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Safety Injection Tank (SIT) AOT/STI Extension

1.0 PURPOSE

This report provides the results of an evaluation of specific relaxations in the existing Safety
Injection Tank (SIT) boron surveillance requirements and the Allowed Outage Time (AOT).

These requirements and AOT are contained within the standard and "customized" technical
specifications for any licensed CE NSSS. A two tiered extension of the existing SIT AOT
(typically 1 hour) to 24 hours for a non-functional SIT, and 72 hours for a "tagged” inoperable
SIT that can otherwise complete its safety function is requested in order to provide the plant with
sufficient time to diagnose and potentially repair minor SIT system malfunctions at power. The
ability to perform this corrective maintenance at power can enhance plant safety by averting an
unplanned plant shutdown.

Also, technical specification relaxation with regard to boron monitoring is sought in order to
allow better utilization of plant resources by reducing the number of unnecessary surveillance
actions. This relaxation has been previously recommended by the NRC in NUREG-1366
(Reference 1).

Justification of these requests are based on a review and assessment of plant operations,
deterministic and design basis considerations, and plant risk, as well as previous generic studies
and conclusions drawn by NRC staff and contained within NUREG-1366 (Reference 1) and
NUREG-1432, Revision 0 (Reference 2). The evaluation discussed in this report concludes that
the requested Technical Specification modifications are either risk neutral or enhance overall
plant safety.

This request for AOT extension is consistent with the objectives and the intent of the
Maintenance Rule (Reference 3). The Maintenance Rule will be the vehicle which controls the
actual maintenance cycle by defining unavailability performance criteria and assessing
maintenance risk. The AOT extension will allow efficient scheduling of maintenance within the
boundaries established by implementing the Maintenance Rule. The CE plants are in the process
of implementing the Maintenance Rule, and are presently setting targets for unavailability of
systems and trains. Therefore, this effort is seen as timely, supportive and integral to the
Maintenance Rule program.



2.0 SCOPE OF PROPOSED CHANGES TO TECHNICAL SPECIFICATION

The proposed technical specification changes address revising the existing requirements for the
operation of the Safety Injection Tanks (SITs). Specifically, the proposed changes to the
technical specification requirements are:

(1
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In general, extend AOT for a single INOPERABLE SIT from 1 hour to 24
hours.

For operating modes where at least three of the SITs are required to be
OPERABLE, extend the AOT following a diagnosis of a single inoperable SIT
from 1 hour to 24 hours.

When a single SIT is INOPERABLE and that INOPERABILITY is due to
either malfunctioning SIT water level instrument indication or malfunctioning
SIT nitrogen overpressure pressure indication, or inadequate boron
concentration, extend the AOT following the diagnosis of the single
INOPERABLE SIT from 1 hour to 72 hours.

This technical specification change with regard to SIT instrumentation failures
was recommended in Section 7.4 of NUREG-1366, Accumulator Water Level and
Pressure Channel Surveillance Requirements (PWR). The relaxation in the boron
concentration AOT has already been adopted in the Improved Standard Technical
Specifications. This change would add a new conditional Limiting Condition of
Operation requirement that would address the case where a single SIT is
inoperable AND the affected SIT’s inoperability is caused by malfunctioning
water level instrumentation, malfunctioning pressure instrumentation, or boron
concentration. (The affected SIT is otherwise capable of performing its intended
function.) The compietion time for restoring the operability of the affected SIT
will be 72 hours.

Modify boron concentration technical specification surveillance test interval
(STDH

Eliminate technical specifications surveillance requirements that require
verification of boron concentration of safety injection tank inventory after a
volume increase of 1% or more if the makeup water is from the refueling water
storage tank (RWST) and the RWST boron concentration is equal to, or greater
than the minimum boron concentration of the SIT. This change in surveillance
test requirements has already been adopted in the Improved Standard Technical
Specifications (ISTS).



3.0 BACKGROUND

In response to the NRC's initiative to improve plant safety while granting relief to utilities from
those requirements that are marginal to safety, the CEOG has undertaken a program of obtaining
relief from overly restrictive technical specifications. As part of this program, several technical
specification AOTs and STIs were identified for joint action.

This document addresses the SIT portion of this Task, and provides support for modifying the
SIT AOT and implementing the NUREG-1366 "line item improvement” with regard to boron
concentration monitoring. This report provides generic information supporting these changes
as well as the necessary plant specific information to demonstrate the impact of these changes
for each of the CE plants. The support/analytical material contained within the document is
considered applicable to all CEOG member utilities regardless of the category/type of their Plant
Technical Specifications.



4.0 SUMMARY OF APPLICABLE TECHNICAL SPECIFICATIONS
There are three distinct categories of Technical Specifications at CE NSSS plants.

The first category is called the Standard Technical Specifications. Through February 1995,
NUREG-0212, Revision 03 commonly referred to as "Standard Technical Specifications® has
provided a model for the general structure and content of the approved technical specifications
at all other domestic CE NSSS plants,

The second category corresponds to the Improved Standard Technical Specifications (ISTS)
guidance that is provided in NUREG-1432, Revision 0, dated September 1992. A licensing
amendment submittal to change the Technical Specifications for San Onofre Nuclear Generation
Station Units 2 & 3 to implement this guidance was submitted to the NRC in December 1993,
Additionally, licensing amendment submittals are being developed that will modify the technical
specifications for Palisades Station to implement the ISTS guidance.

The third category includes those technical specifications (TSs) that have structures other than
those that are outlined in either NUREG-0212 (Reference 4) or NUREG-1432 (Reference 2).
These TSs are generally referred to as "customized” technical specifications. The CE NSSS
plants that currently have “customized” technical specifications are: Palisades Station, Maine
Yankee Station, and Ft. Calhoun Station.

Each of these three categories of Technical Specifications includes similar operating requirements
for the Safety Injection Tanks (SITs).

4.1  Standard Technical Specifications

Currently NUREG-0212, Revision 03 specifies the following required actions when a single SIT
is "INOPERABLE":

APPLICABILITY; MODES 1, 2 and 3*
ACTION:

a. With one safety injection tank inoperable, except as a result of a closed
isolation valve, restore the inoperable tank to OPERABLE status within
one hour or be in at least HOT STANDBY within the next 6 hours and
in HOT SHUTDOWN within the following 6 hours.

b. With one safety injection tank inoperable due to the isolation valve being
closed, either immediately open the isolation valve or be in at least HOT
STANDBY within one hour and be in HOT SHUTDOWN within the next
12 hours.



The guidance of NUREG 1432 Section 3.5.1 relaxes these requirements from NUREG-0212 in
the following ways:

1.

The allowed outage time for a single inoperable SIT due to that SIT's boron
concentration being outside the specified band is extended from 1 hour to 72
hours.

The allowed outage time for a single inoperable SIT due to factors other than

boron concentration (including indication that the SIT's isolation valve is not fully
open) is extended from "immediate® restoration to 1 hour,

Among the factors that can result in a single SIT not being technically *"OPERABLE" are the
following factors:

a)

b)

Malfunctions of pressure transmitters, pressure sensing lines, and pressure
monitoring circuitry,

Malfunctions of level transmitters, level sensing lines, and level monitoring
circuitry.

In Section 7.4 of NUREG-1366, the NRC staff states that an SIT (an "accumulator”) would be
“available to fulfill its safety function” at times when the SIT (“accumulator®) is "technically
inoperable” due to the "inoperability of water level and pressure channels”.

4.2 Customized Technical Specifications

Similar requirements to those identified in Section 4.1 exist for plants with customized technical
specifications. However, the format of the technical specification may be different as may be
the detailed requirement. The most noteworthy difference in this area is that for Maine Yankee.
SIT Allowed Outage Times at this plant allow a single SIT to be technically inoperable for up
to 4 hours and isolated for up to one hour.




5.0 SYSTEM DESCRIPTION AND OPERATING EXPERIENCE
5.1 System Description

The function of the Safety Injection Tank (SIT) system is to reflood the reactor core with borated
water following a large break LOCA. The relatively quick response of the system and its
passive nature serve to reliably minimize core damage until the SI pumps can provide adequate
water for reactor cooling.

Each SIT train has one safety injection tank connected to an RCS cold leg. The tank is filled
with borated water and pressurized by nitrogen cover gas. SIT injection occurs anytime RCS
pressure drops below cover gas pressure. The discharge piping of each tank includes 2 check
valve followed by an isolation MOV which remains open during normal operation. Beyond
these valves, an RCS pressure boundary check valve exists along the injection pathway for each
tank.

Definition of OPERABLE SIT

In general, Technical Specification Limiting Conditions For Operation (LCOs) require that all
SITs be OPERABLE whenever the plant is in power operation (Mode 1), transitioning to power
operation (Mode 2) or in Mode 3 with RCS pressure greater than or equal to a designated value.
This LCO is based on the assumption that when the plant is in any of these modes of operation,
the SITs must have the same functionability that would be required for a LOCA at full rated
thermal power. In order to avoid entry into the LCO action statement, all SITs must be
OPERABLE.

When the plant is in any of these listed modes of operation, an SIT is considered OPERABLE
when the following conditions exist:

1) the associated isolation valve is fully open,

2) electric power has been interrupted to the motor for the associated
1solation valve,

3) water inventory in the tank is within the assumed band

4) the boric acid concentration of the water inventory of the tank is within
the assumed band,

5) the nitrogen cover piessure within the tank is within the assumed band.

In the past, a justification for the short allowed outage time for a single SIT has been that the
perceived severity of the consequences of not having all SITs available to provide passive
injection during a design basis LOCA warranted the severity of this requirement. However, this
short SIT AOT duration was based solely on engineering judgment and not on any quantitative
assessment of risk.




While it is not the intent of this document to widen the technical specification OPERABILITY
limits for ‘he SIT, it is important 10 note that for selected parameters, the assessment of SIT
OPERABILITY is rather stringent. The SIT operational parameters are set by the design basis
licensing Large Break LOCA analysis. Since the SIT is a passive device and provides a limited
function, operability has been restricted to mean that the equipment initial conditions are within
a band supported by Appendix K design basis analyses. In reality, the equipment can deviate
considerably from both inventory and pressure requirements without compromising the ability
of the plant w adequately respond to a LOCA. Inventory requirements are overstated.
Appendix K analytical models are derived so as to over-estimate amount of liquid lost out the
hreak and to underestimate the residual inventory in the RV lower plenum. Consequently,
inventory discharge requirements are conservatively set at a high level. The nitrogen cover
pressure essentially establishes the timing of the inventory injection. This would modestly
influence the transient and perhaps result in a marginal fuel hot spot temperature increase.

5.2  Operating Experience

Operating experience has demonstrated that many of the causes of SIT inoperability can be
diagnosed and corrected within several hours of discovery but longer than a period of one honr
from identification. In several instances, diagnosis of out-of-specification conditions have lead
to plant shutdowns. A list of events that involved an SIT and required entry into associated
LCO action statements is provided in Table 5.3-1 for CE PWR:s.

The review of this operating experience as well as a general review of existing PRA studies led
to questioning the premise that a transition to a lower mode within 1 hour of the discovery of
a factor making one SIT inoperable would provide greater reactor safety than repairing this
factor with the plant at power.

In fact, a letter from the NRC to Houston Light & Power (Reference 9) provides an approved
case where the allowed outage time for a single safety injection tank [accumulator] was extended
from 1 hour to 12 hours. A significant justification for this extension was that the resulting
change in the calculated values of expected and maximum core damage frequency were
negligible.

Previous determinations of the allowed outage time for a single Safety Injection Tank at CE
NSSS plants have been based on engineering judgement using a sound knowledge of the role of
each of the SITs in the plant design basis. Any new determination of this allowed outage time
using probabilistic risk analysis must also include this consideration.



Table 5.2-1
REQUIRED ENTRY INTO LCO ACTION STATEMENTS
DUE TO SIT MALFUNCTIONS FOR CE PWRs

Date of Event

Description of Event

8/29/84

Nitrogen Cover Pressure exceeded the limits
of LCO 3.5.1, two SITS were declared
inoperable and LCO 3.0.3 was invoked.

1/28/86

Pressure Limit Exceeded, LCO 3.0.3 entered.

San Onofre 3

7/25/87

LCO 3.5.1 entered due to SIT level
instrumentation.

Palo Verde 2

7/17/86

Unit in Mode 4 (hot standby) when Tech Spec
LCO 3.0.3 entered due to four (4) SITs
declared INOPERABLE because high level
limit was exceeded based on wide range level
indication.

Milistone 2

6/29/81

During routine power operation, inconsistency
found between SIT Volume required by TS
LCO 3.5.1.B and the indication available to
determine SIT Operability.

San Onofre 2

12/23/83

SITs 007 and 010 exceeded their nitrogen
pressure limit while SIT 008 was being filled.
Entered LCO 3.0.3.

San Onofre 3

1/25/83

During routine nitrogen pressurization of SIT
008, relief valve lifted (failed to reseat
following overpressurization). Tank pressure
dropped below allowable limits of LCO 3.5.1
and action statement A was invoked.

2/5/83

SIT tank volume and pressure outside
allowable limits of LCO 3.5.1 and action
statement A was .avoked.




6.0 TECHNICAL JUSTIFICATION FOR AOT EXTENSION

This section provides an integrated assessment of the proposed extension of the SIT AOT from
its currently defined value of 1 hour to 24 hours. This proposed AOT would be applicable in
the event an SIT is determined to be INOPERABLE and the cause of the inoperability has not
been diagnosed as being caused solely by malfunctioning level or pressure measurement
instruanentation (See item 1 of Section 2). A discussion of the AOT extension for circumstances
where the SIT is tagged INOPERABLE (based on Technical Specifications Criteria) but is
otherwise functional is presented in Section 6.5.

6.1 Statement of Need

As was briefly mentioned in Section 5.2, the repair of certain factors that result in the
"inoperability” of a single safety injection tank can be completed within a relatively short period
of no more than 24 hours.

Operating experience has demonstrated that the repair of such factors takes longer than the
existing 1 hour allowed outage time that is typical of existing Technical Specifications for CE
NSSS plants that have not implemented the guidance of NUREG-1432.

The sections that follow show that the continued implementation of the existing *1 hour” AOT
may result in unnecessary plant shutdowns. Since the increased risk of operating with a single
SIT out of service is negligible (as described in the following sections), the associated plant
maneuver to a shutdown condition will likely increase plant risk above that which would
otherwise exist if the repair of the cause of the "inoperability® was completed at power. A
twenty-four hour AOT was considered sufficient for the diagnosis of a potential SIT
INOPERABLE condition and minor component repair.

Additionally, Section 7.4 of NUREG-1366 identifies cases where entries into containment have
been made at power to recalibrate a single SIT water level or pressure transmitter while a
redundant, independent instrument remained operable. In these cases, the containment entry was
made in anticipation of a situation where both instruments were simultaneously inoperable,
resulting in an allowed outage time that was insufficient for remaining at power while
performing repairs and recalibrations. With a longer duration AOT for both redundant
instrument channels, there would be less need for containment entries at power solely for the
recalibration of a single water level or pressure channel transmitter,



6.2 Assessment of Deterministic Factors
6.2.1 Thermal-Hydraulic Considerations

The functions of the Safety Injection Tanks (SITs) are to supply water to the reactor vessel
during the blowdown phase of a loss of coolant accident (LOCA), and to provide inventory to
help accomplish the refill phase that follows thereafter.

The blowdown phasc of a large break LLOCA is the initial period of the transient during which
the RCS departs from equilibrium conditions, and heat from fission product decay, hot internals,
and the vessel continues to be transferred to the reactor coolant. The blowdown phase of the
transient ends when the RCS pressure falls to a value approaching that of the containment

atmosphere.

The refill phase of a LOCA follows immediately after the blowdown phase. The core at the end
of the blowdown phase is essentially in adiabatic heatup. In the refill phase, the balance of the
inventory in the SITs is available to help fill the lower plenum and the reactor vessel downcomer
to re-establish a coolant level at the bottom of the core and then to support reflood of the core
with the addition of safety injection water.

Each SIT is a pressure vessal partially filled with borated water and pressurized with nitrogen
gas. Each SIT is a passive component, since it is intended to perform its design function without
operator or control action. Each SIT will start to discharge its contents to the RCS, if RCS
pressure decreases below the SIT pressure.

Each SIT is piped into one reactor coolant system (RCS) cold leg via the injection lines utilized
by the Safety Injection (HPSI and LPSI) system. Each SIT is isolated from the RCS by a motor
operated isolation valve and two check valves in series. The associated motor operated isolation
valve for each SIT is normally open, with power removed from the valve motor to prevent
inadvertent closure prior to or during an accident.

Additionally, each of these isolation valves is interlocked with the pressurizer pressure
instrumentation channels to ensure that the valves will automatically open as RCS pressure
increases above SIT pressure and to prevent inadvertent closure prior to an accident. Each of
these valves also receives a safety injection actuation signal (SIAS) to open. These features
ensure that these valves meet the requirements of the Institute of Electrical and Electronic
Engineers (IEEE) Standard 279-1971 for "operating bypasses” and that the SITs will be available
for injection without reliance on operator action.

The nitrogen gas and water volumes, nitrogen gas pressures, and outlet pipe sizes for each SIT
are selected to allow the SITs together with the HPSI and LPSI systems to recover water
inventory in the core before significant clad melting or zirconium water reaction can occur
following a LOCA.
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The SIT capacity is established such that the SITs provide adequate inventory to the downcomer
and facilitate the core recovery and refill process. In particular, passive injection by all but one
of the SITs is credited in design base anulysis for large break LOCAs that are initiated at full
rated thermal power conditions. The other SIT is assumed to be ineffective due to the break
location. The performance of SITs is calculated in accordance with Appendix K to 10CFRS0
and, together with the HPSI and LPSI systems, ensures that the following Emergency Core
Cooling System (ECCS) acceptance criteria of 10 CFR 50.46 are satisfied:

a. Maximum fuel element cladding temperature is < 22C0 Degrees Fahrenheit;

b. Maximum cladding oxidation is < 0.17 times the total cladding thickness before
oxidation;

c. Maximum hydrogen generation from a zirconium water reaction is < 0.01 times
the hypothetical amount that would be generated if all of the metal in the cladding
cylinders surrounding the fuel, excluding the cladding surrounding the plenum
volume, were to react; and

d. The core is maintained in a coolable geometry.

The above criteria were established in order to define a deterministic acceptance criteria that may
be used by regulators in judging the acceptability of a given Emergency Core Cooling System.
The methodology is defined in Appendix K to 10 CFR 50. This methodology conservatively
represents LOCA thermohydraulic and hydrodynamic phenomenology to calculate fuel peak clad
temperature. As a result, this methodology overstates the realistic minimum equipment
requirements for adequate response to an event. Recent best estimate analyses for a typical
PWR (Reference 5) confirmed that for large break LOCAs, core melt can be prevented by either
the operation of one Low Pressure Safety Injection (LPSI) pump or the operation of one High
Pressure Safety Injection (HPSI) pump and a single SIT. While the precise equipment set for
any specific CE PWR may vary, the design basis requirement for | LPSI train, 1 HPSI train,
and all SITs to avert a core melt condition is very conservative.

6.2.2 Radiological Release Considerations

The design basis calculation of radiological consequences of the large LOCA are based on a
combination of very conservative assumptions. The design basis for radiological releases
following a LOCA is set forth in 10 CFR 100, "Reactor Site Criteria®, and detailed in SRP
15.6.5 (Reference 6). In practice, the 10 CFR 100 radiation release criteria are achieved via
reliance on the 1962 "source term” outlined in the Atomic Energy Commission Technical
Information Document, TID-14844, "Calculation of Distance F- ‘ors for Power and Test
Reactors® (Reference 7). This "Source Term" was not consist” .+ ith the low level of core
damage expected with a Large LOCA. Instead, the Source Ti..n was very conservatively
defined based on a substantial meltdown of the core, and fission product release to the containment.
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Over the past 30 years, substantial information has been developed updating our knowledge
about fission product release and transport during PWR severe accidents. This information is
reflected in the new NRC source term defined in NUREG-1465 (Reference 8). Assimilation of
this information suggests that even when the dichotomy of a core melt driven source term is
retained, the estimate of the Large LOCA fission product releases based on Reference 7
considerably overpredicts the severity of the fission product release to the public.

This conclusion is based on the following:

1

2)

Current licensing methods assume fission products are released to the containment
immediately upon the onset of the LOCA. In fact, only gases residing within the
fuel gap (approximately 5% of the total volatile fission product inventory) will be
released at the point of clad rupture (early in the transient). The remainder of the
fission products will enter the containment over the period of one half hour or
more.

Current licensing methods assume the composition of the iodine entering the
containment is predominantly elemental (as was then believed to be the physical
situation). Sprays are less effective in removing elemental iodine than iodine in
the particulate form. It is our current understanding that the iodine is
predominantly (greater than 95%) released into the containment in the form of
Csl which is particulate. Thus, spray effectiveness and gravitational settling
would be enhanced and airborne releases from containment would decrease.

Thus, even if a Large LOCA were to occur without the requisite design basis number of SITs,
the actual fission product releases would be expected to be well within the existing 10 CFR 100
criteria. This issue is further considered in a probabilistic framework in Section 6.3.5.

12



6.3 Assessment of Risk
6.3.1 Overview

The purpose of this section is to provide an integrated assessment of the overall plant risk
associated with adoption of the proposed AOT extension. The methodology used to evaluate the
SIT AOT extension was based in part on a draft version of the "Handbook of Methods for Risk-
Based Analyses of Technical Specifications”, Reference 10. As guidance for the acceptability
of a Technical Specification modification, it was noted that any proposed Technical Specification
change (and the ultimate change package) should either:

(1)  be risk neutral, OR
(2)  result in a decrease in plant risk (via "risk trade-off considerations"), OR
(3)  result in a negligible (to small) increase in plant risk.

AND

(4)  be needed by the utility to more efficiently and/or more safely manage plant
operations.

A statement of need has been provided in Section 6.1. This section addresses the risk aspects
of the proposed AOT extension.

In this evaluation, a risk assessment of the SIT AOT extension is performed with respect to
associated “"at power" and "transition® risks.

Section 6.3.2 provides an assessment of the increased risk associated with continued operation
with a single SIT out of service (OOS). The evaluation of the “at power" risk increment
resulting from the extended SIT AOT was evaluated on a plant specific basis using the most
current individual plant's Probabilistic Safety Analysis (PSA) model for their respective
baselines. Plant specific evaluations were performed by each participating utility. Results of
these evaluations were then compared using appropriate risk measures as prescribed in Reference
10.

Section 6.3.3 provides an assessment of risk of transitioning the plant from Mode 1 into a lower
mode (e.g. Mode 4). The "at power” risk assessment provides only one facet of the plant risk.
For this evaluation, continuation of at power operation with the LCO action statement is
compared with the risk of proceeding with a plant shutdown. A lower bound to this transition
risk was evaluated by modifying the reactor trip core melt scenario for a representative CE
PWR. Based on this analysis, a core damage probability for the plant shutdown was established
and compared to the single AOT risk associated with continued operation.
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For completeness, the impact of the extended AOT on the plant large early release fraction is
qualitatively assessed. The assessment includes an evaluation of the events leading to large early
fission product releases and the role of the SIT in the initiation and/or mitigation of those events.
This assessment is presented in Section 6.3.5.

6.3.2 Assessment of "At Power” Risk
Methodology

This section provides an assessment of the increased risk associated with continued operation
with a single SIT out of service (OOS). The evaluation of the "at power” risk increment
resulting from the extended SIT AOT was evaluated on a plant specific basis using the most
current individual plant’s Probabilistic Safety Analysis (PSA) model. Plant specific evaluations
were performed by each participating utility. Results of these evaluations were then compared
using the following risk measures (from Reference 10):

Average Core Damage Frequency (CDF): The average CDF represents the frequency
of core-damage occurring. In a PSA model, the CDF is obtained using mean
unavailabilities for all standby-system components.

Core Damage Probability (CDP): The CDP represents the probability of core-damage
occurring. Core-damage probability is approximated by multiplying core-damage
frequency by a time period.

Conditional Core-Damage Frequency (CCDF): The Conditional CDF is the Core
Damage Frequency (CDF) conditional upon some event, such as the outage of
equipment. It is calculated by re-quaniifying the cutsets after adjusting the
unavailabilities of those basic events associated with the inoperable equipment.

Increase in Core Damage Frequency (ACDF): The increase in CDF represents the
difference between the CCDF evaluated for one train of equipment ynavailable minus the

CCDF evaluated for one train of equipment not out for test or mainienance (T/M). For
the SITs:

ACDF = Conditional CDFG KIT unevailable) Conditional CDFQ SIT wot out for T/M)
where CDF = Core Damage Frequency (per year)
Single AOT Risk Contribution: The Single AOT Risk contribution is the increment in
risk associated with a train being unavailable over a period of time (evaluated over either
the full AOT, or over the actual maintenance duration). In terms of core damage, the

Single AOT Risk Contribution is the increase in probability of core-damage occurring
during the AOT, or outage time, given a train is unavailable from when the train is not

14



out for test or maintenance. The value is obtained by multiplying the increase in the
CDF by the AOT or outage time.

Single AOT Risk = ACDF x r

where, ACDF = Increase in Core Damage Frequency (per year), and
r = full AOT or actual maintenance duration (years)

Yearly AOT Risk Contribution: The Yearly AOT risk contribution is the increase in
average yearly risk from a train being unavailable accounting for the average yearly
frequency of the AOT. It is the frequency of core-damage occurring per year due to the
average number of entries into the LCO Action Statement per year. The value is
estimated as the product of the Single AOT Risk Contribution and the average yearly
frequency (f) of entering the associated LCO Action Statement. Therefore:

Yearly AOT Risk = Single AOT Risk x
where { = frequency (events/year)

Incremental changes in these parameters are assessed to establish the risk impact of the Technical
Specification change.

Calcularion of Conditional CDF, Single and Yearly AOT Risk Contributions

Each CEOG utility used its current Probabilistic Safety Analysis (PSA) model to assess the
Conditional CDF based on the condition that one SIT is unavailable. Each plant verified that
the appropriate basic events are contained in the PSA cutsets used to determine the AOT risk
contributions. This verification was performed as the first task in calculating the Conditional
CDFs. If basic events had been filtered out of the PSA cutsets, one of the two methods
described below were used to ensure the calculation of Conditional CDF was correct or
conservative:

1. Select the basic event for the failure mode of the component with the highest
failure probability to represent the train if the test/maintenance failure mode of
the component had been filtered out; or

2. Retrieve cutsets containing relevant basic events at the sequence level and merge
them with the final PSA cutsets.
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The Conditional CDF given 1 SIT is ynavailable was obtained by performing the following
steps:

3 Set the basic event probability for the failure mode for a component in the
unavailable SIT train equal to 1.00,

2. Set any basic event probabilities for other failure modes for that train equal to
0.0, and

3. Requantify the PSA cutsets.

The Conditional CDF given 1 SIT is not out for test or maintenance was obtained by setting the
basic event probability for the failure mode for one SIT equal to 0.0 and requantifying the PSA
cutsets. This Conditional CDF was effectively equal to the baseline CDF (CDF resulting from
the plant’s current PSA model) for the SITs for all CE plants.

It was expected that the results would be symmetric for selecting any one of the four SITs to be
out for maintenance. However, in cases where different modeling assumptions or data were
associated with each SIT, then the Conditional CDFs were evaluated for each SIT, and the most
conservative result was used,

The Conditional CDF was then used to calculate the increase in CDF and then the Single AOT
Risk Contribution (Conditional CDF x full AOT) for each plant. The Single AOT was
calculated based on the full AOT due to the short d ration of the AOT; i.e., nothing less than
full AOT was assumed for maintenance duration for both the current and proposed Single AOT
Risk calculations.

The Single AOT Risk Contribution was then used to calculate the Yearly AOT Risk Contribution
(Single AOT Risk x frequency). Maintenance frequency was not expected to change based on
an extended AOT, so the maintenance frequency for the proposed AOT is the same frequency
as the current AOT. The frequency used for the Yearly AOT Risk Contribution calculation is
0.35 per year (total for all SITs). This value is based on actual data for entry into the SIT LCO
Action Statement for a representative CE plant and is either conservative or accurate for each
CE plant.

Table 6.3.2-1 provides the Conditional CDFs, and the Single and Yearly AOT Risk
Contributions for each plant.
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Calculation of Average CDF

In order to calculate the Average CDF for the exte.ded SIT AOT, a new value for SIT
unavailability due to test/maintenance was established, which accounted for the performance of
on-line corrective maintenance assuming a 24 hour r.aintenance duration (i.e., the full proposed
SIT AOT). The PSA cutsets were then requantif :d based on this ne- .navailability to obtain
the Average CDF for the new SIT unavailability of 24 hours per year. I'his new Average CDF
was then compared to the base case value fror. the plant’s PSA model. Table 6.3.2-2 provides
the proposed Average CDF and the base Av:rage CDF for each plant.

Results

The results from each plant were assi‘ailated, and the Single AOT and Yearly AOT Risks were
calculated for each plant. Tables 7.3.2-1 and 6.3.2-2 present the results of these cases on a
plant specific basis, and summariz s the SIT AOT CDF contributions for each plant. These risk
contributions include the Condi'ional CDFs, Increase in CDF, Single AOT and Yearly AOT
risks, and current and proposed Average CDFs.

Differences in results are r.imarily due to variations in Large LOCA initiating event frequency
and the associated succe.s criteria. Plants that used the Large LOCA deterministic success
criteria (i.e.; all SITs raquired to mitigate Large LOCA) combined with a high Large LOCA
initiating event freque.cy (e.g., 5.0E-04 per year) in the PSA resulted in an overly conservative
estimation of SIT ir.portance. Even for plants with more stringent success criteria, the results
of the analyses in iicate that the Single and Yearly AOT Risk Contributions are negligible or
small for all pla its by extending the SIT AOT from 1 to 24 hours, and the Average CDF is
virtually unchz.iged.
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CEOG AOT CONDITIONAL CDF CONTRIBUTIO

Table 6.3.2-1

NS FOR SITs - Corrective Maintenance

Present AOT hms 1 1 1 o 1 1 1 1 i 1
Proposed AOT, hrs 24 24 24 24 4 2 24 24 24 %
Conditional CDF, per yr 4.12E05 | SS3EO4 | 218E05 | T4OEDS 341E05 SATEOS | 48BEOS 4 02E04 22E04 22E04
(1 SIT unavailable)
Conditional CDF, per yr 3 2BE-05 2.1IE04 1.LIBEOS | T40ELQS J41E05 SISEOS | 4.74EDS 2. 74E05 2.14E05 2.35E05
(1 SIT not out for
maintenance )
Increase in CDF, per yr 838E06 | 342E04 | 1.00E05 | negligible | negligible | 3.20E06 | 140E06 | 375E04 | 22E04 22604
Single AOT Risk (based on 9.57E-10 3 S0E-08 1.I4E09 | negligible | negligible 3.65E-10 | 60E-10 4 28E08 23E08 23E08
Current full AOT)
I Single AOT Risk (based on | 2.30E-08 ;| 9.37E07 | 2.74E-08 | negligible | negligible | 8.77E09 | I B4E09 | 1.03EQ6 S.SE-07 $5E07
Proposed full AOT) :
Downtime Frequency, per yr | 0.35%**= | (.13§ 0.35 0.35%ses | Q35esss | Q35esss | (3Seees | (35eees | Q 3Feses | () JSeess
Yearly AOT Risk, per yr 3.35E-10 1.3TE08 | 4 00E-10 | negligible | negligible 1.28E-10 | S.59E-11 1.50E-08 SEQ9 SE09
{based on Current full AOT)
Yearly AOT Risk, peryr | 8.04E09 | 328EQ7 | 9.59E-09 | negligible | negligible | 3.0TE09 | 1.3E09 | 35907 | 1907 1.9807
based Proposed full AOT)
& ' - . seorereer—— 4—*

* SITs were not modeled in PSA, impact judged negligible due to success criteria

** Success critena vanes based on details of scenano

*%% 4 hours for SIT out of spec

*23% Based on actual data for representative CE plant
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Table 6.3.2-2
CEOG PROPOSED AVERAGE CDFs

- —

* SITs were not modeled in PSA, impact judged negligible due to success criteria
** Success criteria varies based on details of scenanio
*** 4 hours for SIT out of spec
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6.3.3 Assessment of Transition Risk

For any given AOT extension, there is theoretically an "at power" increase in risk associated
with it. This increase may be negligible or significant. A complete approach to assessing the
change in risk accounts for the effects of avoided shutdown, or "transition risk”. Transition
Risk represents the risk associated with reducing power and going to hot or cold shutdown
following equipment failure, in this case, one SIT being inoperable. Transition risk is of interest
in understanding the tradeoff between shutting down the plant and repairing the SIT while the
plant continues operation. The risk of transitioning from "at power" to a shutdown mode must
be balanced against the risk of continued operation and performing corrective maintenance while
the plant is at power,

To illustrate this point, a representative CE PWR has performed an analysis for transition risk
associated with one inoperable SIT. The methodology and results obtained by this plant are
presented below and are considered generically applicable to the other CE plants.

Methodology

The philosophy behind the transition risk analysis is that if a plant component becomes
unavailable, the CDF will increase since less equipment is now available to respond to a
transient if one were to occur. However, as long as the plant remains at power, this CDF is
constant. At the point in time that a decision is made to shut down, the CDF increases since
a "transient” (manual shutdown) has now occurred, and the equipment is still out of service.

The Core Damage Probability (CDP) associated with the risk of plant transition from plant full
power operation to shutdown is obtained by modifying the "uncomplicated reactor trip® core
damage scenario in the PSA model. In this evaluation the incremental risk is dominated by the
increased likelihood of loss of main feedwater and the reliance on auxiliary (and/or emergency)
feedwater to avert a core damage event. A cutset editor was used to adjust cutsets representing
manual shutdown or miscellaneous plant trips to reflect the CDP associated with a forced
shutdown assuming one SIT is out of service and requantifying the PSA cutsets. Conservatisms
that had been included in the base PSA model were deleted to reflect the greater control that the
plant staff has in the shutdown process. Specifically, the baseline PSA model assumed total loss
of main feedwater (MFW) within 30 minutes of reactor trip. In the transition analysis, MFW
was assumed to be recoverable following failure of Auxiliary Feedwater. A human error
probability (value of 0.1) was added to cutsets that contained no basic events, including human
actions, that would cause MFW to be unavailable. The duration of the transition process was
assumed to be 12 hours (6 hours to hot standby and 6 hours to hot shutdown).

Additional human errors that would be associated with a detailed portrayal of the shutdown
process and the entry into shutdown cooling were not included in order to establish a
conservative lower bound assessment of the transition risk. Errors of commission, such as
diversion of RCS flow during SDC valve alignment, are also not considered in this analysis.
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Such errors would add to the disadvantages of the shutdown alternative, and therefore, to include
them would be non-conservative for the purpose of this comparison.

Based on the above methodology the CDP associated with the lower mode transition was
calculated for the representative plant to be 1.00E-06. Results of transition risk analyses can
be generalized for the other CE PWRs by assuming that the ratio of the CDP for Transition Risk
to the baseline Average CDF is constant for all plants. The baseline CDFs were selected rather
than the Conditional CDFs for the ratio between the other CE plants because the analysis for the
representative plant indicated that transition risk was more a function of Loss of MFW rather
than a function of the specific equipment out of service.Results of transition risk analyses can
be generalized for the other CE PWRs by assuming that the ratio of the CDP for Transition Risk
to the baseline Average CDF is constant for all plants,

That is,

A CDPyy s = (CDF/CDF, pr * ACDPry 1 v )

where:
ACDPrg pou = Incremental risk due to mode transition for plant
CDF = Baseline CDF for plant
CDF o, piae = Representative plant baseline CDF
CDPry tor rep plast = Incremental risk due to mode transition for
representative plant

The transition risk may be used to evaluate the relative risks of performing SIT repair at power
to that of performing the same repair at some lower mode. The risk of continued operation for
the full duration of the AOT is bounded by the single AOT risk for CM. The comparable risk
of the alternate maintenance option involves consideration of four distinct risk components:
(I) Risk of remaining at power prior to initiating the lower mode transition,
This risk will vary depending on the ability of the staff to diagnose the SIT fauit.
(2) Risk of lower mode transition.
This risk is accumulated over a short time interval (approximately 12 hours).
(3) Risk of continued lower mode operation with an impaired SIT.
In this mode, the reactor is shutdown and the core is generating decay power only.
However, risks in this mode remain significant Depending on the particular operational

mode, resources to cope with plant transients will typically be less than at power. These
modes are characterized by decreased restrictions on system operability, longer times for
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operator recovery actions, lower initiating frequency for pressure driven initiators (such
as LOCA) and a greater frequency for plant transients such as those initiated by loss of
offsite power and loss of main feedwater.

(4) Risk of return to power

The power ascension procedure is a well controlled transient. Reference (10)
conceptually discusses that risks associated with this transition are greater than those
associated with at power operation, but significantly below that associated with the initial
lower mode transition (item 2).

The analysis of transition risk presented in this report quantifies only the risk of lower mode
transition (item 2).

Results

Table 6.3.3-1 presents the risk associated with transitioning the plant to a lower mode for each
plant. The numbers in the table represent only the lower mode transition risk component of the
transition sequence (item 2). For all CE plants, the risk associated with this transition portion
is nearly equal to or exceeds that risk that would be incurred for a 24 hour "at power” (Single
AOT Risk from Tables 6.3.2-1) SIT maintenance period. When the full mode transition process
is considered, it is expected that SIT maintenance at power for the full 24 hour AOT is risk
beneficial for all CE PWRs.

Table 6.3.3-1
TRANSITION RISK CONTRIBUTIONS FOR SIT CM

PLANT Traasition Risk Contribution
(ACDP)
ANO-2
Calvert Cliffs 1 & 2 4.45E-06
Fort Calhoun Station 2.49E07
Maioe Yankee 1.56E-06
Millstone 2 7.19607
| Patisades 1.09E-06
| Puo Verde 1,2 & 3 1.00E-06
I San Onofre 2 4 3 5.78E07
St. Lucie 1 4.51E07
St. Lucie 2 4.96E-07
Waterford 3 3.25E07 )
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6.3.4 Assessment of Shutdown Risk
Shutdown risk benefits were not credited for the SIT AOT Extension request.

6.3.5 Assessment of Large Early Release
A review of large early release scenarios for the CE PWRs indicates that early releases arise as
a result of one of the following classes of scenarios:

1. Containment Bypass Events

These events include interfacing system LOCAs and steam generator tube
ruptures (SGTRs) with a concomitant loss of SG isolation (e.g. stuck open
MSSV).

r Severe Accidents accompanied by loss of containment isolation

These events include any severe accident in conjunction with an initially
unisolated containment.

3. Containment Failure associated with Energetic events in the Containment.

Events causing containment failure include those associated with the High
Pressure Melt Ejection (HPME) phenomena including direct containment heating
(DCH) and hydrogen conflagrations/detonations.

Of the three release categories, Class 1 tends to represent a large early release with potentially
direct, unscrubbed fission products, to the environment. Class 2 events encompass 2 range of
releases varying from early to late that may or may not be scrubbed. Class 3 events result in
a high pressure failure of the containment, typically immediately upon or slightly after reactor
vessel failure. Detailed Level 2 analyses for the plant condition with 1 potentially inoperable
SIT have not been performed. However, assessment of the expected change in the large early
release fraction was made by assessing the impaci of one SIT on the above event categories.

Based on this review, it was established that inoperability of one SIT would not impact Class
1 events. These cvents are characterized by an irrecoverable loss of reactor inventory along
with any makeup outside of containment. Core damage for these events is inevitable without
a continuous permanent makeup water source. The availability of the SITs does not significantly
alter the event progression. A small increase in Class 2 events could occur when an unmitigated
large LOCA occurs in conjunction with an initially unisolated containment. Significant fission
product releases would not occur unless the containment is unscrubbed (that is sprays are
inoperable). This later combination of events is considered of very low probability. Class 3
events are dominated by RCS transients that occur at high pressure. Thesc events exclude those
where SIT performance would be called for and therefore SIT status is not a contributor to this
event category. It is therefore concluded that increased unavailability of one SIT will result in
a negligible impact on the large early release probability for CE PWRs.
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6.3.6 Summary of Risk Assessment

The major contributor to differences in plant results for the SITs is success criteria. Even for
plants with more stringent success criteria, the results of the analyses indicate that there is only
a small increase in risk by extending the SIT AOT from 1 to 24 hours.

The results of this study also indicate that performing SIT maintenance at power versus at
shutdown can result in a decrease in overall plant risk. This is because the CDP for continued
operation of the plant at power with one SIT inoperable is less than the CDP associated with
shutting down the plant.

Incperability of the SIT was found to not significantly impact the three classes of events that give
rise to large early releases. These include containment bypass sequences, severe accidents
accompanied by loss of containment isolation, and containment failure due to energetic events
in the containment. It is therefore concluded that increased unavailability of the SIT will result
in a negligible impact on the large early release probability for CE PWRs.

In conclusion, from a risk perspective, increasing the out of service (OOS) duration for a single
SIT has a negligible impact on risk from either an instantaneous or cumulative (yearly) basis.

6.4 Compensatory Measures

In addition to the information described above, each CEOG plant considered maintenance
interactions or compensatory act. s that could be performed if the change in risk due to the
extended AOT was not risk neutr: |. Because of the short AOT for the SITs, no extraordinary
compensatory actions were deter nined to be required when one SIT is out of service for
maintenance. However, as for a.y "at power" maintenance, the goals should be expediency and
safety. Therefore, operability of the other SITs should be verified prior to taking the SIT out-of-
service. Also, taking one SIT out-of-service should not coincide with the scheduled removal of
additional ECCS plant components from service,
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6.5  Technical Justification for AOT Extension for Plant Operation with a Functionally
*Operable” SIT

This section addresses two line item relaxations previously identified as generically acceptable
in previous NRC documents. These changes are defined in item 2 of Section 2, and allow an
extended AOT of 72 hours for conditions where the SIT is functional but an INOPERABLE tag
is required due to either: 1) malfunctioning pressure or level instrumentation or 2) the SIT
boron concentration is out of the technical specification limit. Relaxation of this AOT due to
inoperable level or pressure instrumentation has been recommended for implementation into the
TSs by the NRC in Reference 1. The relaxation of AOT requirements due to boron
concentration in a single SIT has been reviewed generically by the NRC and accepted for use
within the Improved Standard Technical Specifications (Reference 2). In either case, the SIT
is functional and can perform its intended function throughout the extended AOT. These TS
relaxation requests are discussed below.

6.5.1 SIT Tagged INOPERABLE due to Level and Pressure Instrumentation Malfunction

Section 7.4 of NUREG-1366 (Reference 1) provides the following non-risk related justification
for a specific AOT extension from 1 hour to 72 hours for a single SIT when that inoperability
is caused soiely by malfunctioning level instrumentation or solely by malfunctioning pressure
instrumentation:

"The combination of redundant level and pressure instrumentation [for any specific SIT)
may provide sufficient information so that it may not be worthwhile to always attempt
to correct drift associated with one instrument if there were sufficient time to repair one
in the event that a second one became inoperable. Because these instruments do not
initiate a safety action, it is reasonable to extend the allowable outage time for them.
The [NRC] staff, therefore, recommends that an additional condition be established for
the specific case, where 'One accumulator is inoperable due to the inoperability of water
level and pressure channels,’ in which the completion time to restore the accumulator to
operable status will be 72 hours. While technically inoperable, the accumulator would
be available to fulfill its safety function during this time and, thus, this change would
have a negligible increase on risk."”

6.5.2 SIT Boron Concentration Out of Range

In the Improved Standard Technical Specifications of NUREG-1432, the <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>