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In SECY 89-017, "Mark I Containment Performance Improvement Program," of
January 23, 1989*,the staff demonstrated that hardened wetwell venting
capabilities at Mark I containments would prevent the majority of severe
accident sequences involving loss of decay heat removal capability (TW
sequences) from resulting in core melt. The staff also demonstrated that
venting through a hardened vent path from suppression pool airspace would
significantly mitigate the risks to public health and safety, because
substantial amounts of fission products released by core melt would be trapped
in the suppression pool and would not be available for release to the environ-
ment. Some benefits are also expected because of the prevention of severe
accident sequences other than TW sequences from resulting in core melt. Based
on the analyses in SECY 89-017, the staff informed the Commission that the
generic installation of hardened vent capabilities at Mark I containments
would provide significant added benefits resulting from a reduction of severe
accident risks to public health and safety.

On July 11, 1989, the Commission responded to the staff recommendations in
SECY 89-017 and directed the staff to implement, on a generic basis, the
installation of hardened vent capabilities at boiling water reactors (BWRs)
with Mark I containments. Accordingly, on September 1, 1989, the staff
issued Generic Letter 89-16 (GL 89-16). In that letter, the staff urged
the affected licensees to voluntarily install hardened vent capabilities at
their Mark I containments using the provisions of the Commission's rules in
10 CFR 50.59. If the licensees chose not to install the hardened vent
capability on a voluntary basis, the staff requested in GL 89-16 that the
licensees provide their plant-specific estimates of costs of installation
of hardened vent capabilities. The licensees were informed that the staff
would use the cost data to perform plant-specific backfit analyses, and to
determine if hardened vent installations could be imposed as backfits in
accordance with the Commission's backfit rule in 10 CFR 50.109.
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By letter of October 27, 1989, you responded to GL 89-16 indicating that
you had decided not to commit to install hardened vent capabilities on a voluntary
basis. You also provided the staff with plant-specific cost estimates for
modifications at the James A. FitzPatrick Nuclear Power Plant (FitzPatrick).

Following the receipt of your October 27, 1989 letter, the staff initiated
plant-specific backfit analyses for FitzPatrick. In its analyses, the staff
used the plant-specific cost estimates that you provided. The staff estimated
the benefits of venting by determining the reductions in core damage frequencies
(CDFs) for only the TW sequences. The benefits were calculated by using the
results of the probabilistic risk assessments (PRAs) for BWRs with Mark I
containments similar to FitzPatrick's. The staff then adjusted the analyses to
account for recent advances in the PRA methodology (NUREG-1150). The results
of the staff's analyses showed that for TW sequences alone the overall CDF for
FitzPatrick can be reduced by 4.5 E-5 per reactor year. The analyses were
adjusted to account for the power level of FitzPatrick, and the density of
population surrounding the FitzPatrick site. The staff has calculated that
for TW sequences alone, the operation of the vent would avert the expected
radiological exposure to public by 65.5 man-rem per reactor year. Using 25
years of remaining plant life for FitzPatrick, the staff has estimated an
averted radiological population exposure of 2408 man-rem per million dollars.
The preceding results of the staff analyses demonstrate that hardened vent
capabilities would provide significant benefits in the expected reduction in
radiological exposure risks posed by TW sequences.

The staff has also calculated the other averted costs that would be associated
with severe accidents involving TW sequences to clean the site surroundings
and to replace the lost power. The averted costs of cleaning the site
surroundings and replacing power, would be $786,000. Assuming that the
averted costs of cleaning the site and replacing the power would offset the
cost of the modification, the modification costs would be fully offset by the
benefits of averted costs.

The staff has considered but not quantified the reduction in risks posed by
(1) severe accidents other than TW sequences, and (2) scrubbing of the fission
products in the suppression pool for accident sequences that result in
significant damage to the core. These benefits provide added incentives for
installation of a hardened vent capability at FitzPatrick.

Based on the preceding quantitative and qualitative discussions, the staff
believes that there will be a substantial additional increase in protection to
the public health and safety if a hardened vent capability is implemented
at Fitzpatrick. Therefore, the staff has concluded that the backfit is
justified for FitzPatrick. A copy of the staff's supporting analyses for
FitzPatrick is enclosed for your information.
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In your letter dated October 27, 1989, you raised several questions regarding
the staff's analyses in SECY 89-017. The staff's responses to your questions
are also included in Appendix B of the enclosure.

In light of the staff's backfit analyses, the staff urges that you reconsider
your decision and commit to install a hardened vent capability at FitzPatrick.
You are requested to inform the staff of your intent within 30 days of receipt
of this letter. You may implement your commitment under the provisions of the
Commission's rules in 10 CFR 50.59, provided that the modifications are in
place by January 1993. In the absence of such a commitment, the staff intends
to pursue the imposition of this backfit under the provisions of the
Commission's backfit rule in 10 CFR 50.109.

Sincerely,

Thomas E. Murley, Director
Office of Nuclear Reactor Regulation

Enclosure:
Plant-Specific Backfit Analyses for FitzPatrick

cc w/enclosure:
See next page
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Plant-Specific Analysis
for the FitzPatrick Nuclear Power Plant, Regarding

Installation of a Hardened Vent

1.0 BackQround

In SECY-87-297 (Reference 1), dated December 8, 1987, the Nuclear
Regulatory Commission (NRC) staff presented to the Commission its
program plan to evaluate generic severe accident containment
vulnerabilities in a program entitled the Containment Performance
Improvement (CPI) program. The staff began this effort with the
premise that there may be generic severe accident challenges to each
light water reactor (LWR) containment type that should be assessed to
determine whether additional regulatory guidance or requirements
concerning needed containment features is warranted. The premise
that such assessments are needed is based on the relatively large
uncertainty in the ability of some LWR containments (for example,
Mark I) to successfully survive some severe accident challenges, as
indicated by NUREG-1150, dated June 1989 (Reference 2). This effort
is integrated closely with the program for Individual Plant
Examination (IPE) and is intended to focus on resolving hardware and
procedural issues concerning generic containment challenges. In
SECY-89-017 (Reference 3), dated January 23, 1989, the staff
presented its findings concerning the Mark I CPI program to the
Commission. One of the improvements that the staff recommended was
the installation of a hardened vent capability.

The staff concluded that venting, if properly implemented, can
significantly reduce plant risk. This vent capability has long been
recognized as important in reducing risk caused by loss of long-term
decay heat removal events. Controlled venting can prevent the long-
term over-pressurization and eventual failure of containment, the
failure of Emergency Core Cooling System (ECCS) pumps caused by
inadequate net positive suction head, and the re-closure of the
valves in the Automatic Depressurization System (ADS). Venting of
the containment is currently included in the emergency operating
procedures for boiling water reactors (BWRs). A vent path using
existing containment penetrations currently exists in all Mark I
plants. This vent path generally consists of a system of sheet metal
ductwork that has a low design pressure of only a few psi. Venting
under high-pressure conditions created either before or after core
melt may fail this ductwork, release the containment atmosphere into
the reactor building, and potentially contaminate or damage equipment
needed for accident recovery. In addition, with the existing
hardware and procedures at some plants, it may not be possible to
open or to close the vent valves for some accident scenarios.
Therefore, venting through a sheet metal ductwork path, as currently
implemented at some Mark I plants, is likely to hamper or complicate
post-accident recovery activities, and is, therefore, viewed by the
staff as reducing the safety benefit. A hardened pipe vent capable
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of withstanding the anticipated pressure loading of a severe accident
would eliminate this disadvantage.

The Commission concurred with the staff's position and directed the
staff on July 11, 1989 (Reference 4) to begin imposing a hardened
vent capability on a plant-specific basis for each BWR with a Mark I
containment. For licensees who, on their own initiative, elect to
incorporate this plant improvement, the staff was directed to
consider installation of a hardened vent under the provisions of
10 CFR 50.59. For the other licensees who do not intend to install a
hardened vent voluntarily, the staff was to perform a plant-specific
backfit analysis for each of these Mark I plants to evaluate the
efficacy of requiring the installation of hardened vents.

The staff issued Generic Letter (GL) 89-16 dated September 1, 1989
(Reference 5) to BWR licensees with Mark I containments: (1) to
inform them of the direction given by the Commission regarding the
hardened vent issue, (2) to provide them with a generic cost estimate
for the installation of a hardened vent and (3) to request that each
licensee provide notification of its plan for addressing resolution
of this issue. Moreover, the staff encouraged licensees to implement
the design changes to install the hardened vent. For those plants
not electing to voluntarily install hardened vents, the staff
requested in GL 89-16 that the licensees provide a cost estimate for
installation of the hardened vent. In response to the Commission's
directives, the staff developed a program to meet the objectives of
the Commission's directive. This program plan contains the following
five tasks: (1) cost estimation, (2) plant similarity assessment (3)
cost-benefit analysis, (4) environmental assessment, and (5)
imposition of requirements.

2.0 Discussion

The purpose of this report is to document the results of the plant-
specific backfit analysis performed by the staff for the FitzPatrick
Nuclear Power Plant. This analysis complies with the backfit rule in
10 CFR 50.109 (Reference 6) and includes an assessment of the safety
benefits, an estimate of the reduction in core damage frequency and
public risk, and a cost-benefit analysis. From the results of this
analysis, the staff concludes that the installation of a hardened
vent capability will substantially increase public safety and that
the results of the cost-benefit analysis support the implementation
of the capability.

2.1 Safety Benefits

The major benefit of a hardened vent is the reduction of both the
core damage frequency and public risks. Probabilistic Risk
Assessment (PRA) studies for BWRs indicate that accidents initiated
by transients dominate the total core damage frequency (CDF) in
severe accident sequences. The principal accident sequences for BWRs
consist of Loss of Long-Term Decay Heat Removal (TW), Station
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Blackout (SBO), and Anticipated Transient Without Scram (ATWS). The
Reactor Safety Study (WASH-1400) (Reference 7) indicated that TW is
the dominant accident sequence causing core damage at the Peach
Bottom Atomic Power Station. Further, draft NUREG-1150 (Reference 2)
indicates that SBO is the dominant contributor to core damage
frequency at Peach Bottom. At Peach Bottom, it was estimated that
the TW frequency has been greatly reduced because of the successful
implementation of containment venting procedures. This study
indicates that venting, if properly implemented, can significantly
increase safety.

In SECY 89-017, the staff concluded on a generic basis for Mark I
plants that the proposed hardened vent capability would provide
enhanced plant capabilities with regard to both accident prevention
and mitigation. A core melt, combined with reactor vessel rupture
and containment failure, would release significant amounts of fission
products to the environment. The addition of a hardened vent (1)
prevents the majority of loss of long-term decay heat removal
capability sequences (TW) from resulting in core melt, and (2)
mitigates the consequences of residual sequences involving core melt
where venting through the suppression pool is found necessary. The
TW sequences are initiated by transient events and are followed by
failure of long-term decay heat removal; the containment fails from
overpressurization and causes the subsequent core melt. The
installation of a hardened vent will increase the survivability of
containment, reduce the likelihood of a core melt from TW sequences,
and therefore reduce the risks to the public. For other sequences
where core melt occurs before containment failure, venting could be
effective in delaying containment failure and in mitigating the
release of fission products because venting through the suppression
pool would provide significant scrubbing of particulate and volatile
releases.

In a BWR, containment venting is currently included in the emergency
operating procedures. The existing vent path generally consists of
ductwork ranging in pressure capability down to design pressure of
only a few psi for most Mark I plants. The low design-pressure
ductwork is inadequate for accommodating the high containment
pressure following a severe accident. Consequently, venting under
severe accident conditions could result in failure of the ductwork
and a direct release of radioactivity into the reactor building. The
discharge of high-temperature gases over an extended period of time
may threaten the availability or performance of safety-related
equipment. If substantial fuel damage has occurred, the discharge of
hydrogen could cause hydrogen burns (or detonations) inside the
reactor building. Electrical cables, motor operators on valves,
relays, and control room components may fail under these
environmental conditions. Adverse environmental conditions would
complicate entry into the reactor building. This environment of high
temperature and perhaps radiation could hamper recovery efforts by
preventing personnel from entering into the reactor building if
systems needed to terminate the accident need repair. As a result,
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when relying on the existing ductwork, the benefits of containment
venting are significantly uncertain. Therefore, hardening the vent
path to withstand the anticipated pressure 'loading during a severe
accident would eliminate this disadvantage while retaining all the
benefits of containment venting.

Because of the reduced core melt frequency, reduced fission product
releases, and possible reduction or elimination of a significant
containment failure mode, the staff concluded that the safety
benefits of venting are significant, and further improvement can be
achieved by installing hardened vents. In Reference 8, the staff
estimated the benefits in the reduction in CDF and in offsite risk,
which are discussed in the following sections.

2.2 Reduction in Core DamaQe Frequency and Public Risk

To estimate the plant-specific reduction in CDF, all Mark I plants
were categorized into several groups based on the similarity of the
design features that are important to the accident sequences that
could be affected by the installation of a hardened vent. In
performing the analysis, the staff used existing Mark I PRAs along
with the plant similarity assessment to estimate the reduction in CDF
for each group of plants. The analysis includes only the change in
the core melt frequency for the TW sequence.

2.2.1 Plant Similarity Assessment

In draft NUREG/CR-5225 (Reference 9), the three accident sequences
that were identified as being affected by venting are: (1) Loss of
Long-Term Decay Heat Removal (TW), (2) Anticipated Transient Without
Scram (ATWS), and (3) Station Blackout (SBO). Among these sequences,
the addition of a hardened vent was found to produce the greatest
reduction in core damage frequency (CDF) through its effect on TW
sequences. In the TW sequence, failure to remove decay heat
following a transient will cause the gradual pressurization of the
containment. The containment may fail from overpressurization and
subsequently may lead to a core melt. In this sequence, venting can
be used to allow the removal of long-term decay heat from the
containment through pool boiling and therefore, reduce the likelihood
of containment failure and subsequent core melt. The design features
important to this sequence are the systems used for decay heat
removal and containment cooling.

The reduction in CDF for the TW sequence of each Mark I plant
resulting from the installation of the hardened vent was estimated by
the staff in Reference 8. To account for similarity in design, all
Mark I plants were grouped according to the design of their decay
heat removal and containment cooling systems - factors important in
assessing the frequency of TW sequences. In determining the groups
by-examining individual plant features in simplified piping and
instrument diagrams, the staff studied the differences between the
RHR systems, isolation condensers, power conversion system, and
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service water systems for all Mark I plants. In addition, the staff
studied the available PRAs and failure probabilities of related
components to identify any major differences and similarities in
terms of CDF affected by the hardened vent capability. After careful
study of the available PRAs, the staff categorized the Mark I plants
into the following four groups:

(1) Plants with a residual heat removal (RHR) system consisting of
two trains, with two RHR heat exchangers and two RHR pumps per
train,

(2) Plants with an RHR consisting of two trains, with one RHR heat
exchanger and two RHR pumps per train,

(3) Plants with an RHR consisting of two trains, with one RHR heat
exchanger and one RHR pump per train, and

(4) Plants with isolation condensers.

2.2.2 Reduction in Core Damage Frequency

To estimate the reduction in CDF from the installation of a hardened
vent capability, the staff looked into the sequences that require
failure of containment cooling for core damage, and assumed that
addition of a hardened vent would reduce these sequences by 90
percent. The estimates of CDF reduction conservatively consider only
the TW sequences, and therefore, the benefits for the SBO and ATWS
sequences are not included.

For FitzPatrick, the CDF was estimated using the PRA results of a
plant with similar design features. To be consistent with the
assumptions used in NUREG-l150, the staff incorporated several
changes into the referenced PRA. These changes included the generic
data used and the treatment of recovery.

The following are the principal changes to the referenced PRA study:

I. The referenced PRA study used a value of 0.5 per year for loss
of main feedwater frequency (T3B) and did not consider any
other way of losing the power conversion system (PCS). The
initiator of T2T3B, loss of PCS or of main feedwater leading
to loss of PCS, has a frequency of 2.3 per year in the present
study as opposed to the value of 0.5 per year in the
referenced PRA study.

2. The referenced PRA study did not give credit for recovery of
loss of offsite power in the TW sequences. The present study
did so.

3. The probability of nonrecovery of the power conversion system
was assumed to be 0.16 in 24 hours in the referenced PRA
study, while it was 0.01 in NUREG-1150 study.
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4. The component data and the data for common cause failures were
made consistent with NUREG-l150 generic data.

5. Certain common cause failures that were not included in the
referenced PRA study were included in the present study. In
particular, the common cause failure of the RHR service water
outlet valves for heat exchanger A (MOV-89A) and for heat
exchanger B (MOV-89B) was included. The joint failure of
these valves was included in the referenced PRA study, but the
failure was treated as if they were independent.

6. Loss of an AC or DC bus coupled with failure of the service
water outlet valve for the heat exchanger in the opposite RHR
loop appears to be a valid cutset, but was not included in the
referenced PRA study. This cutset was included in the present
study. A cutset, consisting of loss of an AC or DC bus
coupled with a service water inlet valve for the heat
exchanger in the opposite loop failing closed, was included in
the referenced PRA study but not in the present study. The
reason for not including this cutset was its lower
probability.

7. The referenced PRA study did not consider transients with two
or three stuck-open relief valves, while the present study
does consider this transient.

With these changes, the staff calculated that venting would produce a
reduction in CDF of 4.5E-5 per reactor year. More detailed
descriptions of the analysis are given in Reference 8.

2.2.3 Risk Reduction

Installation of a hardened vent will reduce the CDF and will result
in a reduction in the population dose that is associated with the TW
sequences. The estimate of the reduction in population dose for
FitzPatrick was calculated by multiplying the reduction in CDF
estimated for FitzPatrick by a scaling factor to convert the Peach
Bottom population dose to the FitzPatrick population dose. The
scaling factor was obtained from NUREG/CR-2723 (Reference 10) for
FitzPatrick plant-specific reactor power and population density. The
Peach Bottom population dose from TW sequences was derived using the
insights from NUREG-1150. The resulting reduction in the population
dose for FitzPatrick due to the reduction in CDF for TW sequences was
estimated to be 1.46E6 man-rem. The averted population dose for
FitzPatrick was calculated by multiplying the reduction in CDF by
1.46E6 man-rem to give 65.5 man-rem per reactor year. For the 25
years of operation remaining, the estimated total averted dose is
1638 man-rem. In addition, consideration of a likely 20-year
operating life extension will increase the estimated total averted
dose to 2948 man-rem.
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The averted occupational health risk resulting from the installation
of the proposed hardened vent system is discussed and calculated in
Section 4.1.2.2 of Appendix A. The estimated occupational risk is
approximately one to two percent of the public health risk and is not
considered to be a significant contributor. Therefore, the
occupational health exposures are not further considered in the cost-
benefit analysis.

2.3 Cost-Benefit Analysis

The method used to calculate the cost-benefit ratio is described in
NUREG/CR-3568 (Reference 11), and the plant-specific data were
considered. The staff obtained plant-specific cost estimates
provided by the licensee from the response to Generic Letter (GL) 89-
16 and used the risk-reduction data discussed above in Section 2.2.3
to calculate the value-impact ratio in man-rem saved per million
dollars.

2.3.1 Cost Estimation

GL 89-16 requested licensees to provide the staff with plant-specific
cost estimates for installing a hardened vent. In response to GL 89-
16, all Mark I licensees except four (with five plants) indicated
that they intend to install the hardened vent under the provisions of
10 CFR 50.59.

FitzPatrick is one of the five Mark I plants. The Power Authority of
the State of New York (the licensee) has decided not to voluntarily
install the hardened vent capability. By letter dated October 27,
1989 (Reference 12), the licensee of FitzPatrick responded to GL 89-
16 with a cost estimate of $680,000 for the installation of a
hardened vent, and incremental costs of $70,000 for an AC-independent
power source.

2.3.2 Value-Impact Assessment

The value-impact ratio is calculated in the regulatory analysis
(Appendix A) using the method described in NUREG/CR-3568 (Reference
11) to support the backfit decision. The benefits to public risk
reduction in man-rem were calculated in Section 2.2.3. The averted
population dose for FitzPatrick was calculated in Section 2.2.3 to be
65.5 man-rem per reactor year. For the 25 years of operation
remaining, the estimated total averted man-rem is 1638. The cost of
installation of the hardened vent capability was estimated in Section
2.3.1 as $680,000. The value-impact ratio, not including the averted
onsite cost, is calculated to be 2408 man-rem saved per million
dollars.

The averted cost associated with prevention and mitigation of an
accident can be discussed as five separate costs: replacement power,
cleanup, onsite occupational health impacts, offsite health impacts,
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and onsite property damage. The details of each of these items are
discussed in Appendix A Section 4.1.2.2. If the savings of $786,578
to FitzPatrick from accident avoidance (cleanup, repair of onsite
damages, and replacement power) were included, the overall value-
impact ratio would be -15366 man-rem saved per million dollars. The
negative number indicates that the averted costs exceed the
installation costs, which means that it is economically cost-
effective. Consideration of a likely 20-year operating life
extension will increase the averted population dose to 2948 man-rem.

2.4 Alternatives Considered and Impacts on Other Programs

Other alternatives considered and their associated value-impact
ratios are discussed in Section 3.0 and 4.0 of the Regulatory
Analysis in Appendix A, Regulatory Analysis. The effect of the
addition of the hardened vent capability on other requirements
including IPE, Improved Plant Operations (IPO), Severe Accident
Research Program (SARP), External Events, and Accident Management are
discussed in Section 4.2 of Appendix A. A summary of the compliance
to the backfit rule (10 CFR 50.109(c)) is also included in Attachment
1 to Appendix A.

2.5 Environmental Assessment

The staff performed a generic environmental assessment (EA)
concerning the installation of the hardened vent at Mark I plants.
Concurrent with this plant-specific analysis, a draft EA is being
sent out for public comments. In the draft EA, the staff concluded
that the installation of a hardened vent capability will have no
significant radiological or non-radiological impact on the
environment.

The installation of the hardened vent capability will prevent and
mitigate severe accidents. During normal plant operations or design-
basis accidents, the hardened vent will not be used, and therefore,
will not result in any changes in amounts of radioactivity released
to the atmosphere from the plant. Venting during severe accidents
will reduce the CDF and will reduce the radiological environmental
risks. For venting sequences, the hardened vent connected to the
plant stack could reduce dose consequences more effectively by
approximately a factor of two than venting through the ductwork.
This reduction is due to a greater effectiveness of atmospheric
dispersion resulting from controlled elevated release compared to an
uncontrolled ground level release from ductwork. Furthermore,
venting through the suppression pool would provide scrubbing of non-
noble-gas fission products with an effective decontamination factor
of about 100. The addition of a hardened vent will greatly reduce
the occupational doses for personnel that need to enter and work in
the reactor building and that could be exposed to the containment
environment.

The staff has concluded that this generic EA applies to FitzPatrick
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and the installation of the hardened vent will, therefore, reduce the
dose consequences and will not result in an adverse environmental
impact. Plant-specific design features will have an effect on the
degree of the environmental benefits, but not on the conclusion
concerning no significant environmental impact.

3.0 Conclusions and Recommendations

Based on the safety benefits discussed in Sections 2.1, 2.2, and 2.3
for FitzPatrick and in SECY 89-017 for generic Mark I plants and
supported by the plant-specific cost-benefit analysis, the staff
believes that the installation of a hardened wetwell vent at
FitzPatrick is warranted.

3.1 Rationale for the Recommendation

In SECY 89-017, the staff concluded on a generic basis for Mark I
plants that the proposed hardened vent capability would provide
enhanced plant capabilities with regard to both accident prevention
and mitigation. The addition of a hardened vent (1) prevents the
majority of TW sequences from resulting in core melt, and (2)
mitigates the consequences of residual sequences involving core melt
where venting through the suppression pool is found to be necessary.
In TW sequences, the containment fails before the core melt occurs;
therefore, significant releases could result. A core melt, combined
with a reactor vessel and containment failure, would release
significant amounts of fission products to the environment. The
survivability of the containment, which acts as the last barrier for
an uncontrolled release of radiation, would increase with venting.
The installation of a hardened vent greatly reduces the likelihood of
a core melt from TW sequences and therefore reduces the risks to the
public. For other sequences where core melt is predicted, venting
could be effective in delaying containment failure and in mitigating
the release of fission products. Although venting of the containment
is currently included in BWR emergency operating procedures, it
generally uses ductwork with a low design pressure. Venting under
high-pressure severe accident cofiditions could fail this ductwork,
release the containment atmosphere into the reactor building, and
damage equipment, or contaminate equipment needed for accident
recovery. Venting through this ductwork will probably hamper or
complicate post-accident recovery activities, and is therefore viewed
as reducing the safety benefit. The installation of a reliable
hardened wetwell vent allows for controlled venting through a path

.with significant scrubbing of fission products to the plant stack and
would prevent damage to equipment needed for accident recovery.

With the installation of the hardened vent capability, the staff
estimated that the total plant CDF for FitzPatrick can be reduced by
4.5E-5 per reactor year because of the reduction in the probability
of TW sequences. Implementation of the proposed hardened vent
modification will significantly reduce the total risk to the health
and safety of the public. The averted population dose of 65.5 man-
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rem per reactor year was calculated for FitzPatrick from the
installation of hardened vent capability. For 25 years of remaining
operating life the total averted population dose would be 1638 man-
rem, and the value-impact ratio, not including the averted costs,
would be 2408 man-rem averted per million dollars. If the averted
cost associated with an accident is included, the calculated value-
impact ratio for FitzPatrick is -15366 man-rem saved per million
dollars. Because the value-impact ratio is defined as the ratio of
the averted population dose and the cost differential between the
installation of the hardened vent and the averted cost, the negative
number indicates that the averted costs exceed the installation
costs. Thus, at FitzPatrick the installation cost is justified even
when considering the economic benefit alone without considering the
safety benefit. In addition, consideration of a likely 20-year
operating life extension will increase the total averted population
dose to 2948 man-rem, which demonstrates additional benefit for the
installation of the hardened vent capability. Additional benefits of
venting, not quantified, include source term reduction and the delay
in containment failure for some of the scenarios that lead to core
melt.

Based on both the qualitative and quantitative benefits discussed
herein and the supporting plant-specific cost-benefit analysis, the
staff believes that there will be a substantial increase in the
overall protection of the public health and safety by implementing
the hardened vent capability for FitzPatrick. Therefore, the staff
believes that this backfit is justified.
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