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E. EXECUTIVE: SUMMARY

E.l Plant Characterization

The Fort Calhoun Station (FCS) consists of a Combustion Engineering nuclear steam
supply system (NSSS) with a General Electric turbine. Gibbs and Hill designed the
balance of the plant and the auxiliary systems.

The reactor system consists of a pressurized water reactor and its associated coolant
system arranged as two closed loops, each containing two reactor coolant pumps and a
steam generator connected in parallel to the reactor. An electrically heated pressurizer is
connected to one of the loops. The system is designed to operate &t a core thermal power
of 1500 MWt to provide steam at 850 psia.

The containment huilding consists of a concrete structure in the form of a vertical
cylinder with domed roof and a flat base. The cylinder and dome are made of post-
tensioned concrete and the base is made of reinforced concrete construction. A
continuous carbon steel liner is included. Inside the containment structure, the reacior
and other NSSS components are shielded with concrete. Facilities are provided for
pressure and leak rate testing of the entire containment system.

The FCS containment was designed by Gibbs and Hill and has an intemal free volume of
1.05 million cubic feet. The containment has a design pressure rating of 60 psig and a
median ultimate pressure of 215 psig. This vitimate pressure is higher than that
calculated for most of the other plants and therefore the Fort Calhoun containment is
likely to outperform many other containments in the event of a hydrogen bum.

E.2 Licensee's IPE Process

The IPE team performed a level III probabilistic risk analysis (PRA) for the FCS IPE.
The IPE team developed containment event trees (CETs) and supporting logic models
similar to fault trees 10 interface with the level I plant damage states. The team
determined the behavior of containment by various walkdowns, training, and literature
reviews about core melt phenomena. The team performed Modular Accident Analysis
Program (MAAP) computer code runs to obtain more specific information about
phenomena timing and parameters such as pressures and temperatures of specific core
melt scenarios. MAAP also produced radioisotope information for input into level III
analysis.

The FCS level I1 analysis consisted of the following major tasks: containment event
trees, link level-1 analysis with level-II analysis, containment ultimate structural analysis,
plant walkdowns, and MAAP runs.
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Omaha Public Power District (OPPD) provided the overall technical management of the
FCS IPE. Tt~ IPE program was run by the Supervisor of System Analysis, who
reported to the Manager of Nuclear Design Engineering. SAIC provided consulting
service to the project at the beginning, and Combustion Engineering added plant-specific
information later in the project. Other contractors with specialized skills were also used
(not listed in the submittal).

As the project progressed, more work was increasingly done in-house, with consultants
used in areas of special expertise. In-house expertise with the design engineering group
was used in the areas of structural, electrical, and thermohydraulics engineering. The
submittal notes that well over 50 % of the total engineering effort applied to the project
had been contributed by OPPD personnel.

There were three levels of review of the IPE submittal. For example, during the first
level of review, a PRA Oversight Committee composed of OPPD personnel from System
Engineering, Licensing, Training, Operations, Civil Engineering, Electrical Engineering,
and Mechanical Engineering met with the PRA group every two weeks to discuss the IPE
results in general and specific findings.

E.3  Back-End Analysis

The IPE team used CETs to quantify containment failure modes and the radionuclide
releases. The containment failure modes and the major phenomena that have a significant
impact on the radionuclide release fractions were represented as top events on the CET.
Detailed evaluations of phenomena which affected containment failure timing, fission
product releases, or which may have an impact on downstream top events were treated by
using supporting logic models. This approach allowed a relatively detailed treatmeit of
the phenomena affecting containment performance while maintaining a relatively simple
CET. Also, each end point on the CET represented a distinct release class. The CET
used plant damage states (PDSs) as input.

Because the release consequences were affected by core melt timing and since there were
differences in the various severe accident progressions, separate CETs were developed
for the different core melt timing conditions - early, delayed, and late.

The IPE team defined early containment failure as occurring either at or within one hour
of reactor vessel failure. They defined late containment failure as occurring later than
one hour of reactor vessel failure.

Overall, the containment remained intact 59.8 % of the time following a severe accident.
Consequently the containment failed 40.2 % of the time for these sequences. The
percentage of intact containment without accompanied vessel breach occurring was

26.0 %.
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The following were the contributions for 40.2 % of the containment failures (alpha mode
failure and basemat melt-through failures were negligible):

. Late containment failure 280 %
Bypass (interfacing systems LOCAs - 4.9 % and SGTR - 0.5 %) 54 7

. Containment isolation failure 51 %
(isolation valve failure - 0.13 % and SGTR* - 5.0 %)

. Early containment failure 1.6 %

(* In other IPE submittals, the SGTR-event is completely grouped in bypass.)

E.4  Generic and Containment Performance Improvement Issues

As a result of the Containment Performance Improvement (CPI) program,
recommendations were made for consideration by licensees as part of the IPE process.
These recommendations were identified in Generic Letter 88-20, Supplement 3. The
recommendation applicable to the FCS is as follows:

Licensecs with dry containments are expected to evaluate containment and
equipment vulnerabilities to localized hydrogen combustion and the need for
improvements (including accident management procedures) as part of the IPE.

In response to the NRC s:aff’s RAI, the licensee notes the following:

The containment structure was walked down and prints were reviewed to
determine if there were hydrogen “pockets” where hydrogen could cause
equipment needed for accident mitigation to be damaged. No vulnerabilities were
found, i.e., no pockets were found where damage to equipment would occur.

E.5  Vulnerabilities and Plant Improvements

The licensee response to the NRC staff's RAI provides the following information. The
IPE team retained all the sequences that met the guidelines in NUMARC 91-04. In
performing the containment performance analyses, the IPE team coupled all retained core
damage sequences with the containment safeguards sequences to generate plant accident
sequences (PASs). They mapped all PASs with a frequency of greater than or equal to
1E-9, or which covered potential vulnerabilities, into PDSs. They mapped all PDSs into
release classes by being propagated through the CET. The IPE team used all release
classes with frequency greater than 5E-10 in the calculation of risk. The IPE team
reviewed the retained release classes for potential containment vulnerabilities. They
found no severe accident vulne rabilities unique to the plant.

The plant improvements related to the IPE involved with the front-end analysis.
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Observations

E6

The FCS IPE submittal contains a substantial amount of information with regard to the
recommendations of GL 88-20, its supplements, and NUREG-1335. The submittal
appears to be complete in accordance with the level of detail requested in NUREG-1335.
The methodology used to perform the IPE is described clearly in the submittal. The
approach taken, which is consistent with the basic tenets of GL 88-20, Appendix 1, is
also described clearly along with the team’s basic underlying assumptions. The important
plant informa‘ion and data are well documented and the key IPE results and findings are
well pre. .ated.

The IPE team found no severe accident vulnerabilities unique to the FCS. They
identified no back-end plant improvements.
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1. INTRODUCTION
1.1 Review Process

This technical evaluation report (TER) documents the resulis of the SCIENTECH review
of the back-end portion of the Foit Calhoun Station Unit 1 (FCS) Individual Plant
Examination (IPE) submittal [1, 2]. This technical evaluation report complies with the
requii >ments for reviews of the U.S. Nuclear Regulatory Commission (NRC) contractor
task order, and adopts the NRC review objectives, which include the following:

. To help NRC staff determine if the IPE submittal provides the level of detail
requested in the “Submittal Guidance Document,” NUREG-1335

. To help NRC staff assess the strengths and the weaknesses of the IPE submittal
. To complete the IPE Evaluation Data Summary Sheet

Based in part on SCIENTECH's preliminary review of the Callaway IPE submittal, the
NRC staff submitted a Request for Additional Information (RAI) to the Omaha Public
Power District on September 12, 1995. The Omaha Public Power District responded to
the RAJ in a document dated November 30, 1995. [2] This final TER is based on the
original submittal and the response to the RAI.

Section 2 of the TER summarizes our review findings and briefly describes the FCS IPE
submittal as it pertains to the work requirements outlined in the contractor task order.
Each portion of section 2 corresponds to a specific work requirement. Section 3 presents
our overall evaluation of the back-end portion of the FCS IPE based on our submittal-
only review. Section 1 ilso outlines the conclusions and insights gained, plant
improvements identified, and utility commitments made as a result of the IPE.
References are given in section 4. Appendix contains an IPE evaluation and data
summary sheet.

1.2  Plant Characterization

The FCS consists of a Combustion Engineering nuclear steam supply system (NSSS) with
a General Electric turbine. Gibbs and Hill designed the balance of the plant and the
auxiliary systems.

The reactor system consists of a pressurized water reactor and its associated coolant
system arranged as two closed loops, each containing two reactor coolant pumps and a
steam generator connected in parallel to the reactor. An electrically heated pressurizer is
connected to one of the loops. The system is designed to operate at a core thermal power
of 1500 MW1 to provide steam at 850 psia.

Fort Calboun Unit 1 Back-End 1 May 1996



The containment building consists of a concrete structure in the form of a vertical
cylinder with domed roof and a flat base. The cylinder and dome are made of post-
tensioned concrete and the base is made of reinforced concrete construction. A
continuous carbon steel liner is included. Inside the containment structure, the reactor
and other NSSS components are shielded with concrete. Facilities are provided for
oressure and leak rate testing of the entire containment system.

The FCS containment was designed by Gibbs and Hill and has an intemnal free volume of
1.05 million cubic feet. The containment has a design pressure rating of 60 psig and a
median ultimate pressure of 215 psig.

The containment has an inside diameter of 110 feet with an inside height of 137.4 feet.
The foundation slab is 13 feet thick. The side walls are 3.875 feet thick and the domed
roof is 3 feet thick. The walls and roof have 616 and 210 imbedded post-tensioned
cables respectively. These cables provide external force to the structure to compensate
for internal forces that occur during a design basis accidert (DBA).

The concrete foundation mat is constructed from a2 50/50 limestone/common sand mixture
and is reinforced with high strength reinforcing steel. A permanent access gallery
extends under the containment structure directly below the cylindrical wall.

The containment has a maximum leak rate of 0.1 weight percent of containment
atmosphere over a 24-hour period at 60 psig and 305 oF after a DBA.

Items of particular note in the FCS design from a containment performance (level II) and
radiological consequence (level III) perspective include (section 4.1.1, page 4.1-1):

. A “passively” flooded reactor cavity combined with an integral “instrument-free”
lower head which enables “in-vessel™ retention of corium debris via external
vessel cooling.

. A robust containment and reactor cavity design which reduces the contribution of
early containment failure to less than 2 % of all core damage sequences.

. A large basemat area to promote spreading of the corium melt following vessel
breach and ex-vessel cooling of corium debris when an overlying water pool is
present.

. A very thick basemat which prolongs the time to containment failure associated

with corium basemat erosion.
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2. TECHNICAL REVIEW

In performing the “submittal only” review, SCIENTECH compared the FCS IPE
submittal with the recommendations of Generic Letter (GL) 88-20 and its supplements,
according to the guidance provided in NUREG-1335. We used the structure of Task
Order Subtask 1 in setting out the review findings reported in this section which
addresses the key points of the GL and its supplements. This TER also notes
inconsistencies between the FCS IPE and other PRA studies in terms of the methodology
used and results obtained and identifies the FCS IPE strengths and weaknesses.

2.1 Licensee's IPE Process

211 Completeness and Methodology.

The FCS IPE submittal contains a substantial amount of information with regard to the
recommendations of GL 88-20, its supplements, and NUREG-1335. The submittal
appears 1o be complete in accordance with the level of detail requested in NUREG-1335.
The methodology used to perform the IPE is described clearly in the submittal. The
approach taken, which is consistent with the basic tenets of GL 88-20, Appendix 1, is
also described clearly along with the team's basic underlying assumptions. The important
plant information and data are well documented and the key IPE results and findings are
well presented.

The IPE team performed a level III probabilistic risk analysis (PRA) for the FCS IPE.
The IPE team developed containment event trees (CETs) and supporting logic .aodels
similar to fault trees to interface with the level I plant damage states. The team
determined the behavior of containment by various walkdowns, training, and literature
reviews about core melt phenomena. The team performed Modular Accident Analysis
Program (MAAP) computer code runs to obtain more specific information about
phenomena timing and parameters such as pressures and temperatures of specific core
melt scenarios. MAAF also produced radioisotope information for input into level III
analysis.

The FCS level II analysis consisted of the following major tasks:

» Containment Event Trees. Develop CETs depicting possible accident progression
after core damage that are phenomena-based, and quantify the events using
supporting logic models.

. Link Level-1 Analysis with Level-II Analysis. Using plant damage states (PDSs)
and plant damage bins, link the level I core damage states to the CETs.

. Containment Ultimate Structural Analysis. Use finite element analysis to
determine the limiting conditions that various containment components and
structures will withstand before failure.
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. Plant Walkdowns. Observe and become familiar with the layout in containment
and the auxiliary building including key component and structure locations to
comprehensively understand how various phenomena will affect the components
and structures and to define release paths to the environment.

. MAAP Runs. Run scenarios that cover the range of severe accidents so that
timing of events, magnitude of events, and parameters of the accidents can be
estimated.

Multi-unit effects are not applicable to FCS because it is a single unit site.

To ensure as-built, as-operated modeling of FCS, the IPE team undertook several data
collection and documentation activities during the initial phase of the project. The IPE
team performed plant walkdowns during which the team observed and became familiar
with the layout in containment and the auxiliary building including key component and
structure locations to comprehensively understand how various phenomena will affect the
components and structures and to define release paths to the environment. The team
prepared system notebooks after plant walkdowns and reviews of drawings, system
descriptions, the Updated Safety Analysis Report, Technical Specifications, and
applicable plant procedures.

2.1.3  Licensee Participation and Peer Review.

Omaha Public Power District (OPPD) provided the overall technical management of the
FCS IPE. The IPE program was run by the Srpervisor of System Analysis, who
reported to the Manager of Nuclear Design Engineering. SAIC provided consulting
service 1o the project at the beginning, and Combustion Engineering added plant-specific
information later in the project. Other contractors with specialized skills were also used
(not listed in the submittal).

The development of the plant risk model involved “extensive interfacing/review with
Production Engineering Division to understand the design o1 the plant, the operations
personnel to fully understand the operating procedures, and the maintenance and
reliability personnel to understand maintenance philosophy and scheduling.” (section 5.1,
page 5.0-2)

As the project progressed, more work was increasingly done in-house, with consultants
used in areas of special expertise. In-house expertise with the design engineering group
was used in the areas of structural, electrical, and thermohydraulics engineering. The
submittal notes that well over 50 % of the total engineering effort applied to the project
had been contributed by OPPD personnel (section 1.4, page 1.1-4).
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There were three levels of review of the IPE submittal. For the first level of review, a
PRA Oversight Committee composed of OPPD personnel from System Engineering,
Licensing, Training, Operations, Civil Engineering, Electrical Engineering, and
Mechanical Engineering met with the PRA group every two weeks to discuss the IPE
results in general and specific findings.

The second level of review was performed by the PRA Executive Committee consisting
of the Senior Vice President and the three nuclear Division Managers, along with selected
department managers. This group reviewed and proposed resolution for the significant
PRA findings.

The third level of the review was performed by a team organized by Duke Engineering
and Services composed of experts in PRA from Duke Engineering, Yankee Atomic
Electric Company, and ABB/Combustion Engineering. This team, composed of a total of
five people experienced in PRA, peer reviewed the IPE to 1) ensure the accuracy of the
documentation package and to validate both the IPE process and its results and 2)
determine whether the analysis methods used met the intent of GL 88-20.

The comments were mostly general on the IPE program or on the level I analysis.

2.2  Containment Analysis

The IPE team defined the FCS PDSs based on eight characteristics as given in table 1.
By using the ORACLE data base system [3] and all the possible combinations of these
characteristics, the team defined 9,072 PDSs. A set of deletion rules was developed to
delete combinations which were physically impossible or were counter to other definitions
used in the analysis. By excluding physically impossible combinations of characteristics,
the IPE team reduced the number of PDSs to be considered to 510.

The IPE team evaluated containment safeguards (CSG) using a CSG event tree. Several
branches of this event tree were evaluated using CAFTA computer code. A fault tree
linking approach was used to solve the CSG event tree and create the CSG states. The
cutsets in the CSG states were combined with the core damage cutsets using COMBINE
code. The resultant cutsets were referred to as plant accident sequences (PASs). The
final PAS cutsets were produced by deleting success path cutsets and mutually exclusive
cutsets as appropriate.
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Table 1. FCS Plant Damage State Parameters

g ps
Medium (between 250 psia and 1200 psia)
Tow (< 250 psia)

“leak rate Large LOCA
[Medium LOCA
Small LOCA
SGTR

"Cycling reliel valve/PORV
tersystem LOCA (large)

[Intersystem LOCA (small)
Steam generator Available
availability Unavailable
"Status not applicable SGNA
Core melt timing Ty (< 2 hours) EARLY |
Delayed (2 to 6 hours) ISEL'XV‘H
Late (> 6 hours) LATE
5. | Containment spray | Available in both injection and recirculation CSA
system modes
availability Available in injection mode but not in CSI
recirculation mode
Unavailable

6. | Containment heat | Available (containment air recirculation cooling
removal availability | and/or containment spray heat exchangers
available)

Unavailable

7. | Cavity condition | Dry (no water)

A

[Tow flood (wet below reactor vessel only) LOW

[Medium flood (wet to top of RV lower head) MID
[ Full Tlood (wet to top of active fuel) FOLL
_ | Containment Isolated CI 0
isolation Not 1solated CNI ﬁ

Each PAS cutset was inspected and assigned to a PDS. Leak rate, steam generator
status, and containment safeguards status were specified directly by the PASs. Core melt
timing and cavity status were inferred on a cutset-by-cutset basis using knowledge of the
core damage and CSG sequences.

The quantified PDSs were filtered based on a cutoff value of 1E-9. PDSs that were
censidered to be important (e.g., interfacing system LOCAs) were retained, although they
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were below the cutoff value. The resultant list consisting of 45 PDSs represented the
dominant PDSs which were analyzed in the level I PRA.

The process used by the IPE team to define PDSs to be analyzed in the level Il PRA
appears to have been complete in accounting for the front-end back-end dependencies of
accident progression.

2.2.2 Containment Event Tree Development.

The IPE team used CETs to quantify containment failure modes and the radionuclide
releases. The containment failure modes and the major phenomena that have a significant
impact on the radionuclide release fractions were represented as top events on the CET.
Detailed evaluations of phenomena which affected containment failure timing, fission
product releases, or which may have an impact cn downstream top events were treated by
using supporting logic models. This approach allowed a relatively detailed treatment of
the phenomena affecting containment performance while maintaining a relatively simple
CET. Also, each end point on the CET represented a distinct release class. T.e CET
used PDSs as input.

Because the release consequences were affected by core melt timing and there were
differences in the various severe accident progressions, separate CETs were developed
for the different core melt timing conditions - early, delayed, and late. For convenience,
the portions of the CETs pertaining to isolation failu;e and alpha failure were presented
separately. This treatment resulted in a total of six CETs. Following were the 13 CET
top events used:

Is containment bypass presented?

Is containment isolated?

Is containment failure due to in-vessel steam explosion prevented?
Is vessel breach prevented”

Is early containment failure prevented?

Is late containment failure prevented?

Is basemat melt-through prevented?

Is in-vessel fission product scrubbing available?
Is a vaporization release prevented?

Is a release prevented?

Is a revaporization release scrubbed?

Is a vaporization release scrubbed?

Are intact containment fission products scrubbed?

The IPE team developed a supporting logic tree to further analyze each of the above top
events, except the first two and the last one.
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Fragility curves, covering full range of pressures versus failure probabilities for the
following potential failure modes, were developed for the FCS:

Bending failure of basemat

Shear failure of basemat

Membrane failure of cylindrical shell

Bending failure of the basemat-cylindrical shell juncture
Shear failure of the basemat-cylindrical shell juncture
Dome membrane failure

Equipment hatch failure

Fragility curves were developed for 95 %, 50 % (median), and 5 % confidence levels for
the above failure modes and their combinations. The team investigated the following four
additional failure modes for which no fragility curves were developed:

Personnel hatch failure
Refueling penetration failure
Mechanical penetration failure
Electrical penetration failure

To evaluate the containment capacity when subjected to an overpressure load, Stevenson
& Associates performed a finite element analysis using a global axisymmetric model.
Local models were developed to evaluate the areas of the penetrations. Both static and
dynamic analysis were performed using the ANSYS-PC/LINEAR code. [4] In the global
finite element model, the presence of the internal structure on the basemat was considered
in a simplified form. Because no detailed design information was available, the analysts
assumed a distributed weight of 45,000 tons.

The dynamic overpressure calculation was performed by subjecting the axisymmetric
model to a time evolution described by a triangular impulse decaying to a constant
pressure value of 15 % of the peak pressure. The magnitude of this loading was
generally analogous to a detonation shock wave pulse. The total duration of the
triangular impulse was 0.01 seconds. To compute the fragility curves, the peak pressure
level was varied from 60 psi to 600 psi.

The containment shell failure is dominated by three failure modes: 1) tension failure due
to high membrane forces in the hoop direction in the cylinder above the mid-height, 2)
tension failure in hoop/meridian direction due to high membrane forces in the dome at the
center, and 3) shear failure due to shear forces at the base of the cylinder, near the joint
with the basemat. The median failure pressures of the containment under these failure
modes were calculated to be 235, 285, and 268 psig. The licensee response to the NRC
staff's RAI notes that the median failure pressure of the CPS containment from all the
modes was 215 psig.
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The IPE team considered temperature induced failures of containment that result from
high temperature degradation of NORDEL EPDM (ethylene-pronylene type) seals used
for all FCS penetrations (section 4.2.3.4.1, page 4.2-104). Th: team reviewed the FCS
Updated Safety Analysis Report for the capabilities of the EPDM based sealants, and
found that the mean instantaneous failure temperature of seal material was about 620 °F
which was independent of the test environment media. Because that analyses of typical
FCS accident scenarios showed that sustained temperatures in excess of 375°F were
unlikely, instantaneous faiiure of seals were considered unlikely.

Temperature induced containment failure resulting from penetration sealant degradation
was considered possible for all sequences where containment heat removal was lost and
the reactor cavity was expected to be dry (i.e., occurrence of core concrete interactions).
In evaluating radiological consequences of containment overtemperatures, the containment
failure mode was assumed to be a small leak.

The IPE team considered that loss of containment isolation could occur directly as a
result of the inability to isolate containment penetrations following a severe accident or
indirectly as a result of a steam generator tube rupture (SGTR) with a consequent failure
of secondary safety valves, atmospheric dump valves (ADVs), or turbine bypass valves.

Because SGTRs would result in successful isolation of the affected steam generator, most
SGTRs (including those resulting in severe core damage) were considered to cause small
environmental releases. Even if the affected steam generator was not isolated, secondary
water that is available to the steam generator secondary side would produce a favorable
environment (cool and low steaming rate) within the primary side of the steam generator
tubes for fission products retention. When the secondary side water level covered the
broken tube elevation, most iodine and cesium that leave the primary side would be
scrubbed out in the secondary side water pool.

Within the PRA, SGTRs were considered bypass events only if the affected steam
generator was not isolated. (Note that most of the other IPEs categorized SGTR as a
containment bypass.) This situation would arise from the inability to depressurize the
steam generator and result in a condition where the main steam safety valves (MSSVs)
cycle, releasing radiation intermittently, or from transients where a MSSV or ADV is
stuck open.

Isolation failure from inability to close containment isolation valves had a combined
frequency of 1.7E-8 per year (0.13 % of the total CDF). The consequences of these
events depended on the availability of containment heat removal and sprays during the
sequences. Isolation failure associated with a SGTR had a total frequency of 6.8E-7 per
year (5.0 % of the total CDF).
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The IPE team found that loss of FCS containment isolation was highly unlikely, mainly
because of the following preventive features in the FCS design (section 4.2.2.5.3):

. Use of double isolation valves for containment penetrations

. Use of diverse means of powering isolation valves
o Selection of isolation valve failure position consistent with its safety related
function

2.2.5 System/Human Response.

The utility response to NRC staff’s RAI notes that the IPE team conservatively assumed
that the operators would not open the PORVs to depressurize the RCS because of lack of
procedures (response 37, reference 2). The utility plans to incorporate guidance on
PORV operation during severe core damage events into plant-specific accident
management procedures.

The IPE team performed a sensitivity study to evaluate the impact of assuming a 50 %

chance that the operators would open the PORVs to depressurize the RCS. This resulted
in a slight increase in the frequency of the intact non-vessel breach sequences and a slight
decrcase in the frequency of early containment failures due to ex-vessel steam explosions.

There were five other operator recovery or mitigation actions that were included in the
back-end analyses. These actions and the locations of their discussions in the submittal
are listed in table 2 below.

226 Radionuclide Release C . )

As noted in section 2.2.2 of this repont, the IPE team developed six CETs which
addressed the various combinations of isolation status (failed/not failed), alpha failures,
and core melt timing. The end states of these event trees defined a total of 201 potential

Table 2. Additional Operator Recovery
or Mitigation Actions in Back-end Analyses

Location 1n
Action Event Name Submittal [1]
Section | Page
Containment heat removal not recovered NCHRECOV [4.6.7.1.2 |4.6-36 |
"Power is recovered laie in the accident RESPARK ~ |4.6.7.1.10 |4.6:30 |
"High pressure ECCS recovered during core ~SIST 46516 [4.613
melt
Low pressure ECCS recovered duning core | SLP-SIS] 46517 |4614
melt
Containment sprays recovered 3 V |469.1.3 |4.647
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release states for each PDS. After quantifying the CETs, there were a total of 44 release
classes with a non-zero frequency. This included 12 early core melt sequence release
classes, 16 delayed core melt sequence release classes, and 16 late core melt sequence
release classes. Of these, six release classes had individual frequency below the cutoff
value used, SE-10 per year. These six release classes had a total frequency of 6.21E-10
(0.005 % of the total core damage frequency) and were deleted from further
consideration. The remaining 38 release classes consisted »f 10 early core melt sequence
release classes, 14 delayed core melt sequence release classes, and 14 late core melt
sequence release classes.

The IPE team defined early containment failure as that occurring either at or within one
hour of reactor vessel failure (section 4.5.2.5, p. 4.5-3). The team defined late
containment failure as that occurring later than one hour of reactor vessel failure (section
4526, p 4.54)

In the containment performance analysis, the IPE team conservatively assumed that any
SGTR that resulted in core melt would subsequently have either a cycling or a “stuck”™
open MSSV; they therefore categorized this type of event as a containment isolation
failure. This treatment is also conservative in terms of radiological releases, some of
these sequences could result in a basemat melt-through with lower releases since a large
fraction of SGTRs were expected to be depressurized and isolated before significant core
uncovery.

The submittal notes the following with respect to reporting on the selection of important
severe accident sequences (section 4.7.3, page 4.7-43):

There are no functional seguences that have a core damage frequency greater than
or equal to 1.00E-06 per reactor year and lead to a containment failure which can
result in a radioactive release magnitude greater than or equal to the PWR-4
release categories of WASH-1400.

The IPE team’s characterization of release categories appears to be complete.

2.3 Quantitative Assessment of Accident Progression and Containment Behavior

2.3.1  Severe Accident Progression.

The submittal provides a detailed overview of the severe accident phenomenological

issues on the following and their relationship to the various postulated containment failure
modes of the FCS Unit 1 PRA (section 4.2, pages 4.2-1 through 4.2-148):
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° External vessel cooling

. Mechanisms of early containment failure (direct containment heating (DCH),
hydrogen combustion, steam generation, missile generation, cavity overpressure,
and corium debris impact on the containment shell liner)

. Mechanisms of late containment failure (gradual containment overpressurization,
basemat melt-through, temperature induced penetration seal failure, and delayed
combustion)

* Fission product release, transport, and retention

External Vessel Cooling. As shown in figure 1 of this repornt (reproduced from figure
4.2.1.1, page 4.2-10 of the submittal), the FCS reactor vessel sits partially below the

bottom floor of the containment with about 12.5 feet of the reactor vessel residing below
the emergency safeguards recirculation pump. Therefore, the vessel is expected 1o be
submerged significantly for all reactor transients that either use containment recirculation
(e.g., LOCAs) or provide sufficient containment spray flow to fill the emergency sump.
After reviewing the cavity geometry, available water sources, and the results of the plant
accident simulations performed with MAAP computer code, the IPE team found that the
loss of sufficient inventory to cover the core would result in submergence of the reactor
vessel lower head if containment heat removal is maintained.

Early Combustion-Engineering designs were amenable to this vessel cooling because top-
mounted instrumentation designs resulted in a penetration-free and instrumentation-free
lower head. Thus, submergence of the reactor vessel lower head would be expected 10
better survive the corium attack-external vessel cooling process. In modeling the external
vessel cooling process, the FCS IPE team considered the following in defining success:

. Availability of continuous internal water sources
RCS pressure
. Water level in the reac .or cavity

Note that although the cavity flooding would enable external vessel cooling, it increases
the likelihood of occurring ex-vessel steam explosions in the event of vessel failure.

. The IPE team found that the FCS design was
expected to substantially mitigate containment threats from high pressure melt ejection
(HPME) and direct containment heating (DCH) processes. FCS DCH mitigation features
included 1) the availability of a PORV to reduce RCS pressure in the vicinity of, or
below, the debris entrainment threshold (not credited in the PRA), and 2) the presence of
a concrete floor located about 10 feet above the cavity manway exit to aid in de-
entraining and retaining the bulk of the corium debris in the lower containment. In
addition to the above features, the FCS cavity is designed to be passively flooded before
reactor vessel lower head failure. Ejection of debris into a deep water pool would
minimize the containment overpressurization threat from the HPME.
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Figure 1. Fort Calhoun Station Unit 1 reactor cavity (reproduced from figure 4.2.1.1,
page 4.2-10 of the submittal).
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Using a two-cell DCH model as developed by M. Pilich of Sandia National Laboratories,
median discharges at vessel breach, and FCS composite fragility curve, the IPE team
calculated the following conditional containment failure probabilities for DCH for high
pressure discharges: 1) in the presence of a pre-vessel breach hydrogen burn, < 0.08
and 2) without a pre-vessel breach hydrogen bum, < 0.15. For intermediate pressuse
discharges (RCS pressure < 1200 psia), the conditional containment failure was
calculated to be less than 0.005.

The peak containment pressure resulting from rapid steam generations events following
an FCS reactor vessel lower head breach were calculated for selected severe accident
scenarios as follows:

. Station blackout, < 75 psia (design basis)
. “V” sequence LOCA, < 75 psia (design basis)
. Large LOCA without containment sprays available, ~ 135 psia

The IPE team calculated that rapid steam generation events would not result in a
significant challenge to the FCS containment.

The IPE team found that the potential for hycdrogen detonation within the FCS
containment was remote before vessel breach but possible after vessel breach in “dry”
containment environment.

Conditional probabilities that a hydrogen burn would either be initiated as, or become, a
detonation were defined as follows (section 4.2.2.3.2.7, page 4.2-62):

. For accident scenarios where the steam concentration was expected to exceed 30
% by volume, detonations were not considered credible. Because of the large
steam release associated with the HPME, DCH events were not considered
precursors to detonations.

. For hydrogen concentration below 13 % by volume, detonations within the
containment were considered impossible. This condition prevailed for pre-vessel
breach situations at FCS.

. For conditions where the global hydrogen concentration was expected to be above
13 % by volume and steam concentration was below 30 % by volume (i.e.,
containment heat removal was successful), the fraction of hydrogen burns that
might become detonations was taken to be 0.10 for sequences which discharge
hydrogen directly to the containment.

It was assumed that the occurrence of a detonation would fail containment with a
probability of 0.50.
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Because of the special design feature that encloses all major RCS components within
concrete structures, containment failure from direct impingement of debris was
considered unlikely.

After comparing the post-vessel breach cavity pressure of 160 psia that was calculated
using MAAP with the design strength of 220 psia, the IPE team concluded that cavity
integrity would not be threatened.

For scenarios where vessel breach occurred at high RCS pressure, the IPE team
calculated that the conditional probability of rocket induced containment failure was
1.75E-3. For medium pressure vessel breach, the rocket failure probability was taken to
an order of magnitude lower.

Late Containment Failure. The IPE team considered steam overpressurization failure of
the containment before and after vessel breach. The containment could fail before vessel
breach when the containment heat removal function is irrecoverably lost (e.g., via loss of
CCW) and cooling of the RCS with a breach (either due to pipe rupture or open PORV)
is facilitated. Containment failure before vessel breach was calculated to have a
frequency of 1E-10 per reactor year and therefore did not show up as a dominant
containment failure mode in the PRA.

If active core heat removal systems (containment sprays and/or fan coolers) are
unavailable, the steam addition will pressurize the containment to the point of failure.
MAAP calculations for FCS showed that the availability of one train of a containment
heat removal system (sprays or fan coolers) will be sufficient to control containment
pressure well below the ultimate failure pressure threshold.

Overpressurization in the presence of non-condensibles was also evaluatzd. The
maximum amount of non-condensibles to be evolved duri.g the concrete thermal
decomposition was found to yield about 1100 Ibm-moles of hydrogen and about 2000
Ibm-moles of carbon dioxide. These non-condensibles and uncombusted hydrogen
produced during oxidation of total core zircaloy inventory and total containment
aluminum inventory (from fan coolers) were calculated to raise the containment pressure
to 75 psia. Therefore, a concrete attack scenario sufficient to fail the containment via
overpressure was not considered credible.

Because of the following FCS features, basemat penetration scenario for FCS was
considered to be relatively benign:

Low core power level (1500 MW1t)

Large reactor cavity floor area

Passively flooded cavity following a variety of core melt scenarios
13-feet thick basemat
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Wet cavity sequences comprised greater than 90 % of all core melt scenarios that did not
bypass containment. The remaining dry cavity sequences were expected to result in
basemat melt-through within several days to a week following the initial corium concrete
attack. However, as noted in section 2.2.3 of this report, the dry cavity sequences were
found to initiate from SGTRs and were categorized as containment isolation failures in
radiological release characterization.

The late hydrogen bum issue was addressed by considering combustion of hydrogen
equivalent of 130 % oxidation of the corewide zirconium. Without early burn or DCH
occurring 2000 Ibm of hydrogen was calculated to burn which was limited by oxygen
availability in the containment. The resultant pressure generated was 205 psia which had
a probability of containment failure of 0.25.

In addressing phenomenological issues applicable to FCS, the IPE team has extensively
used previous work including experiments, and extensive descriptiors of phenomena are
presented in the submittal.

232  Dominant Contril . Consi ith IPE Insights.

Tables 3 and 4 below show SCIENTECH comparisons of the FCS conditional
containment failure probability with the results of other IPEs and Zion/NUREG-1150.
The CDF for FCS is in the mid range of the values shown in the tables; the FCS
containment failure probabilities are in line, except the following, with those of the other
plants:

. Several plants have zero probability of early containment failure; IPEs of these
plants used phenomenological issue papers to address severe accident issues and
found that early containment failure would not be a threat to each of the
containments.

. FCS has comparatively higher probability of isolation failure, with the exception
of Diablo Canyon. The major reason was that the FCS IPE team categorized
SGTR as isolation failure.

233 Q) lanion of Cogead Perf _

The FCS IPE team used CETs to characterize containment performance under severe
accident sequences. The CETs and associated support logic models (SLMs) were
quantified using the CAFTA GTPROB module. The six CETs were converied to three
master CET fault trees, one for each core melt timing clas: (early, delayed, and late).
The top event on each of these fault trees was defined as “Release Occurs.” This event
was defined as an OR gate with proper release classes (CET endpoints) as the first level
inputs to this event. The logic for each release point element was defined based on the
path through the corresponding CET for thai release class and the SLMs. These models
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Table 3. Conditional Containment Fzilure Probability During Mission Time (Percent)

CDF | Early | late Tsolation
Study per rx yr | Failure | Failure | Bypass | Failure | Intact

‘Diablo Canyon IPE | B.BES | 4.6 | 45.2 | 1.8 7 413
Maine Yankee IPE' | 7.4E-5 (] a8 | 2.1 v a3 |
Palo Verde IPE 50ES 10 13 3 ™ 7
"Kewaunee IPE 6.6E-5 0 0 3 0.023 97|
(Zion IPE 4.0E-6 0 5 30 2 63 |
"Haddam Neck TPE— | TBEZ T 08 57635 03— %
"Point Beach IPE T.0E3 0 0 6.1 0031 | 94
Farley IPE T3E4 0 31 | 036 0.06 | 96.4
Zion/NUREG 1130 | 62E3 | 13 | B 1 03 na ]
San Onofre IPE 3.0E5 0 93 6.7 0.07 | 83.8 |
Vogtle IPE 40E3 0 0 33 0.4 | 96.2 |
[ Callaway IPE 58ES | 0.2 528 | 2.0 0 450
"Font Calhoun IPE T4ES | 16 | 280 | 5.4 517 | 39.8 |

- Bypass and isolation combined

na Not available

Values do not add to “100"

"

Probability is less thar 0.001, conditional on core melt
Includes MCCI basemat penetration failures

Includes SGTR
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Table 4. Conditional Containment Failure Probability Beyond Mission Time (Percent)

CDF | Early | Late Tsolation

Study r yr | Failure | Failure | Bypass | Failure | Intact
Diablo Canyon IPE | B.8E-5 | 4.6 666 | 1. Y 20 |
Maine Yankee IPE' | 7.4E-3 8 & | 21 ' 43
Palo Verde IPE 90ES 10 13 ! (14 72
Kewaunee 1PE 6.6E-5 0 49 3 0.023 | 43
Zion IPE 40E6 0 3 30 2 63 |
"Haddam Neck IPE | 1.8E4 | 0.18 | 34 | 6.5 05 | 39 |
"Point Beach IPE TOE4 | 0 174 | 6.1 0.031 | 76.6 |
Farley IPE 13E4 0 962 | 0.36 | 006 | 3.3
Zion/NUREG-1150 | 6.2E5 | 1.5 25 0.5 na 73 |
San Onofre IPE 3.0E3 0 54 67 | 007 |838
Vogtle 4§ 9E5 0 76.1 33 0.4 20.1 |

[Callaway IPE SBES | 0.2 52.8 2.0 0 450

Fon Calhoun IPE T4ES | 1.6 | 280 | 34 TI° | 59.8

» Bypass and isolation combined

Not available

Values do not add to “100"

Probability is less than 0.001, conditional on core melt

Includes MCCI basemat penetration failures

Includes SGTR

Fort Calhoun Unit 1 Back-End
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were sequentially solved for all of the PDSs using GTPROB and the PDS dependent basic
event probabilities (listed in table 4.6.2 of the submittal).

Overall, the containment remained intact 59.8 % of the time following a severe accident.
Consequently the containment failed 40.2 % of the time for these sequences. The
percentage of intact containment without accompanied vessel breach occurring was

26.0 %.

Following were the contributions for 40.2 % of the containment failures (alpha mode
f Cure and basemat melt-through failures were negligible):

. Late containment failure 280 %

. Bypass (interfacing systems LOCAs - 49 % and SGTR-05 %) 54 %

. Containment isolation failure 51 %
(isolation valve failure - 0.13 % and SGTR - 5.0 %)

. Early containment failure 1.6 %

Late containment failures at Fort Calhoun are dominated by containment overpressure.
Early containment failures at Fort Calhoun are dominated by hydrogen burn, DCH, and
ex-vessel steam explosions.

The submittal notes the following on the above results (section 4.7.2.4, pages 4.7-40 and
4.7-41):

. Almost 60 % of the core damage <enuences would result in intact containment
which was facilitated mainly yrom the FCS design which 1) provided redundant
means of long-term containment heat removal and 2) was sufficiently robust in its
plant performance characteristics and containment strength t> benefit from power
recovery.

. Containment failure sequences were dominated by late containment overpressure
failure which are associated with the Level 1 finding that a large fraction of
accident scenarios which resulted in core melt also disabled the containment heat
removal system. This combination would occur for all unrecovered station
blackout scenarios, and core melt scenarios with complete loss of either Raw
Water or CCW.

. The low conditional early containment failure probability was a consequence of
the high containment pressure capacity and robust reactor cavity. Detailed
structural analysis performed on FCS Unit | showed that the median failure
strength of the FCS containment was greater than 3.5 times the design pressure
compared to typical PWR dry containment capacity vaiues of 2.5 to 3 times the
design pressure. At the FCS ultimate pressure levels, containment overpressure
scenarios caused by either hydrogen burmn or DCH posed a small containment
threat. Also, steam explosion threats associated with failure of the reactor vessel
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lower head in the presence of water also posed a small threat to containment
integrity.

. Basemat melt-through could occur during transients with dry reactor cavity
conditions which were possible only during the sequences that deposited reactor
inventory outside the containment building. This would occur for both ISLOCAs
and SGTRs which were categorized as early containment releases; therefore, late
containment failure was not considered. By assuming that 50 % (or more ) of the
SGTRs were successfully isolated just before full inventory depletion, the IPE
team calculated that containment isolation failure would reduce to 3.5 % and the
basemat melt-through containment failure would increase to 2.2 % of the overall
CDF.

The submittal notes the following with reference to impact on equipment behavior
(section 4.1.2.7, pages 4.1-29 and 4.1-30, reference 1):

An engineering analysis (EA-FC-9226) was done to determine the ability of
instrument and power cable to withstand extreme temperature. The cables are
rated from the manufacturer to be able to survive 100 hours at 266 °F. Testing
was also done to determine that cables could withstand 700 ©F for a short period
of time such as would occur with hydrogen burn.

The licensee response to the staff's RAI notes the following pieces of primary
equipment/components necessary to mitigate the radiological consequences of a severe
accident: 1) containment penetrations (electrical and mechanical), and 2) containment
heat removal equipment (containment sprays and containment fan cooler units). FCS
penetration seals were found to survive for sequences where containment failure was not
otherwise expected.

Operation of either the containment spray system or the fan cooler units was essential to
ensure containment integrity following a severe accident. For the containment spray
system, the spray valves and pumps were located ~.wsiGe the containment and therefore
were not subject to harsh environments.

The fan coolers were recirculation heat exc.angers located within the containment. FCS
had two containment cooling units and two containment cooling and filtering units.

235 U . Y

The IPE team performed sensitivity studies on the effects of the foliowing on the back-
end results (section 4.10):
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RCS depressurization before vessel breach

External vessel cooling and debris retention within the reactor vessel
Ex-vessel steam explosions and rapid steam generation

Containment integrity

Hydrogen burn prior to vessel breach

No recovery of offsite power (i.e., no recovery of containment heat
removal or containment sprays)

Of these, the effect of no recovery of offsite power was found to have t*  greatest impact
on the back-end results. For this case, the conditional probability (given core melt) that
the containment is intact decreased by 33.0 % and the conditional probability of late
containment failure increased by 32.8 % from the base case.

For all the other sensitivity studies, changes were not dramatic, even with large variations
in basic event values. For example, by increasing the conditional probability of an ex-
vessel steam explosion occurring, given vessel breach to a value of 1.0, the conditional
probability of early containment failure increased by only 2.2 % and that of late
containment failure decreased by only 0.94 % from the base case.

2.4  Reducing Probability of Core Damage or Fission Product Release

241 Definition of Vulnerability.

The licensee response to the NRC staff's RAI provides the following information
(response 32, reference 2). The IPE team retained all the sequences that met the
guidelines in NUMARC 91-04. In performing the containment performance analyses, the
IPE team coupled all retained core damage sequences with the containment safeguards
sequences to generate PASs. They mapped all PASs with a frequency of greater than or
equal to 1E-9, or which covered potential vulnerabilities, into PDSs. They mapped all
PDSs into release classes by being propagated through the CET. The IPE team used all
release classes with frequency greater than SE-10 in the caiculation of risk. The IPE
team reviewed the retained release classes for potential containment vulnerabilities. They
found no severe accident vulnerabilities unique to the plant.

2.4.2  Plant Improvements.

The plant improvements related to the IPE involved with the front-end analysis (table 6-2
of the submittal).

2.5 Responses to CPI Program Recommendations
As a result of the Containment Performance Improvement (CPI) program,
recommendations were made for consideration by licensees as part of the IPE process.

These recommendations were identified in Generic Letter 88-20, Supplement 3. The
recommendation applicable to the FCS is as follows:
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Licensees with dry containments are expected to evaluate containment and
equipment vulnerabilities to localized hydrogen combustion and the need for
improvements (including accident management procedures) as part of the IPE.

In response to the NRC staff's RAI, the licensee notes the following (response 39,
reference 2):

The containment structure was walked down and prints were reviewed to
determine if there were hydrogen “pockets™ where hydrogen could cause
equipment needed for accident mitigation to be damaged. No vulnerahilities were
found, i.e., no pockets were found where damage to equipment would occur.

2.6  IPE Insights, Improvements, and Commitments
Following were the insights gained by performing the FCS IPE:
. No severe accident vulnerabilities associated with FCS had been found.

. The safety injection and containment spray pumps were installed in large rooms
rather than compartments. The pumps were therefore capable of operating for an
extended period without heating, ventilation, and air conditioning.

. The transfer of safety injection and containment spray systems from the injection
mode to the recirculation mode was accomplished entirely from the control room.
No human actions outside of the control room were required.

. High pressure safety injection, low pressure safety injection, and containment
spray pumps required cooling waier only in the recirculation mode. Cooling
water was not required in the injection mode.

d The high pressure safety injection pumps took suction directly from the
containment sump in the recirculation mode. Intermediate booster pumps were
not required.

. FCS was a relatively compact plant. Areas outside the control room in which
human actions would be performed could be reached quickly and easily. This
increased the probability that an action would be successfully performed within the
allowable time period.

. Raw water served as a manually-aligned backup to component cooling water for

the shutdown cooling heat exchangers, containment cooling vnits, safety injection
and containment spray pump bearing coolers, and control room air conditioners.
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FCS used air-operated valves for many applications compared to the generally
used motor-operated valves. Generic data showed that the failure probability for
air-operated valves was lower than that for motor-operated valves. In addition,
the air-operated valves normally failed to their accident positions, reducing the
vulnerability to station blackout. For example, normally open containment
isolation valves typically failed closed upon loss of air or loss of power.

The FCS large dry containment design provided adequate capability to mitigate
severe accidents. No unusually poor containment performance had been found.

Flooding of the reactor cavity allowed for retention of corium within the reactor
cavity for about 26 % of PDSs. Successful cavity flooding reduced short term
containment failure due to HPME and reduced radiological releases from the
reactor coolant system. This lessened the impact of DCH.

For situations where the reactor vessel lower head failed, the ability to flood the
reactor cavity provided for ex-vessel cooling of corium on the cavity basemat.
The large FCS basemat and low core power resulted in a high likelihood that
overlying water would cool the corium debris.

As a result of the high strength of the FCS containment, the conditional
probability of early containment failure (given core melt) was relatively low (1.62
%). The most significant early containment threats were associated with hydrogen
burns following vessel breach and steam explosions in the reactor cavity.

A key feature of the FCS containment design was that for about 75 % of the
accident sequences, the reactor cavity was flooded with water. This decreased the
likelihood of reactor vessel failure (due to ex-vessel cooling) and resulted in lower
releases (due to retention of fission products by the water) compared to vessel
failure with the core falling on a dry cavity floor.

A diesel-driven fire pump, independent of plant support systems, was available for
long-term makeup to the emergency feedwater storage tank. This pump could
also serve as a backup to the raw water system for the purpose of cooling the
component cooling water system.

The architectural design of the reactor cavity and the drains in containment lead to
ex-vessel cooling of the reactor vessel for all no-interfacing LOCAs and prevented
or delayed vessel breach.

The containment ultimate pressure analysis determined that the failure pressure
was more than three times the design pressure.

The pathways from the reactor to the rest of containment is tortuous, and corium
couid not have contact with penetrations that could breach containment integrity.
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. In containment, both the fans and the sprays had the ability to cool the
containment atmosphere independently. This redundant cooling was imporiant for
containment integrity and equipment operability.

. The thickness of the basemat of 13 feet was in excess of what was required to
prevent the core from melting through the containment.

. FCS was equipped with a hardened vent for potential use in hydrogen purge
activities, This venting was not procedurzalized; however, during a severe
accident, the hydrogen vent could be used as a mechanism to guarantee
containment integrity and establish a controlled release.
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3.

CONTRACTOR OBSERVATIONS AND CONCLUSIONS

The IPE submittal notes the following on back-end results:

Almost 60 % of the core damage sequences would result in intact containment
which was facilitated mainly from the FCS design which 1) provided redundant
means of long-term containment heat removal and 2) was sufficiently robust in its
plant performance characteristics and containment strength to benefit from power
recovery.

Containment failure sequences were dominated by late containment overpressure
failure which are associated with the Level 1 finding that a large fraction of
accident scenarios which resulted in core melt also disabled the containment heat
removal system. This combination would occur for all unrecovered station
blackout scenarios, and core melt scenarios with complete loss of either Raw
Water or CCW.

The low conditional early containment failure probability was a consequence of
the high containment pressure capacity and robust reactor cavity. Detailed
structural analysis performed on FCS Unit 1 showed that the median failure
strength of the FCS containment was greater than 3.5 times the design pressure
compared to typical PWR dry containment capacity values of 2.5 to 3 times the
design pressure. At the FCS ultimate pressure levels, containment overpressure
scenarios caused by either hydrogen bum o DCH posed a small containment
threat. Also, steam explosion threats associated with failure of the reactor vessel
lower head in the presence of water also posed a small threat to containment

integrity.

Basemat melt-through could occur during transients with dry reactor cavity
conditions which were possible only during the sequences - t deposited reactor
inventory outside the containment building. This would occur for both ISLOCAs
and SGTRs which were categorized as early containment releases; and therefore,
late containment failure was not considered. By assuming that 50 % (or more ) of
the SGTRs were successfully isolated just before full inventory depletion, the IPE
team caiculated that containment isclation failure would reduce 10 3.5 % and the
basemat melt-through containment failure would increase to 2.2 % of the overall
CDF.

The FCS IPE submittal contains a substantial amount of information with regard to the
recommendations of GL 88-20, its supplements, and NUREG-1335. The submittal
appears to be complete in accordance with the level of detail requested in NUREG-1335.
The methodology used to perform the IPE is described clearly in the submittal. The
approach taken, which is consistent with the basic tenets of GL 88-20, Appendix 1, is
also described clearly along with the team’s basic underlying assumptions. The important
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plant information and data are well documented and the key IPE results and findings are
well presented.

The IPE team found no severe accident vulnerabilities unique to the FCS. They
identified no vack-end plant improvements.
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Appendix
IPE Evaluation and Data Summary Sheet

PWR Back-End Facts
Plant Name

Fort Calhoun Unit |

Containment Type

Large, dry

Unique Containment Features

A diesel-driven fire pump, independent of plant support systems, was available for
long-term makeup to the emergency feedwater storage tank. This pump could
also serve as a backup to the raw water system for the purpose of cooling the
component cooling water system.

The architectural design of the reactor cavity and the drains in containment lead to
ex-vessel cooling of the reactor vessel for all non-interfacing LOCAs and
prevented or delayed vessel breach.

The pathways from the reactor to the rest of containment is tortuous, and corium
could not have contact with penetrations that could breach containment integrity.

In containment, both the fans and the sprays had the ability to cool the
containment atmosphere independently. This redundant cooling was important for
containment integrity and equipment operability.

The thickness of the basemat of 13 feet was in excess of what was required to
prevent the core from melting through the containment.

FCS was equipped with a hardened vent for potential use in hydrogen purge
activities. This venting was not proceduralized; however, during a severe
accident the hydrogen vent could be used as a mechanism to guarantee
containment integrity and establish a controlled release.
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Unique Vessel Features

Similar to other early Combustion-Engineering designs, FCS reactor vessel was
amenable to external cooling because top-mounted instrumentation designs resulted
in a penetration-free and instrumentation-free lower head. Thus, submergence of
the reactor vessel lower head would be expected to better survive the corium
attack-external vessel cooling process.

Number of Plant Damage States
45

Ultimate Containment Failure Pressure
215 psig (median or 50th percentile value)

Additional Radionuclide Transport and Retention Structures
Release mitigation by auxiliary building is credited

Conditional Probability that the Containment Is Not Isolated
0.00056 (mainly from SGTRs)

Important Insights, Including Unique Safety Features

. Flooding of the reactor cavity allowed for retention of corium within the reactor
cavity for about 25 % of PDSs. Successful cavity flooding reduced short-term
containment failure due to HPME and reduced radiological releases from the
reactor coolant system. This lessened the impact of DCH.

. For situations where the reactor vessel lower head failed, the ability to flood the
reactor cavity provided for ex-vessel cooling of corium on the cavity basemat.
The large FCS basemat and low core power resulted in a high likelihood that
overlying water would cool the corium debris.

. As a result of the high strength of the FCS containment, the conditional
probability of early containment failure (given core melt) was relatively low (1.62
%). The most significant early containment threats were associated with hydrogen
burns following vessel breach and steam explosions in the reactor cavity.

. For about 75 % of the accident sequences, the reactor cavity was flooded with
water. This decreased the likelihood of reactor vessel failure (due to ex-vessel

cooling) and resulted in lower releases (due to retention of fission products by the
water) compared to vessel failure with the core falling on a dry cavity floor.

Fort Calhoun Unit 1 Back-End A-2 May 1996



Implemented Plant Improvements
No back-end plant improvements are considered
C-Matrix

C-Matrix can be generaied from the information provided in table 4.8.2-4, pages
4.8-19 through 4.8-22 of the submittal.

Fort Calhoun Unit | Back-End A-3 Maey 1996
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DRAFT
STANDARD REVIEW PLAN

USE OF PRA IN REGULATORY ACTIVITIES

180  GENERAL GUIGANCE

INTRODUCTION

The purposes of this standard review plan (SAP) are to identify the roles and responsibilities of organizations in the NRC that participate
n risk-snformed reviews of regulated activities and provide general guidance to the NRC staff for evaluating information from « plant
pecific probabilistic risk assessment (PRA} submitted for statf review. The SRP identifies the types of information, that may be used in
sach activity and provides general guidance on how the information from the PRA can be combined with other pertinent information in
the process of making a reguiatory decision.

The guidance in this document is a logical extension of current NRC policy on the use of PRA in regulatory activities which is documented
in the staff's PRA policy statement and PRA implementation plan (references 1, 2 and 3). In developing this document, the staff has
considered the relevant industry guidance documented in Reference 4 and the NRC regulatory guide on the use of PRA in risk-informed
regulatory applications, Regulatory Guide DG-1061 {Reference 5). Throughout this document, reference will be made to other SRP
chapters which provide detailed guidance for the review of specific applications of PRA in regulated activities.

Risk-informed decision making will be based on the following approach. The PRA analyses should be unbiased (i.e., not deliberately
conservative), and should eddress significant uncertainties. Results of these risk analyses will be one of several inputs to the decision
process that evaluates margin in plant capability (both in physical performance and in redundancy/diversity). The decision process should
supplement risk results with consideration of defense in depth as a means of addressing issues of incompleteness in risk modeling. Risk
analysis will inform, but will not determine regulatory decisions.

ROLES AND RESPONSIBILITIES

Depending on the technical nature of & licensee s reguest, an appropriate technical review branch in NRR will serve as the primary review
branch; and s such, has ovarall responsibility for leading the technical review. drafting the staff safety evaluation report (SER| or other
regulatory document, and coordinating mputs from other technical review organizations. The responsibilities of specific review
organizations that will normally play a role in reviewing risk-informed proposals are listed below.

The Probabilistic Safsty Assessment Branch (SPSB) has primary respo.sibility for review of the PRA information submitted by the
licensee including: the overall scope, level of detail and quality of the PRA; the accuracy and completeness and of all level 1 PRA (front
end) information; the adequacy and appropriateness of the PRA for uach particular application; and the selection and application of
numerical decision criteria. Support for the review in the area of system modeling is provided, as nesded, by the techmical review branch
n NRR that is responsible for the review of information regarding the system. Support in reviewing the selection of PRA scope and level
of dotail is provided by the lead NRR technical branch for the PRA application (e.g., the Mechanical Enginesring Branch for Inservice
Testing).

The Reactor Systems Branch (SRXB) provides support to SPSB as necessary in the area of actident o~ «ce modeling, including
treatment of reactivity and thermal-hydraulic phenomena (e.g., criteria for avoiding core melt), the implementation of emergency operating
procedures and abnormal operating proedures and system response, and issues regarding operations when the plant is in a shutdown
condition.

The Containment and Severe Accident Branch (SCSB) has primary responsibility for review of the accuracy and completeness of all level
2 PRA information submitted by & licensee in support of & request for regulatory action.




m : Radiatio ction Branch (PERB) has primary responsibility for review of the accuracy and
mdwzmAMmmMmdbnmmmmﬂnrnuutfonqmwymmn

The Office of Research (RES) At the request of NRR, RES provides technical support to primary review branches in NRR in areas involving

The Otfics for Anal 1 of Operational Data (AEOD) conducts system reliability studies and compiles generic and plant
Mxﬁunmhmyofmmm common cause failures and human errors fiom operating experience. This information
uMummuﬂmhutummmdmwnmsmwmmm In
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significance. MMhmemeNMmmwﬂmﬁmMmmmAmudmmr
events, e.g., enforcement issues.




! AREAS OF REVIEW
The NRC's PRA Implementation Program plan (reference 1) identifies a wide scope of regulatory activities for which PRA can play a role.
This scope includas activitiss which require NRC review and approval and other activities which are considered internal to NRC and
atfect licensees and applicants in a less direct manner, e.g. generic issue prioritization. This Standard Review Plan chapter deals only
with those activities submitted for NRC review and approval for which the statf has concluded PRA can play a role in the decision-making
process. General review guidance for applicable activities is presented in this SRP. In addition. apphication specific SRP chapters are
available to provide more detailed guidance for several activities. Currently, these include:

Changes to allowed outage times (AOT) and surveillance test intarvals (STI) in plant specific techmical specifications:

th“ﬁmyo(mnmmhakmm'smmmim)nwm

Changes in scope and frequency of inspections in @ licensee s inservice inspection (ISI) program:

Grading of activities in the licensee s quality assuiance ((1A) program.
in addition to the above, other activities which could involve a nisk-informed decision making process include:

Safety evaluations regarding plant specific design issues and plant specific backfit evaluations:

Justification for continusd operation proposed by hicensees in light of non-conformung conditions;

Techrical bases supporting notices of enforcement discretion;

Review of a design specific PRA submitted per section 10 CFR 52.47 of the regulations:

mqmdmuurmdpbm"u‘iﬁumwhichtﬁntomrMmomucrmummmum
in risk,

Review guidance provided in this SRP apalies to all nisk-informed application submittals and supplaments application-specific SRPs where
these exist. All provisions in this SRP a ply to all applications except where an apphcation-specific SRP specifically indicates otherwise.

The scope of the staff review of & risk-informed application will be specific to the application itself. However, this scope should inciude
the review of a six-slement approach as suggested in th general Reg Guide for risk-informed decision making (Reg Guide DG-1061,
referance 1). The areas of review for sach of these elements are discussed below. Alternatives to this six-element process may be
acceptable if the reviewer can determine that an equivalent approach (i.e., sadressing both determmstic and probabilistic risk issues) has
been submitted.

Element 1 - Characterization of the proposed regulatory change

For this slement, the reviewsr should look a1 the nature of the proposed change and how this change is to be modeled in the
PRA. Tommﬁdﬂh.hrﬁonuhnhhﬁyﬂndmﬁﬂh?ﬂkmMlhowopuddiwhumdto
hmnwm,mumqummdmmmmdwmmwmmmumu.
This would lead to a definition of the deterministic and probabilistic sngineening evaluations nesded to support the change. The
miomvMWywmmﬁmm'mmﬁhbvlvﬁlﬂom«mm.mmm’lm?ﬂlond
the deterministic analyses are capable of reflecting the impact of the changes.

Element 2 - Conduct of & deterministic engineering evaluation vf the proposed change

ThmawmmNWMhmMmemﬂumdmumhmuﬂﬂﬂc
requirements, licensee commitments, and plant specific design basis). Therefore, the scope of the review in this slement should



include consideration of the current design basis and compliance requirements (including industry codes and standards, when
relevant) and general design criteria. In addition, the maintenance of the defense in depth philosophy, balance between
prevention and mitigation, pertinent snginsering data and analysis, plant operating experience, and potential compensatory
measures are sssantial slements of the staff review and should be evaluated in terms i how they would be used to supplement
risk insights from e PRA.

Element 3 - Evaluation of the nature of the contribution of the proposed change to plant risk

In this slement the review should focus on the evaluation of the effects of the proposed changes on eguipment functionality,
reliability and availabili.y and on the impact of these changes on plant risk. Considerstions should be given to the correct
application of the PRA in thase areas.

As part of the review, the requirements of the PRA for sach application in terms of scope, level of detail, and PRA quality have
to be addressed. i the area of PRA guality, attention has to be paid to technical issues like the modeling of success criteria,
common cause failures, and human relisbility. Potential limitations of the PRA model in terms of truncation limits, screening
= oria used, analysis assumptions, modeling of initisting events, and modeling of dynamic versus static plant configurations
also have to be taken into account. The review of the PRA should be a focussed application-directed review on the specific
contributors affected by the proposed changes.

Specifically, the review should assess whether the PRA model is adaguate in its coverage of the impact of the change. that is,
whether all impacts of the change are reflected in the model, or whether the degree o which the change can be reflacted is
limited by PRA scope or completeness issues. Recognizing any limitations imposes by the scope or completeness of the PRA,
or recognizing any portions of the PRA that, by themselves, will model the proposud change relative to plant risk, will astablish
an appropriate scope of review and acceptance criteria. This will also effectively idontify whether the licensee scope of
analysis is appropriate, e.g., whether it is adeguate to perform a relatively simple scrasning analysis; or & ronking analysis
where SSCs or other piant slsments ar» ranked relative to one anothar; or whather absolute or relative changes of risk
measures are 1o be evalusted in a detailed fashion,

Finally, staff activities in this slement should include a review of the medification of the PRA models to refiect the cause-effect
relationships of the proposed change, and a review of the analyses required for comparison with the acceptanco criteria.
Assassment of the robustness of analysis conciusions by the performance of appropriate sensitivity end uncertainty analyses
should also be carried out as pert of the licensee submittal.

in applications whers component catagorization plays & role in the detsrmination of accaptability of risk, i.6., in cases where
SSCs are selected for relaxed regulation as a group based on low risk contributions of the indindual SSCs, the process used for
compenent categorization should be reviewed as part of this element.

Element 4 - Development of propesed implementation and performance monitoring strategies

Given that thers may not be much availabie data on the reliability and availability of SSCs under the proposed change to design
o7 operation, careful consideration should be given to the proposed plan for implementation of the change and to performance
monitoring strategies for SSCs sffected by the change. The review should ensure that the processes will provide sarly
indication of false assumptions and provide criteria for taking sctions based on results of monitoring efforts. As such, the
review scope should be to ensure that the licensee proposed process for implementation and monitering is adequate to account
for uncertainties with regard to SSC performance under the proposed change.

Elemeont 5 - Determination of the acceptability of the impact from the proposed change

As part of this element, the scope of the review will include an evaluation of the process used to integrate prubabilistic insights
with deterministic considerations to arrive at & final determination of acceptability. The review of probabilistic results should
include an assessment of: the change in risk from the application; the cumulative and synergistic effects from the current and




all previous applications; the potential for creating new vuinerabilities or exacerbate pre-existing vuinerabilities in risk; and the
potential for the erosion of multiple success paths.

The review of deterministic results should include an assessment of: the proposed change in light of existing regulations that is
part of the licensing basis; wvailable and applicable deterministic engineering results; the consistency of current plant practices
and operational data with that modeled in the risk analysis; and the implementation and menitoring strategis.

Finally, the review of the integration process should also include an evaluation of: the proper modsling of cause effect
relationships; the methods used for compensating potential PRA limitations; the treatment of components not explicitly
modeled in the PRA; and the use of partial scope PRAs.

Element 6 - Documentation of the analysis and submittal of the request
The review should determine if the submitta! docurentation is adeguate for the staff to evaluate the acceptability of the

proposed change. The availability of supperting documentation that is not part of the submittal shoula also bs & review
dorst



I ACCEPTANCE CRITERIA

Guidance criteria for the reviews of applications in risk-informed regulation. (RIR) are provided in the sub-sections below. Sub-section |11
documents general guidance criteria. Sub-section |1.2 documents the requirements needed for the characterization of 2 proposed
regulatory change. Su. sections IL.3 and 1.4 provide general criteria for determunistic and probabilistic evaluations respectively. A
quality PRA (scope, level of detail, truncation, etc.) is central to all nisk-informed efforts, and the general acceptance criteria for
determining the guality of PHAs are included in sub-section 1.4, Criteria for the proper implementation of the proposed change and
criteria for monitoriag of performance of equipment covered by the change are provided in sub-section I1.5. Finally, general criteria for the
ntegration of probabilistic and determunistic considerations (including the use of expert panels) are provided in sub-section IL6. The
results from the integration will form the basis for potential nsk-nformed regulatory changes.

1 (soneral Guidance

To effectively review risk-informed regulation approaches, the statf must ensure that the plant's current licensing basis and actual
operating condition and prectices are properiy reficcted in the nsk estimates using the plant PRA model. Otherwise, the risk asssssment
may provide inaccurate or misleading information that will require careful scrutinity before use in any reguiatory decision-making process.

In order for the staff to make findings of acceptability regarding changes in regulatory reguirements or positions, or previous licensev
commitments, licensees must present basas which are built from a blend of determunistic and probabilistic information. Specific types of
deterministic and probabilistic information which shouid be included in submittals are described in section 4 of Rea Guide DG-1041. Some
general guidelines and criteria fnr developing an integrated basis for & finding of acceptability are given balow:

Assessmer. o nisk importance should reflect not only results from PRAs but also deterministic evaluations such as test results,
engineering analysis and operating expenence reviews;

When risk nsights from & PRA are used to quantify conservatism in oniginal licensing basis analysis, the deterministic
requiremer: s that are affected (i.e., being departed from) have to be characterized and re-analyzed to determine whether the
original intent of the requirement is still being satisfied;

FRA results and conclusions have to be shown to be robust in terms of the analysis assumptions and uncertainties. Showing
robustness does not necessarily mean carrying out uncertainty analyses but can entail sensiavity analyses, bounding analyses,
and engineening justifications;

When lack of compieteness or uncertainties in the PRA models can atfect risk-informed decision making, applicable
deterministic information or compensatery actions which can be shown to clearly reduce risk shall be used to assure @
conservative outcome;

Net changes in risk from risk-informed applications should optimally reflect improvements in safsty or be nsk neutral. Any
proposed risk increase shall not exceed the criteria specified in Appendix B of Reg Guide DG-1061;

Probabilistic and deterministic me: hods used to demonstrate the acceptability of proposed changes in requirements for certain
SSCs should also be applied to identify changes where tightened controls and oversight on other SSCs would improve safety,
i.e., requirements and resources should be re-directed from low risk importance contributors to high risk importance
cantributors thereby achieving more balanced risk contributions.

The acceptability criteria and requirements for probabilistic and deterministic evaluations i supporting regulatory decision depends in
part on the role sach of these types of evalustions plays in the determination of the final result. The ngor required of the evaluation
should be commensurate with the smphasis placed on the use of the results to support the decision makung process. In general, the
results from PRA models will not be accepted as the sole basis for changes in regulatory practice. Rather, the results from such models
must be supplemented with arguments based on other tradiional sources of guidance, including consideration of defense in depth and

Finally, reviewers should consider whether or not a relief request is in any way contrary to an apphicable code or standard. Generic



w which go against axisting codes or standards should not be accepted for review unless specific reguiatory guidance for such
apphcations, L.e., a reguiatory guide and standard review plan has been developed.

2 Criteria for the Characterization of Change (Element 1)

For a proposed regulatory change to be risk informed, the licensee has to be able to define the change in terms which are compatible with
2 PRA, 1.e., the PRA has to be able to effectively evaluate or realistically bound the effects of the change.

The characterization of the problem has to include the establishment of a cause-effect relationship to identify portions of the PRA
stfected by the issue being evalusted. This includes (i) identification of the specific PRA contributors for the particular application, (it} an
assessment of the portions of the model which should be modified for the application. and (i) identification of supplemental tools and
methods which could be used to support the application. This will establish criteria for the scope and level of detail of analysis required
for the remaining steps of the change process.

0.3

Genera! criteria for deterministic evaluations are provided in Appendix A of Regulatory Guide DG-1061. In addition, the application
specitic regulatory guides prowde more specific evalustions which are pertinent to sach of the applications in guestion.

In general, proposed changes have 1o be reviewed with regard to the current design basis, and it has 1o be shown that a change will not
adversely affect the intent of the design basis. Engimeering (or other pertinent) analysis and data have to be presented to identify the
safety margins or plant activities conducted to preserve those margins. If exemptions from regulations, technical specification
amendments, or rehef requests are required to implement the licensee s proposed risk-nformed program, the appropriate requests should
accompany the licensse's submittal.

in addition. results from appropriate deterministic enginesning evaluations have to demonstrate that the proposed changes will not
compremuse sound regulatory and engineering principles such s defense in depth. or compromise the balance between prevention and
mitigation. Changes that are found to compromuse such principles or balance should either be slimunated from the scope of the proposed
m«uudumuMwmummmnummM”hMMvmmmmm
prevention and metigation. Determsnistic information sources should include a cembination of engineering analyses, plant and industry
operstional experience, plant-specific performance history, and sound engineering judgament.

4 Criteria for Probabilistic Evaluations (Element 3)

hmmlwmmihkmmtammumlcmmmndemchmwmaummmc!
plant risk. Since the scope of these changes could include modifications to plant SSCs, or modifications to tssting, maintenance or other
mmwm.mmmdmd\mﬂumuuhmmmm,rwumummm
human error probabilities.

TlluovdmumdlMMMMUMmmﬂmﬁud\llia'mﬁonhwdﬁbummmm-mtic
SSCs (and/or human actions) that contribute most significantly to the plant's estimated risk. Components coverad shall include:

SSCs whose failure could result in & plant trip.

mmmmum”mumummumummuummwum
oeu‘umumoﬁnim'ityﬂﬂnmclueuhmmm.mmvumnunmrmw
maintain it in @ safe shutdown condition, and the capability to prevent or mitigate the consegquences of accidents that could
result in potential offsite exposure comparable to or in excess of 10 CFR 100 guidelines.

Mon-safety related structures, systems, or components that are relied upon 10 mitigate accidents or transients or are used in
phmmmmuvmmowummwmmuﬂwu,wm,umuhm



fultilling thew safety-reiated function; or whose failure could cause a reactor scram ur actuation of a safety-related system.
Human actions covered should include:
those that could directly result in @n initiating event:

all pre-initiator events that could result n the unavailability of systems or components (e.g., restoration orrors in returning
symammummmmtmmofmmmum.mmwdbubmmﬂ
critical instrumentation); and

response and recovery past-nitiator human events. Response actions include thoss human actions performed in direct
rasponse to the accident (i.e., actions delineated by the EOPs). Recovery actions include those human actiors performed in
m.WGMWMUMMMMMﬂMnM.

HMMMMVlﬂmdbyhmm.nkmyfumﬁwmmtowﬁvamlm
models that capture all the functional relationships between the application and the basic event. The effect of proposed changes on
wm.ﬁommﬂm“ﬂﬁuﬂmumduﬂ“mabhd&ﬂwi&mmmum.
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The rasults of the determination of the cause-effect relationships between the proposed application and the PRA modeis will determine
the scope and the level of detail required of the PRA to support the apphcation. Sub sections 11.4.1 and 11.4.2 discuss these criteria. In
ﬂm,mmminruduﬁlh?ﬂlmuﬂyamﬂnﬂﬁﬂr*h&o%mﬁnmw.hhutohﬁem
that the results are derived fre.n “quality” analyses. The criteria to help determine quality are discussed in sub section 11.4.3 and aiso n
Appendix A of this SRP. mcimmmmm.cmmummmummm«mmmwmm
section I1.4.4. Finally, the tssues related to the determination of nisk contribution/component categorization are discussed in Appendix C
of this SRP.

I.4.7  Reguired Scope of Analysis
The required scope of a PRA will depend on the specific application for which the PRA is intended. It 1o not required for risk-informed
regulation that licensees submyt Level iil PRAs that treat ali plant operational modes and all initiators. instead, when full scope PRAs are
mavﬂnﬂo.ﬁmaummuirduduuMhnﬂlﬂmuaumwmm,m,quﬂm
operational information that address modes and initiators not analyzed in the base PRA.
anehphntmlonﬂudyu"nmm.andfuuchnﬁmvﬁﬁfmtmmhmm,mmhutomm
the plant capabiities to respond to that intiator. Ihmuummummwmdwm.symm,m«mm.
wic. thet provide some level of redundancy and diversity. The licensee must then show that the nroposed change does not unacceptably
wmm,m&,mmuddiwityﬂiluhhﬂnﬂunmunmy.mmmkm%m
not introduced by the changes.
This issue is addressed acceptably if:

The licensee addresses all modes and all initiator types using PRA.
OR

mmmmmmuumwymmupmymmmmmm
vulnerabilities for any unanalyzed plant modes and initiator types.

OR

nmmm;mmnummmmmm.mum



@) advances a suitably redundant and diverse plant response capability for all significant initiators in each mode (see the
defense in depth criteria, sub section !l 6.2, for redundancy and diversity attributes appropriate for particular initiating events):
and

b) ensures that all slements of the plant response capability are within the scope of programmatic activities (IST, GOA, 18I,
maintenance, monitoring, etc.) aimed at ensuring satisfactory safety performance; and

¢) provides arguments that proposed changes do not intreduce vulnerabilitias or remove slements of thus capability from
programmatic activities aimed at ensuring satisfactory safety performance; and

d) provides a bounding analysis on the change in piant risk from the application (e.g., by use of sensitivity studies or use of
partition factors as described in Reg Guide DG-1061)

42  Reyuired Lovel of Dotai

Generally, the PRA has to be detailed enough to account for all important system and operator dependencies (functional, operational, and
procadural dependencies). SSCs that are being depended upon for more than one function should be modeled explicitly so that potential

dependencies will not be obscured in the evaluation process. Initiating events caused by the loss of support systems should be modeled in
detail since the failure of the SSCs that could lead to the initiating events could also result in failure of functions that mitigate that event.

The usefulness of PRA results in risk-informed regulation is dependent or the leve! of resolution of the modeled SSCs. A component level
of resolution provides insights at the component level. However, if a PRA is performed at a system or train level, the insights of the PRA
will be limited to the system or train ievel unless it can be demonstrated that component level insights can be bounded by system or train
level effects. The direct application of PRA results will be limited to those SSCs that are explicitly modeled as part of PRA basic events.
insights for SSCs that are implicitly modeled (i.e., screened out, assumed not important, etc.) shall only be used after additional
consideration (for example, by an Expert Panel) of the effects . the proposed change on all PRA assumptions, screening analyses and
boundary conditions.

The baseline risk profile is used to model the plant's licensing basis and operating practices that are i, ortant to safe operation, and, by
implication. areas in which existing requirements can be relaxed without unacceptable safety consequences. Thus, this baseline risk
profile provides an indication on how much relaxation may be appropriate. huMﬂlmﬂMh\&oPﬂAMyrﬂ’mm
risk profile. To complement this, it is necessary not only to identify significant risk contributors, but also to identify those slemc 1ts of the
plant whose performance is responsibie {6 isducing the risk tc scceptable levels ond sddrase thees slaments adiguately in liconsee
programmatic activities.

Therefore, for risk-informed regulation, the following criteria have to be satisfied.

Reasonable assurance of PRA adequacy: Requirements on PRA adequacy are justified by the important role played by the PRA
in supporting the decision process. Criteria for the different quality issues for the licensee's baseline PRA is provided in
NUREG-1602 and also in Appendix A of this SRP.

Robustness of results and conclusions: PRA results and conclusions must be robust, and an analysis of uncertainties and
sensitivities have to be carried out to show this “robustness”. Sub-section I1.4.4 discusses criteria for this in more detail.

Key performance elements are appropriately classified and performance is backed up by licenses commitments: PRA results
are dependent on plant activities. They refiect not only inherent device characteristics but also numerous programmatic
activities, such as IST, ISI, GOA, and so on. Use of a PRA to justify relaxation of & requirement must thersfore imply a
commitment 10 whatever programmatic activities are needed to mamtain performance at the PRA credited levels that served as
the basis for the proposed relaxation.



44  Criteria for the Analysis of Model Uncertainties

mmnwmmwummmunnnnmmmmmm.unmmmmm

making process. Num.iimnﬁmutoanwmﬁammhwﬂuuhmmﬁ.m.amwrmaionl.
no uncertainty sstimates in the sk change are required.
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robustness of the results. mmnummmm.fwvmmmum
which ere used to quantify the apphication in question. nmm.mmmnmuuummm-u-m

It should refiect the data uncertainties associated with each perameter. A Monte Carlo or Latin Hypercube model, or
Mhmummmmmmmmumwm;

It should account for model uncertainties. MmyhmmuwmumﬁyﬁdMMolm
PRA model. mmmmmmmmamumtuumuuuats-mz. In certain
m.hnyhmvuaﬁwmﬁﬁﬁynﬂmmﬂwmmwtomummdm
conclusions.

1t should attempt to addrass uncertainty that is aused by potential incompleteness of the overall PRA model. The licensee
mmmuofmmnmmmmmummnmummm
mdﬂnm'ubwnddummmdiwhmm,mhy&mdeMmﬁuﬁnuwssum
which the impact on risk can be evaluated.

NmmhMﬁmnwmudupkttion'uuuﬂ(IO'Lulmlmmdum*uwhm.Muwﬁthin
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IL6 writenia for Integrated Decision Making (Element 5)

The acceptability of a proposed change should include considerations of probabilistic and determimistic criteria. In genersl, the
acceptance of nsknformed changes in regulatory requiraments will depend on six elements:

Risk significance of the change;

Maintenance of defense in depth;

Assurance that the change will not creste instances of risk imbalance or disproportionate importance of individual
1tems;

Cunsidecation of cumulative and synergistic effects of all changes;

Consideration of determunistic factors; and

Implementation of a performance-based feedback loop.

Criteria for risk acceptance, defense in depth, risk balance, and cumulative effects of risk are provided in sub sections I1.6.1 through 11.6.4
respectively. Criteria for deterministic evaluations and implementation of 2 performance based feedback loop are discussed earlier in
sections I1.3 and IL5 respectively. Finelly, sub section 1L.6.5 provides the criteria for an acceptable process to integrate the above
elements for nsk-informed applications.

A quantitative estimate of the total impact of & proposed action, either temporary or permanent, is required for any risk-informed
application. This includes the evaluation of the absolute and/or relative changes in risk measuras such as core damage frequency (COF)
and large sarly reloase frequency (LERF). The necessary sophistication of this evaluation depends on the justification arguments and the
magnitude of the potential risk impact. For those actions justified primarily by deterministic considerations and for which mimimal risk
impact is anticipated, a bounding estimate may be sufficient. For actions justified primarily by PRA considerations for which a substantial
impact is possible or is to be offset with compensatory msasures, an in-depth and compratiensive PRA analysis is needed.

The numerical nsk acceptance criteria for tsmporary and permanent changes to the plant's risk profile are discussed in Appendix B of Reg
Guide DG-1061. In the detailed evalustion of risk significance, the following have to be considersd: relative change in risk; change in the
baseline risk; risk i terms of COF, LERF, and frequency of late containment failure. It is necessary to address both internal and external
events and all plant operational modes, but it may be possible to accomplish this without 2 full-scoped PRA in ali cases.

162 Criteria for Assuring Defense in Depth

Proposed plant changes have to maintain defense in depth and have to ensure that multiple kines of defense exist for core damage and
large sarly release mitigation, shutdown risk management, and risk from external svents. Therefore. controls should not be completely
ramoved without exhaustive analysis, and even when there is demonstrable justification, controls should only be loosaned in a step-wise
manner (as described in section 11.5).

The criteria for wssuring the maintenance of defense in depth in risk-informed regulation are as follows. 1t is preferred, but not required
that for sach initiating event modeled, tte piant response should have the following capabiiries:

For snticiputed operational occurrence (ADQ) initiating events: the PRA credited portion of the plant should withstand two
active failures without core damage and three active failures without a large sarly release; and

For infrequent but severe design basis accidents defined as those with frequencies of 105 per year or smaller (e.g.. large
LOCA, main steam line break, stc). the PRA -credited portion of the plant should withstand one active failure without core
damage and two active failures without large early re/sase.

M the licensee does not satisty the above criteria, the mstances in which the plant falls short should be identified, and measures 1o



compensate for any such condition should be identified and discussed. For example, if an ADO and two acti v failures can lead to core
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163  Critera for Assuring Risk Balance
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The current policy intention is to relate an overall aliowed change  risk to each plant’s existing risk level. In approaching any given
application, therefore, the flexibility available to any given plant is not only a function of where it started, but also a function of how
much risk increase has taken placs in preceding applications. The risk balance issue (sub section 1.6.3) is also @ part of this issue,
because the intent of avoiding the creation of imbalance 1s meant to include not creating imbalance over several applications.

Beyond these cumulative effects, synergistic effects are also possible, not all of which would emerge from a point quantification of the
PRA. For example, refer to Figure | which shows ditferant infiuences on the availability of a givan component. If conventional
importance ranking approaches sre employed, it would be expectad that some low significant components wil! ba relaxed under muitiple
applications. Referring to Figure 1, it can be seen for example that a given component might be a candidate for relaxation both of its (A
(potentially affecting the failure rate) and of its test interval (potentially atfecting fault exposure time). Failure rate and fault exposure
time combine multiplicatively in the unavailibility. If the effects of QA on failure rate could be quantified convincingly, this would be
addressed explicitly under other figures of merit, but this cannot presently be assured. As a rasult, there is potential for different
applications to lead to unintendsd synergistic effects on unavailability of a given component.

In addition to this, there is the potential for synergistic effects within a given mimimal cutset, if different elements of the cutsst are
relaxed. Thersfore, compensating SSCs (SSCs appeaning in cutsets with SSCs directly atfected by the application) must be reviewed to
ensure that their performance is being adequately addressed in whatever assurance activities are applicable to that particular component
type.
Cumulative etfects are addressed by:

ensuring that each apphication is carried out with reference 10 a model that already reflects previous applications;

showing that the cumulative change is within the allowad increment; and

showing that the accumulation of applications has not created dominant contributors (unless this is a consequence of
importance reallocation as a result of a net safety benefit).

Synergistic etfects are addressed by:
showing that sach component is relaxed under only one application; OR
explicitly identifying all components rslaxed under multiple applications, arguing that the synergistic effects can be modeled
correctly, and showing that the results of such modeling are acceptable with respect to the acceptance criteria.

ILes

In general, the licenses's integration of deterministic and probabilistic considerations to form the basis for acceptance of a risk-informed
application will be carried out by an Expert Panel. In order for this Expert Panel to be effective, @ guideline detailing the decision process
is required. This Expert Panel process has to be well-defined, systematic, repsatable, and scrutable. Scrutability implies that the process
1s technically defensible and is detailed enough to allow an independent party to reproduce the major results.

A well defined Expert Panel process should have the following (or similar) elements:

1) definition of objectives;

2) selsction of experts;

3) identification of issues;

4) assembly and dissemination of information;

5) training of panel members including guidance for decision criteria;
6) panel deliberation;

7) post deliberation feedback:

8) treatment of disparate views and formulation of conclusions; and



8) documentation.

mmmmmmwmuwm.uumxmummmmnmfmmdmum
mmmtmM-umommmwud:mmmunmmmdmmm
action, and that the panel deliberated and approved each of the changes.

During deliberations. both probabilistic and deterministic considerations have to be taken into account. Potential imitations of the risk
model have 10 be identified, discussed and resolved. SSCs that are atfectsd by the proposed application but that are not modeled in the
PRA have to be considered individually and evaluated based on a pre-defined and structured set of rules or critena. Finally, the panel's
results should be demonstrated to be robust to ditferent plausible assumptions and analyses.

A&wmm'mmmmmmmtwmdmmmnwxaumsarmumm
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results and conclusions.



Figure 1
Effects of Plant Activities on Compenent Perfermance
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1 REVIEW PROCEDURES
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1 General Guidance
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mmmmMmmmmdmwm It is only after this has been done that the staff can
consider the issue in light of new information.
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Table 1 (page 101 3)

Quwestions to Assist in Extablishing the Couse Ettect Ralationship

LEVEL 1 ONTERNAL EVENTS PRA)

Initisting Events

Does the spphcation erirsduce cenadoration of new miwing svents’

Dees the apphcaten address chenges that leed to @ modification ef the misting sven! groups’

Does the spphcation necessriete & reassessmont of the traquencies of the mitislimng even! groups?

Doss the spphcstion mcranse the ikelihood of & system faidur= that wes bounded by an mititing event group 1o the extent that i needs 'o be considersd

exphenly?
Succees Criteria

Doss the apphcation necessriate modiiication sf the success criena?
Does the modification of success critena necessitate changes in other criteny, such as system mierdependancies?

Evaat Trees

Does the apphcetion address an wsue the! can be essocisted with @ particular branch, or branches on the svent trees, and if so, m the branching structure
adonuste’?
Does the spphcation nacessiiate the miroduction of new branches or 1op events (o reprasent concems no! sddressed m the even! trees?

Does the spphcation necessriaie considerstion of re-srdenng branch pomnts, Le. doss the epphication affect the sequence dependen! fasure enely=s?

System Reliability Models

Does the apphcation mpect system dusign m such ¢ way &3 16 aler system rohability models?
Does the apphcaion mpsct the support functions ef the system m such & way as to alter the depandencies m the model?

Doss the appication mpect the system performance. and. f 5o, & that impact on the function shscured by conservetive modeling technigues?
Paremstar Dote Base

Can the appication be clearly associated with one or more of 1he basic event defnnions, or does 1 necessniate new basic events?

Dees the apphcation necessnate » speciaized probabilty model (e.g.. time-dependent modsl, #ic.)?

Doss the spphcation necessitsle modrficetions (o spociiic paremeter velves?

Does the apphcstion miroduce new componen! falure modes?

Doss the apphication affect the componen! massion Limes?

Does the appbcation necessrtate thet the plani-zpecrfic (hstoncal) date be taken mto sccount, end cen this be achieved sasily by an updete of 1he prewous
parametens!

Dess the sppication mvoive ¢ change which may impect paramete values, snd do the prasent estanetes raflect the current status of the plant with respect

1o what & to be changed?

Dependant Failure Anslysis

Doss the spphcation mireduce o7 suggest new commen couse fadurs (CCF) contributions?
Does the epphcation mtroducs new asymmetnes tha! meght creste sub-groups withm the CCF component groups?
Is the apphcation kely to effect CCF probabilities?



Table 1 (page 2 of 3)
Questions te Asaist in Establishing the Cause Effect Relutionship

Hamas Reliobilrty Analysis
Doss the apphication mveive 8 procsdure change’
Doen the apphcainon mvelvs 3 now human action?
Mlbuﬂnnwmmuhwmwv
nummu-«mmwmmmr
Mmm—“mu-dqnmwwbﬂ
Mmm-m~-ﬁm‘-n~mu:~m~dmm~1
hmmmmmmmmmmm“m-mumv
Do-mmwlm.dmmtum"l,nnmdmﬂnmmhmnmm.'md'l
qu.tum-umw;-mu_‘qudmm-n-mmn
Mmumm-ahpumum-aﬂo'dm-mul-.umm sstwnates reflsct the curvent status of (hese
PSFe?
nn-ummmmdm-mmmu.«mu»mmmmvm w besn truncated?

Does the chenge 1 dress now recovery actions?

Intarnal Flosding
Dnlbwmmm“m!ucul'h.“lhuoimmmnmwlmoim‘uttmumunum“—
flood 2ene?

Mlh“umn‘mm!bdqmummnmmﬂ!h“nmm?
Does the apphcation uftect the siatus/oveikabiity of ftlood mitigation Govrces’

Dows the apphcation atfect fiood propsgation pathweys?
n..mmummmmmv

Quantification
Does the apphcation changs any of the basic sven! probabirties”
Doss the apphcation change relstive magnitudes of probabiies’
Dous the epphcation vnly make probabilities smaker’
Is the new resull needed W & sheri-tme scale’
mmmmua-m.m-mummmmm-m
Mmuﬁmud!wth'“hum-‘.d“nhmﬂ:w-.m? umm.u-mmmmm-uum-mt
MENGANCS BTIINS O 0PSTRING Modes um‘dﬂdmmm:umliulnmmmwawnﬂ
Doss the application sffect equpment thet have boen credied for opersior recovery actiens? Also. for recovery actions thai credit mier-gysiem or mter-unt

m-l-.liumnumvmuuu!ucl-unm.wlluonumummnummw.

Anaiysis of Results
Doss the sppRcation Recessitales an assessmen! of uncertemty, and & # 1o be quaktative or quantiatve?
Ars thers uncartamiies i the apphication that could be clanfid by the spphication of sensitaity studias?
Mmmmmmmmummmnumm-m

Doss the apphication necessitate the! n importance, uncertamly, or sensitvity snalyss of the base case PRA axxt?

Plant Demage State Classification
Mmmnmmmumnuummwm-v
mm(qmmamnKanmwmmmmuw1mn-mm.wmmmmmm

qﬂuﬂhmdmcﬂ
Mltnuhlun.umcnmmmﬁmdnlhmMMtalm&dmmug.ideulm

Remase)’



Table 1 (page 3 of 3)

Questions to Assist in Establishing the Cause Effect Relationship

Level 2 (CONTAINMENT ARALYSIS PRA)

Have new contamment failure modes wentrfied by the apphceion boen sddressad m the PRA? Are petentisl chunges acceunted for?

Are ety depondenciss ameng contammen! fuiluro modes bemg changed?

Does the apphcation mvelve mechisnmms that could lsad to contammen! bypass?

Doas the spphcation mveive mechenmms thet could couse faiure of the contammen! s molate?

Does the apphcatiern dewctly sffect the accurrance of any severs scciden! phanamens

Doss the spphication nscessiiate use of nak meesures other than large. earty relsese?

Doas the apphcation change squipment quelification 1o the pomt whers 1t sffects tmmg of equipment failure relative to contemment faiure?

Doss the apphcstion affect care debrm path to the sump | suppression pool (screen clogging) of to the other portions of the contammaent (direct contammen!

heatmg) /

Does the selected source term cetegones adequately represent the revisad Contemment Event Tree (CET) endpomts? Are CET endpom! fraquencies changod
snough to effect the sslection of the domenentirepresentative saguencels) m the source (erm binming process’

Deas the apphicatisn atfect the tumng of release of radionuchides mie the environmen! reliive 16 tha mitistion of core meht? and relative to the time for vessel
rupture?

LEVEL 3 (CONSEQUENCE ANALYSIS PRA)

Does the apphcation necessiiste dotailed evecuss doses’

Are mdrndus! doses o1 specriic lcations needed fur ths apphcstion?
Ars terraim festures mgaificent snough to impact local wind patiems’
Is evacustion or sheftenng bemng considersd &3 & matigation messure?

Are long term dosas & consderstion i ths sppicetion?

EXTERNAL EVENTS PRA (Hazard Analysis)

Will the changes miroduce extemal hazards no! previously evalusied?

Will the changes mcrease the mtensty of sxstmg hazards signidicantly?

Are design changes moditymg the structural response ef the plant beng considersd?

Does the change smpect the svailsbility and performance of necessary mitigetion systems for an extermal hazard?
Does the spplcation significantly modify the mputs to the plant medel conditiensd on the sxiemal event?

Are changas bamng requested for systoms designed 1o mitigate agamst specrfic axtemal events?

Doas the apphication mvolve sveiabiiny and p.rformance of contamment systems under the axtemal hazerd?

SHUTDOWN PRA

Will the changes effect the schedubng of outage actmities?
Will the changes affect the sbility of the operster 1o respond to shuldown events?
Will the spphcation affect the rebabiity of squipment used for shutdown conditions?

Will the changes affact the availability of sguipment or instrumentstion used for contingency plans?




.3 Evaluation of Deterministic information

Reviewers should ensure that, for all nsk-nformed mm.whmwmumm-tm have been taken into
sccount to supplement probabilistic arguments. Tomnmnuwaonpdoummwvaﬂmmﬁwﬂmbmofm
m,mmmmm«:wmmdmwmmmmy:mmmanm.,
hm,mmm-muﬂyﬂ.mmcw,mmdmtm measures, and  performance
based fesdback loop should also have been considered by the licensee.

rummwnmmumumnummdwwﬁdnmmm-fupmunmmm
ummm«mmuwcmuawmmwmmmnwm It includes, for
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(USAR), commitments made in response to NRC generic letters and bulletins, conditions and analyses relied on in the NRC staff's safety
analyses reports, stc. WMMMW“MMMMU.MW The
mwdmmmwmmmmmmmﬂwm«m&mva,
defonse ni depth, and the General Dasign Criteria.

u.mdmwmummmm.mcmmm.mofmmmmmmu
nnddumonmmnodawnummommmummummvhvdndhnumhmmmm&moi
success criteria). nmnnmauwnymmmmumwmmmmmdmmmm
applications on the affected SSCs and on PRA models, assumptions and parameters (cause-effect relationships).

Finally, the reviewer should verity that the deterinnistic considerations used to supplement PRA results {e.g., information used to
dmrmSscmnm,uimmwuwdummmlmmumuwﬁd\mmmddd'mPRA)mw
comprehensively and correctly. Among the non-PRA sources of information that should be examined to support the evaluation of safety
uﬁmmﬂ\cufﬂymWhMWMWW&MVAwmﬂm,MMMme
Specifications such as Limiting Conditions for Operation (LCOs), Allowad Outage Times {AOTs), and Surveillance Requirements {SRs).
Finally, where available, plant specific data and operational information should be factored into all safety determinations.

—— haddes

hmymimwﬁlmamdmfvomptmumurmd\wqm.uwdyds with models based on new data to support
therr proposal. The following examples illustrate situations in which data and analysis can be used effectively to support relief raquests:

To show that a phenomena of concern cannot occur or is f ich less likely to occur than originally thought:

TuhouMﬂ\om‘ﬂdﬁymﬂhhdﬁnhmﬂmﬁyruwmmtwmuuusumd\vhcntho

requirement o position was imposed;

hmwmmmanmwmnwmhmehvmnmmdyuwmd.
Thormwsrmmhuwmmmm‘mabﬁ!yﬂlﬁsmhimmumnmlomuﬁdrm.
DmuMoﬂuﬁnﬂytoﬁnMMuthWhhMrm Depending on the circumstances,
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substantial number of reports. Currently available reports are listed in Refersnce 7.
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event reports, licensee follow -up investigations and routine inspections by NRC resident inspectors. Inspection results can provide
valuable qualitative insights in areas such as human performance, management controls, adequacy of procedures and root causes of
events which are often difficult to treat with precision in a PRA.

Compensatory Measures

Compensatory measures st the plant site which raduce risk can be taken to otfset incompleteness or uncertanties in the deterministic of
probabilistic analysis that defines available safety margin. Compensatory messures can also be used to otfset a quantifiable increase in
risk with a non-quantifiable but expectad improvements in safety. Such measures may be taken voiuntarily by licensees or may be
required by the NRC s conditions of the license, temporary changes to techmica! specifications, or by order. Examples of such measures
include: special inspections of tests: enhanced condition monitering; moratoniums or prohibrtions of site activities during specified periods
of vulnerability; temporary increase in statfing level, special training for staff or contracters; procurement and staging of portable back-up
safety equipment (6.q. skid-mounted dissel generator) and devaiopment of procedures and training for use of such equipment.
Compensatory measures should be given significant weight in the decision process for reviews of risk-informed apphications when:

1) MmhnlMyusaiﬁedmdh“mmmmyh.;mumuummuwhcn
uncertainty in human performance is an important factor);

2) they qualitatively ofiset a quantitative risk increase; or
3J) mmmvnﬁdlymmmmbvoxpﬁdtimmoedmmuﬂocﬂomnﬂmtymmc.
ha Evaluation of Probabilistic Information

Reviewers should ensure that PRA related information submitted by a licensee for applications in risk-informed regulation includes: 1) 8
characterization of the change analysis; 2) a justification for the scope and level of detail of the PRA; 3) a discussion of the numerical
rmmummmmmmm-mmdmrmmmmmmnuunqm«y
Guide: and 4) the results of the licensee's independent peer review of the PRA in the form of the peer review team s final report.

lnlhominofndmmwﬁnoh.nimndmtmmndsmhuwwnhmocttomumdlwdof
sophistication in the PRA analysis. For example, - he justification for continued operation (JCO) praposed by licensees i light of
non-conforming conditions and the technical review of the bases for notices of enforcement discretion INOED) are expected to be
rdauvdvmhmumdmmdmtquiml.udMdmmmmuﬂmumhlmﬂmAMv.
scope and level of detail. However, for this PRA to be used, it must be shown to adequately bound the risk impact of the contributors
associated with the application. Conversely, changes to plant specific technical specification allowed outage times and surveillance test
intervals, safety svaluations vMMMWMMﬂmMWRMM.“va of a design-spacific
Pﬂlmlm-dpuucﬁonIOCFRSZ,UoermhMmWMMﬁmMwiqunkoﬁtﬁbdmmmw
will be subject to a higher levei of PRA quality, scope, and level of detail.

Fuudmwmmwﬂhonumﬁy.mmmﬁmuwiﬂhnlowhymlmmn,mdddnuﬂndwwot
PRA s sufficient 1o support the risk analysis. The determination of acceptable PRA scope and level of detail should be based, in large

’m.umwmmwmmnmwmmﬂmwmmmm.zn. The PRA quality will have to
be consistent with that specified in NUREG 1802 for the portions of the analysis that is atfected by the application.

41 Required Scope of Analysis

The overall scope of a PRA is characterized in terms of three attributes:
. Which operational modes are considered, e.g.. full power, low power, transitional states, and shutdown;

2. Which initiating events are considered, e.g.. internal and sxternal events; and



3 What ievel of analysis is performed, i.6.. level | (core damage frequency), level 2 (containment response and /or source term),
and level J (offsite consequences).

The selection of PRA scope will be guided by the nature of the technical issuss being addressed with the PRA. Guidelines for selecting
the scope are provided in the application specific regulatory guides and standard review plans. The following general guidance is
provided for the use of staff reviewers for cases in which there is no application specific SRP.

The reviewer should verify that the licensee has considered all possible operating modes and initiating events that could be
atfected by the proposed application.

The reviewsr should verify that the licensee's approach for selecting and evaluating applicable initiating events and operating
modes is similar to those accepted by the statf in reviews of similar issues for simitar plants. Unexplained differsnces should
be brought to the licenses for explanation.

A Lovel 1 PRA analysis is usually required for most applications. A Leve! 2 study is recommended for applications which might
have an impact on containment systems o/ contanment isolation probability. A Lovel 3 PRA is recommended for emergency
rmmmmumwmmmwmnmmm. When the Level 2 or
Level 3 studies are not available, enginesring justification and bounding evaluations are acceptable if they are comprehensive
and have sutficient rationale.

UnhnwmﬁonhdluMSSC:MmMuUHubunwuuﬂdmlwnonnﬁom,oh‘nwum'u
required. musscmmmmmumammmn-umm.wn-umm«umsm
also recommended. Ammnmmriduaﬂuﬂpouu»mtionlnboninovwmomnmtw.,mm
maintenance, or modifications of technicai specification requirements) should aiso include low power and shutdown PRAs. In
MMdMPﬂh.MvmmﬂitVthpwumdd\mdounwamnmhutohon&uudm
satisfied. This is discussed later in this section.

Direct risk insights (risk ranking, icrease in risk, etc.) cannot be obtained from initiators that have been screened out. External
events analyses that depsnd largely on screening techniques fall into this categery. in addition, it cannot be assumed that risk
insights from the external initiators are similar to those for the internal initiators. External events could result in initiators (or
relative importances of the ditferent initiators) that are ditferent from those from internal events, and therefore, insights and
conclusions could be skewed by this ditferent mix of initiators. Appendix B {section B.4) discusses more in #-:ail the review
procedures for screened-out events.

When licensee PRAs do not treat all plant operational modes and/or ali initiators, the reviewer has to determine the acceptability of
proposed application without comprehensive PRA coverage. For sach instance (combination of mode/initiator type) in which the PRA
MutMmdmm,mrm«mummmmhunﬂdumwaphntmpommabilny. "
wMt|Mrmmyn'msNMm-ﬂteSsutﬂmdbymmm.mmmdwhmﬁomtn
be resolved satisfactorily. if credit for atfectsd SSCs is needed, then the reviewer establishes that the defense in depth criteria specified
in section 11.6.2 are satistactorily passed and that vulnerabilities (as defined in section IL.6.3) are not intreduced. In addition, the reviewer
mmm»mummmwmmnmmmmmunmmmcmnmum-mm

4.2 Reguired Level of Detai

Fﬂaﬂmmumomdbymm,ﬁnmnMwﬂymmm‘dsmmmoﬁumiummm
system and operator dependencies. A check of the licensee failure modes and effects analysis and a review of plant operating and
emergency procedures will be usetul for this purpose.

hm.mmummmmummmwm.mm.msscnm-mmmdﬂm-n
of modeling for that SSC. M it can be determined that & SSC can be attributable to a PRA basic event on & one-to-one basis and that the
Mmufmmmbouﬂoctdonmlﬂuicm.thnr&Mﬁmhmﬁaﬁmmhﬁnﬂymam&m
the PRA for that SSC. OM‘u,PRAMMMW!:&WM&MMMMWMNMMM:M



be integrated via an expert panel process.
Specifically, the level of detail in the modeling of sach SSC can be used to determine the following:

if the SSCs are modeled at the basic event level, i.e., sach SSC is represented by a basic event (or sometimes, more than one if
ditferent failure modes are modeled), risk insights from the PRA can be directly applied to the component modeled as long as
the effects of the change is modeled correctly.

i the SSCs are included within the boundaries of other components (e.g., the governor and throttle valves being included in the
pump boundary); or if they are included in "black boxes” or modules within the PRA model; or they are modeled as part of the
calcutation of human error probabilities in recovery actions, nisk insights from the PRA can be applied if the effects of the
spphication can be mapped onto the events (e.g., modules, HEPs, etc.) in question. in these cases it should be noted that the
mapping is relatively simple if the ovent is ORed with the other module or HEP events. However, if the logic involves AND
pates, caution is warranted.

If the SSCs are only implicitly modeled (e.g., omitted from the modsl because of inherent reliability), or if they are not modeled
at all (because no credit for the SSCs were taken for accident mitigation), risk insights from the PRA can only be applied atter
svaluation by the Expert Panel. Requirements and review of this process is provided in Appendix B of this SRP.

M43  PRA Quality

The quality required of a PRA for risk-informed regulation is defined in NUREG- 1602 (reference 5) which also provides guidelines to treat
the quality of the process used 1o cor.duct the PRA study, the guality of the technical analysis performed and the quality of the
documentation of the PRA.

Ouafity in the Process for Condectins o PF

in accordance with Appendix B to 10 CFR Part 50, licensees should have a formal program for applying PRA in safety-related activities
that affect systems, structures and components that prevent or mitigate the consequences of postulsted accidents that could cause
undue risk to the health and safety of the public. Periodic staff review of this program is accomplished through an audit or inspection.
Guidelines for conducting the inspection are provided in section xx.yy of the NRC Inspection Manual.

Qs in the Tochnical Angivai

Quality is assured in the licensee's technical analysis by subjecting the completed analysis for independent technical peer review.
Guidelines for conducting such a review are given in NUREG-1602. In accordance with those guidelines, the peer review team formally
documents the results of their review in a teport which is available to the NRC staff for audit. The foliowing factors should be considered
in determining the need for staff review of the peer review report.

Staff audits of the licensees process for conducting 8 PRA have identified practices which could affect the quality of the
technical analysis detrimentally;

Results of the licenses's analysis submittsd in suppurt of a licensing action are in some way counts " -ntuitive of inconsistent
with results for similar plants on similar issues (For sach application, licensees should have documer ted that a review of
evailable information has been parformed to identify potential inconsistancies in results and conclus ans);

The process the licensee used to identify the safety significance of the SSCs modeled in the PRA does not have the ability to
appropriately identify the significance of all the SSCs for the particular application;

The PRA is being applied to an issue of potentially high risk impact that warrants a more comrehensive staff review;

The licensee's analysis is part of a pilot application of PRA in a regulatory activity;



The PRA includes new methods that are unfamikiar to the staff.
Review of PRA Qual

Asnmllﬁon,mmm"mmmehwmmﬂﬂcmwdmdemlw
review. mwm,fuudmﬁmm.mmwﬂhnuhmhrmmwydmm. These findings
Mhbﬂnc'ﬁomdm'mﬂminMvim-wmﬁaﬁ%mﬁnndh?ﬁk

Fﬂmm,hMMMﬂnﬁdwmdmﬂom.Mdﬂnmommiu,um
sudrt of & hicensee sponsored review:

Comprebensive Set of Initioting Eventx mmmwm.am-ﬂ«mmmmwmyu The process for
mamm“mymnmmwmmmmmamm
information. h.m.umm-uammmmm-uwm All support systems that are
WVWNMthmuMMMMM Initiators resutting from internal flooding, fires and
other external events was included in this search.

Detailed and Complats Logic Meduling * sinctional logic modeling of plant response i appropriate. As far as can be determined
mthmmdhm,thMthhmﬁmfuudlinitilmwmm.
Mvwmmﬂdmuwodmn‘luwm‘umw;m;hmmw
M,NMMMMMQ“M“M&O‘MM Scenanios were modeled in sufficient detail to
MMWWﬂcm.m,mu,wmwmn The logic of the scenar-s models is
consistent with the analysis of the mission success critena.

Comprebonsive Search for Systam lutsractions AnmanmtucmthuMWM.mmm
reflected in the modeling. M“mwymmwhdwudmvm'm.uehnmu
codocated SSCs from a single svent such as fire or flood.

Mission Success Analysis: Hydwndm'ommnnimmdnduman“uuwmn Controlled
MdWJVMWhMM-quyd. Within each credited success path, the most imiting equipment
mfmmnuu'w'-uummumummm«mmmmuwy
describing the path as successtul. mmmmmwnmunmmmmwm
characterized as marginal.

Accigent Sequence Binning mMcfmmmummwnmmmmmvum
mﬁﬁaﬁwdmmﬁnh&ﬂm,wucmwﬁﬂi muummwmﬂmuﬁmmm.

M“hdMﬂMipﬁhM mm«mmmmmwmywym
components atfected by the apphcation. MMM!MM&denMMWM The corresponding
tauht exposure times are properly linked 1 oroor=mmzac activities (IST, ISI, etc.). mmmiwtmshonhnmtiﬁd
mwyhm«mm,m-mm,mm, and the nature of the component's operating environment floads,
frequency of cycling, environment, etc.). ummmmwmwmymmw

Adequsts Troatment of Humas Fuctors: mmmmuamummn«mmm Significant
wmmm:mﬁﬂym.ﬁfmnmmhmwﬁﬁdmhlomd-mmm»
< 4ssed in NUREG-1802. mmmmmmmm Where credit tsken for post 4nitiator recovery actions
mm.mm.ammwmwﬁcm.mummumummmm
numm.mmmmummmmumﬁmu

nmummmmamm,mmmmﬂfm that the licensec's configuration control of the PRA will
mwmwmmmmuiﬂmmrmmtmm The following should be included as part of the
review:




There is adequate commutment to maintain the PRA to reflect current plant status (including current procedures as well as
currant physical configuration) and to incorper- te new information {including, but not restricted to, failure data, updated
thermal hydraulic modeling, etc.). When new information leads to modification of analysis whose  ssults were previously
applied to justify modifications, this will be brought to the attention of NRC staff,

Calculations to suppor: PRA applications are performed in a controlled fashion. Sensitivity studies are performed to
characterize the effect, if any, of such anaiytical shortcuts as truncation, if this applies to the subject analysis. For sach
application, 2 designated controlied version of the plant mode! is used, and 2 designated controlled set of parameter inputs
(8.g., basic event probabilities) is used. The kicensee warrants, and external peer review cencurs, that applications will not be
adversely affected by artifacts such as truncation.

Appendix A of this SRP provides a more detailed discussion of several issues important to the review of probabilistic evaluations
performed as part of risk-informed regulation.

a4 Evaiuation of Model Uncertainties

I @ risk-informed application contends that the estimated risk change due to the proposed changes is conservative, then the reviewer
should confirm that the models and data 2asumptions used do indeed produce a demonstrably conservative sstimate which is likely to be
near the upper bound.

If the calculatad risk change due to an application is large when compared to the allowed risk change and is a best estimate value, then
the reviewer has to establish that uncertainty is addressed for the change. This argument should appropriately include data and modei
uncertainties. The licensee may be able to argue without explicit propagation that the uncertainty is small compared 'v the margin
between the aliowable change and the estimated change. In some cases, sensitivity studies cruld be used to demonstrate the robustness
of results to analysis data and models used.

In the review of the analysis of uncertainties, the reviewer should:

review the types and sources of uncertainty that have been identified by the licansee, and how the uncertainties have been
characterized, and determine whether this characterization of uncertainty is consistent with the state-of-the-art as defined in
NUREG-1602;

review how these uncertainties are reflected in the results of the PRA analysis, and determins whether the use of the mean is
an adeguate representation of overall uncertainty. (H an uncertainty analysis has not been performed, then a point estimate
may be adequate if it can be demonstrated, from an inspection of the contributing cutsets, that it is sufficiently close to the
mean);

identify whether the results of the analysis, whether they are presented in terms of absolute risk measures or in terms of SSC
ranking or prioritization, are strongly impacted by the specific models or assumptions adopted for the assessment of important
elements of the PRA, and whether the sensitivity analyses that have been performed (if any) are sufficient to address the most
significant state-of the-art uncertainties with respect to these elements, using NUREG-1502 as an input. (Care should be taken
when the characterization of ¢ model uncertainty is such that the results fall into 2 bimodal or multi modal distribution, and ene
or more of the modes excoeds the allowed goal. The assessment of the results then has to be based on an assessment of the
significance of the hypotheses associated with those modes that ex: sed the goal);

determine whether the limitations in scope of the PRA, and other comnpleteness issues have been addressed adequately by

sither limitation of the scope of the application, or by @ demonstration that the impact of the change on the unanalyzed portion
of the risk is bounded or can be neglected.

LS




The reviewer should evaluate the implementation and monitoring strategies based on findings of the deterministic and probabilistic
engineering evaluations. When the proposal is for a phased impiementation for different SSC groups, the basis for the phasing for each
SSC group should be justified.

Iumctu.nauumsscmmmmmuymmnmm,mmmnwmmmmmum.
porformance of these SSCs over a period of time. mmmmmummmmu«mmmmwm
mmmmuussammmmuummmmmm. Monitoring that is
m.muumuuummwm«muwmmumwnssummbymmmm
covered under the Maintenar.ce Rule.

nMatm,mmssummumm.rm.mmmmmmw.mmum
initiatives). Tummmuwummmmmmm.mnnm.mmm,m. The
nﬁnaMMﬂﬁnﬁmﬁanMﬂM»ﬁMimMnMaﬁMv‘n&umof
component degradation. &umvmﬂmmﬁymﬂﬂ,hmlmmoﬁtdWﬁdﬂuw
mymmﬁumm,My'umudummommmmymhmmmeMnmmhMyin
place (and the advantages of s staggered implementation is lost). One approach to ameliorate this concern is to require that the
mmﬁmsscsmmvm.um.rmdm-mm,uwmdawm.mwmwmuu
base over a range of component ages. Sm:hawwunmddhuumdtumiﬁlmdumehmuduﬂymm.!SSC
reliability degradation.

Am‘nwmmmunmauumruwsscmm,rmym.miny given the proposed implementation
and monitoring plan should also be carried out. mm.ﬁunmmmmummmmmmmmm
against any negative impact on risk.

FMv,thorm-uMMMnmanuumhwmmuhatmimmwboukminmuhmpﬂmm
falls below that predicted by the supporting evaluations. Corractive action procedures should be in place pefore implementation of the
proposed program.

.6 Evaluation of the integrated Decision Making Procass

Rm’uhﬁmiﬂumpvilhllmnumuntfhﬁnwmﬂn&womtmmwwm,m“mapm
Mbm.ndw'tiwmsmﬂﬁcoﬂmludhﬁpwﬁninmoﬁmdﬁmﬁnﬂkuﬂwummm.
Each of these arsas is discussed in the sub-sections below.

6.1 Evaluation of the Acceptance of Risk Impact

*** 70 BE COMPLETED - this will depend on what Appendix B of the final Reg Guide DG-1061 will say o

.62  Evaluation of Defense in Depth

de'mhminnupruchtommmﬁmommumumunmuwrmwwphmm
mwmu‘mm.mmmmwmnumm:ummﬂwmumum&wu
mﬂmwmmzmmummmmm«mummmnmn
mmmvwmmmwm,mmuuﬂm,mmwm.
mem.twvithwiwudndudonuundmmywm,mthomﬁulduvnuofddmhdqmn
MMqumGMMWW,mﬂmmuanymﬁmoﬂﬂmmmmemm
l«MMMdud\bm.mdwundopom'mdtyﬂm(&nﬂoﬂdmmmcﬂmmmdpﬁmdm
barrier.




The following objectives therefore promote satety within a defense in depth concept:

1) Prevent undue (excessively froquent) chalienges to the integrity of the barners,
2} Prevent failure of sach barner when it is challenged,

3)  Assure independence among barriers (prevent failure of one barrier as a direct consequence of failure of another
barmer), and

4)  Prowde for prompt and appropriate response upon the failure of one or more barriers.

5)  Provide overall redundancy and diversity in the barriers which is sufficient to provide significant prodabilistic margin to
the Safety Goals.

The risk-informed regulatory process ic not expected to result in any qualitative changes in the major barriers: satisfaction of various
Genersl Design Criteria, and compliance with NRC rules such as 10 CFR Part 50.46, are not expected to be affected by this process.
However, requirements affecting the supporting systems could be affected as a result of risk informed regulation. It is important for the
reviewars to identify the nature of this impact and its relation to safety in terms of its impact on the reliabilities of barriers. Since PRAs
play a fundamental role in such regulatory approaches, the relationship of PRA output to the lines of defense needs to be determined.

Relstenship Betwosn PRA and Defense in Depth

PRAs provide both quantitative and qualitative resuits. The PRA quantitative results on core damage frequency, containment failure
probabilities, frequency of various release categories, and finally public risk can be compared to the numerical acceptance criteria to
show the effects on safety as a result of oroposed changes. These quantitative results are strongly influenced by defense in depth, and
vice varsa, but some PRA estimates of acc dent frequer.cies may be low despite relative lack of redundancy, stc. Qualitative PRA results,
L.e., the accident ssquence minimal cutsets, show what combinations of passive and active failures would cause core damage or @
radioactivity relsase, and thereby reflect directiy on defense in depth. (ualitative resuits do not reflect accident frequency except
implicitly, through event classification (e.g., some initiators are ADOs, and some basic events are active failures); but they show certain
properties of system designs, unobscured by at least some of the uncertainties associated with guantification.

Provided that the PRA is technicany sound, as described in NUREG- 1602, the effective redundancy and diversity of a design show up
gualitatively in the minimal cutsets. f maay failures are required in order to cause the top events (core damage and large release), i.e., if
all the minimal cutsets comprise many failures, then the effective redundancy is high. i no CCF event can cause the top events, i.e., if no
minimal cutset consists entirely of events from a single common cause group, such as "MOV fails to open”, and if no modeled CCF event
is 2 single CCF element cutset, then the design incorporates at least some diversity. Each event appearing in sach menimal cutset is, in
general, targeted by programmatic activities aimed at promoting the reliability of the associated SSC, i.e., preventing the occurrence of
that failure event. Specific activities that are important in maintaining relizbility of a component are: inservice testing, inservice
inspection, other periodic surveillance required by Technical Specifications, quality assurance, and maintenance.

In order to maintain defense in depth, it is essential to assure that multiple elements of important cutsets are targeted by at least some
activities aimed at promoting assurance of the performance of the corresponding SSC. The qualitative acceptance criteria articulated in
sub section 11.6.2 are intended to assurs that some programmatic attention is paid to sufficient elements of sach accident sequence
cutset, even i @ point estimate calculation for a system with less than customary redundancy and diversity appears to satisty the
numerical guidelines on COF and LERF. This approach comports with current licensing review practice for DBAs and AOOs.

Review Guidance

The reviewer should verify that:

the licensee explicitly characterizes the standing of the plant with respect to the defense in depth criteria provided in sub
section i.6.2.

all slements counted against the criteria called out above receive at least some programmatic attention, and this programmatic



attention is commensurate with the quantitative (functional reliability/availability) performance lovel associated with that
slement.

MelmmthatMMoih*naﬂmmhﬂdﬂdwﬁ;ﬁdmmu&nwumm
events occurring in those cutsets.

nuwmssc.m..mmmm-wmusscsmmmamwamsmcymm
criteria. Mi,mmwumnMvm,nBUMMoﬂm»cmdem
uummsscm.mm.cﬁmumnummmmumm.nsscmm. It is possible,
hm.mmummmmmmm«sscmm The point is net to completely relax
the defense in depth posturs at pomnts in the design that are relative safety bottienecks.

Wv,S&cMthvMuﬁmu‘mthtumyuﬁmmm. Some reduction of activities on
Mssc:euhtdlmd,MMMMmuW.mﬁmmmm«um,mmma
uhmwunmsscwm.ammmamammm»ccf. Reviewers are given
turther guidance on veritying dsfense i depth in apphcation specrfic guidance.

ME3 Evalustion of the Required Risk Bslance

importance measures are one tool for pe-forming the check of nsk balence on 8 component level. If no items become high
risk contributors fi.e., heve Fussell-Vesely velues move above 0.05 or RAW values move sbove 10), then the test is passed.
However, it is easy for & measure thet causes e risk decrease 1o cause an incresse in the relative importance of some
elements, so relative importance measures alone cannot be the sole criterion. The preferred approach is therefore to apply
the importance *est first, and if it is passed, then provisionally conclude thet the risk imbalance test is passed. If the
importance measure test is not passed, then an explanation should be provided as to why the importance increases are
acceptable. Perhaps they could be the methematical side effect of an sbsolute decrease in celculated risk, or perhaps & few
elements actually beceme more important because cutsets in which they appear became more probable. In the latter case,
» pstification would need to be offered slong the following lines: either the associated changes in importance sre small, and
simply happened 1o cross thresholds above, or there are safety benefits that offset the increased sensitivity of nisk to these
elements (such as 8 net improvement in safety).

These considerations apply both at the component ievei and at the sequence level. If either initiating events or individual
sccident sequences become important as & resuit of application chenges (as defined in sub section 11.6.3), this should be
addressed as indicated sbove. If the conditional core demage probability associsted with 8 particular initiating event
becomes significant, then this should likewise be addressed. This requirement is closely associsted with defense in depth
requirements articulated separately in sub section 1.6.2.

The reviewer should verify thet the licensee warrants thet no components become high risk contributors es s result of the
spphication, or that the licensee furnishes adequate explanations (net sefety benefit, etc.) for changes thet occur. i
initiators or sequences substantially increase in importance, the reviewer verifies thet the licensee warrants thet this is &
result of other contributors heving been elimineted.

Formally, it is aiso necessary to address this issue for eress in which PRA information is not evailable, and & qualitative,

success-path-based surrogate hes to be used. In such o case, the importence guidelines indicated sbove cannot be apphed.
Relience is then being placed on the defense in depth guidence.

nea




Synergistic effects on & given element cen be addressed by showing that the basic event model adequately reflects the
effects of programmetic activities and thet the calculated unavailability, propageted through the PRA, is consistent with
needed performance, with regard to igh-level risk indices, nisk balance, and defense in depth.

However, it is more straight-forward simply to avoid relexing muitiple programmatic requirements on & given component,
unless demonstrable pstification is provided that the nisk contribution from the component is negligibie for sll conditions
covered by the set of requirements. For example, if IST is relaxed on & given component, it would be preferable not to relax
QA as well, unless good srguments ere given for allowing this.

The reviewer should verify that the current application starts with @ model that has been sccepted as adequately reflecting
all previous apphications. The reviewer verifies that the cumuletive change over all applications to date is consistent with
the gross allowable change determined from the risk profile before any applications were initisted. This applies both to
high-level sk w:aices and to component importance measure changes.

The reviewer verifies that the Expert Panel has addressed the issue of synergistic effects elong lines indicated above and in
section 11.6.4.

For many nsk-informed spplicetions, icensees will utilize the review of & panel of experts to supplement the quantitative
analysis provided by the PRA. These experts will be used to address potential imitations of the PRA models and
conclusions. This includes cases where PRA models are incomplete, i.e., in cases where the scope of certain applications
include components that are not modeled in the PRA snd therefore the nsk significance of the component cannot be
qusntified. Expert Panels are also important in cases where the nature of the application does not allow for precise
quantification of the performance of SSCs before and after proposed changes or where the use of ngorous data anelyses
and/or relisbility engmneening models is not practical or possible. For each of these cases, the Expert Panel will be used to
wstify the relsxation or removal of current reguletions based on bounding anelyses to show both smell changes in risk and
small changes in expected performance.

As part of the qualitative risk-informed process, the reviewer should verify that the Expert Panei has addressed the
following questions for each SSC that has been proposed as a candidate for relaxation or removal of current requirements:

1 is the component a part of 2 system that acts as & barner to fission product release during severe accidents?
2) Can the system perform a support function to & sefety function or complernent & safety function?

3) Cen the SSC support operator actions credited in PRAs for either procedural or recovery actions either because
they ere an essential part of the recovery process, or because they provide important information?

4 Can the failure of the SSC result in the eventual occurrence of & PRA initiating event?

5) Can the failure of the SSC result in unintentional releases of radioactive material even in the absence of severe
sccident conditions?

6l Is the SSC currently included in the scope of current regulatory requirements?



If the answer to all the above questions is "No”, an SSC cen be qualitatively ranked as low nisk contributor and cen be e
candidate for reduced reguletion. If the answers to any of the above questions is “Yes", or if SSC performance is difficult
to quantify, the Expert Panel should have used a qualitative evsluation process to determine the impact of relaxing
requirements on equipment reliability | performance. This evaluetion should include an identification of those failure modes
for which the failure rate mey increase, end the failure modes for which detection could become more difficult. The
reviewer should then verify that the following justifications (or similer) were provided by the Expert Panel:

1 @ qualitstive discussion and historical evidence why these failure modes may be unlikely to occur;

2) @ qualitative engineering d.scussion on 'iow such failure modes could be detected in 8 timely fashion;

3 @ discussion on what other requirements may be useful to control such failure rate increeses; and
4) # qualitative engineering discussion on why relsxing the requirements mey have minimum impact on the tailure rate
ncrease.

Regulatory Guide DG-1081 provides genersl guidance for use by licensees in establishing an Expert Panel, including guidence
on the composition of the pane!, qualifications of panel members and procedures for conducting review activities. Additional
specific guidance regarding the work of Expert Panels is also provided in the individual topical regulatory guides end
Stendard Review Plan sections. In genersl, steff reviews of Expert Penel deliberations should confirm that:

1) the panel includes expenenced ir dividuals with demonstreted skills and knowledge in relevant engineenng
disciplines (depending on the issues under review), plant procedures and operations, system knowledge including
history, system response, and dependencies, cperator training and response, probabilistic risk assessment and
regulatory guidence;

2) the panel uses & sound and systematic process for establishing the scope and depth of their review, and the
process (including guidelines and critenia) 1s documented;

3 the evaluation process is capable of identifying important srees not modeled in the PRA, essumptions in the PRA
(e.g., success critena) that are not consistent with system design, operational practice, plant operating expenience
or the latest research;

4) the panel had the benefit of well organized and documented input from the PRA and deterministic evaluations, and

that all items in the evaluation were specificelly addressed and resolved by the panel;

5) the deliberstions snd conclusions of the panel are formally documented for statf review in & format comparable to
thet given in NUREG-1602 and the technical reasoning used to reach a conclusion should be defensible and should
be openly displeyed for review and scrutiny;

6) the rationale for the results is suditable;

7 the results are shown to be robust in terms of the possible range of conclusions that could be errived at from the
distribution of PRA snd deterministic inputs;

8) potential built-in biases have been addressed since the experts are generally obteined from in-house sources;

8 when aggregating expert udgements, the process would not mask or destroy information (individual udgements)
that might be important for regulatory decisions. All dissenting points of view shouid have been documented.




The staff should review the panel's contribution to the decision-making process. Emphasis should be placed on those
aspects of the issue that have not been trested in the PRA or carry significant uncertainty in their tregtment.

For some applicstions such as graded QA or IS| where the PRA covers only a small fraction of the affected SSCs, & working
group including both PRA experts and other personnel with extensive competence in the area under consideration mey be
needed to more fully present the safety case to the Expert Panel. The steff reviews of the working group will be similar to
the review of the Expert Panel, but more emphasis will be placed on the specific expertise and findings of the working group
members by the leed NRR technical branch.

A more detailed discussion of the review of the expert panel process is included in Appendiz B to this SRP.




V. EVALUATION FINDINGS

The results of @ reviewer's evaluation should reflect 8 consistent and scrutable integration of the probabilistic
considerations snd traditional deterministic considerations provided by the licensee or applicant and developed independently
by the reviewer. To make 8 finding of acceptability the reviewer will generally need to show that in light of & small or
non-existent increase in risk and 8 reduced level of conservatism, safety margins remain adequate. Findings of acceptability
must be supported with logical bases built from an evaluation of the considerations given in section lil. Ditferences between
the results of probabilistic and deterministic evaiuetions must ke reconciled to achieve acceptable results in both risk and
engineening conditions, prior to meking e finding of scceptability.

The reviewer verifies that sufficient informstion is provided in accordance with the requirements of this SRP and thet the
evalustion supports conclusions as specified in the sections below, to be included in the staff's safety evaluation report.
V.1 Geners!

The plant's current licensing basis and actual opersting condition and practices sre property reflected in the PRA
models.

Results from the risk analysis and from those deterministic eveluations yield conclusions that are consistent with
respect to safety importance;

When nisk insights are used to quantify conservatism in the original licensing basis anelysis, it was shown that the
onginal intent of the requirement is still being satisfied;

PRA results and conclusions ere shown to be robust in terms of the analysis inputs, assumptions end
uncertainties;

When lack of completeness or uncertainties in the PRA models affects the risk-informed decision making,
applicable deterministic information or compensetory actions were used to assure @ conservative outcome;

Net changes in risk do not exceed the criteria specified in Appendix B of Reg Guide DG-1081;

Where applicable, the process used to ustify relaxation in requirements was also used 10 identify areas where
tightened controls would improve safety.

V2 Charactenzation of Change
Cause-effect relationships have been identified to adequetely link the application with the PRA.

' The proposed risk models can effectively evaluate or reslistically bound the effects of the proposed change;

V3 Deterministic Evelugtions

Proposed changes were reviewed with regerd to the current licensing basis, and the changes do not unacceptably
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affect the ntent of the hicensing basis;

Information from engineering enalyses, operationsl expenence, plant-specific performance history have been
factored into the decision process.

Scope of Anslysis

The hicensee's PRA satistactorly sddresses all mode/initiator combinations, OR

The licensee's PRA does not analyze the following mode/initiator type combinations. [List combinations] In each
nstance, the icensee has.

1 setisfactorily identified significant plant challenges, and

2) ientified » complement of plant response strategies thet possesses sufficient redundancy and diversity
to prowide suitable assurance of successful plant response, and

3 shown thet either:
) the proposed changes do not affect this response cepability, or
b) the proposed chenges leave intact sufficient response capability, or
cl the proposed chenges do not unecceptably degrade this response capability.
and
4) ensured thet all elements of the plan: response capebility ere subject to programmatic ectivities to

assure suitable performence.

Level of Deteil

The PRA is detailed enough to account for all important system and operstor dependencies;

Risk insights are consistent with the level of detail modeled in the PRA.

Quaiity of the PRA

There 1s reasonsble essurence of PRA sdequacy as shown by the licensee peer review process and by & focussed
scope applicetion-specific review by the staff;

Resdts are robust in terms of uncertainties and sensitivities to the key modeling parameters;

Key performance elements for the epplicetion have been spproprietely clessified and performance is backed up by
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commitments.

paaiesis of Model Uincartain

An sppropriate consideration of uncertainties is provided in support of the proposed applicetion. The licensee
showed that the uncertanty in the risk chenge was small compared to the margin between the estimeted change
snd the silowable change. This argument was supported either by explicit propsgation or by & qualitative end/or
sensitivity analysis showing that no event contributing to the change in nsk is subject to significant uncertainty.

The implementation process is commensurate with the certanty associeted with the results of the deterministic
end probebilistic engineering evelustions.

A monitoring program which could adequetely track the performance of equipment covered by the proposed
licensing changes was established. It was demonstrated that the procedures end evaluation methods will provide
reasonsble assurence that performance degradetion will be detected and thet the correction action plan will
assure thet appropriste actions cen be taken before SSC functionality 15 compromised. It was aiso established
thet sufficient dete will be obtained as part of the program to provide e statistically significant data base, and
that date from other similar plents will be used if needed.

{ Decision Maki
Acceptable Numericel Risk Impact
The application is either nisk neutral or results in & decrease in plent nsk, OR

If an epphcation results n an increase in risk, the increase is within the criteria defined in Appendix B of Reg Guide
DG-1061.

Maintenance of Defense in Depth

The licensee has explicitly cheracterized the standing of the plant with respect to the criterie provided in section
11.6.2, and thet the proposed changes will not sffect this critens unless compensating messures are taken or
unless pstification is provided that the probebility of failure of the non-conforming cutsets can be ke 5t especially
low.

Manntenance of Risk Balance

As & result of the proposed chenges, imbalances in importance are not introduced into the nsk profile, or exiina
imbalances exacerbated, without either e net safety benefit or & conwincing argument that the changes are
scceptably small.



V.64  Cumuletive and Sypergistic Effects from all Applications

VES

The cumulative changes in risk and in nsk importance are consistent with the guidelines established in section
64

Synergistic effects have been satisfactorily sddressed at the component level either

1) by assuring that multiple synergistic relaxatio’ s are not applied to @ single component, or

2) by noting exceptions to this, and convincingly pustifying them case by case.

Synergistic effects have been satistactorily addressed et the cutset level by showing thet the modeling of

compensating events is adequate, including considerstion of relaxations thet mey heve applied to them in other
applications.

a0 of Determiniatic sod Praboblisic Consid

The process to integrate deterministic and probabilistic considerations is well-defined, systematic. and scrutable:
The Expert Panel members have the appropriste quelifications;

The Expert Panel was advised of ell the specific changes end relevant beckground informetion essocieted with the
licensing action and the penel deliberated and epproved each of the changes;

The rationale for the results are suditable;

The results are shown to be robust.



v IMPLEMENTATION

The following 1s intended to provide guidance to spplicents and licensees regarding the NRC staff's plans for using this SRP
section.

Except in those ceses in which the applicent or hicensee proposes & scceptable aiternative method for complying with
specified portions of the Commussion's regulations, the method described herein will be used by the steff in its evaluation of
conformance with Commission regulations.
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Appendix A Misceliensous Probabilistic Eveluation Issues

A1 Use of Plant Specific Date
. Arsa of Review:

In selecting appropriete failure rate dete to use in the nisk-informed appiications, the analyst is frequently faced with the
question of whether to use plant specific or genenc date, or some combination of the two. For newer plants with little
operating history, the only choice is use of genenc data, in which case the only decision is which generic date base to use.
For those cases where significent plant specific dete are available, usually it is most appropriete to combine plant specific
and generic dete with @ method thet gives appropriate weight to each. The Beyesian updsting method is usually employed
in these cases. Since several genenc dete bases are available, 8ad they do not alweys agree, & further issue is which of
these is most appropniete.

As the proposed apphication is phased in, revisiting feilure dete becomes more important. It siso becomes more important
for each licensee to review operating expenence (in particular, degradation mechanisms) experienced et other plants for
spplicability to the hcensee's plant. Performance monitoring at individusl plants cennot be expected to provide sufficient
expenence to statistically pstify failure rates significantly iess than genenc failure retes without reference to the operatiny
expenence of other plants.

Finally, in considering plant-specific failure data, it is important to be able to recognize poorly-performing individual
components, rather than sllowing poor performence of & single component to be averaged over all components of that type.
Relaxing requirements based on s failure rete derved by averaging over e lerge number of components including one poor
performer could lead to @ significant probability of expenencing en i service failure.

b. Description of the Methods Acceptable to the Statf for Addressing this lssue

For those cases where stetistically significant plent specific date are availuble, it is acceptable to use such date if they are
appropnistely combined with generic deta. The Bayesien updeting epproach is an acceptable method to use, provided thet
the prior distribution (genenic deta) represents the characteristics of the component end the evidence (e.g., statisticel deta)
1s compiled end used correctly. The Beyesien updeting approsch then gives appropriate weight to both generic and plant
specific deta. For those licensees who propose to use piant specific date only, the data used must either be consistent with
that employed in NUREG-1150 (or in the AEOD databeses for CCFs and initisting event frequencies), or any significant
devietions must be pstified. Significant in this context can be defined as no greater then & factor of 3 for the mean values
of the failure rate. For those licensees who propose to use only generic dete, or to combine plant specific deta with generic
dete, the generic dete base used should siso be consistent with that used in NUREG-1150.

When the PRA is updated penodically, components that have expenienced failures should be checked for evidence that they
are especially poor performers. An extreme exampie of such evidence would be multiple failures expenenced by e single
component in @ class whose other members have expenenced no failures cver the same interval. Components thet have
expenenced failures should be reviewed to see whether plant commitments would be considered adequate to support the
performance expected of them, based on 8 component-specific failure rate consistent with the number of failures
expenenced.

¢. Acceptance Guidelines

The scceptence guidelines for this issue are as follows:



The generic failure rate data used in the nisk-informed program should be consistent with that used in the AEOD
databases or in NUREG-1150 unless the licensee can provide & basis for using generic data which is different.

The plant specific date, if employed, should aiso be consistent with NUREG-1150 unless it can be clearly shown,
with statistically mesningful methods, that the plant specific date are more vahd.

The process must consider the possibility of poorly-performing individual components, and check for indications of
this by reviewing plant opersticnal experience data when the PRA is updeted.

d. Review Procadure

The review procedure consists of ihe following steps:

L A

The SSC failure rates are compared with the values given in NUREG-1150 to see if they are consistent (within 8
fector of 3).

If the failure rates are not consistent with the NUREG-1150 values, & review is made of the basis for the values
used 1o essure that the devietions from NUREG-1150 are justified. If the devietions are due to plant specific dets,
® review is undertaken of the statistical significance of the plant specific data, and possible reasons for the
differences. | the devistions sre due to generic data, they are not sccepted unless pstification is provided. This
wstification includes the dsta sources used ss input for the generic deta, as well as the stetistical models
employed to denve the failure rates.

The reviewer looks for evidence thet the Expert Panel specifically reviews components expenencing failures in the
plant, in order to assess whether individusl components are performing significantly more poorly than the sverage
performance of the populstion of which they sre members. For exsmple, the Expert Pane! should heve documented
application- specific components thet heve suffered from two or more failures and heve considered this history in
the panel deliberations.

«. Evaluation Findings:

The reviewer verifies thet information was provided to support the following conclusions:

A2

The failure rates used, especially those thet directly affect the proposed applicetion, appropriately consider both
plant specific and generic deta that are consistent with AEOD dets or with NUREG-1150, or the deviations are
pstified.

Credit for especially low failure retes (i.e., relative 10 genenc failure retes) is supported by an eppropriate
performance monitoring program, and by review of other plants’ operating experience.

The licensee systematically considered the possibility thet individusl components could be performing more poorly

then the sverage s-socisted with ther class, and avoided relaxation for those components to the pomnt where the
unaveilebility of the poor performers would be appreciably worse than thewr performance targets.

Truncetion Limits Used

Ares of Review



As a result of compute: model and time hmitations, the quantification process to evaluate COF or LERF would involve cutset
truncation either by use of & cutoff frequency or & meximum cutset order. Since the truncation process eliminates accident
sequences from further considerstion, care has 1o be taken to ensure that important sequences are not discarded and that
the final results sre not sensitive to the truncation limit chosen.

b Description of the Method(s) Acceptable to the Staff for Addressing This Issue

The selection of truncetion velues for the quantificetion of accident sequence frequencies is discussed in NUREG 1602
Acceptability of 8 truncation value used in the baseline PRA should be reviewed as pert of the "quality” of the PRA (in the
licensee peer review process). On an applicetion specific basis, licensees should siso demonstrate that the effects of the
apphicstion on components modeled in the PRA is not restricted by the truncation criterie chosen. This could include
sensitivity studies using different truncation levels (to selected parts of the model), or by the requentification of the base
model from the beginning (as opposed to use of & pre-solved mode!) when evalugting the risk for the proposed applications.

c. Acceptance Criteria

The general rule 1s that the truncation criteria has to be low enough so that there is evidence of convergence towards s
stable resuit,

For all applicetions the licensee hes to show either quantitatively by use of sensitivity studies or qualitatively by use of
engineerng arguments, that the truncetion mit chosen will not affect the calculetion of risk contribution from SSCs for
which & change in regulation is proposed i.e., the licensee should verify that the inputs supplied to the Expert Panel, and the
penel's conclusions are not edversely sffected by truncetion.

d. Reviews Prucedures

The reviewer should be assured (either by documentation provided in the licensee peer review or by & steff review) that
cutset truncation hes not introduced errors into the results or the logic of th- PRA. Steff review could also involve the
performance of (or the review of) sensitivity studies where the truncetion limit is lowered for the dominent sequences end
event initiators, snd e study of the resultant cutsets to see if there ere sny hidden dependencies or unususl/unexpected
event combinatior:s especially if these involve components effected by the proposed apphcation.

In PRA models where common cause failures and human dependencies sre incorporated et the sequence level after o
trunceted set of minimel cutsets hes been obtained, the reviewer should check that the truncetion criterie used in the PRA
do not lead to cutsets involving applicetion specrfic components being trunceted that could be important if common ceuse
failures, dependencies and uncertainties are considered.

Staff review could also include & comparison of e list of oll the events sffected by the applicetion thet is in the finel
trunceted CDF cutset equetions to the fist of basic events used in all fault tree snd event tree models. Tus will yield & hist
of events that did not meke it past the truncation process. Documentation should be available as to why each of the
trunceted events is not important to the CDF risk. [Altenately, the minime! cutsets can be re-generated with nevailabilities
set 10 & high velue (e.g., 0.5) for those elements effected by the spplication. This will ensure thet trunceriza effects on the
apphcation specific elements is small |

Finally, the reviewer should ensure thet the eveluetion of the change i risk from the applicstion was performed by the
requantificetion of the base model at the fault tree jevent tree level so that the potential effects of ongnally truncated
events could be accounted for should they become importent as s result of the spplication.

. Evaluation Findings



The staff review should conclude that the licensee has satistactorily esteblished thet the mputs supphed to the Expert
Panel, and the panel's conclusions are not adversely affected by truncation i.e.,

the truncation criteria is sutficiently low to obtain stable results, i.e., the magnitude of the COF or release
frequency will not chenge as a result of lower truncetion imits, and the grouping of SSCs into risk categories will
also not be affected.

the components affected by the application are, for the most part, not trunceted out of the model. In ceses where
they are, & qualitetive assessment (using perhaps & Expert Panel process| can demonstrate the reasons why they
are unimportant to the nsk.

A3 Determinetion of Success Critens
5. Arsa of Review:

Guidance in the PRA policy statement stipulates thet pest-estimate analysis should be used in PRA implementation. The
following discussion is aimed st sorting out whet is meant by "best-estimate” analysis of success cnteris by reference to
SAR anslysis.

in order to fulfill its intended purpose, SAR analysis is ordinarily based on @ set of assumptions conteining significent
embedded conservatisms. SAR anslysis also reflects o postulated single active failure in sddition to whatever event
initisted the sequence. When 8 SAR analysis shows e successful outcome, then, there is good reason 1o believe that apert
from beyond-single-failure scenanos, the system will meet or exceed performance requirements, st least for the mitieting
event considered.

Applying the SAR mission success criterion in @ PRA would cleerly be conservative, in the sense that the probability of
tilure to meet this stendard of performance would be significantly greater than probability of failure to meet & more
reslistic standard of performance, such as preventing severe core demage while taking credit for potential success of
beyond-single-failure configuretions of the system. However, re-analyzing event sequences with conventional SAR tools
would be too expensive 1o apply to the large number of scenarios thet are defined in the course of & PRA, and in fact the
rether specialized computer codes used in SAR analysis would, in many ceses, not work properly in beyond-single-failure
scenanos, which are beyond the intended domain of those codes’ applicability. Traditionally, then, development of mission
success analysis in PRA has renged from simulation of @ large number of scenarios using fast-running models that would not
be considered fully guality-assured but thet are et jeast not systematically conservative, down to simulstion of & few cases
and extrepolstion of results to other ceses by an Expert Penel, or perhaps extrapoletion from analysis performed on similer
plants.

For success criteria caiculations to be acceptable &s o basis for risk-informed sllocation of safety resources swey from
perticuler items, the types and quality of calculetions and computer codes used must meet standards es specified in (c}
below. In sddition, it hes to be recognized thet equipment configuretions deemed *success” may heve an apprecisble
probability of actually corresponding to funcuional failure, Le., the nominal minimally successful equipment configuration
might not, in fect, yield successtul performance 100% of the time. In the aree of risk-informed regulation, this possibility
taust be considered carefully.

in order 1o setisty the Commission guideline, then, the staff must find that the applicable PRA insights heve not been
distorted by @ systematic conservetive bias in mission success criterie, and thet mission success critena used to ustify
relexation of regulatory requirements have @ ngorous technicel basis, even if they are not based on the same computer



codes as those used in SAR analysis.

d

Description of the Methodis) Acceptable to the Staff for Addressing This Issue

In principle, the staff mey consider independent enalysis of each mission success criterion. However, this will be
warrented only in cases where the results are especially sensitive to the particulsr assumption, andjor the
modeling is perticularly controversial.

Steff reviewers should recognize that some mission success critera are testable, and in fact may even correspond
to configurations that anse in norma! plent operation. Some configurations are not normally encountered, and in
some cases, entering & "success” configuration would impose burdens of various kinds. Bieed and feed cooling is
an example of the lstter. Remoteness of a given configuration from normal experience cen be considered by the
staff i its assessment of the adequecy of the technical basis for e perticuler mission success critenon.

While the reviewer must slweys be alert to the possibility thet plant-specific festures may invalidete 8 comparison
of criterie from one plant to another, it is to be expected that some mission success criteria cen validly be
extrapoiated between similar plants. This is meaningful only when  firm basis for the criterion is created at the
first plant; it 1s not the intention of present guidance to sanction widespread scceptance of & mere assumption in
the name of "consistency.”

Acceptence Guidelines:

The models, codes, and input must meet QA standerds that are consistent with general sccepted methods, and
the models, codes and input should have been reviewed by the independent pecr review group es well as the
Expert Panel as appropriste for specific applicetions. The QA standerd should include configuration control of the
enslysis input and results. The standard does not heve to be the same es the standard applicable to SAR snalysis,
but it must be exphcit (i.e., engineening calculetions and codes must be verfied and quality assured) and it should
be formalized by the licensee as part of the licensee QA program.

The analysis must demonstrate thet the configuration is successful with sufficient margin thet the probability of
“failure” in the nominally successful configuration is negligible compared to the probability of failing to schieve &
successful configuretion

The enslysis must quantify the probability of “failure”™ in the nominally successful configuration. Either the
hicensee must meke this representetion on the record, or the staff reviewer must establish it independently.

Review Procedurss:

As part of the review of the genersl "quality”™ of the PRA, the reviewer should verify et a minimum that the licensee hes
indiceted all success criteris mvoked in the anelysis, snd the bass for each. Note that every success path on every event
tree 1s based on & mission success criterion, and that in principle, # lerge number of these mey be distinct. For e given
success path, if the basis for the mission success criterion is anslyticel, then code version and input dete should be
specified, or st least maintaned on file for possible inspection. In the cese of 8 PRA formuletion thet generates many
distinct success critena, the licensee should represent thet # compiete set hes been specified.



If the analytical basis mekes essential use of computer codes thet heve not received substantial review, then closer
examination of the mission success criterie may be appropriste. If @ closely similar plant hes used similer criterie, with
substantial pustificetion, these criterie may be used as e reference pont. If the results are sensitive to the criterion, and
their basis is lacking, then the reviewer must either ask for additional ustification or seek independent analysis.

On en application specific basis, the emphasis of the review should be on whether the definition of the system success
criteris will be sffected by the application specific elements or the elsments required in the seme minimal cutset as the
application specific element. The licensee end reviewer must assure thet the success critena is not optimistic so as to
underestimate the number of components required (i.e., overestimate the suzc of the minimal cutset).

The reviewer should verify that essential mission success criterie thet ere submitted by the licensee to ustify relaxations
are understood by the licensee to be part of the licensing basis thereafter.

. Evalustion Findings:
The staff safety evalustion report should contain findings equivelent to the following:

& technical basis has been established for each mission success criterion used in the enalysis. Analytical elements of the
technical basis heve been configuration-controlled and quality-sssured. Expenmental (operational) demonstrations of the
success of particular system slignments are citr 1. Where comparison with anslogous critenis from other plants is possible,
this companson has been presented.

The probability that “successful” configurations actuelly correspond to functional failure is either explicitly quentified,
srgued conwincingly to be negligible compared to the probebifity of being in & nominally unsuccessful configuration, or shown
10 be irrelevent to the application.

A4  Mogeling of Common Cause Failures
. Arsa of Review

Common cause failures (component hardware failure dependencies) cover the failures of usually identical components that
sre usually ceused by design, manufactunng, instellation, calibretion or operstional deficiencies. Becsuse they can feil more
then one component st the same time, CCFs cen dominate plant rsk.

Risk-informed spplicetions thet cover SSCs as a group have the potential of being affected by the CCF probabilities. For the
sffected components, CCF probebilities could be low or might not even be included in the baseline PRA models besed on the
historica! and engineering evidence driven by current requirements. With proposed changes there must be assurance that
the CCF contribution will not become more significant.

b wdmm)mmunmmﬂwmnhmu

The licensee should document thet potentially significent CCFs have been covered in the PRA and that the effects of the
proposed changes have been incorporated into the CCF modeling. This documentstion should include 8 discussion of the
process used for the selection of common ceuse component groups.

Acceptable methods for the denvation of CCF probebilities are presented in NUREG-1602 which recommends the methods
and dutabase from the AEQD report “Common Cause Failure Dats Collection and Anelysis System”. For cases where the



database needs to be expanded to include numbers of components beyond thet addressed in the AEOD report {generally six
components), it should be essumed thet the conditional probability of each subsequent component is the same value as was
in the sixth component i the AEOD database. Using lower generic common cause values thar those shown in the AEOD
report or elimineting 8 common ceuse trested in the AEOD report are discouraged and are generally deemed inappropniste.
However, specific cases will be considered if ample ustification is provided by the licensee.

On an spphcation specific basis, licensees should model CCF of groups of similar components that are being affected by the
apphication if there is 8 bes:s for the potential likelihood of CCFs based on operational considerations snd historical date.
Licensees should have identified such groupe, and established thet performance monitoring is capeble of detecting CCF
before multiple failures are allowed to occur subsequent to an actual system challenge.

& Accoptance Criteria

CCF medehing of failures potentially addressed by the application must be performed. This includes the modeiing of CCF
groups of similar SSCs thet ere mutuelly redundant and ell being relaxed.

To reduce fault exposure times for potential common cause failures (especially in cases where risk impact is relatively large
compared to the ellowed risk incresse), phased or incremental implementation should be considered as part of the effort to
protect against CCF.

d Review Procedures

The reviewer should check to confirm that potential CCFs which involve components affected by the application have been
considered in the PRA. it is particulerly critical that the selection of common component groups was performed correctly to
ensure that important common cause failure groups were not omitted.

The reviewer should verify that industry and especially plant specific expenience which involve the failure of two or more
components (especially for the applicetion specific components) from the same cause was anslyzed and incorporated into
the model where appropriate. In this case, “failures” should include multiple corrective maintenance actions for the same
ceuse on multiple components.

The reviewer should determine that the methodology used to calculste the CCF probabilities is consistent with thet given in

the AEOD report (reference 10). Consistency of common ceuse failure probabilities with pest experience and with the AEDD
dete should aiso be checked.

For all applications, reviewers should check that licensees have appropnistely modeled CCF of groups of equipment that
were proposed for the change, and have established thet performance monitoring is cepable of detecting CCF before
multiple failures are allowed to occur subsequent to an actual system challenge.

. Evaluation Findings

Evaluetion findings should include statements of the followir effect:

Common cause feilure hes been suitably addressed and that the licensee has systematically identified ell component groups
shaning ettributes thet correlate with CCF potentiel and that affect the application.

The licensee's performence monitoring progrem addresses s phased implementation approach to reduce the potential for
common cause failures.



AS Modeling of Human Reliability

5 Ares of Review

The results of 8 PRA, and therefore the decisions that are informed by it, can be very strongly influenced by modeling of
humen relisbility. Plant safety deoends significantly on humen performance, so it is essential that PRAs treat it carefully.
However, the modeling of humen performance is o reletively difficult aree; sgnificent vanations i approach continue to be
encountered, and these can significantly influence the results. In addition to the vanebility issue, there are policy questions
related to what kind of human actions can appropriately be credited in the context of a particular reguletory finding. As an
exsmple, suppose thet PRA results appear to support relexation of requirements for 8 component based on the ergument
thet even if the component feils, its failure can be recovered with high probability by operetor actions outside the control
room. The issues of concem here are whether the modeling of the operator action and the evaluation of the failure
probsbiity is appropriate, and whether this kind of credit is the sort of compensating measure thet is intended by staff
puidance to support ustification of a relaxation.

b. Description of the Mathod(s) Acceptable to the Staff for Addressing This Issue

NUREG- 1802 describes acceptable methods for quantifying human performance. For purposes of many nisk-informed
applicetions, the issues are narrower in thet they ere related not to the methods of quantificetion but rether 1) the
eliocstion of performance credit between plant operstors and plant equipment. Licensees should indicate ali human sctions
thet compensate for events sffected by the proposed application, and show thet inappropriate credit has not been taken for
these events.

e Acceptance Guidelines:

For purposes of evelusting e plant's defense in depth sttributes, recovery of failed equipment should not count as e barner.
Human ections to sctuste equipment s part of the normal, proceduralized sccident response may be counted as if the
human sction were sn sctive component function (e.g., manusl switchover to ECCS recirculation following @ LOCA in
PWR). Recovery of selected functions mey be counted elong lines spelied out in NUREG-1802, which promulgetes
acceptable probability values for selected events. Licensees that take this kind of credit must exphcitly commit
programmatic resources to it (training, etc.).

Justification of relexations in current regulstions should not be based on credit for post-gccident recovery o' failed
components (repsir or 8d hoc manusl actions, such as menually forcing stuck valves to open). Credit may be teken for
procedurslized implementation of slternative success stretegies to work sround & failed component.

For esch human sction thet compensates for a basic event probability increasing es s result of relaxation in 8 'egulation,
there should be an expiicit licensee commitment to ensure performance of the function et the level credited in the
quentification. Excessively low humen failure probabilities (less than 0.001) cennot be sccepted uniess an appropriate
commitment can be shown in the plant’s training programs, personnel practices, staff policies, and steff performance.

d Review Procedures

The comprehensive review of humen relisbility modeling should be trested es part of the peer review of the beseline PRA.
Statf review should focus on 8 review of the peer review documentstion. In addition, the review should elso consider



spplication specific events, specifically, the quantificetion of compenssting human actions. The reviewer should confirm
that credit for compensating humen actions is imited to proceduralized actions taken to actuate systems; repair of failed
equipment should not to be considered. The intent of this review element is to ensure that licensees do not relax regulations
on the basis of arguably speculative and relatively uncertain quantificetion of recovery probabilities.

. Evaluation Findings:
The steff safety evaiuation report shall include langusge that is equivelent in effect to the following.
The modeling of human performance is sppropnate.

A systemstic approach is teken for the identification of errors of omissian; the probability values used for these errors
reflect plant procedures, plant instrumentation, and plent staffing practices. Quentification of these error probabilities is
based on up-to-date approsches to quantification.

An attempt has been made to identify credible and nsk-significant errors of commission potentially resulting from the
application, and 1o quantify their probabilities.

Appropriste credit is taken for the ability of the human to help the plant respond. Procedurslized actions to ensure
sctuation of appropriate systems ere addressed, and failure to perform these actions is sddressed if it is significant.
Proceduralized actions to control systems are addressed, and failure of proper control is addressed if it is significant.

Post-accident recovery of failed components is modeled in & defensible way. Recovery probabilities are not quantified in e
clesrly non-conservetive way. The formuletion of the model shows decision-makers the degree to which the apparently low
nsk significance of certain items is based on credit for recovery of failed components (restoration of component function, es
opposed to ectuation of 8 compensating system).

The licensee recognizes the importance of, and is committed to ensunng, human performence in those situations in which
the PRA has shown it to be particularly significant.

AS  Reguwements for s Living PRA
&. Ares of Roview

This issue encompasses the need for mantaining and updating the PRA used for the nsk-informed program, as well as
requirements to essure that the maintenance and updeting is comprehensive, appropriate, and timely. Changes in
programmetic activities need to be reflected in the PRA so thet future decisions regarding modifications to programmatic
sctivities are not based on obsolete information.

In addition to this concern, PRA technology continues to be an evolving field, and methodology improvements ere likely 1o
occur in the future. Further, as the current populetion of nucleer plants continue to mature, more comprehensive dete on
component failure rates, human error considerstions, initisting events and dependencies will sccrue. It is important thet
this information be penodically reviewed and incorporated, as appropnete, into individual icensees’ PRAs 1o assure that
nsk-informed decisions continue to be supported. As the PRAs ere improved by the inclusion of this information, they should
be periodically used to recompute the metrics used in the nsk-informed decisions to assure that the conclusions remain valid.

b Description of the Methods Arceptable to the Staff for Addressing this lssus




The licensee is required to reflect plant modifications in an updeted PRA on e reguler besis. In eddition, the licensee should
commit to e program which assures that appropriate information developed from PRA activities in the rest of the industry
sre incorporsted into the PRA on @ timely basis. The sources for such information include reseerch activities sponsored by
EPRI, INPO, NEI, NRC, DOE, and IAEA, 8s well s information from the licensees own plant as operating experience is
gamed. Further, updating which is done by other licensees to their PRAs should be monitored to identify appropniate
chenges to the PRA. Foreign research activities should also be monitored and included in the updating, as appropnate. The
updeting should be done every refueling outage, or every two years, whichever is more frequent, unless it can be shown
thet no new relevant or significant PRA informetion has been developed during the time interval. The licensee should also
commit to e program of verifying the PRA after each updating process. This verification is performed to assure that the
input for the updating has been correctly programmed into the PRA, and thet the PRA logic remains sound. If the updating
sffects in any way the models used for nisk-informed applications or supporting deta, then the PRA must be used to confirm
that the low nisk significant components remain low, and that the nsk change resulting from the applications is not

significently ditferent than that from the original snalysis.

¢. Acceptance Guidelines:
The acceptance guidelines for PRA updating requirements is as follows:

The licensees risk-informed program must include provisions for updating the PRA every refueling outage, or every
two years, whichever is more frequent, unless it cen be shown that no new relevant PRA information has been

developed during the time interval.

The updeting process must include verification of the PRA sfter updating information has been programmed into
the PRA.

If the updsting information has @ substantial influence on the models or dete, then the PRA must be used to
re-establish the risk change for the effected nsk-informed programs.

d. Roview Procedures:
The review procedures mvolve the following steps:
The licensee’s risk-informed program proposal is reviewed to assure thet provisions exist for updating the PRA.

The sources of information thet are to be used to update the PRA are reviewed 10 essure that all relevant sources
sre included, see (b) above.

The PRA updating program is reviewed to assure that PRA vehdation procedures following each major updeting
ere included.

The program is reviewed to determine the proposed frequency of the updating activity. This frequency should
conform with the provisions in (b) sbove, or ustification prowided for s different schedule.

If the informetion used for the updating is expected to have an infiuence on the estimated nsk change for the
risk-informed progrem, then 8 recaiculation of the nsk change must be included to essure thet the nisk-informed

program still meets the originel criteris.



¢. Evalustion Findings:
The reviewer verifi2s that the information provided and review activities support the following conclusions:

The PRA used for the licensees proposed risk-informed prog-am includes e provision for penodically updating the PRA at &
suitable frequency.

The updating procedure includes screening of sll relevant sources for providing informetion apprapriate for updating the
PRA.

The updating procedure includes provisions for validating the PRA after each updating.

The procedure includes e provision for recalculsting the change in risk for all the proposed and previously implemented
nsk-informed programs if the updeting information affects the modeling of the components affected by the spplication.



Apr” B Expert Panel issues

B.1  Use of an Expert Panel
a Arse of Review:

in general, it is 8 requirement in RIR applicetions that & responsible panel of experts oversee each PRA apphcation. This s
true for many reesons. It is desirable to vest the responsibility for such important findings in & recognized and
organizationally stable entity. Applying the PRA and integrating PRA results with other analyses to formulete defensible
conclusions requires an inter-disciphinary perspective that can be provided by an Expert Panel. Also, the performance of the
PRA will not in general have anticipated any given focussed application, so there is & need for an inter-disciplinary check of
whether, in & specific application, the PRA analysis is being utilized beyond its domain of applicability. There is also the need
10 sddress the imperfections and shortcomings that ere inevitable in any medel of a facility as complex as an NPP. Finally,
there may be 8 need to extrapolate PRA insights to aress thet heve not been explicitly analyzed using PRA. These reasons
are in addition to the anslytical role played by the Expert Panel, which in most cases will be the decision-making body that
actuslly applies PRA and deterministic results to ustify the acceptability of proposed applications.

However, slthough the Expert Panels can be held accountable for 8 great desl, there is & limit to how far they can
legitimately go without & suitable PRA foundation. The present guestion is what kind of shortcomings can be accepted in
the PRA for nsk-informed epplicetions, and how severe cean they be, without placing excessive demands on the Expert Panel
process.

b. Description of the Method(s) Acceptable to the Staff for Addressing This lssue

Generally, it must be shown that the information base supplied to the Expert Panel is capeble of supporting the findings thet
must be made in the context of the specific nsk-informed application.

3 Before the Expert Panel takes up an application, there must be sn inventory of plant response capability for esch
operating mode and each initisting event category (internal, external, flood, fire, seismic, etc.). Given s
fully-scoped level 2 PRA, this requirement could be satisfied by an inventory of event tree success paths, with an
indication of the mission success criteria, systems, and SSCs invoived in each path. Lacking @ fully-scoped level 2
PRA, surrogete information must be developed for unanalyzed eress, along the lines described under the issue
*Scope of the PRA". It is expected that licensees aiready have compiletions of much of this information,
essentially 1o support other (licensing) program erees. For example, the current licensing besis should contain
much of this, although perhaps formulated on the basis of conservetive mission success critere.

This requirement is necessary in order to show what safety function is performed by SSCs affected by the
spphcation.

2. Causal models (determination of ceuse-effect relationships! must be developed to support quantification of besic
event probability s @ function of the application and other programmatic activities.

This is necessary in order to relate the application 1o actuel nisk indices, and to calculate importance measures.
3. At lesst the leve! 1 portion of the internal events PRA must be formuleted in such @ way as to support

quantification of importance measures ( COF and LERF), and must provide qualitative (minimal cutset) iniormation
adequete to support defense in depth findings.



While i is possible to accept program reductions for components that ere explicitly shown to play no role in unanalyzed
operational modes, it 1s much more difficult to accept reductions for components that do play a role in unanalyzed (e.g.,
shutdown) modes. For such instances, conservative methods will be considered prudent.

€. Accegtance Guidslines:

The conditions as specified in (b) above should be met for all applications. In order for an application to proceed, the scope
of it must match the information base along knes wdicated in (b). That is, shutdown information must exist in order to
support findings about SSCs pleying e role st shutdown, etc. Note thet if no information is provided about shutdown, then
it will be difficult to ustity changes in policy, because in » formal sense, there are no grounds for concluding that e
component is not needed at shutdown.

d Review Procedures:

Documentation of inputs to the Expert Panel is required as part of the process. The Expert Panel affirms the sdequacy of
this informetion base. The reviewer should, however, venify the scope and depth of the information base, especially the
character of information supplied regarding modes end/or classes of initistors unanalyzed in the PRA.

. Evalustion Findings:

The following language, or language substantially equivalent to this, should appear in the SER, or eise exceptions should be
noted and explained.

The Expert Panel was provided with e technical information basis that wes adequate for the scope of the application that
was actually performed. In particuler, the analysis of success and failure scenarios was adequate to identify the roles
pleyed by the SSCs affected by the application, the quantification of the frequency of these scensrios was adequate to
establish the safety significance of the SSCs, and the causal modeis were adequete to establish the effects of the proposed
changes in the program.

B2  Expert Panel Process

8 Area of Review:

The role of the Expert Panel in RIR is criticel. However, it is not practicel to externally validete all Expert Panel deliberations,
because of the nature of the integrating role played by the Expert Panel, and the volume and diversity of the information
that is involved in its deliberations.

Assurance of the anpropnateness of Expert Panel decisions must therefore be derived through means other than rephcation
of its work. One such means is consideration of the character of its process, including its documentation of its deliberations
and findings.

b Description of the Method(s) Acceptabie to the Staff for Addressing This lssue

The members of the Expert Panel should include personnel with considerable expenience in engineering, risk analysis, plant
operations, mentenance, sefety analysis, and persorinel familier with the particular eppiication (e.g., IST engineer, &
maintenance engineer, & QA specislist, etc.). Each member should heve &8 minimum of 5 years’ experience et the plant being
considered in the risk-based program, or et & similar plant. Each member should heve recognized competence in his or her
eres of expertise.



Because of the significance of the Expert Panel’s deliberations, and the level of trust that is placed in the Expert Panel, it is
required that the panel proceed in s relatively formal way, and document its ectivities in 8 relatively formal fashion. The
steff may not routinely sudit all of the Expert Panel’s findings or recommendations, but the documentation must exist to
support such e review, and must be maintained until such time as the recommendations are mvalidated by later changes to
the plant or to the anslysis. That is, since Expert Penel findings may effectively enter the licensing basis, they must be
maintained until invehdated.

It is expected that s pert of the Expert Panel conclusions will be the use of compensatory measures s @ part of the
proposed application. For these cases, it is importani that the Fxpert Pane! clearly document why the compensatory
measures are en appropniate substitute for 8 proposed relaxation in current regulations, and that the compensatory measure
becomes pert of & plant commitment.

In performing the evalustions and determinations for & nsk-informed epphication, the Expert Panel should consider
information from the risk analysis, deterministic insights, quantitative sensitivity studies, operational expenence, engineering
udgment, and current regulatory requirements. However, finel determinetions will have to be consistent with criteria as
provided in section IL.6.

c. Acceptance Guidelines:

Most risk-informed applications must include the use of an Expert Panel to integrate probabilistic end deterministic analyses.
This penel must include members with recognized expertise and expenence 8s indicated in (b) sbove. The panel would
review every SSC that is proposed for program relaxation, ndependent of the initial sk significance determmetion. The
panel should provide comprehensive documentation of their deliberations end decisions, and this documentation should be
srchived for future retrieval and review.

While replication of the Expert Panel’s work will not normally be performed, the stenderd required of documentation is thet
it be capable of supporting such & replication in detail. The stification for this ngh stendard is the great significence of
the work of the Expert Penel, and the fact thet many of its decisions may sffe * the licensing basis.

d Review Procedures:

Technicel issues are discussed under ather sub sections. ! substantial technical problems emerge as & result of review of
other sress, then this reflects on the process, and should be considered in the review of the process. However, the focus of

the present section is the process itself.

Becsuse the focus of this item is on process, the only way the staff has to review this eree (short of being present for
Expert Panel meetings) is Expert Panel documentation. Accordingly, the reviewer must examine documentation of:

Expert Panel organization snd membership;
information base made availsble to panel (e.g., PRA, system notebocks, PRA importance rankings, etc.); and

Records of deliberstions fissues reised, decisions made, findings/ recommendations, requests for analysis,
determinations of risk contributions from SSCs, basis for decisions/findingsirecommendetions).

. Evaluation Findings:

The following language, or languege substantially equivalent to this, should appesr n the SER, or else exceptions should be




noted end explemed.
An Expert Pane! was formed and utilized in the development of the risk-informed program.

The Expert Panel membership met the requirements for competence in & pertinent disciphine, expenience, and
treining.

The Expert Panel process is appropriate. The process ensured that information required was collected, that
suitable issues were raised, thet the process of disposition of those issues was systemetic and defensible, and
thet the documentation of the deliberations is traceable and reviewable in pnnciple, so that the basis for findings
and recommendations is available for scrutiny and review. Compensatory measures nvoked by the Expert Panel 1o
pstify relaxation of requirements are captured as commitments.

The Expert Panel's final evaluation of nsk significance represents appropriate consideration of probabilistic
information, deterministic evaluations, sensitivity studies, operational expenience, engineering pdgment, and
current regulatory requirements.

B3

s Ares of Review:

Separate sections of this SRP have sddressed SSCs not modeled in PRA, scope limitations, and use of system importence to
overcome single-event importance. This section focusses primarily on modeiing inadequacy in these portions of the PRA
thet actually exist.

Pert of the Expert Pane!'s job is to overcome certain imitetions of the PRA; however, this does not include substituting the
panel's judgment for essential PRA results. One of the reasons for developing PRA models in the first place is that the
complexity of many facilities makes judgment unrelisble in many contexts.

Generally, if PRA highlights & vulnerability in some erea, this should be taken seriously. The result should not be discounted
on the basis of pdgment; if the Expert Panel can show that the PRA representation of a vulnerability is invelid, then the PRA
should be modified, subject to the procedures governing substantiel PRA modifications, and the panel should work with the
results of the revised PRA.

However, it is expected that important issues mey go unrecognized in streight-forward PRA enalysis and in the snalysis of
component risk importance. There are several reasons for this. One reason is that conventional importance analysis is not 8
totally relisble indicator of msignificance: items thet appear insignifica 1t in importance analysis are not necessarily
insignificant, even if the model is not defective. Another reason is the possibility of modeiing choices that neglect or
obscure an important issue. This is not necessarily 8 PRA shortcoming. It may erise in an application because the PRA wes
not performed with the application in mind; in such & cese, its baseiine quentification mey be essentially accurate, but the
model might not have sllowed for analysis of sensitivities to chenges in that application. It is the job of the Expert Penel to
wentify such issues.

For applications st plents whose PRAs do not address all modes or all classes of initieting events, the Expert Panel hes an
extremely important job. For example, in & plant whose PRA only addresses full power, the Expert Penel must meke findings
about SSCs thet potentially sffect shutdown as well. This must be done by the Expert Panel using the non-PRA informetion
about shutdown thet is itemized in other sections of this SRP, based on the role thet those components piey in plent
response 8t shutdown and st full power.



b Descrirtion of the Methodis) Acceptable to the Staff for Addressing This lssue

To sddress the issue of credit for unmodeled systems thet would change & PRA result, the scceptable method is to elter the
PRA to take the credit. This modification should be treeted under the protocols that jovern modifications to the PRA (as
defined in NUREG-1602). Judgment-besed credit is not a surrogste for PRA analysis. There mey be cases in which the
problem is simple and transparent and the conclusion can resdily be drawn; in such ceses, the PRA will be easy to modify.
There are potentially cases in which credit for an unmodeled system would be senously complicated by issues of shared
support systems, environmental conditions, o other factors thet the discipline of the PRA process is intended to discover.
These instences are the reason for insisting on e formel treatment.

To sddress the issue of meking decisions about SSCs thet might influence plant response in unmodeled modes or to
unmodeled initiators, the scceptable approach is 10 proceed on the basis of 8 structured representation of plant response
thet shows 81 least qualitetively what initisting events pertain, whet systems sre availsble to respond to esch, functional
dependencies of these systems et the train level, and in perticuler, whet backups ere gvailable in the event of feilure of any
particular component.

Since these decisions effectively enter the hicensing basis, they should be made with the formality described under Expert
Panel process, and documented sccordingly.

To sddress instances in which 8 PRA model exists but is considered misieading, caution is indicated. The sbove guidence
suggests that it is dasicelly unacceptable to place on the record both & PRA and @ finding that clearly contredicts it. On the
other hand, the Expert Panel is not required to take the PRA as absolute truth. The test should be whether the record
establishes o clear bass for & finding. A technicel argument thet begins with the misiesding PRA result and furnishes
supplementary informetion sufficient to wstify e relatively minor change to 8 PRA result, or 8 qualified interpretation of @
PRA result, is satisfectory. A cursory technical srgument jesding 10 @ conclusion thet qualitetively contredicts & mejor PRA
result is an unsetisfactary record.

e Acceptance Guidelines:

The Expert Panel should not enter pdgments besed on c.sdit for features not modeled in the PRA. In perticuler, if &
vulnerability seems overstated in the PRA s e result of feilure to take credit for 8 system or an cperator recovery sction,
then the PRA should be modified. The Expert Panel should not discount the “narability on the basis of its pdgment.

However, the Expert Panel is expected 1o dentify possible concerns that are not manifes. 1 PRA results.

Down-classifying SSCs (i.e., stating that & high risk contributor is actuslly 8 low contributor) from » PRA result, based on
Expert Pane! judgment, should receive very close scrutiny. 1t would ordinarily be preferable to modity the PRA, subject to
the eppropnate protocols, and then re-perform the classification exercise. This guidence is besed on the perception that the
record of such & decision simost inevitably has the appearance of unrehability: the penel is contradicting the results of an
integrated plant model on the record.

Other issues should be pdged by how far from the established models the Expert Panel is required to go. The farther the
panel must trevel on its own udgment, the longer snd more complex the record of decision will need to be. The overall goel
of the process should be 1o iteratively improve upon the models, not regulerly transcend them in mejor weys. A long,
comphiceted record of decision is en indicetion thet the PRA should have been modified.

d Review Procedures:



The reviewer should check to see whether the application involves SSCs that have been shown to be potentially high risk
contributors by the PRA, and if so, should scrutinize the basis used by the Expert Panel for this action.

If the Expert Panel takes exception to & PRA finding, this should be & matter of record. The reviewer should examine
records of Expert Panel deliberstions to identify instances in which the panel noted a limitation and overcame it. The
reviewer should be aware that while PRA indications of importance generally need to be taken seriously, typical PRA
results of unimportaice, taken st face value are not as reliable, not necessarily because of model shortcomings, but because
PRA models are not usually applied in such e wey es to support velid conclusions regarding unimportance (see the discussion
of sensitivity studies and other considerstions required as part of the risk importance determination process in Appendix C).
Therefore, if the Expert Panel finds that something is more important than the PRA importance measures seemed to
indicate, this should not in itself be grounds either for doubting the panel or for doubting the PRA.

The reviewer should check for instances in which the Expert Pane! took exception to e PRA result end wes obliged to
develop an extended argument to stify it. The need to go to en extended srgument is & suggestion that the PRA should
have bren modified.

. Evalustion Findings:

The following language, or languege substantislly equivalent to this, should appear in the SER, or else exceptions should be
neted and explained.

The process apphied by the Expert Panel to overcome mevitable limitstions of PRA wes appropriete. Where the panel felt
obliged to make decisions thet would not follow straight-forwardly from the PRA, the panel provided e technicel basis for
the decision thet shows how the PRA informetion and the suppiementary information validly combine to support the panel's
finding. No panel finding contradicts the PRA in & fundamental way. Where the PRA can and should be modified in future
to do & better job, the panel has indicated this on the record.

B4 Use of Expert Panel for Trestment of SSCs not Modeled in the PRA
. Arga of Review:

11 15 not possible for PRAs to explicitly model all 3SCs involved in performance of safety functions. Modeling sll SSCs
would require displey of many items that ere logically necessary for system function, but whose failure is not believed 10
dominate system failure, and whose failure in any case is not believed to hink failures of different systems. If an unmodeled
SSC i1s beheved to link failures of different systems, then it arguably should have been modeled, unless there are strong
grounds for believing thet the failure is extremely unlikely.

These omissions are not to be considered shortcomings of PRA. The point is that PRA is usually done with & view towards
quantifying the status quo, and modeling priorities and modeling shortcuts ere established accordingly. In RIR, however, the
PRA 15 used for allocetion of programmatic resources over SSCs, including SSCs thet are modeled explicitly, SSCs that are
imphcitly reflected in modeled elemenis, SSCs that were effectively screened out in the modeling but need consideretion in
RIR, and perhaps SSCs that were simply neglected. in some cases, SSCs are omitted based on snalysts taking credit for
programmatic ectivities that ensure & low failure frequency for thet item or & short fault exposure time in the event thet it
does fail. In such cases, when PRA importence measures will not reflect the SSC at all, it would be inappropnste to
conclude that the programmatic activity is unimportant, on grounds that the target SSC is not important according to the
ususl measures.

It is one of the jobs of the Expert Panel to extrapolate from the PRA to draw conclusions about SSCs not modeled in the



PRA. This does not mean that the experts are to impute to the PRA high-level results thet were not generated in the
analysis; it does mean that if 8 success path is modeled in the PRA, the experts are justified in reasoning that unmodeled
SSCs in thet pat imphicitly invoked. If items were screened from the PRA, the experts need 1o be aware of the
screening proces.. .\ order 1o avoid violating the basis for the screening.

b. Description of the Method(s) Acceptable to the Staff for Addressing This lssue

$SCs involved in nitiating events: In Maintenance Rule implementation, the licensee will identify SSCs that could cause &
reactor trip or an actustion of a safety releted system. The Expert Pane! should evaluste this list in terms of SSCs that
might be effected by the proposed apphcation.

Screened-out events: The only way to address this issue is for the Expert Penel to understand the besis on which screening
(if any) was performed, end ascertain whether the credit teken in screening is implicitly conditional upon the proposed
application.

Unmodeled components in modeled trains: The Expert Panel looks at detailed drawings of systems that are credited,
searching for unmodeled components in these systems. Having identified these, the panel decides whether the components
pley @ role in the safety case, and if so, what level of programmatic resources is appropriate.

Unmodeled SSCs isolating credited systems from other systems: The Expert Pane! looks et detailed drewings of systems
thet are credited in the PRA, searching for interfaces with other systems. Heving identified these interfaces, the panel
assesses their safety significance and decides what level of programmatic resources is appropriate.

Sequence termination time: The Expert Panel looks not only et drawings but elso et procedures 1o see what equipment are
invoked thet were not modeled. If these can fail in weys thet might prolong the transition to e completely stable shutdown
condition, then some considerstion mey need to be given to allocating performance to these items. The scenarios of interest
here are beyond-single-failure but well short of vessel feilure. The concern is whether deley in stabilizing the situstion can
create & window of vulnerability, during which another failure could occur or control of primary conditions could somehow
be lost.

€. Acceptance Guidelines:
The Expert Panel is required to sffirm that it nas:

reviewed the PRA assumption base for instances in which initigtors were screened out on the basis of credit for
8SCs effected by the applicetion;

reviewed plant opersting history for initisting events whose occurrence might have been prevented by the
proposed application;

reviewed plant opersting history for failures of mitigeting system trains as e result of events that might have been
prevented by the proposed apphcation;

reviewed detailed drawings for the sffected SSCs thet were not modeled because they do net normally change
stete, or components thet perform & normally passive function such es isolation of mitigating systems from other
systems;

reviewed sccident sequence modeling for mnstences in which early termingtion of the anslysis obscured challenges
10 sffected SSCs thet would normally come into play later then the termination point.




Possible dispositions of the above include the following:

the item will not affect initiating event frequency or mitigating system performance under reasonably foreseeable
circumstances, and the proposed change is warranted;

the item, aithough unmodeled, siready receives and will continue to receive progremmatic sttention commensurate
with its significance;

the item does not currently receive sufficient programmatic attention, and in future will be subject to tighter
controls.

In sddition, consideration should be given to modeling items thet appear significant in 8 future updste of the PRA.
d Review Procedures:

Only in exceptionsl circumstances, or when & decision has been teken to perform en audit, will @ reviewer undertake to
replicate the search for unmodeled components. Such a seerch would require sccess to too many drawings and system
notebooks, and the reviewer would be proceeding without the benefit of the intimate acquaintance with the plant thet
informs the Expert Panel’s activities. Here, as in other areas, the reviewer must rely on review of the process, as
documented in the formal record of the panel’s work.

The reviewer should verify that the documentetion positively charactenzes how the seerch wes performed, shows what
components were identified, and shows how & decision was made about each component. The reviewer should reslize that
when & compunent is acknowledged to have safety significance, and plant resource (IST, maintenance, etc.) is aliocated to
it for thet reason (as opposed to e plant evailability reason), the commitment may assume legal significance. in particuler,
credit for that commitment may be used as e reeson to ustify less commitment sisewhere. Therefore, it needs to be
appropriately identified and procedures put in plece to ensure continued satisfaction.

. Eveluation Findings:
The SER should contain language essentially equivalent to the following; exceptions should be noted and discussed.

The panel diligently searched for unmodeled components heving safety significence thet would werrent consideration of
potential benefits of the activity where relaxation has been proposed. This included components that might contribute to
itieting event occurrence, mitigating system components that were not modeled in the PRA becsuse their failure wes not
expected to dominate system failure in the baseline configuration, and components in systems that do not pley s direct role
n mitigation but thet nterface with mitigating systems. The panel’s process for alloceting plant resources or functionally
equivalen! resources to these components was appropniate. The panel’s aliocetions of these resources are adequetely
documented and captured 8s commitments.

B5  Use of SystemLevel or Functionsl importences
. Area of Review:
Use of system-level or functionel importances cen be & valusble tool for overcoming the imitetions of single-event

importance messures. Single-event importance measures have the potential of dismissing all elements of & system despite
the system having # high importance by any ressonable measure. A suitebly defined meesure of system importance can



help to avoid this pitfall. Conversely, there may be grounds for screening out groups of SSCs, owing to the unimportance o
the systems of which they are elements. Here, too, system importance measures would be useful.

There are no widely-accepted definitions of system importance. For front-ine systems, one possibility is to define & F-V
type measure of system importance es 'he sum of CDF over sequences involving failure of that system, divided by total
COF. Such @ measure would need to be interpreted cerefully if the numerator included contributions from failures of that
system due to support systems. A Birnbaum-iike measure could be defined by quantifying CD sequences involving the
system, conditionsl on its feilure, and summing up those quentities. This would prowide & measure of how often the system
1s cnticsl.

For support systems, the situation is more complex. To take & two-division plent as an exempie, front-hine failures can occur
as & result of feilure of support division A in conjunction with failure of front-line division B. Werking with @ figure of merit
based on totsl failure of support system would miss contributions of this type.

However, the relative subtlety of quantifying system importance should not be allowed to obscure the qualitative insight
that emerges simply from consideration of whether and how systems ere invoked in particuler scenarios. If 8 front-ine
system is credited in success peths, then it is in some sense importent, and 8t least some of its SSCs must also be, in some
sense, important, even if 8 given single-event importance meesure does not reflect this. A system that supports such a
front-ine system must also be important &s well. This does not mean thet all such systems cannot be cendidates for
relaxation, but simply that they must not be aliowed to escape attention completely.

b. Description of the Method(s) Acceptable to the Staff for Addressing This issue

Given that 8 frontine system is credited in the event trees, it must be presumed that some elements of it are, in some
sense, importent. This does not mean that all components in such systems are presumed to need frequent full
programmatic ettention; it does mean thet all components in system trains credited in the PRA must be explicitly considered
by the Expert Panel for full programmatic attention.

¢ Acceptance Guidslines:
The use of system/functionsl measures is encouraged. At & minimum, the Expert Panel should:
identify all systems invoked in plant response, and consider them for programmetic attention;

check to see whether failure of components screened out on the besis that they are elements of unimportant
systems could effect e system invoked in plant response.

d. Roview Procedures:

The reviewer should first check the Expert Panel documentation for evidence that the panel systematically identified
systems as indicated above. The reviewer should then verify thet at least some eiements of each system are considered
significant. If this is not the case, then the reviewer should ascertain what performance is elloceted to these items in the
PRA. and escertain ahether the level of commitment aliocated to these elements is commensurate with that performance
level. i & system is important but none of its elements is, this may be grounds for en RAL

Consider the case of @ system that contains many redundant flowpaths. Single-event importance analysis will tend to
dismiss the flowpaths one 8t & time, effectively dismissing the group. The focus of the above guidance is thet the
redundant flowpaths, considered as e subsystem, are important end deserve some attention, even though conventional
importance measures would not highlight them. This does not mean that it is necessary 1o assign every redundant path to
the high risk contributor cetegory. in this example, especially if the paths are essentially similar, it is arguably necessary 1o




consider common cause failure; @ program thet addresses common cause failure potertial by monitoring component
performance may provide more safety benefit than & programmed aimed st detecting en slready-failed state in individusl

components.
. Evalustion Findings:

The SER should incorporete lsnguage substantialiy equivalent to the following. Exceptions, if any, should be noted and
explained.

The Expert Panel process explicitly recognized all systems invoked in plant response to initisting events, and ensured thet all
SSCs in these systems are considered for programmatic attention in arees (IST, ISI, etc.) appropnate to their performance
characteristics and to the level of performance needed from them. All SSCs in these systems were explicitly reviewed by
the Expert Panel, which assigned resources to them with due considerstion of the role that they pley in the sysiem of which
they ere elements and the importance of the function that thir system performs. The panel recognized the need to sllocate
progremmatic resources to et least some divisions of every fun.tion modeled. No important function hes been missed due
to misapplication of single-event importance measures.



Appendix C Determination of Risk Importancs of Contributors

.. Area of Review:

The identification of SSCs as potential candidates for relaxation in current requirements can be done in many ways.
Component categorization by use of PRA importance measures to classity SSCs into high and low risk contributors is one of
the acceptable methods. The results from this importance analysis can then be one of the inputs to the expert panel
deliberation process to help determine acceptance of a proposed application using the criterie specified in section H.6.

In addition to the determination of reletive risk categorization for input to the Expert Panel, the determination of potential
risk contribution from SSCs by PRA importance determination can be useful for several other reesons:

The Fussell-Vesely ., V) measure cen identify SSCs that have reiatively large contributions to plant nsk. The Risk
Reduction Worth (RRW) meesure is 8 measure of the maximum reduction in risk which could be achieved if & given
SSC were to be made completely reliable. The FV and RRW measures provide the same insights and ere useful in
identifying components within the scope of an application that can result in the greatest risk benefit if more
resources are allocated to improve their reliability. FV and RRW ere aiso useful for evaluating plant design and
procedure improvements, operator training, and for backfitting ectivities. The Risk Achievement Worth (RAW) and
Birnbaum (BM) messures can provide indicetions of how much the plant risk could increase if & given SSC or group
of SSCs were to completely fail. This would be of interest in relisbility assurance programs and in inspection and
enforcement activities where the control of the SSC reliabitity and availshility is important. The determination of
risk importances using an appropriate combingtion of the above (or other) messures will help in the prioritization of
licensee and NRC staff resources when the effects of change of requirements on esch individual SSCs have to be
determined qualitatively as well 8s quentitatively.

When performed with 8 series of sensitivity evaluations, it can identify potential nsk outhers by identifying SSCs
or cutset elements which could dominete risk for verious plant configurations and operational modes, PRA model
assumptions, and dete and model uncertainties.

importance evaluations can provide e useful means to identify improvements to current plant practices dunng the
nsk-informed application process. Therefore, while the process will identify SSCs where the relexing of
reguletions might be ustified, importence measures can point out SSCs thet are high contributors to nsk end
where more licensee resources should be focussed. Examples could include identification of more QA for non
safety related SSCs, identification of more effective test methods to detect the risk significant failure modes, etc.

The use of risk importance measures compensates for the uncertainty in bottom-line results when comparing the
scceptable risk change to the allowed change in risk. Robust categorizetion (including sensitivity studies) can
show that & component will be @ low risk contributor for a pre-specified range of date end assumptions used.
Therefore, low importance can help ustify relaxation of requirements. This is especially important in spplications
where the change in the performance of equipment before and efter the proposed applicetions is not easily
quantified (e.g., in graded QA applications). In such applications, the uncertainty sssocieted with the calculation
of & bottom line risk increase would be ler», and importance measures can provide added confidence that this
increase is acceptable if it can be shown thet only SSCs that were low risk contributors ere involved in the
application.

importance measures cen be used to systematically extend risk insights 10 SSCs not modeled = the PRA. For
example, surrogetes from the ranked hst can be used for some unmodeled SSCs. HEPs, initiating events, ot other
SSCs from the ranked list can be used to represent SSCs thet are imphcitly modeled in the PRA.




b. Deseription of the Mathadis) £ cceptable to the Staff for Addressing This Issue:

Acceptable methods end guidelines for risk categonization using PRA importance measures are provided in NUREG-1602.

€. Acceptance Guidelines:

When using risk importance measures to identify SSCs that are low rigk contributors, potential kmitations of these
measures have to be addressed. Therefore, informetion to be provided to the Expert Panel must include sensitivity studies
and/or other eveluetions to demonstrate the sensitivity of the risk importance results to the important PRA modeling
techniques, assumptions, and data. Issues that have to be considered and sddressed when determining low risk
contributors are histed below. Acceptance criterie for each issue are also provided.

Truncation limit: The truncation limit should be low enough so thet the trunceted set of minimel cutsets contain
oll the significant contributors and their logica! combinations for the application in question and be low enough to
capture at least 85 percent of the CDF.

Different risk metrics: When determining relative nsk contributions, contributions from internal events, external
events, end shutdown and low power initietors have to be considered either by use of PRA or by the expert panel

process (as detailed in sections 11.4.1, 11.6.5 and Appendix B). Similerly, risk in terms of both CDF snd LERF shouid
be considered.

Multiple component conciderations: The sggregate impact of the degradation of multiple components has to be
addressed and controlled. The critena to assure defense in depth and guidelines on evalueting and guarding
against multiple degradations, CCFs and removal of multiple controls will address this issue.

Considerstion of all sllowable plant configurations and maintenance states: The effects of plant
configuration should be evalueted as part of the sensitivity and robustness studies. Again, the criteria to assure
defense in depth will also help address this issue.

Sensitivity analysis for component dats uncertainties: Component categorizetions should be cerried out using
the 5th and 85th percentiles of the SSC unevailability distributions to highlight any SSCs that might become 8 high
risk contributor as @ result of the large uncertainty in its unevailability.

Sensitivity analysis for compenent group failures: Component categorizetion should be carned out using mean
failure rates thet have been increesed by the generic error factor associated with the component type to address
the potential correleted change in the failure rate of a group of corponents.

Sensitivity analysis for common ceuse failures: Component cetegorizetion should be carried using » wide
range of CCF rates to determine the risk impect of modeling essumptions of CCF.

Sensitivity analysis for recovery actions: Component cetegorization should be carned out without credit in the
PRE& model for non-proceduralized recovery actions and without credit for repair of failed components to determine
the nisk impact of non-proceduralized and "uncertain™ compensating operator actions.

Esch of the sbove issues is discussed more in detail in NUREG-1602.

In addition te probabilistic nsk cetegorization, nsk significance of SSCs must also be evaluated besed on deterministic
considerations. SSCs thet are categorized as low nsk contributors using PRA have to be reviewed by an Expert Panel using



criteria and guidelines similar to those discussed in Sections il.6.5 and 0.6 S.
d Review Procedures.

Results from SSC risk categorization can be used directly for identifying SSCs that are high nsk contributors (e.g., for the
identification of risk outhiers, or for the identification of SSCs where more resources should be sliocated), however, when

risk importance methods are used to group components as low risk contributors, additional evaluations, sensitivity studies
and other considerations have to be taken into account. These are summarized below.

Considerstion of Truncation Limit

In general truncation limits should be chosen such that st least 85 percent of the COF or risk is captured. Depending on the
PRA level of detsil (module level, component level, or piece-part level), th.s may trenslate into 8 truncation himit from 1.0E-12
to 1.0E-8.

. eddition, the truncated set of minimal cutsets have to be shown to contein the importent application-specific contributors
o d their logicsl combinations. This coverage of the contributors by the trunceted set can be cnucked by increasing the
fuilure probabilities or unavailabiiities of the contributors (e.g., 1o 0.5) and regenerating the minimal cutsets.

Consideration of Differant Risk Metrics

Importance measures mey be calculated based on a portion of the risk (e.g., COF for internal events end operational mode)
or the overall “total” plant risk (CDF end LERF for internal and external events including et-power and shutdown nsk). It is
critical thet the basis for the evaluation of risk contribution be understood by the Expert Panel so that panel deliberations
can take the non-modeled initietors and/or modes into account.

Multiple Component Considerstions

The eggregate impact of degradation of multiple components on safety should be understood and controlled. Where
possible, multiple compenent importances should be evaluated to identify which combination of events might be risk
significant. It should be noted thet the concern about multiple component importance measures is also vehd for components
of different types, as long as they show up in the same cutset. When multipie component importances cannot be readily
performed, the review will have to use the defense in depth criterie and guidelines on evalusting and guerding ageinst
multiple degradations, CCFs and removal of muitiple controls to address this issue.

Consideration for Allowsbls Plant Configurations and Maintenance States

Plant Technical Specification aliow two or more components 1o be down simultaneousty for repair or other activities. The
embedded essumption in the TS is that the remaining components provide adequate safety protection. If current
commitments on these remaining components are relaxed, their high reliebility could not be ensured. To evaluete nisk
contributions during sll allowsble plant configurations, sensitivity studies on these configurations have to be performed and
results provided to the Expert Panel.

Considerations for Uncertainty Eveluation
The effects of PRA uncertainties have to be addressed to show robustness of the risk cetegorization results. When

possible, a propagation of uncertainty estimetes should be performed. However, for component nsk categorization,
sensitivity analyses could be e substitute for & formal uncerte:nty evaluet  The following sensitivity anslyses should be



performed to demonstrate that results are robust for different plausible assumptions or scenarios.

2 Component-Specific Sensitivity Analyses

This sensitivity analysis should be carried out to address the failure rate uncertanties of components and their potential
urjact on categorization. For example, an analysis using the 5th and 85th percentiles of the unavailebility distributions of
the components couid be performed to determine the range of vanations in FV measures. The relative nisk contributions
from “~mponents with large uncertainties (such as check vaives) couid vary substentially, and these results should be
consiu. . ad by the Expert Panel.

. Sensitivity Analyses for « Compenent Group

This sensitivity analysis should be cerned out to address the correlated change in & failure rate of e group of components as
» result of the proposed spplication or from such causes as aging and wear. For & group of components (e.g., breakers), an
ncrease in the mean failure rate of all selected components with & generic orror factor associated with the component type
could result in nisk impacts that have to be considered by the Expert Panel.

¢ Sensitivity Analysis for Common-Cause Feilures (CCFs)

CCFs are m~ ;4ied in PRAs to account for dependent failures of redundant components within e system. Dependencies
among simiar components performing redundant functions but across systems (in two different sy-tems) sre not currently
modeled in PRAs. Component-level importance measures (e.g., RAW, RRW, and FV) are typically calculated besed on the
combined effect of all basic PRA events. Such component importance measures would account for the direct nsk
contributions from associeted basic component events, such as failure to start and fsilure to run, and indirect contributions
through the impact on the probability of other basic events (such as human errors, recovery actions, and most importently
CCFsl. Therefore, a component my be ranked as a high risk contributar mainly because of its contribution to CCFs, or e
component may be ranked as low nisk contributor mainly because it has negligible or no contribution to CCFs. In RIR,
removing or relexing requirements mey increase the CCF contribution, thereby chenging the risk impact of an SSC.
Therefore, sensitivity studies using different CCF moceling assumptions will highlight the robustness of nsk categonzation
results to CCF.

» Sensitivity Analysis for Recovery Actions

PRus typicelly model recovery actions especially for dominant accident sequences. Quantification of recovery actions

..ally depends on the time available for diegnosis end performing the action, training, procedure, and knowledye of
operators. There is & certain degree of subjectivity nvolved in estimating the success probability for the recovery actions,
The concerns in this case stem from situations where very high success probabilities ere assigned to a sequence, resulting in
related components being renked s low nisk contributors. Furthermore, it is not desirable for the categoriztion of SSCs to
be impacted by recovery actions that sometimes sre only modeled for the dominant scensrios. Sensitivity analyses can be
used to show how the SSC categorization would change if sll recovery sctions were removed.

. Evaluation Findings:

The reviewer verifies that the informetion prowided to the Expert Penal on the determination of nisk importance of
contributors is robust in terms of the “uncertainty” issues like common ceuse feilure modeling and modeling of human
rehability.



