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The purpose of this letter is to submit the GE Hitachi Nuclear Energy (GEH)
responses to the U.S. Nuclear Regulatory Commission (NRC) Request for
Additional Information (RAI) Requests for Additional Information (RAI) NRC letter
125, dated December 14, 2007 (Reference 1) and NRC Letter 135, dated
January 14, 2008 (Reference 2).

Note that RAIs 18.6-13 and 18.11-37 were received via NRC letter 135
(Reference 2), while the balance of the RAIs were received in NRC letter 125
(Reference 1).

RAIs 18.2-10 S02 were requested by Reference 1, was previously responded to
by Reference 3. Reference 7 provided the original response as originally
requested by NRC in Reference 8.

RAI 18.11-8 S01, was requested by Reference 1, and was previously responded
to by Reference 5. Reference 6 originally requested by NRC this RAI.
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RAls 18.11-13 S01, 18.11-19 S01, 1.8..11-23 S01, 18.11-24 S01, 18.11 -25 S01,
18.11-26 S01, 18.11-28 S01, 18.11-29 S01, were requested by Reference 1,
were previously responded to by Reference 9. Reference 10 originally requested
by NRC these RAIs.

RAIs 18.12-4 S02 was requested by Reference 1,. was previously responded to
by Reference 12 in response to NRC request in Reference 13. Reference 9
originally requested a response to these RAIs. Reference 11 provided the
original response to this RAI.

RAIs 18.2-18, 18.6-13, 18.11-35, 18.11-37, and 18.12-7 are original responses
provided in this response letter.

GEH's response to RAIs 18.2-10 S02, 18.2-18, 18.6-13, 18.11-8 S01, 18.11-13
S01, 18.11-25 S01, 18.11-28 S01, 18.11-35, 18.11-37, 18.12-4 S02, and 18.12-7
are addressed in Enclosure 1.

Also note that these RAI responses correspond to and answer several open
items listed in Reference 14. Please consider these open items to be addressed
by this letter.

If you have any questions or require additional information, please contact me.

Sincerely,

(lamesr C. Kinsey
mice President, ESBWR Licensing
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18.11-25 S01, 18.11-28 S01, 18.11-35, 18.12-4 S02, and 18.12-7

cc: AE Cubbage
RE Brown
DH Hinds
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For historical purposes, the original text of RAls 18.2-10, 18.2-18, 18.6-13, 18.11-8,
18.11-13, 18.11-25, 18.11-28, 18.11-35, 18.11-37, 18.12-4, and 18.12-7 and any
previous supplemental text and GE responses are included preceding each
supplemental response. Any original attachments or DCD mark-ups are not
included to prevent confusion.

NRC RAI 18.2-10

In NEDO-33217, 10/05, the GE HFE Implementation Plan in Section 3.2.2(2) addresses
general process management tools. The plan identifies these tools as the subject of later
documents. Does GE plan to submit these documents for design certification?

GE Response

GE will provide summary reports as part of the design certification process as defined in
the applicable ESBWR HFE Licensing Topical Reports and implementation plans. The
process management tools and techniques referred to in these documents will utilize
review forms and/or checklists to ensure HFE requirements have been correctly
implemented and verified. These forms/checklists will not be submitted for design
certification but the results will be included in the summary reports.

Any HFE discrepancies identified shall be added to the Human Faciors Engineering
Issues Tracking System (HFEITS) that will ensure the issue is reviewed, evaluated, and
addressed through design, procedures or training. This tracking system will be utilized
from the beginning of the design process through the installation, testing and turnover to
the COL applicant. This ensures that all HFE issues identified during the design and
validation process are traceable and available for review/ verification. Upon completion
of the project, the HFEITS design data is turned over to the COL applicant to maintain
the HFE program integrity for the life of the plant.

No DCD changes will be made in response to this RAI.
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NRC RAI 18.2-10 SOl

Provide detail information or reference specific items regarding the general process management tools?

GEH Response

Chapter 18 Roadmap Document

-- f- SE -: --SE tC -------- NRC---
Supplmna

DocName.
Question Resolved,

-- : --- :--r-----------'--:-:-:-: --- --------- ----- --- -------

Plan Section Resolution Descriptionb

18.2-10 2 10 Y Provide From GE 33217 3.1.4.2 General process tools are contained in GE internal
detail response engineering procedures (EOPs, ESIs, ). Some of
information these titles are provided, the detailed procedures'are
or reference available for NRC review.
specific items
regarding the
general
process
management
tools??
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NRC RAI 18.2-10 S02

GEH's response to RAI 18.2-10 does not adequately address the staff's question. GEH
has not provided any detail or referenced specific items. NEDO-3321 7, Rev. 3, Section
3.1.4.2, #6 of the implementation plan identified process management tools and indicates
that these are discussed in Section 4 of the document describing the technical program.
However, in MFN 07-428, GEH indicated to the staff that they plan to significantly revise
the section of the plan addressing the technical program. GEH provided a markup of the
plan's table of contents providing a high-level overview of the changes planned Please
submit Rev. 4 of the plan incorporating these changes.

GEH Response

General process management tools (e.g., review forms) to be utilized by the team in the
performance of tasks are described in work instructions finalized by the team before work
is commenced. NEDO/NEDE-33217 Revision 3 refers to work instructions as work
plans. Section 3.1.4.2(6) of the NEDO states:

"Process Management Tools - Tools and techniques (for example, review forms)
to be utilized by the team to verify application of SPE/HFE efforts are identified
in the HFE and Software implementation plans described in Section 4, or in their
respective work plans."

The team pilots the initial work instruction and makes final adjustments to forms and
instructions before launch of the activity.

The staff has reviewed a sample of the work instructions in draft form at the January and
July audits. Work instructions are available for the following activities:

Human Factors Issue Tracking System
Operating Experience Review
System Function Requirements Analysis
Plant Function Requirements Analysis
Task Analysis
Human System Interface Design
Human Reliability Analysis

General work instructions with review forms for Staffing and Qualifications, Procedure
Development, Training Development, HF V&V, Design Implementation, and Human
Performance Monitoring are under development and will be available as part of the
design certification.

The work instructions are proprietary documents that are not included in the NEDO
plans, but will be made available for staff review.
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Revision 4 to the NEDO/NEDE 33217, MMIS and HFE Implementation Plan, will be
submitted on a NEDO revision schedule to be completed after the DCD revision 5 in 2 nd

quarter 2008. The revised document will replace the term "work plans" with "work
instructions".

DCD/LTR Impact

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

A revision to NEDO/NEDE 33217 will be submitted as described in response to this RAI
following completion of staff review of this RAI response.
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NRC RAI 18.2-18

Review Based on NEDO-3321 7P, Rev. 3: In MFN 07-428, GEH indicated to the staff
that they plan to significantly revise the section of the plan addressing the technical
program. GEH provided a markup of the plan's table of contents providing a high-level
overview of the changes planned. These changes will be implemented in Rev. 4 of the
plan which has not yet been submitted for staff review. Thus, this criterion will be
reviewed upon receipt of the revised plan. The revised plan should reference each of the
Human Factors Engineering (HFE) activity detailed implementation plans for detailed
methodology descriptions.

GEH Response

In addition to incorporation of other RAI responses, the plan revision will delete material
currently in section 4 of NEDO/NEDE-33217 and duplicated in the individual
implementation plan documents. The individual implementation plans are currently
referenced in section 2.3.1 ofNEDO/NEDE-33217 and in the applicable sections of the
DCD Tier 2 Chapter 18. A full revision to the NEDO/NEDE will be delivered on a
NEDO revision schedule to be completed after the DCD revision 5 in 2nd quarter 2008.

DCD/LTR Impact

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

A revision to NEDO/NEDE 33217 will be submitted as described in response to this RAI
following completion of staff review of this RAI response.
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NRC RAI 18.6-13 (Reference NRC Letter 135)

Section 18.6.8, References, has the incorrect date for the staffing implementation plan,
NEDO-33266, Revision 1. It is listed as March 2007, rather than January 2007.

GEH Response

Section 18.6.8, References, in DCD Rev 4, will be revised in Rev 5 to correct the date for
the NEDO 33266 Staffing and Qualifications Implementation Plan.

DCD/LTR Impact

DCD Tier #(2), Section 18.6.8 will be revised as noted in the attached markup (See
Attachment 1).

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



MFN 08-088 Page 7 of 27
Enclosure 1

NRC RAI 18.11-8

NEDO-332 76, Section 4.3.2.4.1 describes the review ofpanel drawings as part of task
support verification. The section states "HSI Task Support Verification ofpanel drawings
is achieved through an iterative process of reviews by several groups and organizations."
Please clarify what process these groups use to perform the verification. Also, why are
there only sections for drawings and for computer generated displays? How are the other
HSI's evaluated?

GE Response

See also responses to RAIs 18.11-2 and 18.11-5 for the process for verification of the
entire MMIS including all forms of displays and information to the operator (e.g., VDU,
mimics, alarms, tag out and configuration control).

DCD/LTR Impact

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

No LTR changes will be made in response to this RAI.
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NRC RAI 18.11-8 SO0

Follow-up RAI based on NEDO-33226, Rev. 1: In the original RAI, the staff requested
clarification as to which organization(s) are responsible for task support verification and
why the evaluation appears limited to drawings and computer generated displays. GEH's
response referred to their response to RAI 18.11-2 and 18.11-5. The stafffollowed up
indicating that those RAIs responses do not pertain to this question. However, the
material is unchanged in NEDO-33226, Rev. 1.

GE Response

NEDO-33276 Rev 1 was completely restructured and reworded with sections/subsections
renumbered and deleted. This may have resulted in some confusion as to where the
change was made.

In response to your question for "which organization(s) are responsible for Task Support
Verification," it starts in Activity 2 - HSI Inventory and Task Support Verification.
In Section 4.2.3 the participants are' identified as both GEH and COL applicant for
reviewing the panel drawings, room layout/arrangement and computer generated
displays. As the design progresses into Activity 3 through 5, GEH personnel, including
HFE team members, previously licensed control room operators, subcontractors and COL
applicant operators will perform the other required design requirements, reviews,
validations and verifications using approved GEH procedures and/or work instructions.

Note: Based on comments from the COL partners after their review of the RAI
responses, GEH will amend the NEDO and any follow-up RAI response to replace "COL
applicant" with "licensee, COL holder, customer utility representatives, or COL plant
operator".

In our original response to RAI 18.11-5, GEH replaced the scope in section 4.3.2.1 (Rev
0) that limited the scope to drawings and computer-generated displays with a new scope
statement, section 4.2.1 (Rev 1) as follows:

"The scope of the task support verification is the HSIs that provide the
annunciators, information, and control capabilities that are required for the tasks
identified in the operational analysis, which includes the task analysis.

The criteria for identifying tasks that are safety critical include those tasks with
high importance identified through the PRA/HRA, the tasks identified in the
EOPs, and those identified as important through the OER process".

The original wording was changed in NEDO-33276 Rev 1. Therefore, the question
"appears limited to drawings and computer generated displays" was addressed,, as a more
inclusive scope has been added to NEDO-33276 Rev 1.
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Note:

While this RAI indicates that NEDO-33226 is the affected document, the response from
GEH is written under the assumption that this RAI was intended to refer to NEDO-
33276. Therefore GEH's response is based on the content in NEDO-33276.

DCD Impact

No DCD changes will be made in response to this RAI.
No changes to NEDO-33276 Revision 1 will be made in response to this RAI.
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NRC RAI 18.11-13

NEDO-332 76, Section 4.2.3 states "Designs are compared to HFE guidelines to
determine whether they account for human characteristics and capabilities. Deviations
from accepted HFE guidelines, standards, and principles are documented as HEDs for
resolution/correction and acceptably justified on the basis of documented rationale such
as trade study results, literature based evaluations, demonstrated operational experience,
tests and experiments." This definition is consistent with the staffs review guidance.

Further, Section 4.3.3.6, Acceptance Criteria, states that HFE guidelines are the criteria
for verifying the design. But the method described in Section 4.3.3.4 seems to discuss
evaluations outside the scope of this definition. Specific concerns are identified below:

A. NEDO-33276, Section 4.3.3.4.2 discusses HFE design verification for panel
anthropometrics. This section indicates that measurements from a sample of COL holder
personnel will be used Collecting such measurements in such a way as to be
representative of the user population is a tedious and expensive process. HFE design
guidelines already provide information suitable for this process. Please clarify precisely
how this evaluation is to be performed

B. NEDO-332 76, Section 4.3.3.4.3 discusses design verification for operating
procedures. However, the numbered items identified as what procedures are checked for
do not involve HFE guidelines.

C. NEDO-332 76, Section 4.3.3.4.3 discusses HFE design verification of HS1 components.
This section starts off by saying these checks are that the components are built as
specified This would appear to more appropriately fall within the scope offinal design
verification, as it is defined in Section 4.2.6.

D. NEDO-332 76, Section 4.3.3.4. 7 addresses workplace layout. The section states that
"Final verification against HFE guidelines such as those in NUREG-0700 occurs at the
site with the COL Holder. "HFE design verification of workplace layout can be
performed during the design stage, with detailed drawings and/or mockups. At such time,
changes in the design to improve its human factors engineering are more likely to be
made. Waiting until the control room is built on site hearkens back to the 1980s NUREG-
0700 evaluations of the as built control rooms where the opportunity for improvements
were limited Please, explain the rationale for waiting until such a late date, to conduct
this evaluation. Please clarify precisely what methodology and criteria will be used for
HFE Design Verification.

GE Response

A. NEDO-33276, Section 4.3.3.4.2 will be modified to better describe the process for
HFE design verification for panel anthropometrics. The anthropometric design of
digital ABWR control rooms has undergone two evolutions. The balance
between VDU space on the control panel and the mimic board has been clearly
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refined. The ESBWR MCR design will use the current control rooms as a starting
point and verify that physical changes for ESBWR conditions don't violate
anthropometric issues for the US operators. This process diminishes the use of a
mock up for HFE anthropometric evaluations of the MCR and RSS panels.

B. NEDO-33276, Section 4.3.3.4.3 will be revised as follows.

"The objective of the HFE V&V is to verify that the operating procedures are
clearly usable by the control room crew in performing the key tasks determined
from the operational analysis, risk important tasks from the PRA/HRA, actions
from the OER, and actions identified in the procedures. The HFE guidelines for
procedure verification focus on the dynamic usability given cues from the MMIS.

Verification criteria are ease of locating the procedure, space for using the
procedure, names and symbols in the procedures match those on the MMIS and
VDU screens, and response actions can be identified and performed for allowed
configurations of the plant.
The operating procedures include the following specific types of procedures:

1. Integrated Operating Procedures (lOP)
2. System Operating Procedures (SOP)
3. Abnormal Operating Procedures (AOP)
4. Emergency Operating Procedures (EOP)
5. Annunciator Response Procedures (ARP)
6. Surveillance Test Procedures (STP)

EOPs undergo a significant degree of development and verification before the
HFE verification process. For example, procedures are based upon the ESBWR
Plant Specific Technical Guidelines (PSTGs) that, in turn, are derived from the
BWR Owners' Group Emergency Procedure and Severe Accident Guidelines
(EPGs/SAGs), Revision 2, dated March 2001. The EOPs consist of EOP Support
Procedures and EOP Flowcharts. The EOP Support Procedures may consist of
certain SOPs and AOPs containing detailed instructions for abnormal system
operation or abnormal overrides of interlocks. EOP flowcharts address the four
main guideline controls (RPV Control, Primary Containment Control, Reactor
Building Control, and Radioactivity Release Control) and the three contingencies
(Emergency RPV Depressurization, RPV Flooding, and Level/Power Control).
The flowcharts also include EOP graphs.

Prior to the HFE Verification written procedures are developed in accordance
with the procedure writer's approved QA program. Procedures are checked for:

1. Compliance with the Procedure Development Implementation Plan,
ESBWR Procedure Writer's Guide and other requirements and guidelines (e.g.,
BWR Owners Group Emergency Procedure Guidelines and Severe Accident
Guidelines, BWROG EPGs/SAGs)
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2. Technical accuracy and format quality
3. Correct references to HSI components"

C. HFE design of HSI components is addressed in Section 4.3.3.4.4 and will be
revised in the next revision to address task evaluation as follows. The I st sentence
of Section 4.3.3.4.4 in NEDO-33276 will be revised to read: "...checks that the
full-scope simulator components are built as specified." The objective of the HFE
V&V for HSI components is to verify that they are clearly usable by the control
room crew in performing the key tasks determined from the operational analysis,
risk important tasks from the PRA/HRA, the OER, and actions identified in the
procedures. The verification focus for HSI components is on their dynamic
usability to provide monitoring of the plant state, cues for actions, feedback on
actions taken (including the process of changing state), and response of the plant
to the changed condition. Verification criteria are ease of monitoring key
parameters, clarity of plant status, clarity of cues for taking actions, consistency of
the process for implementing control actions through VDU, hand switches or push
buttons, clarity of dynamic feedback of component response to a control action,
and ease of monitoring the overall plant response to a change in configuration.
In the next revision to NEDO-33276, the current information in Section 4.3.3.4.4,
will be moved to Section 4.2.6.

D. Section 4.3.3.4.7 last sentence will be changed to: "Final verification against HFE
guidelines such as those in the ESBWR Human Factors Guidance Manual (based
on NUREG-0700) occurs during the final design verification as described in
NEDO-33278."

DCD/LTR Impact

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

LTR NEDO-33276, Rev 0 will be revised as described above at the next revision.
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NRC RAI 18.11-13 SO1

In the original RAI, the staff requested clarification of various aspects of HiFE Design
verification in NEDO-33226. GEH's responses and changes in Rev. 1 to items B and D
were acceptable. The following questions remain.

Regarding A. Section 4.3.4.1 discusses HFE ý design verification for panel
anthropometrics. Rather than discussing the comparison ofpanel characteristics to HFE
guidelines, the section discusses the validation of operator actions. Thus it is unclear
how the verification will be performed

Regarding C. Section 4.3.4.3 discusses HFE design verification for HIS components.
Rather than discussing the comparison of HSI characteristics to HFE guidelines, the
section discusses verification criteria such as ease of monitoring and usability. Thus it is
unclear how the verification will be performed. Thus, the RAI remains open.

GEH Response

A. GEH agrees that section 4.3.4 and 4.3.4.1 was not properly organized. The discussion
concerning the validation of operator actions in section 4.3.4.1 should have been an
introduction to the Methods and Procedures under section 4.3.4 using the term
"verification" rather than "validation". Additional information concerning the
anthropometric evaluation for the panel will be provided. The attachment provides the
changes to NEDO 33276 to incorporate the response.

C. GEH agrees that section 4.3.4.3 should address comparison of HSI characteristics to
HFE guidelines and not validation topics. This section will be revised as depicted in the
attachment in the next revision to NEDO-33276.

Note:
While this RAI indicates that NEDO-33226 is the affected document, the response from
GEH is written under the assumption that this RAI was intended to refer to NEDO-
33276. Therefore GEH's response is based on the content in NEDO-33276.

DCD/LTR Impact

No DCD changes will be made in response to this RAI.
LTR NEDO-33276, Rev I will be revised as noted in the attached markup (See
Attachment 1).
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NRC RAI 18.11-25

Three additional areas of evaluation are discussed and performance measures are
identified: automation, procedures, and displays. It is not clear that these represent three
areas ofperformance measurement or three aspects of the design that will be evaluated

In either event, the following additional information is requested
A. Automation - NEDO-33276, Section 4.3.4.7. 7 provides a list ofperformance

measures for automation, such as operator cognition. Please indicate how these
items will actually be measured

B. Procedures - NEDO-332 76, Section 4.3.4.4.8 discusses the validation of
operating procedures. The section indicates that the validation is completed
during operator training phases. What training phases are being referred to in
this statement? Section 4.3.4. 7.8 on performance measures for operating
procedures, states "refer to operate a performance measures regarding situation
awareness. "Please explain this statement. Based on the earlier discuss'ion of
situation awareness, the questions asked of operators appear to relate to
awareness ofplant status. How then can they be used to validate procedures?

C. Displays - NEDO-332 76, Section 4.3.4. 7.9 states that there are no performance
measures for graphical displays. Please explain.

GE Response

A. The following statement will be added to NEDO-33276, Section 4.3.4.7.7,
"Observers will measure operator cognition and monitoring of automated
states as indicated by the MMIS by observation of when the operators
acknowledge changes in operational mode, by release of automation break
points, or by debrief of the operators at the end of the simulation response
session."

B. The training phases are those shown in Figure 2 of NEDO-33276. They
consist of using the three types of simulation interfaces (e.g., GETS mockups
for simulation of system operation (SOPs), BS for simulation of alarms
(AOPs) and FSS for all others.

Validation of procedures confirms that the procedures such as EOP flowcharts
effectively integrate with the MCR MMIS arrangement and work
environment. The methods used in the situational awareness based on the
MMIS information will be applied to determine position in the procedures. In
addition the procedure validation addresses usability of layout space in the
MCR and that procedure names and symbol match the names and symbols in
the MMIS.

C. The word "human" will be inserted after "no" in the 1st line of 4.3.4.7.9. The
following paragraph will be added to NEDO-33276, Section 4.3.4.7.9:
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"However, the graphical displays on the MMIS provide
situational awareness to the operators. Therefore, display cues
and navigation must support timely operator actions. The
performance measures for graphical displays are that the status of
valves and pumps is known during all phases of a control
interaction. Color changes and symbol changes that represent
the system configuration are consistent throughout the VDUs.
Each stage of a control action is clearly observable through
MMIS (e.g., selection of a controlled element, defining the action
to take, sending the signal, feedback on the change and
verification of the position during the change period, and the
final new state)."

DCD/LTR Impact

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

LTR NEDO-33276, Rev 0 will be revised as described above at the next revision.
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NRC RAI 18.11-25 S01

GEH's response to the RAI and NEDO-332 76, Rev. 1, provided some clarification of how
automation will be addressed, but the procedures and displays aspects of this RAI were
not clarified. Please provide additional clarification.

GEH Response

A. Operating Procedures

NEDO-33276, Section 4.4.7.8 references situational awareness performance measures
(Section 4.4.7.3). To clarify which of these performance measures also apply to
procedures, the applicable performance measures for procedure integration V&V will be
stated in Section 4.4.7.8. Other applicable performance measures will also be added to
this list.

The following will be added to NEDO-33276 Section 4.4.7.8:

"Procedure validation confirms that the procedures, such as EOP flowcharts,
effectively integrate with the MCR MMIS arrangement and work environment.
Procedure integration with the HSI will be evaluated by analysis of one or more
of the following measures at different phases of the V&V:

1 . Timing of operator actions (i.e., how long a procedure took compared
with how long a procedure should have taken)

2. Appropriateness of operator actions

3. Consequences (good or bad) of operator actions

4. Observation of operator actions, procedure use and communications

5. Compatibility of procedures with HSIs (e.g., checking that the
procedure names and symbols match the names and symbols in the
MMIS)

6. Post scenario video reviews and interviews

Measures of performance are the operator's effectiveness at tasks that include:

I. Selecting a procedure. An example is:

a. Referring to, and transitioning among the appropriate procedures in
a timely manner.

2. Executing a procedure, which includes:



MFN 08-088 Page 17 of 27
Enclosure I

a. Adhering to procedures, cautions, and limitations (i.e., d no deviating
even if the deviation appears to have no detrimental
consequences).

b. Executing procedural steps in correct sequence.

c. Including all procedural steps

d. Locating and accessing controls and information correctly and
efficiently.

e. Using controls in a timely and effective manner.

Observers will record operator actions, procedure use, and communications. The amount

of time taken to complete a task will be recorded, along with any errors of omission or

commission. Observers will record details of occurrences in which procedures do not

match the HSI. Operator feedback will be used to supplement observations."

B. Display Validation

The following will be added to NEDO-33276 Section 4.4.7.9:

"The quality of the graphical displays is assessed relative to operator performance.
The measures used to quantify tasks are chosen to reflect the important aspects of the task
with respect to operator and system performance, such as:

I . Enhanced ease of operating procedures use
2. Reduced time demands
3. Increased accuracy
4. Reduced errors (graphical displays allow operators only to perform correct

behaviors)
5. Reduced cognitive demands
6. Quantified benefits (how much more can be accomplished by operators

using graphical displays)
7. Observed use of graphical displays
8. Evaluated graphical display efficacy (are graphical displays acting as a job

performance aid or detriment)
9. Post scenario video reviews and interviews"

DCD/LTR Impact

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

LTR NEDO-33276, Rev I will be revised as noted in the attached markup (See
Attachment
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NRC RAI 18.11-28

NEDO-332 76, Section 4.3.4.4. ] states that "Operator crews are subjected to a set of test
scenarios run on the simulator. The test scenarios have predefined initial conditions,
applicable symptoms, and expected system responses and plant behavior. Each crew is
subjected to a given scenario at least twice. Each crew is also subjected to the same set of
scenarios for purposes of comparing crew performance under similar uses, and
conditions, of the HSI. "If a crew is subject to the same scenario twice, what will prevent
it from simply being recognized. Once recognized, any data collected for the rest of the
scenario may not be valid Please clarify.

GEH Response

The following paragraph will be inserted into section 4.3.4.4.1.
"Crews may be subjected to a given scenario twice prior to the final V&V process. The
reuse of a scenario for the same crew for MMIS validation is used to capture the
improvement in the use of the MMIS. The data is not being collected to evaluate crew
capabilities, but rather to validate that the MMIS can be used to effectively manage the
normal operation and accident situations. If information is available to the crew and it is
not understood initially, then the second run provides a second look at the MMIS. If the
same issue continues, then improvements to the MMIS are considered and an HED is
initiated as appropriate. Data from the second session are not used to support HRA
evaluations."

DCD/LTR Impact

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

LTR NEDO-33276, Rev 0 will be revised as described above at the next revision.
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NRC RAI 18.11-28 S01

GEH has not addressed the staff's concern regarding scenario reuse. Further, Section
4.4.9.1, ofNEDO-33226, Rev. 1, discusses the presentation of scenarios to crews, but
does not address how scenarios will be assigned to crews or scenario sequencing.
Please provide a high-level discussion of scenario sequencing and address the staff's
concern about scenario reuse.

GEH Response

A. Scenario Reuse

GEH is aware that scenario reuse can lead to problems in system integration validation
testing. If the same scenario is presented to the same crew more than once there will be
increased scenario familiarity and practice effects, which may cause inferences based on
the data collected from the second presentation of a scenario to be invalid.

The following will be added to NEDO-33276, section 4.4.4.1 (as noted in Attachment):

"If an error or exception occurs during system integration testing, the decision of whether
to present the scenario to the same crew or to a different crew will be made on a case-by-
case basis. The nature of the error or exception, and the effects of scenario reuse on the
data in question, are both taken into account."

The following will be added to NEDO-33276, section 4.4.9.1.1 (as noted in Attachment):

"Presentation of the same scenario to the same crew for a second time may only occur
under very limited conditions and only under circumstances that would have minimal
effects on validation. Scenario reuse on the same crew is not part of the intended
validation test design and should only be used in cases where errors or exceptions have
occurred that prevented the intended testing from being accomplished during the first
presentation of a scenario."

B. Scenario Assignment and Sequencing

The following will be added to NEDO-33276, Section 4.4.9 (as noted in Attachment):

"Test design is the process of developing plans and conducting validation tests once the
integrated system has been defined and measures have been selected. Test design permits
the observation of integrated system performance in a manner that avoids or minimizes
bias, confounds, and noise (error variance)."

The following new sections will be added, and the former Section 4.4.9.1 "Presentation
of Scenario to Crews" will become section 4.4.9.2:
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"4.4.9.1 Coupling Crews and Scenarios

The coupling of crews and scenarios determines how the test participants experience the
test scenarios.

4.4.9.1.1 Scenario Assignment

Scenario assignment to crews is made by the HF Verification & Validation
lead. Because a limited number of crews are available for system integration
testing, an incomplete block design is used, in which a given crew participates
in some but not all scenarios. The set of scenarios selected by the validation
team and presented to a crew is carefully balanced to ensure that each crew
receives a similar and representative range of scenarios (i.e. difficult scenarios
are not only assigned to above average crews).

Scenario selection and balancing is accomplished by using the operational
conditions sampling dimensions described in NEDO-33276, section 4.1.4.1.
This sampling methodology is used to identify the different types of scenarios
that are assigned to crews. By balancing scenarios across crews, spurious
design validation due to confounding scenario type with individual crew
performance is avoided.

4.4.9.1.2 Scenario Sequencing

The validation team balances the order in which scenarios are presented to crews. The
same type of scenario is not always presented in the same linear position (i.e. always
presenting the easy scenarios first) and the same scenarios do not always occur in the
same sequence. Control of scenario sequencing is used to prevent confounds that may
occur because of crew learning and other systematic behavior changes."

More detailed information regarding how scenarios will be assigned to crews and
scenario sequencing will be provided in the HF Verification and Validation work
instructions.

Note:

While this RAI indicates that NEDO-33226 is the affected document, the response from
GEH is written under the assumption that this RAI was intended to refer to NEDO-
33276. Therefore GEH's response is based on the content in NEDO-33276.

DCD/LTR Impact

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

LTR NEDO-33276, Rev 1 will be revised as noted in the attached markups (See
Attachment 1).
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NRC RAI 18.11-35

A. The material in DCD Tier 2, Section 18.11, is not completely consistent with NEDO-
33276, Rev. 1. For example, B. the DCD discusses HED identification and resolution,
while no such language is used in the NEDO. C. Also, the DCD does not reference the
V& V implementation plan. Please update the DCD accordingly.

GEH Response

A. In order to provide more consistency throughout the DCD, the opening description of
the section 18.11 will be changed to properly reflect the layout of NEDO-33276:
ESBWR HFE Verification and Validation Implementation Plan. The five main
activities of HFE V&V were changed to match NEDO-33276. Other parts of this
description were deleted. The Figure referenced was deleted since this figure in no
longer in the DCD.

B. NEDO-33276 describes Human Factors Engineering issue identification and
resolution. The language of the DCD will be changed to reflect the content of
NEDO-33276.

C. The DCD referenced the wrong NEDO. The DCD will be changed to reflect the
correct references by number and title. Reference 18.11-1 was deleted and reference
18.11-2 was renamed as reference 18.11-1.

DCD/LTR Impact

No changes to the subject LTR will be made in response to this RAI.

DCD Tier #2, Section 18.11 will be revised as noted in the. attached markup (See
Attachment 1).
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NRC RAI 18.11-37 (Reference NRC Letter 135)

DCD Revision 4, Section 18.11, Human Factors Verification and Validation does not
reference the V& V implementation plan (NEDO-332 76) in the discussion of V& V
implementation in Section 18.11.1. NEDO-33276 should be referenced in Section
18.11.1. NEDE 33217P should not be referenced. Note that NEDO-33276 is included in
the references listed in Section 18.11.4. (The issue ofreferencing the implementation
plans existed with the earlier version of the DCD and has been corrected in the other
HFE program elements.)

GEH Response

See response to RAI 18.11-35. The DCD will be changed to reflect the correct reference
by number and title. Reference 18.11-1 was deleted and reference 18.11-2 was renamed
as reference 18.11 -1.

DCD Impact

No changes to the subject LTR will be made in response to this RAI.

DCD Tier # 2, Section 18.11 will be revised as noted in RAI response 18.11-35.
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NRC RAI 18.12-4

NEDO-332 78, Section 1.3 identifies the COL as the lead and manager of this effort.
However, in Section 4.1.3, it appears that GE may be conducting these evaluations.
Please clarify the roles of the COL and GE in this process.

GE Response

Since this activity will occur after the COL submittal, it is considered the COL holder's
lead. However, Section 4.1.3 refers to the members of the HFE team as the resources.
Currently the HFE team does consist of GE and COL representatives, and COL
membership will increase as time continues. At the Design Implementation, there will be
both GE and COL membership, and the HFE Team will still be guided by the established
processes and procedures outlined in the MMIS and HFE Implementation Plan. Either
qualified COL holder or GE personnel on the HFE team may perform the roles of Task
Leader, Responsible Engineer, etc.

DCD/LTR Impact

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

No changes to the subject LTR will be made in response to this RAI.
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NRC RAI 18.12-4 S01

(1) Section 1.2 ofNEDO-332 78 Rev-2 describes a somewhat different organization than
was identified in the RAI response. It states that the verifications are the responsibility of
the COLOG. Clarify the role of the COLOG and the COL license applicant.

(2) Section 1.2 ofNEDO-332 78 Rev-2 indicates that the verifications described for the
plan "apply to the initial COL plants associated with the ESB WR design effort. " The
staffs position is that "as-built" verifications are needed for every new plant
construction. Please explain why only the initial plants will be verified.

GEH Response

(1) The role of the COL Owners Group (COLOG) was established after the
writing of the NEDO-33278 Rev 1 and the response to the original RAI.
The role of the COLOG is described in the MMIS and HFE
Implementation Plan (NEDO-33217 Rev 3) sections 3.1.4, 3.1.4.2(15),
and 3.1.4.2(16) with additional details in the Human Performance
Monitoring Implementation Plan (NEDO-33277 Rev 2). The COL license
applicant has the responsibility to comply with the regulatory obligations
of the design implementation activity, with the COLOG serving as the
entity that facilitates and supports the performance of the activity.

The NEDO-33278 will be revised in the next revision to the document, as
noted in the attached markups, to clarify that the COL applicant (with the
support of the COLOG) is responsible for the design implementation of
new plants constructed from the ESBWR standard design.

(2) The wording of the scope is not clear and NEDO-33278 will be revised in
the next revision to the document, as noted in the attached markup, to
clarify that the design implementation applies to all new plants constructed
from the ESBWR standard design.

DCD/LTR Impact

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

LTR NEDO-33278, Rev 2 will be revised as noted in the attached markup (See
Attachment 1).
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NRC RAI 18.12-4 S02

GEH's RAI response acceptably addressed the role of the COL and GEH as part of the
HFE team. However, in reviewing NEDO-332 78, Rev. 2 of the plan two follow up
questions were identified.

(1) Section 1.2 of the plan describes a somewhat different organization than was
identified in the RAI response. It states that the verifications are the responsibility of the
COLOG. Will the COLOG be the COL license applicant?

(2) Section 1.2 of the plan indicates that the verifications described for the plan "apply to
the initial COL plants associated with the ESB WR design effort. " The staff's position is
that "as-built" verifications are neededfor every new plant construction. Please explain
why only the initial plants will be verified.

GEH Response

(1) The section was amended in supplement 1 to this RAI to indicate that the COL
applicant (with the support of the COLOG) has the responsibilities. GEH wants
to amend the wording in the response from "COL applicant" to "COL holder"
and "COLOG" to "COL owner's group". The COLOG is the name given to the
owner's group that will support the COL holder in the completion of the design
implementation. The verifications are the responsibility of the COL holder. To
avoid confusion, the term "COLOG" will be replaced with "COL owner's group"
throughout the NEDO-33278 and globally replaced in the NEDO-33277 and
NEDE/NEDO-33217P, the only other HFE plan documents that contain the term
"COLOG". No attachments for the global replacements are provided.

(2) GEH agrees that all new plants based on the ESBWR standard plant design need
to be verified. Supplement I to this RAI addressed this issue and the response is
repeated below. See the attachment and response to RAI 18.12-4 SO1.

RAI 18.12-4 SOI response stated:

"The wording of the scope is not clear and NEDO-33278 will be revised in the
next revision to the document, as noted in the attached markup, to clarify that the
design implementation applies to all new plants constructed from the ESBWR
standard design."

DCD/LTR Impact

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

LTR NEDO-33278, Rev 2 will be revised as noted in the attached markup (See
Attachment 1).
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LTR NEDO-33277, Rev 2 will be revised as described above.

LTR NEDO/NEDE-33217P, Rev 3 will be revised as described above.

Page 26 of 27
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NRC RAI 18.12-7

Design implementation activities are described in DCD Tier 2, Section 18.12. The Tier 2
description is not fully consistent with NEDO-332 78, Rev 2, and should be revised Note
that the resolution of other remaining open 18.12 RAIs may necessitate additional
revisions to the DCD.

GEH Response

GEH has reviewed DCD Rev 4 section 18.12 and NEDO-33278, Rev 2 and most
inconsistencies have been resolved in the revised DCD. The inconsistencies with Rev 3
of the DCD primarily concerned the role of an owners group (COLOG) for design
implementation activities. These were removed in Rev 4. The following differences
were found with the Rev 4 of the DCD:

The Purpose in the NEDO includes turnover of items to the COLOG, whereas the
turnover of items is addressed in the DCD section 18.12.3 as turnover to licensee.
GEH will revise the DCD in the next revision to remove reference to the licensee
so that NEDO-33278 addresses how the turnover of items is accomplished.
Title in 18.12.2.4 of DCD does not include "transfer of HFEITS" (section 3.4 of
NEDO). The turnover is addressed in the DCD section 18.12.3. The DCD will
be revised to include "transfer of HFEITS" and state that the NEDO-33278
(Reference 18.12-2) describes the transfer of HFEITS.
The NEDO includes an implementation section and additional details. Changes in
approach and differences in these sections with the DCD are addressed in RAI
18.12-3 S01.

The attachment to this RAI provides the changes to the DCD to resolve the above
differences. The changes to the DCD implementing the revised methodology for the as-
built verification are described in RAI 18.12-3 SO 1.

GEH will continue to update the DCD with any changes to the implementation plans as a
result of revisions and RAIs.

DCD/LTR Impact

DCD Tier 2, Sections 18.12.2.4 and 18.12.3 will be revised as noted in the attached
markup (See Attachment 1).

No changes to the subject LTR will be made in response to this RAI.
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e. Bases for S&Q ensuring that issues and concerns raised in other HFE activities are
addressed.

The S&Q results summary report is included as ITAAC item 4 of Table 3.3-1 in DCD Tier 1.

18.6.7 COL Information

None

18.6.8 References

18.6-1 GE Energy, "ESBWR Man-Machine Interface System and Human Factors Engineering
Implementation Plan," NEDE-33217P, Class III (Proprietary), Revision 3, March
2007, and NEDO-33217, Class I (non-proprietary), Revision 3, March 2007.

18.6-2 GE Energy, "ESBWR HFE Staffing and Qualifications Implementation Plan," NEDO-
33266, Class I (non-proprietary), Revision 1, Maf4hJanuary 2007.

18.6-3 American National Standards Institute, "Time Response Design Criteria for Safety-
Related Operator Actions," ANSI/ANS 58.8-1994, August 1994.

18.6-4
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4.3.4 Methods and Procedures

The HFE Design Verification begins with the part task simulator, which provides an accurate
control room interface for each system, and continues as the design matures to the full scope

.simulator. In the verification activities, interfaces at local system control stations are evaluated
using drawings or mockup panels. The evaluations at this time confirm the HSI system level
requirements for annunciation, information, control capabilities, and data processing functions as
identified in the operational task analysis and that the HSI and environment conform to the HFE
guidelines contained in the HF Style Guide.

The verification of integrated interfaces is accomplished with the full scope simulator (which
mayuse electronic versions of back panels and the RSS) and dynamic performance testing that
continues into Activity 4, "Implementation of Integrated System Validation". This testing
utilizes the emergency, abnormal, and system operating procedures to ensure that the HSI and
environment conform to the HFE guidelines contained in the HF Style Guide.

If some complex actions cannot be fully verified during the HF V&V, the process is extended to
the plant itself to be accomplished in the Design Implementation activity "Final HFE Design
Verification Not Performed in the Simulated HF V&V Activity" described in Reference
2.1.2(13). For these instances, the V&V team describes the verifications to be performed,
establishes the acceptance criteria, and documents the requirement in the V&V results summary
report (see section 5.1(13) and HFEITS.'

4.3.4.1 Panel Anthropometrics

Verification of the anthropometrics is accomplished as an integral part of the HFE evaluations
performed with mockups and simulator versions of the MCR and RSS panels.

The anthropometric design of digital ABWR control rooms has undergone two evolutions. The
balance between VDU space on the control panel and the mimic board has been clearly refined.
The ESBWR MCR design uses the etite latest ABWR control rooms as a starting point and

efeify-verifies that physical changes for ESBWR conditions do not violate anthropometric issues-
guidelines for the US operators.

A full anthropometric evaluation is performed on the panels and workstations during the design
verification to ensure compliance to anthropometric guidelines contained in the HF Style Guide,
including:

* Reach and accessibility

* Visibility

* Seating comfort-

The deSign Of the ESB.R attem.ptS t minimize comple .actiOns bpv....iding a large tim.e
*interval to take the action, by using nattr-al circeulation for- cooling and mfaint~ainin apsie heat
romeval system for- deeay heat.
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The validation of actions begins with the part task simulator, which proevides an accur-ate control
roomff intcr-face for- each system. In this case, outside actions at local system conA4trol stations are
evaluated using dr-awings or- moolup panels.

The validation of integrated actions begins with the full scope simulator- (which mayý use
electronic versions of back panels and the RSS).-

if somne complex actions cannot be ffilly validated dur-ing ful1 scope simulatiOn thec pro~eess cant
be extended to the Patitselt-t ver-ify that Gamptex eearutimatettatta u -p-.iun., -4 +C+10fl tieentruit
room and local stations can be caffied out using the plant proceduares and 14SI.

4.3.4.2 Operating Procedures

The objective of the HFE Procedures V&V is to verify that the operating procedures are clearly
usable by the control room crew in performing the key tasks determined by the operational
analysis, risk important tasks from the PRA/HRA, actions from the OER, and actions identified
in the procedures. The HFE guidelines for procedure verification focus on the dynamic usability
given cues from the HSI. Verification criteria are ease of locating the procedure, space for using
the procedure, names and symbols in the procedures match the HSIs, and response actions can be
identified and performed for allowed configurations of the plant.

The operating procedures include the following specific types of procedures:

1. Integrated Operating Procedures (IOP)

2. System Operating Procedures (SOP)

3. Abnormal Operating Procedures (AOP)

4. Emergency Operating Procedures (EOP)

5. Annunciator Response Procedures (ARP)

6. Calibration, Inspection and Test Procedures

EOPs undergo a significant degree of development and verification before the HFE verification
process. For example, procedures are based upon the ESBWR Plant Specific Technical
Guidelines (PSTGs) that, in turn, are derived from the BWR Owners' Group Emergency
Procedure and Severe Accident Guidelines (EPGs/SAGs), Revision 2, dated March 2001. The
EOPs consist of EOP Support Procedures and EOP Flowcharts. The EOP Support Procedures
may consist of certain SOPs and AOPs containing detailed instructions for abnormal system
operation or abnormal overrides of interlocks. EOP flowcharts address the four main guideline
controls (RPV Control, Primary Containment Control, Reactor Building Control, and
Radioactivity Release Control) and the three contingencies (Emergency RPV Depressurization,
RPV Flooding, and Level/Power Control). The flowcharts also include EOP graphs.

Prior to the HFE Verification, written procedures are developed in accordance with the
procedure writer's approved QA program. Procedures are checked for:
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1. Compliance with the Procedure Development Implementation Plan, ESBWR Procedure
Writer's Guide and other requirements and guidelines (e.g., BWR Owners Group
Emergency Procedure Guidelines and Severe Accident Guidelines, BWROG EPGs/SAGs)

2. Technical accuracy and format quality

3. Correct references to HSI components

4.3.4.3 HSI Components

The objective of the HFE V&V for HSI components is to verify that the HSI and the
environment conform to the HFE guidelines contained in the HF Style Guide.they- are elearly
uisable by the conltrol rooem cr-ew in per-forming the key tasks determined from the oper-ateioal
analysis, risk important tasks from the PRA/'HWA, the 1 ER, and actions identified in th-,
pr.-cedr.es. The ver.ification fous for- HSI compo nntion their- dynamic u.sability to pr.ovide
monitor-ing of the plant state, cuies for- actions, feedback on actions taken (inceluding the pr-ocess
of changing state), and r-esponse of the plant to the changed condition. Verification criter-ia ar~e
ease of monitor-ing key par-amfeter-s, elar~it' of plant status, clarity of cutes for- taking a~tin,
csonsistency of the proceess for: implemnenting controel actions through VIDU, hand switches or
push buttons, clar-ityof dynamic feedback of component response to a control1 aetion;- and ease o
monitoring the over-all plant r-esponse to a change in configurfation.

f:

Ver-ifications of 14S! component designs and implementations are checks that the faill scope
simulator- components are butilt as specified. Design specifications such as., P&JDs, Logic-
Diagfams, Display Deser-ptions and associated Change Descriptionls (CDs), and ttniftefofoated
Engineerinig Change Notices are consulted as needed for- under-standing comnponent operation,
design changes, and investigation of findings.

Based on the characteristics of the HSI components, checklists comprised of guidelines from the
HF Style Guide are completed and applied against the appropriate equipment. Applications
consider global (layout, workstation configuration, lighting, noise, etc.), standardized (display
screen organization, display format conventions, coding, etc.), and detailed (individual HSI not
addressed bv general HFE guidelines) HSI features.

Discrepancies are documented as HEDs denoting the HSI component involved and how its
characteristics depart from a particular guideline. HEDs involving standardized features are
evaluated further to identify potential discrepancies across HSIs with similarities in the
standardized characteristics. For example, identifying an inappropriate format for presenting data
on an individual display could be a potential sign that other display formats could be incorrectly
used or that the observed format is inappropriately used elsewhere.

4.3.4.4 Industrial Television

Industrial Television (ITV) is a stand-alone system with a user console adjacent to the Shift
Supervisor Console and two television units mounted in the Wide Display Panel (WDP). The
ITV system is verified in accordance with ESBWR GEEN EOPs that include requirements for
verification. HFE Design Verification confirms that the console design, and televisions at the
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WDP, meets user requirements, exhibit proper HFE design practices, and effectively integrate
with the MCR arrangement and work environment. The HSI at the ITV user console is not
subjected to HFE V&V because it is an off-the-shelf product that does not perform process
control and monitoring functions.

4.3.4.5 Work Environment

HFE design verification of MCR, RSS, and LCSs critical to safety work environment aspects
(e.g., lighting, space, air conditions, floor design, noise mitigation) is part of the normal
engineering, design change, and verification process. Final verification against the ESBWR
Style Guide occurs during the final design verification as described in NEDO-33278.

4.3.4.6 Workplace Layout

HFE design verification of MCR, RSS, and LCSs critical to, safety workplace layout is
conducted as part of the normal engineering, design change, anddesign verification process.
Final verification against the ESBWR Style Guide for some issues may not be able to be
performed in the simulated V&V. In these instances, design verification occurs during the final
design verification as described in NEDO-33278.
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4.4.7.8 Operating Procedures

Procedure validation confirms that the procedures, such as EOP flowcharts, effectively
integrate with the MCR HSI arrangement and work environment. Procedure integration
with the HSI will be evaluated by analysis of one for more of the following measures at
different phases of the V&V:

1. Timing of operator actions (i.e., how long a procedure took compared with how
long a procedure should have taken)

2. Appropriateness of operator actions
3. Consequences (good or bad) of operator actions
4. Observation of operator actions, procedure use and communications
5. Compatibility of procedures with HSIs (e.g., checking that the procedure names and

symbols match the names and symbols in the MMIS)
6. Post scenario video reviews and interviews

Measures of performance are the operator's effectiveness at tasks that include:

I. Selecting a procedure. An example is:
a. Referring to, and transitioning among the appropriate procedures in a timely

manner.
2. Executing a procedure, which includes:

a. Adhering to procedures, cautions, and limitations (i.e., no deviating even if the
deviation appears to have no detrimental consequences).

b. Executing procedural steps in correct sequence
c. Including all procedural steps
d. Locating and accessing controls and information correctly and efficiently
e. Using controls in a timely and effective manner

- " Observers record operator actions, procedure use, and communications. The amount of
time taken to complete a task is recorded, along with any errors of omission or
commissIion. Observers record details of occurrences in which procedures do not match
the HSI. Operator feedback may be used to supplement observations.
R efer- to operator- per-formance measur-es regarding situation awareness.

4.4.7.9 Display Validation

Performance meaLsl•s for- gffraphieal displays i a dleveloping aft vhieh- invelves software
and there are no human performanJ e mea••es f&or graphical displays becaus
behavior- of the gr-aphie is a fudnetio of seftwafre programming, hardware per-fermancee,
and overall system throughput and response.

The graphical displays on the HSI provide situational awareness to the operators.
Therefore, display cues and navigation must support timely operator actions. The
performance measures for graphical displays are that the status of valves and pumps is
known during all phases of a control interaction.
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Color changes and symbol changes that represent the system configuration are consistent
throughout the VDUs. Each stage of a control action is clearly observable through HSI
(e.g., selection of a controlled element, defining the action to take, sending the signal,
feedback on the change and verification of the position during the change period, and the
final new state).

The quality of the graphical displays is assessed relative to operator performance. The
measures used to quantify tasks are chosen to reflect the important aspects of the task
with respect to operator and system performance, such as:

1. Enhanced ease of operating procedures use
2. Reduced time demands
3. Increased accuracy
4. Reduced errors (graphical display allow operators only to perform correct

behaviors)
5. Reduced cognitive demands
6. Quantified benefits (how much more can be accomplished by operators using

graphical displays)
7. Observed use of graphical displays
8. Evaluated graphical display efficacy (are graphical displays acting as a job

nerformance aid or detriment)
9. Post scenario video reviews and interviews
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4.4.4.1 Evaluating Operational Safety and Task Performance

Operator crews are subjected to a set of test scenarios run on the simulator. The test
scenarios have predefined initial conditions, applicable symptoms, and expected system
responses and plant behavior. Test subjects are not told what particular scenario will be
simulated. The evaluation team observes the simulated exercise and documents crew
performance. Debriefings and structured interviews are held after the simulated
scenarios. Evaluators take notes on these discussions to supplement video recordings and
visual observations. If an error or exception occurs during system integration testing, the
decision of whether to present the scenario to the same crew or to a different crew is
made on a case-by-case basis. The nature of the error or exception, and the effects of
scenario reuse on the data in question, are both taken into account.

Crews may be subjected to a given scenarie twir e prior to the final V&V pheiesl. The
reuse of a scenario for the saoe crsew for 1S validation is used to eapture the
imaovemeat in the uise of the s Si. The data is not igllected to evaluate carsew

pbilities, but rather to validate that the 14S! can be used to effectively manage the
normal operation and accident situtations. if infermation is available to the crew and it is
not under-sted initially, then the seond rn prco vides a seend loeoek at the 1pi. if the
sanme issue continues, the nnts to the 14Si ar tonsidered and a discrepancy is
initiated as appro pravte. D amthe sueoncd session is onet used to siupportfi ca
enigratieto l t

It is recognized that simulator testing environments cannot fully replicate the influence
that Performance Shaping Factors (PSFs) such as stress and noise have on operator
human performance in real situations. Simulator testing environments can also bias
operator behavior. For example, during a simulator test scenario, the operator anticipates
an abnormal situation occurring. The anticipation heightens the operator's attention and
alertness to an abnormal event. Operator responses are also shaped by adherence to
procedure and the absence of potential conflicts between rote procedure compliance and
economic demands (e.g., maximizing the unit's capacity factor). However, these factors
are not expected to have the same influence on all personnel and thereby significantly
denigrate the overall results.

Validation is a progressive, cumulative activity. ESBWR procedures play a vital role in
validation during the integrated system test program on the full scope simulator. This
testing is performed after the part task simulations of systems are used to verify that the
system level procedures are consistent in form, style, and accuracy. System procedures
guide responses to cues that may require system level responses in the MCR and local
control stations. Until ESBWR procedures are fully developed, existing procedures for
similar systems may be useful in system level validation testing.

When scenarios are used to challenge multiple system operation, the ESBWR EOPs are
verified as usable in whatever form they are in (e.g., electronic or paper), names in
procedures match the component and HSI component names, and required actions are
clearly defined. The integrated procedures should have a consistent style and
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maneuvering process as all the procedures and their input and output names need to
match with each other.

The ESBWR operating procedures are defined in activity 3 and refined in activity 4.
A standard design feature of the ESBWR is the Safety Parameter Display System (SPDS)
function integrated into the MCR HSI as displays and fixed-position indicators at the
Wide Display Panel (WDP). Validation demonstrates that the ESBWR SPDS aids
operators during abnormal and emergency conditions in:

I. Determining the unit safety status

2. Assessing whether abnormal conditions warrant corrective actions by operators to
prevent core damage

3. Monitoring the impact of engineered safeguards or mitigation activities

4. Executing symptom-based emergency operating procedures
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4.4.9 Test Design

Test design is the process of developing plans and conducting validation tests once the
integrated system has been defined and measures have been selected. Test design permits
the observation of integrated system performance in a manner that avoids or minimizes
bias, confounds, and noise (error variance).

4.4.9.1 Couplin2 Crews and Scenarios

The coupling of crews and scenarios determines how the test participants experience the
test scenarios.

4.4.9.1.1 Scenario Assignment

Scenario assignment to crews is made by the HF Verification & Validation lead. Because
a limited number of crews are available for system integration testing, an incomplete
block design is used, in which a given crew participates in some but not all scenarios. The
set of scenarios, selected by the validation team and presented to a crew, is carefully
balanced to ensure that each crew receives a similar andrepresentative range of scenarios
(i.e. difficult scenarios are not only assigned to above average crews).

Scenario selection and balancing is accomplished by using the operational conditions
sampling dimensions described in section 4.1.4.1. This sampling methodology is used to
identify the different types of scenarios that are assigned to crews. By balancing scenarios
across crews, spurious design validation due to confounding scenario type with individual
crew performance is avoided.

Presentation of the same scenario to the same crew for a second time may only occur
under very limited conditions and only under circumstances that would have minimal
effects on validation. Scenario reuse on the same crew is not part of the intended,
validation test design and should only be used in cases where errors or exceptions have
occurred that prevented the intended testing from being accomplished during the first
presentation of a scenario.

4.4.9.1.2 Scenario Sequencing

The validation team balances the order in which scenarios are presented to crews. The
same type of scenario is not always presented in the same linear position (i.e. always
presenting the easy scenarios first) and the same scenarios do not always occur in the
same sequence. Control of scenario sequencing is used to prevent confounds that may
occur because of crew learning and other systematic behavior changes.

4.4.9.24- Presentation of Scenarios to Crews

A discussion prior to the simulations is conducted to describe the overall objective of the
testing process which is to validate the HSI and for operating team to consider difficulties
and issues they have in using the HSI for the planned scenarios (e.g., normal operational
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startups, shutdowns, accidents from full power or partial power, and management of
outage conditions). A shift turnover process is used to define the plant status including
possible equipment tagouts. The use of the simulation freeze capability for questions
about situational awareness is discussed.



Attachment for RAI

18.11-35



Attachment for RAI 18.11-35

18.11 HUMAN FACTORS VERIFICATION AND VALIDATION

This section describes the following:

* The five main activities of HFE V&V:

(1) Operational Conditions Sampling (per NUREG 0711 r2);

(2) Design Ver-ification;-SI Inventory and Task Support Verification

a._Inventoey and Characterization;

bh44SI Task Support Ver-fieationl; and

e4t) HFE Design Verification;

(34-4l Integrated System Validation; and

(4)(5) Human Factors Issue Resolution Verification; and

(5)F1inal Plant HFatrHS Design Veriification.

SRelationship between SHFE V&V and harldwaroe/snI learae io&V-Pa

RfrnFE 1v1&V team;

aEnd users ps and test subsjets; and

2 Doemcentation, rtepouting, porfthmane meastuedmH nt, and integration of results.

Figurae 18.1 1 provides anot . of the inte otgrated o F-e 3o&V awtivities with their
assheiatrd iaputs and outputeq.

18.11.1 Human Factors Verification and Validation Implementation

The ESBWR l Ia n and -HFE Verification and Validation Implementation Plan,
Reference 18.11-1, establishes:

(1) Human factors V&V methods and criteria consistent with accepted HFE.practices
and principles;

(2) The scope of the evaluations of the integrated HSI including:

a. HSI, addressing both the interface of the operator with the HSI equipment
hardware and the interface of the operator with the HSI equipment's software-
driven functions;

b. Plant normal and emergency operating procedures; and

c. HSI work environment.

(3) The process for static and/or "part-task" mode evaluations of the HSI equipment to
confirm that the controls, displays, and data processing functions identified in the
task analyses are designed per accepted HFE guidelines and principles;

(4) The integrated system validation of HSI equipment with each other, with the
operating personnel, and with the plant normal and emergency operating procedures
through the conduct of dynamic task performance testing. The dynamic task
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performance testing and evaluations are performed over the full scope of the
integrated HSI design using dynamic HSI prototypes (that is, prototypical HSI
equipment which is dynamically-driven using real time plant simulation computer
models). When a new HSI design is compared to a previous HSI design differences
can be identified. Existing test and evaluation results can be compared to new
analysis results. A limited scope dynamic task performance is adequate to satisfy
the V&V requirements. The methods for defining the scope and application of the
dynamic HSI prototype, past test results and other evaluation tools are documented
in the ESBWR HFE V&V implementation plan;

(5) The process by which Human Factors issues are identified and tracked; and,

(6) Final plant HFE/HSI Design Verification performed and documented as a basis to
human performance monitoring.

18.11.2 Results of liFE V&V

The results of the HFE V&V activities are summarized in the RSR including Human
Factors Engineering (HFE)Di-r.epan.y.(HED))j issue identification and resolutions.

The HFE V&V results summary report is included as ITAAC item 9 of Table 3.3-1 in
DCD Tier 1.

18.11.3 COL Information

None

18.11.4 References

18.11 1 GE Energy. "ESBWIR M-an Machin;e linter-faee System and Humfan Factor-s
Eigincefing Implementation plan", NEDE 332 17p, Glass H! (Proprietary),
Revisien 3, March 2007, and NEFDO 33217, Glass I (noen preo~rietary),
Revisien 3, March 2007.

18.114-41 GE Energy, "ESBWR HFE Verification and Validation Implementation
Plan," NEDO-33276, Class I (non-proprietary), Revision 1, March 2007.
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1 OVERVIEW

The Design Implementation Plan, NEDO-33278, addresses the final "as-built" implementation of
the Human Factors Engineering (HFE) guidance into ESBWR standard plant design. The
ESBWR overall HFE design processis depicted in Figure 1. The sfandard design includes
standardized Human System Interfaces (HSIs), procedures, and training. The ESBWR
Combined Operating License Owner-s-owner's Group group (GOLOG) is responsible for
establishing and maintaining the standard plant design and good human factors practice.

Figure 2 depicts the design implementation process described in this plan. The COL holder
(with the support of the COLOGCOL owner's group) is responsible for design implementation
of new plants constructed using the ESBWR standard plant design. The implementing
organizations execute their responsibilities under the plans described in the ESBWR Man-
Machine Interface Systems and Human Factors Engineering Implementation Plan (MMIS and
HFE Implementation Plan), NEDO-33217. The design implementation, startup, and, operational
duties of the COL applicants include aspects of these plans, which are transferred to the COL
applicant under their license obligations to ensure the integrity of the HFE infrastructure is
maintained throughout the life cycle of the plant.

The HFE aspects of the ESBWR standard plant including design of the HSIs, standard plant
procedures, and standard plant training documentation, are verified and validated using the Full
Scope Simulator (FSS) during the HFE Verification and Validation (HF V&V) process. The
Design Implementation as described in this plan is performed to assure that the "as-built" HFE
design conforms to the design that was used in the ESBWR standard plant V&V efforts.

1.1 Purpose

The purpose of this document is to:

1. Confirm that the final HSIs, procedures, and training (as-built) HFE design conforms to the
ESBWR standard plant design resulting from the HFE design process and V&V activities.
Any identified human engineering discrepancies (HEDs) are assessed and properly
addressed.

2. Verify aspects of the design that may not have been evaluated previously in the V&V
process. This includes any hardware/software, new or modified displays that were absent
from the simulator-based integrated V&V process, and any physical or environment (e.g.,
noise, lighting, etc.) differences between those present at the V&V process and the "as-built"
Main Control Room (MCR).

3. Verify resolution of remaining HEDs and open items from the Human Factors Engineering
Issue Tracking System (HFEITS).

4. Transfer design implementation responsibility to the COLOGCOL owner's group.

5. Transfer responsibility for HFEITS to the COL holder (with the support of the COLOGCOL
owner's group).
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1.2 Scope

The "as-built" confirmations, verifications, and validations described in this plan apply to the
initial COL plants assciated withconstructed from the ESBWR standard design-ef&f4. The
COL holder (with the support of the GOLOGCOL owner's group) is responsible for:
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26A6642-BX Rev. 04
ESBWR Design Control Document/Tier 2

Some changes to the standard plant procedures and training may result from the HFE V&V. The
approach to perform the "as-built" confirmation for the procedures and training is to conduct an
audit of the standard plant procedures and training.

18.12.2.3 Final HFE Design Verification Not Performed in the Simulated HFE V&V
Activity

HFE design aspects that are not addressed in the simulated HFE V&V such as modification of
the reference plant to the standard design, and HFE aspects not feasible to perform in the
simulated environment are included in the Design Implementation Report. These include:

* Communication equipment interfaces (phones, radios, intercoms, and so forth);

* Lighting (normal and emergency);

* Habitability systems (for example, noise, lighting, ventilation and so forth);

* Use of plant-specific training manuals and procedures;

* Data and video interfaces with the TSC and equipment to duplicate or link the EOF to the
plant process database; and

* Procedure/P&ID drawing laydown area.

18.12.2.4 Res•W.t•,n ai R -mai-,g LWs and Opcn -.is.s M AWFE!TResolution of
Remaining HEDs and Open issues and transfer of HFEITS

The HFE V&V of the standard plant design addresses the issues from the HFE design and
development. The Design Implementation process is used to close out remaining issues from the
MMIS/HFE Implementation Process. Reference 18.12-2 describes the transfer and the
responsibilities for maintaining HFEITS.

18.12.3 Design Implementation Results Summary Report

The results of the Design Implementation activities are summarized in the RSR. The RSR
provides an introduction, background, and summary of results and outputs of the activities
performed.

The RSR Design Implementation Plan outputs include:

* Final "as-built" HSI verification;

" Confirmation of procedures and training design implementation;

" R&solution of HEDs and open issues;

* Design implementation team members and background;

* Verification of design not performed in the V&V; and

" Turn over4e-&lieeýee and tracking of the remaining open HED/HFEITS issues.

The design implementation results summary report is included as ITAAC item 10 of Table 3.3-1
in DCD Tier 1.

18.12-2


