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Mr. Nicholas J. Liparulo, Manager
Nuclear Safety and Regulatory Activitiesi

i Nuclear and Advanced Technology Division
; Westinghouse Electric Corporation
: P.O. Box 355

Pittsburgh, Pennsylvania 15230

; SUBJECT: PRELIMINARY COMENTS ON THE AP600 HUMAN FACTORS ENGINEERING STAFFING
~

DETERMINATION

Dear Mr. Liparulo:

Westinghouse submitted a draft revision to the AP600 standard safety analysis
report (SSAR) concerning the determination of staffing (Section 18.7). The
draft was sent to the staff by facsimile on April 11, 1996, and docketed by

. the Nuclear Regulatory Commission memorandum dated May 1,1996. The draft
SSAR section involves the staffing implementation plan for determining the
staffing levels of the operating crew in the AP600 main control room.

The staff plans to have a meeting on human factors engineering issues,
including this subject, on May 21 and 22, 1996. To facilitate discussions
during the meeting and provide an opportunity for Westinghouse to prepare for
staff questions and concerns, preliminary staff comments on the Westinghouse
draft SSAR Section 18.7 are enclosed.

If you have any questions regarding this matter, you can contact me at
(301) 415-1141.

Sincerely,

original signed by:

William C. Huffman, Project Manager
Standardization Project Directorate
Division of Reactor Program Management
Office of Nuclear Reactor Regulation
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DRAFT~

Preliminary Comments on
AP600 SSAR Section 18.7 Determination of Staffing

i

To address the Element 5, Staffing, DSER open items, Westinghouse Electric Corp.
(WEC) submitted (4/11/96) a draft to SSAR Section 18.7, Determination of Staffing
(dated 4/30/96). The submittal followed a conference call on 3/21/95 in which staffing
open items were discussed. WEC has identified staffing as the responsibility of the
Combined License applicant. The revised SSAR is identified as a staffing implemen-
tation plan for determining the staffing levels of the operating crew in the main control4

room.-

1

The Element 5 open items are (OITS #, DSER #): |

1'343, 18.6.3-1: Staffing Number and Background*

1344, 18.6.3-2: Staffing Levels Analysis*

1345, 18.6.3-3: Staffing Analysis Iteration*

1346, 18.6.3-4: Staffing and HFE Program*

1347, 18.6.3-5: Staffing Methodology Source Materials*

General Note: The DSER evaluations make reference to SSAR sections and specific
statements made within them. Based ori the revised SSAR, these statement may no
longer be included and there may be chm',ges section numbers.

l
i

Open item 18.6.3-1: Staffina Number and Backaround

1. Criterion: The staffing analysis should determine the number and background
(qualifications) of personnel required during the full range of plant conditions and tasks !
including operational tasks (normal, abnormal, and emergency), plant maintenance, and '

plant surveillance / testing. The scope of personnel that should be considered is
identified in Element 1.

,

i

DSER Evaluation: SSAR Sections 18.7 and 18.9 only discuss staffing levels with !
lrespect to operational personnel. No discussion is devoted to other plant personnel

(e.g., maintenance, I&C) staffing levels. Section 18.9.13 of the AP600 SSAR lists the
full range of plant modes for which staffing levels need to be considered, but states
that staffing recommendations are based on the human engineering design and )

'

implementation process that is described in Section 18.8. It is not clear how that
process will be used to address staffing level issues.

Enclosure
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SSAR Sections 18.7.2.1 through 18.7.2.2 discuss the number of personnel needed to
staff for operations. RAI 620.46 states that initial staffing requirements were derived
from the ALWR URD Chapter 10 requirements and from assessing the capabilities of a
compact control room configuration. SSAR Section 18.9.1.1 states that two main
control area operators are required for plant startup and shutdown, but once steady-
state conditions are achieved, only one is required for plant operations.10CFR t

50.54(m) requires that two reactor operators and two senior reactor operators be on-
shift at all times, but only one reactor operator and one senior reactor operator are
required to be in the control room at any specified time. Thus the staffing design may
not meet the requirements of 10CFR 50.54(m) under all plant conditions. It is not clear i

what analyses were conducted to determine that these requirements were appropriate ;

for the AP600. In addition, the PRA provides credit for shift technical advisor (STA)
,

activities in the MCR. Information is needed on how the STA is integrated into the |

MCR staffing configuration. This finding relates to part i of criterion 2, and partially
relates to part a of criterion 2, but does not completely satisfy this element (as no
discussion is given of examination of typical staffing levels in preccessor systems or is ;

any correlations made with the differences / similarities between , .. eat and. predecessor
systems as described in WCAP 14075). i

l
in WEC's response to RAI 620.45, WEC states that the staffing of the MCR will be !

verified during various plant operating modes through task analysis and testing; '

however the actual process that will be used for this verification is not specifically >

defined. Additionally, no discussion is devoted to how staffing requirement deter-
minations will be made for non-operational personnel during the full range of plant
conditions. !

Also, limited discussion is devoted to staff qualifications and the discussion that is
provided is only relevant to operations staff (Section 18.9.2 of the AP600 SSAR). This !
section states that the descriptions of the operator functions and qualifications are
based on the human engineering design and implementation process described in '

Section 18.8 of the SSAR. It is not clear how this process will be used to address
necessary personnel background requirements.

.

Proposed Resolution
,

I
The revised SSAR provides additional information on staffing considerations, but the |
staff's DSER concerns regarding scope and qualifications have not been clearly I

addressed. Further the relationship between the COL item and WEC HFE activities
needs clarification.

SSAR Section 16.7 (Draft) indicates that the SSAR provides an implementation plan for
determination of staffing levels for the operating crew in the main control room and
that staffing levels for all personnel including operations, maintenance, engineering, etc,
is the responsibility of the COL. The staff agrees that determination of plant specific
staffing levels is appropriately a COL item. Thus the issue is essentially what staffing

2
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information should be determined by WEC as part of the AP600 design and evaluation
process. WEC staffing design information should be used by the COL and together
with other information, such as site specific considerations, to develop staffing levels

- for their plant.
1

! The information provided by WEC does not clearly define the information to be provided !
; by WEC to the COL. SSAR Section 18.7.3 (Draft) restates some of the considerations |

of control room staffing that were discussed in the DSER (see staffing level discussion'

in DSER presented above). To restate, the design goal is for operations under all plant
conditions by two operators in the main control room (one SRO and one RO). Yet WEC '

indicates that the initial staffing level of the control room is assumed to be a three-
person crew: one shift supervisor (SRO license), one senior reactor operator (SRO
license), and one reactor operator (RO license). (Note that the same shift crew

; composition levels are identified in SSAR Section 5.2.2, 7/95). However, the basis for
4 making this assumption is not identified nor does WEC address the relationship

between the staffing design and the requirements of 10 CFR 50.54 or provide the
analyses used to determine whether these requirements are appropriate toi .@00 (see-

AP600 OITS Database actions for item 1344). An inconsistency appears to e,xi.x -

because WEC indicates that staffing levels are a COL item yet staffing levels are !

provided in the revision. The staff considers it appropriate for WEC to provide the COL
with the validated staffing design basis, i.e., the staffing levels and qualifications
determined to be required by the AP600 design and evaluation program to be necessary
and sufficient for AP600 operation. Thus, for example, WEC may validate that the plant :

can be operated with two operators (with certain personnel qualifications) under all
conditions. It would be the responsibility of the COL to determine how many personnel
are required it the control room by considering all other factors, such as 50.54 re-
quirements, site considerations (e.g., the number of units at the site), and ad-
ministrative factors.

!

WEC should clarify the staffing information to be developed as part of the HFE
program, how it is to 69 used by the COL, and how the COL will use the implemen- |
tation plan, if necessky. ;

Regarding the implementation plan, in general, for the staff to perform an implemen-
tation plan review, WEC's submittal should describe the proposed methodology in !

sufficient detail for the staff to determine if the methodology will lead to products that i

meet the HFE PRM acceptance criteria for the element. While some implementation ,

plans can be reviewed on their own merits, the staff may request a sample analysis !
'

'that demonstrates the application of the methodology and its results. ITAAC/DAC are
needed for completing the implementation plan and providing the results to the staff for
review.

The presentation in SSAR Section 18.7 (Draft) of the methodology for determining
staffing level is not appropriate as an implementation plan-level description since
detailed methodology is not provided. For example, the discussion in Section 18.7.2

2

3
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(Draft) is very general and, while it identifies important aspects of the HFE program to
consider, most of the sections are descriptive arid not oriented to methodology. For i

example, the SSAR indicates that task analysis will be used to evaluation staffing;

based upon workload analysis. However, the method to be used to perform this ,

analysis is not provided, e.g., how will workload be quantified and what criteria will be |
,

used to determine whether the level of workload evaluated is acceptable or not.
|

In addition, an ITAAC/DAC for completing the implementation plan and providing the
-

.

''

results to the staff for review are not provided.

Regarding the scope of WEC's staffing analyses, SSAR Section 18.7 (Draft) indicates !'

that the implementation plan address the determination of staffing levels for the2

operating crew in the main control room only. WEC should clarify why the scope of
the plan does not include other parts of the plant (such as local control station and

i remote shutdown facilities) and _other personnel categories in addition to the operating
.

crew.
i

i4

; in summary, WEC needs to clarify the staff's concerns related to (1) the contribution to '

staffing plan development of WEC's staffing analyses and the COL item, (2) the level of ,

detail of the implementation plan, and (3) the scope of WEC's staffing analyses.
c.

! !

Dpen item 18.6.3 2: Staffina Level Analysis1

.

2. Criterion: Staffing levels should be based on an analysis of (the items below have ,

been designated by letters to facilitate the discussion in the DSER Evaluation to follow): >

a. Initial HSI staffing goals and their bases including staffing levels of |

predecessor systems and a description of significant similarities and
differences between predecessor and current systems.

b. Required actions determined from the task analysis.

c. Availability of operators considering other activities that may be ongoing (
and for which operators may take on responsibilities outside the control |'

room (e.g., fire brigade).
i
|

d. The physical configuration of the control room and control consoles.

e. The availability of plant information from individual operator'

workstations from individual and group view HSI interfaces.

4

f. Required interaction between operators for diagnosis, planning, and
control activities.

,

; 4

:
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g. Required interaction between personnel for administrative, com-
munications, and reporting activities.

h. Actions required by 10 CFR 50.47 (and NUREG-0654) to meet an initial
accident response in key functional areas as required by the emergency
plan.

i. Staffing requirements described in NUREG-0800, Section 13.1.2-13.1.3,
" Operating Organization," and 10 CFR 50.54. ;

DSER Evaluation: FSAR Section 18.7.1 lists three factors that contribute to the
determination of staffing requirements for successful operation of the AP600: a)

!regulatory requirements for pre'sence of licensed and non-licensed individuals to perform
specific duties; b) capabilities of humans to perform the tasks required for safe / efficient i

plant operations; and c) economic incentives to limit operations staff to a practical
minimum. The SSAR states that these three factors are examined to determine
requirements for each operations and control center. It is not clear, in many instances, ;

how these factors were examined to determine the stated requirements. ;

SSAR section 18.7.2 states that staffing requirements are validated against the task '

analysis (part b of criterion 2), but does not discuss how this will be done.

The AP600 SSAR sections related to staffing (specifically SSAR Section 18.7) do not ;

take into consideration the availability of operators considering other activities that may -

be ongoing and for which operators may be required to take responsibility (part c of |
criterion 2).

SSAR section 18.7.2 states that staffing requirements are validated against the ,

physical design of the AP600 operations and control centers. Additionally, SSAR ,

isection 18.9.1.2 states that a high degree of coordination between the data displays,
the procedures, the process controls, the operating crew training, and job descriptions ;

;is provided and that coordinating the control room resources with the crew's mental
and physical tasks is achieved. These statements relate to part d of criterion 2, but do ;

not discuss how this will occur. ;

SSAR section 18.9.1.1.2 discusses how any operator workstation screen can display
any graphic, but in order to maintain the concept of spatial dedication to the operator, !
specific functions are assigned to specific screens. Additionally, operators do not need
to physically change positions to access control devices. Finally, SSAR section
18.9.1.1.1 states that the wall panel information station is located at one end of the
main control area at a height so both operators and the shift supervisor can view it
while sitting at their respective work stations. These statements partially address part
e of criterion 2, but do not specifically tie into how this information will be used to
address staffing requirements.

5
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SSAR section 18.9.1.2 states that interaction between operators is possible, but again,
it is not clear how this information was taken into account in the analysis of required
staffing levels (part f of criterion 2). No discussion was given to interactions between
personnel required for administrative, communications, and reporting activities (part g ,

of criterion 2). ]

While~no specific discussion is devoted to actions required by 10 CFR 50.45 (and |
NUREG 0654) or to staffing requirements described in NUREG-0800 and 10 CFR |
50.54 (part h and i of criterion 2), SSAR section'18.7.1 states that NRC regulatory |

iguidance defines minimum staffing for the AP600 (see criterion 5 for additional
discussion of this issue).

In summary, the documentation related to staffing in the AP600 SSAR addresses some,
although not all of the elements listed under criterion 2. For those elements that are
addressed, it is not clear how the information was or will be used to make staffing j

decisions. I

Proposed Resolution ;

in the 3/21/95 conference call WEC agreed to discuss how the staffing analysis will
address the items under Open item 18.6.3 2: Staffing Level Analysis, including how the
analysis addresses 10 CFR 50.47, 50.54, and NUREG-0900 requirements. However, '

these items are not completely addressed in the revised SSAR.

a. Initial HSI staffing goals and their bases including staffing levels of predecessor i
systems and a description of significant similarities and differences between predeces- '

sor and current systems. |

Staffing goals are discussed in SSAR Section 18.7.2 (Draft) and the role of
predecessor systems is identified in SSAR Section 18.7.2.1, Operating Experience
Review. The initial staffing levels'and design goals are identified above and their |
basis, as discussed in RAI 620.46, was derived from the ALWR URD Chapter 10 |
requirements and from assessing the capabilities of a compact control room ;

configuration. However, the relationship between predecessor designs and'
'

AP600 staffing considerations is not discussed.

b. Required actions determined from the task analysis.

SSAR Section 18.7.2.3 (Draft), Task Analysis, identifies that the use of task
analysis is to analyze staffing for operator workload and time constraints.

6
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c. Availability of operators considering other activities that may be ongoing and for
,

| which operators may take on responsibilities outside the control room (e.g., fire
. brigade).

|
Not addressed in the SSAR. |

d. The physicalconfiguration of the controlroom and control consoles.

SSAR Section 18.7. 2.5 (Draft), HSI Design, indicates that the physical con-
j figuration of the design is evaluated for staffing factors in the AP600 MMIS

design test and evaluation program.

| e. The availability of plant information from individual operator workstations from |
individual and group view HSIinterfaces.

'

:

| SSAR Section 18.7. 2.5 (Draft), HSI Design, indic' tes that the physical con-a

figuration of the design is evaluated for staffing in the test program.*

4

: f. Required interaction between operators for diagnosis, planning, and control ac-
! tivities. |
;

i Not addressed in the SSAR.

g. Required interaction between personnel for administrative, communications, and
reporting activities.

;

t

Not addressed in the SSAR.

h. Actions required by 10 CFR 50.47 (and NUREG-0654) to meet an initial accident
response in key functional areas as required by the emergency plan. |

;

|

: Not addressed in the SSAR. .|
|

1. Staffing requirements describedin NUREG-0800, Section 13.1.2-13.1.3, " Operating
Organization," and 10 CFR 50.54.

'

Not clearly addressed in the SSAR (see the discussion regarding compliance with
10 CFR 50.54 requirements under Open item 18.6.3-1: Staffing Number and
Background).

WEC should provide additional information concerning AP600 staffing considerations
related to items a, b, f, g, h, and i above.

:

o

! 7
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I.
; in addition to the staffing analysis considerations identified above, SSAR Sec- ;

; tion 18.7.3 (Draft) identifies an alternative approach to staffing levels which is to ;
design the operator roles and HSis for the staffing levels assumed. The purpose of this )
approach is not clearly stated in the SSAR since the design is already being driven by |

*

the AP600 design goals and initial staffing level assumptions. WEC should clarify the
* use cf this approach by the COL.
l l
i l

Open item 18.6 3-3: Staffing Analysis Iteration
i

j 3. Criterion: The staffing analysis should be iterative; that is, initial staffing goals
should be reviewed and modified as the analyses associated with other HFE PRM

| elements are completed.

j DSER Eva/uation: SSAR Section 18.7.2.1.1 defines the staffing for plant operations
i but states that the M-M;S designer must evaluate the adequacy of the specified

staffing level. If a determination is made that the staffing level is not adequate or, if
,

i meeting this requirement adds substantial specialized automatic control or equipment
: so that a change in the number of reactor operators is required, the function-based task
! analysis will be modified and these changes input to the M-MIS design process it is

not clear, however, how this will be done, given that the task analysis does not seem
'

to be crew member based.

The information provided in the AP600 SSAR does not provide any further detail on the
i iterative nature of the staffing level analysis.

i

f Proposed Resolution
:

; SSAR Sections 18.7.2 and 18.7.3 (Draft) clearly identify an iterative approach to
t staffing analyses. The basic process for staffing analysis is discussed in 18.7.2. The
j process includes several considerations that provide feedback to the staffing level

determinations. For example, HFE verification and validation results can necessitate-

i reconsideration of staffing levels. Section 18'.7.3 provides some of the considerations
that would necessitate a modification of staffing plans, including: task and workload:

| analysis. Thus, the revised SSAR addresses the staff's concerns in this open item. I

1 ,

! This criterion will be satisfied when a COL information item is provided identifying
commitments which are consistent with this criterion.

j Ooen item 18.6.3-4: Staffino and HFE Proaram

1

!

|
1

i

) 8
'
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4. Criterion: The staffing analysis should consider the issues associated with the
following HFE PRM elements and then compare these issues to staffing assumptions'

regarding the number and qualifications of operations personnel. The basis for staffing
j should be modified to address these issues:
:

I Operating Experience Review*
;

operational problems and-
'

strengths that resulted from
staffing levels in predecessora

j systems

Function Analysis and Allocation; *

mismatches between functions-

4 allocated to the operator and the
qualifications of anticipated oper-
ators-

!

Task Analysis*

the knowledge, skills, and abili--

'

ties required for operator tasks
addressed by the task analysis
requirements for operator re--

sponse time and workload -
| requirements for operator com--

! munication and coordination
the job requirements that result-

from the sum of all tasks allocat-
ed to each individual operator
both inside and outside the con-
trol room '

Human Reliability Assessment*

the effect of overall staffing-

levels on plant safety and reliabil-
ity
the effect of overall staffing-

levels and the coordination of in-
dividual operator roles on critical
human actions
the effect of overall staffing-

levels and the coordination of in-
dividual operator roles on human
errors associated with the use of
advanced technology

9
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HSI Design*

staffing demands resulting from-

the locations and use (especially
concurrent use) of controls and
displays
the requirements for coordinated-

actions between individual opera tors

Procedures*

staffing demands resulting from-

requirements for concurrent use
of multiple procedures
skills, knowledge, abilities, and-

authority required of operators by
the procedures |

iraining*

crew coordination concerns that-

are identified during the develop-
ment of training

Verification and Validation*
' ability of minimum size operating-

crew to control plant during
validation scenarios

- ability of operators to effectively
communicate and coordinate
actions during all validation sce-
narios
ability of operators to maintain-

awareness of plant conditions
and operator actions throughout
all validation scenarios

DSER Evaluation: Of the listed HFE PRM elements in Criterion 4, only Operational
Experience, Task Analysis, HSI Design, and Verification and Validation are specifically
addressed, and only as they relate to staffing of operations personnel. RAI 620.45
refers back to RAI 620.9, which summarized WEC's review of operating experience
(WCAP 13559). It is unclear to the staff how this information was used in the
development of appropriate staffing levels for the AP600. SSAR Section 18.7.2 states
that staffing requirements are validated against the physical design of the AP600
operation and control centers, as well as the task analysis. SSAR Section 18.7.2.1.1
defines the staffing for plant operations but states that the M-MIS designer must

.

10
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evaluate the adequacy of the specified staffing level. And SSAR Section 18.7.2.2 ,

states that the staffing requirements for the remote shutdown room are validated ,

'
1 against the physical design and function-based task analysis for the AP600.
!

Proposed Resolution
i

] SSAR Section 18.7.2 (Draft) generally address the consideration of HFE program
activities in staffing level determinations. The following HFE activities are used to

j analyze and evaluate staffing levels, including: OER, Function analysis and allocation,
i task analysis, HRA, MMIS design, procedures, training, HFE V&V. Of those described,
! the main contributors to staffing analyses are:
i

| OER, to identify the operational problems related to currently operating*

j WEC PWRs
1

Task Analysie., to evaluate the workload and time requirements associat-| *

ed with oper c.r : asks-

MMIS design, to evaluate staffing levels through man-in-the-loop con- |i e

] Cept tests |

|

HFE V&V, to establish the adequacy of main control room staffing inI *
I

i real-time, integrated system evaluations.
!
! While each of the HFE program elements identified in the staff's PRM criterion are |
i discussed, the presentation of these aspects of the analysis is consistent with a i

! programmatic level of description rather than an implementation plan since no specific .

! methodology is discussed (see open item 18.6.3-1). |
i

!
it is noted that SSAR Section 18.7 (Draft) uses cross references other sections of the

| SSAR which are currently being revised, for example, Section 18.7.2.2 references i

Section 18.8.2 for a description of function allocation. Since Section 18.8.2 (function '

!

allocation) is currently being revised, it is necessary to ensure that the description in j,

Section 18.7.2.2 is consistent with the revision to Section 18.8.2. Similarly, SSAR j
;

i Section 18.7 (Draft) uses terms such as " critical human actions", tasks identified as !

'

! " risk important to safety", and " risk-important tasks" which are currently under
I separate discussion between WEC and the staff. It is important that the terms be
! consist'ently used and that the terms used in Section 18.7 are appropriate once the ,

i open issues related to them are resolved. j
.

Further discussion of these issues is needed before this item can be resolved at an!
implementation plan level of review.

4
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Onen item 18.6.3-5: Staffina Methodoloav Source Materials*

5. Criterion: The applicant's staffing implementation plan should be developed using
accepted industry standards, guidelines, and practices. A list of documents which mayi
be used as guidance is provided in the HFE PRM.

DSER Evaluation: This criterion is partially met by WEC's indication that one of the
factors used in determining staffing requirements was existing regulatory requirements
(Section 18.7.1 of the AP600 SSAR). No specific references are provided in SSAR
Section 18.7.

Proposed Resolution

SSAR Section 1.7.1, Industry Standards, Guidelines, and Practices, identifies the i

documents to be used as guidance for staffing development. The documents include |
pertinent sections of 10 CFR (50.54 and 50.47) and applicable NRC staffing l

documents as identified in the PRM. Tbiu the revised SSAR acceptably addressed the
staff's concerns in the open item.

This criterion will be satisfied when a COL information item is provided identifying
commitments which are consistent with this criterion. ,
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