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E. EXECUTIVE SUMMARY

This Technical Evaluation Report (TER) is a summary of the documentation-only review of
the human reliability analysis (HRA) that is pan of the North Anna Power Station (NAPS)

Units 1 and 2 Individual Plant Examination (IPE) submitted by Virginia Power to the U.S.

Nuclear Regulatory Commission (NRC). The review was performed to assist NRC staff in

their evaluation of the IPE and conclusions regarding whether the submittal meets the inten:
of Generic Letter 88-20.

E.1 Plant Characterization

North Anna Units 1 and 2 are both three-loop Westinghouse pressurized water reactor (PWR)
units with rated power of 2893 MWt and 915 MWe (net). Unit 1 began commercial
operation in 1978; Unit 2 in 1980. The Surry Plant, also operated by Virginia Power, is
similar in design. Other similar plants in operation include Beaver Valley and Turkey Point.
Design features identified by the front-end reviewers that have an impact on core damage
frequency (CDF) and are relevant to human performance include:

+ the ability to use charging pumps from the opposite unit tends to decrease the CDF
(operator action is required)

« automatic switchover of ECCS from injection to recirculation tends to decrease the
CDF; operator action to manually switch over has been a significant contributor to
CDF in some PWR plants

+ requirement for mechanical refrigeration to cool the emergency switchgear rooms
(ESGR); operator action to restore cooling to switchgear room is an important action.

Two important operator actions specifically cited by the licensee are (1) the restoration of the
emergency switchgear room (or main control room) HVAC within 10 hours as noted above,
and (2) failure to initiate high head safety injection, which is required in sequences involving
loss of auxiliary feedwater and manually initiated bleed and feed and in pump seal loss of
coolant accident sequences.

E.2 Licensee IPE Process

The HRA approach employed by the licensee was generally complete in scope. Both pre-
initiator human actions (actions during maintenance, test, etc.) that could cause failure of
important equipment on demand during an accident, and post-initiator human actions (those
taken in response to an accident event) were quantified and included in the [PE model. The
relatively limited treatment of miscalibradon in the pre-initiator HRA is considered to be a
weakness of the licensee's approach. A notble strength of the post-initiator assessment was
the use of simulator observations obtained over a two-month period as part of routine license
requalification training. These observations provided data and insights on operator
performance directly applicable to the HRA. The licensee's process for identification and
selection of human actions involved review of plant documentation and discussion with plant



personnel. Plant personnel were involved in the development and review of the [PE.
Documentation review, plant walkdowns and discussion with plant personnel helped to assure
that the HRA represents the as-built, as-operated plant. The licensee’s independent review
process helped to assure that the HRA methods were properly applied. The IPE model was
developed for Unit 1, but the licensee’s assessment concluded that the [PE is applicable to
both units. Shared system and multi-unit effects were considered, though dual-unit core
damage was not addressed.

E.3 Human Reliability Analysis

E3.1 Pre:Initiator Human Events

The NAPS HRA addressed pre-initiator errors in maintenance, test and surveillance actions by
incorporating human error into the systems analysis (fault trees) as a specific cause for system
unavailability. Both restoration errors and calibration errors were addressed, though the
treatment of calibration errors was relatively limited. Calibration errors were considered
qualitatively and in some cases were assumed to be included as part of equipment failure
data, but the licensee's qualitative evaluation determined that no calibration errors were
significant enough to warrant modeling as individual basic events in the fault oee model.

The details of this qualitative assessment are not provided. We consider this limited
wreatment of calibration errors to be a weakness of the licensee’'s HRA approach, though it is
not possible to determine from this document-only review how significant this weakness is.

A more detailed analysis probably would have enhanced the licensee’s understanding of the
potential influence of this type of human error on CDF. The treatment of restoration errors
used the THERP approach. A relatively generic analysis was performed, but some
consideration of plant-specific factors was made in assigning error recovery factors and in
considering dependencies among multiple pre-initiator human actions. Dependencies were
evaluated qualitatively, and where a dependency was identified among multiple actions, the
actions were treated as a single basic event in the IPE model. This is equivalent to assuming
complete dependency.

E3.2 Post-Inifiator Human Actions

The post-initiator HRA addressed both response-type and recovery type actions. A reasonably
comprehensive process was employed by the licensee to identify and select the post-initiator
actions to be included in the IPE model. No numerical screening was performed. All human
actions identified as important during the systems and sequence analyses were quantified in
the model. The primary methodology used for quantification of post-initiator actions was an
EPRI approach which treats each post-initiator response as a combination of a "cognitive”
action and an "execution” action. This methodology has been used in other [PEs and has
been reviewed previously. The probability for failure in the cognitive portion is determined
primarily from a "time-reliability correlation”. In the NAPS HRA, estimates of the time
window available were based on results of MAAP calculations, engineering judgment, or
available results from previous calculations. The estimates for time required were based on
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judgment supported by plant-specific simulator data and interviews with trainers and other
knowledgeable persons, or in some cases were taken from NUREG/CR-4550, Vol. 3. The
probability of failure in the execution phase is determined using THERP.

The licensee’s analysis considered plant-specific information in the assessment of operator
response times and in adjusting basic human error probabilities obtained from THERP tables.
Data and insights from observations of simulator training were significant sources of plant-
specific information The licensee treated dependencies among muitiple actions in a
sequence. The qualitative criteria used to identify dependencies were reasonable, though not
as comprehensive in scope as some PRAs. The quantitative approach was generally
consistent with practice in other PRAs.

Recovery-type actions were quantified (in most cases) using a value of the HEP for the same
or similar actions already quantified as a response action. In some cases, the HEP was
modified to account for context-specific conditions, e.g., differences in timing or complexity
of diagnosis for the recovery situation vs. the response situation. In many PRAs, conservative
values are applied to recovery actions because of the uncenainty associated with operator
response under conditions that may be less familiar, less frequently trained for, require
transfer to other procedures, etc. It would be overly optimistic to make a general assumption
that the probability of failure is the same for a recovery vs. a response type acuon, even
though the specific physical action may be the same. The NAPS analysis did recognize that
the "nominal” values obtained for response-type actions needed to he adjusted (increased) in
specific cases and did make some adjustments based on plant-specific assessment. Values of
recovery HEPs used in the NAPS analysis tend to be somewhat lower than conservative
values typically used in PRAs. However, the overall recovery failure probabilities including
human and equipment failure do not appear 1 be unreasonably low. The licensee examined
the quantified impact of recovery actions on CDF through sensitvity studies. The total core
damage frequency was reduced by approximately a factor of 3, from 2.2E-04 to 6.8E-05, by
credit for recovery actions. This magnitude of reduction is generally consistent with results in
other PRAs.

E.4 Generic Issues and CPI

The licensee addressed unresolved safety issue (USI) A-45, Decay Heat Removal (DHR).
The front-end reviewer identified the unique or plant-specific design features of North Anna
that impact availability to provide DHR. Those features, and the human performance
implications of the features, were noted in Section E.1 above, including the necessary cooling
of the ESGR, automatic switchover of ECCS to recirculation, and the ability to use charging
pumps from the other unit. With regard to Containment Performance Improvement (CPI)
recommendations, the licensee addressed the issue of local and global hydrogen combustion
and associated threats to containment.



ES

Vulnerabilities and Plant Improveraents

The licensee defines a vulnerability as a failure (component fault or human error) that is
significantly greater than others, i.c., that contributes more than ten percent to overall core
damage frequency or is a factor of three greater than the next highest similar event.
Contributions were evaluated by importance calculations. Three measures of importance are
reported in the submittal for each basic event: Fussel-Vesely, risk reduction worth, and risk
achievement worth. No vulnerabilities were identified by the licensee.

The licensee identified a number of procedure enhancements and practices that are reqmred as
a result of the [PE. The enhancements/requirements were credited in the IPE, and in some
cases are in place. These enhancements are briefly summarized below:

1)

2)

3)

4)

5)

6)

7

Revise all procedures which open AFW full flow recirculation manual valves to add
independent verification. Without independent verification of these human actions, the
estimated CDF would increase from 6.8E-05/yr to 7.2E-05/yr.

Revise all procedures which realign Quench Spray or Recirculation Spray headers for
testing to provide independent verification that the headers have been restored to fully
operable upon completion of the test. Without independent verification, the estimated
CDF would increase to 7.0E-05/yr.

Revise EOP 1-E-0, Reactor Trip or Safety Injection, to provide guidance to use the
alternate ST header. Without this improvement, the CDF estimate would increase to
7.1E-Q05/yr.

Revise administrative procedures/controls to ensure that the Low Head Safety Injection
pu: \p testing is performed in a staggered fashion, i.c., test one pump each 45 days,
instead of both pumps at 90 days. The estimated CDF would increase to 7.0E-05/yr if
the tests were not staggered.

Revise administrative procedures/controls to eliminate preplanned dual outages for the
MCR/ESGR chiller train equipment. The estimated CDF would increase to 7.1E-05/yr
if the dual chiller outages continue at the same frequency as in the past

Improve maintenance practices to limit the mean time to repair (MTTR) MCR/ESGR
chiller train equipment to less than 60 hours when one chiller is inoperable, and less
than 36 hours when two chillers are inoperable. The CDF estimate would increase o
8.0E-05/yr if the MTTR is not improved.

Modify station procedures to provide troubleshooting and repair of MCR/ESGR chiller
protection circuitry and reduce refrigerant-related chiller failures. Use historical data
to identify sensors/equipment susceptible to failure. Without these changes the
estimated CDF would increase to 7.3E-05/yr.
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In addition, procedures enhancements/requirements to reduce the contribution from flooding
were identified. Credit was taken in the [PE for these items. The submirtal states that some
of them already exist, and that the others should be put into place before the next test interval
(typically 18 months).

E6 Observations

The following observations are pertinent to NRC staff’s determination of whether the
licensee’s submittal met the intent of Generic Letter 88-20:

(1) The submirtal and supporting documentation indicates that utility personnel were
involved in the HRA, and that the walkdowns and documentation reviews
constituted a viable process tor confirming that the HRA portions of the [PE
represent the as-built, as-operated plant.

The licensee performed an i~ -house peer review that provides some assurance that
the HRA techniques have been correctly applied and that documentation is accurate.

The reladvely limited analysis of pre-initiator human actions is, in our view, a
weakness of the HRA approach. The analysis was relatively generic, and in the
case of calibration errors was limited to essentially a qualitative review.,

The treatment of post-initiator human actions was reasonably complete in scope.
The process for selection and identification of significant human actions to include
in the [PE model appears to have been reasonably comprehensive. Both
response-type and recovery-type actions were included. Quantification of
post-initiator errors properly applied the selected HRA techniques. Simulator
observations of operator requalification training were employed effectively to obtain
data and insights on operator response to accident events. Dependencies among
multiple operator actions in a sequence were assessed.

The licensee identified a number of human actions that were important factors in
the overall risk profile for the North Anna units.

The licensee employed a systematic process to screen for vulnerabilities and identify
potential enhancements. The process idendfied a number of human-performance-
related (procedure) enhancements expected to reduce the likelihood of human error,
the majority of which were related to the seal LOCA event These enhancements
credited in the IPE.




L. INTRODUCTION

This Technical Evaluation Report (TER) is a2 summary of the documentation-only review of
the human reliability analysis (HRA) presented as part of the North Anna Power Station
(NAPS) Units 1 and 2 Individual Plant Examination (IPE) submittal from Virginia Power to
the U.S. Nuclear Regulatory Commission (NRC). The review was performed to assist NRC
staff in their evaluation of the IPE and conclusions regarding whether the [PE submirtal meets
the intent of Generic Letter 88-20.

1.1  HRA Review Process
The HRA review was a "document-only" process which consisted of essentally four steps:

(1)  Comprehensive review of the IPE submittal focusing on all information pertinent to
HRA.

(2)  Preparation of a draft TER summarizing preliminary findings and conclusions, noting
specific issues for which additional information was required from the licensee, and
formulating requests to the licensee for the necessary additional information.

(3)  Review of preliminary findings, conclusions and proposed requests for additional
information (RAIs) with NRC staff and with "front-end” and "back-end” reviewers

(4)  Review of licensee responses to the NRC requests for additional information, and
preparation of this final TER modifying the draft to incorporate results of the
additional informatior provided by the licensee and finalize conclusions.

Findings and conclusions are limited to those that could be supported by the document-only
review. No visit to the site was conducted. No review of detailed "Tier 2" information was
performed, except for selected details provided by the licensee in direct response to NRC
RAIls. In general it was not possible, and it was not the intent of the review, o reproduce
results or verify in detail the licensee's HRA quantification process. The review addressed
the reasonableness of the overall approach with regard to its ability to permit the licensee to
meet the goals of Generic Letter 88-20.

1.2 Plant Characterization

North Anna Units 1 and 2 are both three-loop Westinghouse pressurized water reactor (PWR)
units with rated power of 2893 MWt and 915 MWe (net). Unit 1 began commercial
operation in 1978; Unit 2 in 1980. The Surry Plant, also operated by Virginia Power, is
similar in design. Other similar plants in operation include Beaver Valley and Turkey Point.
Design features identified by the front-end reviewers that have an impact on core damage
frequency (CDF) and relevant to hurnan performance include:
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« the ability to use charging pumps from the opposite unit tends to decrease the CDF
(operator action is required)

« automatic switchover of ECCS from injection to recirculation tends to decrease the

CDF; operator action to manually switch over has been a significant contributor in
some PWR plants

* requirement for mechanical refrigeration to cool the emergency switchgear rooms;
operator action to restore cooling to switchgear room is an important action.

Two important operator actions specifically cited by the licensee are (1) the restoration of the
emergency switchgear room (or main control room) HVAC within 10 hours as noted above,
and (2) failure to initiate high head safety injection, which is required in sequences involving
loss of auxiliary feedwater and manually initiated bleed and feed and in pump sea! loss of
coolant accident sequences.



2. TECHNICAL REVIEW

2.1 Licensee IPE Process

2.1.1 Completeness and Methodology

The submittal information on the HRA process was generally complete in scope. Some
additional information and clarification was required from the licensee. That information was
obtained from the licensee in response to an NRC request for additional informaton (RAI).
The HRA approach employed by the licensee addressed both pre-initiator human actons
(actions during maintenance, test, etc.) that could cause failure of important equipment on
demand during an accident, and post-initiator human actions (those taken in response to an
accident event). Pre-initiator human actions were quantified with a relatively generic (non-
plant-specific) analysis following THERP (Ref. 1). Consideration of calibration errors
appears to have been quite limited, which is considered to be a weakness of the pre-initiator
analysis. Post-initiator human actions were quantified using an EPRI methodology (Ref. 2)
and THERP. Both response-type actions (wnticipated actions in response to an accident event
such as those designated in emergency operating procedures), aind recovery-type actions (those
involving alternative responses Or recovery of failed equipment) were addressed. A notable
strength of the licensee’s approach was the use of simulator observations obtained over & two-
month period as part of routine license requalification training. These observations provided
data and insights on operator performance directly applicable to the HRA.

212 Multi-Unit Effects and As-Built, As-Operated Stanis

The IPE mode! was developed for Unit 1, but was stated by the licensee 1o be applicable to
both units. The two units share service water, component cooling water, and instrument air
systems. Initiating events modeied in the IPE that result in dual-unit trip inclu. loss of
offsite power, loss of service water and loss of instrument air. (The front-end reviewer notes
that loss of component cooling water also results in a dual-unit wrip.) The IPE considers the
sharing of systems necessary to maintain one unit in hot standby while mitigating an accident
at the other unit, but does not address dual-unit core damage.

The Surry IPE provided a substantial basis of information pertinent to NAPS. Other
plant-specific documentagon assembled and reviewed by the NAPS IPE team included the
UFSAR, an earlier fault tree analysis of the Service Water system, P&IDs, normal and
emergency operating procedures, control room logs, and selected thermal hydraulic analysis
performed previously by the Architect Engineer, Stone & Webster. Contractor members of
the IPE team made a number of site visits early in the project for plant familiarization
through system walkdowns, data collection, and observations of operator training and
performance in the simulator. In addition to these document reviews and plant visits, the
licensee cites the following specific actions that were taken to help assure that the NAPS IPE
represents the as-built, as-operated plant:



1

2)

3)

4)

3)

6)

7

8)

The study was performed at Virginia Power s facilites in Richmond, where there was
ready access to quality assured design documentation.

Analysis files and a PRA document data base were set up for each phase of the model
development to ensure that the documents used and decisions made on the basis of a
given document were recorded. This helped assure control and consistency of
documentation as subsequent design changes are implemented.

Mechanical system engineers walked down the system(s) for which they are responsible
and reviewed many of the [PE system models for accuracy concerning system operations.

Current operating procuvdures were used in performing the HRA, and some of the operator
actions were observed in the simulator and discussed with training staff.

Data was acquired from control room logs, Licensee Event Reports, and Deviation
Reports.

Visits were made to the plant to identify the flooding sources and flood propagation
pathways.

Site visits, drawings and the Video Disc Information System were used to confirm the
layout and arrangement of Containment Building systems.

Intermediate reviews of [PE work products and a review of the draft report were
performed by station personnel from operations, training, and engineering departments as
part of the independent in-house review discussed below.

2.1.3  Licensee Participation and Peer Review.

2.1.3.1 Licensee Participation. The IPE team organization and task structure is discussed in
Section 5.1 of the submittal. The i\PE was performed by NUS Corporation with participation
by, and technology transfer to, Virginia Power. Three Virginia Power engineers from
corporate staff were team members. Each of the three engineers participated in more than
one task, so that each task had at least one Virginia Power team member. A notable saength
of the HRA process that provided direct involvement of operations/training staff as well as
familiarization of the HRA staff with control room operations was the collection of data from
requalification training exercises on the plant-specific simulator. It is our view that the utlity
personnel were significantly involved in the I[PE/HRA, and that the document reviews, plant
walkdowns and other actions taken by the licensee provided reasonable assurance that the
IPE/HRA models represent the as-built, as-operated plant.

2.1.3.2 Peer Review. The submittal (Sections 5.2, 5.3, and 5.4) describes an independent
review process conducted by plant personnel, corporate staff, and consultants. Two senior
PRA analysts from Science Applications international Corporation (SAIC) chaired the
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@ndependem review commitiee and had overall responsibility for the preparation of the
independent review reports. A senior analyst from Stone & Webster Engineering Corporation
(SWEC) reviewed the containment analysis. Corporate staff involvement was through the
Corporate Nuclear Safety group, which is independent of the Engineering Group (i.c., from
the IPE team engineers). Corporate staff included individuals with experience at North Anna.
Review team members from NAPS included licensed Senior Reactor Operators, Control
Room Operators, a Shift Technical Adviser, and 2 membe: of the Procedures group.
Representatives from the Systerns Engineering group were available or an as-needed basis.
The review was conducted over a one-week period at the North Anna site. Both the Level 1
and the Level 2 analysis were reviewed, as well as the interface between the two analyses.
All comments were documented on document review forms. General results and examples of
significant comments are presented in the submittal. The submittal also states that each
comment has been resolved. This peer review process appears to have been reasonably
thorough and appropriately documented.

2.2  Pre-Initiator Human Actions

Errors in performance of pre-initiator human actions, such as failure to restore or properly
align equipment after testing or maintenance or calibraton of system logic instrumentation,
may rause components, trains, or entire systems to be unavailable on demand during an
accident, and thus may significantly impact plant risk. Our review of the HRA porton of the
IPE examines the licensee's HRA process to determine what consideration was given to
pre-initiator human events, how potential events were identified, the effectiveness of
quantitative and/or qualitarive screening process(es) employed, and the processes for
accounting for plant-specific pc“ormance shaping factors, recovery factors, and dependencies
among multiple actions.

2.2.1 Pre-Initiator Human Acrions Considered.

The NAPS HRA addressed pre-initiator errors in maintenance, test and surveillance actions by
incorporating human error into the systems analysis (fault trees) as a specific cause for system
unavailability. The submittal (page 3-96) defines pre-initiator, or "Type A" human actons as
including calibration as well as maintenance and testing. However, examinztion of HRA
calculations in Appendix D of the submital indicates that all pre-initiators quantified were
errors in alignment of equipment (mostly valves) after maintenance or test. No calibration
errors were quantified. In response to an NRC RALI the licensee stated that calibration errors
were considered during the systems analysis, but that, "No calibration errors were found to be
significant enough to be included in the final IPE fault tree models uniguely represented by a
separate basic event.” There was no further information provided on the qualitative criteria
by which the “significance” of an error was determined. The licensee also stated that, "Some
calibration errors were included in the final model as part of other basic events or discussed
relative to basic events which remained in the final model.” The licensee cites several
examples from Appendix A of the [PE submittal which illustrate that calibration errors were
considered qualitatively and in some cases their impact was assumed .0 be accounted for as
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part of another basic event. For example, common cause failure to properly calibrate
containment pressure channels was assumed to be the primary contributor to the failure
probability of 0.1 assumed for common cause failure of the channels. A more detailed plant-
specific and case-by-case assessment of the contribution from miscalibration probably would
have provided the licensee with a more better understanding of the contribution of human
performance in those actions. However, the licensee’s analysis did at least assess
qualitatively the importance of calibration errors, and in some cases indirectly yuantified the
impact of those errors.

mnymdmNRCMuﬁewugmgmemufamnﬁﬁadonmd
selection of pre-initiator human events are: (a) whether maintenance, test and calibration
procedures for the systems and components modeled were reviewed by the systems analyst(s),
and (b) whether discussions were held with appropriate plant personnel (e.g., maintenance,
training, operations) on the interpretation and implementation of the plant’s test, maintenance
and calibration procedures to identify and understand the specific actions and the specific
components manipulated when performing the maintenance, test, or calibration tasks.

The submirtal includes general statements that procedures were reviewed and discussions were
held with plant personnel. In addition, the detailed calculation summaries in Appendix D
identify specific procedures associated with each acton quantified and provide a succinct
discussion of each procedure, including the purpose of the procedure, specific critical steps,
verification practice, etc. It appears that at least the procedures associated with the actions
quantified were reviewed in substantial detail, and that key assumptions used in the HRA,
¢.g., independent verification, were verified by discussion with plant personnel. Inidal
identification of actions to be included was based on the Surry IPE. Actions were added or
deleted based on plant-specific differences. Appendix D includes the Surry value of the
equivalent HEP for direct comparison, where applicable.

2.2.3 Screening Process for Pre-Initiator Human Actions.

No numerical screening process was employed to eliminate pre-initiator human errors from
dewiled quantification. All pre-initiator errors identified as significant by the systems analysts
were assigned an HEP using THERP (Ref 1.). Nineteen pre-initiator actions were quantified
and incorporated into the [PE model.

2.24 Quantification of Pre-Initiator Human Actions.

The quantification of pre-initiator actions consisted ¢ ssentially of selecting a basic HEP
(BHEP) from THERP and modifying the BHEP 10 account for independent checking. Basic
HEPs were selected from the appropriate THERP tables for errors of omission or commission
for rule-based actions. These basic error probabilities were modified to account for potential
erro- recovery due to independent checking. Two types, or levels, of checking were credited:
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»  Positive Checking - an operational or functional check which, if properly performed,
indicates that the equipment is in the correct position, and

*  Non-Positive Checking - a visual check or "verification" which relies on plant
personnel to confirm that the component is in the correct position.

Detailed task analysis was not performed as part of the quantification of each action. The

potential for positive checking and/or verification was considered for each pre-initiator
human action quantified, and the basic HEP obtained from the THERP Handbook was
adjusted using the appropriaic equation. Consistent with THERP guidance, basic error
probabilities from THERP were multplied by a factor of 2 because NAFS personnel work
12-hour shifts. Review of the HEP calculations in Appendix D indicates that additional
factors, such as tagging practice and potential confusion due to procedural inadequacies
were considered, at least qualitatively, in the evaluation of human error. In general,
however, there was limited variation in the quantitative results due to consideration of
plant-specific performance shaping factors. Fifteen of the nineteen pre-initiator human
errors in the modeled were quantified at a value of 7.5E-(4; three at a value of 3.8E-4, and
one at 1.1E-4. In some cases, credit was taken for planned procedure changes, ¢.g., the
addition of positive checking.

The detailed calculations in Appendix D of the submittal show that dependency was
considered for each action, and that no dependency existed. The factors considered in
making this subjective evaluation were .ot discussed. In response to an NRC RAI the
licensee explained that a dependency analysis was performed early in the HRA process and
were not reported in the [PE submictal. In this early analysis, all event tree sequences were
reviewed to identify all possible combinations of pre-initiator human actions. If a sequence
was found to have dependent pre-initiator human actions for any reason, then the
dependent actions were combined into a single basic event. This review of sequences for
dependencies was repeated during the final quantification to verify that there were no new
potential dependencies. This approach of combining dependent actions into a single basic
event is 2 commonly accepted method of accounting for dependencies among pre-initiator
human actions.

2.3  Post-Initiator Human Actions

Human errors ir responding to an accident initiator, e.g., by not recognizing and diagnosing
the siruation properly, or failure to perform required activities as directed by procedures,
can have a significant effect on plant risk, and in some cases have been shown to be
dominant contributors to core damage frequency (CDF). These errors are referred o as
post-initiator human errors. The NRC staff review determines the types of post-initiator
errors considered by the licensee, and evaluates the processes used to identify and select,
screen, and quantify posi-initiator errors, including issues such as the means for evaluating
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;imin;. dependency among human actions, and other plant-specific performance shaping
actors.

2.3.1 Types of Post-Initiator Human Actions Considered.

There are two important types of post-initiator actions considered in most PRAs: rgsponse-
type actions, which include those human actions performed in response to the first level
directives of the emergency operating procedures/instructions (EOPs, or EOls); and,
recovery-type actions, which include those performed to recover a specific failure or fault
(primarily equipment failure/fault) such as recovery of offsite power or recovery of a
front-line safety system that was unavailable on demand earlier in the event. The NAPS
HRA addressed both response-type and recovery-type actions.

The primary thrust of our review related to this question is to assure that the process used
by the licensee to identify and select post-initiator actions is systematic and thorough
enough to provide reasonable assurance that important actions were not inappropriately
precluded from examination. Key issues are whether: (1) the process included review of
plant procedures associated with the accident sequences delineated and the systems
modeled; and, (2) discussions were held with appropriate plant personnel (e.g., operators
and training staff) on the interpretation and implementation of plant procedures to identify
and understand the specific actions and the specific components manipulated when
responding to the accident sequences modeled.

The submirtal contains general statements indicating that procedures were reviewed and
that operations and training personnel were appropriately involved in identification and
review of operator actions. All response-type actions were included in the EOPs. The
detailed documentation of the HEP calculations in Appendix D identifies specific
procedures associated with each response action quantified, and provides a succinct
summary of key points pertinent to the assessment of error probability. The purpose of
each procedure/action is discussed, specific critical steps are identified, and important
information such as instrumentation and displays is provided. As with pre-initiator actions,
the initial basis for selection was actions included in the Surry IPE, and actions were added
or deleted based on plant-specific assessment. In fact, an inidal quantification was
performed using Surry values. Appendix D compares North Anna and Surry HEP values
for each applicable HEP.

Recovery actions were identified from review of dominant sequences after initial
quantification. Where it was determined that the conditions associated with a given failure
in a cutset would result in the operator using a backup procedure, and it was judged that
sufficient time was available to make the recovery action, the recovery action was included
in the [PE model.
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Comparison of human actions selected for incorporation into the [PE model with human
actions typically included in other PWR PRAs did not identify any major actions applicabie
to North Anna that were not included. Most of the actions identified by the NRC front-end
reviewer as potentially important to [PE results were included in the model. We believe the
licensee employed a systematic process to identify and select potential post-initiator actions
which provided reasonable assurance that important actions were not overlooked.

2.3.3 Screening Process for Po,t-Initiator Response Actions.

No numerical screening process was employed to eliminate some operator actions from the
more detailed quantfication. HEPs were developed and included in the [PE model for all
of the operator actions ident.fied as important from the systems and sequence analyses.

2.3.4 Quantfication of Post-Inidator Human Actions.

2.34.1 Response-Type Actions. The primary technique employed for quantification of
post-initiator errors was the EPRI methodology summarized in EPRI NP-6560L (Ref. 2).
A graphic representation of the general logic of this model is presented in Figure 2-1

below. Each response action is considered as a combination of two types of actions: 1)

DETECTIONIDIAGNOSIS MANUAL
{DECISION ACTION
Manipulstve
Failure © Process Slips S
Informstion in a
Timely Manner
FRas L F (Non-Response
ina given time
£ window
: F (NR Mistakes)
S = Success
F = Failure

Figure 2-1 Conceptual Mode! of Operator Response to an Accident Event
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Detection/ diagnosis/decision, or "cognitive” action, and 2) manual action. Errors can
occur in the cognitive action via failures in cognitive processing or procedural "mistakes”,
or they can occur by failing to process information in a timely manner. Errors in manual
actions are considered manipulative "slips”. The total HEP is a probabilistic combination
of the three error probabilities Py, P,, and P,.

Estimates for PI gnd P3

In the NAPS analysis, the probability P, of an unrecovered cognitive "mistake”, was
viewed essentially as a lower bound for a realistic estimate of the HEP, and was arbitrarily
set at & mean value of 1.0E-04. The probability P, of errors in execution actions, or
"slips”, was estimated using THERP tables for errors of omission or commisiion in
performing rule-based actions. Consistent with gudance in the THERP Handbook,
esximmsof?,mmulﬁpuedbyafmonwwconmfonhefmmNad:Anm
operators are on 12-hour shifts. (Note that this does not multiply the overall HEP by a
factor of 2, only the execution portion.) No other adjustments were made to basic HEPs
for execution actions to account for site-specific performance shaping factors. Recovery
factors applied to P, are discussed below.

Estimates for P,
The value of P, was calculated from the lognormal function:

ITJT, )

P,=1-¢l |

where Tw = time window available
Tip = ume required for recognition
o = logarithmic standard deviation
¢(x) = standard normal cumaulative distribution

Estimates of the time window available were based on results of MAAP calculations,
engineering judgment, or svailable results from previous calculations. The estimates for
time required were based on judgment supported by plant-specific simulator data and
interviews with trainers and other knowledgeable persons, or in some cases were taken
from NUREG/CR-4550, Vol. 3.

Simulator Data
Simulator observations provided data on timing and qualitative insights on crew

performance, ¢.g., communications practice, usage of procedures, command and control,
and difficulty of diagnosis/detection/decision. Simulator exercises conducted as part of
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license requalification training were observed over a two-month period. Training
sequences were adjusted as feasible to include specific equipment failures identified during
preliminary event/fault ree analysis performed for the [PE. Information was collected by
observers and from video tape recordings of the exercises. Data was collected from a total
of 7 scenarios, variations of Steam Generator Tube Rupture (SGTR) sequences. The
submittal (Appendix D) provides a fairly detailed, and in our view, thoughtful, discussion
of the strengths and problems associated with obtaining and applying data from simulator
exercises. While subjective judgment and caution is necessary to apply simulator data, the
quantitative data and qualitative insights obtained from taese simulator exercises are a
positve contribution to the HRA and a significant strength of the licensee’s HRA
approach.

Varigbility in Crew Response

The shape parameter ¢ in the lognormal distribution represents the variability in the
assumed distribution. In the NAPS analysis the HRA analysts use o as an adjustable
parameter to represent subjective evaluations about the nature of operator behavior in
response to the abnormal event. Increasing the value of O increases the value of the HEP
esumated mean. The analysts applied different “lues of o, depending on judgments about
complexity of diagnosis, prwedures, training, etc., as follows:

e o=04- skill-based actions; response to jmmediate actions in EOPs that are
memorized

* o=0.6- actions for which there is procedural guidance in EOPs and there has
been gaining

« o=08- actions for which there is prucedural guidance in pon-EOP procedures
and there has been fraining

* o=10- actons for which procedural guidance is indirect, and there has been no
scenario-specific training, but crews are knowledgeable about the actions
necessary.

As is the case with many assumptions and models in HRA, this model is speculative and does
not have a firm theoretical or empirical basis. It does offer a convenient mechanism and a
systematic, logical approach for the analyst to incorporate subjective judgment based on
observations of operator performance. However, the approach is still fundamentally a means
of expressing subjective judgment. The results should not be atributed with any greater or
less significance because they have been implemented by means of a mathematical
formulaton.
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redit for Error v

The submittal notes that EOPs do not usually have independent verification of operator
actions, and usually credit was not taken for recovery of operator error. However, credit was
taken for non-proceduralized checking of addidonal station personnel, depending on the time
window available, as follows:

(8) If the ime window is greater than one hour, credit is taken for recovery of errors by
Technical Support Center (TSC) personnel, if the action is one that can be monitored
in the TSC. A recovery factor of 0.1 is applied to execution errors (i.e., to Py).

(b) lld\edmewindowispewthmuhomaaditisnkcnforbommeTSCmﬂ.
and a shift change in control room personnel. A factor of 0.1 is applied to both the
P, and the P, terms.

(¢)  If the time window is greater than 24 hours, additional credit is taken for active
checking by operators taking routine surveillance log, plus the fact that two shift
changes would have occurred. A multiplying factor of 0.01 is applied to both P,
and P 3 terms.

This credit for non-proceduralized checking is speculative, but in our view is reasonable,
particularly since it was applied judiciously to actons for which the uming appears to warrant
credit, and since in no case was it applied to basic mistakes in cognitive processing, i.e., 10
the P, term. Basic mistakes in cognitive processing may lead the operators to errors of
commission which could alter the sequence path significantly. In those cases simple models
of time-driven response, including these recovery factors, would be inappropriate.
Consideradion of Dependencies

An important concern in HRA is the treatment of dependencies. Human performance is
dependent on sequence-specific response of the system and of the humans involved. The
likelihood of success on & given action is influenced by success or failure on 2 preceding
action, performance of other team members in parallel or related actions, assumptions about
:heexpecndlevelofpafmnceofo&hetmmbmbnedonpmexperience.etc.
Accounting for dependency among top-level actions in a sequence is particularly important.
The human error probability estimates for HRA are conditional probabilities. If dependencies
are not specifically accounted for, and HEPs are treated as independent, the probabilistic

combination of HEPs can lead to an unrealistically low estimate of human performance
overall (i.e., of the joint human error probability), and tc 2 significant underestimate of risk.

The NAPS submittal does not contain a narrative summary of the treatment of dependencies

However, examination of the detailed HEP calculations in Appendix D indicates that
dependency was considered for each HEP.
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In response to an NRC RAI, the licensee stated that the criteria for idennufying dependencies
between operator actions (basic events) were:

(1) Do the basic events represent the manipulation of similar equipment to accomplish
different tasks, or

(2) Do the basic events represent the operator attempting to accomplish the same task
using different equipment?

If the answer to either question was yes, 8 dependency was assumed to exist between the two
basic events. These iwo "criteria” are reasonable indicators that a significant dependency is
likely to exist, but are relatively narrow criteria for identifying dependencies. Different
operator tasks on different equipment may very well be dependent if failure/success on the
first task influences the likelihood of failure/success on the subsequent task. It is not possible
to determine from this document-only review whether this limited definition of dependency
had a significant impact on the quantitative results of the HRA. It is positive that the licensee
identified the potential for dependencies in post-initiator action to increase the overall failure
probability for human action (in comparison to treating all actions as independent).

With regard to the quantification of dependencies, the licensee indicated that there were two
approaches. In some cases, dependent operator acticns were combined into a single basic
event, similar to the treatment of dependencies in pre-inidator actions. In other cases (such as
those identified in our review of Appendix D of the submittal) point estimates of the
individual failure probabilities were modified to account for the dependency. The licensee
also noted in the response to the RAI that dependency between post-initiator response-type
actions and post-initiator recovery-type actions were considered. Where dependencies
berween these two types of actions were identified, the combination of those actions was not
allowed. (We take this statement by the licensee to mean that credit for the recovery action
was not applied when a dependency existed.) Table B.3.4-1 in the submittal idendfies fifteen
combinations of recovery and response-type actions that were considered. In nine of those
cases, the combination was disallowed; in the remaining six, the combination was allowed.

Overall, the licensee's treatment of dependencies in post-initiator human actions was
somewhat narrower in scope than typical, but appears to have been an effective means of
quantifying the impact of the important dependencies.

2.34.2 Recovery Actions. The recovery analysis is described in Appendix B of the
submittal. Failures in both equipment and human action are considered. The probability of
failure of a recovery action is the sum of the failure probabilities for equipment and human
action (where a human action was identified). Narrative discussion of the HEP quantfication
is limited, but summary calculations for each recovery failure probability provide a reasonably
detailed description of the process (i.e., permit us to infer the process). All human actions
credited were proceduralized, though typically not in the EOPs. The procedures associated
with each recovery action were evaluated, and sequence-specific impacts on human
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performance were considered qualitatively. In general, the backup action was related to the
samne or a similar response action that had previously been quantified. Frequently, it was
judged that the conditions - timing, complexity of diagnosis and artion, etc. - were similar to
conditions evaluated for the response action, and the response-action HEP was used. In some
cases, the calculation of the previous HEP was recalculated to account for differences in the
specific conditions.

This overall approach i¢ reasonable, but results are highly dependent on analyst judgment
about the similarity of recover actions to response actions, and the equivalency of factors such
as stress on human performance. In many PRAs the HEP values used for recovery actions
are considerably higher than for typical response actions. Analysts use what they believe to
be relatively conservative values because of uncertainty associated with the esumates under
accident conditions in which equipment has failed and the primary response procedures are no
longer effective or applicable. Even though the action taken may be directed by a system
procedure or other backup procedure, and may be physically the same as a "normal” accident
response, the likelihood of success may be impacted by stress, additional workload, increased
time pressure, etc. These sequence-specific dependencies m y significantly influence the
HEP. In general, the NAPS HEP values for recovery actions are more typical of response
actions than of the conservative values usually used in other PRAs. However, it appears that
the licensee's approach addressed sequence-specific influences qualitatively and did adjust
some of the HEP estimates accordingly. The licensee examined the quantified impact of
recovery actions on CDF through sensitivity studies. The total core damage frequency was
reduced by approximately a factor of 3, from 2.2E-04 w 6.8E-05, by credit for recovery
actions. Sensitivity analyses are discussed in Section 2.4 below. This magnitude of reduction
is generally consistent with results in other PRAs.

23.5 GSUUSI and CPI Recommendations.

Review of the submittal discussions of Generic Safety Issues (GSIs) and Unresolved Safery
Issues (USIs) is primarily the focus of the front-end reviewer. Review of submirtal
discussions of any licensee actions in response to Containment Performance Improvement
(CPI) recommendations is performed primarily by the back-end (Level 2) reviewer. If the
licensee's discussion of these issues has particular significance to the HRA or human
performance issues, those points are included in this review. The licensee addressed USI A-
45, Decay Heat Removal (DHR). The front-end reviewer identified the unique or plant-
specific design features of North Anna that impact availability to provide DHR. Those
features, and the human performance implications of the features, were noted previously in
Section 1.2 of this TER. Included were:

« the ability to use charging pumps from the opposite unit tends to decrease the CDF
(operator action is required)
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« automatic switchover of ECCS from injection to recirculation tends to decrease the
CDF; operator action to manually switch over has been a significant contributor in
some PWR plants

+ requirement for mechanical refrigeration to cool the emergency switchgear rooms;
operator action to restore cooling to switchgear room is an important action.

The licensee also proposes that USI A-17 related to internal flooding and GSI-23, RCP seal
LOCA are resolved by the IPE submittal’,

With regard to Containment Performance Improvement (CPI) recommendations, the licensee
addressed the issue of local and global hydrogen combustion and associated threats to
containment. The licensee stated that hydrogen buildup to sufficient concentrations that could
result in combustion and failure of containment was unlikely in most accident situations due
to the availabiliry of ignition sources, and thar buildup to the level of detonation was not
possible in the North Anna containment.

2.4 Vulnerabilities, Insights and Enhancements

2.4 Vulnerabilities.

The licensee defines a vulnerability as a failure (component fault or human error) that is
significantly greater than others, i.c., that contributes more than ten percent to overall core
damage frequency or is a factor of three greater than the next highest similar event.
Contributions were evaluated by importance calculations. Three measures of importance are
reported in the submittal for each basic event: Fussel-Vesely, risk reduction worth, and risk
achievement worth. No vulnerabilities were identified by the licensee.

242 [Insights Related to Human Performance.

2.42.1 Imporant Response-Type Actions. Tables 3.4.1-6 and 3.4.1-7 in the submittal
provide Fussel-Vesely, risk achievement worth, and risk reduction worth importance measures
for over 700 basic events, including initiating event frequencies, component failures, human
actions, and recov.y action failure probabilities comprised of equipment failure and human
error. The top ten resjonse-type (which are all of this type of actions with Fussel-Vesely
importance values grea.er than 1E-02) are listed in Table 3-1. The two most important
operator actions contributing to CDF are:

! The Commission has since disapproved issuance of a proposed rule on GSI1-23 for public
comment. (Ref. SEC'Y-94-225-Issuance of Proposed Ruiemaking Package on Gl-23, "Reactor
Coolant Pump Seal Failure.”)
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1) - d-11 - ] . This
operator action appears in transient sequences involving loss of AFW and the necd
for mnuauy initiated bleed and feed, and in pump seal LOCA sequences. This
operator action is the third most important basic event (fifth on the overall list

including initating frequencies).

2) chgeas or Mair
Congrol Room (MCR) HVAC within 10 hours. actions include starting air
handlers on the unaffected unit, opening fire doors between switchgear rooms, and
opening cabinet doors to cool with portable ventilation. This action is the tenth
most important basic event (sixteenth on the overall list including initatng
frequencies).

Table 3-1
Post-Initiator Human Actions in the Top 100 Easic Events
HEPID DESCRIPTION HEP  E:Vimpon. RANK
HEP-FRH:1-11 inidate High Head Safety Injection 482E02 1.16E01 !
HEP-OAPSS-10HR Restore ESGR/MCR HVAC, 10 hours 49SE0z 7.08E02 16
HEP-1FRC:1-11-§1 Depressurize sieam generaior, medium LOCA 1.00E+00 S.96E(2 20
HEP-NO-PROCEDURE Operator action without procedure 1.00E+00 391E02 35
HEP-1E3-13 Initiate RCS cooldown, SGTR 2.18E02 333EM 36
HEP-OAPSS-20HR Restore ESGR/MCR HVAC, 20 hours 26E04 368E2 N
HEP-1AP22:5 Initiate refill Emergency Condensaie Storage Tank 1.7SE04 337ED2 42
HEP-10P49:1 Startup and shutdown of service waier sysiem 1.33E01 2.50E02 47
HEP-OAPSS-40HR Restore ESGR/MCG HVAC, 40 hours 1.2SE01 1.66E02 n
HEP-1FRC:1-11-82 Depressurize steam generaior, small LOCA 1.06E02 133EQ2 80

The importance of operator action is made evident in the summary discussion of dominant
initiating events, functional failures, and sequences. The functional sequences contributing
significantly to CDF are listed in Table 3.2. (Per cent contribution totals more than 100%
because functions occur in multiple sequences.) Failure of operator cooldown and
depressurization is a dominant contributor 0 CDF. In sequences with failure of HHSI, failure
to depressurize will prevent the use of Low Head Safety Injection to maintain inventory.
Cooldown also is required to avoid a pump seal LOCA in sequences with loss of emergency
power. Human action contributions to failure of injection and ESGR cooling were noted
above, and operator actions are important in the other functional failures.

The submittal provides a summary of the dominant sequences, i.e., 22 sequences which
contributed 1E-06/yr or more to the CDF estimate. Operator actions and/or recovery actions
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including operator action are identified as significant contributors to most of these top
sequences, and as the dominant contributor in a number of them.

Table 3-2
Functional Failures Contributing to Core Damage

CDF
Functi Contribus
Failure of injection 42%
Failure to cooldown and depressurize 36%
Failure of emergency swichgear room cooling 34%
Failure of auxiliary feedwater 24%
Failure of recirculation 13%
Failure to recover offsite power 12%
Failure of bleed and feed 1%
Seal LOCA <%

2.4.2.2 Imponant Recoverv-Type Actions. Table 3.4.1-12 in the submirtal identifies recovery
actions quantified. Table 3-3 essentially reproduces that table. Both equipment failure and
human error probabilities are listed along with the total probability of failure for the recovery
action. The dominant recovery actions, per the submittal (page 3-129, revised in the
licensee's response to the NRC RAI) are listed below. Shown in parentheses are the results
of a sensitivity study performed by the licensee indicating the impact on the CDF of
individually increasing the failure probability for each recovery action to 1.0:

1) REC-1FRH:1-4 - Recovery of main feedwater (93.1% increase in CDF)

2) REC-SCREEN-TURNS - Recovery of (rotate and wash) plugged SW traveling screens
(39.4% increase in CDF)

3) REC-1AP28 - Local recovery of Unit 1 Instrument Air

4) REC-10P14:1 - Local opening of RHR valves to recover RHR following a steam
generator tube rupture (37.6% increase in CDF)

§) REC-B12AVE - Recovery of 1H emergency from maintenance in 12 hours (20.7%
increase in CDF).

An important insight that was apparent from the pre-initiator analysis is the significant
reduction in error probability, and hence CDF, afforded by independent verificaton of manual
action. A number of procedure enhancements to require independent verification were
identified and were credited in the IPE model. These are noted in the following section.
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Table 3-3
Recovery Actions

Failure Probability

REC-CONTAINMENT 2E402 00 2E02 Recover sequences, contain. failure, no core damage
REC-1ES1:2 2E03 9ED4 3ED3  Post LOCA cooldown and depressurization
REC-00P21:6 GE-04 1E03 2603 Recover MCR and reiay room air conditioning

REC-MMP-C-MR-2 2E03 2E01 3EO1 Troubleshoot and repair MCR chiller units
REC-SCREEN-TURNS 1E01 00 1EQ! Service water traveling screen auto rotate and wash

REC-1AP28 IEQ1 2E03 1EO1 Recover loss of instrument air

REC-2AP28 1IEQ1 2E03 1EO1 Recover loss of instrument awr

REC-IFRH: 14 BEQ3 3EO3 1EQ2 Recover loss of main feedwater

REC-10P14:1 1IEQ1 4E03 1EO1 Recover RHR

REC-1ES1:4-1 IEO1 4E03 1EO1 Open MOV valves, hot leg recirc
REC-BI2AVE 1IEQ1 00 IEO1 Time avgd non recovery of AC power in 12 hrs

243 Human- Performance-Related Enhancements.

The licensee identified a number of procedures enhancements and practices that are required
as a result of the IPE. These procedural enhancements/requirements are discussed in Secton
6 of the submittal and succinctly summarized in Table 6-1 (for internal events) and 6-3 (for
flooding). For the internal events, the enhancements/requirements were credited in the IPE,
and in some cases are in place. These enhancements are briefly summarized below:

1) All procedures which open AFW full flow recirculation manual valves should be
revised to add independent verification. Without independent verification of these
human actions, the estimated CDF would increase from 6.8E-05/yr to 7.2E-05/yr.

All procedures which realign Quench Spray or Recirculation Spray headers for testng
should revised to provide independent verification that the headers have been restored
to fully operable upon completion of the test. Without independent verification, the
estimated CDF would increase to 7.0E-05/yr.

Revise EOP 1-E-0, Reactor Trip or Safety Injection, to provide guidance to use the
alternate SI header. Without this improvement, the CDF estimate would increase to
7.1E-05/yr.

Revise administrative procedures/controls to ensure that the Low Head Safety Injection
pump testing is performed in a staggered fashion, i.c., test one pump each 45 days,
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5)

6)

7

instead of both pumps at 90 days. The estimated CDF would increase to 7.0E-05/yr if
the tests were not staggered.

Revise administrative procedures/controls to eliminate preplanned dual outages for the
MCR/ESGR chiller train equipment. The estimated CDF would increase to 7.1E-05/yr
if the dual chiller outages continue at the same frequency as in the past

Improve maintenance practices to limit the mean time to repair (MTTR) MCR/ESGR
chiller train equipment to less than 60 hours when one chiller is inoperable, and less
than 36 hours when two chillers are inoperable. The CDF estimate would increase w
8.0E-05/yr if the MTTR is not improved.

Modify station procedures to provide troubleshooting and repair of MCR/ESGR chiller
protection circuitry and reduce refrigerant-related chiller failures. Use historical data
to identify sensors/equipment susceptible to failure. Without these changes the
estimated CDF would increase to 7.3E-05/yr.

Procedures enhancements/requirements to reduce the contribution from flooding were
identified. Credit was taken in the [PE for these items. The submirttal states that some of
them already exist, and that the others should be put into place before the next test interval
(typically 18 months). Flooding related procedure requirements include:

1) Inspect the Charging Pump Cubsicle drain back flow prevention devices every 18

months and replace if necessary.

2) Administrative control and periodic inspection of all flood dikes and barriers once

every 18 months to verify they are in place.

3) Periodic testing of alarms and all automatic equipment actuations for important

flooding level switches.

4) Modification of Auxiliary Building Flooding abnormal procedure to include steps to
identify and isolate remotely isolatable floods and RWST floods.




3. CONTRACTOR OBSERVATIONS AND CONCLUSIONS

The intent of the IPE is summarized in four specific objectives for the licensee identified in
Generic Lener 88-20 and NUREG-1335:

(1)
(2)
(3)

(4)

Develop an appreciation of severe accident behavior.
Understand the most likely severe accident sequences that could occur at its plant

Gain a more quantitative understanding of the overall probability of core damage
and radioactive material releases.

If necessary, reduce the overall probability of core damage and radioactive material
release by appropriate modificatons to procedures and hardware that would prevent
or mitigate severe accidents.

With specific regard to the HRA, these objectives could be restated as follows:

(1)

(2)

(3)

(4)

Develop an overall appreciation of human performance in severe accidents; how
human actions can impact positively or negatively the course of severe accidents,
and what factors influence human performance.

Identify and understand the operator actions important to the most likely accident
sequences and the impact of operator action in those sequences; understand how
human actions affect or help determine which sequences are important.

Gain 2 more yuantitative understanding of the quantitative impact of human
performance on the overall probability of core damage and radioactive material
release.

Identify potential vulnerabilities and enhancements, and if necessary/appropriate,
implement reasonable human-performance-related enhancements.

The following observations and conclusions are pertinent o NRC staff’s determination of
whether the licensee's submittal met the intent of Generic Letter 88-20:

(1) The submittal and supporting documentation indicates that utility personnel
were involved in the HRA, and that the walkdowns and documentation reviews
constituted a viable process for confirming that the HRA portions of the [PE
represent the as-built, as-operated plant (at least for the post-initiator error
evaluation).




(2)

(3

(4)

(5)

(6)

The licensee performed an in-house peer review that provides some assurance
that the HRA techniques have been correctly applied and that documentation is
accurate.

Pre-initiator human actions were considered in the analysis. Both restoration
errors and miscalibration were considered, though the treamment of calibraton
errors was limited to 2 qualitative review and subjective quantitative
consideration as part of equipment failure probabilities. No calibration errors
were judged by the licensee to be significant enough to warrant individual
quantification as a basic event in the system fault trees. This relatively limited
treatment of calibration errors is a weakness of the licensee's analysis. The
treatment of pre-initiator restoration errors was essentally generic, though some
plant specific consideration was applied in assessing performance shaping
(error recovery) factors and dependencies.

The treatment of post-initiator human actions was rsasonably complete. The
process for selection and identfication of significant human actions to include
in the IPE model appears to have been reasonably comprehensive. Both
response-type and recovery-type actions were included. Quantification of
post-initiator errors followed an EPRI methodology and THERP. Some
consideration was given to plant-specific performance shaping factors.
Simulator observations of operator requalification training were employed to
obtain data and insights on operator response to accident events. Dependencies
among multiple operator actions in a sequence were assessed.

The licensee identified a number of human actions that were important factors
in the overall risk profile for the North Anna units. Operator response-type
actions were identified as among the most important basic events in the [PE
model. And, the licensee conducted sensitivity studies and reported results that
recognized that credit for operator recovery actions were a significant factor in
reducing the estimated CDF.

The licensee employed a systematic process to screen for vulnerabilities and
identify potential enhancements. The process identified a number of human-
performance-related (procedure) enhancements expected to reduce the
likelihood of human error, the majority of which were related to the seal
LOCA event. These enhancements credited in the IPE.
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4. DATA SUMMARY SHEETS

Important Operator Actions/Errors:

The top ten post-initiator response actions, per the Fussel-Vesely importance measure are:

HEPID DESCRIPTION

HEP-FRH:1-11 Inicste High Head Safety Injpection 4 82E-02
HEP-OAPSS-10HR Restore ESGR/MCR HVAC, 10 hours 49SE02
HEP-1FRC:1-11-§1 Depressurize sicam generator, medium LOCA 1.00E+00
HEP-NO-PROCEDURE Operator action without procedure 1.00E+00
HEP-1E3-13 Initate RCS cooldown, SGTR 2.18E2
HEP-OAPSS-20HR Restore ESGR/MCR HVAC, 20 hours 26E-04
HEP-1AP22:5 Initiate refill Emergency Condensate Sworage Tank  1.75E-04
HEP-10P49:1 Startup and shuwdown of service water sysiem 1.33E01
HEP-OAPS5-40HR Reswore ESGR/MCG HVAC, 40 hours 1.25E01
HEP-1FRC:1-11-82 Depressurize steam generator, small LOCA 1.06E-02

Human-Performance Related Enhancements:

1.16E-01
7.08E-02
S96E02
3SIEM
333E02

3.68E-02
33TEM
2.50E-02
1.66E-02
133E02

HEP  EVimpon RANK

b
16
20
35
36

39
42
47
71
80

The following enhancements related 1o internal events other than flooding were identified
and credited in the IPE mod.l:

1)

2)

3)

4)

All procedures which open AFW full flow recirculation manual valves shouid be revised

to add independent verification. Without independent verification of these human

actions, the estimated CDF would increase from 6.8E-05/yr to 7.2E-05/yr.

All procedures which realign Quench Spray or Recirculation Spray headers for testing
should revised to provide independent verification that the headers have been restored to0

fully operable upon completion of the test. Without independent verification, the

estimated CDF would increase to 7.0E-05/yr.

Revise EOP 1-E-0, Reactor Trip or Safety Injection, to provide guidance to use the
alternate SI header. Without this improvement, the CDF estimate would increase to

7.1E-05/yr.

Revise administrative procedures/controls to ensure that the Low Head Safety Injection

pump testing is performed in a staggered fashion, i.c., test one pump each 45 days,

instead of both pumps at 90 days. The estimated CDF would increase to 7.0E-05/yr if

the tests were not staggered.
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5) Revise administrative procedures/controls to eliminate preplanned dual outages for the
MCR/ESGR chiller train equipment. The estimated CDF would increase to 7.1E-05/yr if
the dual chiller outages continue at the same frequency as in the past.

6) Improve maintenance practices to limit the mean time to repair (MTTR) MCR/ESGR
chiller rain equipment to less than 60 hours when one chiller is inoperable, and less than
36 hours when two chillers are inoperable. The CDF estimate would increase w
8.0E-05/yr if the MTTR is not improved.

7) Modify station procedures to provide troubleshooting and repair of MCR/ESGR chiller
protection circuitry and reduce refrigerant-related chiller failures. Use historical data o
identify sensors/equipment susceptble to failure. Without these changes the estimated
CDF would increase o 7.3E-05/yr.

Flooding related procedure enhancements identified and credited in the IPE include:

1) Inspect the Charging Pump Cubicle drain back flow prevention devices every 18 months
and replace if necessary.

2) Administrative control and periodic inspection of all flood dikes and barriers once every
18 months to verify they are in place.

3) Periodic testing of alarms and all automatic equipment actuations for important flooding
level switches.

4) Modification of Auxiliary Building Flooding abnormal procedure to include steps to
identify and isolate remotely isolatable floods and RWST floods.
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