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1.0 OBJECTIVES AND BACKGROUND

Rochester Gas and Electric (RG&E) Corporation initiated a
control room review program for its R.E. Ginna Nuclear Power
Plant 1in response to NUREG-0737 Supplement 1 and earlier
guidance that requires all licensees and applicants for
operating 1licenses (OL) to conduct a: Detailed Control Room
Design Review (DCRDR) to identify and correct design
deficiencies. NUREG-0700, "Guidelines for Control Room Design
Review", issued in September, 1981, provides human engineering
guidelines to assist each licensee and applicant in performing
‘ detailed control room review. The RG&E program emphasizes
determination of the adequacy of information available to the
operator to effectively mitigate emergency conditions. The
review program 1is also designed to correct human factors
problems and to improve controls and displays determined to be
discrepant from good human factors practices. The DCRDR
process, as suggested by NUREG-0700, is divided into four major
activities: planning; review; assessment and 1implementation;
and reporting. This report reflects the human engineering
processes developed to address the DCRDR requirements. )

a

1.1 Reporting Requirements for the DCRDR

Supplement 1 requires the submittal of a Program Plan
containing the following major elements: (1) a qualified
multidisciplinary review team; (2) use of function and task
Qnalysis; (3) control room inventory comparison; (4) control
zoom survey; (5) HED assessment; and (6) verification of design

improvements.,
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the program plan, which describes how each of the requirements
listed above would be accomplished, was submitted to the NRC by
letter dated October 31, 1984.

1.2 Summary of Supplement 1 Human Factors Activities Performed

The control room was reviewed to determine whether it could
provide the system status information, control capabilities,
feedback and performance aids necessary for personnel to
accomplish their functions and tasks effectively. In addition,
characteristics outside the scope of the Nuclear Regulatory
Commission's (NRC) DCRDR requirements for the existing control
room's instrumentation, controls, other gquipment and physical
arrangements were identified that either add to or detract from
operator performance. Six review processes were used to
analyze the man/machine interface with the control room: (1)
operating experience review (historical document review and
‘perator survey); (2) system review, function review and task
analysis; (3) control room 1inventory; (4) control room
checklist supplement; (5) verification of task performance
capabilities; and (6) validation of control room functions.

The first three are foundation processes in which frames of
reference and benchmarks for discrepancy 1identification were
established. The last three are 1investigative processes 1in
which the benchmarks were applied and Human Engineering
Discrepancies (HEDs) identified. Activities performed during
these two processes are explained below: '

1, Foundation Processes. Industry-wide reviews of

Licensee Event Reports (LERs) for similarly designed
Westinghouse plants were analyzed. Since these
reports have generic applicability, they were used to
‘ identify conditions which affect the probaﬁility for
operator error and the safe operation of the

generating station. In addition, operating personnel
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0 completed questionnaires and were interviewed to

obtain feedback based on previous operating
experience. The procedures used 1in the Historical
Document Review and the Control Room Operator Survey
are described in Chapters 4 and 5, respectively.

A control room inventory was conducted on a system-by—s&stem
basis to identify all instrumentation, controls and equipment
within the control room. This information was compared with
the requirements . identified through the analysis of operator
tasks. The methodblogy performed during the Inventory phase 1is
described in Chapter 6.

A systems-review and function allocation review was conducted.
Operator task lists were prepared and used during the ‘task
analysis and validation of the control room capabilities.
These analyses established the 1information flow and control

equirements between the operator and the control boards. A
‘ummary of the approach is included in Chapter 7.

2. Investigative Processes. Using the foundation
processes as a basis, the investigative processes
provided the appropriate information necessary to
determine the adequacy of the control room from a
human engineering perspective. Discrepancies were
identified and documented during this part' of the
review. An explanation of the control room checklist
survey 1is contained 1in Chapter 8. This step was
followed by a verification of task performance
capabilities which 1included: (1) availability and
adequacy of the instrumentation and controls, and (2)
efficient 1interface between the operator and the
control board. A summary of verification is explained

in Chapter 8.

! Qmject to the verification process, a validation of the

control room functions was conducted., This procedure
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determined whether the functions allocated to the operating

‘crew could be accomplished within the structure of the defined
emergency operating procedures and the design of the existing
control room. Validation is described in Chapter 10.

1.3 Assessment, Implementation and Scheduling

Upon completion of the Supplemental Review Processes, an
examination of. the HEDs was conducted by the Human Factors
Review Team, described in Chapter 11. This review served to
identify the significance of each of the HEDs, as well as to
provide the review team with an opportunity for determin_i.ng,
where appropriate, corrective actions. A methodology was also
developed to implement the human engineering resolutions.

1.4 Summary Report

This summary report is submitted as part of the R.E. Ginna

‘CRDR. The report: (1),summarizes the overall review process;
(2) describes the identified HEDs; (3) describes. human
engineering improvements implemented during the course of this
and previous reviews; (4) identifies any proposed improvements
and the methodology for implementation; and (5) discusses
integration of ﬁCRDR activities with other NUREG—d737'
Supplemental Requirements.

1.5 Summary of Program Findings

Out of the review and analysis that is described in Sections 4,
5, 7, 8, 9 and 10 of this report came 489 Human Engineering
Deficiencies (HEDs) which went through the Assessment/
Reéolution process described’ in Section 1l. All HEDs are
listed in Volume 2 including the categories used to group them,
various grading distinctions and a summary statement of the

sessment/Resolution Team's disposition for each one. The
Ds were categorized according -to the nature of the problem

and corrective action to be impelemented. Twenty categories of
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controllers and displays. This helps to show the 1integration
of the HED corrective actions and the attention given to the
cumulative effect of groups of HEDs.

‘corrective actions have- been: specified, such as labels,

None of the HEDs identified during the DCRDR involved immediate
safety considerations which would regquire shutdown. Many of
them were either readily modifiable or involved modifications
that did not require ' substantial system re-design/equipment
changes. This is not too surprising in view of the continuing
program of review and changes that the Ginna Station has
undergone through 1its design/operating 1lifetime of over 20
years. The control room was originally designed by RG&E in the
1960's with the assistance of substantial mock-ups and design,
studies that were precursors to the formal specific human
factors guidelines that were developed recently. During
operation, as observations were made or problems came to light,
changes were made accordingly. Thus, thé changes made as a
esult of this DCRDR program are viewed more as enhancements
rather than fundamental changes or rearrangements.

1.6 Audit by the Nuclear Regulatory Commission

The NRC Human Factors Engineering Brancﬁ (HFEB) conducted a
Control Room Design Review/Audit during May 14-17, 1985, at
Ginna. During the course of the audit, the NRC team discussed
all aspects of the DCRDR program. Documentation of the Control
Room Survey, Function and Task Analysis, Operator Survey and
the HED Assessment process were reviewed in detail 1in
administrative meeting rooms. The audit team also visited the
control room to form opinions about the quality and quantity of
HEDs documented during the DCRDR process and how they should
possibly be treated during the assessment process. A report
was submitted bym the NRC's consultant, Lawrence Livermore
&tional Laboratory (LLNL) and the technical content and
nclusions agreed upon by the NRC's Division of Licensing. 1In

a letter dated August 9, 1985, from the NRC to Roger W. Kober,
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WVice President, Electric and Steam Production, RG&E, the

.tesults of the  in-progress audit of the Detailed Control Room
Design Review were submitted for con- sideration. The NRC
requested that the audit report be used to help complete the
DCRDR and for the preparation of the summary report. The
conclusion of the audit report contained specific points that
were recommended for coverage in the summary report. Each of
these recommendations has been addressed within the appropriate
sections of this report, a table of these NRC points is
provided in Appendix J.

1.7 References

Additional information concerning objectives and background for
the DCRDR can be found in the following document:

Rochester Gas and Electric Corporation. Detailed Control Room
design Review Program Plan. Rochester, NY, October, 1984,







2.0 MANAGEMENT AND STAFFING

The purpose of the Detailed Control Room Design Review (DCRDR)
was to identify and correct those features in the control room
environment which could potentially detract from the safe and
efficient operation of the facility. The DCRDR activities were
implemented by experienced operations, nuclear systems,
licensing and human factors engineering personnel.

2.1 DCRDR Team

he Ginna DCRDR team consisted of a group of proféssionals from
various disciplines with the wide range of skills necessary for
the performance of the design review and included:

Electrical engineering
Nuclear systems engineering
Human factors engineering
Operations

Training

Licensing

This core group was supplemented, as required, by other disci-

plines such as mechanical and I&C .engineering. In addittion,

three members of the review team -- the ,Director of Engine-

ering, the Nuclear Engineering Manager and the Responsible

Engineer -- provided licensing expertise. During the course of

Qe review, any additional specialists required for specific
sks were made available as needed.






Prior to beginning the review, team members were selected and

familiarized with the methods and content of relevant NRC

_ documents, general human factors engineering principles, and

methodology. Team members were also provided the opportunity
to familiarize themselves with the general design and operation
of the plaht. Any general or specific procedural issues were

resolved at this point.

In response to the NRC audit report recommendation concerning
the DCRDR review team, the responsibilities of each of the
review team positions are described in the following
paragraphs. The level of effort of each review team member for
each DCRDR task ié summarized in Table 2.l1; the structure and
management of the review team 1is shown in Figure 2.1. The
resumes of all members of the review team are provided in
Appendix G.

2.2 Program Manager

The lead for the DCRDR 1is the Engineering Department, The
Nuclear Engineering Discibline Manager has the overall
responsibility for the planning and administration of the DCRDR
project and 1is responsible to the Director of Engineering
Services. This responsibility 1included scheduling for the
project and coordinating review activities with other
Engineering Disciplines, the Ginna Staff and the Corporate
Management,

2.3 DCRDR Project Manager

The Responsible Engineer (RE), who served as the DCRDR Project
Manager, was responsible for the execution of the DCRDR. He
coordinated the DCRDR activities with the technical review
leaders and was responsible for scheduling and directing the

‘raluation and reporting process.

2-2



G2.4 Human Factors Engineering

ARD Corporation provided support to RG&E in the area of human
factors engineering. A Lead Human Factors Specialist (LHFS)
was responsible for direction of the HFSs to insure that human
factors principles were not compromised during the DCRDR.
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Structure and Management of the DCRDR Review Team
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3.0 DOCUMENTATION AND DOCUMENT CONTROL

This section describes the documentation system (input/output
documents) and documentation management/control procedures
which RG&E used to support the R.E. Ginna Detailed Control Room

Design Review.

From the beginning of the review, the team had at its disposal
the following reference documents:

° System Lists

] System Descriptions

° Piping and Instrumentation Drawings

° Control Room Floor Plan

° Panel Layout Drawings

° Several Lists of Acronyms or Abbreviations

o Samples of Computer Printouts

) Procedures (Emergency, Abnormal and Operating)

° Westinghouse Owners Group Low Pressure Emergency
Response Guideline System Review and Task Analysis

° Master Emergency Operating Procedures Summary (MES)

As additional documents were acquired or written, they were
added to the library.

3.1 oOutput ‘Documentation

n order to facilitate systematizing and recording Control Room
esign Reviews, a series of standard forms was developed. The







forms used are listed below and appear in their entirety in
Appendices A through F.

Human Engineering Discrepancy (HED) Form

Historical Document Review Problem Analysis Report

(PAR) , ‘

Sound Survey Record

Ligbting Survey - Illuminance .Record

Lighting Survey - Luminance and Reflectance Record

Humidity/Temperature Record

Air Velocity Survey Record

Task Analys{s Data Collection Form

Observations from Validation Walk-Throughs (WT) and

Talk-Throughs (TT)

° Self-administered Questionnaire and Cover Letter for
DCRDR Operator Survey

° Questions for Follow-up Interviews of RG&E Ginna

Station Personnel

3.2 Document Control

Rochester Gas and Electric Corporation recognized that a data
collection/analysis effort, such as that inherent in a DCRDR,

can generate volumes of paperwork which, if managed improperly,
could result in a great loss of time and money. RG&E, there-
fore, 1implemented a database management system (DBMS) . to
collect, update, analyze and provide the information necessary
to fulfill the requirements of DCRDRs on a dedicated computer.
Implementation of the DBMS minimized the number of manual
transformation steps required in the data collection/analysis
effort. Furthermore, it afforded the DCRDR team the capability
of real-time data analysis. Through the use of the DBMS para-
meters, any number or combination of data points was accessed
and analyzed on an as-needed basis.







3.3 Database Management System v

The DBMS was implemented on a VAX 11/730 using INFO/INFO-
TEXT. It consists of a master program with memory storage
devices to hold the data extracted from various source
documents. Because manual handling of data 1is 1largely
eliminated after data 1is entered 1into the system, the DBMS
greatly reduced duplication of efforts, document 1loss and
errors resulting from unnecessary handling of data.

After the DBMS was implemented, a series of data files and
records was created using information derived from the various
source documents. Each source 'document contained specific
forms, charts, schedules, etc., required for the DCRDR and each
constituted a single data file. Data files, in turn, comprised
individual records which represent the specific parameters
contained in the file forms, charts, etc. The file then served
as a model of the document from which it was created, as well
‘s an area to store data records. The source décuments in-
luded those reports and forms listed previously in this
chapter. To avoid file damage or unauthorized data manipula-
tion, access to the DBMS was restricted.
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4.0 HISTORICAL DOCUMENT REVIEW

4.1 Introduction

The objective of the Historical Document Review was to utilize
archival documentation of control room problems to identify
areas of investigation. It ensures that the man-machine
interface perspective is adequately addressed and significantly
reduces the potential for subsequent human error.

Human error in performing complicated tasks 1is a well

.ocumented fact and the potential for it is always present. It
an combine with poor design features and contribute to

operational problems. Fortunately, in the nuclear 1industry,
instances of past human performance error and equipment/design
arrangement problems are documented in plant and industry
records and can be used as a database for recommending design
imprbvements. This section presents the process used to review
several such documents to identify areas of potential human
performance problems at RG&E's R:E. Ginna Nuclear Station.

The review and analysis were conducted by a Human Factors
Specialist (HFS) and a Subject Matter Expert (SME) from the
DCRDR team.

4.2 Identifying; Collectiné, and Selecting Historical Reports

G&E has three convenient sources of Historicai reports. These
ports are industry-wide sources -- the Licensee Event Report
(LER), the Significant Event Report (SER) and the Significant
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&perating Event Report (SOER). Siﬁce Ginna Station events did
ot 1include many found 1in the industry-wide reports, all.
Westinghouse plants were included in the review. 1In this way,
plants with a similar construction to R.E. Ginna which would be
likely to experience comparable events are included in the
review, These plants are Beaver Vailey-l, Callaway-1,
CataWba-l, Connecticut Yankee,-Cook-1l, Cook-2, Diablo Canyon-1,
Farley-l, Farley-2, Ginna, Indian Point-2, 1Indian Point-3,
Kewaunee, McQuire-1, McQuire-2, North Anna-1, North Aanna-2,
Point Beach-l, Point Beéch—z, Prairie 1Island-l, Prairie
Island-2, Robinson-2, Salem-1, Salem-2, San Onofre-1,
Sequoyah-1, Sequoyah-2, Summer, Surry-1, Surry-2, Trojan,
Turkey Point-3, Turkey Point-4, Yankee-Rowe, Zion-1l, and Zion-2.
LER information 1is stored in an NRC computerized database and
includes all Reportable Occurrences (ROs). Licensees are
required to submit these reports to comply with federal
acegulations. The database 1is "set up to provide ease in
Qtaiﬁing information regarding the incidents.

Since all LERs are submitted to the Institute for Nuclear Power
Operations (INPO), an LER sort was obtained from the INPO data-
base. To obtain data that was pertinent and current in its
application, the request was limited to reports of those events
which occurred in Westinghouse plants over the past five years
(January 1979-September 1984). |

INPO reviews all LERs and identifies those reports which are
significant. ThesSe- reports (SERs) further analyze LER data.
When several SERs have been collected concerning similar types
of 1incidents (at different plants), an SOER 1is generated by
INPO. Thus, SOERs analyze significant generic events in great
detail. Data is available from the time both the SER and SOER
programs began in 1980. In this review, all SERs and SOERs
Qwrring at Westinghouse plants were reviewed. The HFS, with

e assistance of Ginna Station personnel, obtained copies of
the applicable LERs, SERs and SOERs. These reports were then
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orted by date and possible applicability. Copies of those
‘:vents which involve control room operator, procedural or
control board equipment failure, and errors attributed to
design arrangement were retained in the Historical Review
notebook. All reports were screened to determine if they
described and documented a control room problem meeting the

following criteria:

1. Equipment referenced (valve/pump controls, displays,
indicators, etc.) must be in the physical confines of
the control room. ‘

2. Procedure steps referenced must be accomplished within
the physical confines of the control room.

3. Personnel error referenced must have occurred in the
control room on equipment in the control room, or
entailed a deviation from procedures that should be

| ' accomplished in the control room.

Reports that meet one or more of the above criteria were
retained in the Historical Review notebook for further analysis.

4.3 Report Review and Analysis

For every report that remained after the initial screening, a
Problem Analysis Report (PAR) was compiled.

The two-page PAR, shown in Appendix A, was used to record the
following information:

Investigators' names
Station and unit

Event date

Report type and number

Operating status of plant

Circumstances and events leading to the préblem







Nature of the problem

Steps taken to correct or alleviate the problem
Outcome
Corrective measures undertaken

Human performance problems associated with the event
With the assistance of the SME, the HFS reviewed each report to
determine whether the event was applicable to Ginna Station.
In the cases where the systems or equipment were different at
Ginna Station, the report was not considered applicable., For
each event determined applicable to Ginna Station, the second
page of the PAR was completed. The information completed at
this time included:

° Areas in which the event 1is applicable to the plant
under review
Corrective actions taken at the plant under review

° Unresolved discrepancies (if any)
‘ HED number (where applicable)

4.4 Result Documentation and Reporting

The PAR, discussed and described above, constitutes the primary
document for this aspect of the DCRDR process and contains
pertinent information from the analyzed report. In addition,
when the recommendations entailed panel alterations, panel
enhancements, training revisions or additions, operating
procedure modifications and/or administrative procedure
modifications, thea apparent fundamental ©problem and its
recommended corrective action were recorded by the HFS, as an
HED on an HED form. The event and task relevant to the HED
were noted in the description of the discrepancy.

In addition to maintaining the PARs and HEDs, the HFS

Qsponsible for this aspect of the DCRDR maintained the
wristorical review notebook. This notebook 1is a working
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<«ocument which was started at the beginning of the Historical

eport Review process that contains:

Problem Status Report (PSR) -- an index of all reports
reviewed

[ A copy of all completed HEDs 1identified during the
review .
® A copy of all reports concerning Human Factors
problems in the control room which were reviewed and
analyzed, with the information collected in the review
and used in the analysis

° The final PAR for each document reviewed

The HFS responsible for the review of historical documentation
orked independently from, but parallel to, the rest of the
mRDR review team. The PSR was devised as a means~ of keeping
the DCRDR team members advised of the progress being made 1in
this review process. The PSR indicates:

Report type

Report number

Event date

Current investigative status of each report

4.5 Results of the Analysis

The LER sort resulted in a 1listing of 1412 reports. In

addition, 126 SERs and 21 SOERs regarding Westinghouse plant

events were collected at the beginning of the review. After

" the initial review, 23 reports were retained involving problems

proved to be control room related, as defined by the criteria
ted previously.
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elated incidents 1is not similar to equipment at Ginna. - In
this case, the incident was judged not applicable and removed
from the review process., After this sort, 22 reports remained;
of these reports, 20 of the events noted had been corrected or
did not exist at Ginna. Two HEDs were identified from the
remaining two reports regarding problems ‘which could

Grhe systems and equipment involved in one of the control room-

potentially occur .at Ginna Station. A summary of the results
of each sort is shown in Table 4.1. 1In addition, all of the
Human Factors/Control Room documents are included 1in the
historical review notebook.

4.6 Historical Document Analysis

The following problems were responsible for many of the events
found in the reports that were reviewed:
Equipment failure, wires crossed, improper connections
& Equipment not positioned correctly

Alarm malfunction
Incorrect breaker alignment
Inaccurate or incorrect calibration
Use of non-qualified equipment
Installation of improper spare parts
Failure to properly follow a procedure ]
Inadequate (deficient or inconsistent) procedure
Misinterpretation of procedure, instructions
Inadequate training (especia%ly with new employees) -
Lack of administrative controls

4.7 Human Engineering Discrepancies

Two HEDs (488, 489) were written for this phase of the DCRDR.
One HED 1identifies a need £for 1interlocks and upgraded
Gocedures to prevent blowdown sampling isolation valves from

ing 1inadvertently left closed. The second involves the

nuisance alarms in the control room.
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Table 4.1. Summary of Results of Sorts

Inadequate monitoring

Failure to'complete surveillance tests on time

Missed samples

Acceptance criteria of procedure not met

Creation of event contrary to Technical Specifications
Exceeding Technical Specification limits

Improperly completed records

Fire protection deficiencies (removal of fire
barriers, fire door blocked open, fire penetrations
not sealed, fire pumps out of service)

Actions/errors by contractors or maintenance personnel
Inadequate maintenance

Document Status LER SER SOER Total’

Not Applicable

to Human Factors/

or Not Control

Room Related 1396 122 18 1537

Not Applicable
to Ginna 0 1l 0 1l

Problem Corrected

at Ginna 14 3 3 20
HED Written 2 0 0 2
Total 1412 126 21 1560
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5.0 CONTROL ROOM OPERATOR SURVEY

5.1 Objectives and Approach

The objective of the operator survey was to obtain special,
pertinent knowledge that operating personnel possess regarding
control room system features which they have experienced and/or
observed in the course of preparing for operations or 1in the
operations themselves. As one of the foundatioﬁ processes of
the DCRDR, the operator survey provides information that will
guide the human factors specialists during later, investigative
ases of the DCRDR (namely the checklist survey, task
nalysis, verification, and validation processes). It also
)provides an avenue for plant management to gather general
information about the plant operators' perceptions and opinions
of control room design and procedures.

Operators were encouraged to 1identify both positive and
negative features of the control room. The negative items
were, as appropriate, deferred for further consideration until
later stages of the DCRDR, presented as” general reference
information for RG&E's consideration, or written as HEDs. The
positive 1items, also presented for reference, suggest csntrol
room - features that should not be compromiséd in the course of
correcting other HEDs. These items were used by the review
team as guidance for corrective actions, since they illustrate
aspects of the control room design that the operators £find
ticularly effective. An effort was made to present all
Gnments and suggestions made by the operators, even though not

all of the negative comments were determined to be valid HEDs.



ased in part on an understanding of the principles of human
factors engineering and in part on 1information collected from

d‘he determination as to which problems qualified as HEDs was

operations personnel during the follow-up interviews.

Although emphasis was placed on emergency-related design
features during the control room review, the operators were
encouraged to consider all modes of plant opération in
formulating their responses. They pursued this direction and
identified a number of non-emergency control room features that
deserve consideration.

5.2 Construction of the Self-Administered Questionnaire

The self-administered questionnaire was structured to address
the following areas, the first nine being those suggested 1in

NUREG-0700:

Workspace Layout and Environment
Panel Design

Annunciator Warning System
Communications

Process Computers

Maintenance Procedures

Operating Procedures

Staffing and Job Design

Training

Operator Aids

A draft questionnaire was prepared by the HFS. RG&E members of
the review team reviewed this draft and provided suggestions
which were 1incorporated by ARD personnel in the final version
of the dquestionnaire. The resulting gquestionnaire, with,
accompanying explanatory materials, was then distributed to the
erators. A copy of the distribution packet 1is shown 1in
Q:endix C.
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ach question 1in the first nine topic areas was posed in a
Gultiple-choice frormat, to encourage the response of operators
who might not have been inclined to provide written comments
for each item, In addition, open-ended questions for each item
encouraged the operators to describe in detail the specifics
upon which their multiple-choice responses were based. The
operators were frequently reminded to consider all modes of
plant operation, 1including start-up, hot standby, full power,
and reduced power, in addition qd possible abnormal or
emergency operating conditions. Opinions regarding both
positive and negative design features of the control room were
solicited. '

Each operator was also asked to £fill out a separate sheet
detailing his background, 1level of experience, and current
status at RG&E.

Questionnaire

63 Distribut»ion and Analysis of the Self-Administered

These questionnaires were distributed to forty-two operators,
based on a list prepared by RG&E. The participants included
all licensed operating personnel as well as trainers licensed
on Ginna station in the training department. The operators
were given several weeks to £1ill out the self-administered
questionnaire and to return it by mail to ARD. Confidentiality“
was assured by assigning each outgoing questionnaire a number.
The list of potential respondents and corresponding numbers was
kept in confidence by ARD personnel.

Twenty-three questionnaires were returned and ARD ,personnel
tallied , the demographic information and multiple-choice
responses. Written responses were compiled for each question
and then summarized. Responses which addressed the same issue
Qe collapsed into a summary statement of the concern with an
sociated count of the frequency with which that concern had

been mentioned. In the few instances in which a concern was

¥
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ddressed by different respondents under different

tuestionnaire items, the responses were pooled wunder the

question which elicited the highest 1incidence of that
response. Ambiguities in the written comments were noted.

»

The multiple-choice responses and the written comments were
examined taking particular note of those areas of concern to
the oéerators and to the extent to which a consensus emerged on

each item,

5.4 Follow-up Interviews

The objectives of the follow-up interviews were as follows:

° To clarify ambiguities 1in an 1individual's written
responses to the self-administered questionnaire.

° To gather additional details, for exXample system or
. component information, pertaining to that individual's
responses.

) To examine the extent to which operators agreed or
disagreed with their colleagues' suggestions made 1in
response to the self-administered questionnaire.

Thus, there were a few 1issues that were discussed with all
interviewees and some that varied from one individual to the
next, depending on each person's written responses on the
self-administered questionnaire. |

ARD personnel constructed a set of questions and issues to ‘be
addressed during the follow-up 1interviews, based on the
analysis of responses to the self-administered questionnaire.
This follow-up form (see Appendix C) was distributed to each of
Qe interviewees prior to the on-site interviews, and although
t specifically asked, seven filled out the follow-up form.
Some of the issues covered in the follow-up interviews §fforded
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| the oberators an opportunity to agree or disagree with some of
Oche suggestions that their colleagues had made. In cases where
the previous responses had suggested problems, but offered no
solution, opinions about possible corrective actions were

solicited.

ARD supplied RG&E with a list of the operators whom we wished
to interview. 1Interviews were conducted on-site with eleven of
the operators, who had responded to the previous gquestion-
naire. Each interview lasted approximately one hour. Confi-
dentiality of operators' responses was maintained both during
the interview process and in the notes taken by ARD personnel

during the interviews,

5.5 1Integration of Interview Data with Self-Administered
Questionnaire Responses

he information compiled previously from the self-administered
daestionnaires was enhanced based on notes taken by the
interviewer during the follow-up interviews. Ambiguities noted
previously were resolved and, where appropriate, specifics such
as system or compoﬁent names were added. The number of
operators who agfeed or disagreed with specific suggestions 1in
the seven returned forms was tallied. The tables of issues,
which had been started previously, were then updated. Finally,
a recommended action for the review team was determined for
each 1issue of concern. These were classified into the

following categories:

l. Problems that were sufficiently well-defined and
valid, from a human factors perspective, were written
as HEDs.

2. Problems that had already been written as HEDs were

0 noted as such.






4

violated sound human factors engineering practices,
‘would not be advisable, were noted separately.

0 3. Suggestions made by the operators which, because they

4. Negative comments of a more general nature, but
nonetheless expreésing valid concerns, were noted for
management's reference. ‘

5.6 Operator Survey Findings

The operator survey 1identified 30 HEDs that were entered into
ARD's computerized database management system and are preseﬁtéd
in Volume 2. The findings of the operator survey overlap to
some extent with those resulting from other phases o0f the
DCRDR. This redundancy serves as one indication of the extent
of identified prbblems. Another indication of problem severity
is the number of operators who mentioned a particular problem.
Nevertheless, a strength of the operator survey 1is that it
ines individual operators the opportunity to apply their
nique backgrounds and experiences to the control room review
‘process. Therefore, the possible importance of concerns that
were voiced by only one or two respondents was not overlooked.

In response to an NRC audit report suggestion, a report was
submitted (see Appendix H) to include all items Submitted by
operating personnel including those which did not become HEDs
and the reasons why they were not considered as such. The RG&E
DCRDR team sent a copy of the report to the Plant Operations .
group so that management could determine if any of the issues
raised by the operators warranted resolution independent of the
DCRDR process, The data gathered during the operator survey
were maintained by ARD in a form that will provide the review
team with reference material for later phases of the DCRDR.

0 .
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‘.7 References

Additional 1information concerning the Control Room Operator
survey can be found in the following document:

Report on CRDR Operator sSurveys for Rochester Gas and
Electric's Ginna Station, Columbia, MD: January 1985,

Advanced Resource Development Corporation.

Report on CRDR Operator Surveys: Justification of Non-HED
Responses for the R.E. Ginna Station, Columbia, MD: June

1985. Advanced Resource Development Corporation.
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6.0 CONTROL ROOM INVENTORY

6.1 Overview

The objective of the control room inventory for the Ginna
Station was to establish a reference set of data to identify
instrumentation and controls within the control room. During
verification described in Section 8, this reference data is
compared with the equipment requirements identified during the
task analysis phase of the DCRDR. All displays, controls,
controllers, and annunciators in the primary operating area of

e control room were included in this inventory. Based on the
guidance of NUREG-0700, HFSs completed the 1inventory with
support as needed from Ginna Station Operations staff.

The approach taken was based on the Ginna Station Simulator
inventory provided by RG&E. The HFS manually verified the
completeness and accuracy of the simulator inventory by a
direct comparison with current control boards in the control
room. In those few cases where disparities were discovered
between the simulator inventory and actual control room
equipment, the DCRDR 1inventory was uédated to reflect the
actual control room instrumentation and controls, This was
done to ensure that an accurate, current 1inventory was
generated for use in all DCRDR phases. x

Each piece of equipment on the control boards was assigned a
‘que reference identifier. This identifier reflected
formation about the physical characteristics of each piece of

equipmeﬁt as it appeared from the front of the control panels.
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a manner to facilitate the verification process. This -
information was used to determine the adequacy and usefulness
of the equipment to the operators in monitoring and controlling

‘:ventory data were stored in the computerized DBMS and sorted

the plant from a human factors standpoint.
6.2 Methods

In response to the NRC audit report concern, the details of the
control room inventory process are included below.

All equipment on the front and back of the main control boards
and the radiation monitoring and side panels at the Ginna
Station were 1included in the 1inventory. The panel numbers
were: 5, 6, 7, 8, 9, 10, 18, 19, 23, 25, 26.

" The HFS adhered to the following steps 1in performing the
inventory:

] Panel evaluation drawings and computer inventory
printouts of the Ginna Simulator Project were compared
component by component, to the contrél panels 1in the
actual control room by an HFS. Any discrepancies were
then penciled 1in on both drawings and computer

printouts.

e A sequential code was then developed from these
drawings to uniquely identify each component on each
control panel. The code 1included both the panel
number plus a component number. The component numbers
began sequentially with the number one (1) on each

panel.

In those 1instances where control status 1lights were
associated with control switches, a single 1inventory
number was assigned to both 1light and switch. This

approach clearly showed the relationship of the two
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components. Indicator lights that were not associated
. with a control were assigned 1individual sequence
numbers and referred to as "Indicator" status 1lights
to differentiate them from "Control" status 1lights.
~Similarly, a single sequence number was assigned to
each controller and multi-pen recorder. Specific
components of these complex pieces of equipment weré
identified using sub-numbers.

) As each piece of equipment was entered 1in the

inventory, it was checked against the Ginna Simulator
Project computer printout and checked off on the

appropriate drawing.
Three separate 1inventories were established £for indicators,
controls, and annunciators. Controllers were assigned to

either the indicator or control inventories based on the
sub-component characteristics of the specific controller.

!he following information was collected for each component:
® Panel Number
° Sequence Number

e Label (engraved component label as it appéared on the
control boards)

. Manufacturer (if engraved on the component)
° Model Number (if engraved on the component)

° Other Labels (secondary component 1labels on the
control boards or on the equipment itself, including

Q all dyno-tape labels)
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following additional information was obtained for

he
ndicators:

Type of instrument, for example:
-rotary meter
-vertical meter
-single-point recorder
-multi-point recorder

Range (the 1low and high numeric points that were
labled on the meter face and/or chart paper)

Divisions (the 1incremental value associated with the
distance between adjacent tick marks on the. meter face
and/or chart paper scale)

Units (e.g., volts, percent, feet)

Pens (parameter recorded and associated pen color for
multi-pen recorders)

Number of Recorded Points (for multi-pen recorders)

Color of Light (for dedicated indicator status lights)

For controls the following information was entered:

Type of control, for example:
-joy stick

-j-handle

-rotary selector switch
~rotary continuous switch

Mode (either Discrete or Continuous)

Throttleability
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‘ e Spring Return Capability

° Pull-to-Lock Capability

. Position/Range (switch position as they appeared on
the escutcheon plate, or associated labeling)

° Color (of Control Status L{ghts)

° Backlit Pushbutton Legends (engraved labels on
Pushbutton Legend Tiles)

Controllers typically consisged of several control and display

functions (e.g., manual-auto switch, demand signal meter,
setpoint control). Individual controller sub-components were
given a sub-number identifier and entered into the control or
indicator 1inventory based on the characteristics of the
sub-component. Information was then recorded £for these

‘b—components .

Annunciator legends and relative tile positions were entered
into a dedicated Annunciator Inventory.
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7.0 SYSTEM FUNCTION REVIEW - TASK ANALYSIS

7.1 System Function Review and Task Analysis

A System Function Review and a Task Analysis 1Identification
have been performed at Ginna Station in support of the DCRDR.

Both activities were designed to comply with the guidance
outlined in NUREG-0700, "Guideline for Control Room Design

Reviews",

erating Procedures (EOPs) developed from the Westinghouse
Owner's Group Emergency Response Guidelines (ERG) - Systems
Review and Task Analysis (SRTA) as the system and functional
basis for the Ginna Station task analysis. The second phase,
Operator Task Analysis, entailed the 1identification and
documentation ° of operator tasks and control/display
requirements for completing them. The tasks covered all phases
of the EOPs.

ihe first phase, System Function Review, used the Emergency

7.2 Method - System Function Review

The use of EQOPs developed from Westinghouse generic ERGs as the
system and functional basis for the Ginna task analysis 1is
acceptable as discussed in NUREG-0800, Section 18.1, Appendix

A. At Ginna, the EOPs were used as the base document for the
System Function Review and Task Analysis.

'Qa foundation for the Westinghouse Owner's Group '(WOG) ERG
Programs is a well defined framework for emergency operations.
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Qn‘.s framework considers the operators' role and special needs

| uring emergency. operations and provides a systematic approach
to the diagnosis and restoration of safe plant status. This is
provided through the Critical Safety Function Restoration con-
cept concurrent with the diagnosis and recovery from predefined
event sequences, through use of the Optimal Recovery concept.
The WOG ERG-SRTA is a daughter program to the ERG development
program. The ERG-~SRTA provides a systematic compilation of the
operator tasks, and instrumentation and control requirements
contained 1in the ERGs. The secondary objective of the WOG
ERG~-SRTA program is to develop documentation that can support
plant-specific EOP development.

The control operability requirements and EOP consistency were
examined during system and task analysis in response to the NRC
audit report concern. During WOGs generic ERG development,
loop operability requirements were taken into consideration to

re listed as being utilized to mitigate symptoms, were
evaluated for environmental availability during the transient.
Power configurations (e.g., critical bus, engineered safeguard
features, equipment qualifications, etc.) were considered 1in

‘sure that parameters, systems, or modes of systems, which

deriving operator actions.

Ginna Station EOPs were developed from the WOG Low Pressure ERG
SRTAs, using a "success path" methodology. The functional goal
dictated the tasks required for succéss path fulfillment.
During the plant-specific EOP development, instrument and con-
trol loop operability requirements under the abnormal condi-
tions expected to result from plant transients leading to the
per formance of the EOPs were reviewed on both static and
dynamic simulation bases. Shutdown paths were verified and the
tasks associated with them confirmed as mitigating the symptoms
presented. EOP vyalidation served as additional confirmation
Qt operator actions and system response were realistically
fined.






‘: order to aid in the collection of data during the task

alysis phase, the site-~specific EOPs were grouped into a set
of unique blocks by operator actions and defined as unique
tasks. These unique tasks were then used to make a Master EOP
summary (MES) document.

The unique tasks contained in the MES were then analyzed for
instrumentation and control requirements in the task analyis
phase. As revisions to the site-specific EOPs were made,
corresponding revisions were made to the MES. The subsequent
MES updates have been tracked, documented and covered in task
analysis data <collection, re-collection, revision and/or
deletion. U

In response to the NRC audit report concern of incorporating

EOP revisions, the Ginna Operations Department will be charged
with 1incorporating human factors considerations as they may

rtain to EOP revisions and their effect on control room
Gdifications.

7.3 Method - Task Analysis

The objective of the Task ‘Analysis was to describe and
ﬁestablish the information £flow requirements between man énd
machine, with the intent of 1identifying operator needs. For
each task identified 1in the MES, a Task Analysis Data
Collection Form (See Appendix D) was completed by an HFS
working with a Ginna SME. (Unique tasks are located 1in
Appendix I). It was emphasized to the SME that the ' task
requirements should be considered 1independently from existing
control room features. Each task was generally comprised of
several sub-tasks or task elements. These are recorded on the
Task Analysis Data Collection Form as Action Steps. The
purpose of the Task Analysis Data Collection Form was to

ntify and document the display feedback 1information and
control requirements for task performance and to provide a
template of operator activities 1in the task for use 1in the
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‘erification and validation efforts of the DCRDR. The informa-
tion collected on the Task Analysis Data Collection Form ¢to
create a reference and database system for the task include:

° 'Pask Number/Name - The identification number and task
name as listed in the MES documentation

° Equipment Name - The name of the plant equipment
involved in the control action, noting the required
type of control equipment (e.g., pump isolation valve,
flow meter, etc.) and often noting the plant identi-
fication number when available

The information collected to describe the control requirements
for the operator task was collected by use of a coding scheme
as shown at the bottom of the task analysis form., The
information for control requirements included:

] Position - The control position etched on the control
label (e.g., ON, OFF, RUN, STOP, START, AUTO, 1, 2,
etc.)

) Mode - The required operating mode of the control

needed to perform the task (i.e., continuous or
discrete) '

® Functional ,Requirement - A yes or no c¢oding scheme to
determine the need for Spring-Return~to-Center, Pull-
to-Lock, or Key/Lock-out requirements for the control
cited

° Control Status Light Requirement - A coded question to
list the need for, and appropriate color of a status
0 light display dedicated to the cited control



) Flag Requirement - A coded question to determine the
need for, and appropriate color of a flag indication

for the control cited

. Legend Indicator Tile Requirement - A yes oOor no ques-
tion to determine the need for a legend pushbutton

) Feedback Requirement (IND) -~ An entry to cite the need
for a specific feedback for a control manipulation.
This entry cross-ties over to the Indicator Require-
ments section

The display 1information/indication requirements were also
collected using the same coding schemes. The information for

indication requirements included:

° Level - An indication of the type of display or
feedback required (i.e., STATE, VALUE, TREND)

° Units - The units needed for the display in order to
accomplish the tasks without the need for conversion

° Range - The range of values required for the accomp-
lishment of the particular task under investigation
(Exponents may be used to indicate log scales)

° Divisions - The required precision of the value
displays 1in terms of the smallest display scale
division |

Information was also collected and entered on the Task Analysis
Form to 1indicate what control or display, -from the present
control room inventory, was currently being used to accomplish
the task, If appropriate instrumentation was not currently
Qailable in the control robm, the characteristics of the

Wquired 1instrumentation were recorded and the entry was

.



agged as being unavailable. From this information, a corres-
onding HED was written.

The information collected for required instrumentation included:
° Type - A coded statement describing the tybe of
component needed (i.e., INDICATOR, CONTROL, A ANNUN-
CIATOR, NOT AVAILABLE, or OTHER PERFORMANCE REQUIRE~

MENTS)

° ID Number - A unique number given each display or
control as part of the control room inventory and
entered into the DBMS. This number corresponds to a
unique component number recorded .on the control room
panel drawings supplied by Rochester Gas and Electric
Corporation. Space 1is also available for 1listing
sub-numbers for identifying individual components on

‘ controllers and vendor panels, '

An entry field was also provided to list any other performance
requirement or to list annunciator/legend tile messages. This
area also served as a space to record pertinent comments by the
SME relating to information and control needs or task perfor-
mance.

The Task Analysis Form was specifically designed to support the
DCRDR verification and validation efforts. The elements of the
form were used in a verificaton against the existing inventory
to "determine component suitability/availability. This provided
a context within which tb survey the control room, and provide
a base of understanding on which to assess Hhman Engineering
Discrepancies.
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8.0 VERIFICATION OF EQUIPMENT AVAILABILITY
AND SUITABILITY

8.1 Objective

The verification is essentially a computerized comparison of
the task requirements determined during the task analysis with
the inventory of control room equipment.

The objective of the DCRDR verification process was to assure
that operator tasks can be performed in the existing control

om at the R. E. Ginna Station with minimum potential for
uman error. The focus was on instruments and equipment, not
on operator skills and knowledge. The verification was
accomplished by comparing the operators' perceiveq requirements
for 1information and control capabilities during emergency
operations, which were derived from the DCRDR task analysis,
with the equipment that is present in the R. E. Ginna control
room,

There were two aspects to this verification process. First, it
was determined whether or not appropriate equipment was
available iﬁ the control room to perform each functional task
required by emergency operations. Second, for equipment that
had been identified as available, it was determined whether or
not the characteristics of each piece of equipment made it
suitable for the task, 1i.e., whether it offered the operator
foicient control and display capabilities to efficiently

complish the task. The characteristics addressed were those

physical aspects of the equipment that were apparent from the
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ront of the control panels and which, from a human £factors
erspective, determined the equipment's useability by the plant

operators.

As detailed in the summary of the R. E. Ginna control room
inventory, a thorough compilation of relevant equipment
characteristics was completed for displays, controls and
annunciators.,

The 1inventory identified each piece of equipment with a unique
code so that specific equipment could be referenced during the
task analysis and all pertinent characteristics of each piece
of equipment could be retrieved from a computerized database.

As detailed in the summary of the R. E. Ginna task analysis of
emergency procedures, the operators' need for specific display
information or control capabilities was identified at each step
throughout sequences of emergency operations. The tasks to be

Qrformed during emergency operations were derived from the WOG
' RG-SRTA. The equipment requirements 1implied by these tasks
were categorized in terms of the equipment characteristics that

were identified during the control room inventory.

The verification process 1involved the collaboration of HFSs
from ARD Corporation and control room operators (CRO) from the
R. E. Ginna Station. The availability and suitability of
appropriate equipment in the control room to meet the needs of
each emergency task were judged by SMEs, and noted by HFSs, as
part of the task analysis data collection effort. To ensure
that the equipment requirements that were determined <£from
different tasks did not place conflicting demands on specific
pieces of equipment, the HFS, using the computerized database
from the task analysis, grouped all references to each piece of
equipment that had been Jjudged to be unsuitable and, in
nsultation with the SMEs, determined the equipment character-
‘tics that were desirable. HEDs were documented where

equipment was perceived to be required but was unavailable or
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‘nsuitable. The Human Engineering Deficiency Assessment Team
HEDAT) review £finally determined whether these perceived
requirements were in fact required.

8.2 Method

The following approach was used for conducting the verification
of equipment availability and suitability for emergency
operations:

8.2.1 After the equipment requirements for a given task were
identified during the task analysis process, the SME
made a judgement as to which, if any, control room
instrumentation was presently used to perform that
task, and whether or not that piece of equipment was
suitable in each of its relevant characteristics.

The HFS noted on the Task Analysis Instrument/Control

o Requirement Form the 1identification number of the
equipment that was available foi the operator to
perform each task.

Suitability was determined on the basis of the
following criteria:

a. What should be the <control position on the
escutcheon plate for this task? '

b. What should be the mode of control, e.g.,
discrete or continuous?

c. Should the switch have special functions e.g.,
spring return, pull to 1lock, key operated, a
cover? “

‘ da. Should there be a control status light (CSL)? a
flag?
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e. Should the CSL be 1it for this task?

£. I§ there an indicator associatgd with the control?

g. What 1level should the 1indicator be? (i.e.,
value, state, or trend.)

h. What state 1is the control or 1indicator 1in?
(i.e., lit.) R

i. What range, interval and divisions are
appropriate for the task? '

Jo What ‘is the ID type? (e.g., indicator, control,
annunciation, other performance requirements, not

available)

The 1identification number of available equipmenE was
entered as part of the task analysis data into the
computerized DBMS developed by ARD for the Ginna
DCRDR. An automated comparison was then made between
corresponding records in the,- task analysis and
inventory data files. Failures to find appropriate
information in the inventory file for equipment needs
that were documented 1in the task analysis file,
resulted 1in task analysis records being flagged as
problematic. The database was then sorted based on
differences between the "what 1is" versus "what is
needed". Computer printouts of these selected data
were then used by the HFS to further investigate
apparent discrepancies between the equipment
requirements from the task analysis and the equipment
characteristics identified during the inventory.

Required but unavailable equipment was identified from
those records in the task analysis database that had
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8.2.4

8.3

been specified for which no ID number had been
specified. After SMEs confirmed the validity of these
discprepancies, the HFS documented them as HEDs.

Unsuitable equipment was identified from those records
in the task analysis database for which disparities
had been specified, but an. ID number had been
entered. Records were sorted by ID numper, in order
to group all of the tasks which had referenced a given
piece of equipment as being unsuitable. The equipment
might have been judged unsuitable for different
reasons 1in different tasks. Moreover, conflicting
requirements for a given piece of equipment might have
been generated across tasks, implying that in addition
to changes being required 1in some aspect of the
available equipment, a new piece of equipment might be
needed.

The validity of the disparate items was confirmed by
an HFS by checking the requirements specified during
the task analysis against the actual piece of
equipment 1in the control room. Any conflicting
requirements for a given piece of equipment were
resolved with input from SMEs. An HFS then documented
the valid discrepancies as HEDs.

Findings

HEDs resulting from the Ginna verification process were given
to the Assessment Team for resolution. This team determined
whether missing equipment was in fact required and, if so, what
was required. Similarly, they determined what was necessary to

resolve "unsuitable" equipment.
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9.0 CONTROL ROOM CHECKLIST SURVEY

The human factors engineering survey used a checklist based on
that 1illustrated in Section 6 of NUREG-0700. This survey
considered the extent to which equipment and the environment in
the control room and the remote shutdown area are desiéned to
accommodate basic human characteristics such as physical size
and perceptual-motor capabilities. A comparison of instrument
and control features to the human engineering guidelines was
conducted using the data generated from the task analysis and
from visual observation, HFSs, 1in concert with experienced

Qility personnel knowledgeable of plant systems and control
o]

om 1instruments and equipment, and operations personnel,
observed and measured control room features.

Instrumentation, controls and other equipment items were
examined for human engineering acceptability as components,
without reference to their épecific uses 1in task performance.
Discrepancies were based on design incompatibility with human
perceptual, motor, psychological or size characteristics:
Examples 1included controls too <closely spaced for easy
manipulation, meters with markings too small to be
distinguishable at a practical distance and displays too high
to be read. Environmental conditions were surveyed
independently.

The guidelines in the checklist include principles or

‘planatory statements followed by specific -<categorical or

meric statements. The procedure is to observe or measure, as

required, and check compliance with each categorical or
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Q.‘\merical statement, The review team members who conducted the

ecklist survey placed a check in the "Yes" box to indicate
compliance and a check 1in the "No" box to 1indicate
noncompliance. "Yes" was checked only 1if there was total
compliance (i.e., only if every instance of the item was fully
consistent with provisions of the checklist). If there was any
instance of noncompliance, the "No" box was checked and a
reference made as to where noncompliance occurred.

Whenever "No" on the checklist was marked, an HED was.written
by the HFS who was completing the checklist. Some of the HEDs
were written to identify problems with individual components,
others were written to identify generic problems. When a few
items were not in compliance with a checklist criterion, the
HFS would describe the problem on an HED form and identify each
component associated with the problem. In some cases, such as
labels or annunciators, a majority of the components 1in the

iteria and the HFS would write a generic HED to apply to all
labels or annunciators. ., In these instances, it was quickly
determined that a significant number of changes would have to
be made to correct the identified discrepancies. In this way,
the six HEDs identified at the audit that were not specifically
addressed by the DCRDR team are included as generic HEDs. The
recommended corrective action for these generic HEDs usually
"specified the need for a détailed study of the problem area
that would address the situation, throughout the control room.
Separate studies are underway to review labels, annunciators,
and controllers. These studies examine the effect of HEDs
identified from several checklist items to ensure that the
corrected components enhance operability of the control room as
well as satisfy all checklist criteria. The checklist survey
is usually performed by section, each section covering a
separate area of concern. ' At times several HFSs simultaneously
amined different checklist sections within the control room.
here were 142 HEDs identified by the checklist survey.

‘?ntrol room were not in compliance with certain checklist

9-2



e grouping of HEDs into major topic areas allows a holistic
&ew that might have otherwise been lost and minimized data
collection redundancy. It forced a cumulative view and focused
attention on the importance of the. human engineering
discrepancies 1involved. This method of producing HEDs 1is’
efficient and does not overburden the assessment team with many
individual HEDs that say essentially the same thing and which
require the same blanket change. It is for the above reasons
that there were statements made in the audit about six HEDs not
being identified. 1In fact, they were identified on a generic
basis and are properly addressed during the corrective action

phase.

9.1 Human Factors Engineering Checklist

The Human Factors Engineering guidelines were examined for the

nine topic areas listed below:

‘ l. Control Room Workspace Section addresses the general
layout, availability and accessibility of operating

equipment and materials; the anthropometric
suitability of work stations; availability and
accessibility of emergency equipment; and

environmental factors.

2. Communications Section addresses auditory communica-

tions equipment used in the control room,
Communications is a specialized topic to be treated
relatively 1independently, on a control room-wide
basis. Individual work stations are to be considered

only incidentally.

3. Annunciator Warning Syétem Section addresses overall
concerns such as alarm parameter selection and set

‘ points, first-out alarms and prioritization; and
" design features of the auditory alert, visual alarm
and operator response subsystem. To address an NRC
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5.

audit report concern, an annunciator study is being
performed by’ ARD - in response to HEDs from the
checklist. The annunciator system is being examined
for grouping of tiles, abbreviations, wording, 1letter
hgight, and spacing. Of primary interest is to assess
and correct any problems that have cumulative effects
on work performance. A follow-on, in-house study by
RG&E will 1incorporate these findings into an overall
annunciator system review, including auditory coding,
reflash and first-out indication.

Controls Section addresses principles of selection,
protection and designs and specifications for
different types of controls. ’

Displays Section addresses principles of displays
including information to be displayed, useability of
displayed values, readability, printing, markings and
coding. Guidelines are also given as to design
characteristics of particular types of displays
including meters, light indicators, graphic recorders
and counters., *

Labels and Location Aids Section addresses labeling,
location, content and 1lettering; use of temporary
labels; and use of location aids such as demarcation,

color and mimics.

Process Computer Section addresses software security
and characteristics (dialogue/comman@ language,
prompting, structuring); procedures and other aids to
computer use; keyboard arrangement, function controls
and other controls; computer’ response time; and design
characteristics of displays and printers/printer

messages.,







Panel Layout Section addresses allocation of controls

and displays to preferred panel areas; grouping of
controls and displays; spacing, demarcation and color
shading to enhance recognizability of 1individual
components and of groupings; ordering of components
within groupings; layout consistency within and
between panels; and strings, clusters, or matrices of
similar components. HEDs were written on control
/display relationship problems, primarily concerning
controllers. To address an Néc audit report concern
regarding assessment of control/display relationship
HEDs, a controller study is being performed by ARD to
resolve the scale labeling and control/display
relationship difficulties on the controllers
throughout the control room.

control-Display Integration Section addresses relative

positioning of single control and display pairs and
multiple controls and displays; function and
sequence-of-use relationships; movement relationship;
and other aspects of compatibility of controls and
displays which are used together.

9.2 Environmental Measurement Procedures

1.

Sound Survey Procedures. Using a control room layout

drawing, the HFS selected and marked the 1locations
where sound measurements were to be taken. Measure-
ments were taken at each operator position that
required verbal communication and/or auditory discrim-
ination of a signal. The meter was located 5 ft.
above the floor at positions where the operator stands
and 4 ft, above the' floor at seated positions.
Measurement positions included operator's desk, and
operator work station (or points near the center of

each panel or console).






Measurement 1included ambient noise 1levels (where
ambient noise is defined as background control room
noise without the contribution of alarms, printers or
communications equipment), annunciator alarm levels
(work station. annunciator and any other annunciators
that must be heard at that work station) under both
ambient and high-level noise conditions (e.g., with
printers, other alarms and signals), telephones and
other communication equipment, evacuation signals and

other alarms. Integrated "A" weighted db(A)
measurements were taken for all of the above
positions. The appropriate form is located 1in

Appendix F.

Lighting Survey Procedures. Using a control room

layout drawing, the HFS selected and marked the
location where the 1illumination measurements were to
be taken. Full AC ambient and DC emergency readings
were taken 1in front of each front panel and in the
center of the control room at each operator
workstation.

In order to determine the luminance and reflectance
ratios, the following procedures were followed: (1)
the object was covered with a "perfect reflector" pad,
being careful not to block 1light; (2) 1luminance
readings were taken and recorded; (3) the reflector
pad was removed; (4) luminance readings of the object
were taken and recorded. At each panel, the following
measurements were taken using these procedures:
reflectance pad on panel, panel background (where
reflectance pad was placed), meter faces (with and
without glare), and other display faces (with and.
without glare). The appropriate forms are located in

L

Appendix E.
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repeated to document 1illumination problems 1in the
control room. Although there 1is ample 1illumination
available, Ginna control room operators usually turn
off six panels of the overhead fluorescent lights in
order to reduce glare and the wvisual discomfort
associated with it. As a result, main control panels
5, 6 and 7 are illuminated unevenly, dark areas exist-
at operator work stations and portions of the control
room fall below  NUREG-0700 recommended minimum
values. Two HEDs resulted from the lighting survey.

‘ In response to the NRC audit, the lighting survey was

3. Humidity/Temperature Procedures. To measure humidity
and temperature, meters were set-up in an area where
they would not be disturbed. Readings were taken at
floor level and at 6 ft. above floor 1level every hour
for a 24-hour period. The HFS recorded the time and
the temperature and humidity values for both levels.

’ No HEDs resulted from this survey. The appropriate
form is located in Appendix E.

4, Air Velocity Survey Procedures. Using a control room
layout drawing, 1locations were selected and marked
whefe‘ air velocity readings would be taken.
Measurements were taken at principal operator work
stations at an elevation of 6 ft. for standing
positions, and at 4 ft. for sitting positions. No
HEDs resulted from this survey. The appropriate form
is located in Appendix E.

9.3 Shutdown Capability

The remote shutdown capability at Ginna Station is performed in
several plant areas and is delineated by procedures. In order
0 arrive at a successful set of actions' which would provide
is capability, 1information was obtained from a variety of
sources, Existing procedures were gleaned for peftinent
information and recovery guidelines reviewed. Functions and
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sts were outlined and structured into a comprehensive list of

ioritized actions which fulfilled the goal of taking the
plant to a hot shutdown condition. Ginna has successfully
demonstrated the viability and validity of 1its current remote
shutdown capability.

At present, a number of modifications to Ginna's safe shutdown
capability .are 1in the éesign and construction stages. In
response to 10CFR50 Appendix R, RG&E has committed itself to
adherence of human factors principles during assessment of all
future design modifications. The development of a human
factors manual for Ginna, coupled with an in-house review, will
ensure that human factors principles will be 1integrated into
any new design changes. This addresses NRC audit report
suggestions regarding remote shutdown papability.
During the DCRDR, the remote shutdown capability was reviewed
ing the NUREG-0700 checklist as a guide. A number of HEDs
‘ulted. Where corective measures have been deemed necessary,
I action has been taken to implement them,

9.4 NUREG-0909

The NRC Report on the January 25, 1982 Steam Generator Tube
Rupture at R.E. Ginna Nuclear Power Plant was reviewed for the
purpose of determining if the human factors concerns which were
brought to bear in that document were adequately addressed 1in
the DCRDR. Those items which were found to be human engine-
ering discrepancies in the 0909 report, are included in the
DCRDR assessment process and were reviewed by a qualified team
of personnel,

9.5 Review of NRC Audit Survey concerns

Q(esponse to an NRC audit report concern, the operator survey
relating to maintaining steam generator water level during

low power operation was carefully assessed. Automatic steam
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nerator level «control during 1low power operations 1is a
tneric problem to all PWR plants. TwWo Westinghouse
recommended modifications to the feedwater bypass valve control
system were tried ant Ginna in an attempt to anticipate level
changes due to compression or expansion of the sééam content of
the steam generators, The two anticipation signals tried were
nuclear power and steam generator pressure. In both cases the
results were unsatisfactory. Manual steam generator control
must continue. Problems with the existing system were
addressed in other facets of the DCRDR are currently being met
by in-house periodic féview of ‘procedures, or are being
corrected by INPO sponsored RG&E programs (component
labeling). In response to another NRC audit concern, the
lighting survey was repeated. The audit expressed concern that
other HEDs may have been missed because the original checklist
environmental survey did not yield a lighting HED, although the
operator survey did. The DCRDR process 1is purposefully
esigned to provide redundant opportunities to document human
‘ctors deficiencies. Further explanation follows:

The major lighting difficulty in the control room is uneven
illumination. This occurs because sixXx rows of overhead
fluorescent 1lights are routinely turned off during normal
operation., These sixX rows traverse the major control boards
and center of the control room. Lights on the perimeter of the
control room and immediately abobe and slightly behind the main
control boards are usually turned on. The effect of this
arrangement 1is to leave some center areas darker than others
and to leave parts of the control boards darker as well.

NUREG-0700 procedures specify taking one measurement in front
of each panel. In the Ginna control room, a single control
panel may have significantly different readings 'depending on
the spot chosen. For the second survey, measurements were

corded at the maximum and minimum areas of a panel in order
0 highlight illuminance problems. One HED was generated as a

result of this effort,
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10.0 VALIDATION OF CONTROL ROOM FUNCTIONS

The objective of the validation review was to determine if the
functions allocated by the control room operating crew can be
accomplished effectively within both the structure of the
upgraded emergency procedures and the design of the control
room as it exists.

The methodoloéy for the Ginna validation employed the tech-
niques of simulator walk-through and talk-through. Six
elected events were taped at the Ginna simulator using the
k-through approach. This task was coordinated with the
Emergency Operating Procedure validation effort being conducted
by RG&E. Tasks identified in the Ginna task analysis effort
were analyzed at the Ginna control panels using the
talk-through approach. The criteria described in Table 10.1
were applied in both validation approaches,

10.1 Simulator Walk-Throughs

Simulator walk-throughs were conducted at the Ginna simulator
during the month of February. Since the simulator was not
operational at the time, the system responses to the sequence
of events were predetermined and made known to the operational
crew at the appropriate times. Event simulations were
conducted in real time.
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Table 10.1 Validation Criteria

CONTROLS

Availability - Controls needed to perform critical emer-
gency tasks are available in the control room without the
operator leaving the primary operating area.

Useability - Each control 1is ,easily adjusted with the
required level of precision.

Type - Each control 1is the type normally expected by the

operator,

Inadvertent Actuation - Control actuation will not result
in inadvertent actuation of an adjacent control.

Redundancy - Duplication of controls will not occur unless
there 1s a specified reason.

Simultaneous Actuation - Simultaneous actuation of adjacent

controls (where required) possible.

Feedback - For each control. action, there 1is a positive
feedback that the action was initiated.

DISPLAYS

Unavailable Information -~ Information needed to perform
critical emergency tasks 1is available in the control room
without the operator leaving the primary operating area.

Obscured - CcControls and displays are located so that
displays are not observed during task performance.

Suitability - Information is presented in the form needed
by the operator (i.e., appropriate units, range, and
divisions)

Related Displays Location - When information between two or

more displays must be compared, are the displays located in
close proximity to one another?

Redundancy - Redundancy of information is minimized.

10-2







@

Table 10.1 vValidation Criteria (continued)

TROL/DISPLAY RELATIONSHIPS

Cc/D Location - A visual display monitored during control
manipulation 1is located close enough .to the operator to

allow easy reading without parallax from a normal operating -
posture, ’

Lag Time - No lag time exists between system condition
change and display indicator.

Task Grouping - Controls and displays used to accomplish a
task sequence are logically grouped in a common panel area.

Minimize Operator Movements - Panel elements are assigned
to work stations to minimize operator movements.

PROCEDURE

Consistent Nomenclature - Nomenclature used 1in the pro-
cedure is consistent with the terminology used in the CR
labeling and the vernacular of the operators.

Sequence - The sequence of an operator action in response
to the initiating event is the same as that outlined in the
procedure with the net results of achieving the goals as
stated in the purpose of the procedure.

TASK PERFORMANCE

Leave Primary Area - While continuous monitoring of instru-
ments 1is critical, operators” do not have to 1leave the
primary operating area.

Appropriate Manning/Task Assignments - Control room manning
and task assignments ensures complete and timely coverage
of controls, displays, and other equipment during the
simulation of the event. w

Excessive Workload - Operators can cope with the variety
and time sequence of the tasks needed to be accomplished in
the mitigation of the event.

Obstructions to Traffic Flow - Operators are able to access
any work station without having to overcome obstacles such
as tripping, hazards, poorly postioned file cabinets or
storage racks, maintenance equipment, etc.

Minimize Operator Movements - The layout of the control
room is efficient 1in that operator movements are minimized
within the actions of carrying out tasks and 1in transi-
tioning between related tasks.
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Q l.1 Event Selection

Since the upgraded EOPs based upon the generic Westinghouse
ERGs are also being validated, events for the DCRDR validation
walk-throughs were selected from the scenario list developed by
the validation program. The selection was based on the extent
to which the event-based procedure exercised the 22 major
sectiong of thg ERGs and encompassed the task identified in the
task analysis effort. The following events were selected for
the walk-through validation:

Small LOCA Inside Containment - No AFW
Secondary Break - All MSIVs Fail to Close
ATWS From Full Power

Loss of All Feedwater - Offsite Power Lost
S/G Tube Leak Plus Spurious SI

SGTR without PRZR Pressure Control

l0.1.2 Simulator Walk-~Through Approach

Simulator walk-throughs were performed according to the
following procedural .steps:

1, The validation coordinator selected the -event for
validation and obtained the appropriate procedure(s).
A trained operating crew consisting of two reactor
operators reviewed the procedure(s) for the event
selected.

2. Video tape equipment was set up and tested to verify
that the " video and audio components functioned
properly. Two cameras and recorders were used to

document the event simulation walk-through. The
0 cameras were positioned at a distance from the work
stations to ensure an unobstructed view of each
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station. This allowed for the monitoring of head
movement and expected action respdhse. A camera was
available for each reactor operator.

The validation coordinator and the HFS assembled and
briefed the participating control room personnel on
the purpose and specific objectives of the event
simulation for video tape walk-throughs and on the
walk-through procedure. 1Initial conditions, symptoms,
entry conditions and assumptions about the operating
situation were specified to the operators during the

briefing.
The - event simulation walk-through began. The
validation coordinator provided all necessary

parameter setpoints, the information necessary to
operator decision making, and determined when the
scenario progressed sufficiently to effect
termination. To facilitate the simulation fidelity,
other members of the validation team remained in the
background to take observational notes. Procedures
were available to the operating crew for reference but
procedural steps were not called out, buring the
event simulation, a voice-over narration by an SME was
recorded on the video tape. The narration, conveyed
what the operator(s) were doing and why. Specific-
ally, the narrator recorded the following information
during the event simulation:

Operators' actions
Direction of movement
Display/indicator reference
System response
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‘ 5. On a cue from the validation coordinator, the events
terminated. The video tape operators then removed the

tape from the recorder and logged in:

° The event taped
® The date of taping
. ° The time of taping
® Any unusual circumstances surrounding the
taping
° The counter }eading from the video tape
recorder

6. Within two weeks of the taping, the HFS who conducted
the validation processes viewed the video tape and
evaluated the operator performance versus the control
board/control room design criteria, specified earlier,

‘ for each step of the procedure(s) being used for the

event under consideration, A Validation Review
Worksheet (Appendix F) was used to record the HFS's

evaluation of each procedure step. If a comment had
not previously been addressed by existing HEDs, it
represented a new discrepancy and was reported as such.,

10.2 Control Room Talk-Throughs

A walk-through was conducted for each of the six selected vali-
dation scenarios. Not all the ERG tasks described in the task
anaiysis database were represented in the selected scenarios.
All tasks not represented in the selected events were validated
using the talk-through technique.

In the talk-through, an SME demonstrated to the HFS the
operator tasks and equipment responses for all tasks identified

v the Ginna task analysis effort which were not observed in
the walk-through wvalidation. Talk-throughs were conducted 1in

the Ginna control room during the month of February.
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QO .2.1 Talk-Through Approach

The talk-through examined the operator actions in response to
the event starting with the initiating cue(s) and included each
immediate and subsequent operator action. Specific plant
equipment and operator decisions involved in each task were
identified as the SME described the actions from the applicable
control panel work station. The goal of the talk-through was
to assess the availability and suitability of control room
equipment and layout to support the operator's needs in
performing emergency tasks using the validation criteria.

buring the talk-throughs, questions were raised by the HFS
concerning the operator needs and equipment characteristics.
In addition, the HFS evaluated the operator‘performance versus
the control board/control room design criteria described above
or each action of the task under consideration. The

‘alidation Review Worksheet in Appendix F was used to record
evaluation observations.
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11.0 ASSESSMENT, IMPLEMENTATION AND SCHEDULING

The DCRDR review process described 1in this Summary Report
resulted in the identification of HEDs. RG&E recognizes that‘
each HED identified may represent a potential source of opera-
tor error with possible consequences on plant safety and
operations. Moreover, the potential for error can vary across
HEDs. Therefore, the HEDs were evaluated to determine the
extent to which they «could affect plant safety, plant
operability, personnel safety and the health and safety of the
ublic. Also requiring evaluation were the recommendations for
‘mprovement or correction that the HFSs made for the discrep-
ancies discovered 1in the DCRDR Envestigdtive processes. This
section of the DCRDR Summary Report outlines a systematic
method for evaluating both the significance of HEDs and the.
feasibility/viability of the recommended improvements or
corrections for the HEDs. The results of these evaluations
provide a deliberated, consensual and expert knowledge base for
the Operations and Engineering Departments to employ 1in
formulating their decisions:to implement recommended improve-
ments. That implementation will be completed using established
project modification procedures and according to a suitable
schedule, The final portion of this section provides an
approach for recommendation, implementation and scheduling.

11.)1 HED Assessment

Qle Assessment Team reviewed and assessed every HED dgenerated
ased on its impact on plant safety, plant operability, and NRC
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‘uidelines. This review included a formal assessment of each
H

ED and

evaluation of any recommended design change to

determine the overall value of the change and impact on plant
operations. The formal assessment followed the procedure below:

1.

Each Assessment Team member was given a binder of HEDs
to review and was asked to evaluate each HED.

Using established project guidelines, items to be
fixed without further assessment were identified and
evaluated using an "X" identifier.

The Assessment Team members were asked to evaluate all
other HEDs using the following scale:

a. Highest Significance - could substantially affect
a safety system or operator response during an
emergency situation

b. Significant - could substantially affect or has
substantially affected a ,non-safety system or
operator response during routine non-emergency
operation

c. Least Significant - could or has affected
operator response in a non-substantial way

Discussions were held to reach a team consensus on the
HED ratings. The collection of generic HEDs that
describe a general problem area of the control room
was helpful in assessing groups of HEDs related to
similar controls, annunciators, labels, displays, or
controllers. The decision to perform follow-on
studies of various component groups, such as
annunciators, allowed the cumulative effect of all
annunciator HEDs to be factored into the assessment

v
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11.2

process. In response to the NRC audit report concern
regarding rating of safety significance of HEDs, an
evaluation of the HEDs' cumulative impact of category
C HEDs was addressed to ensure that the level of
significance was fully considered. This was done
throughout the assessment and 1implementation by
grouping HEDs according to similar function. As a
consensus was reached, the lead HFS recorded the
rating and maintained a 1list indicating the HED
numbers and the final rating for each HED.

Recommendation Selection

After the assessment of an HED, the selection of recommenda-
tions for correction was completed by the HED Assessment Team.

In response to an NRC audit report recommendation regarding HED

ocedures are listed below:

stessment procedures, the HED recommendations assessment
r .

1.

The committee reviewed the HEDs, one at a time, and
discussed each HED's recommendations briefly ¢to
clarify any points of concern.

The best recommendation for Ginna station was
submitted to the station Operations and Engineering
Departments for consideration.

The lead HFS's fesponsibility was to ensure that the
recommendations developed and accepted by the
committee are 1in accordance with applicable precepts
of sound human factors engineering practice.

If a decision was made by Operations or Engineering

not to accept a recommendation, a Jjustification was
prepared and alternatives were examined.
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Ql.3 Implementation and Scheduling of Recommendations

The HEDs that are to be corrected and their accepted recom-
mended corrective actions, as determined by the proce@ures
outlined herein, are part of this Summary Report. All
corrective actions are contained in Volume II. A schedule for
corrective actions is predicated upon safety significance and
subject to the availability of equipment, outage time
availability at the R.E. Ginna Station, engineering design 1lead
time,‘and relative importance compared with other NRC and RG&E
initiated Station modifications. Some HED corrective actions
are being assigned an Engineering Work Request (EWR) to ensure
that the modifications are made, and permit their scheduling
with other related station events.

11.4 Verification of Corrective Actions

‘Jrrective Actions being implemented will be reviewed to verify
their effectiveness from a human engineering perspective. This

verification will utilize’ sound human engineering methods.
Verification will be performed using panel mock-ups incorpor-
ating the corrective actions, consultation with operators and
system experts, and/or human factors specialist reviews.

In response to an NRC audit report concern regarding use of the
RG&E simulator, the control room simulator will be used "to
evaluate the suitability of control room modifications where
appropriate and as itAbecomes available. 1If the result of the
verification determines that a corrective action will result in
a negative effect on control room operations, then the
suggested corrective action will be altered as appropriate. If
a corrective action is verified to be effective, it may then be
implemented in the control room.
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12.0 COORDINATION WITH OTHER SUPPLEMENT 1
NUREG-0737 INITIATIVES

Rochester Gas and Electric Corporation has a coordinated
process to address the Supplement 1 to NUREG-0737 initiatives
to a reasonable extent, given the degree of completion of "the
initiatives prior to issuance of Supplement 1.  This process
provides the necessary coordination and support to ensure that
a systematic approach is adopted for the inclusion of each of
the recommended design changes resulting from these initia-
ives. This integrated approach is intended to optimize the
‘terface within the control room network. This section
addresses the NRC audit report concern regarding coordination
of DCRDR activities with other NUREG-0700 activities.

When Supplement 1 was issued, R.E. Ginna had already progressed
on various initiatives based on the pre-existing requirements
(NUREG-0737, Regulatory Guide 1.97, etc.). When RG&E responded
to Generic Letter 83-33, the Regulatory Guide 1.97 evaluation
was underway, work had begun on SPDS design, and emergency
response facilities were nearly complete,

RG&E made the decision to implement the Westinghouse Owners
Group ERG-SRTA Guidelines for operational |use, Existing

Supplement 1 initiatives (i.e., enhancements due to the DCRDR

ant-specific Technical Guidelines and EOPs. However, it was

1
‘cognized that, given the approved status of the Westinghouse
dgeneric analyses, 1little was to be gained by halting the
Procedures Generation Package process to conduct a site-
specific function and task analysis at that time.
12-1 .
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Qmilarly, design and implementation of the SPDS proceeded as a
igh-priority Supplement 1 activity without benefit of a site-

specific function and task analysis, although the Westinghouse
generic procedures (and Regulatory Guide 1.97 improvements)
were used as primary source documents.

Supplement 1 to NUREG-0737 recognized the situation where
utilities had previously initiated work in a fashion different
from the integration ideal of Supplement 1. For instance, as
noted in Section 3.6, "The NRC will make allowances for work
already done by 1licensees in a good-faith effort to meet
requirements as they understand them."” Furthermore, delays in
implementation, Jjust for the sake of 1integration, were not
prudent. Section 3.1 states, "Installation of the SPDS should
not be delayed by slower progress on other initiatives, and
,'should not be contingent on completion of the control room
design review. Nor should other initiatives, such as upgraded
ergency operating procedures, be impacted by delays in SPDS
Gl:ocurement.“ In this context, RG&E integrated the Supplement
1 initiatives to the extent feasible and reasonable. In
addition, the Regulatory Guide 1.97 required indications
(including NUREG-0737 1improvements such as inadequate core
cooling 1instrumentation) were assessed from a human factors
viewpoint and the SPDS was similarly reviewed and HEDs noted.

The R.E. Ginna Master emergency operating procedures summary
formed the basis for the task definition phase during the
¥ DCRDR. Through use of the resource documents earlier
described, utilization of Operations and Engineering SMEs, and
the makeup of the DCRDR team, a substantial 1level of
integration has been achieved. Table 12.1 provides a f£flow

chart overview of the R.E. Ginna power plant activities.
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Qecause several of the Supplement 1 activities were carried out
in parallel 1in accordance with an NRC order, any future
integration needs will be addressed through the Human Factors
Design Manual being developed 1in conjunction with the DCRDR
brocess. The station modification program and related work
authorization documents will provide for 1integration with
training, operations and maintenance procedures before a
modification is put into service.




Appendix A

HISTORICAL DOCUMENT REVIEW
(Problem Analysis Report)







‘m and Unit:

Index #

Problem Title

Status Report #

HISTORICAL REPORT

PROBLEM STATUS REPORT

Report Type

Report #

Date:

Page:

Problem Analysis étatus

Started

Completed

Distributed
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HUMAN ENGINEERING DISCREPANCY FORM







CONTROL ROOM HUMAN ENGINEERING DISCREPANCY RECORD

HES: Date: No: Plant:
- Unit:
System:

Panel Equipment Equipment Name
ID#

Description of Discrepancy

‘ Pnoto Log No. Photography Instructions

Photo Caption: Guideline No. &
C 1. Workspace 6. Labels & Aids Caption:

0 2. Communications 7. Computer/CRT

D 3. Annunciators 8. Panel layouts

E . Controls 9. C/D Integration

S 5. Displays Other:

Comments:

Assessment Category/Level: I







‘ Recommendation(s) Record

Reviewers:

' Recommendation(s):

’ Accept Recommendation No.:

Reject Recommendation Nos.:

Rejection Signature

Rejection Justification:

Implementation ana Scheduling

Tentative Scheduled Completion Date:

Lead Engineer Approval:

Station Asst. Supt. Ops. Approval:

NCPC Coordinator:

0 HED Completed:







Appendix C

CONTROL ROOM DESIGN REVIEW OPERATOR SURVEY
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ARD Corporation

The Nuclear Regulatory Commission is requiring that a detailed human factors
review of every nuclear power plant control room be performed. This review is
being done under EWR 3264. RG&E has contracted with the ARD Corporation to
assist in this review. Part of the guidance document published to support
these reviews, NUREG-0700, suggests the use of your operating experience to

help the review team identify operator/control board interface problems.

Control Room Design Review Operator Survey

Rochester Gas and Electric (RG&E) Corporation and the management of the Ginna
Station support the spirit of the NRC's directives. As a result, we are
asking for you to support and assist in the program by completing the attached
questionnaire. For this program, the company's goal is to improve the

| operating crew's capability to recognize, control and manage plant abnormal
and emergency conditions.

The questionnaire contains 44 questions that cover nine general topic areas
dealing with different aspects of control room design as well as the job
duties and tasks performed by the operating crew. The questions deal with
*problem" areas as well as good or beneficial features associated with the
control room. Each question involves a multiple choice response based on your
judgements and opinions. In addition, you will be asked to provide specific
examples of the positive or negat%ve aspects of the control room on which you
sed your multiple choice responses.

n completing the questionnaire please read each question carefully, circle
the item in the multiple choice that best reflects your view, and provide
additional information as appropriate. In preparing your answers, consider
the questions from the perspective of all the various modes of plant
operation, e.g., startup, hot shutdown, full power, and reduced power, in
addition to possible abnormal or emergency operating conditions. Give
detailed answers so that someone not as familiar with the area as you are will
be able to understand exactly what you mean.

Please answer all the questions. Your responses are important to the success
of this review. Use additional paper if necessary and attach it to this
questionnaire. If you do use additional paper, please be sure to match your
answer to the appropriate question. If you feel that we have left anything
out or failed to cover an area in which you have a concern, please tell us by
attaching comments to the questionnaire. If you are unable to ansver a
particular question, please indicate this in the space provided for your
response.

In asking for your support in this program we feel it is important for you to
know what we will do with your answers. As the questionnaires are returned,
ARD Corporation personnel will summarize your answers on a
question-by-question basis and compile results for each question. The team
‘fmducting the control room design review will then be informed of each

oblem area identified, so that they can pay special attention to it during
e remainder of the review process. As problems are verified, they will be
documented more formally. Positive aspects of the control room will also be

noted, so that in correcting any problems that arise, these positive features
will not be compromised.

4—%
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hough the NRC may eventually be told of the problems you help identify, we
want to assure you that your answers and comments on this questionnaire will
be kept strictly confidential. You should mail your completed questionnaire
directly to ARD using the self-addressed stamped envelope that is attached.
Your answers will be summarized so that your exact words do not appear and
your name will be dissociated from your answers. You may be contacted for a
follow-up interview by ARD personnel, to clarify your written responses or to
gather additional information. However, the information you provide at that
time will likewise be summarized and treated confidential. Your answers will
in no way affect your career, standing, or promotions within RG&E. Therefore,
in answering the questionnaire, be as open, honest and straightforward as you
can.

In addition to completing the questionnaire, we would like you to supply us
with additional background information requested on the following page. It
will help us to integrate your responses with other information we must
collect as part of this project. However, this background information ‘will
not be associated with your responses when they are reported to RG&E or to the
NRC. :

When you have completed the questionnaire, place it in the envelope provided,
seal the envelope, and drop it in the mail. Thank you very much for your
cooperation and assistance.

Please Return To: ARD Corporation
5457 Twin Knolls Road
Columbia, MD 21045
Attn.: Ralph Dusek

o
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- Name:

- Present Position:

- Nuclear Operating Experience:

years

- Control Board Operating Experience:

years

- Held a Reactor Operator (RO) License:

years

- Held a Senior Reactor Operator (SRO) License:

- Age:

- Sex:

~ Height:

Years
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A'l.

A.3.

Workspace Layout and Environment

Are additional controls needed in the control room? Your response
should consider the controls needed to respond to potential emergency or
abnormal situations in addition to the various modes of normal

operations.

a. None .
b. 1l or 2

c. Several

d. Many

Please identify any needed controls and your reasons for wanting them.

Also 1dentify any systems in which the controls are particularly well
designed, i.e. you would not like to see them changed.

Are any of the controls that are presently in the control room
unnecessary? That is, are there controls that are not used in any mode
of plant operation? “

a. None
b. lor 2
c. Several
d. Many

Please identify any extraneous controls.

Are additional indicators (i.e. meters, status lights, chart recorders)
needed in the control room? Your response should consider the
indicators needed to respond to potential emergency or abnormal
situations in addition to the various modes of normal operations.

a. None
be 1 or 2
c. Several
d. Many

Please identify the needed displays and your reasons for wanting them.

Also identify any systems in which the indicators are particularly well
designed, i.e. you would not like to see them changed.

Are any of the indicators that are presently in the control room
unnecessary? That is, are there indicators that are not ‘used in any
mode of plant operation?

a. None
be 1l or 2
c. Several
d. Many

Please identify any extraneous indicators.

How would you characterize the capability for direct voice communication
between personnel in the main control room? Conditions that might
impede direct voice communications could include high background noise,
physical barriers, or distance between workstations. Remember to
consider all modes of operation, including potential abnormal or
emergency conditions.







A.7.

B.

B.l.

Be2.

ARD Corporation

a. Excellent
b. Adequate
c. Some problem areas

d. Many problem areas
Please identify any problem areas.

.

Air quality (temperature, humidity, ventilation) in the control room is:
a. Excellent

b. Adequate

c. Some problem areas

d. Many problem areas

Please identify any problem areas.

Lighting in the control room (illumination, glare, reflections) is:
a. Excellent

b. Adequate

c. Some problem areas

d. Many problem areas

Please identify any problem areas.

Operator's ability to move around the control room in an unobstructed
manner is: .

a. Excellent

b. Adequate

Cc. Some obstructions

d. Many obstrucgions

Please identify any obstacle(s) in the main control room which interfere
with movement.

Panel Design

Automatic control operations allow the operator to attend to other
instrumentation and intervene only when the automated system
malfunctions. Manual control operations typically demand more attention
but allow more flexibility, as the operator can tailor his response to
the situation at hand. Are there any control device(s) which should be
operated manually instead of automatically or vice versa?

a. None

b. 1l or 2
C. Several
d. Many

Please identify any such inappropriate controls and reasons why they
should be reconfigured.

Throttleable valves typically require the operator to remain at a given
workstation for a period of time, operating a particular control. Are

there any throttleable valve(s) that would unnecessarily restrict your

time to respond should an emergency situation occur?

a. None
b lor 2
c. Several
d. Many

Please identify any throttleable valves that could pose a problem in
emergency conditions.
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B.6.

B.7.

——ARD Corporation

®

B.3.

Also, identify any throttleable valves that pose problems under other
modes of operation, e.g. start-up or shut-down.

Are there any system(s) in which controls or indicators are not placed

. in functional groups?

a. None
b 1l or 2
c. Several
d. Many

Please identify any systems in which instrumentation is not functionally
grouped.

Also, identify systems in which functional grouping is particularly
effective (i.e. that you would not like to see changed).

The layout of the control equipment on the panels is:
a. Excellent

b. Adequate

c. Some problem areas

d. Many problem areas s
Describe any aspects of the layout of control board equipment that
should be improved to allow operators to perform more effectively.

Also, describe any areas of the control board where the layout of
equipment is particularly conducive to effective operations.

Are there areas on the main control boards where your use of a control
is hindered or the control may be accidentally activated because of the
position, shape, labeling or relationship to the controls?

a. None .

b, 1 or 2 .
c. Several
d. Many

Please identify any such problem areas.

Are there any controls that are hard to reach or indicators that are
difficult to read? Remember to consider all modes of plant operation,
including possible abnormal or emergency operations.

a. None
b. 1 or 2
c. Several
d. Many

Please identify any such inaccessible instrumentation.

Are there any control(s) or indicators on back panels that should be on
front panels, or vice-versa? In formulating your response, please
consider the accessibility of instrumentation that you need under all
modes of plant operations.

a. None
b 1lor 2
Cc. Several
d. Many

Please identify any controls or indicators that should be moved to a
front panel, and explain your reasoning.
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Please identify any controls or indicators that should be moved to a
back panel, and explain your reasoning.

Are there any system(s)‘in the control room which you feel are difficult

or confusing to operate?
1

a. None

b. 1 or 2 )
C. Several

d. Many

Describe any systems that are difficult to operate.

Also, describe any systems that are particulary well-designed for ease
of operation (i.e. that you would not like to see changed).

Annunciator System

Are there any areas in the control room where background noise levels
interfere with annunciator auditory signals? Remember to consider all’ \
possible plant conditions and modes of operation.

a. None
b. 1lor 2
c. Several
d. Many

Please identify any areas in which it is difficult to distinguish
auditory alarms, and the plant conditions in which the problem occurs.

Have you experienced or can you conceive of situations in which the

annunciator warning system was ineffective in helping, or might have
actually hindered, operators response to a system problem?
a. None

b 1 or 2
C. Several
d. Many

Please describe any such incidents or potential situations.

Are there any alarm windows that have an inappropriate setpoint; that
is, those that give the operator either too much or too little time in
which to respond to a plant problem? Please consider all modes of plant

operation.

a. None

b lor 2

C. Several
d. Many

Please identify windows that allow too little time and the setpoint(s)
that would be more appropriate.

Are there alarms with multiple inputs for which there are no devices
(e.g. printers) from which the operator can determine the cause of the
alarm?

a. None
b lor 2
C. Several
d. Many

Please identify any multiple input alarms that should be split into
single inputs.
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D.

D.l.

D.2.

Are there any single input alarms (e.g. "nuisance alarms") that could be
eliminated or combined into multiple input alarms?

a. None
b. 1lor 2
C. Several
d. Many

Please identify any single input alarms that could be eliminated or
integrated into multiple input alarms.

Are there any alarm windows in the main control room with engravings
that are confusing or difficult to understand?

a. None
b 1l or 2
c. Several
d. Many

Please identify any confusing alarm engravings and explain why they are
difficult to understand.

Communications

Are there any auditory signal(s) presented in the control room, other
than annunciator alarms, which are confusing?

a. None
be 1lor 2
c. Several
d. Many

Please identify any such audxtory signals and the reason for the
confusion.

Are there area(s) in the control room where messages presented over the
paging system cannot be heard clea;ly?

a. None '
be 1 or 2

c. Several

d. Many

Please identify any such problem areas.

Are there any auditory signals presented in the control room, other than
annunciator alarms, which are destracing and should therefore be located
in another area of the plant?

a. None
b. 1 or 2
c. Several
d. many

Please identify any such auditory signals.

Given present plant communication systems and procedures for their use,
is it likely that the use of communication systems by non-operating
personnel could interfere with control room use of the system?

a. No problems ‘

b. 1 or 2 systems vulnerable

c. Several systems vulnerable

d. Major problems with system design or procedures

Please describe any such potential problems.
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E.l.

E.3.

F.

F.l.
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Are there any equipment problems with the communications systems that
could prevent or interfere with an operators' ability to communicate
with individuals in other areas?

a. None
b 1 or 2
c. Several
d. Many

Please describe any such incidents.

Also describe aspects of the communications systems that are
particularly effective from the standpoint of control room personnel.

Computer-Generated Information

Is there any information or calculations that would be more useful if it
were provided on a computer-generated display? Consider all modes of
plant operation, including possible abnormal or emergency conditions.

a. None

b. 1 or 2 kinds of information

c. Several kinds of information

d. Many kinds of information

Please describe any additional computer information that should be made
available.

Is any of the information presented on the computer printer not useful
to control room operations? Particularly consider the information
demands of emergency and abnormal operations.

a

a. None
b, 1 or 2
Cc. Several
d. Many

Please identify any extraneous information.

Also identify any aspect of the hardcopy printouts that you find
particularly useful and would not want to see changed.

Are there any computer system procedures which are difficult' to
understand?

a. None
b. 1 or 2
C. Several
d. Many

Please identify any such procedures
Maintenance Procedures

Are there any maintenance procedures that could contribute to an
operational problem? That is, assuming that preventive and corrective
maintenance is performed "by the book," are there problem areas that
could adversely affect operations, particularly during emergency
conditions?

a. None

b. 1 or 2

c. Several ) '
d. Many

Please describe any such problems.
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' Also, describe aspects of maintenance activities that are particularly
effective from the standpoint of control room personnel.

F.2. How would you characterize current procedures and availability of
supplies for replacing equipment such as fuses, bulbs, ink, chart paper,
etc.?

a. Excellent

b. Adequate

c. Some problems

d. Major problems

Please describe aspects of these procedures that are particularly
effective.

Please describe aspects of these procedures that are particularly
ineffective.

G. Procedures

G.l. Are there any procedure(s) which are unclear or difficult to use?

Please consider all modes of plant operation including possible abnormal
or emergency conditions.

a. None
be 1lor 2
C. Several
d. Many

Please identify any pafticular effective procedures.

‘ Please identify any particular ineffective procedures.

G.2. Are there any operator aids, such as tables/checklists/ status boards
etc. which could be redesigned to improve their usefulness?

a. None

be 1l or 2

Cc. Several

d. Many

Please identify any such materials and suggest how they should be

redesigned. ; .

Also, describe operator aids that you f£ind particularly useful.

G.3. Are there any manual log(s) that you feel are difficult to update or

maintain?

a. None

b. 1 or 2

c. Several

d. Many

Please identify the troublesome logs and suggest how they could be
improved.

G.4. Are there any mathematical calculation(s) that are time consuming and/or
difficult to perform?
' a. None
b. 1 or 2
c. Several

d. Many
Please describe the calculations that are troublesome,
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staffing and Job Design

Are there any job duties which are presently performed by others in
which you feel control room personnel should be more directly involved,
or vice versa? Please consider all modes of plant operation including
abnormal or emergency conditions.

a. None

b. 1l or 2

c. Several

d. Many

Please describe any such duties that should be reallocated and specify
who should perform them.

Are there any recurring distractions, in the form of unnecessary
personnel, traffic, etc., that could interfere with your duties?

a. None ‘

be 1 or 2 ‘

c. Several

d. Many

Please describe any such sources of distraction and how they can be
avoided.

Does the shift turnover process work effectively?

a. Excellent

b. Adequate

c. Some problems

d. Significant problems

If there are problems, suggest how they can be improved.

Have you experienced or can you conceive of situations in which the
operating crew staffing structure could adversely affect control room
operations? Consider all modes of plant operation, including potential
abnormal and emergency conditions.

a. None
b 1 or 2
c. Several
d. Many

Please describe any such incidents or potential situations and suggest
how they could be improved.

Also, describe plant conditions or potential conditions for which the
present staffing seem particularly appropriate.

Training

Are there any potential emergency situation(s) for which you feel you
have not received enough training? ‘

a. None
b. 1l or 2
c. Several
d. Many

Please describe any emergency situations that you think should receive
more emphasis.

Also, describe aspects of your emergency training that you think has

+ been particularly effective.
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Operator. Aids

What parameters, inputs, operator aids, or other information would
assist you in performing operations during the following conditions?

Start up/Shutdown
Normal Operations .

Abnormal Operations
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TASK ANALYSIS DATA COLLECTION FORM
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ENVIRONMENTAL MEASUREMENT FORMS
[







SOUND SURVEY RECORD

Plant: Date: Time: Sheet # ___of ___
Measurements made by:
Equipment/Instrument used:
Serial #: Calibration date:
Octave Band Center Freguency
Operator Work Station db(A) 250 500 K 2K 4K Remarks







HUMIDITY/TEMPERATURE RECORD

. ¢
D

Plant: Date: Time:

Measurements made by: Sheet # of

: Equipment/Instrument used:

Serial #: Calibration date:

Time Height Temperature Humidity Remarks




e ‘ AIR YELOCITY SURVEY REC(SRD

Plant:

Measurements made by:

Date:

Equipment/Instrument used:

Time:

Sheet # of

Serial #:

‘Calibration date:

Location 6 ft.

4 ft.







N ’ 1 LI ] oA

0 LIGHTING SURVEY ILLUMINANCE RECORD

Plant: Date: Time:
Measurements made by: Sheet # of
Equipment/Instrument used:
Serial #: Calibration date:
Location . Other
Ref. Panel Full AC Full Conditions
" No. I.D. No. Anbient Emergency {Specify)







-«

LIGHTING SURVEY - LUMQAND REFLECTANCE RECORD

Plant: Date: Time:
Measurements made by: ‘ Sheet # of
Equipment/Instrument used:
Serial #: Calibration date:
Record Calculations
Location Panel # Panel . Meter/Display Luminance Ratio Reflectance Ratio
Ref. and of Display: Panel
No. Surfaces Reflect. | Panel Reflect. | Surface Surface Panel: | Meter/Display: Pad
Pad Back- Pad . ] w/Glare w/o Glare w/Glare |w/o Glare . | Pad

ground

vw/Glare

vw/o Glare
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VALIDATION FORM







Event: Operator:

VALIDATION REVIEW WORKSHEET

Procedure(s): Human Factors Specialist:

Procedure Step Comment HED Index
Number







Appendix G

MANAGEMENT AND STAFFING
RESUMES







NAME: Robert C. Mecredy

POSITION: Director, Engineering Services

YEARS POWER PLANT EXPERIENCE: 14

YEARS NUCLEAR EXPERIﬁNCE: 14

PREVIOUS COMPANIES, POSITIONS AND LICENSES: None
YEARS EMPLOYED BY RG&E, POSITIONS AND LICENSES: 14

Director, Engineering Services - 6 months
Manager, Nuclear Engineering - 1l years
0 Nuclear Engineer - 3 years
Member Ginna NSARB
Member Callaway NéRB ;
Member INPO Analysis and Engr. Division Industry Review
Representative, Westinghouse Owners Group - 6 years

EDUCATION:
B.S. Engineering Sciences, Purdue University

M.S. Nuclear Engineering, University of Michigan
Ph.D. Nuclear Engineering, University of Michigan

Group







NAME: George W. Daniels

POSITION: Manager, Electrical Engineering
YEARS POWER PLANT EXPERIENCE: 2 (U.S. Navy)
YEARS NUCLEAR EXPERIENCE: 19

PREVIOU$ COMPANIES, POSITIONS AND LICENSES:

U.S. Navy (Lt. Eng. Officer/Instructor),
Tennessee Valley Auth. t

'

GEARS EMPLOYED BY RG&E, POSITIONS AND LICENSES: 8
Manager, Electrical Engineering
EDUCATION:
B.A. Physics, Boston University
M.A. Physics, Dartmouth College

M.S. Electrical Engineering, University of Delaware
Nuclear Power School, U.S. Navy







NAME: Paul C. Wilkens

POSITION: Manager, Nuclear Engineering

YEARS POWER PLANT EXPERIENCE: 12

PREVIOUS COMPANIES, POSITIONS AND LICENSES:

YEARS EMPLOYED BY RG&E, POSITIONS AND LICENSES: 12

Manager, Nuclear Engineering - 6 months

Acting Technical Manager, Ginna Station - 3 months

Senior Nuclear Engineer, Nuclear Engineer - 11 years
0 Representative, Westinghouse Owners Group

EDUCATION:

B.S. Engineering Physics, University of South Dakota
M.S. Nuclear Engineering, University of Illinois
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NAME : Charle; J. Mambretti

POSITION: Senior Nuclear Engineer

YEARS POWER PLANT EXPERIENCE: 24

PREVIOUS COMPANIES, PO?ITIONS AND LICENSES:

YEARS EMPLOYED BY RG&E, POSITIONS AND LICENSES:
Power Plant Operator

Electric Load Dispatcher
Construction Engineer

g I&C Engineer
0 Startup Coordinator

Ginna Training Coordinator

’ Construction Project Manager

Nuclear Engineer
SRO License (Expired)

EDUCATION:

B.S. Electrical Engineering, Rgchester Institute

»

of

Technology.







NAME: E. Clair Edgar

POSITION: I&C Supervisor

YEARS POWER PLANT EXPERIENCE: 22
YEARS NUCLEAR EXPERIENCE: 20

PREVIOUS COMPANIES, POSITIONS AND LICENSES: None

YEARS EMPLOYED BY RG&E, POSITIONS AND LICENSES: 22

I&C Supervisor, Ginna







NAME: Terry White

POSITION: Control Room Foreman

YEARS POWER PLANT EXPERIENCE: 18

YEARS NUCLEAR EXPERIENCE: 18
PREVIOUS COMPANIES, POSITIONS AND LICENSES: U.S. Navy

YEARS EMPLOYED BY RG&E, POSITIONS AND LICENSES: 12
Control Room Foreman
‘ “Emergency Operating and Abnormal Procedures
‘ SNUPPS Procedure Writer ‘
Head Control Operator
Control Room Operator
Auxiliary Operator
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NAME: Gary Meier

POSITION: Simulator Project Manager
YEARS POWER PLANT EXPERIENCE: 21
YEARS NUCLEAR EXPERIENCE: 21

PREVIOUS COMPANIES, POSITIONS AND LICENSES:

U.sS. Navy, 7 1/2 years, Electronics Tech., Reactor Operator,
Instructor
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