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DISCLAIMER OF RESPONSIBILITY
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ABSTRACT '

A cost-benefit analysis was performed for the Yankee Nuclear Power
Station to evaluate potential plant modifications aimed at reducing the risk
due to tornado and wind loadings. The major modification examined involved
hardening of the Safe Shutdown System to a design windspeed with an annual
frequency of 10'5. upper 95% confidence level. Since the results of the
risk assescment performed for this analysis indicated structural failure of
the Cable Tray House to be a significant risk contributor, selective hardening
of the Cable Tray House was also examined.

Plant site windspeeds with annual frequencies of 10" and 10'5.
upper 95% confidence level, were determined to be 110 mph and 165 mph,
respectively. Ultimate wind capacities were generated for all key structures
and components. The risk assessment considers both hazard-induced and random
failures and was performed in consonance with the PRA Procedures Guide

(NUREG/CR-2300) .

Justifiable costs for each backfit option were based on NRC Provisional
Safety Goals, including the resource allocation basis of $1,000 per person-rom
averted, Since the Yankee Nuclear Power Station, in its present
configuration, meets individual and societal risk goals, plant modifications
are justified only if the actual costs of the modifications are less than the
calculated justifiable costs.

Results indicate that Safe Shutdown System design modifications
specifically aimed at reducing the risk due to tornado and wind loadings are
not justified. Upgrading the system to a design windspeed of 165 mph would
cost $296,000; the ratio of actual to justifiable costs is approximately 30.
Without this upgrade the Safe Shutdown System design exceeds a 110 mph design
windspeed and the core melt frequency due to wind and tornado hazard is
conservatively estimated to be 4.8 x lo'slyonr. upper 95% confidence level.
With this upgrade, the corresponding core melt frequency is 4.1 x 10'5 which

represents a 15% reduction.
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ABSTRACT
(Continued)

Selective hardening of the Cable Tray House to a 110 mph design
windspeed should be considered to assure availability of existing redundant
instrumentation. With a modification cost of $108,000, the ratio of actual to
justifiable costs is approximately 2. Since probabilistic methods do not
yield an exact result, it is difficult to judge and defend with confidence
that this modification is not justified. With this plant modification the
core melt frequency due to the hazard is conservatively estimated to be
31 n lo-slyoar. upper 95% confidence level, which represents a 75%
reduction. The ultimate capacity of the plant, itself, would increase to
about 160 mph. The ultimate capacity of the Safe Shutdown System without
modification is about 175 mph.
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1.0 INTRODUCTION AND SUMMARY

NUREG-0825, Integrated Plant Safety Assessment, SEP, YNPS
(Reference 13) Topic III-2, Wind and Tornado Loadings, describes Yankee Atomic
Electric Company's (YAEC) approach to resolution of this topic. In general,
that document describes three approaches which the NRC Staff would find
acceptable for resolution of this topic. Under the more general topic II-2.A,
“Severe Weather Phenomena", YAEC proposed to use the median value 10~ wind
speed as the design-basis tornado consistent with the YNPS probabilistic
safety study risk levels. The NRC Staff found this approach to be generally
acceptable and in accordance with option three of their proposed vesolution
with the following specific recommendations:

1. Determine the capability of the structures, systems and components
necessary to ensure the ability to reach hot shutdown to withstand
the NRC's determined 10™° and 107 upper 95% confidence level
wind speed,

2. Determine the plant modifications necessary to protect against both
wind speeds,

3. Estimate the cost of any necessary modifications for each value of
wind speed, and

4. Perform a cost/benefit analysis to support a determination of which
modifications should be made.

In order to address the above, a cost-benefit analysis of potential
plant modifications aimed at reducing the risk due to tornado and wind
loadings was performed. The analysis consists of the following:

1. Assessment of the plant risk for the "Base Case”.

2. Assessment of the plant risk as a function of each potential
upgrade.

3. Assessment of the reduction in plant risk as a function of each

upgrade.



Comparison of the "absolute” risk levels (individual and societal)
to provisional safety goals (Reference 1) for the "Base Case" and
each upgrade.

Comparison of the justifiable expenditures to reduce the residual
risk to the actual costs required for each upgrade.

In the scoping of this analysis, the analysis team determined that the
Safe Shutdown System (SSS) which had been committed to as an alternative to
the Seismic Upgrades for the SEP, could provide redundancy to present plant
systems and should be included in the "Base Case” plant analysis. Therefore,
the "Base Case” risk assessment assumes that the SSS has heen installed
including necessary structural changes to support this upgrade.

The PRA Procedures Guide (NUREG/CR-2300, Reference 2) provides a
discussion of approaches available to assess the risk due to wind and tornado
loadings. The approach taken in this study to assess plant risk is in
consonance with these approaches. Since both hazard-induced failures and
non-hazard-induced random failures were modeled, a realistic assessment of the
impact of additional plant modifications could be made .

Ultimate structural capacities of the "Base Case” structures and
componants were determined (presented in Section 5.0). This analysis found
that the ultimate wind loading capacity of the Safe Shutdown System and
related structures, as designed for seismic concerns, exceeds the capacity of
the system if designed for the 10 " 95% wind (110 mph). Additionally, the
system capacity exceeds that of the median 10'5 tornado wind (also 110 mph),
resolving s staff concern from SEP Topic III-2 (Reference 13). Ultimate wind
loading capacity of the selsmic design Safe Shutdown System is actually
Limited by the Upper Level Primary Auxiliary Bullding (ULPAB) which houses the
§88 discharge header; the upper level PAB is predicted to fall at about 165

mph-

For the "Base Case”, the limiting plant area was found to be the Cable
Tray Mouse. The capacity of this area is about 70 mph for elther winds or
tornados. Fallure of this area limits Control Room instrumentation. Local
readings from penetrations would remain avallable. Overall, the "Base Case"”

oo




core melt frequency is dominated by a combination of a 70 mph wind-induced
failure of the Cable Tray House and random failure of the SSS. This
eliminates instrumentation excepting local readings.

Since hazard-induced and random failures of other systems were smaller
contributors, design modifications to the Cable Tray House were investigated.
A proposed modification would design the Cable Tray House to a wind and
tornado loading capacity of 110 mph ( a 10" 95% confidence wind or 10~
median tornado). Ultimate capacity of this modified area would exceed 185
mph. The plant capacity is then limited by the Steam-Driven Auxiliary Boiler
Feedwater Pump Room capacity (about 160 mph ultimate). With this
modification, random failures do not dominate the core melt frequency.

5

Modifications to the Safe Shutdown System were also considered. If the
seismic design criteria for the Safe Shutdown System is upgraded by designing
for the 165 mph windspeed, the SSS would ultimately withstand windspeeds
exceeding 200 mph. The potential gain achievable by implementation of this
modification was conservatively maximized in this evaluation by assuming a SSS
capacity consistent with the predicted containment capacity of 250 mph. Core
melt frequency for the modified plant, like the base case, is dominated by
hazard induced failure of the Cable Tray House in combination with random SSS
failure.

Section 9 provides details of the cost-benefit analysis and results.
The Table below summarizes those results. Note that "Plant Capacity"” does not
credit the S$8S; the SSS capacity is shown separately.

Plant §S88 DSN 888 Ultimate Hazard Ratio of
Capacity Capacity Capacity Confidence Justif. Actual Actual to
Description _(mph) = _(mph) = __(meph) % Cost($) Cost($) _Justif.
Base Case 70 - 175 - - - -
Cable Tray 160 - 175 50 3.9k 108K 28
House Upgrade 95 52.5K 108K 2
888 Upgrade 70 165 250 50 0.3k 296K 987
95 9.9k 296K 30

As demonstrated by these results, there are no significant backfits

justified from a cost-benefit perspective over and above the previously agreed

" -



upon seismic upgrades. The reduction in person-rem as a result of hardening
the Cable Spreading Room for the 10-‘ windspeed (110 mph) is 5.3 person-rem
from the baseline case with a justifiable cost of $52,500 and a modification
cost of $108,000. For upgrading the baseline to incorporate the SSS at the

10-5 windspeed (165 mph), the reduction in person-rem is only 1.0 person-rem
from the baseline case with a justifiable cost of $9,900 and a modification
cost of $296,000. Based on *hese results, hardening of the Cable Spreading
Room is the most cost-effective modification and is, therefore, more justified
than upgrading the SSS to the 1070 windspeed. Furthermore, the hardening of
the Cable Spreading Room results in an ultimate plant capacity of
approximately 160 mph without crediting the SSS.

The cverall results of this evaluation support the findings of the
Yankee Probabilistic Safety Study and further confirm that the plant poses an
extremely small risk for those events evaluated. It is important to note that
the plant residual risk is extremely low. The residual risk is low for the
following reasons:

1. The frequency of core melt is low for the base case. A value of
4.8 x 1.0"5 per year is evaluated for the 95% confidence level
hazard curve; 1.3 x 10-5 per year for the 50% confidence level
hazard curve.

2. Containment integrity is assured for winds/tornados up to about
250 mph,

Since the containment is maintesined isolated regarding direct
release paths, the potential for early releases is low.
Additionally, containment cooling is passive. Active cooling
systems are not required to preclude overpressure fallure.

3. The plant core inventory is low relative to more recent designs
(600 MWt versus 3000 MWt).



2.0 APPROACH

As discussed in Section 1.0, the analysis consists of five parts. The
technical approach used and the information required to perform each of these

five parts are discussed below.

2.1 of Plant Risk ts 1-

The PRA Procedures Guide (NUREG/CR-2300) provides a discussion of
approaches available to assess the risk due to wind and tornado loadings.
Figure 2-1, which is a reprint of Figure 10-1 from NUREG/CR-2300, illustrates
the basic elements of this assessment. A discussion of each of these basic

elements is provided below.

2.1.1 Hazard Analysis

The hazard analysis, involving an evaluation of exceedance frequency
versus hazard intensity, is the driving function for the remainder of the
analysis. Section 4.0 presents the hazard analysis performed in support of
this study.

The hazard analysis was not performed in a complete probability of
exceedance frequency and intensity manner because it was judged that the
available work represented a sufficiently broad range of values for this
assessment. Section 4.0 develops this basis in more detail.

Because a detailed "probability of frequency" relationship for the
hazard was not deemed necessary the remainder of the analysis was based on two
hazard curves, the 50% and 95% confidence level curves. Plant risk was
assessed using each of these curves separately. The results, therefore,
provide a reasonable quantification of the uncertainty in plant risk due to

uncertainty in the hazard curves.

2.1.2 Plant System and Structure Response Analysis

As discussed in NUREG/CR-2300, "the purpose of this analysis is to

translate the hazard input” into the responses on plant structures, piping

alls



systems, and equipment. The methods used to perform this analysis and the

consequent results are provided in Sections 5.0 and 6.0.

2.1.3 PFragility Analysis

As discussed in NUREG/CR-2300, the "fragility or vulnerability of a
component is defined as the conditional frequency of its failure given a value

of the response parameter”.

As portrayed in Figure 2-1, this conditional failure frequency is
typically represented by a discrete family of curves which display both

randomness and uncertainty.

In this study, it was decided to represent the fragility curves by step

functions as shown below.

1.0 - -
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- |
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X

Hazard Intensity

The "point estimate” values of X were developed conservatively such
that they are expected to be less than the mean value that would be determined
from a complete propagation of the randomness and uncertainty parameters
implicitly present in this type of evaluation.

Section 5.0 presents the development of fragility for this analysis.



2.1.4 Plant Systems and Event Sequence Analysis

A plant model was developed to identify potential initiating events
(e.g., loss of off-site power and small LOCA) and model the systems available
to mitigate these events (Section 3). This model development was based on
work performed in the YNPS Probabilistic Safety Study (Reference 3) and
follows guidelines discussed in NUREG/CR-2300.

First, potential plant initiating events were established by evaluating
the response of plant structures and systems to the hazard. Second,
initiating events impacting the plant response and mitigative systems in a
similar manner were convolved into discrete categories. Third, mitigative
system requirements w:re established for each initiating event category based
on ensuring satisfaction of "critical safety functions™, such as those listed

below:

1. Reactivity Control

2. Main Coolant System (MCS) Inventory Control

3. MCS Pressure Control

4. Core Heat Removal

5. MCS Heat Removal

6. Containment Integrity

Event trees and fault trees were used to model plant response and were

quantified as discussed below.

2.1.5 Release Frequency Analysis

The 1) hazard, 2) plant system and structure response, 3) fragility,

and 4) plant systems and event sequence analyses were combined to establish

the likelihood of the following basic parameters:




1. Core melt, including timing and conditions.

2. Core melt plus containment failure, including timing and other

parameters required to assess off-site consequences.

Core Melt Frequency

The assessment of core melt frequency (Section 6.0) was based on
quantification of the plant model (Section 3.0) using the hazard information
from Section 4.0, fragility evaluations from Section 5.0, and non-hazard
induced equipment failure frequencies developed in Sections 6.3 and 6.4.

c tic

The timing and conditions of the potential core melt were based on the
plant model results and the MARCH analyses performed in the YNPS PSS
(Reference 3).

The YNPS PSS results indicated that potential releases could be
characterized into six discrete release categories. For example, release

times varying from 1 hour to 50 hours and release energy rates from 500 Btu/hr
to 80 x 106 Btu/hr.

From a raview of the characteristics of these release categories, it
was concluded that potential releases due to tornado and wind initiating
events could be conservatively enveloped using one or more of these release
categories. Section 7.0 explains the assignment of release categories to the
spectrum of potential events resulting from a tornado/wind initiating event
and the consequences of this release.

2.1.6 Consequence Analysis
The YNPS PSS included an assessment of potential effects for each of
the release categories defined in that study. The analysis for the YNPS PSS

was performed with the CRAC2 computer program and included plant-specific



radionuclide evaluations using the ORIGIN computer program and site-specific
weather, topography, and evacuation information.

The major concern with direct use of this information involves the
impact of tornado and wind events on evacuation and weather conditions. Both
of these areas were, therefore, investigated. Section 7.0 discusses this
investigation.

2.1.7 Risk Profile

The information developed by performing the analyses described in
Sections 2.1.5 and 2.1.6 was combined to develop quantitative estimates of the
following risk indices:

1. Individual acute fatality risk within 1 mile of the plant,

2. Societal latent cancer fatality risk per person within 50 miles of
the plant, and

3. Person-rem exposure within 50 miles of the plant.

The first two risk indices are those developed in Reference 1 by NRC.
The third risk index, person-rem exposure, is used in assessing the
cost-benefit aspects of proposed plant design changes based on $1,000 per
person-rem averted for the next 10 years. This is also based on guidance

offered in Reference 1.

2.1.8 Changes in Plant Risk Profile

For each plant configuration, individual, societal, and person-rem risk
levels were compared. This comparison provides a quantjtative measure of the
impact of each potential plant modification. Additionally, a comparison of
the variation in the estimated core melt frequency was developed.

2.2 Comparison of Plant Risk to Safety Goals (Part 4)

Numerous proposals have been made in recent years to set numerical

goals or guidelines to judge the acceptability or desirability of the

il




numerical risk levels calculated for nuclear power plants. Recently, the NRC
has published preliminary safety goals and numerical design objectives

(Reference 1). These goals and objectives can be stated quantitatively as

follows:
Component Quantitative Population
_of Risk Objective Considered
Individual Acute 5 x 10~7 per year Within 1 mile
Fatality Risk
Societal Cancer 2 x 10°% per year within 50 miles
Fatality Risk per person
Cost-Benefit $1000 per person-rem Within 50 miles
averted
Large Scale 10-4 per year
Core Melt

Reference 1 also makes the following two key points:

1. "No further benefit-cost analysis should be made when it is judged
that all of the design objectives have been met."

2. "The design objective for large-scale core melt is subordinate to
the principal design objectives limiting individual and societal
risks."

This information was used in assessing the cost-benefit relationship of
backfits proposed to reduce the risk due to tornado and wind events and is
discussed next.

2.3 Cost-Benefit Analysis (Part 5)

For the different plant configurations, all of which meet the
individual and societal risk goals of Relerence 1, an assessment of the
justifiable costs to reduce these risk levels consistent with each upgrade
considered was performed. As discussed in Section 2.1.8, this was based on

$1000 per person-rem averted per Reference 1 and taken over a 10-year period.

-10-



Next, these justifiable costs were compared to the actual cost required
for the backfit. If the actual costs exceeded the justifiable costs, the

backfit is not warranted.

An important aspect of this cost-benefit analysis is that it exceeds
the explicit need for a cost benefit if "all of the design objectives have
been met"” as described in Reference 1. However, Yankee concluded that it was
reasonable to apply the $1000 per person-rem averted to each backfit option to
assess its cost-benefit characteristics.

)
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3.0 PLANT MODEL DEVELOPMENT

As discussed in Section 2.1.4, a plant model was developed to represent
potential initiating events and the systems available to mitigate these
events. This model development was based on work performed in the YNPS
Probabilistic Safety Study, but was specialized to account for the unique
characteristics of this assessment.

Bach of the major steps involved in this development is discussed
below. Section 6 develops and quantifies the model's logic expressions.

3.1 Initiating Event Definition

Sections 3.0 and 5.0 of the YNPS PSS provide detailed discussions of
the approach taken to identify and quantify “random” accident initiators. A
brief review is provided below because this information serves as the bases

for the initiating event types quantified in this tornado/wind analysis.

o A Master Logic Diagram (MLD) was developed to serve as a road map
for searching for accident initiators. In essence, the approach is
based on a deductive evaluation of the plant design and operation
and the potential perturbations of basic plant performance
parameters that could impact continued plant operation.

The outcome of this deductive process is a listing of twenty-seven
categories of possible initiating event types which could impact
plant operation. Table 3-1 provides a listing of these
categories. Figures 3-1 and 3-2 display the MLD development.

o EPRI-NP-801 (Reference 4) was reviewed to determine if other
initiating event categories existed that were not identified in the
deductive development of the MLD.

o Personnel familiar with the plant design, operation, and transient
performance characteristics reviewed the MLD categories and
EPRI-NP-801 events. Any events not included in the MLD or
EPRI-NP-801 were added.

-13-



o Having completed the search for accident initiators, the impact on
plant response of each initiator was evaluated to determine those

initiators that had similar effects on the plant. From this review
process, it was possible to convolve the possible initiators
identified into nineteen specific initiating »vent categories.
These nineteen events are listed in Table 3-2.

For the purposes of this analysis, the nineteen events can be further
grouped into the following three basic categories:

1. Loss of Off-Site Power

a. Plant trip

b. Loss of ac

¢. Decrease in feedwater flow

d. Decrease in steam flow

1) Loss of vacuum

2) NRV closure

3) Turbine trip

e. Degradation of dc power supply other than Bus WNo. 1

f. Decrease in component cooling capability

g. Decrease in service water delivery

h. Decrease in control air delivery

2. Excessive Cooldown

a. Excessive cooldown
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b. Steam line break
¢. Loss of dc Bus No. 1
3. Loss of Main Coolant System Inventory
a. Any LOCA
b. Reactor vessel rupture
¢. Non-isolable LOCA outside containment
The bases for this categorization are provided below.

Category 1 (Loss of Off-Site Power)

The ten specific initiating event types included in this category can
be treated as a loss of ac event because of their impact on plant response.
For example, a loss of ac event envelopes plant trip, decrease in feedwater
flow, decrease in steam flow, and decrease in either component cooling,
service water, or control air events. The degradation of dc power supply
event is taken into account because it is one of the support systems
challenged in the logic model developed to represent those mitigative systems

available to respond to a loss of ac.

Category 2 (Excessive Cooldown)

The three specific initiating events, excessive cocldown (a steam or
feedline rupture affecting a single steam generator), steam line break (a
break in a main steam line affecting all four steam generators), and loss of
de Bus No. 1 (impacts turbine trip and non-return valve closure), were treated

together because they all result in an excessive plant cooldown.

An excessive plant cooldown event could lead to pressurized thermal
shock concerns if not adequately controlled and mitigated. The
characteristics of each of these three events are sufficiently comparable




relative to mitigative system performance that they could be treated
conservatively by the same basic logic model.

Category 3 (Loss of Main Coolant System Inventory)

All loss of Main Coolant System inventory events can be treated as 1

event for 2 reasons.
1. Their likelihood is low, and

2. Mitigative system performance requirements can be defined to

conservatively envelop a spectrum of break sizes.

J.2 & nct /M v st

The YNPS PSS provides detailed discussions of the event sequence
development for the three categories of initiating events provided above. 1In
summary, they were based on a logical representation of those systems needed
to ensure satisfaction of the following basic "critical safety functions™:

1. Reactivity Control

2. MCS Inventory Control

3. MCS Pressure Control

4, Core Heat Removal

5, MCS Heat Removal

6. Containment Integrity

Figure 3-3 provides a generalized critical safety function-based event
Each of the six critical safety functions (CSFs) listed above was

reviewed with respect to wind/tornado events (off-site power loss assumed).
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Mitigative systems were identified for further evaluation including location

dependence.

3.2.1 Reactivity Control

The reactivity control CSF consists of two major categories:
“insertion of negative reactivity"” and “"control of positive reactivity
addition”.

1. Insertion of Negative Reactivity

Negative reactivity is inserted by the control rods following
actuation of the Reactor Trip System. This consists of three basic

functions:

a. Detection of Need to Trip

The need to trip is detected from various parameters monitored
by the scram system. The perturbation of any of these
parameters results in a reactor scram signal powered from dc

Bus No. 1 being sent to the scram breakers (BK-1 and BK-2).

b. Trip

Trip initiation is also supplied from dc Bus No. 1 to open BK-1
and/or BK-2. DC Bus No. 2 supplies tripping power to BK-1 and
BK-2.

Failure of dc Bus No. 2 results in rod insertion because the
rod drive holding coils are energized by this bus. A failure
of dc Bus No. 1 results in tripping the scram breakers due to
“fail safe” actuation of the main coolant flow under

current/over current trip system.



¢. Rod Insertion

Rod insertion is assured since the rods fall in by gravity.

The integrity of the rod drive system is not challenged for

hazard intensities not affecting containment integrity
Chemical injection is not considered since the objective is to
maintain the plant in a hot standby condition.

Control of Positive Reactivity Addition

To prevent the insertion of excessive positive reactivity following

trip, Main Coolant System temperature nust be controlled;

therefore, control of steam removal and feedwater addition is

required, as well as sufficient instrumentation.

a. Control of Steam Removal

Control of steam removal involves two phases:

(o]

1)

Termination of normal steam removal through the turbine, and

"Post-trip" steam removal control.
Termination of Normal Steam Removal Through Turbine

Closure of turbine throttle and control valves terminates
steam flow to the turbine. Support systems include
tripping by dc Bus No. 1 and sensing by generator
electrical relaying, reactor scram, or manual trip.
Mechanical overspeed trip is the frontline backup to this
tripping mechanism for a loss of load event. Further '
backup is provided by closure of the non-return valves
(NRVs) in each of the four main steam lines.
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2) "Post-Trip"” Steam Removal Control

Turbine bypass would be unavailable because of loss of
circulating water and loss of control air resulting from
the loss of ac. The atmospheric steam dump system and

steam generator code safety valves are available.

The atmospheric steam dump is sufficient to remove decay
heat. These valves can be controlled remotely by the
operator from the Control Room or locally by manual
operation. Remote operation requires electrical power as
follows:

o Emergency 480 V ac Bus No. 1 (2 valves), and

0 Emergency 480 V ac "us No. 3 (2 valves).

The size of these valves is such that a rapid cooldown
would not occur if a valve failed fully opened.
Furthermore, they can be manually isolated using upstream
isolation valves.

Steam generator safety valves back up atmospheric steam
dump. If atmospheric steam dump is not available, heat can
be removed by allowing the Main Coolant System and
consequently the steam generator fluid to heat up to the
point of simmering the steam generator safety valves. If a
valve should stick open, it can be closed (gagged) by the
operator locally and challenged valves are of low capacity
relative to the potential for an excessive cooldown.

b. Control of Feedwater Addition

Normal main feedwater would be unavailable due to the loss of
off-site ac. There are five systems capable of supplying water
to the secondary system. For each systen, the operator has the

ability to manually control the flow rate either by trimming

-




the number of running pumps or throttling the flow or

recirculation from the pump. These systems and their vital

auxiliaries are:

1)

2)

3)

Electric Emergency Feedwater (EFW)

a) 2400 V Bus No. 2 or 3

b) Tanks TK-39 or TK-1

¢) DC Bus No. 3 or 1l

d) Flow path

0 Main feedwater

0 Blowdown

Steam Emergency Feedwater

a) Main steam

b) Tanks TK-1 or TK-39

¢) Flow path

0 Main feedwater

o Blowdown via charging path or electric EFW path

Charging Pumps (three needed for success for short term;

one pump needed after 1 day)

a) 480 V Bus 4-1 through MCC-4, Bus 2 (MCC = Motor Control

Center)




b) 480 V Bus 6-3 through MCC-2

¢) 480 V Bus 5-2 through MCC-4, Bus 1

d) TK-39 or Safety Injection Tank (SIT)

e) Flow path

o Charging to main feedwater

o Charging to blowdown

ECCS Pumps

a) Emergency 480 V Bus 1, 2, or 3

b) Safety Injection Tank

¢) Respective pumping train for energized 480 V Bus

d) Flow path

[} Blowdown header

o Charging header to main feedwater

Safe Shutdown System (SSS)

a) Separate diesel and pump

b) Fire water storage tank

¢) Flow path to blowdown

=31~



1.

Instrumentation

In order to control heat removal, the operator must have
instrumentation to detect the cooling conditions of the Main
Coolant System. The instruments are supplied from Vital Buses
No. 1 and 2 which are supplied from the station dc Buses Wo. 1
and 2 on the loss of ac. Other detection means include local
readings at the vapor container penetrations, local installed
instruments, and Safe Shutdown System instruments.

3.2.2 S Control

To control Main Coolant System (MCS) inventory, the operator must be
able to detect the level or the core cooling effectiveness (if level is below
the pressurizer), isolate the MCS, maintain this isolation, and make up for

losses from the system.

Isolation

The Containment Isolation System protects the MCS from inventory

loss. It is supplied from control air and the station 125 V dc

battery buses. Inside containment, the pressurizer safety and

relief valves, as well as the MCS boundary, must be intact.

o]

Pressurizer Power-Operated Relief Valve (PORV)

The pressurizer power-operated relief valve, if challenged,
must reclose or the operator must take action to close the PORV
block valve or treat the open PORV as a ioss-of-coolant

accident.
MCS Safety Valves
The MCS safety valves are not expected to be challenged;

however, if they were challenged and failed to reclose, a LOCA

is assumed.
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0 MCS Pressure Boundary Integrity

The Main Coolant System boundary is not expected to be
challenged by the spectrum of winds for which the containment
is not challenged (i.e., <250 mph).

2. Makeup

Given containment isolation with the maximum allowable leak rate of
1 gpm, makeup would not be required to keep the core covered with

water for a period of days. Additionally, the Safe Shutdown System
has the ability to charge to the Main Coolant System to make up for

normal leakage.

3. Detection

Level and temperature instrumentation power is supplied from Vital
Buses No. 1 and 2 which, on a loss of ac, are supplied from dc
Buses No. 1 and 2, respectively. The SSS provides additional

detection and monitoring instrumentation.

3.2.3 Main Coolant System Pressure Control

This critical safety function is aimed at ensuring MCS integrity. It
can be considered a subset of the CSF "MCS Inventory Control"™. The most
important element of MCS pressure control is maintenance of MCS pressure below
a threshold value at which the structural integrity of the MCS is threatened.
Too low an MCS pressure is not critical because even saturated conditions will
result in adequate core cooling as long as the core is covered and decay heat
is being removed from the MCS. Core heat removal and MCS heat removal
critical safety functions address this area.

For post-trip (i.e., decay heat power level conditions), the
pressurizer PORV and code safety valves provide this protection. In fact,
even these systems are not required if the MCS is being adequately cooled by
feedwater addition and steam removal. Since failure to supply sufficient

feedwater or remove steam is addressed by the MCS heat removal critical safety
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function review, MCS pressure control is redundant and can be neglected with
the following exception.

1f an excessive cooldown of the MCS were to occur, it is possible that
operator actions would be required to control the MCS pressure to preclude
pressurized thermal shock (PTS) failure of the vessel. The events that could
lead to this situation are characterized by steam or feedline ruptures plus
mitigative system failures outside the current design bases of the plant. It
is necessary, however, to address these events in this analysis because
sequences are not limited to those within design bases. To address events
that could lead to a PTS concern, a separate initiating event category was
established, excessive cooldown. PTS type sequences resulting from other
events such as those addressed by the "Loss of Off-Site Power™ initiating
event category are not important because of 1) the capacity of the steam
removal ard feedwater addition systems, and 2) control of these systems is
specifically addressed in examining satisfaction of the MCS heat removal

critical safety function.

3.2.4 Core Heat Removal

To maintain the core cooled, the Main Coolant System must remain intact
to the steam generators and not be blocked. Additionally, enough water must
be present to cover the core.

These conditions are verified by detection of Main Coolant System

inventory control and core exit temperatures.

2.3 in C t He Remova

Heat removal from the Main Coolant System is credited only by secondary
heat removal in this analysis. No credit is taken for primary feed and bleed
cooling mechanisms. Steam removal is provided by atmospheric steam dump or
steam generator code safety valves. Feedwater addition is provided as
discussed under Reactivity Control (Section 3.2.1).
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3.3 Event Segquence Analysis

Having identified the critical safety functions and systems which
provide those functions, event trees can be developed for each of the three

initiating event categories. Event sequences are discussed briefly here and
in detail in Section 6.0.

3.3.1 Loss of Off-Site Power

The loss of off-site power category is the primary initiating event
category for this analysis since plant history indicates that for most major
storms in Lhe vicinity of YNPS, the off-site power grid is affected. (Note,
however, that only one complete loss of off-site power event has occurred in
24 years, its duration was 30 minutes and it was not weather-induced.)
Furthermore, because of the hazards effect on off-site power, a complete loss

of off-site power is conservatively assumed for all event sequences in this
analysis.

Figure 3-4 provides the loss of off-site power event tree.
3.3.2 Excessive Cooldown

In reviewing the mitigative features required for this category, the
same functions are required as for the loss of off-site power category with
the addition of the non-return valves. As will be discussed in Section 6.0,
this category is a negligible contributor to wind/tornado-induced core melt.
3.3.3 Loss of Main Coolant System Inventory

This category can be considered to consist of three event types:

1. Main Coolant System (MCS) pressure boundary violation involving
piping or component physical failure.

2. Failure to isolate MCS bleed paths, such as the letdown portion of
the Chemical and Volume Control System, and
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3. Failure of MCS pressure relieving devices (i.e., PORV, safety
valves).

As Section 6.0 discusses in detail, the first two LOCA event types
above are negligible contributors to core melt for this analysis; the third is
represented by the Relief Valve Challenges Event Tree (Figure 3-5). Figure
3-6 represents possible event sequences should a LOCA occur.

Event sequence logic expressions are developed and quantified in
Section 6.0,

3.4 Identification of Critical Areas

Based on the systems required to maintain the critical safety functions
identified above, the critical plant areas required for safe shutdown in a
high wind event can be determined. The routing of each system or auxiliary

was reviewed for locations.

3.4.1 Systems/Auxiliaries Vs. Critical Areas
1. DC Bus No. 1 Switchgear Room
2. DC Bus No. 2 Switchgear Room

3. Emergency 480 V AC

1. Diesel Generator Individual Diesel Cubicle
2. REABO V AC Bus Safety Injection Building (SI
Buildiag)

SI Building North Wall
3. Respective DC Buses 1 & 2 - Switchgear Room

for Breaker Control SI Building North Wall
3 - SI Building
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6.

4. Emergency Motor

Control Center (EMCC)

5. Fuel 0il Storage

480 V AC

1. Associated Emergency
480 V AC Bus

2. Cable from EA80 V AC Bus

through Manhole No. 3

to Switchgear Room

3. 480 V AC Bus

2400 V AC Bus 2 or 3

1. EA480 V AC Bus

2. 480 V AC Bus

3, Station Service
Transformer Nos. 5 and 6

4. Nos. 2 and 3 Station
Service Transformer Bus

S. 2400 V AC Bus

DC Bus No. 3A

1. DC Bus No. 3

EMCC-1 - Switchgear Room
EMCC-2 - SI Building

EMCC-3, 4, 5 and 6 - Remote Shutdown

Facility

Southeast Yard

See Above

SI Building, North Wall

Switchgear Room

See Above

See Above

Switchgear Room

Station Service Transformer Yard
Pump Room

Switchgear Room

SI Building




10.

11.

12.

13.

14,

15.

16.

 §

18.

2. Cabling DC Bus No. 3
through Manhole to
3A Bus

3. DC Bus No. 3A

TK-39, Primary Water
Storage Tank

TK-1, Demineralized Water
Storage Tank

Electric Emergency

Feedwater Pump (Elect.

Pump)

Steam EBFP

MCC-4

MCC-2

ECCS Pump

Vital Bus

Atmospheric Steam Dump

SG Safety Valves

Steam EBF to

Main Feed Path

Elec. EBF to Main Feed

ST Building, North Wall

Switchgear Room

Southeast Yard

Under VC,

Outside Auxiliary Boiler Room (ABR)

Lower Level Primary Auxiliary

Bujlding (LL PAB)

Auxiliary Boiler Room North Wall

LL PAB

Turbine Buiiding Pump Room

SI Building

Switchgear Room

Non-Return Valve (NRV) Enclosure

NRV Enclosure

Auxiliary Boiler Room

Pump Room

Under VC

LL PAB
Under VC

Pump Room
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19.

20.

21.

22.

23.

24,

25.

26.

27,

28,

29.

30.

.

Elec. EBF to Blowdown

Charging Cross Connect to

Main Feed

Charging to Blowdown

SI to Blowdown

Charging Pumps

Elec. EBF Supply Piping

Steam EBF Supply Piping

Charging Supply Piping

§I Tank

SI Supply Piping

Safe Shutdown System

Fire Water Storage Tank

Safe Shutdown System
Feed Conn.

LL PAB

UL PAB Northwest Wall
UL PAB North Wall
Upper Pipe Chase

LL PAB
Under VC
Pump Room

LL PAB

Upper Level (UL) PAB North Wall
Upper Pipe Chase

SI Building

UL PAB

Upper Pipe Chase

PAB Cubicle Area

LL PAB

Auxiliary Boiler Room South Wall
LL PAB

Southwest Yard

LL PAB
SI Building

South Yard

South Yard

UL PAB North wWall
Upper Pipe Chase



32. Non-Return Valves Switchgear Room
Turbine Building (TB) West Staircase
NRV Enclosure

33. Vital Instrument Detectors Vapor Container
Cable Tray House
Pump Room
LL PAB

34. Turbine Throttle Valves Switchgear Room

Turbine Building Mezzanine

35. Vvital Bus Switchgear Room

3.4.2 Location and Description of Critical Areas

From the list above, a table of critical areas was developed
identifying system dependencies by area (Table 3-3).

Description of areas:

1. Auxiliary Boiler Room South Wall

The supply piping from TK-1 passes through the Auxiliary Boiler
Room south wall. If this wall were to topple, the supply piping
could be faulted from TK-1 or TK-39 to the steam-driven emergency
boiler feed pump.

2. Switchgear Room

The 480 V and 2400 V electrical supplies for charging and
electric-driven emergency feedwater come from the Switchgear Room.
Additionally, the dc power to operate the switchgear, detection,
and NRV actuatinn comes from the Switchgear Room.
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Diesel Generator Cubicle

The diesel generators and their cc ling air and fuel oil are
located in their respective cubicles.

Safety Injection Building

The Safety Injection Building is critical for operation of the
safety injection pumps and Battery No. 3. Isolated areas are
critical for operation of electric-driven equipment such as
electric-driven emergency feedwater and charging. The emergency
480 V ac bus is located in an area that is relatively well
protected even if a structural cladding fallure were to occur on
the SI Building. The bus is protected on two sides by the inside
wall of the diesel cubicle and the remote shutdown facility. On
the remaining two sides it is protected by distance and the
intervening SI pumps and piping.

SI Building North Wall

The north wall is important to maintaining continuity of emergency
480 V ac electric power %o the Switchgear Room and 125 V dc to the
diesel generators and emergency switchgear.

Station Service Transformer Yard

In order to supply stepped-up 480 V ac to the 2400 V bus, the
station service transformer bus must not be faulted outside the
building at the voltage regulators and transformers following an
event. The structure supporting the station service transformer
supply from off-site power may topple. If it should, an
electrician could remove a portion of bus bar to disconnect the
faulted station service transformer within a few hours. This
action is not proceduralized.

Fuel O0il Tank

Needed for extended running of diesel generators.
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10.

11.

12.

TK-39, Primary Water Storage Tank

Needed as a primary water source to charging and electric-driven
emergency feedwater and an alternate source to the steam-driven
emergency feedwater.

Under Vapor Container

The electric emergency feed and charging to main feed path pass
under the vapor container as do the main feed lines.

Lower Level Primary Auxiliary Building

The electric supply for Nos. 1 and 3 charging pumps comes through
motor control center No. 4 in the lower level PAB. The

"electric-driven cmergency feedwater pumps are located in the lower

level PAB. The emergency feedwater cross-connect for electric and
charging feed as well as the vapor container recirc line are
located in the overhead and pass through the east end of the north
wall.

Auxiliary Boiler Room North Wall

The steam-driven emergency feedwater pump is located on the north
wall of the Auxiliary Boiler Room and the discharge pipe passes
through it. This is an internal wall between the Auxiliary Boiler
Room and Turbine Building Pump Room.

Pump Room
The Turbine Building Pump Room is the common junction of the main
feedwater header with the steam emergency feed, electric emergency

feed, and charging emergency feed headers. The power supply to
charging pump No. 2 at motor control center No. 2 is in this area.

32



r—————-————————-—*————*

18.

14.

13.

16.

17.

18.

Upper Level Primary Auxiliary Building North Wall

The common junction of the blowdown feed path and the safety
injection feed, charging feed, electric emergency feed, and Safe
Shutdown System feed paths is located in this area.

Upper Level Primary Auxiliary Building West Wall

The electric emergency feed path and safety injection feed path are
located in this area. The safety injection line is not expected to
be faulted by any structural cladding failure in this area due to
its size and wall thickness. The safety injection piping is
expected to protect the electric emergency feed piping from damage
due to cladding failure.

Upper Pipe Chase (Non-Radioactive Pipe Tunnel)

The individual blowdown lines pass through this area to reach the

containment.

Primary Auxiliary Building Cubicle Area

The charging pumps and emergency feed line from charging are
located in this area. This area is constructed of reinforced
concrete.

Safety Injection Tank

The safety injection tank is the primary water source for the ECCS
and the alternate supply to charging.

South Yard

The Safe Shutdown System and the fire water storage tank are
located in the yard south of the vapor container.
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19.

20.

21.

22.

23.

24,

TK-1, Demineralized Water Tank

The demineralized water storage tank is located outside the south
wall of the Auxiliary Boiler Room and provides the primary water
source for the steam-driven emergency feed pump and alternate

source for the electric-driven emergency feed pump and charging.

Non-Return Valve Platform

The NRV platform is the one area for steam removal from the system
and provides isolation in the event of a steam line rupture.

Turbine Building

The turbine throttle valves are the primery steam line isolation
along with the main steam dump. A fault on the line to these

valves can be isolated by the non-return valves.

Turbine Building West Staircase

Cabling for operation of vital equipment, such as the NRVs and
atmospheric steam dumps, passes through this area. Additionally,
this area provides access for the operator to other plant equipment
following a severe event.

Cable Tray House

Signals to and from the vapor container pass through this area for
detection and control.

Vapor Container
The vapor container provides containment of the atmosphere

surrounding the Main Coolant System boundary and vital detection
equipment.
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3.5 Containment Assessment
3.5.1 Background

The design of the YNPS containment is such that it is cooled entirely
by passive means. Feat transfer between the containment environment through
the containment steel skin to the outside atmosphere is sufficient to maintain
the containment temperature and pressure below design conditions for all
design basi, events.

The combination of structural, MARCi, CORCON-MOD1, and manual
calculations performed in the YNPS PSS also showed that even core melt
conditions should not result in containment pressures exceeding the ultimate
pressure capacity of this structure, about 100 psia. This assessment included

an evaluation of piping, valving, and electrical penetrations.

The same analysis performed in the YNPS PSS indicated that containment
ultimate pressure responses were not extremely sensitive to the specific
sequence that led to core melt and vessel failure.

3.5.2 Approach

In this tornado/wind study, there are additional considerations to be
addressed because of the potential effects of the hazard on containment
structural integrity.

Extremely high intensity events, equivalent wind velocities exceeding
about 250 mph, have the potential to fail the containment directly. These

events have frequencies less than 10-6/yr even using the 95% confidence
level hazard curve.

Because of this direct impact on containment integrity, and
consequently core cooling capability, the YNPS PSS results could not be used
directly. Instead, containment response was treated discretely as follows:

1. For hazard intensity levels not affecting containment integrity,

YNPS PSS results were used; and
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2. For hazard intensity levels resulting in containment failure, a
core melt and early l-hour direct release to the environment were

assumed .

Sections 6.0 and 7.0 discuss this approach in more detail.
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TABLE 3-1
Master Logic Diagram Initiating Event Categories

Increase in Main Coolant System Pressure
Decrease in Main Coolant System Pressure
Reactor Vessel Rupture

Steam Cenerator Tube Rupture

Very Small LOCA

Small LOCA

Intermediate LOCA

Large LOCA

Increase in Main Coolant System Inventory
Dilution

Rod Withdrawal

Rod Ejection

Inadvertent Rod Insertion

Rod Drop

Boration

Increase in Main Coolant System Flow
Decrease in Main Coolant System Flow
Increase in Steam Flow

Feedwater Induced Increase in Secondary Heat Removal
Decrease in Steam Flow

Feedwater Induced Decrease in Secondary Heat Removal
Degradation of the AC Power Supply
Degradation of the DC Power Supply

Decrease in Component Cooling Water Delivery

Decrease in Service Water Delivery
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Decrease in Control Air Delivery

Non-Isolable LOCA Outside the Containment
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TABLE 3-2
Initiating Events

Excessive Cooldown
Steam Line Break
Very Small LOCA
Small LOCA
Intermediate LOCA
Large LOCA
Steam Generator Tube Rupture
Plant Trip
Loss of AC
Decrease in Feedwater Flow
Loss of Vacuum
NRV Closure
Turbine T<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>