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Safetv factors relating to the plant

Actual condition of structures. systems and components (SSCs) important

Safetv factors relating to safety analysis

Deterministic safety analysis:
Probabilistic safety assessment:

Safery factors relating to performance and feedback of experience

\ 2

Use of experience from other plants and resear¢h findings.
Safetv factors relating to manageiment

Organization. the management system and safefy culture:

oIHQA

Safety factors relating to the environment

(1) Plant design:
2
to safety:
(3) Equipment qualification:
(4) Agemg.
(%)
(6)
(7) Hazard analysis.
(8) Safety performance:
)
(10)
(11) Procedures:
[ (12) Human factors: |
(13) Emergency planning. !
(14

Radiological impact on the environment.

Safety factor 12: Human factors

5.129. The review of human factors should consider the procedures and
processes in place at the nuclear power plant to ensure the following:

— Adequate staffing levels exist for operating the plant, with due recognition
given to absences, shift working and restrictions on overtime:

— Qualified staff are available on duty at all times:

— Adequate programmes are in place for initial training, refresher training
and upgrading training, including the use of simulators;

— Operator actions needed for safe operation have been assessed to confirm
that assumptions and claims made in safety analyses (for example, PSA,
deterministic safety analysis and hazard analysis) are valid:

— Human factors in maintenance are assessed to promote error-free execution
of work;

— Adequate competence requirements exist for operating, maintenance,
technical and managerial staff;

— Staff selection methods (for example, testing for aptitudes, knowledge and
skills) are systematic and validated;

— Appropriate fitness for duty guidelines exist relating to hours. types and
patterns of work, good health and substance abuse:

— Policies exist for maintaining the know-how of staff and for ensuring
adequate succession management in accordance with good practices:

— Adequate facilities and programmes are available for staff training.

5.130. The following aspects of the§ human-machine interface ishould also be
reviewed:

— Design of the control room and other workstations relevant to safety:
— Human information requirements and workloads:
— Clarity and achievability of procedures.
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Safety factor 12: Human factors

5.129. The review of human factors should consider the procedures and
processes in place at the nuclear power plant to ensure the following:

7|- — Adequate staffing levels exist for operating the plant, with due recognition
given to absences, shift working and restrictions on overtime:

L|' — Qualified staff are available on duty at all times:

[_|. — Adequate programmes are in place for initial training, refresher training
and upgrading training, including the use of simulators;

— Operator actions needed for safe operation have been assessed to confirm
that assumptions and claims made in safety analyses (for example, PSA,
deterministic safety analysis and hazard analysis) are valid:

— Human factors in maintenance are assessed to promote error-free execution
of work;

L_|- — Adequate competence requirements exist for operating, maintenance,
technical and managerial staff;

|_|- — Staff selection methods (for example, testing for aptitudes, knowledge and
skills) are systematic and validated;

7|. — Appropriate fitness for duty guidelines exist relating to hours. types and
patterns of work, good health and substance abuse:

— Policies exist for maintaining the know-how of staff and for ensuring
adequate succession management in accordance with good practices;

|:_|' — Adequate facilities and programmes are available for staff training.

5.130. The following aspects of the human-machine interface should also be
reviewed:

— Design of the control room and other workstations relevant to safety:
E_|-— Human mformation requirements and workloads:
— Clarity and achievability of procedures.
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2.0 SCOPE OF REVIEW
2.1 Review Task Assessments

The Pickering PSR2 Safety Factor 12 Review Tasks are defined in Reference [1]. Details
of the derivation of these Review Tasks from CNSC REGDOC-2.3.3 [2] and IAEA SSG-
25 [3] are shown in Reference [5]. The Safety Factor 12 Review Tasks are:

1) Confirm that there are procedures to ensure that a minimum number of
qualified staff, appropriate to the operating state of the plant, is
available at all times.

2) Confirm that adequate staff training facilities, training staff and training
programs exist.

3) Confirm that the method of selecting staff for new positions and for
promotions involves systematic and validated staff selection methods
and a method for succession planning.

4) Confirm that there are appropriate programs for initial, refresher, and
upgrade training. For operating staff, this should include the use of
simulators.

5) Establish that there is training in safety culture, including for
management staff, that includes work supervision practices and
internal communication practices and expectations.

6) Confirm there are fitness for duty guidelines relating to hours of work,
health and substance abuse.
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7)

8)

Confirm that the human—machine interface is considered in the design
of the control room and other workstations, that analysis of human
information requirements and task workload is performed, and that

there is linkage to the Probabilistic Safety Assessment, Deterministic
Safety Analyses and Hazard Analysis. This review should include a

discussion of how guidance such as U.S. NRC NUREG-0700 Revision 2,
"Human-System Interface Design Review Guidelines" [6], and NUREG-
0711 Revision 2, "Human Factors Engineering Program Review Model"
[7], identified in CNSC REGDOC-2.5.2 are relevant to the design of
Pickering Units 1,4 and Units 5-8. (Note: Review Task #7 is addressed
in the Plant Design Safety Factor report.)

Confirm the style and clarity of procedures provides an appropriate
level of detailed guidance for staff through a review of plant events
identifying inadequate procedures as a contributing cause.
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4.1.1 Review Task #1: Procedures to Ensure Minimum Number of Qualified Staff

Confirm that there are procedures to ensure that a minimum number of
qualified staff, appropriate to the operating state of the plant, is available at al/
times.

P-INS-09100-00003, “Pickering Minimum Shift Complement” [14] is the procedure that
defines the Minimum Shift Complement (MSC) staffing requirements to ensure safe
conditions are maintained during normal operations along with the capability to be
able to respond to all station emergencies. Per P-INS-09100-00003 [14], MSC is the
minimum number of qualified workers who shall be present at all times to ensure the
safe operation of the Pickering facility, respond to all credible events, and to ensure
adequate emergency response capability for the most resource intensive conditions.
P-INS-09100-00003 [14] is written to comply with CNSC guidelines G-323, “Ensuring
the Presence of Sufficient Qualified Staff at Class I Nuclear Facilities — Minimum Staff
Complement” and G-278, "Human Factors Verification and Validation Plans”.

The MSC for the Operations Work Group (Shift Management Team and Operators),
Emergency Response Team (Emergency Response Management, Maintenance,
Chemistry, Stores), and the Emergency Response Organization (ERO) (Emergency
Response Management, Shift Management, Operations, Maintenance, Fuel Handling,
Plant and Resource Coordinators) is defined in Tables 1-1, 1-2, and 1-3 of P-INS-
09100-00003 [14], respectively.

Conclusion:

The conclusion of this Review Task assessment is that OPG has programs and
procedures in place to ensure that minimum staffing levels of qualified staff are
available for all modes of operation. The intent of Review Task #1 is met and
therefore Pickering NGS is compliant.
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4.1.5 Review Task #5: Design for Human-Machine Interfaces

Human Factors Engineering (HFE) evaluates the role of humans in human-machine
systems and how systems can be designed to work well with people, particularly in
terms of safety and efficiency. Pickering NGS was originally designed to the standards
_of the day and designers relied on best design practices in addition to incorporation of
operations and maintenance experience (e.g., for Pickering Units 1-4, experience was

- Pickering ¥ 1~457]| (A) : Q17t2sH MA 0|1XE A

- Pickering 7% 5~857| (B) : QI7t3st MA M &H
Since 2000, HFE has been explicitly considered for all design changes at Pickering
NGS, resulting in continuous improvements to the human-machine interfaces

- 20003%E 2= dAHZ0| et lZksst HE

When required, Human Factors Engineering Program Plans (HFEPP) are prepared in
accordance with N-MAN-06700-10002, “Guide for OPG Human Factors Engineering
Process” [54], which describes OPG’s HFE processes and approach to the conduct of
HFE activities and OPG’s expectations for performing HFE activities. Per Section 2.2.1
of N-MAN-06700-10002 [54], the HFEPP meets the requirements of the following
CNSC guides:

e G-276, "Human Factors Engineering Program Plans” [55]; and

e G-278, "Human Factors Verification and Validation Plans” [56].
- EHANN QIZtSSE 2 M(HFEPP) 2Y
12
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4.1.5 Review Task #5: Design for Human-Machine Interfaces

throughout the plant. In terms of design changes to the control room and other work
stations, the following governance exists!?:

Pickering Units 1,4

TR0 S AHE A 20FE MIF 212HS

ok

X1 &8

[ ]

44RS-06700-HFP-004, "Human Factors Design Guideline: Maintenance,

Inspection, and Testing [45]: This design guide addresses the human factors
aspects of equipment and components that field personnel maintain, test or
inspect.

44RS-66000-HFP-001, "Human Factors Minor Change Design Guideline:
Pickering "A" Main Control Room Unit Panels and Field Control Panels” [46]:
This design quide provides Human Factors quidance for detailed design of
human-system interface changes to panel-mounted operator instrumentation
on main control room unit panels and field control panels.

44RS-66000-HFP-002, "Human Factors Minor Change Design Guideline:
Pickering ‘A" CRT-Based Displays” [47]: This design guide provides basic
display guidelines to be used in making minor modifications to Cathode Ray
Tube (CRT) based displays within the main control room at Pickering Units
1,4.

NA44-MAN-60300-00001, "Annunciation Design Guide Pickering A, Units 1 and
4" [48]: This manual provides human-system interface design guidance to
assist designers, human factor specialists and system engineers in
implementing changes involving annunciation, which includes local field
annunciation and main control room annunciation.

13
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4.1.5 Review Task #5: Design for Human-Machine Interfaces

CNSC REGDOC-2.5.2, "Design of Reactor Facilities: Nuclear Power Plants” [57] refers
to U.S. NRC NUREG-0711, "Human Factors Engineering Program Review Model” [58]
in terms of guidance for the development of HFEPPs. Per Section 2.2.1 of N-MAN-
06700-10002 [54], the HFEPP is expected to meet the intent of NUREG-0711 [58]
(Section 2.4 Review Criteria). Also, Figure 2 of N-MAN-06700-10002 [54] identifies
the NUREG-0711 [58] HFE Program Elements (i.e., Planning and Analysis, Design,
Verification and Validation, Implementation and Operation). CNSC REGDOC-2.5.2 [57]
also refers to U.S. NRC NUREG-0700, “"Human-System Interface Design Review
Guidelines” [59] for guidance relating to the design of human-system interfaces. As
part of the Pickering B ISR, OPG agreed to complete a high level review against
NUREG-0700 [59] if refurbishment was pursued [60]. This is not a gap for PSR2 since
refurbishment is not being considered as part of Pickering NGS operation beyond
2020. As discussed earlier, Pickering NGS was originally designed to the standards
and best design practices of the day. Many years of operation of Pickering NGS have
demonstrated that the plant layout and facilities provide a safe working environment.
Improvements based on operation and maintenance experience have been

- Pickering B ™2 Al&28 MH[7HM(refurbishment) &2 NUREG-07000] C2
QIZtZstH 7K high level review) 0|3 <

- 7IS®H™ PSRQ AR, MA|tHZA(design change) Al 217H88 M20EE &015H= 4=F2| T}
(H=2| NUREG-0700 7|& FH|0f8t S Q1ZtB2st WIt= EQIE X| §43)
14
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4.1.5 Review Task #5: Design for Human-Machine Interfaces

In terms of analysis of human information requirements and task workload, Task
Analysis is performed as part of the HFEPP for modifications with a significant HFE
impact. Task Analysis identifies the specific tasks needed to accomplish human
actions and the information, control and task support required to complete those
tasks. The following two reports provide recent examples of modifications for which

Task Analysis has been performed:

o NA44-REP-41170-00006, "Human Factors Engineering Summary Report —
Pickering NGS Units 1,4 Turbine Governor System Upgrade” [61]; and

o NK30-REP-41220-10002, "Human Factors Engineering Summary Report — PB
Main Generator Automatic Voltage Regulator (AVR) Replacement Project”

[62].
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