, even
considering decay power levels as low as 1%, it was concluded
(~irr Appendix IV.4) that radiative heat transfer was insufficient
to prevent core melt.

O ,

IV.1.2 Containment Isolation Failure

An evaluation of the potential for failure of the containment to
isolatewasperformedandisreportSdinAppendixIV.3. The conclusions of
this analysis include: -

! a. The probability of failure of the relief valves to close plus
the probability that they will leak is 1.3x10-1/ demand fori

the design as it existed in May of 1980.

b. Future modifications of the relief valve closure system will

ficant leakage to 5.5x10-{lity of failure to close and signi-
lower the combined probab

/ demand.

The' only other significant leakage path to the region outsidec.
containment is through the steam line and feedwater line into

,

thecongenser. This leak path has a probability existing of
6.6x10 / demand. _.

IV-2
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IV.I.3 Challenges to Containment Integrity

_ _

Various possible challenges to containment integrity resulting from
j the accident have been considered and are discussed in Appendix IV.4. The

_

1 ~~ principal challenges considered together with the conclusions of the evaluation !,

_ _ _ are. listed below. The challenges associated with ATWS sequences are treated -

separately in Appendix VII.
_

a. Hydrocen Combustion: Given the large containment volume and '

comparatively small core, hydrogen combustion ooes not pro-
- vide a threat to the containment integrity. This conclusion

is discussed in IV.4.1 and IV.4.2.
!

.__.b. In-Vessel and Ex-Vessel Steam Exolosions: Neither in-vessel
__ ~ ~~ ~~ nor ex-vessel steam explosions provice a threat to the con-

-- - - - tainment integrity. The major effect of an ex-vessel steam
~ explosion is dispersal of the core material which enhances core

coolabil ity. This conclusion is developed in Ap7andix IV.4.1.

c. Decay Heat Addition Leadina to Containment Overoressure: If
tne containment spnere is assumed to De the ultimate neat sink,

C)s
4

the energy extraction rate through the insulation is less thani

the required rate at 1% decay power, but sufficient at 0.2%
decay power. However, without the insulation, the steel sphere
would provide the necessary heat removal capacity to prevent
overpressurization by steam. This conclusion is developed in
Appendix IV.4.1. In addition to the steady-state analysis in
Appendix IV.4.1, an asses'sment was made of the translent pres-
sure history in containment resulting from a core melt sequence

- with limited water in the enclosure and decay heating. This
evaluation, reported in Appendices IV.4.3 and V concludes that

| containment design pressure is never reacned.
!

d. Overfill With Water From the Enclosure Spray or Other Sources:
Altnougn it is possiDie to cause containment failure as a result
of excessively high water level, the level required is several ,

feet over the mid-plane of the sphere (see Appendix IV.6). De-
cay heat removal with this volume of water in the containment
is discussed in Appendix IV.S. !

IV.1.4 Containment Natural Heat Rejection Ability;

Analyses reported in Appendices IV.4.1 and IV.4.3 have evaluated the
natural heat removal capability of the enclosure under the condition that the

' - enclosure spray system does not function (see summary in IV.1.3c above). If
ii

I
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the enclosure spray functions, but it is not possible to operate the post
incident system in the recirculation mode, then the enclosure can be filled'
to the mid-plane with water and the decay power will be accommodated either
with the core intact or in a disrupted state with no active heat sink. The
supporting analysis for this conclusion is reported in Appendix IV.5.

.

IV.I.5 ' Containment Strength Evaluation

The pressure to which containment integrity _can b_e assured has been ___
'

calculated to be 72 PSID based on the ASME III, App. F faulted allowable stress
of 0.7 times ultineate strength. This pressure is further corroborated for con-
tainment cable penetrations in Consumers Power Company . submittal on environmental
qualification dated October 31, 1980.

_ . .

For some sequences in which the containment atmosphere is significantly
diluted by steam prior to enclosure isolation, it may be necessary to provide
vacuum relief when the enclosure spray is activated. The allowable level of

,

vacuum in the enclosure was calculated in the design analysis to be 0.94 PSID
(assuming a snow load of 0.28 PSI).

For sequences in which cooling of the core is provided by core spray,

and the containment is cooled by the enclosure spray following RDS actuation,
it is ultimately necessary to switch to the recirculation mode of core cooling.
Should this switch-over not occur, the enclosure spray may continue to add

_

water to the containment until the sN.ere fails. Based on the same allowable
stress as the overpressure failure criterion, we have oetermined that failure
of the sphere by overfilling will not occur below a level of 634'6". The

analysis supporting the above conclusions is presented in Appendix IV.6.

IV.2 Preliminary Assessment of Natural Convection Cooling Capability of
BRP Following RDS

IV.2.1 Introduction

One of the scenarios developed in the BRP/PRA study has the reactor de-

pressurized without any me'ans of providing core cooling (i.e., no core spray avail-
able). While it is presently being assumed that under these conditions the core

IV L
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will melt, no definitive calculations have been performed which demonstrate tnat
this assumption is correct. In particular, the question- to be answered is-whether
or not there is sufficient natural convection capability available to cool the core

) using steam, assuming that losses to the enclosure environment from the pipes and
i steam drum will provide the necessary heat sink?

The purpose of tnis study is to address that question as simply as possible.
If, for example, it can be shown that melting will occur even if some gross, unconser-

!

vative simplifications are made, then the assumption can be made that core melting
^

will occur given RDS and no core spray.
,

'

IV.2.2 Moael

Figure I shows the simplified flow diagram used in this study. The natural
convection flow path for the steam is from the core to the steam drum via the six-

!

*14 inch risers; from the steam drum to the core via the four-17 inch downcomers which '

merge into two-20 inch pump discharge lines. In this simple model, only the.fric- .

tional losses in the core, the risers, the downcomers and the pump discharge lines

are considered in the' first calculation. No losses were considered from the reactor
internals, expansion and contractions, pipe bends, or through the non-rotating pumps.
While all of these losses are important, neglecting the pump loss is very non-conser-

~ vative for the purposes of this study. A second set of calculations were performed
'

~ ' in which the pump resistance was estimated (Section 2.1). Although this estimate
, is crude, it does point out how important the losses through the pump will be.,

1

IV.2.2.1 Frictional Losses in the System

Table 1 shows the hydraulic characteristics of the four items used in the
study. Average thermodynamic properties of steam in the 50-60 psia range are given
below: ',

C E 0.5 BTU /lb- Fp

u a 0.4 lb/ft-hr

.02 BTR/ft-hr OF
'

_ k '

3-

.12 lb/ftp =

IV-5
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The pressure loss equation for any pipe section can be written as:

fL ~

(W/3600)2 2
-

(ib/in)p , k _2g pA 144 in /ft _
2 2 A

where W is the total mass flow in 1b/hr.
.

Assuming a value for the friction factor (f) of 0.035, a combined expres-
sion for the pressure loss through the four items used is found to be:

! AP = 5.55 x 10-10 2g
T

,

A plot of the pressure loss as a function of steam flow rate is given on
Figure 2. Also shown on this figure is an estimated curve of the pressure drop in-
cluding allowance for a non-running pump. This curve was generated assuming flow

,

area through the pump could be represented by a k inch annular space between a cir-
cular impeller and a circular housing. The flow area for two pumps is then approx-

2*

imately equal to 0.22 ft . The pressure drop is given by -

W360093p , g
A2gpA r144

With a combined contraction and expansion loss coefficient of 1.5, we find that
|

| AP = 2.2 x 10~9 2W
|

which must be added to the previous loss to give4

T = 2.75 x 10-9 2AP W

(Note that the pump loss is about five times the losses in the rest of the system.)

IV.2.2.2 Buoyant Driving Force

To achieve a stable operating condition, the difference in density between
the cold leg steam and the hot leg (riser) steam provides the driving force which
establishes the flow rate. When this driving force is equal to the frictional losses'

in the system, a stable condition will occur.

IV-8
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If the assunption is made that all of the heat losses occur in the steam

drum (i.e., the highest point), a maximum driving force will be established. If,

in fact, losses occur throughout the system, the driving head will be degraded from
that obtained assuming all losses in the steam drum.

*

For purposes of this calculation, a heat loss equivalent to one percent
power was asstrned:

0
Q = (0.01)(220 &')(3.413 x 10 BTU /HR-Kn')

6
= 7.5 x 10 BTU /HR

For comparison purposes, a' test performed at BRP several years ago indicated
6that losses were on the order of 1.5 x 10 BTU /HR and the heat balance diagrams in

6the P & ID manual assume fixed losses (throughout the entire system) of 2.7 x 10 gg
6 64.0 x 10 BTU /hr. The value of 7.5 x 10 BTU /hr therefore represents an optimistic <

-

heat rejection capability.

O
~

With an average value for specific heat of 0.5, the temperature rise of the ,

| steam passing through the reactor is approximately equal to

6AT = Q/W C = 7.5 x 10 /W.0.5g p
6= 15 x 10 fg

UAssuming that the inlet temperature to the core is 300 F (T at 50 psiasat
0is 281 F), the outlet temperature is then given by

6
T = 300 + 15 x 10 fgout

The following table shows how the outlet temperature and density change
as a function of flow rate. The driving force (buoyant head) is calculated from

G
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APB " I*in ~ #out) 44 ft/144 in /ft

APg = 0.306 (.114 - pout)

Effect of Flow Rate on Buoyancy at 1% Power
,

Outlet Driving
Flow Rate Densit Head
(lb/hr) 'out (o )

,.

F (ib/ft ) (Dsi)
55 x 10 330 .109 .0015

5
10 450 .094 .006

45 x 10 600 .080 .010
4

10 1,800 .038 .023

The values from the above table are plotted on Figure 2 (extrapolated
4below 10 lb/hr). The intersection of the curves represent the stable operating

point. Pertinent information for the two cases are shown below:

\

Corresponding
Case, Flow Rate (1b/hr) Outlet Cooline Temo. (O )F

3Without Pump 7.3 x 10 2355

3With Pump (est.) 3.8 x 10 4250

It is obvious that when the pump is considered (even with the rough
estimate), the cladding temperature will exceed the melting point. Without con-

,

sideration of the pump, the cooling temperature is below the melting point. However,
t

01
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,

since the film drop must be added to this value (see Section 2.3), even this
case has unacceptable temperatures.

A similar exercise was performed for one-half percent power. The curve
is also shown on Figure 1 and the corresponding outlet coolant temperatures are

'

01475 F (without considering the pump) and 3700 F (considering the pump). This
6shows that even at one-half percent power (3.8 x 10 BTU /hr), temperatures wi_ll

be unacceptable when all of the losses (e.g., pump, bends, etc.) are considered.

IV.2.2.3 Temperature Drop Between Clad and Coolant

In addition to the ' temperature" rise of the coolant from core ' inlet to
exit, there is a film drop between clad and coolant. The equation for the heat
transfer coefficient is

Pr .40ti = 0.023 Re .80
u

Using the average coolant properties and the geometry of the fuel rod, ;

we find that this reduces to

O 2W .8 BTU /HR-ft ,oph = 1.4 x 10~3
1

|

| For the one percent power case, the average heat flux is
!

6 20 = (7.5 x 10 BTU /hr) + (84 ass'y x 115 rods x 0.686 ft / rod)
|

6 2
0 = (7.5 x 10 ) + (6624 f t )

2
| 0 = 1132 BTU /HR-ft

i
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There is also a 2.1 peaking, factor so that the maximum heat flux is

2378 BTU /HR-ft . However, since the maximum flux will probably not occur at
the point of maximum coolant temperature (i.e., at the exit), we will use the ---- - _ .

average heat flux for the calculation.

.

As previously noted, the equilibrium flow rate for the one percent
3power case without considering the pump resistance was 7.3 x 10 lb/hr and the

0corresponding exit coolant temperature was 2355 F. The cladding temperature is

therefore given by
.

|

Tclad = 2355 + 0/h

2
where 0 = 1132 BTU /HR-ft

2h = 1.4 x 10-3 g.8 = 1.725 BTU /hr-ft OF

*

We therefore have'

Tclad = 2355 + 1132/1.725 > 3000 F

Therefore, even without considering the pump resistance, the cladding
temperature reaches unacceptable values *. Oxidation will occur which will result
in an exothemic reaction, thereby increasing temperatures even higher. The oxide

| film will also increase the themal resistance of the cladding, thereby raising that

| temperature of the fuel.

.~

,G
|
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IV.2.3 CONCLUSIONS

Based upon this simplified model, it is concluded that it would not be
possible to~ remove to 1 percent power from the BRP by natural losses alone. In
order to achieve an equilibrium steam flow rate, the coolant temperature rise
needed to support a buoyant driving force would raise the cladding-temperature - -

0above 3000 F even if losses through critical items such as the pump are not con-
sidered. If such losses are considered, the resulting temperatures are well above
the clad melting point.

;
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IV. 3 Probability of Failure to Isolate Containment

:

There are a number of pathways by which the enclosure interior can

communicate with the outside environment. Should any series of events occur
which result in a radiation release inside the enclosure space, these

pathways, which range in size from 1/2" diameter up to 24" diameter, must be -

- ~ tightly closed to prevent these releases from flowi_ng directly to the __
.

environment. In this section, the specific ways by which this enclosure
isolation can fail to occur are analyzed.

IV. 3.1 Methodology

This analysis is comprised of two fundamental tasks:

1. determination of the particular failure modes of the enclosure
barrier, and

2. a quantification of the probability that these failure modes will
occur.

,

Since the primary purpose of this analysis with respet.L to the
overall risk assessment is to provide input relevant to the calculation of

'~ size and probability of source terms, the most significant features of the
enclosure failure mode is the resultant size " hole" in containment. That is,

the general " failure to isolate" event n'ust be broken down into more precisely
defined events which can be translated into leak rates. This was accomplished

by i dentifying all of the existing enclosure penetrations and categorizing
these penetrations according to size. It was further recognized that the

failure to isolate any particular penetration can result from two basic
mechanisms: (1) failure of valves within the penetration to close or remain
closed, or (2) leakage past closed valve (s).

Once all of the individual penetrations are identified, logic models
were developed to determine the specific combinations of component failures
which must occur to produce a failure to close the penetration upon demand.

O
Tv'-15
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Included in these models were the valves used to isolate the containment, the

actuating mechanisms for these valves, the associated control circuitry, etc.
The probability of each of the events in these logic models was then

quantified and an overall probability of failing to close each penetration was

calcul ated. In addition, the probability of experiencing leaks past each of

the valves was determined and translated into a probability of a: leak occurring
through each penetration. '

IV.3.2 Results of Analysis
'

There were 116 separate penetrations.of c.ontainment identified. A

large proportion of these, however, were electrical cable or instrumentation
piping penetrations which did not significantly contribute to either the

probability or consequences of contaiment non-i sol ati on. The remainder of
the penetrations involved locks, vents, or piping penetrations. With the
exception of the personnel and equipment locks, these potential pathways

through "Jntainment ranged in si2e from 1/2" tC 24" diameter.

() . .-

U These penetrations were grouped into nine basic system categories:

1. Locks

2. Vents

3. Steam Line/Feedwater

,
4. Sumps

I 5. Demin/ Waste

6. Air Supply
7. Fuel Pit
8. Resin Sluice
9. Control Rod Drive

Each system usually involved a number of separate penetrations of various
sizes.

>
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Logic models were developed for each system to identify the

combinations of failures that must occur to produce an open pathway through
containment. These logic models in the form of reliability block diagrams
(RBD's) are presented in Figures IV-1.1 through IV-1.9.

Each event in the RBP's details the individual component's

identifier (e.g. M07050 is the main steam isolation valve), information *

concerning the valves' normal position, and the particular failure mode of the
component (e.g. " fails to close"). A list of the acronyms used in the logic
models is presented in Table IV-1. In addition, the size of each separate

pathway associated with the system is indicated on the RBD of that system.

The next step in the analysis was to quantify the logic. model s.
This entailed detemining the probability of occurrence of each event in the
logic models and algebraically combining these probabilities according to the
boolean logic reduction of the RBDs. The component f ailure rate data is

listed in Table IV-2. These failure rates are based on Big Rock point plant
specific experience over the last 10 years. Table IV-3 presents a sumary of

I Big Rock Point containment isolations problems during the ten-year period'

1970-1979 as reported in the Licensee Event Reports (LERs). For those cases
where BRP data was insufficient, unavailable, or very uncertain, generic
industry data was used (see Appendix III for a more detailed discussion of
failure data). The results of this'quantification task are presented in Table

~

IV-4.

IV.3.3 Discussion of Results

The significant conclusions which can be derived from the
l calculations sumarized in Table IV-3 are:

1. The overall probability of failure to isolate containment upon
demand is 0.25.

| 2. This total probability is comprised of two basic failure modes -
| failure-to-close and leakage. The failure to close mode occurs with

a probability of 0.11 and the leakage mode occurs with a slightly
higher probability of 0.14.

IV-17
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O The failure-to-close mode is dominated by the probability of failing3.
to close the vent valves. This event, which results in a 24"

pathway through the side of the containment , contributesdiameter
over 90% of the total f ailure-to-close probability.

4. The total leakage failure mode probability is comprised ofthe vents (24%),
significant contributions from four major systems:
steam line/feedwater (43%), sumps (21%), and fuel pit (14%).

-.

i

'

The primary reason that the vent valves contributed such a high
percentage of the overall f ail ure-to-close probability is the particular

Big Rock Point.
'

configuration of the solenoids used to actuate the vents at
The existing design is such that, for both the supply and exhaust vents, a

|
single solenoid f ail ure can result in failure of both vent valves. -
Specifically, if either SV9151 or SV9152 binds or shorts, then both the supply

|
I

valves CV4097 and CV4096 will remain open; similarly, if either SV9153 or
SV9154 f ails then the exhaust valves CV4905 and CV4094 will fail in the open

position.
_

__

This particular design deficiency has been recognized and plans
exist to change the solenoid configuration. If the solenoids on both the -

exhaust and supply sides were" made redundant, the probability of failing to
, ,

close the vent valves on demand (based on BRP plant specific data) would be ~~~
reduced to 0.025 and the total failure-to-close probability would be reduced

sto 0.035/ demand.

An important point to note concerning the leakage f ailure mode
|

| probability is that only one contributor, the vent val ves , results in a-
flowcatn directly to the environment. Both the sump and fuel pit penetrations

The steam drum /feedwater containment penetrationsdrain into radwaste tanks.
lead back into the feedwater or condensate system inside the turbine building.

c

Because of the rather tortuous routes involved and the number of barriers
which must be breached outside of containment before any radioactive releases--

through these penetrations can ultimately reach the environment, the source
terms associated with these contaiment penetrations (except for possibly the

!

noble gases) are expected to be much less than those associated with the vent

val ves.
|

f>
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The vent valve leakage probability was based on Big Rock Point plant
specific data which included several failures of the butterfly went valve
(CV4097). Modifications to this valve were performed two years ago and there

. have been no subsequent leakage failures. However, there have only been five
leak tests of this valve since the modification; this number of tests cannot

i

support a lower estimate of the val veleakage probability than reported in
Table IV-4 -

,
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Table"IV-1-

ACRONYMS USED IN ANALYSIS

OF Operates Falsely, Spurious Operation=

FTO Failure to Operate -=

FTC Failure to Close=

FTRC Failure to Remain Closed=

XL External Leakage=

____
R Rupture -i -

=

IL Internal Leakage
~

=

CV Control Valve=
~

SV = SOV Solenoid Valve=

MO = MOV Motor Operated Valve=

Remote Manual Control - - - - 'Z-

RMC =
-

NO Normal Open=

MAN Manual Isolation Valve=

A0V Air Operated Valve=.
-

,) IPR Initial Pressure Regulator=

HS Hand Switch (remote)=

Reactor Protection SignalRPS =

,

| s

t

Q Cyclic Failure Rate, Failures / demand=

A Hourly Failure Rate, Failures / hour=

P Probability of Failure, based on one demand=

_

_

&-a
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Table IV-2

BRP CONTAINMEf6 ISOLATION FAILURE RATES

FAILURE RATE DESCRIPTION PROBABILITY
.

10-2/dQ (LOCK - DOOR LEAR,) =

10~2/dQ (LOCK - DOOR FTC) =

10-4/dQ (LOCK - DOOR FTRC) =
.

10-2/dQ (LOCK - TEST VALVE FTRC) =

Q (LOCK - EXTERNAL LEAK) .0000022/d=

10-3/dQ (FAN- 0F) =

Q (VENT - VALVE FTC)
'

=
.0837/t

Q (VEta - VALVE LEAK) =
.1/d

Q (VENT - EXTERNAL LEAK) .000022/d=

Q (SOV - VALVE FTO) x = .02/d

Q (50V - VALVE LEAKS) .01/d=

Q (50V - VALVE OF) .00022/d=

Q (MSIV - MOV FTC) .0384/d=

Q (MOV'- VALVE FTRC) .0019/d=

Q (MOV - VALVE FTC) .0156/d=

6
A (MSIV - MOV FTRC) .881/10 hr.=

.0001/dQ (CONTROL VALVE - FTC) .

O
IV-21
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Table IV-3

BRP LICENSEE EVENT REPORTS OF
CONTAINMENT ISOLATION PROBLEMS ('70 '79)

'

Date Event
,

10/30/79 Transistor failure in power supply in containment
vacuum relief control system. Would have caused CCF
of supply vent valves to FTC (CV4096 & CV4097)--
power was reinstated.

9/11/79 Test of fuel pit drain, CV4027 leaked but CV4117
(redundant) was operable. Seat was machined.

3/2/79 Resin sluice valves CV409'3 and CV4092 had excessive
leakage, but CV4091 provided integrity. Seats were
replaced on two valves.

3/2/79 Check valves in 3/4" lub line to CRD Pump 1 both
leaked--degraded containment. Manual valving re-
established containment.

( .

L. 2/4/79 (ibid 3/2/79) ,

2/1/79 CV4097 was leaking but CV4096 was operable--Disc seal
on 4097 was adjusted; improved seal planned.

9/6/78 M07050 (MSIV) failed to close due to hardened valve
stem packing. ' Packing lubed and new packing ordered.

9/4/78 CV4097 leaked--seal adjusted (15-25 mil. openings--
several)

8/29/78 CV4027 (in fuel pit drain line) leaked, CV4117 ok.
Foreign material flushed out.

,

8/19/78 Demin check valve reverse leak over a three week
period. Valve reoaired. Redundant valve CV4105
was closed to isolate.

2/17/78 SOV SV4879 in cleanup resin sluice was deemed inopera-
tive in accident environment. Put into safe mode for
isolation.

1/20/78 CV4097 leaked; CV4096 ok. Realigned valve disc / disc
ring.

(J
IV-22 i
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Table IV-3 (cont.)

Date | Event | !

9/16/77 Both check valves in 10" fW line (VFW9 and VFW304)
lea ked. Line isolated outside containment. Scale on
seat of check valve--grinding removed scale.

.

9/4/77 CV4093 in resin sluice FTC for ILRT. Leakage terminated
by manual valving. Binding caused failure; tab was re-
oriented.

8/14/77 Check valve in Demin leaked; redundant CV4105 was ok.
Deposits were cleaned off valve.

8/12/77 Set of integral poppet check valves to one CRD pump
leaked. Changed to second pump. Second 2" check valve
in common to both pumps installed.

8/12/77 CV4093 leaked. Flushing resolved problem. Backup
CV4091 was ok.

6/19/76 CV4096 ok, CV4097 leaked. Both were cleaned. Minor
seat adjustments made to CV4097.

r .

(~ 4/28/76 Resin sluice valves (CV4091, 2, 3) all failed to close.
Manual valve closure provided containment integrity.
Defective plunger in SV4879 in the air operating line
to the three valves.

4/17/76 CV4097 leaked (18 x T.S.); CV4096 ok; disc was adjusted
on CV4097.

'

9/17/74 Emergency lock test fixture was left installed follow-
ing test. Inner door open since 6/21/74. One half inch
diameter opening to outside since that date (90 days).
Test fixture installed 4/29/74 and left open. Proce-
dures changed so that doors always closed. Detailed!

steps to return to nonnal after test.

4/26/74 CV4097 flange leak. Flange bolting was tightened. (No
'

redundancy to flange--leakage was 2 scfm.) This valve
was replaced earlier in 1974.

10/17/73 Loose fitting on SV9153 (exhaust). Foreign material |

under seat on SV9152 (supply). Valves were repaired.
i No failure of vent valves to close. -

| 11/23/72 SV4876 defective (to CV4027) and replaced by new design.

8/31/72 SV4876 defective (to CV4027) and replaced.
,

'71 & '70 No reports on containment.
i

! {.
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Table IV-4 .

PROBABILITIES OF FAILURE 10 ISOLATE CONTAINMENT

System Small Leak h" llole 2" llole 12" Iloie 24" Ifole Total

-6 -4

1. Locks 4x10 1x10 - - 1x10 5. 0x10-4 -4 ~

-I -I

3x10 _ _ _
1x10 1 3x10-2

2. Vents
-2

-2 -3 -3 -3 6.6x10
3. Steam Line/ Feedwater 6x10 3x10 2x10 1x10 -

-2
-2 -3 3.3x10

3x10 - 3x10
--

4. Sumps

M. -3
-3 -5 - 1.0x10

5. Demin/ Waste 1x10 - 4x10 -

.

-5
-I 2.0x10-5 2x10

--

6. Air Supply 2x10 -
,

-2
-2 -3 - 2.2x10

7. Fuel Pit 2x10 - 2x10 -

-5-7 2.0x10-5 1x10 - -

8. Resin Slutce 2x10 -

-71.0x10-7 -7 - -

9. Control Rod Drive Ix10 - 10 -

-I -3 -3 -3 -1

TOTALS 1. 4x10 3.1x10 7.0x10 1.0x10 1 x10' 2.5x10

.

.
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1, /) POVrer'

w +e company

Dy; i
oeneral Officos: 1945 West Parnali Road, Jackson, MI 49201 *(517) 788-0550

u

July 20, 1982

Dennis M Crutchfield, Chief
Operating Reactors Branch No 5 - - - -

Nuclear Reactor Regulation
US Nuclear Regulatory Commission
Washington, DC 20555

DOCKET 50-155 - LICENSE DPR-6 - ~ - - ~ -
~ - -

BIG ROCK POINT PLANT - RESPONSE TO ---

DRAFT SER ON SEP TOPIC VI-4,
CONTAINMENT ISOLATION SYSTEM

-

By letter dated June 11, 1982 the NRC submitted a draft safety evaluation
.

report (SER) of SEP Topic VI-4, " Containment Isolation System". This letter
requested Consumers Power Company responses to four (4). outstanding items
which identify staff concerns about the adequacy of isolation provisions onselected piping penetrations. In summary, the outstanding items are asfollows:

\

Adequacy of isolation provisions in test, vent and drain lines;
_ _ _

1.
2.

Adequacy of isolation or leak detection provisions on ECCS subsystems;3. Adequacy of isolation provisions on instrument lines; and4. Adequacy of isolation provisions on closed systems.

In addition to the above concerns, the SER indicates that in the case of item
1 there is a lack of administrative controls.

A review of valve check-off sheets has shown that those test, vent and drain
line valves identified in the SER (VFW-138, VFW-171 and VPI-101) are included
on valve checklists and thus are administrative 1y controlled. A breach in a
test, vent or drain line leading to a failure of containment isolation would
necessarily involve a passive failure such as a pipe break. Analyses per-
formed in conjunction with the Big Rock Point PRA have indicated that passive
failures are a negligible contributor to the overall containment isolationfailure probability.

Those valves identified under item 2 as being part of ECCS subsystems and
maintained in a locked open position are kept in such a position to assure
availability of the ECCS system if called upon to function. As is the case

oc0782-0014bl42

-- -_- _ - _ -



*o
* D M Crutchfield, Chief

Big Rock Peint Plant 2
SEP Topic VI-4,

July 20, 1982.

with the test, vent and drain line valves, the ECCS system would be required
to experience a passive failure in order for containment isolation to be lost.<

Items 3 and 4 involve the isolation of instrument lines and systems designatedas closed inside containment. As with cases 1 and 2 described above, a loss
of containment isolation would have to be the result of a passive failure.

Reference is made in the draft SER to analyses performed as part of the Big
Rock Point PRA to determine the probability of containment isolation failure.
Because of the small source term applicable to Big Rock Point, a very
conservative approach was used in the original PRA which resulted in a failureprobability of .25/ demand.

Because this value was somewhat high, a reanalysiswas undertaken to more realistically assess the issue. The reanalysis
concluded that the failure probability was actually about .06/ demand. It is
believed this reanalysis,is still conservative in that only valves subject to
periodic leak testing are considered suitable for containment isolation

The magnitude of this containment failure probability is dominatedpurposes .

by active failures such as the failure of a valve to close when called upon todo so. The reanalysis, which is to be incorporated into the Big Rock PointPRA report, is included as an attachment to this letter. Those parts of the
PRA report to be revised by the attached material include Appendix IV, Section
IV.3, Probability of Failure to Isolate Containment, and Appendix V, Table
V.5-4, Summary of Important Accident Sequences for Big Rock Point. This
revision will be formally transmitted to holders of controlled copies of the ,

PRA under separate cover. .

The Consumers Power Company revi-w of the technical details in the draft SERis currently in progress. Based on the review to date, however, it is clear
that comments will be extensive and that numerous corrections to the SER willbe required.

These comments will be transmitted to the NRC upon completion of
our review. '

_ . .

Robert A Vincent (Signed)
~

Robert A Vincent
Staff Licensing Engineer

; CC Administrator, Region III, USNRC
. NRC Resident Inspector-Big Rock Point

Attachment - 62 pages
.

M9 h-

.

.

oc0782-0014bl42
.

.%- , . . . , * * . - * .%.e.



. *
.

.-
.

.

.

BIG ROCK POINT PLANT

PRA
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Fo.r the 1% power case, the average heat flux is
i

~

64 = (7.'5 x 10 Btu /h) + (84 assembly x 115 rods x 0.686 ft / rod)2

6 24 = (7.5 x 10 ) + (6624 ft )
2$ = 1132 Stu/h-ft

There is also a 31 peaking factor so that the maximum heat i
fluxis 2378 Bru/h-ft However, since the maximum flux will pro ~bably

'

.

not occur at the point of maximum coolant temperature (ie, at'theexit), we will use the average heat flux for the calculation.
,

,

As previously noted, the equilibrium flow rate for the 1% power
case without considering the pump resistance was 7.3 x 103 lb/hand the corresponding exit coolant temperature was 2355 F. Thecladding temperature is therefore given by

Tclad = 2355 + $/h
2where 9 = 1132 Btu /h-ft

h = 1.4 x 10-3 .8 = 1.7259 Btu /h-ft2 *F-

,,

We therefore have '

Tclad = 2355 + 1132/1.725 > 3000*F

Therefore, even without considering the pump resistance, the
r

cladding temperature reaches unacceptable values. Oxidation willoccur which will result in an exothermic reaction, therebyincreasing temperatures even higher. The oxide film will also
~

increase the thermal resistance of the cladding, thereby raisingthe temperature of the fuel.
IV.2.3 CONCLUSIONS

|

'

t

Based upon this simplified model, it is concluded that it would !not be possible to remove 1/2 to 1% power from the BRP by naturallosses alone. In order to achieve an equilibrium steam flow ;

rate, the coolant ;temperature rise needed to support a buoyant
driving force would raise the cladding temperature above 3000*F
even if losses through critical items such as the pump are notconsidered. If such losses are considered, the resulting temper-aturas are well above the clad melting point.

; IV.3 PROBABILITI OF FAILURE TO ISOLATE CONTAINMENT

An analysis was undertaken to analyze the probability that the >

BRP containment will fail to provide isolation. The specific
systems examined were determined based upon work previously done
as part of The Big Rock Point Probabilistic Risk Assessment. The i

,

ma0481-1509a-72-158
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isolction failures were most likely to occur:following systems were considered those in which containment
i

1. Locks 6. Demin Water2. Vent Valves 7. Treated Waste3. Steamline 8. Fuel Pit Drain4. Feedwater 9. Resin Sluice5. Sumps

Each system was analyzed by first developing a fault tree in,

which the paths to containment isolation failure were identified.Containment
mechanisms: isolation was found to fail as the result of 1 of 2

1. Leakage through a valve, or
2. Failure of a valve to close.

by reviewing leak test reports.The leakage history of containment isolation valves was obtained" Valve failure to close probabil-
III of the PRA report.ities were determined from reliability data presented in Appendix
bilitics were then incorporated into the faultThe leakage and failure to close proba-the probability that trees to obtaina particular system would fail to provide ,

containment isolation. .

IV.3.1 RESULTS OF ANALYSIS

The overall probability of failure t isolate containment wascalculated to be 6.1 x 10-2
contribution to this failure probability. Table IV.4 indicates each system's

.

Primary contributorsto containment isolation failure are flow through the ventvalves, steamline and feedwater lines. '

For this analysis, the probability that the main steamline would
not provide containment isolation was taken to be equal to the
probability that the MSIV (MO-7050) would fail to close with nocredit being taken for valves located downstream of the MSIV.
leak test program being developed for main steamline valves A

(CV-4014, CV-4104, CV-4106, ST-01 and SVD-101) could reducelikelihood of containment theisolation failure.

Check valves in the feedwater line (VFW 9 and 304) have failedcll recent leak tests making the current probability of contain-
ment isolation failure due to flow through the feedwater linest

equal to ~l.0.
feedwater line however,New check valves are being installed in thereplacing valves VFW-300 and 301. The

,

! containment failure analysis was performed assuming the new check
valves were in place and that generic failure data wasapplicable.

An important point to note concerning the leakage failure mode
probability is that only one contributor, the vent valves,
ma0481-1509a-72-158
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results in a flowpath directly to the environment.and fuel pit penetrations drain into radwaste tanks. Both the sump
drum /feedwater containment penetrations lead back into the feed-The steam
water or condensate system inside the turbine building.
which must be breached outside of containment before any radio-of the rather tortuous routes involved and the number of barriers

Because,

i

active releases through these penetrations can ultimately reach'

the environment, the source terms associated with these contain-ment penetrations (except for possibly the noble gases) are
expected to be much less than those associated with the ventvalves.;

The anal
however,ysis presented here has considered only active failures.for completeness,
failures of containment it was necessary to examine passive

systems and structures.

Accidents such as an ATWS.with unsuccessful poison injectioncould result in containment overpressurization and failure.
mechanistic passive failures have been addressed on a sequence chSu

by-sequence basis as part of Appendix V, "Radionuclide Releaseand Consequence Analysis."
Failure mechanisms were not identi-fied for containment penetrations such as those through which

electrical cable and instrumentation piping pass.
tions were therefore not considered susceptible to a passiveThese penetra-failure.

.

Passive failure of containment structures such as the
The likelihood of such a line break causing rupture of contain-service water system due to high-energy line breaks is possible.

'

ment or piping structures depends on the accessibility of the
high-energy lines to those components and the probability that

'

these sections of high-energy lines will rupture. '

that It is felt
the contribution of this mechanism to the containmentfailure probability to be negligible when compared to the

,

'

magnitude of the failure rate of active components.
!:

I

r

|

|

i

!

.

.

.

.
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TABLE IV.4
Probability of Failure to Isolate Containment

Locks 1.95 x'10-4 ,

Vents 1.142 x 10-2
Steamline 3.84 x 10-2
Feedwater 1.34 x 10-2 (a)
Sumps 3.15 x 10-4
Demin Water 1.142 x 10~7
Treated Waste 5.75 x 10-5
Fuel Pit Drain 1.1 x 10-4
Resin Sluice 3.4b5x10-4

6.42 x 10-2

*The feedwater failure to isotate probability was determined by~

assuming that Valves VFW6 and VFW2 are made motor operated and
-

generic failure data is applicable.

,

.

.

.

.
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Al'PENDIX IV.4.2
.

*

Failure to Isolate Containment Fault Trees, Component Leakage Data and
Calculation of Failure to Isolate Containment Probabilitics

.

,

.

1. Locks:

Failure'

Personnel, Equipment
Toand Escape *

Isolate

, , ,

I

Flow Flow Thru
Thru OutsideInside of Lock of Lock

-

I-
T T

I I IDoor Leakage Door
,

I.cakage Open Thru Open
I)oor

i
1 I

Leakage ** Check Valve
Thru Leakage
Door

* Escape lock does not contain a check valve.
**).cakage thru door includes leakage thru door anri Icakage thru equalizing value

(leakage thru the equalizing valve was not independently determined).

saa0582-0143b-72-123
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TAllLE IV.4.2.1.o *

.

Personnel Lock, .

! . ..

4

TestingTesting Leak Rate Slope
Date Interval

_ Lb/24 IIr (Days) (Lb/24 lir)Day
8/21/64 10.14
2/ 9/64 23.78

4

1728/24/,65 .7997 196
.0793

,

2/ 5/66 2.3 .1172
8/13/66 165

1.34 .0091
2/21/67 189 .005117.55 1928/18/67 7.9 .0844
3/ 4/68 178 .05420.0 199

*

9/ 9/68 34.2 .0397
4/ 2/69 189 .1817.73 20510/14/69 6.75 .1291

195 .0054/14/70 6.08 ' '
18210/11/70 1.44 .0037
1804/14/71 6.95 .0258

10/15/71 185 .02930.0
3/ 7/72 184 .03763.38 14311/ 6/72 4.95 .0236
4/25/73 213 .00748.5 17010/ 8/73 4.83 .0209

1663/22/74 4.84 .0221
165; 9/30/74 6.7 .00006'

3/15/75 192 .009752.07 166
'

3/15/75 17.42 .2733
(Retest)8/23/75 17.42 161 0.09/22/75 4.9 304/21/76 1.7 .4173

211*7/20/76 1.7 .0152
90 0.011/23/76 0. .) 1265/31/77 .26 .0135

1891/11/78 5.i2 .0014
2259/ 4/78 2.12 .0216
257 .0117

ma0582-0143b-72-121
*
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.Testing SlopeTesting Leak Rate Interval ,

Lb/24 Hr)Date Lb/24 Ifr (Days)_ Day

*

_

1/20/79 19.54 138 .12628/28/79 10.048 220 .04314/29/80 3.125 245 .028310/26/80 .0018 (TS Fraction) 150 .0154
, , ,

Total Time Avg Slope = .0043
Period = 5910

,

i Assume Lemkage Limit
'j = 225 lb/24 hr (~1/2

Tect- Spec Limit)

Time to Failure =
225

.0043, . ,

= 52517.763 Days
!

# Test Periods =
52517.763
182.5 Day

= 287.76856.

Leakage Probabil-
ity =

.

288-287.76856 _
288

8.036 x 10''

,

ina0582-0143b-72-121
*

n



4.

,

O

.

. -

TABLE IV.4.2.1.b .

..

Personnel Lock Clicek Valve

Testing SlopeTesting Leak Rate IntervalDate Lb/24 Hr (Days) Lb/24 lir)Day
'

9/22/75 .01
4/21/76 .00099 211 .0000437/20/76 .00099 90 0.011/23/76 .0059 126 .0000385/31/77 0.0 189 .0000313/14/78 .0078 287 .0000271/23/79 .0005 315 .0000238/29/79 .068 218 .000314/15/80 .0108 .- 230 .0002510/12/80 0.0 180 .00006

Total Time AvgSlope4Period = 1848 7.81 x 10

Leakage Limit
~ 225 lb/24 hr

Time to Failure =
225

.0000781
= 2,880,921.9 Days

# Test Periods =
2880921.9

182.5

= 15785.873

.

ma05,82-0143b-72-121
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'

Testing 1Testing Leak Rate . Slope !
-

, _ Date Interval'

J.b/24 Nr I,b/24 !!r
,

! A ys) Day
I
! Leakage Probabil-,

ity =
,

i _15786-15785.873
157864

i
o e i i ~

8.02 x 10 -

f

.

>

P

l
.

< .
(

1

.

3

t

:

i

!
.

i

!
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TABLE IV.4.2.1.c .

-~

Eqisipment Lock

TestingTesting '

Leak Rate
.

.

__Date Interval Slope
_ Lb/24 lir _(Days) gLb/24 Ifr)

Day*8/21/64 16.58,,

2/ 9/65 12.8
8/24/65 172

87.467 .022
2/ 5/66 196

0.0 .381
8/13/66 16516.0 .5301
2/21/67 18948.55 .0847
8/18/67 192 .16950.03/ 4/68 178

0.0 .2728
9/ 9/68 199 0.00.04/ 2/69 189' ' 0.032.3

10/14/69 20561.6 .1576
4/14/70 1951.44 .1503

10/11/70 18270.865 .3305
4/14/71 180

121.99 .3857
10/15/71 185133.11 .2764
3/ 7/72 18442.52 .0604

11/ 6/72 14326.40 .6335
4/25/73' 213 ' .075732.9 -

10/ 8/73 170 '

27.66 .0382
3/22/74 16618.84 .0316
9/30/74 16513.9 .0535
3/15/75 19231.74 .0257
3/15/75 166

8.69 .1075
4/27/75 (RETEST)8.74
S/23/75 43S.74 .0012
9/22/75 118-20.55 0.0
4/21/76 3012.63 .3937

*7/20/76 211
12.63 .0375

11/23/76 901.3 0.0
126 .0899

inaOS82 .0143h-72-121
*
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TestingTesting Leak Rate Slope '

Date Interval '
-

(Days) Lb/24 lir)Lb/24 IIr
Day

5/31/77 2.83
3/14/78 18930.1 .0081

- 1/27/79 287
2.506 .095

8/29/79 319
2.762 .0865

4/29/80 214
35.65 .0012

10/26/80 244 .1348.0018 (TS Fraction) 180, ,
.1936

Total Time Avg Slope <0.0
Period =

; 5910 Days Assume Equip Lock
i Leakage Probabil-

ity = Personnel Lock
Probability 4=-
8.036 x 10

i

I

:
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TAllLE IV.4.2.1.d

* *
i .

' ,0

EginipmentLo'ckCheckValv$
d ; j ,i ji

i ;
,1

|
i,

-'
,

ij Testing q
| Slope ,j J

,

Testing Leak Rate Interval '
!

Date Lb/24 Hr (Days) Lb/24 Hr) ;
Day

9/22/75 .15, ,

4/21/76 .0242 211 .00005967/20/76 .0242 90 0.011/23/76 .0079 126 .000135/31/77 .01 189 .00001113/14/78 .0052 287 .00001671/30/79 .0031 322 .0000065
"

8/30/79 .024' 212 .00009864/15/80 .0229 229 .000004810/12/80 0.0 '

180 .0000127

Total Time Avg Slope <0.0
Period =

1848 Assume Leakage
Probability ~ 0.0

,

| I'
i

! I' I
i

ma0582-0143b-72-121
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TAlli.E IV.4.2.1.c
.

~'
'l

Escape I.ock
.

TestJng I.eak Rate
Testing
Interval Slope

Date_
_ I.b/24 lir __ Days) I.b/24 Ilr)(

8/21/64 Day
20.072/ 9/65 * *

7.2
8/24/65 172

7.852 .0748
2/ 5/66 196

0.0 .0033
8/13/66 1657.91 .0476
2/21/67 1894/87 .0419
8/18/67 192

0.0 .0158
3/ 4/68 1780.0 .0274
9/ 9/68 1991.88 0.0
4/ 2/69 17.1 ', 189 .0099

10/14/69 20522.6 .0742
4/14/70 19557.6 .0283

10/11/70 182
15.585 .19234/14/70 18057.6 .2334

10/11/70 182
15.585 .1923

4/14/70 180
0.0 .2334

10/15/71 185
0.0 . 08(.23/ 7/72 184
0.0 0.0

11/ 6/72 14317.7 0.0
4/25/73 2139.9 .0831

10/ 8/73 170
0.0 .0459

8/23/75 166
0.0 .0596

9/22/75 6846.61 0.0
*4/21/76 3010.15 .2203
11/23/16 21112.35 .0168
5/31/77 2167.19 .0102
3/15/78 189

.235 .0273
10/ 7/711 288.53 .0241
1/23/79 207

1.6281 .0014
108 .0102

ma0582 .01431.-72- 121
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TestingTesting Leak Rate Slope .

Date Interval ,.

Lh/24 Ilr (Days) (Lb/24 lir)
'

Day
8/30/79 2.954
4/30/80 219 .00610.0 24410/26/80 0.0 .012

179 0.0

;
! Total Time Avg Slope <0.0

Period =
, . ,

5910 Days Assume Escape Lock
Leakage Probabil-
ity = Personnel Lock
Leakage Probabilq

.

ity = 8.036 x 10

* Prior to 11/76 the volumes assigned to the. personnel, equipment, and escape locks were approximat lfour times greater than their actual volumes. ey
tinee are over estiziated by a factor of four. Therefore leak rates determined prior to this

ina0582-0143b-72-121
*
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LOCKS .

.

A. Personnel .

Leakage probability through door (assume
,

l -4e36 88eLeakage through check valve = 8.02 x 10 r UE i inner and outer doors are equal): 8.036 x 10
Assusic inner door open 10%

outer door open 10%
both doors closed 80%

1.cakage through inside:

(Leakage thrg) ugh door) + (chgek valve leakagg)(8.036 x 10 + (8.02 x 10 ) = 8.116 x 10
1. Inside Door Open:

Flow through inside = 1.0

Flowthroughoutsjde=(leakagethroughoutside)+(outsidedooropen)=8036x10,4 +0.0 = 8.036 x 10 .

.t

Failure to isolate = (flow through inside)(flow through outside) = (10)(8 036 x 10-

) = 8.036 x 10'. .

2. Outside Door Open:
Flow through outside = 1.0
Flow through,
= 8.116 x 10 {nside = (leakage through inside) + (inside door open) = (8.116 x 10 4) + 0.0

Failure to isolate = (1.0)(8.116 x 10
~

) = 8.116 x'10'
3. Both Doors Closed:

Flou through inside = leakage through inside = 8.116 x 10,4
Flow through outside = leakage through outside = 8.036 x 10,4

Failure to in9 ate = (Icakage througi. inside)(leakage through outside) = (8116 x 10~0)(8.036 x 10
1

= 6.522 x 10 ~

)
.

Total persongel lock failure to isolate = .1(8.116 x 10~

) + .1(8.036 x 10 ) + .8(6.522 x 10' )
~

= 1.62 x 10

ma0582"0143h-72-121
*
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II . Equipment ' .

Assume inner and outer door open ~ 1 week / year.1.cakage probabi.lities assumed same as for Personnel Iock (except check valve Icakage probability ~0 0)
*

,

.

1. Inside Door Open:
(Same as Personnel Lock)
Failure to isolate = 8.036 x 10,4

2. Outside Door Open:

(Flow through inside)(flow through outside) = (1.0)(8.036 x 10,4)
Failure to isolate = 8.036 x 10

3. Both Doors Closed:
.

(Flow through inside)(flow through outside) = (8.036 x 10_4)2

Failure to isolate = 6.458 x 10'

Totalequipment1ockfailuretoisggate=
.02(8.036 x 10 4) + .02(8.036 x 10 ) '+ .96(6.458 x 10-7) = 3.28 x 10-5

C. Escape Lock

I.eakage probabilities assumed same as for equipment lock inner door tested once/ day, assume inner door open~.1%

1 Inside Door Open:

Failure to isolate = (8.036 x 10~4)(1.0) = 8.036 x 10'
2. Outside Door Open:,

Failure to isolate = (8.036 x 10'0)(1.0) = 8.036 x 10''
3. Iloth Doors Closed:

Failure to isolate = (8.036 x 10~4)(8.036 x 10-4) = 6.458 x 10'7

Total encagg lock failure to isolate = .001 (8.036 x 10-4) 4 0.0 (8.036 x 10-4) + .999 (6.458 x 10-7) =1.449 x 10 outer door open ~0%

ma05112-0143h-72-121
*

.
, , ,m . _ _ __



_ , _ _ _ ____ _ _ _ - _ _ - -- - ------ - -- - - ~ . _ . _. .-

, ,

, 13

.

Locks total failure to isolate =
.

(Personnel lock failure to isolate) + '

(Equipment lock failure to isolate) +
-

(Escape locg) failure to isogate) =(1.61 x 10 + (3.28 x 10 ) + 1.449 x 10 = 1.95 x 10
-6 -4

.- -

ma0582-0143b-72-121
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2. Vent Valves:
.

Failure ', .

to

i Isolate _-

I

i-
r

Exhaust I
' ,

Valves ' Supply
ITC Valves

FTCb O
i

I' |

I .

I| .

CV 4094 1

CV 4095
'

I

Itoes Not CV 4096
Does Not CV 4097

Close Does Not
Close Does Not

i Close,

Close

r m m*

1 1
1 ItSolenoid CV 4094 Solenoid 'CV 4095 .

I
_ l

__ __ _ ]_
r'

ISolenoid 3

Valves]!
CV 4096 Solcuoid CV 4097FTC or Valves ITC or Valves FTC or Valves FTC or

Fail Leaks Fail I.ca ks Fail Leaks Fail L'eaks

;

')
,

( ( 0t m m r! -_.___ISolenoid Eolenoid
- i'

L- l l- 1Solenoid _| Solenoid _ i Solenoid _ 1 Solenoid i Solenoid Solenoid
- IValve Valve Valve Valve: | Valve Valve

'

Fails to Stuck Fails to Stuck' Fails to Stuck | Fails to Stuck
! Valve ValveDe-Energize Jen De-Energize Open De-Energize 'Open | De-Energize Open

i

'

_

E
__ | / ~S

,
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SV .-
I SVFails to ' j' '. '

/j Fails toDe-Energize k De-Energize

[ b J 'l i
.

' i

]% I' I
% !

.;
-

1 I i ISV 9153 SV 9154 SV 9151 SV 9152
'

'

Fails to Fails to Fails to Fails to_De-Energize _ De-Energize De-Energize De-Energize

SV
Stuck

, SV
y\ StuckOpen Y

-

/ Open(h -

sp -qmi I
ISV 9153 | SV 9154 I

SV 9151 SV 9152Stuck Stuck Stuck StuckOgn | Open Open Open

| | i
.,

I
.
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TABI.E IV.4. 2.2.a ~

..
. ,

Exhaust Vent. Valves '

I Ii :

Interval!|,''[tTesting , hlope '

Testing Ieak Rate.
t

I,b/24 Hr) ,|I) ate I.b/24 Ifr (Days) i

'

Day
8/21/64 6.61
2/ 9/65 2.33 172 .0249S/24/65 8.512 196 .03152/ 5/66 28.679 188 .10738/13/66 96.0 189 .3562j 2/21/67 3.09 192 .4839( 8/18/67 15.8 179 .07101 3/ 4/68 26.278' 199 .05279/ 9/68 34.8 189 .0451

,

-4/ 2/69 47.3 205 .061
i 10/14/69 33.2 195 .07234/14/70 36.84 182 .0210/11/70 17.291 180 .10864/14/71 33.22 185 .086110/11/71 19.83 180 .07443/ 7/72 25.45 148 .03811/ 6/72 15.15 244 .04224/25/73 15.5 170 .002110/.8/73 21.12 166 .0343/22/74 29.12 165 .04859/30/74 16.0 '

192 .06833/15/75 90.37 166 .44804/27/75 77.06 43 .30958/23/75 77.06 118 0.09/22/75 90.90 30 .4613 j4/21/76 101.23 212 .04877/20/76 101.23 90 0.011/23/76 31.89 126 .5503
'

3/31/17 31.89 | 189 O.0
,

,

'

.'

nia 0582-0143h- 72-121
,
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.

.TestingTer. Ling 1.cak Rate Slope
_ Date Interval .,

1
J)ys) I .1,/24 Ilr)_

I,b/24 lir
j

Day _
7/ 3/77 22.58 33 .2821

Total Time Avg Slope = .0034 lb/24 hrPeriod =
4699 Days day

Assume leakage. .

J.imit = 200 lb/24 hr

Time to Failure =
200

.0034
= 58847.761 Days

# Testing Perlocis =,

58847.761
182.5

= 322.4534R

Probability of
I.calinge =
323-322.45348 _

i -

323

1.692 x 10'
.

This 1cakage proha-
bility is assigned
to tlie exliaust but-

I. terfly (CV 4095),
extianst check
(CV 4094) aiid supply

i clicek (CV 4096)
s.ilven.

niiOS!;2 '0143b-72-121
.
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TAllLE IV.4.2.7.b
,

.

_Sulyly Vent Valve (flutterfly Valve CV 4097)

Slope
Testing Leak Rate Leak Rate Limit

Date (Lb/24 lir) Valve Leakage
1

_

Lb/24 Ilr (1/2 TS Limit) Day Time (Days)

8/20/64' '

11/ 6/72 77.8 No Excess Leakage Leakage Time =4/25/73 225.0 205 .8608 17.4259/30/74 8.69 (Testing Interval)-(Time to Leakage)
No Excess Leakage3/31/75 1428.5 230 7.8012 153.631 Time to Leakage =4/27/75 76.83 No Excess Leakage Leak Rate Limit-Leakage (t d5/26/75 825.3 211.85 25.8083 23.7689/22/75 .97 Slope
No Excess Leakage4/21/76 7454.4 208.565 35.1577 206.0955/19/76 84.997 No Excess Leakage6/19/76 381.69 208.93 9.5707 18.0508

.

9/16/77.

No Excess Leakage1/23/78 Failed to Hold 129
Pressure

7/11/78 No Excess Leakage9/ 4/78 Failed to lloid 55
Pressure

10/. 5/78 No Excess Leakage2/ 5/79 Failed to llold 122
Pressure

.

1

| Total Leakage Time = 724.97 Days

|
Total Time (8/20/64-5/16/81) = 6109 Days

724.97:
Le.;kage Probability = 6109 .1187

'
,

i

|

|.
I m.iDSR2-0143b- 72- 121

*
.
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.

.

VEllT VAINES .

'

..

Supply Butterfly Valve (CV 4097) .1187
. Supply Clieck Valve (CV 4096) - 1.7 x 10 3

_
I.cakageExhaust Butterfly Valve (CV 4095) - 1.7 x 0 '3 hol)al>My

Exhaust Check Valve (CV 4094) - 1.7 x 10 3

CV 4094, CV 4095, CV 4096, CV 4097 FTC .001 (Table III-5, App III)
Solenoid Valve FTC - 4 @ .001 = .004

Flow through CV 4094: .0017 + (.001) .9 = .0026Flow through CV 4095: .0017 + (.001).9 = .0026Flow through CV 4096: .0017 + (.001).9 = .0026Flow through CV 4097: .1187 + (.001) .9 = .1196

l']ow through exhaust valves (CV 4094 and CV 4095) :
(.0026)(.0026) + (1 x 10~4) = 1.068 x 10'''

Flow through supply valves (CV 4096 and CV 409'7)': (.0026)(.1196) + 1 x 10' = 4.11 x 10''
Failure to Isolate =

l'rebability of flow through exhaust valves +
Probability of flow througli supply valves +
Prchah111ty of solenoid valves failure to close +

Prebability,g)f assorted relag)or bus failurgs =(1.068 x 10 + (4.11 x 10
+ (4.0 x 10 ) + (6.9 x IQ ) = 1.142 x 10

-3 -2

.

s |
,

i

i

mag 532-0143h-72-121
.

.
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!varr var.vns I -

s
.Supply Butterfly Valve (CV 4097) .1187

Supply Check Valve (CV 4096) - 1.7 x 10.3'
-3' '#* *E' l

Exhaust Butterfly Valve (CV 4095) - 1.7 x 0 Prolialihy
, '

3Exhaust Check Valve (CV 4094) - 1.7 x 10

CV 4094, CV 4095, CV 4096, CV 4097 FTC .001 (Table III-5, App III)

Solenoid Valve FTC,- 4 @ .001 = .004

Flow through CV 4094: .0017 + (.001).9 = .0026
Flow through CV 4095: .0017 + (.001).9 = :0026
Flow through CV 4096: .0017 + (.001).9 = .0026

'

Flow through CV 4097: .1187 + (.001).9 = .1196

Flow through exhaust valves (CV 4094 and CV 4095) : (.0026)(.0026) + (1 x 10 ) = 1.068 x 10'
-

Flow through supply valves (CV 4096 and CV 40'97): (.0026)(.1196) + 1 x 10' = 4.11 x 10-
Failure to Isolate =

Probability of flow through exhaust valves +
Probability of flow through supply valves +
Probability of solenoid valves failure to close + _

Probability,g)f assorted relag)or bus failugs =(1.068 x 10 + (4.11 x 10 + (4.0 x 10 ) + (6.9 x 10-3) = 1.142 x 10-2

{

r

!
!

{ ma0582-0143h-72-121
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-
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3. Steamline: .

Failure *
..

to

Isolate
l

m
I

IFailure to Failure toe + Isolate Isolateto-7065 to-7050Line Line

>

.

I
I, , ,

CV 4107 HO 7065 Valve Down- H0 7050
' i

Does Not Tails to stream of Does NotClose Remain H0 7050 does Closej'
; Closed Not Close 'Close

1
sm

1

|
| _ISpurious Air CV 4107 CV 4107 II

'

H0 7050 H0 7050, Signal to Open FTC Leaks* , Electrical Hechanical| From SV 4917 ;
Failure Failure

1.
~gs4

1RSV 4917
|SV4917 I Il' ails to H0 7050 HO 7050g Stuck

I 'De-Energize | Jen FTC Leakss ,

|
_

saa0582,0143b-72-121
*

.
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.

\ Valve Down- 1
\ Strcum of ,

,{ 'HO 7050 Does
-- Not Close " , .

|
| |

'

I3

w, _, , _ . . - - . -

-, .

, - - -,'STs Do SVDs IPR 'CV 4104 CV 4106 CV 4200 H0 7067 "Not Close Do Not Bellows Does Not Does Not Does Not Line NotClose Leak Close Close Close Isolatedj
,2 3

// 5 '

6

STs Do I I illTs Solenoid CV 4200 CV 4200g Not Does Not FTC LeaksClose
_ Operate

/

%
i

i

ST-01 ST-02
SVDsOpen Open

Do Not
Close

b
7

r
i

i
,

i
,-

ST-01 GI-01 Open ST-02 ! ST-02 Open
I

g(Operator 'SVD-101| 'SVD-102
i

'

Leaks Leaks, (Operator OpenErro r) j Error) Open
.i

'W . l
.

;I I I__
'T,

, i
! SVD-101 SVD-102 "

SVD-101 Open SVD-102 OpenLeaks (Opera tor Leaks
,

(Operator |iError) Error)
'

ma0582-0143b-72-121 ,

*
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Steamline:
.

.'

CV 4104
CV 4106Iloes Not
1)oes NotClose
Close

. . . .

e m.
em

I
II I ~ ISpurious Air CV 4104 'CV 4104 Spurious Air CV 4106 CV 4106

-

Signal to Open FTC ' Leaks
From SV 4899 Signal to Open FTC Leaks

i From SV 4916

f

.qw -

_._l _ _ . ~ l_ . gw
. ISV 4899 SV 4899 I

SV 4916Fails to
. Stuck SV 4916

Fails to StuckD e-Ene rgize_ { Open De-Energize J en

.

ma0582-0143is-72-121 *
.
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~

,-
, ._

.

'

.~ .-
.

HO 7067 ' *'
~

>
., n Line Not

-

. ~s

' L b~

Isolated ..

e .

I

' '

HO 7067
Does Not Re- CV 4014

Hain Closed Does Not.Re-
Main Closed

'T
I I |

.

- . 'T
.

'I I_. I IHO 7067' CV 4014 Ilydraulic CylinderHO 7067 H0 7067 HD 7067 Electrical Falls Oil Pump EnergizedFTRC FTC Leaks Failure Open Loss of Valve Opens
Function

i
T T-I

_ l I I! Hechanical
CV 4014 | CV 4014 Failure FTOPFTC ! Leaka I PS 635 PS 678'

Closed
I

'

t

ma0582-0143b-72-12s ,
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STEAMLTNE
.

.

Assume probability of leakage of valves downstream of HSIV
. . ,

(HO 7050) = 1.0
.

2HO 7050 FTC of 3.84 x 10 domisolatesteamline=3.84x10{natestree, therefore, failure to
*

,

. , ,

G

I

i
t

i i.
,

'

I
.

,

. . . .

.;

-
,

1

8

|
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4. Feedwater: '' '

..

Failure '

to '

Isolate I
'

i f
1

<

em

I i
Valves Fail Failure to Iso- Valves Fall' ' '

, in Containment late Due to in Containment
with IIP Ifeater FW Piump Without HP lleaterTube Rupture Start Up Tube Rupturei

O O

(.. - -) --;..
_

; VFW 9 VFW 304 IIP litr VW 9 VFW 304 CVs Failure inF0 F0 Tube FO FO FO Line 1 or
; Rupture

i Line 2 |

[ ! !

VFW 9 VFW 304
1 FO I 2 F0

% < m
, , , -___....__..3VW 9_ VFW 9' VFW 304 VFW 9

FTC Leaksj FTC Leaks

ma0582-0143h-72-121
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.

|

I

-

.

]
CVs '

'

3~ FO

m
i

F1'ow y
FlowTliru

i Thru'

CV 4012
CV 4000

em
#%

i
: i I ICV-4012 J CV 4000 CV 4000

'
' '

CV 4012 F0 (Controller CV 4012 Loses Air Stuck CV 4000Open Fails) Leaks Supply W ile Open Leaks
Open

1
-

| |
CV 4012 CV 4012

Opert During FO
Opc ra t.inei

na0582-0143b-72-121
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-
..

Flow Thru

//,
,

Line I or
# Line 2

I
, , F1ou I,

Thru p36y

Line I Thru
l,

Line 2b O,

I
i! IFlow i

ylow |.

y j ,', - 9yyg ,Thru ',

Thru
; Thru ThruLoop I

VW 6 |I

| Loog yg 2

g
m m

~ I I I - 'm-

I
Flow Thru Flow VW 6 _VW 6 1___

I
VW 300 VW 2 VW 2Thru Remains Leaks Remains Leaks *-

) _ VW 7 , Open
Open

,

, + r_ _ . . _

VMJ 300 } "VW 300 VFW 7 VW 7
~

' '
'

lStuck Leaks Remains Leaks
Jen _Open

!

!

j ma0582-0143b-77-121
1 .

*
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,

?S ..

.

.
.

.

Flow . . ,

Thru-

_

Loop 2

{

r
i

1.; Flow Thru! Flow !

VW 301 Thru
VW 3 i

m
I | |-

T
nVFW 301 VW 301 VW 3 VW 3Stuck . Leaks Hemains Leaks

'

Open
i Leaks Open Leaks |,

,

'|

,

.

t

| ina0582-Ol43h-72-121
,

9

_ * -- , '



_ _ _ _ _ _ _ _ _ . _ - - - - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ . ___ _ _ .

2';. ..

.

.

FEEDWATEll .

*

..

Assume Check Valves VW-300 and 301 are replaced and that generic ,
leakage and faliure to cl'se probribilities are applicable.o

6Check valve leakage probability = .5/10 hr (Table III-4a of PRA
Report)

. .
. ,

,

6VW-300 and 301 Leakage Probability = .5/10
6 ((Test Interval)= .5/10 24 365)3= 4.38 x 10

-4VW-300 and 301 FTC = 5 x 10 Tabh III-Id
,' Failure to Isolate FW Line = P(flow through VW-300) +'

P(flow throggh VFW-301)

= (4.38 x 10,3 + 5 x 10_4)) +(4.38 x 10 *I
9.8 x 10 3

~

=

,

~ Start-up of FW pumps requires use of heat up loops which cause loss
of containt.ient isolation. Ifeat up during a pump start is assumed to
take ~4 hr (see SOP-16). Number of shutdowns and FW pump outages
seguiring use of heat up loop during start-up from 1970-1979 is 79
(PRA Tabic I]]-2 and X1]I-1).

<

Time containment was not isolated = 4(79) = 316 hours
_

Total time 1970-1979 = 87648 hours '

Probability containmegt is not isolated due to FW pump start-up =.l 316/87648 = 3.6 x 10
1

Total probability of failure to iso. ate contalumgnt due to flowthrt.ny,b fcesh.ater linen = 9.8 x 10 _},+3.6 x 10
= 1.34 x 10 ~

!
i
;

raa0SS2-0143b-72-121
*
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5. A. SUHP: .

*
.,

Clean
.

| Failure
to

isolate

i
4

,
l [
| i

II CV 4'031
-

1

F0 CV 4102
F0

.

-w
Ir %

I *
- I ISV 4869 CV 4031 CV 4031 'SV 4895 CV 4102 l

1
;

F0 FTC Leaks FO
CV 4102

i FTC T.ca ks|

f
'y .pI I

SV 4869 I I
SV 4895 '

Fails to SV 4869
Fails to' SV 4895Receive FTC
Receivd* FTC

'

i SIEsal 3 | Sigalg
il,

,

-

t

I.

| i ?

! I |
'

na0582-01431-72-121'
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*
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.,

Dirty ' ' '
t 1 - '

L

i i, if Fai}iire ! |,
-

I
| ! LO

|
_ Isolate4

,

f

, ,, - - - -< jw
. _ . . . _ . . . . .

Leakage
Thru 1.caliage

ThrisEC
CV 4103(> O

r .

I I
,

I ICV 4025 VEC 301
1 l FO FO

CV 4025 CV 4103
FO F0.__.

1
| km

I 1
___ _ _ l |VEC 301 VEC 301 SV 4896 CV.4103 CV 4103

>

FTC Leaks
',

; i FO FTC Leaks '
I

r F m
, ,

SV 4896 ]
Fails to SV 4896
Receive FTC

_ SlGria1_ __

m.10582"O 143h-72-121 '
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/1 --|iiV7025
f 4

:
'

Fo

I '

,

'
t

1 |' N
f j

- ;

I
I

SV 4891 CV 4025 CV 4025' ' ' FO FTC Leaks

I I
SV 4891
Fails to SV 4891
Receive 'FTC
Signal

i

!

,'

1
:

4

f
4

1

!
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Tall).E IV.4.2.5.a .

' *

.'

Cican Sump

TestingTesting Leak Rate Slope
_ Date Interval

_(Days) Lb/24 lir)_ Lb/24 IIr
Day

8/ 2/77 0.0
10/ 4/78 2.35 4282/25/79 .00550.0 14410/15/79 1.1162 .0163
12/ 2/80 232 .0048.i

.447 414 .0016
'

Total Time Avg Slope = .000367
Period =
1218 Days

. Assume Leakage
Limit = 1/2 TS
Limit = 223.5 lb/24 hr

Time to Failure =
223.5
.000367
= 608991.83.

# Testing Periods =
608991.83

365

= 1668.4708
>

' Leakage Proba-
bility =

1669-1668.4708 _
l 1669

~

*

- ' '
3.171 x 10

1'

: ma0582-0143b-72-121 '
i
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TABLE IV._4. 2.5.b
.

'

1)irt y Sump, ' , ,

TestingTesting Leak Rate Slope
,

'

Date Intervalth/24 Ifr __ Days) gg4lir)(
Day

8/ 2/77 .28
10/ 4/78 11.8
2/25/79 428

3.52 .0269
10/15/79 144

1.3425 .0575
11/25/80 232

3.0 .0094
407 .0041.

Total Time Avg Slope = .00225Period =
1211 Days

Assume Leakage',

Limit = 1/2 TS
Limit = 223.5 Lb/24 hr

Time to Failure =
(223.5 .28) .00225
= 99208.889 Days

# Testing Periods =
99208.889

365

= 271.805

Leakage Proba-
bility =

j (272-271.805)
I 272
,

~ ' '
i 7.163 x 10
|
9

i
; ma0582-014318-72-121
1.
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.

. ..Clean Sump:
;

CV 4031 - 3.171 x 10 Leakage
CV 4102 - 3.171 x 10 Probability
CV 4031 .001 FTC

'

CV 4102 .001 (APP III of PRA Report)
i SV 4869 .001 FTC

SV 4895 .001 (App 11I of PRA Report)

i Flow through CV 4031: 3.171 x 10-4 + .9(1.0 x 10-3) + 1 x 10-3 - -3= 2.217 x 10
Flow through CV 4102: 3.171 x 10' + .9(1.0 x 10-3) + 1.0 x 10-3 ~3i

= 2.217 x 10

Failure to isolate = (flow througg)CV 4031)(flow ghrough CV 4102)= (2.217 x 10, 2+ .1(1 ( 10 )
,

f, = 1.049 x 10

Dirty Sump:

CV 4025, CV 4103, VEC 301 - 7.163 x 10' Leakage Probability
CV 4025, CV 4103 - 1.0 x 10'

~

- FTC (App III, PRA Report)
VEC 301 - 5 x 10' - FTC (App III, PRA Report)

SV 4891, SV 4896 - 1 x 10' - FTC (App III, PRA Report)

Flos: through emergency condensor =
(Fics t h rour.
(7.163 x 10 (i VEC 301)(Floy,-)through CV 4025) =

;

+ .9(5 x 10
)(.9(1 x 10 ' ) + (1 x 10-3)' 4 (7.163 x 10-4)) + .1(1 x 10-3) = 1.031 x 10-4\

t Flow through CV 4103 =
(Flov s.hroy;
( .'',(1 : 10 'gh CV 4025)(I]Iow through CV,4103) =f

-)+1x 10
1 7.163 x 10 )(.9(I x 10-3) + 1 x 10 '3 + 7.163 x 10-4) i .1(1 x 10-3) = 1.068 x 10-4

; ma0532-01431,-72-121
i
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ii t
.

} Failure to Isolate: .

*

(Flow througg) emergency condeg)ser) + (flow ghrough CV 4103) =
*

(1.031 x 10 + (1.068 x 10 = 2.1 x 10
,,

- ,

!I
; Failure to isolate (cican and dirty sump)'=

(1.049 x 10-4) + (2.1 x 10-4) = 3.15 x 10-4
,

!
%

i

| |

!?
,

|I
'!

-

.

!

1

.

.
>

4

i
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i B. DEllIN WATER SUPPLY: *

'
'

Failure
to

Isolate

!
P

. I
-

i
'.1'Flou Flow

Through Through
CV 4105 CK Valve (Vt!U)

.i

m m
i I I I

' CV '4105 CV 4105 VhU VtiU
Open Leaks Stuck Leaks

Open

.

. , _ - .

I I
'

Open CV 4105
During FO

| Operation

- %

1 ... _ I I I' CV 4105 Demin SV 4S97 CV 4105
Open During Tap FaiJs FTC,

'

t_ Ope rat ion Ogn_

,1

na05S2-0143h-72-121 *
,

_. -_ - ,- . _ _ . _ . . . _ _ - _ _ .



_ _ _ _ _ - _ _ _ - _ _ _ _ _ . _ . _ _. . _ _ _ _ _ _ .

' . .

:U:
6

'

.

7. Treated Waste: t

, .

4

Failure
to

Is'olate
,

i
- I

IFlow '

Flow
| Thru Thru

CV 4049
VRW 313,

O
IP rwI .

I I1 CV 4049 CV 4049 VRW 313 VRW 313
I

Leaks Open Stuck Leaks-

Open,

,

C,
,

CV 4049 CV 4049
Open During FO
Opera tion

i

T
I _ISV 4892 CV 4049

Fails FTC

. -(m,
_

,--

SV 4892 Fails ' y
SV 4892,

{
to Receive Stuck
Signal to*

Open
Dil~.E"SEE zei

_

ma0582-0143b-72-121
*

m
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TADI.E IV.4.2.6.a ~

| .

i

Demin F!ater Supp_1y

TestingTesti.ng Leak Rate Slope
Date Interval

(Days) @f24lir)Lb/24 lir
Day

8/14/77 2.52.

3/ 5/79 1.001
11/27/80 568 .00272.07 633 .0017

Total Time Avg Slope <0.0
Period =
1201 Days

+
.-

Assume Leakage
Probability 20.0

1

1

.i

.

i

ma0582-01431>-72-121
.
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.

TABLE IV.4.2.7.a ".

Treated Waste (CV 4049),

.

Testing SlopeTesting Leak Rate IntervalDate Lb/24 Hr (Days) I~Lh/24 IIr_

liay
8/11/77 .001

10/26/78 0.0 441 -0.03/ 1/79 0.0 126 0.03/ 1/80 .72 366 .00197

Total. Time Avg Slope = .000772
Period =
933 Days

Leakage Limit per,

Lb
Tech Specs 2447 24'llr

Time to Failure =
447

.000772
= 579240.64 Days

# Testing Periods ='
'579240.64

I
365

= 1586.9607

! ,

i !

-i

ma0582 0143h-72-121
! 1

*
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TestingTesting Leak Rate interval
Slope

_ Date Lb/24 Ifr Lb/24 Hr
(Days) I Day

{.ea kage i l'roba bi l-. j i
1 '

2ty =

1587-1586.9607
1587

.

-5= 2.48 x 10

Check Valve (VRW 313) failed leak test 11/27/80.
(3/1/80-11/27/80). Assume valve had leaked for the entire period between tests

Leakage Time
Leakage Probability (VRW 313) = Total Time

= 271 Days
81204 Days

-I= 2.25 x 10 ,

i

|

I

ma0582-0143b-72-121
,
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.

1)EHIN WATER SUPPI.Y ,

.

CV 4105 Leakage probability 20.0
Check Valve Isakage Pre!) ability 2 .01

C11 4105 FTC :- 1.0 x 10 (Table 3.5, App III)
- SV 4fs97 FTC = 1.0 x 10] (Table 3.4, App III)
I)emin tap open during operation = 15 x 1 yr for 2 min each

= .5 hr/24 lg (365)_

= 5.71 x 10
CV 4105 open iluring operation = 1.0

CV 4105 Open:

ICV 4105 open durigg oper)(demin tap open durgg) ope d -[ W 48 n m 4 m e m )= (1.0)(5.71_y 10 )-|(1.0 x 10 3) + (1.0 x 10 ]= 1.142 x 10

Flow through CV 4105:

(CV 4105 Operj)) + (CV 4105 Leaks) '

(1.142 x 10 + (~0.0) = 1.142 x 10_7

Failure to isolate:
(Flow throngly)CV 4105)(flow througly check valve)(1.142 x 10 (1.0) = 1.142 x 10

TIEATE!) WASTE

CV 4049 1.cakage Probability - 2.48 x 10
VlN 313 Leakage Probabij,ity - 2.25 x 10
CV 4049 FTC - 1.0 x If, ' (Tahic 111.5, App III)
VIN 313 FTC - 5 x 10_ ' (Table III-4a, App III)
SV 4r.92 FTC - 1 x 10 (Table III-4a)
CV 4049 open ilurin:1 cperat ion - open 6 uks/ year = 42 days /365 days

= .115

CV 4049 fails open:
(fV 4392 faiis) 1 (CV 404'8 FTC)
(1 x 10 *3) + (l x 10 3)=2x -3

10

; ma0582-014~1b- 72- 121
*t
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.

CV 4049 open:
(CV 4049 open during op,7)(CV 4049 fails open)

'
.

(.115)(.002) = 2.3 x 10
'

Flow t_hrough CV 4049:

(CV 4049 Lpaks) + (CV 4g49 open) _42.48 x 10 + 2.3 x 10 = 2.548 x 10
4

'

Flow through VRW 313:
(VRW 313 Igaks) .+. (Vi g FrC)j

,3'
2.25 x 10 + 5 x 10 = 2.255 x 10

Failure to isolate:

(Flow througg)CV 4049)(floy)through VRW 3f3)(2.548 x 10 (2.255 x 10 = 5.75 x 10

-

b

.

ma0582-0143b-72-121
.
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8. Fuel Pit Drain:
'.

Failure '

to

Isolate

(3
ii

i

Flow Flow
Tliru Thru

CV 4027 CV 4117

PI I I ICV 4027 CV 4027 CV 4117 CV 4117
Open Leaks Open Leaks
b ' b

I if 1 I _ICV 4027 CV 4027 CV 4117 CV 4117Open During FO Open Durin8 FO
Operat. ion Opera t. ion

|9 1., -h
i

i
i~5 4876 I CV 4027 SV 4922 'CV 1117

Fails ITC FaiIs FTC

(
I

-- m m-

, p_. __

| SV 4S76 Fails SV 48761 , SV 4922 Fails SV 4922i to I?cceive Stuck to iteceive Stuck
| 'li gna l to Open Signal to Open
I,. Ile-Ene rn i ze lle-Energiye

__

ma 05 fi2-014:.le-72- 12 I
.
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TABl.E IV.4.2.8.a '

"

Fuel Pi t Drain

TestingTesting Leak Rate Slope
Date Interval

(Days) (Lb/24 IfrLb/24 Ifr

8/21/77
_ Day

11.77
3/ 3/79 10.923
9/19/79 568

0.0 .00149
20011/26/80 17.1 .0546
431 .0397

Total Time Avg Slope = .00445
Interval =.
1199 Days Leak Limit ~

447 lb/24 hr (1S-

Limit)

Time to Failure =
_447-11.7

.00445
= 97905.7 Days

# Testing Periods =
97905.7

365

= 268.2348

1.eakage Probabil-
ity =

269-268.2348
! 269

= 2.8446 x 10~

t ma0582-0143b-72-121
.
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.

FUEL. PIT DRATH
.

.

CV 4027, CV 4117 - 2.8446 x 10~ 1.cakage Probability
s

CV 4027, CV 4117 - 1.0 x 10~ - FTC (App III, PRA Report)

CV 4027, CV 4117 open during operation ~ 6 wk/yr = 42 days /365 days = 1 15 x 10'I
.

SV 4876, SV 4922 - 1.0 x 10~3 FTC (App III, PRA lleport)

Probah11ity of CV 4027 failing open:
(SV 4876 FTC) + (CV 4027 FTC) = 1.10 -3

+ 3 (1.0 x 10~3),9
= 1.9 x 10

Probability of CV 4117 failing open:
(SV 4922 FTC) + (CV 4117 FTC) = 1 x 10-3,g.9(1x10-3)

= 1.9 x 10
-

Probability of CV 4027 being open:

(CV 4027 open during operation)(CV 4027 FO) = .115 [(1.9 g 10-3)],

= 2.185 x 10
'

Probability of CV 4117 being open:
(CV 4117 open chiring operation)(CV 4117 FO) = .115 (1.9 x 10-3)

4! = 2.185 x 10
Flow through CV 4027:
(CV 40?7 open) 1 (CV 4027 Icaks) = 2.185 x 10-4 + -3*'*

-3= 3.0631 x 10
Flot* through CV 4117:
(CV 4117 open) + (CV 4117 leahs) = 2.185 x 10 - 3' -3

_3+ 2.8/M6 x 10
= 3.0631 x 10

Failure to it.<: late:
(Flow throu;;h CV 4027)(flow through CV 4117) = (3.0631 x 1p)2 + ,g(i x 10-3)-3

,= 1.094 x 10

ma0LS2-0143h-72-121

.
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.

9. Renin Sluice:
.

..

Failure
to

Isolate

, ._g
Flow Flow
Thru Th ru

Path 1 Path 2

I
I1 i i IFlow Flow Flow FlowThru Thru Thru Thru

CV 4092 CV 4091 CV 4093 CV 4091
i

1 /
|l
im |

| I iCV 4092 CV 4092 CV 4093 I CV 4093Leaks Open 1.ca ks ! Open
b O

i iI I i ICV 4092 CV 4092 CV 4093 CV 4093Open During FO Open During F0_ Operation Opera tion j

l~
I ____. I ___ ._I ICV 4092 SV 4879 CV 4093 -SV 4879

FTC Fails FTC Fails,

ma05S2-0143h-72-121
.
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TAlil.I; IV.4.2.9.a '

*

Resi r: Sluice (CV 4091)

TestingTesting Leak Rate Slope
Date Interval

_ (llays) Lb/24 lir)16/24 Hr
Day

S/12/77 1.42
3/ S/79 1.11

10/19/79 573
1.5358 .000541

11/26/80 225
.45 .00189

404 .00269

Total Time Avg Slope = <0.0
Period =
1202 Days Assume Leakage

, Probability ~ 0.0
CV 4092, 4093
8/12/77- 3/ 8/79 Leaked -

3/ 8/79-10/19/79 No Leakage
10/19/79-11/23/80 Leaked

Leakage Time _ 974
_

Total Time 1199

= .812

T.cakage Prchability = .812

ma05!!2-0143b-72-121
.
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ItESD' SLUTCE
'

CV 4091 Leak Probability 20.0
CV 4092, 4093
CV 4091, 4092, 4093 FTC = 8.37 x 10 Leakage Probability =_p(12

8

App III)
CV 4091, 4092, 4093 open during operation = 3.425 x 10_4
SV 4879 FTC 0 .01

i Flow through CV 4091:

(CV 4091 leaks'y +4)(CV 4091 open during_gperation)(CV l.091 FO)~0 + (3.425 x 10 (~1.0) = 3.425 x 10
.

Flow trarough CV 4092:

(CV 4092 leaks) + (CV 4092 open during operation)(CV 4092 FO) 2 .01

Flow through CV 4093:

(CV 4093 leaks) +' (CV 4093 open during operation)(CV. 4093 FO) 2 .01I

Failure to isolate:
(Flow through CV_/gD92 or CV 4093}{ flow through CV 4091)(1.0)(3.425 x 10 ) = 3.425 x 10 p

i

I
.

ma0582-01/.3b- 72- 121
.
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NOTE (al: Fo
the siquence,r sequences in which the MSIV has closed as part of~

the probability that
Icases is equal to the sum of the failure to isolate probabi]-the sequence will lead to re-
itius listed in the accompanying table excluding the probabilitythat the steam line fails to isolate.
NOTE <(b): For sequences in which the MSIV has not
tne sequence because it has not been called upon to closeclosed during
than as a result of inability to close caused by mechanical prob-, rather
lems, the probability that
equal to the sum of the failure to isolate probabilities listedthe sequence will lead to releases isin the accompanying table.

NOTE (c): For LOSP sequen
bffore core damage occurs,ces in which offsite power is restored

instrument air is assumed availableand instrument air lines are assumed not to be a leakage path.The failure
described in footnote (a).to isolate containment probability was determined as

NOTE (d):
For LOSP sequences in which core damage occurs before

offsite power is restored but the diesel generator is working,is assumtd that the operator fails to restore instrument it

of the~ time making instrument and service air lines a leakageair 10%
path (Ft= .10).

railure to isolate probability determined in footnoteThis leakage probability was added to the valueo f !the ,

(a).
NOTE (e'):
offsite power is restored and the diesel generator fails, itFor LOSP sequences in which core damage occurs before
assumed the standby diesel is not put in service 10% of the is

and given that it is, the air compressors are not time
the time (f .1 + .9 (.1) = .19). restored 10% of=

added to the, value of the failure to isolate probability deter-This leakage probability wasmined'in footnote (a).
NOTE (f): For sequences in which the MSIV fails to close on de-cand as part of the sequence, the probability that
will lead to release is equal to the probability thatthe sequence
isolation valves fail to close on demand (Probability = 1 0)the backup

. .

NOTE (g): For BRP as presently designed all accident sequences
which lead to RDS actuation are also expe,cted to produce signifi-cant core damage and containment failure. The primary factor inthis expectation is that following RDS actuation, no assurancecan be provided that the liquid poison will mix with the corespray water even if it is injected prior to RDS actuation.
mates of'the radio-nuclide releases from containment have been

Esti-

made by assigning ATWS sequences to Release Category 3, for whichcoro damage and early containment failure are keycharacteristics.
NOTE (h): As de.icribed in Section Ill, 5.2.12, Appendix III ofEEe PRA Report, the probability that the instrument air system isnot repaired in a timely manner is .01. This probability was
9.a0581-1510a-72-123
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added to the value of the failure to isolate probability as
decernined in footnote (b).
NOTE (i)- For sequences involving fires in the cable penetraticn
crea inside containment which are severe enough to cause cable
d.,uage leading to core malt, it is judged that the probability
the fire will also cause containment isolation failure is 1.0.This failure could occur either by combustion or melting of the
epoxy which seals the cables to the containment penetration, orby fire-caused failure of the MSIV to'close.

For sequences involving fires in the cable spreading room outside
containment which are severe enough to cause cable damage leadingto core melt, it is judged that the probability of containment ,

isolation failure is 1.0. Despite the different density of
cables in the vicinity of the penetrations, a fire in the cable
spreading room would'also very likely disable the MSIV open.Given the base case assumption that the backup isolation valves
do not close completely, open f,ailure of the MSIV is equivalentto containment isolation failure.
For sequcc.cos involving fires in the station power room, theoperator is instructed to shut down and close the MSIV. Becauseof sci..a ambiguities in the procedures, it is not obvious that *

these ections would be implemented immediately for the Plant aspresently operated. For this reason, station power room fires of
sufficient severity to cause cable failures and eventual core

.melt are judged to cause failure of the operators ability to !close the MSIV in advance of his taking this action one time in
three. However, because instrument air lines are assumed to be aleakage path for this sequence F 1.0.-

g

NOTE (i): As described in Section III, 5.2.12, Appendix III of
tne PRA Report, the probability that the instrument air system is,

| not repaired in a timely manner is .01. . This probability was
added to the value of the failure to isolate probability as de-;

termined in footnote (a).

|

f

ma0581-1510a-72-121
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FAILURE TO ISOLATE CONTAINMENT PROBABILITIES

Locks 1.95 x 10-4
Vents 1.142 x 10-2
Steam Line 3.84 x 10-2
Feedwater 1.34 x 10-23

Sumps 3.15 x 10-4
Demin Water 1.142 x 10-7
Treated Waste 5.75 x 10-5
Fuel Pit Drain 1.1 x 10-4
Resin Sluice 3.425 x 10-4

6.42 x 10-2

*The feedwater failure to isolate probability was determined by '

cssuming that Valves VFW6 and VFW2 are made motor operated andgeneric failure data is applicable.

.

I

ma0583-1510a-72-121
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Sumiry of Important AccTJc'r.L SUEences for Big Rock Point e .

Prebibility
of Sequizee Probibility cf Release Cateenry: (1) Given the Sequence, (2) Considering the S uence ProbabilitySeguence JPer Yect) LRP-1(1} _IY6Tj21 ERP-2(1) B;:P-2 Q) EkP3(Il BEP-3[2) EftE7.(if !!F4 2) BtF-5Ii) BNP-5(2)

S E,C 4.0 x
g .026 (a) IE x Id A01 N 4.0xId 0.79 (c) 3.2 x i d '

~0SL 3.7 x 10y .0642 (b) 2.38 x 10' O.01 (b) 3.7 x 10'I 0.76 (c) 2.8 x 10 -6

Sc 4.0 x 10"Iy .0642 (b) 3.57 x 10'8 0.01 (b) 4.0 x 10 0.76 (c) 3.0 x 10'I
SL 3.7 x 10'Iy .0642 (b) 2.38 x 10'8 0.01 (b) 3.7 x to 0.76 (c) 2.8 x 10'I
S E,L 1.0 x 10"3 .026 (a) 2.6 x 10'I 0.01 (b) 1.0 x 10'I 0.79 (c) 7.9 x 10''
S)E,C 4.0 x 10'0 .026 (a) 1.04 x 10' O.01 (b) 4.0 x 10' O.79 (c) 3.2 x 10-6

SC 1.0 x 10'' ~6 -64 .0642 (b) 6.42 x 10 0.01 (b) 1.0 x 10 0.76 (c) 7.6 x 10'5
UL 1.5 x 10' .0742 (h) 1.11 x 10"I 0.01 (b) 1.5 x 10'I 0.76 (c) 1.1 x 10'I
UE,UL 1. 7 x 10' .0742 (b) 1.26 x 10'I 0.01 (b) 1.7 x 10' O.76 (c) 1.3 x 10'0

-5
UE,UL 1.9 x 10 -6.0742 (h) 1.41 x 10 0.01 (b) 1.9 x 10' O.76 (c) 1.4 x 10-5

UE,UC 6.7 x 10'I .0742 (h) 4.97 x 10'E 0.01 (b) 6.7 x 10 0.76 (c) 5.1 x 10'I
-6

UE,CC 7.4 x 10 .0742 (h) 5.49 x 10'I 0.01 (b) 7.4 x 10' O.76 (c) 5.6 x 10-6
-6

l'E,UJ 5. 7 x 10 .0742 (h) 4.23 x 10'I 0.01 (b) 5.7 x 10'8 0.76 (c) 4.3 x 10-6
-6

WE,L 1.7 x 10 .026 (a) 4.42 x 10'I 0.01 (b) 1.7 x 10"I 0.79 (c) 1.3 x 10'0
WE,L 6.0 x 10'I -8.026 (a) 1.56 x 10 0.01 (b) 6.0 x 10'I 0;79 (c) 4.7 x 10'I

-I
WE,C 6.7 x lo .026 (a) 1.74 x 10' O.01 (b) 6.7 x 10'I 0.79,(c) 5.3 x 10'I

| WE,C 2.4 x 10'I .026 (a) 6.24 x 10 0.01 (b) 2.4 x 10'I 0.79 (c) 1.9 x 10'I
| BB E,L 9.3 x 10' -8.026 (a) 2.42 x 10 0.01 (b) 9.3 x 10'I 0.79 (c) 7.3 x 10"I

LB E,L 3.3 x 10" O.026 (a) 8.58 x 10 0.01 (b) 3.3 x 10'I 0.79 (c) 2.6 x 10"I
BB E,C 3.7 x 10' .026 (a) 9.62 x 10'9 0.01 (b) 3.7 x 10 0.79 (c) 2.9 x 10'

-5BB ZY L 4.9 x 10 -6g .0642 (b) 3.15 x 10 0.01 (b) 4.9 x 10'I 0.76 (c) 3.7 x 10 -5
-5BB ZY C 2.0 x 10 -6g .0642 (b) 1.28 x 10 5.01 (b) 2.0 x 10'I 0.76 (c) 1.5 x 10-5

T AY t, 1.4 x 10'b3 g .99 (g) 1.4 x 10' O.01 (b) 1.4 x 10'8
T AY ot. 4.2 x 10'Ig g r .99 (g) 4.2 x 10' O.01 (b) 4.2 x 10'I
T AB,L, 8.8 x 10"I

3 .99 (g) 8.8 x 10'I 0.01 (b) 8.8 x 10'I
-6

T #'"o r 3.2 x 10b ~82 .99 (g) 3.2 x 10 0.01 (b) 3.2 x '.0

*
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TARIF. V.28
Summary of Impsrtant Accident Sequences for Big Itock Point

e *

Prebxhility a

of seguence
Prob:.bility of Release Caterpry(:,1) Civen the Sequence,ij

( (2) Considering the S nonce Probability
'

ERP-1(h EP.P-2 (1_), _ BHP-2 2)Sypence frer Year) !!"P- 1 (1J _BRP-3[11 lif i(C

1E I;L 3.7 x 10'
_ bRP-4(1) BR'l 2) BRP-s(l) BPP-5(2)._

.026 (a) 9.62 x to 0.01 (b) 3.7 x 10'I (c) 2.9 x 10"I"
TE NC 1.5 x 10'

y .026 (a) 3.9 x 10 0.01 (b) 1.5 x 10'9 (c) 1.2 x 10"I
TZL 3.8 x 10' -8.0642 (b) 2.44 x 10 0.01 (b) 3.8 x 10'9 (c) 2.9 x 10'I
YL 4.3 x 10't .026 (a) 1.12 x 10' O.01 (b) 4.3 x 10 (c) 3.4 x 10"
!!NL 1.6 x 10' .026 (a) 4.16 x 10'9 0.01 (b) 1.6 x 10'' (c) 1.3 x 10'I
HE NL 1.7 x 10' -8y .026 (a) 4.42 x 10 0.01 (b) 1.7 x 10' (c) 1.3 x 10

~8

HE,NL 6.0 x 10." -8.026 (a) 1.56 x 10 0.01 (b) 6.0 x 10 (c) 4.7 x 10"I
ME NC 6.7 x 10" ~8.026 (a) 1.74 x 10 0.01 (b) 6.7 x 10'I (c) 5.3 x 10'I
ME ,hc 2.4 x 10" ~9.026 (a) 6.24 x 10 0.01 (b) 2.4 x 10'' (c) 1.9 x 10'I
ME !'J 6.0 x 10y .026 (a) 1.56 x 10' O.01 (b) 6.0 x 10'9 (c) 4.7 x 10'I-6
PE F,L 3.6 x 10y .026 (c) 9.36 x 10' O.01 (b) 3.6 x 10'8 (c) 2.8 x 10

-6

PE ,F,L 1.4 x 10' .026 (c) 3.64 x 10 0.01 (b) 1.4 x 10' (c) 1.1 x 10'-6
PE,F,F L 2.0 x 10g .126 (d) 2.52 x 10'I 0.01 (b) 2.0 x 10'8 (c) 1.6 x 10-6

-6
PE F,C 3.1 x 10y .126 (d) 3.91 x 10"I 0.01 (b) 3.1 x 10 (c) 2.4 x 10

~8 -6

FE ,F,C 1.3 x 10 .126 (d) 1.64 x 10' O.01 (b) 1.3 x 10'I (c) 1.0 x 10 -5

PE F,C - 5.5 x 10'd .126 (d) 6.93 x 10' O.01 (b) 5.5 x 10'I (c) 4.3 x 10'I-6
PE,F,J 1.3 x 10 .126 (d) 1.64 x 10' O.01 (b) 1.3 x 10' (c) 1.0 x 10
PE F,J 4.8 x 10' .126 (d) 6.05 x 10' O.01 (b) 4.8 x 10'8 (c) 3.8 x 10~8

FIF,YL 9.9 x 10'I 1.0 (f) 9.9 x 10'I 0.01 (b) 9.9 x 10~9

PIF,YC 8.5 x 10"I 1.0 (f) 8.5 x 10'7 0.01 (b) 8.5 x 10
PQE ,F,L 6.7 x 10' ~8 ~9.026 (a) 1.74 x 10 0.01 (b) 6.7 x 10 (c) 5.3 x 10"I
PQE F,C 2.4 x 10y .216 (e) 3.02 x 10' O.01 (b) 2.4 x 10'I (c) 1.9 x 10'I-6
PQE,F,C 2.5 x 10 .216 (e) 3.15 x 10'I 0.01 (b) 2.5 x.10"8 (c) 2.0 x 10-6
PQif,L 1.8 x 10 1.0 (f) 1.8 x 10' O.01 (b) 1.8 x 10'' (c)
PQ1F,C 1.5 x 10'7

1.0 (f) 1.5 x 10' O.01 (b) 1.5 x 10'' (c)
S E,L 3.7 x 10

g .026 (a) 9.62 x 10 0.01 (b) 3.7 x 10' O.79 (c) 2.9 x 10'
*

.



SunmaryofleiportantAcc55tShencesforBigRockPsitt
.d S

Petbibility
of S;gueses Probsbility of R. lease Category:

ear-2(27(1) Giv-n the Sequence, (2) Corsidering the Sequence Probabilityg ucnce (Per Year)__ bf:P-1(1) E P-1(2) ERP-2Ti) _sur-3(i) ime-3(2) swe-4(i) 6 A (2) ene-s(i) 8ar-5(2 ).-
,

-6 -6 ~8T AY L, 1.2 x 10 .99 (g) 1.2 x 10 0.01 (b) 1.2 x 103 g -

T AY oL, 3.7 x 10"I
3 j .99 (g) 3.7 x 10'I 0.01 (b) 3.7 x 10'9

T AB,L, L8xId
3 .M (g) L8 x d OM N 7.8 x 10

T AS,L, 2.9 x 10'I4 .99 (g) 2.9 x 10'I 0.01 (b) 2.9 x 10
7 AY L 4.1 x 10' -6
5 gg .99 (g) 4.1 x 10 0.01 (b) 4.1 x 10'

~0
T 88 l 2.9 x 10 .99 (g) 2.9 x 10' O.01 (b) 2.9 x 10~85 er

T AB,L 6.3 x 10' .99 (g) 6.3 x 10' O.01 (b) 6.3 x 10-86 r
~0 -6T AB,L, 4.6 x 10 .99 (g) 4.6 x 10 0.01 (b) 4.6 x 10'y

T AL, 1.7 x 10'g .99 (g) 1.7 x 10'I 0.01 (b) 1.7 x 10'S

PR,L 1.2 x 10' .0642 (b) 7.7 x 10'I 0.01 (b) 1.2 x 10' O.76 (c) 9.1 x 10~0

RR,C 4.8 x 10' .0642 (b) 3.08 x 10'I 0.01 (b) 4.8 x 10' O.76 (c) 3.6 x 10-6

HZ 1.1 x 10'0 0.1 (g) 1.1 x 10'I -8
g

, .026 (a) 2.86 x 10 0.01 (b) 1.1 x 10'8 0.86 (c) 9.5 x 10'I
H 3.9 x 10'I 0.1 (g) 1.1 x 10" .0642 (b) 2.5 x 10 0.01 (b) 3.9 x 10 0.76 (c) 3.0 x 10'I

-8 -9y
' -5 -6 -1 -s1t 8.3 x 10 .026 (a) 2.16 x 10 0.0i (b) 8.3 x 10 (c) 6.6 x io1.

I E,C 7.9xIdg .026 (a) 2.05xId 0.01 @ 7.9'x 10 (c) 6.2xid
~8Da 1.8 x 10 1.0 (i) 1.8 x 10' O.01 (b) 1.8 x 10-6p

Dx 5.6 7 10' -6 -8p 1.0 (1) 5.6 x 10 0.01 (b) 5.6 x 10
-5

D,ay 4.1 x 10 1.0 (k) 4.1 x 13' O.01 (b) 4.1 x 10'I (c) 2.8 x 10'
~0 -6D,XY 2.3 x 10 1.0 (k) 2.3 x 10 0.01 (b) 2.3 x 10'8 (c) 1.6 x 10~0

~0D oy 1.1 x 10 1.0 (j) 1.1 x 10' O.01 (b) 1.1 x 10-8

D,,x 2.8 x 10' 1.0 (j) 2.8 x 10' O.01 (b) 2.8 x 10-8

PE,F,E 2.6 x 10 .126 (d) 3.28 x 1 0.01 (b) 2.6 x IO (c) 2.0 x to
N

| PE ,F,KC 9.7 x 10' .126 (d) 1.22 x 10 0.01 (b) 9.7 x 10'I (c) 7.7 x 10
-5

-5
I E,13C 1.2 x 10 .026 (a) 3.12 x 10' O.01 (b) 1.2 x lo (c) 9.5 x 10

-I -6

-6
ItE ,KKC 3.7 x 10 .026 (a) 9.62 x 10' O.01 (b) 3.7 x 10'8 (c) 2.9 x 10

-6

UE,tiKC 1.2 x 10' .036 (j) 4.32 x 10'I 0.01 (b) 1.2 x 10'I (c) 9.5 x 10'
|

e
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u mw. v. ceu T
Summary of Japartint Accident .Nequer.ces for Big Pack I'oint

* ,

Prabibility
of Stquerce Probtbility af Release Cateenry: Jij Given the Serguence [53 uence (Per Year) @P-t(1) BVP-I(2) RN(D~E31*l(2) Ed!'(lT~BRPY{}_(2) Considering~the Sequence Probshility3 ERP-4fp L{}(21 pRp-5()) _ 3pp.5(){UE,UKC 1.2 x 10'

-6.036 (j) 4.32 x 10 0.01 (b) 1.2 x 10 (c) 9.5 x 10
-6 '

-5 '

L'E,KC 1.2 x 10'
.026 (a) 3.12 x 10'I 0.01 (b) 1.2 x 10'I-6 -6(c) 9.5 x 10st ,KC 3.7 x 10

~8.026 (a) 9.62 x 10 0.01 (b) 3.7 x 10 (c) 2.9 x 10
-8 -6

was obtained by assuming Valves VIY6 and VIV2 are made motor operated, and generic failure data is applicablFailure to isolate containment probabilities were determined asswaing a value of .0312 for failure to is l to a e the feedwater line. This cua.bere.
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