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Response to Portion of NRC Request for

Additional Information Letter No. 64

Related to ESBWR Design Certification Application

Human Factors Engineering
NEDO-33267, Human Reliability Assessment Program

RAI Numbers 18.7-1 through 18.7-15
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NRC RAI Number 18.7-1

The "Purpose" statement included in the HRA Plan states that the Plan describes "how
information generated by HRA tools can be used to support the [human system interface]
HSI HFE design goals. " The use of this verb implies that applicant does not necessarily
need to use the information and that it's merely provided for consideration. Neither the
statement (nor the Plan) commit to using the information.

GE Response

The purpose will be changed to "how information generated by HRA tools are used to
support the [human system interface] HSI HFE design goals when use of the HSI impacts
a significant accident sequence defined in the PRA."

DCD/LTR Impact

LTR NEDO-33267, Rev 0 will be revised as described above.

No DCD changes will be made in response to this RAI.
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RAI Number 18.7-2

Pages 12-15. What is the origin of the error taxonomy used (i.e., type A, B, C)?

GE Response

This nomenclature was developed to help organize the relationship between the HRA
models and the incorporation into the PRA structure. An initial taxonomy was used in
EPRI NP-3583 Systematic Human Action Reliability Procedure (SHARP) as 1,2,3,4,5,
but was revised to match with pre-, initiator- and post- actions as A, B, and C in EPRI
Report TP-101711 (1992) SHARP1. This nomenclature has been applied in many utility
PRA submissions to simplify the naming of the error types associated with pre-, initiator-
and post- actions, and will be added to the appropriate definitions in the next revision to
NEDO-33267.

DCD/LTR Impact

LTR NEDO-3 3267, Rev 0 will be revised as described above.

No DCD changes will be made in response to this RAI.
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NRC RAI Number 18.7-3

Page 18. NUREG-1 792 is available as of April 2006. Please, reference current version.

GE Response

We will update the reference to NUREG-1792 in the next revision of NEDO-33267. It
will be:

NUREG- 1792, Good Practices for Implementing Human Reliability
Analysis (HRA), April 2005.

This document is publicly available on the NRC web site.

DCD/LTR Impact

LTR NEDO-33267, Rev 0 will be revised as described above.

No DCD changes will be made in response to this RAI.
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NRC RAI Number 18.7-4

Page 10, 1.3, "Definitions, " what is meant by, "IEEE Working Group?"

GE Response

This definition comes from the NPEC IEEE working group 5 for reliability and human
factors working on P1574 "IEEE Recommended Practice for Conducting Human
Reliability Analysis for Nuclear Power Generating Stations". The next revision of
NEDO-33267 will replace (IEEE working group) with (NPEC IEEE WG 5 on P1574,
2006).

DCD/LTR Impact

LTR NEDO-33267, Rev 0 will be revised as described above.

No DCD changes will be made in response to this RAI.
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NRC RAI Number 18.7-5

Page 20, reference 20. Is this a publically-available document?

GE Response

The full document is no longer provided by EPRI, however, a comprehensive summary is
in the Public Conference record for 1985 IEEE Third Conference on Human Factors and
Nuclear Safety, June 23-27, 1985, Monterey, California / editor, Edward W. Hagen.
"A Model for Assessing Human Cognitive Reliability in PRA studies," Hannaman,
Spurgin and Lukic. The IEEE reference will be substituted for the EPRI reference.

DCD/LTR Impact

LTR NEDO-33267, Rev 0 will be revised as described above.

No DCD changes will be made in response to this RAI.
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NRC RAI Number 18.7-6

Page 21, states that the "robustness of the HRA depends, in large part, on the analyst's
understanding..." How does GE's HRA Plan ensure that the applicants (for design
certification and COL) meet this objective, i.e., have qualified analysts?

GE Response

The GE HFE team incorporates sufficient expertise to accomplish this detailed HRA
process by including NRC licensed SROs, and engineers/analysts who have performed or
managed maintenance activities, have reviewed events and classified human errors, have
observed simulated accidents, and have developed procedures.

NEDO-33267 will be revised by creating a new second bullet in Section 3 from the
second sentence in bullet one and incorporating the response above. The added bullet
is:

"The robustness of the HRA depends, in large part, on the analyst's
understanding of personnel tasks, the information related to them, and the
factors, which influence human performance."

Accordingly, the GE HFE team incorporates sufficient expertise to accomplish this
detailed HRA process by including NRC licensed SROs, and engineers/analysts who
have performed or managed maintenance activities, have reviewed events and classified
human errors, have observed simulated accidents, and have developed procedures."

DCD/LTR Impact

LTR NEDO-33267, Rev 0 will be revised as described above.

No DCD changes will be made in response to this RAI.
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RAI Number 18.7-7

NEDO-33267 and DCD Tier 2, Chapter 18.7 state in several places that the PRA/HRA
will provide a listing of potentially risk-important human interactions for use in several
portions of the HFE program. The initial PRA/HRA for ESBWR has been completed and
submitted to NRC along with Chapter 19 of the DCD. Therefore, sufficient information is
available to develop the initial list of risk important actions using the methods discussed
in this report. The PRA and DCD Chapter 19 provide very informative lists of risk
important structures, systems and components (SSCs), however they note in several
places that human actions are not included. It is not clear why human actions were
excluded from these importance listings and are not in NEDO-33267. Please provide the
initial list of risk important human actions.

GE Response

Risk important operator actions developed from the PRA rev. 1 are listed in Tier 2
Chapter 19 Rev 1, September 2006, in Table 19.2-3 on Risk Insights and Assumptions.
The use of the PRA/HRA in human factor engineering (HFE) is an iterative process, and
this initial listing will be enhanced with additional actions as the design matures. For
example, system level actions that are included within system level reliability models of
the design level PRA do not specifically separate the automatic versus manual actions.
This use of generic failure rate estimates for the structures, systems and components is
adequate for estimating the overall risk in terms of the top down level 1 and 2 PRA.
However, an enhanced listing of human actions requires the allocation of manual versus
automated actions in each system and modeling within the PRA to expand the initial risk
importance listing.

The HRA plan indicates that a process will be established to enhance this listing as an
iterative tool to pass between the HFE/HRA assessments and the PRA/HRA risk
evaluation. The list will be dynamic as HSI design features are established, and will be
upgraded as the design details are established and modeled in the PRA. Listings of risk
important actions in Table 19.2-3 will be further enhanced through implementation of the
HFE HRA plan.

Reference to Table 19.2-3 in Tier 2 Chapter 19 Rev 1, September 2006 will be provided
in the next revision to section 5.2 second paragraph of NEDO-33267.

"The initial baseline ESBWR PRA study which is described in the
ESBWR DCD Chapter 19 will be used as the starting point for defining
risk important human actions (e.g., Table 19.2-3 in Tier 2 Chapter 19 Rev
1, September 2006)."

Also the reference for chapter 19 will be updated.
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DCD/LTR Impact

LTR NEDO-33267, Rev 0 will be revised as described above.

No DCD changes will be made in response to this RAI.

Page 9 of 21
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RAI Number 18.7-8

NEDO-33267, Section 4, states that, "These analyses will use a variety of importance
measures and HRA sensitivity analyses assumptions to ensure that risk important actions
are not overlooked." However, the particular importance measures to be used and the
acceptance criteria (or cutoff values), for determining which human actions (HAs) are
risk important, are not given in the report. It is noted that cutoff values, using the risk
achievement worth (RAW) and Fussell-Vesely (FV) importance measures (IMs), are
specified in DCD Tier 2, Section 19.5.2 for important SSCs. Please provide the IMs and
the criteria to be used for determining the risk important HAs.

GE Response (see also RAI 18.7-10 bullet 5)
The PRA takes advantage of the specialized ranking tools that can be used to rank the
inputs to the PRA model relative to their importance. For example, the following three
processes are used within the PRA models to determine the importance of human actions
that are modeled as basic events. These are:

(1) Fussell-Vesely (FV) Importance is the relative contribution to the system failure
probability from a basic event failure at its estimated failure probability,

(2) Risk Achievement Worth (RAW) is the factor increase in the system failure
probability when a basic event (or group of basic events) is assumed to be failed,
and

(3) Risk Reduction Worth (RRW) is the factor decrease in the system failure
probability when a basic event (or group of basic events) is assumed to succeed.

These importance evaluation processes represent simple ways of evaluating the
impact of human errors that are represented in the PRA model on the top event such
as system availability or core damage frequency (CDF). Other forms of importance
measures have been developed. When human action basic events are in cutsets below
the top 1000 contributors and the CDF (or large early release frequency (LERF)) is
well within the NRC guidelines in RG 1.174, then the human action basic events are
not considered risk important. Sensitivity analysis is given to human action basic
events in the top 100 risk contributors using any of the importance measures
described. This discussion will be added to Section 4 in the next revision to
NEDO-33267.

DCD/LTR Impact

LTR NEDO-33267, Rev 0 will be revised as described above.

No DCD changes will be made in response to this RAI.
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RAI Number 18.7-9

The ESBWR PRA, as submitted, includes both Level 1 and Level 2 analyses and both
internal and external events analyses. Clarify why NEDO-33267 does not specifically
commit to use all of these analyses in determining the risk important HAs.

GE Response

Because this is a first time application of PRA/HRA to support HFE during the design
phase we identify possible methodologies that will match the top down approach in levels
1 and 2 internal and external events PRAs to the bottom up approach used in task
analysis. This match up is expected to result in refinements to the proposed methods in
NEDO-33267. The development of the importance listing will consider the inputs from
levels 1 and 2 of the internal and external events PRA models. The next revision of
NEDO-33267 will clarify commitments by making the following changes to the Section
1.2 bullets.

First bullet, new will reference the text provided in RAI 18.7-6 to address the
multidisciplinary team:

"Using a multidisciplinary team as described in Section 3 to analyze
human actions within the context of the PRA."

Second bullet, current 1st bullet modified:

"Developing a process for using PRA/HRA (e.g., level 1, level 2, internal
and external events) to support the design of the ESBWR HSI. An initial
working process is shown in Figure 2."

Third bullet, current 2nd bullet unchanged.

Fourth bullet, new:

"Clarifying the role of operators, through obtaining design information
related to factors that affect human performance."

Fifth bullet, current 3rd bullet unchanged.

Sixth bullet, current 4 th bullet modified to insert the word "probabilistic":

"Iterating with the probabilistic risk assessment,. ..............

The final three bullets remain unchanged.
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DCD/LTR Impact

LTR NEDO-33267, Rev 0 will be revised as described above.

No DCD changes will be made in response to this RAI.

Page 12 of 21
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RAI Number 18.7-10

Several areas of NEDO-33267 were not sufficiently clear:

Bullet item from RAI and GE Response

Section 1.1, Purpose, contains a paragraph and 5 bullets that address Regulatory
Guide (RG) 1.174. Please clarify the relation of this to the HRA implementation
plan.

These bullets from RG 1.174 provide a framework for interpreting and evaluating
changes in risk when design choices are made for the MMIS during the design process.

Section 3, 2nd sentence, states "If such a PRA/HRA model is developed,..." Since
the model is already developed, clarify the use of the word "if'

To show that the ESBWR meets the risk goals during the design it may not be necessary
to develop detailed HRA models for more than a few actions. With additional detailed
PRA/HRA modeling, the plant operators would be able to monitor risk from the control
room. The development of this HSI feature is being considered as a possible Main
Control Room feature for the ESBWR that has not been included in the base design scope
of the previous ABWRs and BWRs.

Section 3, first bullet, states that the PRA/HRA will be performed early in the
design process. It also discusses iterative nature of the PRA/HRA and how it will
be updated as the design progresses. Please clarify where the Rev. 1 PRA
submitted for ESBWR, is on this time line.

The Rev. 2 PRA will include the identification of human actions that are required to start
and stop systems, and special actions needed to initiate passive cooling features (e.g.,
manual depressurization, back up to automatic triggering of the squib valves for gravity
feed, etc.) and quantification via HRA screening methods. Detailed HRA modeling will
incorporate actions identified from the top down PRA/HRA and bottom up design
features considered in the task analysis. PRA version 1 has been submitted without
interactions with the HFE team, it will be the starting point for these interactions. The
PRA Rev. 2 timeline is being developed and will include interactions with the HFE team.

Section 4, HRA Methodology, on p. 23 & 24, discusses HRA aspects and
approaches, but contains a combination of items that are: completed, will be
done, may be done, and others that appear to be listed as "good approaches." The
mix of various verbs is confusing. Please clarify your commitment to these
various items. In addition, the discussion that begins on p.23 of the "several
analysis components... "merely appears to list and describe these components,
but does not explicitly state that the GE HRA will include/address these
components. Please clarify.
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The discussion on pages 23 & 24 provides information about various approaches to be
used to meet commitments during the HRA implementation process. The verb tenses
will be reviewed and changed to present tense to reflect commitments in the next revision
of NEDO-33267. Each bullet element in section 4 represents a methodology element
commitment that the GE human factor team will use in evaluating the risk important
actions identified for the ESBWR.

* Page 27, please explain what are the "ranking tools."

The PRA takes advantage of the specialized ranking tools that can be used to rank the
inputs to the PRA model relative to their importance. For example, the following three
processes are used within the PRA models to determine the importance of human actions
that are modeled as basic events. There are: (1) Fussell-Vesely (FV) Importance is the
relative contribution to the system failure probability from a basic event failure at its
estimated failure probability, (2) Risk Achievement Worth (RAW) is the factor increase
in the system failure probability when a basic event (or group of basic events) is assumed
to be failed, and (3) Risk Reduction Worth (RRW) is the factor decrease in the system
failure probability when a basic event (or group of basic events) is assumed to succeed.
These importance evaluation processes represent simple ways of evaluating the impact of
human errors that are represented in the PRA model on the top event such as system
availability or core damage frequency.

Section 5.3.1, 5.3.2 and 5.3.3 list "assumptions "for aspects of the HRA. These
activities should be characterized as commitments (or in some cases design goals
of the HSI) rather than as assumptions.

These items are listed as assumptions in the ASME PRA standard for PRAs on completed
plants and should remain as assumptions for plants analyzed during the design.

On page 31, the next to last paragraph is not clear. Should there be an "or"
between "...accident sequences" and "become a direct cause of an initiating
event?"

There should be an "or" and this will be changed in the next revision of NEDO-33267.
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Page 33, paragraph that begins, "Example models for performing detailed
estimation... " The Plan does not seem to provide the applicant with direction on
how to select the model(s) to use for performing an HRA or HEP estimation.
Please clarify/explain.

The models shown in Appendix A provide a basis for making basic event HEP estimates
at different stages of the design, for different action types (e.g., pre-, post-, and initiator
triggers), and for different levels of detail (i.e., some of the detailed models are very
expensive to use on a action by action basis). The process is to select a model that does
not exceed the amount of the information available at the time of the update. If the
simple model is sufficient, it can remain in place (for actions that are not risk important)
even as the more detailed models are applied to the high risk contributor human actions.

The 3 rP sentence of the last paragraph on page 33 will be corrected in the next revision of
NEDO-33267 by inserting the word "on" as follows:

"When estimating HEPs the impact of performance shaping factors on the
following ... "

Page 37, Figure 1 does not show HRA as being an input to PRA. However,
Figure 2 does and page 26, paragraph 2 states that HRA is input to the PRA.
Please reconcile/correct.

The intent of Figure 1 is to show how the HFE HRA task interacts with the HFE tasks
assuming a fixed PRA version following the recommendation in NUREG/CR-07 11 R2.
A reverse arrow will be added to this figure in the next revision of NEDO-33267 to
illustrate the potential changes to the PRA base model driven by information in the task
analysis and results on V&V tests.

Page 38, Figure 2. In the box titled, "HRA Update Evaluation," are there arrows
missing to show information flow? Please clarify.

The arrows within the box entitled HRA Update Evaluation were left out on purpose,
because the type and nature of this change loop can involve a number of different
conditions. The boxes within HRA Update Evaluation provide activities that can be
performed individually or in a group. Arrows would imply a specific order, which is not
intended in this figure.

Page 42. First paragraph begins with, "This paper illustrates..." Clarify what
paper is being referenced.

The word "paper" will be changed to "appendix" in the next revision of NEDO-33267
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DCD/LTR Impact

LTR NEDO-33267, Rev 0 will be revised as described above.

No DCD changes will be made in response to this RAI.

Page 16 of 21
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RAI Number 18.7-11

Section 3 & 5.1 of NEDO-33267 state that "The HRA task will interact with the HFE
verification and validation program to provide test scenarios and updating quantitative
evaluations based on validation results." This does not provide enough detail to verify
that HRA assumptions such as decision making and diagnosis strategies for dominant
sequences will be validated by the verification and validation (V&V) program as
discussed in NUREG-0711 Criterion 4. Section 4 of NEDO-33267, 2nd bullet on p. 23,
provides more detail on this issue, but it is stated as "may be." Clarify why the validation
of important HRA assumptions are stated as "may be" and not as a commitment.

GE Response

The words "may be" in the 2nd bullet on page 23 will be changed to "shall be" in the next
revision of NEDO-33267.

Also the following changes for NEDO 33267 section 5.2.3 are planned for the next
revision: (1) HRA inputs include descriptions .... (2) HRA assumptions in risk
important actions involving diagnosis, decision-making, and planning and
implementation strategies during accident responses will be validated by techniques such
as event simulations using experienced crews, or walkthrough analyses using personnel
with operational experience to apply procedures for specific scenario conditions. (3) The
walk through validation process does not exclude the use of a plant-specific control room
mockup or simulator. (4) Such reviews also support final quantification of the PRA/HRA.

DCD/LTR Impact

LTR NEDO-33267, Rev 0 will be revised as described above.

No DCD changes will be made in response to this RAI.
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NRC RAI Number 18.7-12

Page 26. In the discussion of human error probabilities, the assumption for screening is
that "time" is the most important performance shaping factor. Why? Is that always true?

GE Response

As stated on page 26, time is considered as the basis for the HRA screening values for the
current stage of the ESBWR design. This is because at this stage of the design the
timing of transients, based on water volumes planned for the design, can be better
estimated than other performance shaping factors that depend on the details of the HSI.
If operators make errors during an event, time available to perform the action gives
operators the time resource for making corrective actions. Thus, time available for
action is an important performance factor and very useful for screening analysis when
details of the HSI such as correct cues for action, procedures, training, implementation
process and feedback on actions taken are yet to be established. As the allocation of the
functions and HSI details become available for each system and the plant as a whole, the
HRA models can be refined to explicitly address other performance shaping factors.
These more detailed models may show that time available becomes less important and
the HRA model becomes dominated by lack of a cue, poor procedures, lack of training,
difficult implementation procedure or no feedback on the action taken. Thus, time is not
always the most important performance shaping factor and this will be determined during
the detailed HRA modeling.

The following sentence will be added to NEDO-33267 section 5.2.1 paragraph 3 as
sentences 2 and 3. "The time available for an action is based on water volumes available
to remove heat under the scenario conditions. Sources of water that contribute to time for
action are contained in the reactor vessel, the suppression pool, gravity driven cooling
supply pool, reactor water cleanup and shutdown cooling, and the auxiliary fuel pool."

DCDJLTR Impact

LTR NEDO-33267, Rev 0 will be revised as described above.

No DCD changes will be made in response to this RAI.
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NRC RAI Number 18.7-13

Page 29. It seems that there is text missing in second bullet at top ofpage. Please clarify.

GE Response

The bullet should be:

* Evaluate dependencies at a detailed level (e.g. sequence, timing, procedures,

training, and MMIS).

The missing text is "MIS)."

The bullet will be revised at the next revision of NEDO-33267.

DCD/LTR Impact

LTR NEDO-3 3267, Rev 0 will be revised as described above.

No DCD changes will be made in response to this RAI.



MFN-06-403 Page 20 of 21
Enclosure 1

NRC RAI Number 18.7-14

The Tier I inspections tests analysis and acceptance criteria (ITAA C) for HRA is in Table
3.3-1, Item 8. Item 8.a relates to developing an HRA plan, which has already been
completed and is being reviewed as part of design certification of the ESB WR. Therefore
7.a does not belong in the ITAAC. Item 7.b relates to the implementation of the HRA
itself This should be modified to be implementation of the HFE HRA Plan and should be
constructed following the guidance on the Standard Review Plan (SRP) Section 14.3.

GE Response

This RAI requests Tier 1 or ITAAC changes and/or additions; therefore, it has been
reviewed per GE internal Tier 1 content determination guidelines, which are based on
draft SRPs 14.3 through 14.3.11 and DG-1145 (as of July 31, 2006). This response is
provided consistent with those guidelines.

DCD, tier 1, Table 3.3-1 Item 8.a
Agree. All of the HFE implementation plans identified in Table 3.3-1 have been
submitted for NRC review. In DCD Tier 1 Table 3.3-1, the 8.a entry will be deleted at
the next revision as shown in Enclosure 2.

DCD, tier 1, Table 3.3-1 Item 8.b
SRP section 14.3 Appendix A Section IV.B.2.c Column 3, acceptance criteria in the
second paragraph states, " For example, the acceptance criteria for the design integrity of
piping and structures may be that a report exists that concludes the design commitments
are met."

NEDO-33267 commits to providing documentation (in a roort) of the HRA suitable for
review of the process with example details. This level of detail is commensurate with the
safety significance of the human actions evaluated [SRP Section 14.3 guidance].

Based on the availability of the HRA documentation no changes will be made to the

DCD, tier 1 Table 3.3-1 item 8b as per your request.

DCD/LTR Impact

DCD Tier 1, Table 3.3-1 will be revised as noted in Enclosure 2.
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RAI Number 18.7-15

The bullet items in Section 18.7.3 are characterized as "analysis components that
increase the quality of the HRA." Clarify why these items are not described as they "will
be" accomplished for ESB WR.

GE Response

The bullet items appear on pages 23 and 24 of NEDO-33267 and the DCD 18.7.3. The
level of detail listed for some of the bulleted items may not be needed to address all HRA
elements for all human actions modeled. All of the bullets may apply in only a few
cases. The quality items identified are expected to apply primarily to the HFE identified
items and the risk important actions identified in the PRA screening analysis. This
matches the level of the analysis to the level of risk. This will be clarified in the next
revision of NEDO-33267.

Section 18.7 will be revised as shown in Enclosure 2 to address the scope, the methods,
and summary reporting. Details such as the bullet items shown on pages 23 and 24 of
NEDO-33267 will not be repeated in the DCD. The level of detail is provided in NEDO-
33267 and is summarized in chapter 18.7.

NEDO-33267 commits to providing documentation (in a report) of the HRA suitable for
review of the process with example details. This level of detail is commensurate with the
safety significance of the human actions evaluated [SRP Section 14.3 guidance].

DCD/LTR Impact

LTR NEDO-33267, Rev 0 will be revised as described above.

DCD Tier #(2), Section 18.7 will be revised as noted in Enclosure 2.
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Table 3.3-1
ITAAC For Human Factors Engineering

Design Commitment Inspections, Tests, Analyses Acceptance Criteria

7. 7. 7.
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transient events included in the plant ii. The process and methods for
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Plan and Risk Assessment.

7. 7. 7.
b. An analysis of the staffing and b. The analyses of the staffing and b. The staffing and qualification analyses,

qualifications is conducted. qualifications will be reviewed., as corrected to account for, are
conducted in accordance with the
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Engineering Program Plan and the
Staffing and Qualification Plan.
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Table 3.3-1
TTAAC For Human Factors Engineering

Design Commitment Inspections, Tests, Analyses Acceptance Criteria

likelihood and impact of errors. -• re!iability of core a st
co ainment heat renval systems
that n be practica implemented
during e plant d sign.

ii. The met d fo identifying the risk-
important u an actions to be used
as input to t HFE design effort.

iii. The metho s r analyzing the human
actions w. res ct to the design
informat* n, hum error
mechan ins, and a ilable
techno gy.

iv. Meth ds to integrate the RA and
HRI activities into the H and
pla design activities.

v. M ods for documenting the H
e orts.

8. 8. 8.
b. A Human Reiliability Analysis is b. The Human Reliability Analysis will be b. The Human Reliability Analysis, as

conducted. reviewed, corrected to account for nonconformances,
is conducted in accordance with the
requirements of the Human Factors
Engineering Program Plan and the Human
Reliability Analysis Implementation Plan.
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18.7 1-.-.-HUMAN RELIABILITY ANALYSIS

Human reliability analysis (HRA) is a required activityperformed in support of a
probabilistic risk assessment (PRA) for both pre- and post-initiator human actions.
I'ASME, 2002+lif")

18.7.1 1.7.-Purpose-Objectives and Scope of Human Reliability Analysis

This section describes the how the HFE program uses the Human Reliability Analysis
(HRA). An initial "design level" ESBWR PRA is provided in DCD Chapter 19 to
support NRC certification information requirements. The performance of the HRA
quantification is addressed in DCD Chapter 19. The impact of the risk important human
actions and human-error mechanisms on the HSI design is addressed in the DCD Chapter
18.

The scope for using HRA in HFE activities includes: (1) an assessment of the potential
for and mechanisms of human error that may affect plant safety, particularly the risk
important HAs; (2) a discussion of potential human errors in the design of HFE aspects of
the plant to address the likelihood of personnel error, to detect errors and recover from
them; (3) human errors identified and quantified in the PRA are further evaluated to
determine if new or modified HSI design features are needed to reduce the likelihood and
impact of errors and (4) the HRA activity quantitatively integrates the HFE program into
the PRA and the PRA insights into the HFE program.

This seotien describes how the H-RA. inforaffiitinnan-d- 4tools15 am- used to suppef t the HES I FE; design goals.
Aft initial "de-ig laevo" ErsBWR PRPA4•/HA will hs s.bmitted in suippoft f NR.C lieenSing r-quirem. nts

uigthe ARWR referenee M-FE dersign documnentaien. The PMA will address the impast of hunerr
mehZ anism-s- An the ... .141 -- . Hum.an err.r ider'tifid and quantied in the PR A- will be analyzed t.
d- _WFui 14 1in if newAA - FA mod-ified- M81 desiga featurzes are nee~ded to reduse the likeli4hoo-Ad and- impaet ef errors
The HRM atvity will quantitatively integrate the NFE pregram int the PRA and risk analysis
.in addition, the results will be design input to the softwafe safety plan aetivities; d-e-sobeAhd- in Seetion 5.1.6.
1 A-7.2 M-IRA RequiremenftS DOel'8pmeOn
The speeifie requiremnent for the I-RA implementation plan will be de-Veloped by the MMIS design team
fo^llwing the itawive links with the liFE proeg• m shcwn in Figure .7 1, whieh le-ds. te fn "as designed
; at the eempletin of design. The WM will be performed itatively as the design pro.resses.
The PRA and HRA will be perfermed early in the design preeess to provide insights and guidance both for-
systems design and far WFE purposes. Th-e robustness of the I-RA depends, in lar-ge part, on the analyst's
understanding of per-sennel tasks, the infermation reilaed to thafm, and the factors, whichinunehma

Aoeordingly, the_ Ir-IA woill be carried out intercively as the design proegresses. At the very least, the initia
PRAJ1-pRA phase will be finalized whent the plant design and HFE &Fe somploew
The MMIR is conducted to sereen for imnportant humnan astions and evaluate their potential fer- and

mcohansms ofhumaMn erroers that impact the frequeney of ky aecident seenefrizos fcr the RA. Thus,MI-RA
FIR An SI8 1seta too fOr identifyincreigadevlaigseii hu anatimon based An the imnpact et

potentiAl error-s on plant safety. The RA. als supports the H417E design geal of mifinimizing personel
errors, detecting errors when they do occur, and reeovcrfing from error and hardware failures through
careful dOsign f t-h~e 1S91. MORA. is expected to provide valuable insight into desirtable nhnarateristic- of the
H4SI desiga as the design evolves. Consequently, the HFE design eftfor will gieseial attention toths
plant scenarios, risk impotnmt human aetions, and H491s that have benietiidb PRA4HRA. as bin
i morat to plant safety and reliabiliy-.
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ThMo MHR-A will intcract with the ver-ifieatien and validatien pregram by designing test seenaries and
updating 1 uantitaiV evaluations based en alideAtin r-esults. The MRA med-ls will establish a basis fl
fUtUre hUM&n POrFcrnaRce mROnitoring and hep pricritift corrective actions.

18.7.2 18.7.3 18.7.2 M.th.d.l.gy Methodology of Human Reliability Analysis

The PRA/HRA results and the risk-important HAs are addressed by the HFE design team
(through HSI design, procedural development, and training) to minimize the likelihood of
operator error and provide for error detection and recovery capability. The use of passive
cooling systems, increased automation and computer-based HSIs change the way that
operators interact with the ESBWR compared with previous BWRs. For example,
passive cooling eliminates the need for operating and controlling forced cooling systeff.,
and Tthesystems. The operators concentrate on monitoring and deciding on a course of
action.

The PRA/HRA is used to identify the risk-important human actions for evaluation in the
HFE process. The process for determining the risk-important HAs includes the use of:

* ..Level 1 (ee.r damag.),thes design level PRAs for pth Level 1 (core
damage), design level PRAs,

* -- Level 2 (release from containment) and post-core damage actions, iI

* --- Internal and external events portions of the PRA, and

S~T-4theThe low-power and shutdown PRA.

The importance of each HA is determined by using an importance measure (e.g, Fussell-
Vesely, achievement worth or risk reduction worth), HRA sensitivity analyses, and
threshold criteria for selecting the PRA accident scenarios (or cutsets) considered to
maintain a list of risk-important actions.

During the HFE design process HFE team verifies that HRA assumptions, such as
decision-making and diagnosis strategies for dominant sequences and important actions
can be performed using the MMIS for the risk important human actions. The methods
include discussions and walkthrough analyses with personnel having operational
experience and theapprepr-iae use of a plant-specific control room mockup or simulator.

The speeific moethedelegy and moedeling approaehes will be established by the design team uing_!
informatinA 40eM MRA rejorts on data, mRodels- and- Met4hOdS fc.g. frOM Selurccs9 su1c9h aIS NRGC 2
1983, EPRI NIP 3583, 1981, NUREG/CR 17:72, 1987, EPRI NT 6560 b 1990, EPIT-R 100259, 1992,
NURE"]CR 6350, 1996, H•l•nagel, 1998, Julius, 2001, MNUREG 1792, Draft 2001, and •N•E"R 68-3• ,
2005] Standa. a .inlde AS^ ,A RA S 2002, iiEEE SSW. 10N2 1997, and !ERRt Prft Rd 1574, which is in
deveepment.

The HRA modeling for the PRA benefits from the HFE team descriptions and analyses of
operator functions and task requirements which become inputswi4- to quantification
model. The HRA model updates considerinclude de.a-.pti.ns and analyses of operator
fun.ti.ns and t •k r-..uir.m.nts, previous PRA identified actions and errors, performance
factors associated with the operational characteristics of HSI design, procedures for
normal, startup, shutdown and emergency operations as well as training programs.
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Altheugh there wre many different approaches fiar eonducting HRAs, there are several analyi .opon
that i ncrfease the quali ty e f A e- I-RA. T hA-Sr.e ine !ude:-

Performing a design spesific, PRAMHMA to identify significant risk reductin mrometS relating to
the reliability of core and oneinament heat rmemval systems that can'b prci alyiplemented during the

tThe PRA will include both inernal and exteRnal events to the extent possible duming the design phase.
The mnain output will be a listing of potentially risk important humaan aetiens from the PRA4HRA..
7Risk importnt human aactions from- the PRAAHRA. will be used as input to the WEE design effor (i.e., o

support funsticn aliccation analyses, task analyses, HSI design, proc~dure developmfent, and traininig). The
design effort will demonstrate hew these humnan wotins or: well supported by thc 14SI design and that therm
is suitable creaw availability and time to acoemplish the action given that the need is dctetd

Using a multidisciplinary team tc analyze huaman acticns within the eonteyA of the PRA.
For- some actions; the level III requirements in ASME, 2002 maey be applied to support quantification et

t~ge rsmpevteath ý Lý i dam_; ae__mr defninwA aeo
eeisien Faaking, and planning and knp)lementatin strategies during accrident resoonses fmayb

validated by event simulatione sn oprenood crews, walkthrough analyses using pc
oinl specific control roon

sim"ulato. Such reviews nmay be c.nductd to support final quantification ofthe PRA..
... b.ning design info.mation related to those ftor thate ffet human pe..orma•ne.

SThas:• include: acident .nalyses ffem design basis eavents, peFrtieonal experiencee, an
quantification elements such as thetme MA -aMailable for actioni, H4SI design det-ails thsat inc
atin and the fc•edaok Af.the effects of taking the action, task manayses to determinc thi
s pe.ia t .ls required to car-y out the sub steps of the human action, a .d the applicabili

speioi written procedure.
Evaluatijg theA e-ffect o-q -f INS! adyanceed technology en human pe&fomance and the pe

menr e1 .wih
m okup oef

:d PR As to define
linate the cue fOr an

tefitial to cange the
eatures will Assess aMAAanmsup to avanall il l i I&V

a minimifum thei fr"-'o'ing effeev.~LI A

-The original NMA assumpti
The hu-man errors analyzed
Now error mnechanismas fa~

.q AN thA AiAt*AQc Wz
ons and assessed error r
in the existng MR A amc

meeh Fas am N

of now design fi

W for- the moedifli
s lt*H

-- A-A-A-M-A-MMA-ARAt thAl WAFS ml a'Ad iv AA Aukisnp 14R A 4RiRnA

iability or errors by operator and manenance personnel may change, whick hmay require use of i

The eoeseq~ 9C errors, established in the, eisting H
Mn A-ct ionRS V wit9h man se-m ah AMIS A-n hum9An. •E 4-

The liiheea o; overatr e1rro wi •- -e minitnizea ter.Fisk important HAs by identifying key error-
ffibralIafism d then providing means for eL or F T
pfeeedwee, mne training elements under- th; I-li-S prcgramf.

Obtinngappopiae sourcees of humnan emrro data fcr- the type-s of humaffn ac-tions and
mechanisms that ;Ae modeled including humnan to human dependencies and dependeni
ati~kn nnei hnr+"nrr fniaikwes-

effor

,

w;ithin the RR Anseeietivit an
.inertainty antalyses on the hu
evaluate the impact of human
iriety of importnce measure:

iman success and emrro probability estimates
i.errrs on the plan.t sy SEUMS.

t-Thes
fensure-
-ftteg

eanaly ees woill use a vi
that risk importnt act
raing the PRA and MR

and KRA sensifivitv ana4vseS ms-suffiet AM,-; to

A ..

are not OVerlooked-.
ictivities into plant design activities by definii ng safet imfportanft aet

that M-RA performa
left

WSoqPa.ar-AAAi& Inig lemntdevelopment to OnSUre
lactor assumotions are met in the ~icsicn.

Fmweing a mor-

document will sup

eug documenatmion of the I-RA pre
made and the database fcr- the hufna

seess ,integration with the HFE
BFr prebabilities that feed i

ielements, P eth.dh
nte the PRA. Such

pen evalu -e GOL applicant enanges to the 1481~ desien.

18.7.3 18.7.3 ResultsResults of Human Reliability Analysis

The HRA results summary report discusses how the Human Reliability Analysis is
applied in the HFE process. The report provides the list of risk important HAs and
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summarizes how the risk-important HAs and their associated tasks and scenarios are
addressed during the various phases of the design process (e. g., in allocation of functions
analyses, task analyses, HSI design, procedure development, and training). The HFE
process ensures that the tasks identified are well supported by HSI design features and are
within acceptable human performance capabilities. The summary results report also
discusses the results of the validation of the HRA assumptions.


