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1.0

2.0

INTRODUCTION

1.1  Purpose.

The purpose of the Licensee Event Review LER is to examine the
available documentation of operating difficulties outlined in
Licensee Event Reports to identify conditions that may cause
human performance problems.

1.2 “Scope

The Scope of the review will cover the LERs from D. C. Cook
Nuclear Plant Units 1 and 2 for the time period of 1975 through
1982.

An industry wide survey of similar plants that were in
commercial operation for the period of January 1978 through
September 1983 will be conducted.

s

REVIEW METHODOLOGY

A1l LERs from the D. C. Cook plant covering the time period of 1975
through 1982 will be screened to eliminate those LERs not involving
Control Room functions. The LERs from similar plants covering the
period from January 1978 through September 1983 will also be screened
to eliminate those not involving control room functions.

The LERs remaining from the screening process will then be examined
to determine the specific problem, the probable cause and the
corrective action. Each of the LERs will then be compared to the
existing control room equipment and/or condition to verify the
corrective action and/or fix. For those conditions that have not
been corrected or that could still cause a human performance problem,
the LER will be reviewed against the Control Room Human Factors
Surveys to determine if the problem has been identified as a
Checklist Observation Report (CLO).

If no CLO exists for any human performance problem identified by an
LER, a CLO shall be generated. ’
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DOCUMENTATION PHASE

Documentation generated and LERs reviewed during the LER review will
be collected and maintained as a part of the DCRDR* documentation
file. This documentation will consist of the following:

1. Lists of LERs to be reviewed as a result of the screening
process "

2. Copies of the LERs reviewed

3. LER Summary Report
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CONDUCT OF THE D. C. COOK CONTROL ROOM OPERATING PERSONNEL SURVEY

The survey of D. C. Cook personnel is a part of Phase 2, Task 1.of the DCRDR. This
survey will include both Units 1 and 2. Our general approach to conducting the survey will
be to interview those individuals who have sufficient experience in the D. C. Cook control
rooms to provide knowledgeable and useful insights into the design features of the control
room and its equipment. Most of this survey will be conducted with interviews of control
room personnel. It may be useful to provide questionnaires to some of the RO/SRO staff
who have heavy time constraints. Specific information regarding the selection of these
individuals is given below followed by suggestions for implementing the survey.

Based on information presently available, there are 83 operating shift personnel who
have an appropriate level of control room experience for the survey. At least half of
these individuals, representing a range of experience and responsibilities, "should be
represented in the survey.

NUREG-0700 describes two basic classifications to use when selecting staff for the
survey. One classification is based on current position description and the other is based
on type of previous experience.

The table below presents the range of job descriptions to be sar.n.'pled in this survey.
Also shown is the recommended number of individuals which should be surveyed from each .
category. These job descriptions represent a wide range of operational responsibilities
and familiarity with the D. C. Cook control rooms. The actual number of individuals
selected for each category can vary somewhat to allow for several variables (e.g., plant
conditions, vacations, and shift schedules) insofar as each job category is still represented
and the total minimum number of individuals is still present.

Table 1
Sample Selection by Position Description

Operations Managers/Staff 8
Shift Supervisors 10
Shift Technical Advisors
Senior Reactor Operators
Reactor Operators

" Trainees

AN O N N

Auxiliary Operators
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The second classification for staff selection is amount and type of previous control

room experience. At least one person from each experience category shown below should
be in the survey in order to provide different perspectives of the control room. It is

possible, of course, that not all of these categories are represented'at D. C. Cook.

l’
2.
3.

4.

5.

6.

Most of the personnel will be interviewed individually and in small groups of two or
three persons. Whereas the individual interviews allow privacy between interviewer and-
interviewee, the small group interview provides an opportunity for an interaction between
operators whlch could result in useful information for the survey which may not appear in
individual interviews. Persons selected for group interviews should be given the option of
participating in an individual interview instead of a group interview. The members of a
group should all be within the same job classification (e.g., Reactor Operator). Question-
naires can be given to those operations managers/staff, and possibly STAs and supervisors

Table 2
Amount and Type of Previous Experience

More than two years at D. C. Cook.
Between six months and two years at D. C. Cook.

Less than six months at D. C. Cook but has licensed experierce at.other
commercial nuclear power plants.

Less than six months at D. C. Cook but has been reactor operator in
nuclear navy.

Less than six months at D. C. Cook but has been licensed operator in
non-nuclear control room.

Less than six months at D. C. Cook and has no previous experience in
control room.

who have heavy time constraints.

We recommend that the numbers shown in the following table be used as a guideline

for selecting participants for the survey.



Table 3
Distribution of Survey Types

Survey Type Number of Individuals
Individual Interviews 20
Group Interviews 18

For example:

6 groups of 3
or
9 groups of 2
or
a combination of
these

Questionnaires 5

The average length of the interview is about two hours. This should allow the

interviewers to complete three interviews per day while allowing for shift change and

breaks. Except for unanticipated events, operators should be able to give undivided
attention to the interview.

We prefer that both the 8-4 shift and th_e 4-12 shift be available for interviews.
This should allow a sampling of at least four of the five shifts during a two-week period.

The maximum number of interviewers will be two. The following schedule is
pronosed for the interviewers.

On the first day at D. C. Cook both interviewers will receive control room
orientation and badging procedures. The interviews for the remainder of the week will be
conducted by the two interviewers during the 8-4 shift in order to allow the interviewers
access to both the operations shift and the training shift. During the second week, one
interviewer will be present during the 4-12 shift. This should allow access to two
additional shifts or groups of operators because of the changeover of shifts at approxi-
mately mid-week in the 4-12 time slot. It is possible that these interviews and the
meetings described below will require a portion of a third week.

Questionnaires will be available on the first day of interviews. They should be
returned preferably within a week to allow for possible follow-up interviews, if necessary,
before the analysis of the data.



After the interviews, the results will be tabulated and examined. Two days should
be allowed for this activity. Then two meetings should be s@eduled for the next day with
available operating personnel to discuss significant survey results. One meeting should be
attended by AEOs, trainees, and new ROs. The other meeting should be attended by more
experienced personnel. Figure | indicates a proposed schedule for the two interviewers.

The Technical Support Center is a possible location for conducting the interviews

due to its privacy and visual access to both control rooms through remotely controlled
cameras.
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INTRODUCTION

The System Review and Task Analysis (SRTA) program systematically
evaluates and identifies the needs of the control room operations crew to
permit acceptable performance of operator functions in response to
emergency transients. The SRTA process and documentation are based on the
methodology (see Reference 1) developed by the Westinghouse Owners Group
(WOG) and the NRC clarification comments (see Reference 2) on task
analysis provided to the WOG a‘ the March 29, 1984 meeting. The SRTA '
documentation provides the information required by the control room design
review (CRDR) team to perform the Verification of Operator Task
Performance Capability review phase of the CRDR and evaluates the operator
information and control needs as a basis for the identification of
instrumentation and control characteristics.

1.1 Backgréund

The SRTA program was initiated in early 1984 concurrent with the EOP
Upgrade Program for D. C. Cook. The initial SRTA program was based
on the task analysis methodology developed by the WOG. Following the
March 29, 1984 meeting with the NRC (see Attachment 53. the SRTA
program was augmented to include an activity to define operator
information and control needs and instrumentation and control
characteristics. This additional activity has been coordinated with
the initial task analysis activity to provide a comprehensive SRTA
program consisting of two phases as defined in this program plan.

1.2 O0Objectives

The first objective of the SRTA program is to provide task analysis
requirements for emergency operations based on the D. C. Cook
Emergency Operating Procedures (EOPs) and to compile and organize
these requirements in a manner that supports the CRDR. The task
analysis documentation provides the CRDR team with documentation that
systematically identifies operator task requirements and associated
instrumentation and control requirements. This objective addresses

the recommendations in Section 3.4 of NUREG-0700, Guidelines for
Control Room Design Review.

5607Y -1-
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The second objective of the SRTA program is to define the
instrumentation and control characteristics that are necessary for

 proper operator response to emergency transients. This objective

addresses item 2 (development of a process), item 3 (identification
of generic instrumentation and control characteristics and plant
specific deviations) and item 4 (development and justification of
instrumentation and control characteristics based on operator
information and control needs) of the March 29, 1984 NRC meeting.

The documentation developed as a result of the SRTA program will
satisfy the needs of the CRDR program and the requirements of the NRC.







2. TASK ANALYSIS PROGRAM

The SRTA program consists of two phases: 1) Identification of operator
actions that are necessary for proper operator response to emergency
transients, including requirements for instrumentation and controls, and
2) Identification of instrumentation and control characteristics that are
necessary for proper operator response to emergency transients.

. As discussed in the Introduction, the two-SRTA program pha-es were
) developed with Phase 2 being added to the program following the March 29,
1984 NRC meeting. Phase 1 documentation is based on the plant specific
EOPs for D. C. Cook. Phase 2 documentation is based on both generic
.31 documentation (WOG Emergency Response Guidelines (ERGs) and background
: documents) and the plant specific EOPs for D. C. Cook, consistent with the
o NRC clarification provided at the subject NRC meeting. Use of both the
i generic ERGs and the plant specific EOPs in Phase 2 facilitates
N jdentification of generic requirements and plant specific differences, in
‘-}_*‘ ‘ compliance with Item 2 of the NRC clarification comments provided at the
: March 29, 1984 meeting.

2.1 Phase 1 - Identification of Operator Actions and Required
Instrumentation and Controls

The first phase of the SRTA program consists of a systematic

evaluation of representative plant emergency operations to identify

; operator actions and associated instrumentation and controls

. necessary to support operator response to emergency transients. The

methodology and documentation for this phase are based on that
developed by the WOG (see Reference 1). The following subsections

] describeithe selection of event sequences and EOPs for task analysis

. and the process to be used to analyze the EOPs to identify and M
document operator actions and required instrumentation and controls.

5607Y -3 -
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Selection of Event Sequences and EOPs for Task Analysis

Task analysis data will be developed for event sequences that reflect
a spectrum of plant emergency operations. The event sequencés
selected comply with the recommendations in NUREG-0700 (see Reference
3), and ensure that the task analysis documentation addresses the
important areas of emergency operations (e.g., event 'diagnosis,
critical safety function monitoring, high risk event sequences,
etc.). In addition, the event sequences selected will
representatively exercise the EOPs. The event sequences selected for
task analysis are itemized in Table 1.

Based on the selected event sequences, the EOP set is reviewed to
determine which procedures are used in response to the above event
sequences. In the symptomed based EOP set, at least two EOPs (or
portions thereof) and the critical safety function status trees are
implemented in response to an-emergency transient. Figure 1
schematically illustrates EOP implementation in response to a small
break loss of coolant accident. The review of EOP implementation for
the selected event sequences identifies the selected EOPs to be task
analyzed. The selected EOPs to be task ana]yzed are "Jtemized in
Table 2. This table also shows the event sequences for which the EOP
is implemented. Note that the Critical Safety Function Status Trees
are implemented for all event sequences. Through task analyzing T
these status trees, documentation will be developed for monitoring
the plant safety state during emergency operations, independent of
the emergency transient. '
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TABLE 1

SELECTED EVENT SEQUENCES FOR TASK ANALYSIS

Spurious Safety Injection

Loss of reactor coolant (small break ~ 1 inch diameter)

Loss of reactor coolant (small break ~ 4 inch diameter)

Loss of reactor coolant (large break)

Loss of secondary coolant

Combined loss of reactor and secondary coolant

Steam generator tube rupture (design basis)

Steam generator tube rupture (multiple ruptures in one steam
generator)

Steam generator tube rupture (ruptures in more than one steam
generator) )
Anticipated transient without scram

Inadequate core cooling (resulting from failures in emergency core
cooling system) ) "

Inadequate core cooling (resulting from loss of secondary heat sink)
Pressurized thermal shock transient -

High containment pressure transient

*Event sequences recommended in NUREG-0700
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EOP-USAGE FOR LOSS OF REACTOR COOLANT (SMALL BREAK)
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E-O E-1 E.2 E-3
ES-00
ES.0.1 £38-0.2 ES-1.1 ES-1.2 £38-3.1 ES.3.2 €S-33
ES-0.3 ES-0.4 E£S8-1.3 £S-1.4
1
E-O E-1 E-3
Serles Serles Series
Foldout Foldout Foldout
ECA- ECA- ECA- ECA- ECA- ECA-
0.0 1.1 2.1 3.1 3.2 33
e
ECA- ECA- ECA-.
0.1 0.2 - 1.2 ICA-2.1] [ECA-J.1 CA-32f ECA-33
Foldotnl Foldout Foldout foldout




TABLE 2

ELECTED EOPs FOR TASK ANALYSIS

P

EOPs
Reactor Trip or Safety Injection
SI Termination
Loss of Reactor or Secondary Coolant
Post-LOCA Cooldown and Depressurization
Transfer to Cold Leg Recirculation
Transfer to Hot Leg Recirculation
Faulted Steam Generator Isolation
Steam Generator Tube Rupture
Post-SGTR Cooldown Using Steam Dump
Critical Safety Function Status Trees
Response to Nuclear Power Generation/ATWS
Response to Inadequate Core Cooling
Response to Loss of Secondary Heat Sink
Response to Imminent Pressurized Thermal Shock Conditions
Response to High Containment Pre§sure

5607Y -17-
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Process for Identification of Operator Actions

Having selected the subset of EOPs to be used, the task analysis
process can be applied to each EOP to identify the operator actions
necessary to implement the EOP in response to emergency transients.
Following identification of operator actions, the necessary
instrumentation and control requirements to support the operator
actions can be identified. This detailed information (in addition to
general information on the operator function and the purpose of each
EOP step) is documented on Element Tables (see Figure 2) which are
similar in format to that developed in the WOG SRTA program.

The documents used for task analysis are the plant specific EOPs and
the plant specific design and operational source documentation (flow
diagrams, system descriptions, electrical diagrams, etc.) needed to
analyze the system operational aspects of the EOPs. The ﬂpé ERGs and
Background Documents are also used as a generic source document for
task analysis. The task analysis activity is a table top evaluation
of the plant specific EOPs relative to the plant specific ana generic
source documentation to identify the operator actions and associated
instrumentation and control requirements necessary f3 support
operator response to emergency transients. The table top evaluation
is performed based on the existing plant design but is independent of
the existing control room configuration and specific instruments and
controls contained therein.

The task analysis process is as follows:
1) Each EOP step will be evaluated to identify the operator

function(s) that the step supports and the purpose for the
step. This information will be entered at the top of the table.






ELEMENT TABLE FOR E-O

FUNCTION: Verify automatic actuations

Diagnose plant condition

STEP: Verify Reactor Trip

PURPOSE: To ensure that the reactor has tripped

ACTIONS:

0

(o}

Determine i{f the reactor has tripped:
= Rods are at bottom
- Reactor trip and bypass breakers open
- Rod position indication at zero
= Neutron flux decreasing
Trip the reactor

INSTRUMENTATION:

ocooo0o0O0O

Control rod bottom lights indication (rods at bottom)

Power range neutron flux indication (decreasing)

Intermediate range neutron flux indication (decreasing)

Source range neutron flux indication (decreasing)
Control rod position indication (at zero)

Reactor trip and bypass breaker position indications

CONTROL/EQUIPMENT:

Reactor trip switches (trip)

Figure 2

5607Y -9 -
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2)

3)

The step will then be systematically reviewed to identify the
operator actions necessary to implement each EOP step. Since the
EOPs frequently utilize concise task statements to trigger

" operator actions, all actions that are needed for operation of

plant systems are not explicitly identified in the EOPs. Where

appropriate, the task analysis will include identification of the
specific actions necessary to perform the tasks identified in the
EOPs. The operator actions will be entered on the Element Table.

Each operator action will then be evaluated to identify the
instrumentation and controls necessary for the operator to perform
the necessary actions. This evaluation of instrumentation and
controls will also identify the instrumentation and control
criteria requirements necessary for proper performance of operator
actions. The instrumentation and controls will be entered on the
Element Table. Criteria requirements (e.g. decreasing, at zero,
etc.) will be shown in parenthesis following the associated
instrumentation and controls. .

With respect to the task analysis process, any cautions and notes that

precede EOP steps will be considered as part of the sibp and will be

analyzed on separate Element Tables.

Following preparation of the Element Tables for the selected EOPs, the
remaining EOPs will be reviewed to identify any operator actions,
instrumentation or controls that exist in the remaining EOPs but not

the selected EOPs. This review will ensure that the selected EOPs are

representative of emergency operations. Any unique actions,
instrumentation or controls identified in this review will be included
in the task analysis process and identified on Element Tables. This
approach provides represgntative task analysis documentation in an
efficient manner while ensuring complete identification of operator
actions, instrumentation and controls utilized in emergency operations.

-10 -
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Compilation of Instrumentation and Control Requirements

Following completion of the task analysis process, the resulting
information can be compiled on summary tables which highlight specific
information. This is especially advantageous for instrumentation and
controls since all uses for a specific instrument or control can be
presented on a single Requirements Table, precluding the need for a
user to review all Element Tables to obtain the same data.
Consequently, follewing completion of the Element Tables for the
selected EOPs and unique emergency operator actions, the
instrumentation and control requirements will be compiled on
Instrumentation Requirements Tables (see Figure 3) and
Control/Indication Requirements Tables (see Figure 4), respectively,
similar in format to those developed in the WOG SRTA program.

Compilation of System Sequence Requirements

As part of the task analysis process to identify and evaluate operator
actions, plant systems are reviewed to identify equipment '
(instrumentation and controls) that must be used to ggcomp]ish
operator actions. Following completion of the task analysis process,
the resulting information on operator actions and plant systems can be
compiled to show the sequence in which the operator uses the plant
systems in implementing the EOPs. A System Sequence Matrix will be
prepared for each selected EOP to show the plant systems that are used
to perform each step in the EOP. As with other task analysis
documentation, the System Sequence Matrices (see Figure 5) will be
similar in format to that developed in the WOG SRTA program.

-1 -



; 3 INSTRUMENTATION REQUIREMENTS TABLE

1 SYSTEM: Reactor Coolant
.:\a INSTRUMENTATION: RCS Pressure (NPS-121,122)

=

CRITERIA REQUIREMENTS

1. Less than 1630 psig
2. Less than 300 psig

3. Less than 1250 psig

4. Stable or increasing

‘ 5. 6reater than 300 psig

Figure 3
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CONTROL/INOICATION REQUIREMENTS TABLE

SYSTEM: Emergéncy Core Cooling

CONTROL/INDICATION: SI Pump Discharge Yalves Control and Status
(ICM-260, '265) :

CRITERTA REQUIREMENTS PROCEDURE

Open/Close £E-0
FR-C.1
FR-H.1
Figure 4
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SYSTEM SEQUENCE MATRIX TABLE

3

PROCEDURE: E-0, REACTOR TRIP OR SAFETY INJECTION

SYSTEMS
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2.2 Phase 2 - Identification of Instrumentation and Control

5607Y

Characteristics

The second phase of the SRTA program will identify and justify the
instrumentation and control characteristics that are necessary for
proper operator response to emergency transients. This phase
addresses item 2 (development of a process), item 3 (identification
of generic instrumentation and control characteristics and plant
specific deviations) and item 4 (development and justification of
instrumentation and control characteristics based on operator
information and control needs) of the March 29, 1984 NRC meeting.

This Instrumentation and Control Characteristics Review (ICCR) phase
includes the definition of a process and the development of
documentation to identify instrumentation and control characteristics
based on operator information and control needs during emerdency
operations. The process and documentation will address all
instrumentation and controls used in the WOG ERGs and plant specific
EOPs. Basis documentation will be based on the same representative
event sequences and emergency operating procedures utilized in Phase
1 of the program. ”

Definition of ICCR Process

The ICCR phase will first identify generic characteristics based on
the WOG high-pressure reference plant design, followed by the
jdentification of plant specific deviations (i.e., differences and
detail) and their characteristics. Characteristics will be justified
through development of or reference to appropriate generic or plant
specific basis documentation.

The ICCR process to be used is as follows:

1) The set of operator functions for response to emergency
transients will defined.

-15 -



2) The generic ERGs will then be reviewed and guideline steps will bg
associated with operator functions.

’ 3) For each operator function, the generic ERG background
documentation (Step Description Tables) will be reviewed to
identify:
o major operator actions necessary to support the operator
‘ functions.

o operator information and control needs necessary to support
the operator functions and major actions.

. o plant systems necessary to provide information and control
needs.

o plant instrumentation and controls necessary to provide
’ ) information and control needs.

4) For plant instrumentation and controls identified in item 3)
above, generic characteristics will be identified based on the
required information and control needs

a) Characteristics for instrumentation w1]1 include:

o Units - the identification of a parameter in terms
of specific quantities for which timely
and accurate information can be viewed
(examples: psig; %; °F; etc.).

‘ o Range - the interval over which a parameter may
vary during the task performance based on
analysis or engineering judgement
(examples: O to 3000 psig; 250-500°F,

. 0-100%; etc.).

5607Y - 16 -




0 Resolution -

0 Accuracy -

o Response Time -

o Display type -

the quality of a display required to make
an adequate determination of a parameter's
value or performance for task cueing, or
timely and accurate feedback information
during a task (examples: greater than
1837 psig; less than 14%; greater than
1200°F, etc.)

a quantitative minimum for an information
loop's performance to ensure entry into a
task is appropriately cued, or the task
performance is maintained within any
specific 1imits (analytical or
engineering). (Examples: plus or minus
31 psi; plus or minus 2°F; etc.)

the quantitative maximum for which
feedback information on a task's
performance and subsequent cueing is
required based on ana]ysjs or engineering
judgement. (Example: 10Lsec.).

the type of visual information required to
support task performance, classified as
one or more of the following:

a) discrete or instantaneous (single
value)

b) continuous (multiple values within a
range)

¢) trending (changing values within a.
range over a time period)

-17 -






b) Characteristics for indications and controls will include:

o Positions -  the identification of the status of a
p control or indication required for making
an adequate determination for verification
of or performance of a specific task
(examples: open; closed; throttled; on;

@ off; etc.).

o Response time - a quantitative maximum for which the feed
back performance is adequate to prevent
excessive rates of change during the task
performance (example: stroke time of 10
sec.).

o Type - the type of control required to éupport
: task performance, classified as one or
w ' both of the following:

a) continuous (variable control)
b) discrete (individual Bosition(s)
control)

5) From the information gathered in items 3) and 4) above, a

Characteristics Justification Table will be developed for
instrumentation and controls. This table will identify operator

0 action categories and associated operator information needs,
criteria (e.g., specific values for instrumentation) and
characteristics (e.g., range, resolution, accuracy, etc. for
instrumentation). The basis for each action category or

“ information need will be described or a reference to other

' documentation will be given.

5607Y - 18 -
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6)

The Characteristics Justification Tables are formatted to

present both generic and plant specific characteristics,
facilitating their development and the comparison of generic to
plant specific characteristics. Figure 6 (instrumentation) and
Figure 7 (controls/indications) show examples of the subject
tables. These figures show example information for the action
categories and associated generic characteristics. These
example tables appear as they will upon completion of ICCR
process item 5).

Following identification of the generic characteristics in item
5), the plant specific characteristics will be identified. The
plant specific characteristics will consist of applicable
generic characteristics and plant specific deviations (i.e.,
characteristics that differ from generic due to design
differences and characteristics for plant specific design
features beyond the scope of the generic design).
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INSTRLMENTATION: RCS Pressure

5

CHARACTERISTICS JUSTIFICATION TABLE

"ERG REQUIRFMENTS CHARACTERISTICS
ACTION CATEGORY/‘NFORMATION NEEDS CRITERIA VALUE RANGE ACC RESOL UNITS RESP TYPE
1. RCP Trip ) .
RCS Pressure in SG U-tybes
tesa than RCS anaturation
prossure.  (RCEF Trip/Restart
Gennric Issue Background
Document, Section 2.3.1.1.)
GilLess than n NA NA NA PSIG NA 0
2. Sl Termination
a. Flow Into RCS exceeds flow "
out of RCS (S1 Termination/
Reinitiation Background
Document, Section 2.1) P . -
G}Stab or Incr Value NA NA NA PSIG NA T
b. S1 pump flow is zero:
RCS pressure grenter than
SI pump shutoff head (SI
Terminatton/Reinttiation
Background Document,
Section 2.1)
G{Greater than P2 NA NA NA PS1G NA D.
c. RHR pump flow is zero: RCS
pressure qgreater than RHR
purp shutoff head. (E-t
Background Document, Section
4.0, SDT for Step 9)
G|Greater than - P3 NA NA NA PSIG NA 0.
e

Charancterlistics Table
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CHARACTERISTICS JUSTIFICATION TABLE

CONTROLS / INOICATION: St Pump Oischarge Valves

ERG REQUIREMENTS

CHARACTERISTICS

ACTION CATEGORY/INFORMATION NECOS

CRITERIA

POSITIONS

RESP. TIME

TYPE

COMMENTS

{. Verify squipment status:
Valvas tHdt are required
to be open to provide
Sl flow to the RCS are
opsn. (E-0 Background
Document, Section 4,

SDY for Step 11)

Glopen

open

NA

D{screte

”

Characteriatics Table
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1)

8)

To identify plant specific characteristics, the selected subset
of plant specific EOPs will be reviewed to identify deviations
from the generic ERGs. These deviations will be evaluated with
respect to ICCR process items 3) and 4) above. Characteristics
for deviations will be identified consistent with ICCR process
item 5) above. These plant specific characteristics (consisting
of identified deviations and applicable generic characteristics)
will then be entered on the Characteristics Justification Tables.

Figure 8 (instrumentation) and Figure 9 (controls/indications)
show examples of the subject tables with plant specific
characteristics-included. These example tables are identical to
Figures 6 and 7, respectively, except that they include plant
specific characteristics, appearing as they will upon completion
of ICCR process item 6). The tables facilitate comparison of
generig (identified by the letter G) and plant specifid
(identified by the letter P) characteristics for each operator
action category/information need entry.

Generic and plant specific characteristics will be summarized on
Characteristics Comparison Summary Tables for instrumentation
(see Figure 10 for example) and controls/indications (see

Figure 11 for example). These tables will summarize the limiting
requirements for each characteristic.

The 1imiting plant specific characteristics jdentified in item
7) will then be added to the Instrumentation Requirements Tables
(see Figure 12 for example) and Control/Indication Requirements
Tables (see Figure 13 for example). This will consolidate all
criteria and characteristics on a single Requirements Table for
each instrument and control. ‘
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INSTRUMENTATION: RCS Pressure

CHARACTERISTICS JUSTIFICATION TABLE

ERG REQUIRFMENTS

CHARACTERISTICS

ACTION CATEGORY/‘&FORMAIION NEEDS CRITERIA VALUE RANGE ACC RESOL UNITS RESP TYPE
1. RCP Trip .
RCS Pressure in SG U-tubes
less than RCS saturation
prossure. (RCF Trip/Restart
Generi{c Issue Background . 300 A
Document, Section 2.3.1.1.) PlLess than 1300 1170-1430]{ 100 N 20 PSIG 10
GjLess than P NA NA NA PSIG NA
2. SI Termination ’
a. Flow Into RCS exceeds flow .
out of RCS (SI Termination/
Reinitliation Background 300 A
Document, Section 2.1) P{Stab or Incr Value 1600~-2235] 100 N S0 PSIG 10
G|stab or Incr Valun NA NA NA PSIG NA
b. St pump (low i3 zero:
RCS pressure greater than
S1 pump shutoff head (S1
Termination/Reinitiation
Background Document, 100 A
Section 2.1) . P{Greater than 1630 t470-1790} 100 N 20 PSIG 10
G|Greater than P2 NA NA NA PSIG NA
¢. RHR pump flow §s zero; RCS ) .
pressure qreater than RHR
pump shutoff head. (E-1
Background Document, Section
4.0, SOT for Step 9) PlGreater than 300 270-330 100 N 20 PS1IG 10
GlGreator tﬁan ¢} NA NA NA PSIG NA

Charancteristics Table
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y CHARACTERISTICS JUSTIFICATION TABLE .
pow CONTROLS / INDICATION: SI Pump Discharge Valves ., ) :
o
- 53 ERG REQUIREMENTS v CHARACTERISTICS
ro=
) ACTION CATEGORY/INFORMATION NEEDS . CRITERIA POSITIONS RESP. TIME TYPE COMMENTS
’ 1. Verify squipment status: .
. valves that are required '
to be open to provide .
Sl flow to the RCS are :
open. (E-O0 Background
. Document, Section 4,
SDT for Step 1) Plopen open NA Oiscrete
) G|open open NA Discrete ¥
: 2.
G ) .
-
| w~ade
7o) .
() c
> -3
® .
! w0 . . “
i b

Characteristics Table






CHARACTERISTICS COMPARISON SUMMARY TARLE

w
o . .
o - .
-J
=< INSTRUMENTATION RANGE ACCURACY RESOL UNITS RESP TYPE COMMENTIS
. t. RCS Pressure P|O-2750 300 A 20 PSIG 10 sec. . T,
‘GINA NA NA PSIG NA . T,
2. Pressurizer Level Pplo-100 10A, SN S % 5 sec. c. T
) GNA NA NA % NA . T
3. PRZR Pressure 1700-2500|80 A,10 N 20 PSIG S sac. . T,
G|NA NA NA PSIG NA « T,
i 4. SG Narrow Ranga Lavel rlo-too 25 A, S N 5 % 5 sec. . T.D
) G|NA NA NA % NA . T
-
l -—ds
e
N
-3 -
bl o
! —
o .
e

Characteristics Summary Iable
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wn
8 CONTROLS / INDICATION POSITIONS RESP. TIME TYPE COMMENTS
~ .
-<
t. S1 Pump Discharge Valvos Plopon,cloned 60 secsn. Discrete ;
‘e Glopen,clonad NA Ofiacrete R
2.
G
3. P ' P,
I
4. )
(¢]
-
l -—bde
e
n
3
o o
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1° .

Sharacteristics Summary Table '






INSTRUMENTATION REQUIREMENTS TABLE

SYSTEM: Reactor Coolant

INSTRUMENTATION: RCS Pressure (NPS-121,122)

UNITS: PSIG

RANGE: 0 to 2750

RESOLUTION: 20

ACCURACY: 100 (normal containmeni); 300 (adverse containment)
RESPONSE TIME: 10 seconds

TYPE: Continuous; trending; discrete

-

CRITERIA REQUIREMENTS PROCEDURE = STEP
1. Less than 1630 psig E-0 . 10
2. Less than 300 psig E-0 10
35C

3. Less than 1250 psig " A £~0 21
: £-1 1

- :"E-3 N 1

4. Stable or increasing £-0 25
35

E-1 6

9

ES-1.1 5

9

£S-1.2 5

E-3 2

5. Greater than 300 psig . E-0 35
E-1 9

14

ES-1.2 5
E-3 12C

12

Figure 12
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CONTROL/INDICA}ION REQUIREMENTS TABLE

SYSTEM;: Emergency Core Cooling

CONTROL/INDICATION: SI Pump Discharge Valves Control and Status
(ICM-260, 265)

POSITIONS: Open/Close
RESPONSE TIME: 10 seconds

9,, TYPE: Discrete

CRITERIA REQUIREMENTS PROCEDURE

Open/Close E-0
FR-C.1
FR-H.1

‘ Figure 13
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ICCR Basis Documentation

The results of the ICCR evaluation process will be provided in an
Instrumentation and Control Characteristics Basis Document. This
document will consist of the following major sections:

1)

2)

3)

4)

Introduction

Description of Operator Function Evaluation Process

Description of Operator Function Information and Control Needs

For each operator function summary documentation will be
provided to describe:

a) operator action categories
b) information and control needs

.c) plant systems required to provide information and control

needs
d) instrumentation and controls required to provide information

and control needs
Description of Instrumentation and Control Characteristics

For each instrument and control identified in Item 3), the
Characteristics Justification Tables will be provided to
ﬁdentify the required generic and.plant specific
characteristics. The basis for the identified characteristics
will be established by referencing appropriate discussion in
Section 3 above, and/or the appropriate information in the
generic ERG background documentation or plant specific
documentation.

...29 -






5607Y

5) Comparison of Instrumentation and Control Characteristics
Characteristics Comparison Tables will be provided for
instrumentation and controls. These tables will identify

generic and plant specific characteristics.

Compliance with NRC Clarification

The primary intent of the ICCR activity is to address clarification
items 2, 3 and 4 from the NRC March 29, 1984 meeting. Item 2
(development of a process) is described in Section 2.2, Definition of
the ICCR process. Item 3 (identification of generic instrumentation
and control characteristics and plant specific deviations) is
described in Section 2.2, subsections 5 and 6. Item.4 (development
and justification of instrumentation and control characteristics
based on operator information and control needs) will be probided in
the ICCR Basis Documentation as described in Section 2.2. In
summary, the ICCR program plan described herein defines a process
which identifies instrumentation and control characteristics based on
the information and control needs identified in the ERG background
documentat}on and the plant-specific EOPs. In additfbn, basis
documentation will be provided to identify how the needed
characteristics of the instruments and controls were determined and
to justify any deviations from the generic ERG instrumentation and
controls. )
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SUMMARY OF TASK ANALYSIS DOCUMENTATION

The documentation resulting from the SRTA program will consist of the
following:

5607Y

Element Tables

The element tables identify the operator actions necessary for
response to emergency transients, including identification of
specific instrumentation and control requirements necessary for
implementation of operator act}ons. These tables are developed in
Phase 1 of the SRTA program.

Instrumentation and Control Requirements Tables

The Requirements Tables compile the specific criteria and
characteristic requirements for instrumentation and controls
necessary for implementation of operator actions. These tables are
developed and specific criteria are identified in Phase 1 of the SRTA
program. Characteristics are identified in Phase 2 and added to the
subject tables. Separate tables are provided for each instrument or
control.

System Sequence Matrice

The System Sequence Matrices identify the sequence in which the
operator uses plant systems in response to emergency transients.
Separate matrices are provided for each selected EOP that is task
analyzed. These matrices are developed in Phase 1 of the SRTA
program.
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Instrumentation and Controls Characteristic Basis Documentation

The basis for instrumentation and controls characteristics will be
provided in this basis documentation. This document will describe
the ICCR process and the operator functional response to emergency
transients. It will include the following tables that are developed
as part of the ICCR process.

o Characteristics Justification Tables

These tables will identify and justify operator actions,
associated information and control needs and characteristics for
instrumentation and controls. Separate tables are provided for
each instrument and control.

0 Characteristics Comparison Summary Tables

These tables will summarize the limiting characteristics for
instrumentation and controls. Separate tables are provided for
instrumentation and controls.
This document and included tables will be developed in Phase 2 of the
SRTA program.
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4.

USE OF TASK ANALYSIS DOCUMENTATION IN VERIFICATION OF OPERATOR TASK

PERFORMANCE CAPABILITY

The objective of Verification of Operator Task Performance capability is
to assure that operator tasks can be performed in the existing control
room with minimum potential for human error. Verification evaluates task
execution at each work station and consists of:

0 Verification of Availability

Verification of the presence (or absence) of instruments and
equipment that provide the information and control capabilities
necessary to implement operator actions.

0 Verification of Suitability

Verification that the man-machine interfaces provided by the displays
controls and other control room features are effectively designed to
support operator actions.

The task analysis documentation is structured to supportlé Verification
process consisting of verification of operator action performance
capability and verification of instrumentation and control
characteristics. The following subsections describe the use of the task
analysis documentation in supporting these two activities of the
verification process.

Verification of Operator Action Performance Capability

The first verification activity consists of evaluating the availability
and suitability of control room instrumentation and controls to support
performance of operator actions. The Element Tables are used for this
activity. These tables present the operator actions and associated
instrumentation and control requirements identified %n Phase 1 of the task
analysis program.
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For each Element Table, the multidisciplinary CRDR review team
systematically reviews the operator actions itemized under the ACTIONS
heading. As each action is reviewed, the CROR team locates the
instrumentation and controls in the control room necessary to support the
operator actions. Having located the instrumentation and controls, the
team evaluates the suitability of the instrumentation and controls for
performing the operator actions. The suitability evaluation is structured
to evaluate the specific operator action criteria (e.g., greater than
1500 psig, less than 700°F, etc.) upon which operator actions are based.
The team utilizes the information under the INSTRUMENTATION and the
CONTROLS headings to identify criteria requirements. In working through
each Element Table, the team evaluates all entrees under the ACTIONS,
INSTRUMENTATION and CONTROLS headings to ensure that the task analysis
documentation is complete and se]f-consigﬁent.

Verification of Instrumentation and Control Characteristics

The second verification activity consists of evaluating the adequacy of
instrumentation and: control characteristics to support perfo§mance of
operator actions. The Instrumentation and Controls Requirements Tables
are used for this activity. These Tables summarize the réhuired
characteristics identified and justified in Phase 2 of the Task Analysis
program.

Characteristic verification consists of both verification of the human
factors characteristics associated with the instrumentation (i.e., units,
range, resolution and type) and controls (i.e., type and positions) and
verification of design characteristics associated with the instrumentation
(i.e., accuracy and response time) and controls (response time).

Verification of human factors characteristics is performed in the control
room mockup. The multidisciplinary CRDR team evaluates the subject
characteristics for each instrument and control using the information on
the Requirements Tables. Each table is systematically reviewed as part of
this activity.
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Verification of design characteristics is accomplished through a table top
evaluation of the actual design characteristics relative to the required

éharacteristics jdentified through the task analysis program.
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5. USE OF TASK ANALYSIS DOCUMENTATION IN VALIDATION OF OPERATOR FUNCTIONS

The objective of Validation of Control Room Functions is to determine
whether the functions of the control room operating crew can be
accomplished effectively within (1) the structure of defined emergency
operating procedures, and (2) the design of the control room as it
exists. Validation evaluates operator function execution within the
integrated control room configuration and consists of walk and
talk-throughs of selected event sequences with control room personnel.

The emergency operating procedures are the appropriate documents for use
by the control room personnel in directing their response to the selected
event sequences. Although not specifically developed or needed for
Validation, the Element Tables of the SRTA program will be used by the
multidiscipiinary CRDR team as a source document with which to observe the
response of the operators to the event sequences. Since the Element
Tables are developed based on the procedures, these tables itemize
detailed operator actions and associated instrumentation and control
requirements necessary for proper response to emergency transients. This
documentation should be consistent with and reflect the actions and
associated instrumentation and controls that are used by the operators in
the walk and talk-throughs. Through comparing the actions in the Element
Tables with the operator walk-through actions, discrepancies will be noted
and discussed in the talk~through portion of the validation.

5607Y - 36 -




6. REFERENCES

1) Westinghouse Owners Group, Emergency Response Guidelines System
Review and Task Analysis, Volumes 1, 2A, 2B and 3, April 1, 1983.

2) NRC Memorandum from H. Brent Clayton to Dennis L. Ziemann, Meeting
Summary-Task Analysis Requirements of Supplement 1 to NUREG-0737,
March 29, 1984. Meeting with Westinghouse Owners Group (WOG)
Procednres Subcommittee and Other Interested Persons, April 5, 1984.

3) U.S. Nuclear Regulatory Commission, NUREG 0700, Guidelines for
Control Room Design Reviews, September, 1981.

5607Y -37 -






APPENDIX A

NRC CLARIFICATION OF TASK ANALYSIS REQUIREMENTS

General

Section 5 (Detailed Control Room Design Review) of Supplement 1 to NUREG-0737
requires the use of function review and task analysis techniques to identify
control room operator information and control needs durihg emergency
operations. Section 7 (Upgrade Emergency Operating Procedures) of

Supplement 1 to NUREG-0737 states that the reanalysis of transients and
accidents required in Item I.C.1 of NUREG-0737 will identify operator
information and control needs for emergency operations. 1In their review of
utility procedure generation package (PGP) submittals and control room design
review (CRDR) program plan submittals (including the WOG System Review and
Task Analysis documentation referenced in a number of program plans), the NRC
saw instrumentation and control (equipment) requirements identified but did
not see information and control needs identified. This resulted in a number
of NRC comments on utility PGPs and program plans in the area of task
analysis, requesting the identification of operator information and control
needs. To support utilities in addressing these NRC comments on task
analysis, the WO0G participated in a March 29 meeting with the NRC to clarify
this topic and describe how operator information and control needs were
addressed in the Emergency Response Guideline Development Program.

At the March 29 meeting, the WOG representatives told the NRC that the
operators' needs (information and control) were .identified and evaluated as
part of the development program for the Emergency Response Guidelines. The
process for ERG development was'a multidisciplined and iterative process
wherein operator response strategies and technical guidance were developed to
address operator needs in response to emergency transients. The technical
“guidance (guidelines) defines the actual generic tasks (guideline steps and
actions) and generic jnstrumehtation and control requirements necessary to
imp]ement these response strategies. Consequently, operator information and
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control needs are not explicitly identified in the éuide]ines. Although not
specifically required per NUREG-0737 Item I.C.1, these information and control
needs that were identified during the development program for the ERGs are
contained in the ERG background documentation (the background documentation
for the Revision 1 ERGS was subsequently transmitted to the NRC in early May
1984).

To put the ERG System Review and Task Anaysis (SRTA) program in perspective,
the WOG representatives told the NRC that this program was developed to
provide a task analysis methodology and example documentation based on the
ERGs (Basic version). The program was structured to compile operator tasks
and instrumentation and control requirements as an input to the CRDR process.
It was not intended to 1dgntify operator information and control needs.

Following the WOG presentation and subsequent NRC caucus, the NRC provided the

following comments:

1)

2)

5607Y

Based on the presentations by Mr. McKinney and Mr. Surman, it appears
that Revision 1 of the ERG and Background documents do provide an
adequate basis for generically identifying information and control

needs.

Each licensee and applicant, on a plant-specific basis, must describe
the process for using the generic guidelines and background
documentation to identify the characteristics of needed
instrumentation and controls. For the information of this type that
is not available from the ERG and background documentation, licensees
and applicants must describe the process to be used to generate this
information (e.g., from transient and accident analyses) to derive
instrumentation and control characteristics. This process can be
described in either the PGP or DCRDR Program Plan with appropriate
cross-referencing.
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3) For potentially safety~significant plant-specific deviations from
the ERG instrumentation and controls, each licensee and applicant

must provide in the PGP a 1ist of the deviations and their
justification. These should be submitted in the plant-specific .
technical guideline portion of the PGP, along with other technical
deviations.

4) For each instrument and control used to implement the emergency
operating procedures, there should be an auditable record of how the
needed characteristics of the instruments and controls were
determined. These needed characteristics should be derived from the
information and control needs identified in the background
documentation of Revision 1 of the ERG or from plant-specific
information.

5) It appears that the basic version of the ERG and backgroundi
documentation provides an adequate basis for generically deriving
information and control needs. However, because of the differences
in the organization of the material in the background documents
between Basic and Revision 1, it is apparent that it would be easier
to extract the needed information from the Revision 1 background
documents.

In summary, the March 29 meeting served to clarify the subject of task
analysis. The NRC comments jdentified and discussed above further clarify (at
the program level) their requirements. These comments recognize the ERG
background documentation as the generic documentation which identifies
operator information and control needs. Utilities must develop a process and
actual documentation which identifies instrumentation and control
characteristics based on the information and control needs identified in the
ERG background documentation and other plant-specific documentation.
Definition and clarification as to this process and the resultant
documentation was not discussed at the March 29 meeting.
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D. C. CoOK
CONTROL ROOM DESIGN REVIEW

CONTROL ROOM INVENTORY
PROCEDURE




Cook DCRDR ..

Control Room Inventory

Procedure

1-‘

10.

Referring to the latest revisions of drawings 5523 thru 5530 and 5560
for D. C. Cook Unit One, enter panel abbreviation and item number on a
Control Room Inventory Data Sheet for each and every item called out on
the drawings, one sheet per panel item. Also enter unit number.

Organize Control Room Inventory Data Sheets into sections by panel in
alphabetical order. For example, the first panel is BA, the second is
C, etc.

Organize all CRI Data Sheets for a panel into numerical ordexr. For
example, BA-1l, BA-2, etc.

Referring the above mentioned drawings, and the Material Control Record
Cross Reference by Control Pamel, transfer all pertinent data contained
thereon to the appropriate CRI Data Sheet, such as MED or EED Mark No.,
Make and Type of device, such as SB-1 switch or FOX boro H/A Station.

Referring the above mentioned drawings, locate each panel item on the

Photograph Mosaic, and £1ill out the CRI Data Sheets with the following
information; exact name plate inscription, equipment position and color
for switches and indicating lights; functions & meters for controller
station; all applicable data for meters, recorders and knife switches.
Note that annunciators status and monitor lights are further defined on
Dwgs 98601 thru 98605. Note that Westinghouse control panel devices
have special Data Sheets. L.

Referring to the above mentioned drawings, check each panel item on the
drawing found on the control panels in the Cook control rooms. Mark out
items not found on Cook panels. Sketch in outline of any item found on
panel but not on drawings and give it temporary item number and fill out
CRI Data Sheet with all pertinent data.

Remove marked out items Data Sheets from the CRI and add new Data Sheets
for extra items found in Cook Control rooms.

Refer to the MSK or ECP Drawings, System Descriptions, Flow Diagrams,
Electrical Elementaries, Functional Diagrams, Mechanical Material
Control Record. Fill in System and Subsystem on CRI Data Sheet. Often
the nameplate inscription is very useful for this purpose.

Check that nameplate inscription gives primary function of the device.
If not, use reference material in step 8 to determine and enter after
nameplate inscription, first word to be "Function:" .

Periodically repeat steps 6 and 7 above to up date CRI with actual Cook
control room status.




0 11. Periodically check latest revisions of Dwgs 5523 thru 5530 and 5560 to
update previously mentioned temporary panel item numbers.

12. Periodically distribute latest revisions of Dwgs of 5523 thru 5530 and
5560 and corrected, updated or new CRI Data Sheets and list of necessary

. e deletions.

Staffing

1.. DCRDR Lead Engineer
2. AEPSC Engineers and Technicians from I&C Section as assigned, under

direction of Lead Engineer.






Cook DCRDR

Control Room Inventory

Reference Documents & Drawing
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Dwg. No. (1 or 2) - 5521 General Arr'g't Control Room Unit No. (1 or 2)

Shows location of each control panel in the control room and which
panels are on Dwgs. 5523 thru 5530 and 5560.

Dwg. No. (1 or 2) - 5523 thru 5530 Main Control Boards Front Panels
(Panel Name Abbreviations, such as SG) Unit No. (1l or 2).

Shows all equipment mounted on front of Control panels with a unique
number for each item. The panel name abbreviation, plus the number
identifier, are the Panel Item No., such as SG-209. The items on a
particular panel are contained within the Control Room Inventory panel
listing in numerical order.

Thus the panels are listed within the Control Room Inventory in
alphabetical order and each item within a panel are in numerical order.

Material Control Record Cross—Reference by Control Panel

Computer Data Listing printout sheets listing all items by panel and
panel item number and showing function, description, vendor and mark
number. The mark number 1s the MED (Mechanical Engineering Division)
mark number, which is the unique identifier used for any item shown on
all mechanical and electrical drawings, such as flow diagrams, metering
and tubing drawings, electrical elementaries and wiring diagrams, MSK
and ECP drawings, etc.

Thus the panel item number is cross referenced to all mechanical,
electrical and instrument/control drawings and documents. The operating
procedures, operator training documents and system description documents
use the MED or EED Mark No. identifier scheme also. The description and
vendor show what the panel mounted equipment is, for example, a General
Electric (GE) SB-l1 control switch.

MSK Drawings

Shows control and instrument loops in schematic form with MED and EED
Mark No. identifiers.

Thus the panel item function within a control/instrument loop can be
identified as well as the loop .function.

ECP Drawings
Shows all information shown on MSK's plus additional information.
The MSK plus ECP drawings show all significant instrument/control loops

in schematic form with MED or EED Mark No. identifiers for individual
items.






10.

11.

System Descriptions

Describes overall system functions, general description of system,
design basis and description of equipment, instrumentation and controls
and operation.

Mechanical Material Control Recorxd

Lists MED or EED Mark No., Vendor, Manufacturer, Make and Model Number,
Description, Purchase Order Number.

Thus all specifications, limits, features, applications, ranges, etc.
can be identified as necessary.

Control Room Inventory Data Sheet

Data entry sheet for all pertinent inventory data with panel item number
and MED or EED Mark No. identifiers. This data sheet has been formatted
to provide a unique page for each panel item.

This data sheet is a general purpose data sheet for all the various
types of control panel equipment contained in the control rooms,
therefore, all data entry blanks will not be filled in on each sheet,
but only those necessary to the inventory. A sample sheet is attached.
Detailed instructions for data entries are attached.

Functional Diagrams 98501 thru 98514

Shows Reactor, Reactor Coolant, Steam Generators and Containment
instrumentation, control and protection systems functionms.

Flow Diagrams 5104 thru 5150B & 5660 thru 5662

Shows schematic arrangement of process piping, equipment and
instrumentation.

Electrical Elementaries 98001 thru 98999

Shows schematic arrangement of all electrical equipment instrumentation,
control and protection systems.

(2-d)







Cook DCRDR
Control Room Inventory Sheet

Line by line description of entries, starting at top left of page, refer to
attached blank sample.

Name Plate Inscription (2,35)

The exact lettering as found on name plates and tags located on, beside,
above or below the device.

Usually it is an engraved phenolic plate with black background and white
lettering which is located directly above the device; many horizontal
and vertical indicators have the name plate engraving on the meter scale
plate itself. However, also included are temporary name plate legends
such as stamped stick on tape.

The numbers in parenthesis above are for future computer data bank
entry, the first set of numbers give the location; the second set the
number of letters, numbers and spaces that can be entered. These
numbers in parenthesis appear with all the succeeding entries also, and
the rules are the same.

ILocation: Panel (3,3) Item # (4,3)
The panel designation goes after Panel, such as BA for the Boric Acid
Panel. The panel item number goes after Item # and is the same number
found on AEP Cook drawings 1-5523 through 1-5530, each device on each
control panel then has an unique identification nunber,

MED # (6,6) » the AEP Mechanical Engineering Division
tag numbers are entered here, such as RP1-100 or AJ -26. These tag
numbers are the primary AEP identifier, and appear on flow diagrams,
instrumentation and control drawings, system descriptions, etc.

EED # (7,6) » the AEP Electrical Engineering Division
tag numbers are entered here, such as 101-ID7. Again these numbers are
a primary AEP identifier, and appear on flow diagrams, instrumentation
and control drawings,system description, electrical elementaries and
wiring drawings, etc. With rare exceptions, every panel mounted item
will have either an MED or EED number. An example of the exception
would be some of the General Electric EHC system control panel mounted

equipment.,
System (10,35)

Subsystem (11,35)
entries for system show the major equipment or group of equipments that
perform a specific system function essential to system operation. Where
possible, these entries follow the AEP flow diagram system designations
or Westinghouse system ncmenclatures. Entries for subsystem, where
applicable, show the major components or group of components a
particular activity or group of related tasks that are essential to
system operation.
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Equipment (12,35)
entries here show the actual panel mounted device or the component that

the panel mounted device interfaces with. The vast majority of the Cook
Unit control panel mounted devices are control stations, such as General
Electric SB-1 switches, Cutler Hammer switches or pushbuttons, Foxboro
AT switches, Bailey Meter and Foxboro hand-auto stations or manual
loaders or manual stations, etc; or indicators, such as pressure,
temperature or flow indicators, recorders, indicating lights, status
lights, monitor lights, annunciators, etc. Therefore, the remainder of
the sheet has a standardized format for data entries for switches,
indicating lights, controller stations, meters, recorders, annunciators
and knife (test) switches. Only those categories that apply are filled
out. In some cases, because of the data format, the equipment data
entries may contain redundant information to the data entries under the
below categories. A brief explanation of each category follows:

Switch: Model (13,6) (S,M,P)
Entries here are SB-1 for General Electrics SB series switches, CH for
Cutler Hammer, etc. The various labeled positions of the switch are
circled where applicable, and nonstandard positions are written out
after Other (20.1)
An S entered in blank means spring return and an M means maintained
position.

Indication Lights: Model (21,6) (R,G,W,A,B,C) ()
The entries after model are almost always ET-16 or blank to represent
General Electrics ET-16 lights. The initials R,G,W,A,B or C are used in
the blanks after. (22,1), (23,1), (24, 1), (25,1) or (26,1) where
applicable. What the l:Lght represents is circled where applicable and
the color of the lens is represented by the initial in the blank
space; where R=Red, G=Green, W=White, A=Amber, B=Blue and C=Clear. Non
standard entries are written out after Other (26 1)

Controller Station: Model (27,15)
The entries after model are generally Bailey AJ for a Bailey Meter
pneumatic hand-auto station, Bailey AL for Bailey Meter pneumatic manual

loader, Fox 62HB for Foxboro electronic hand-auto station, Fish AC2 for.

Fisher Governor electronic H/A station, etc.

Functions; a checkmark after Manual (28.1) means manual station
only, a checkmark after Auto/Manual (29,1) means a hand/auto
station, and if the H/A station has a’special feature, a entry is made
after either Bias (30,1) ____ , Tieback (31,1) or Setpoint
(32.1) .

Meters; (A,B,C,D), the scaling of the various meters on the station is

entered after OGutput (33,1) , Position (34,1) , Deviation
(3’%,1) __ __, B,7,S (36,1) , Transfer (37,1) and
Measured Var:.able (38 1) . The scale range is entered first,

such as 0-100 which represents zero to 100 per cent, or 0-14" which
represents zero to 14 inches, the various scale divisions are entered
next, such as 25,5 which represents 25 percent major divisions and 5 per

Page 2 of 4



cent minor divisions. 2An example of a Bailey AJ station output meter
would be Output (33,1) 0-100,10,5 which represents 0 to 100% scale

range with 10% major divisions and 5% minor division marks.

Meter: Entries are made in this section for all gages, meters, indicators,
etc., except those included on a H/A or manual station. Model
(39.6)___ examples of these entries would be GE AB-40 for General
Electric Model AB-40, PG for Bailey Meter model PG, etc. Measured
Variable (40,15) would be AC for alternating current, DC for
direct current, flow, pressure, temperature, etc. A checkmark after
Digital (41,3) or Analcg (42,3) is self explanatory,
Engg. Units (44.6) show the unit of measure, such as GFM =
gallons per minute, PPH or #/hr or lbs/hr = pounds per hour, PSIG =
pounds per square inch, °F = degrees Fahrenheit, etc. .

Units/Graduation (45,3) and From (48,4) and To (49,4)

define the scale range and divisions. An example would be

Units/Graduation (45,3) 100,50,10 . From (48,4) 0 To (49,4)

400 represents a range of zero to 400 which major divisions at 100,
minor divisions at 50, and subminor marks at 10. On scme meters after
the number entered in To (49,4) is shown Sg Rt which represents
square root for flow meter scales without square root extraction on
orifice or flow nozzle installations. A checkmark after Linear (46,1)

means the pointer moves in a straight line, horizontally or

vertically, not the linearity of the scale divisions. So a checkmark
will appear after Linear (46,1) or Circular (47,1) for all
analog meters.

Recorder: Entries for recorders require a second sheet in addition to the
entries on this sheet. Model (50,15) are Fox for Foxboro, Hagan
for Westinghouse Hagan, West for Westronics, etc. Chart Speed (in/min)
(51,3) are shown as 3/4in/hr or 3in/hr which represents 3/4 and 3
inches per hour. Continuous (C) or Cycletime (sec.) (52,3) Enter
C for all but multipoint recorders, enter number of seconds (time) °
between prints for multipoint recorders.

Knife Switch: E.E.I.D.# (56,15)
Switch # Function

1 (57,14)
thru thru
10 (66,14)

Fill in switch function data plate inscription for each switch used.
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COCK DCRDR
Control Rocm Inventory Sheets

Line by line description of entries, starting at top left of supplementary
page required for recorders, refer to blank sample attached.

Recorder: ID#(2,15)
Enter MED # from first page
Name (3,15)
Enter Name Plate Inscription from first page

Tag #, Enter point or pen identification plate inscription MED # for each
input, for example, QLA-610

Description, Enter point or pen identification plate inscription description
of each input, for example, Holdup Tank No. 1 Level

Pt #/Color, Enter point or pen identification plate data for point number or
pen color

Alarm Contact Utilization, enter chart value where alarm contacts are
energized and direction of action, for example 500°F dec (decreasing)

Engg. Units thru Circ/Linr entries use some rules described under Meter.
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D. C. COOK
CONTROL ROOM DESIGN REVIEW
_ CONTROL ROOM HUMAN FACTORS
"~ SURVEY






INTRODUCTION

The Control Room Human Factors Survey will be divided into fourteen
each with a specific set of related control
design features organized into a task plan. ~ These fourteen tasks
are: -

separate tasks,

1.1 HWorkspace Survey

1.
1.
1.

© N T s W N

N OO0 0 &

2
3

Anthropometric Survey

Emergency Equipment Survey

Hegting, Ventilation and'Air Conditjon;Surve;
ITMumination Survey

Ambient Noi;e Survey

Maihtainabi]ity Survey

Communications Survey

Annunciator System Review

‘Controls Survey

Displays Survey
Labels and Location Aids Survey
Computers System

Conventions




A1l task plans follow the genéral format of:

1)
2)
3)
4)

5).

6)
7)
8)
9)
10)

A copy of the Annunciator System review task plan is attached as an

Introduction (to include the objectives) \
Review Team Selection and Responsibilities

Criteria (from NUREG-0700, Section 6.0)

Procedures

Equipment"and Facility Requirements

Inputs and Data Forms .

Ohtputs and Results o

Figures and Tables

Procedure Exceptions .

Appendices (as required).

example.

Following the Control Room Human Factors surveys the completed Survey

Task Plan will be added to‘the Control Room Design data file.
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1.0 OBJECTIVES

a. To assess to what degree the annunciator system conforms to the criteria in
NUREG-0700.

b. To identify and document any features in the annunciator system design that
do not conform to the criteria in NUREG-0700.

2.0 REVIEW TEAM SELECTION AND RESPONSIBILITIES

a. A human factors specialist to conduct the data collection and analysis and to
prepare the task report.

b. A client nuclear operations specialist to supply plant systems information
concerning alarm parameters and alarm response procedures.

c. A client plant I&C engineer to assist in identifying relevant plant systems

information.

3.0 CRITERIA

The criteria are from NUREG-0700, paratjraphs 6.3.1.1, 6.3.1.2a through diZ),,{
6.3.1.3a through d, 6.3.1.4a and b, 6.3.1.5a through b(3), 6.3.2.1a throughm f, 6.3.3.1a
through b(2), 6.3.2.2a and b, 6.3.3.1a through c(3), 6.3.3.2a through f(2), 6.3.3.3a through f,
6.3.3.4a through d, 6.3.3.5a through d(6), 6.3.4.1a through d(2), 6.3.4.2a through c, 6.3.4.3a
and b, 6.5.1.6a through d(2), and 6.6.6.2a (see Appendix A).

4.0 PROCEDURES

4.1 General Instructions

4.1.1 Preparation and Conduct of Procedures

a. Prior to conduct of this task, ensure that all required data forms, plant
documentation, engineering drawings, equipment, and materials are available. Ensure
that permission has been obtained for all required access to the control room or other
plant areas.

b. Record all exceptions, deviations, or changes to these procedures in Section
9.0 of this Task Plan. Number each entry sequentially, starting with 1. Include an
explanation (technical justification) as to why the exception, deviation, or change was
made.
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4.1.2 Task Plan Critique
Upon completion of this task, fill out the Task Plan Critique contained in

Appendix D. Submit the completed critique to your supervisor or project manager.

4.2 Data Collection
a. Data are collected using various methods and procedures consisting of

measurements, observations, interviews and questionnaires, and document reviews.
Appendix C illustrates the distribution of the criteria for the various methods.

b. Measurements and observations should be made for all items contained on the
Measurements data forms and Observations checklists contained in Appendix B.

c.  The operator questionnaire (Appendix B) should be administered to at least 50
percent of the licensed reactor operators for the plant. Administration may be conducted
singly or in a group, but should be proctored or monitored.

d. The results of the Conventions, Labels, Maintainability, and System Function
and Task Analysis tasks should be reviewed for annunciator-relevant data (reference
criteria 6.3.3.1c(1), (2), (3); 6.3.3.3b and d(2); 6.3.4.2b(1) through b(4); 6.3.4.3a; 6.5.1.6a
through d; and 6.6.6.2(a).

e. In addition to the review results from d, above, plant documentation should be
reviewed to verify the items listed in the Document Review Checklist in.Appendix B. The
required plant documents include:

1. Annunciator Response Procedures
2. Administrative Procedures relevant to annunciators.

4.3 Analysis
a. All deviations from the criteria shall be recorded on Human Engineering

Discrepancy (HED) reports (Appendix B). Recorded information shall include the instru-
ment or instruments involved (e.g., auditory alarm horns, spécific light tiles, etc.), a
description of the problem including the 0700 paragraph number of the criteria, and a
recommended solution.

b. Data collection method(s) shall also be recorded on the HED form. Where data
from two or more sources are contradictory, resolution of the conflict through data
review and client interview shall be made.
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c. Use the analysis aids from Appendix B for all data reduction and analysis.

Upon completion of all analyses, ensure that the criteria in Appendix A are properly

annotated (as specified in the analysis aids).

d. Submit the completed task plan to your immediate supervisor for review.

Upon project management approval, initiate Task Report 3.1.

5.0 EQUIPMENT AND FACLLITY REQUIREMENTS
a. Access to the control room.
b. Sound level meter:.
c. Protractor and tape measure.
d. Flash comparator.

6.0 INPUTS AND DATA FORMS
a. Annunciator Response Procedures
b. Annunciator Administrative Procedures
c. Completed Task Reports for:
1. System Function and Task Analysis
2. Conventions
3. Labels and Location Aids
4, Maintainability
d.  Criteria List (Appendix A)
e. The following from Appendix B:
1. Measurements Data Forms
2. Questionnaire
3. Observations Checklist
4, Documentation Review Checklist
5. Analysis Aids
6. HED Report Forms
f.  Criteria Matrix (Appendix C)
g. Task Plan Critique Form (Appendix D)

7.0 OUTPUTS AND RESULTS
a. Completed HEDs
b. Completed Task Report.
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8.0 FIGURES AND TABLES
None.
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O 9.0 PROCEDURE EXCEPTIONS

The following exceptions, deviations, and changes were made to these procedures
during conduct of the task (include a statement of justification on each item):
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ANNUNCIATOR SYSTEM

6.3.1.1 GENERAL SYSTEM DESIGN

Annunciator warning systems are the primary
control room interface to immediately alert the
operator to out-of-tolerance changes in plant con-
dition. Annunciator warning systems consist of
three major subsystems: (a) an auditory alert
subsystem, (b) a visual alarm subsystem, and (c) an
operator response subsystem (see Exhibit 6.3-1).
Together, these three subsystems shoulid be designed
to provide a preferred operational sequence for
annunciator warnings as indicated in Exhibit 6.3-2.

6.3.1.2 ALARM PARAMETER SELECTION

SET POINTS—~The limits or set points for
initiating the annunciator warning system
should be established to meet the following
goals:

(1)

(2)

Alarms should not occur so frequently
as to be considered a nuisance by the
operators.

However, set points should be established

to give operators adequate time to re-
spond to the warning condition before a
serious problem develops.

GENERAL ALARMS

(1)

(2)

Alarms that require the control room
operator to direct an auxiliary operator
to a given plant location for specific
information should be avoided.

If general alarms must be used, they
should only be used for conditions that
allow adequate time for auxiliary operator
action and subsequent control room

- operator action,

MULTICHANNEL OR SHARED ALARMS

(1)

(2)

Annunciators with inputs from more than
one plant parameter set point should
be avoided. Multi-input alarms that
summarize single-input annunciators
elsewhere in the control room are an
exception,

Where multi-input annunciators must be

used, an alarm printout capability should '

be provided. The specifics of the alarm
should be printed on an alarm tyner with
sufficient speed and buffer storage to
capture all alarm data.

A-1
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ANNUNCIATOR SYSTEM

6.3.1.2 ALARM PARAMETER SELECTION (Cont'd)

c. MULTICHANNEL OR SHARED ALARMS
{Cont’d)

(3) A reflash capability should be-provided to
allow subsequent alarms to activate the
auditory alert mechanism and reflash the
visual tile even though the first alarm may

@ not have been cleared.

d. MULTI-UNIT ALARMS-

(1) Alarms for any sharea plant systems
should be duplicated in all control rooms.

(2) When an item of shared equipment is
being operated from one control room,
a status display or signal should be pro-
vided in all other control rooms which
could potentially control this equipment.

. m 6.3.1.3 FIRST OUT ANNUNCIATORS
a. REACTOR SYSTEM

; (1) A separate first out panel should be
! provided for the reactor system.

(2) The first out panel should consist of
separate annunciator tiles for each of the
automatic reactor trip functions.

(3) In the event of a reactor trip, the tile
associated. with the event should

0 illuminate, and no other.

b. TURBINE-GENERATOR SYSTEM-A separate
first out panel, similar in function to the
0 reactor system panel, is recommended.
c. POSITION—First out panels should be located
- directly above the main control work station
for the system.

: d. APPLICATION-First out annunciators should
’ conform to the general auditory, visual, and
0 operator response guidelines of this section.
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ANNUNCIATOR SYSTEM

6.3.1.4 PRIORITIZATION
LEVELS OF PRIORITY

(1)

(2)

Prioritization should be accomplished
using a relatively small (2-4) number of
priority levels.

Prioritization should be based on a
continuum of importance, severity, or
need for operator action in one or more
dimensions, e.g., likelihood of reactor
trip, release of radiation. Exhibit 6.3-3
provides an example of prioritization
based on three levels of prioritization.

PRIORITY CODING

(1

(2)

Some method for coding the visual signals
for the various priority levels should
be employed. Acceptable methods for
priority coding include color, position,
shape, or symbolic coding.

Auditory signal coding for priority level is
also appropriate. See Guideline §.2.2.3 for
recommended coding techniques.

6.3.1.5 CLEARED ALARMS

AUDITORY SIGNAL—Cleared alarms should
have a dedicated, distinctive audible signal
which should be of finite duration.

VISUAL SIGNAL-The individual tile should

have one of the following:

(1)

(2)

(3)

A special flash rate (twice or one-half the
normal flash rate is preferred, to allow
discrimination), or

Reduced brightness, or

A special color, consistent with the overall
control room color coding scheme, pro-
duced by a differently. colorec bulb
behind the tile.
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ANNUNCIATOR SYSTEM

6.3.2.1 SIGNAL DETECTION

a.

INTENSITY~—The signal should be such that
operators can reliably discern the signal above
the ambient control room noise. A nominal
value of 10 dB(A) above average ambient noise
is generally adequate.

CONTROL —Signal intensity, if adjustable,
should be controlled by administrative
procedure.

LIMITS —The signal should capture the
operator’'s attention but should not cause
irritation or a startled reaction.

DETECTION—Each auditory signal should be
adjusted to result in approximately equal
detection levels at normal operator work
stations in the primary operating area.

RESET ~ The anhunciator auditory alert
mechanism should automatically reset when it
has been silenced.

IDENTIFICATION —The operator should be
able to identify the work station or the system
where the auditory alert signal originated.
Separate auditory signals at each work station
within the primary operating area are
recommended.

6.3.2.2 AUDITORY CODING

LOCALIZATION

(1} Auditory coding techniques shouid be
used when the operator work station
associated with the alarm is not in the
primary operating area.

(2) Coded signals from a single audio source
should not be used to identify individual
work stations within the pnmary oper-
ating area.

PRIORITIZATION—-Coding may be used to
indicate alarm priority. (See Guideline 6.3.1.4.)
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ANNUNCIATOR SYSTEM

6.3.3.1 VISUAL ANNUNCIATOR PANELS

a.

LOCATION—-Visual alarm panels should be
located above the related controls and displays
which are required for corrective or diagnostic
action in response to the alarm. (See Exhibit
6.34.)

LABELING

(1) Each panel should be identified by a label
above the panel.

(2) Panel identification label height should be
consistent with a subtended visual angle
of at least 15 minutes when viewed from a
central position within the primary
operating area.

6.3.3.2 VISUAL ALARM RECOG AND IDENT

FLASHING — The specific tile(s) on an annun-
ciator panel should use flashing illumination to
indicate an alarm condition.

FLASH RATE — Flash rates should be from
three to five flashes per second with approxi-
mately equal on and off times.

FLASHER FAILURE —In case of flasher
failure of an alarmed tile, the tile light should
illuminate and burn steadily.

CONTRAST DETECTABILITY —There should
be high enough contrast between alarming and
steady-on tiles, and between illuminated and
non-illuminated tiles, so that operators in a
normally illuminated control room have
no problem discriminating alarming, steady-on,
and steady-off visual tiles.

“DARK"” ANNUNCIATOR PANELS-—~A
’dark’ annunciator panel concept should be
used. This means that under normal operating
conditions no annunciators would be illumi-
nated; all of the visual tiles of the annunciator
panels would be ‘dark.”

EXTENDED DURATION ILLUMINATION-—
If an annunciator tile must be “ON’’ for an
extended period during normal operations

" (e.g., during equipment repair or replacement),

it should be:

(1) Distinctively coded for positive recog-
nition during this period, and

(2) Controlled by administrative procedures.
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ANNUNCIATOR SYSTEM

6.3.3,.3 ARRANGEMENT OF VISUAL ALARM
TILES

a. MATRIX ORGANIZATION — Visual alarms
should be organized as a matrix of visual alarm
tiles within each annunciator panel.

b. FUNCTIONAL GROUPING—Visual alarm tiles
should be grouped by function or system
within each annunciator panel. For example,
area radiation alarms should be grouped on one
panel, not spread throughout the control
room.

c. LABELING OF AXES

(1} The vertical and horizontal axes of
annunciator panels should be labeled
with alphanumerics for ready coordinate
designation of a particular visual tile.

(2) Coordinate designation is preferred on the
left and top sides of the annunciator
panel.

(3) Letter height for coordinate designation
should be consistent with a subtended
visual angle of at least 15 minutes as
viewed from a central position within
the primary operating area.

d. PATTERN RECOGNITION —

(1) The number of alarm tiles and the matrix
density should be kept low (a8 maximum
of 50 tiles per matrix is suggested).

(2) Tiles within an annunciator panel matrix
should be grouped by subsystem, function,
or other logical organization. _

e. OUT-OF-SERVICE ALARMS—Cues for prompt
recognition of an out-of-service annunciator
should be designed into the system.

f. BLANK TILES—-Blank or unused annunciator
tiles should not be illuminated {except during
annunciator testing).

6.3.34 VISUAL TILE LEGENDS

a. UNAMBIGUOUS — Annunciator visual tile
legends should be specific and unambiguous.
Wording should be in concise, short messages.

b. . SINGULARITY — Alarms which refer the
operator to another, more detailed annunciator
panel located outside the primary operating
area should be minimized.
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6.3.3.4 VISUAL TILE LEGENDS (Cont'd)

c.

SPECIFICITY — Tile legends should address
specific conditions; for example, do not use
one alarm for HIGH-LOW, TEMPERATURE-
PRESSURE.

ABBREVIATIONS — Abbreviations and acro-
nyms should be consistent with those used
elsewhere in the control room.

6.3.3.5 VISUAL TILE READABILITY

a.

DISTANCE —The operator should be able to
read all the annunciator tiles from the position
at the work station where the annunciator
acknowledge control is located.

(1) Letter height should subtend a minimum

visual angle of 15 minutes, or .004 x .

viewing distance, The preferred visual
angle is 20 minutes, or .006 x viewing
distance,

(2) Letter height should be identical for all
tiles, based on the maximum viewing
distance. Separate calculations should be
made for stand-up and sit-down work
stations.

TYPE STYLE-—The size and style of lettering
should meet the following:

(1) Type styles should be simple.

(2) Type styles should be consistent on all
visual tiles.

(3) Only upper-case type should be used on
visual tiles.

LEGEND CONTRAST-Legends should pro-
vide high contrast with the tile background.

(1) Legends should be engraved.
(2) Legends should be dark lettering on a
light backgrou_nd.

LETTER DIMENSIONS AND SPACING —
(1) Stroke-width-to-character-height  ratio
should be between 1:6 and 1:8.

(2) Letter width-to-height ratio should be
between 1:1and 3:5.

(3) Numeral width-to-height ratio should be
3:5.
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6.3.3.5 VISUAL TILE READABILITY (Cont'd)
d. LETTER DIMENSIONS 'AND SPACING —
(Cont'd)

{4) Minimum space between characters should
be one stroke width,

(5) Minimum space between words should be
the width of one character.

(6) Minimum space between lines should be
one-half the character height.

6.3.4.1 CONTROLS (See Exhibit 6.3-5.)
a. SILENCE

(1) Each set of operator response controls
should include a silence control.

(2) It should be possible to silence an
auditory alert signal from any set of
annunciator response controls in the
primary operating area.

‘b. ACKNOWLEDGE

(1) A control should be provided to terminate
the flashing of a visual tile and have it
continue at steady illumination until the
alarm is cleared.

(2) Acknowledgement should be possible
only at the work station where the alarm
originated,

c. RESET

(1) If an automatic cleared alarm feature is
not provided, a control should be pro-
vided to reset the system after an alarm
has cleared.

(2) The reset control should silence any
audible signal indicating clearance and
should extinguish tile illumination.

(3) The reset control should be effective only
at the work station for the annunciator
panel where the alarm initiated.

d. TEST

(1) A control to test the auditory signal and
flashing itlumination of all tiles in a pane!
should be provided.

(2) Periodic testing of annunciators should be
required and controlled by administrative
procedure.

TP-3.1
1 May 1983
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6.3.4.2 CONTROL SET DESIGN

POSITIONING OF REPETITIVE GROUPS-—
Repetitive groups of annunciator controls
should have the same arrangement and relative
location at different work stations. This
is to facilitate ‘blind” reaching.

CONTROL CODING — Annunciator response
controls should be coded for easy recognition
using techniques such as:

(1) Color coding;

{2) color shading the group of annunciator
*controls;

(3) demarcating the group of annunciator
controls; or

(4) shape coding, particularly the silence
control. (See Exhibit 6.3-5, Example 2.)

NONDEFEATABLE CONTROLS - Annunci-
ator control designs should not allow the
operator to defeat the control. For example,
some pushbuttons used for annunciator
silencing and acknowledgement can be held
down by inserting a coin in the ring around the
pushbutton. This undesirable design feature
should be eliminated.

N 6.3.4.3 ANNUNCIATOR RESPONSE

PROCEDURES

AVAILABILITY — Annunciator response pro-
cedures should be available in the control
room.

INDEXING—Annunciator respohse procedures
should be indexed by panel identification and
annunciator tile coordinates.

‘ 6.5.1.6 COLOR CODING

REDUNDANCY-In all applications of color
coding, color should provide redundant
information. That is, the pertinent information
should be available from some other cue in
addition to color.

- NUMBER OF COLORS

(1) The number of colors used for coding
should be kept to the minimum needed
for providng sufficient information.

(2) The number of colors used for coding
should not exceed 11.

A-9
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ANNUNCIATOR SYSTEM

6.5.1.6 COLOR CODING (Cont'd)

(1)
(2)

c. MEANING OF COLORS

The meaning attached to a particular
color should be narrowly defined.

Red, green, and amber (yellow) should be
reserved for the following uses:

Red: unsafe, danger, immediate operator
action required, or an indication that a
critical parameter is out of tolerance.
Green: safe, no operator action required,
or an indication that a parameter is within
tolerance.

Amber (yellow): hazard (potentially un-
safe), caution, attention required, or an
indication that a marginal value or
parameter exists.

d. CONSISTENCY OF MEANING

(2)

The meaning assigned to particular
colors should be consistent across all
applications within the contro! room.

The meaning of a particular color should
remain the same whether applied to panel
surfaces or projected in signal lights or on
CRTs.

6.6.6.2 DEMARCATION

‘ a. USE-—Lines of demarcation can be used to:
(1) Enclose functionally related displays.

(2) Enclose functionally related controls.
(3) Group related controls and displays.

b. CONTRAST-Lines of demarcation should be
visually distinctive from the panel background.

c. PERMANENCE-Lines of demarcation should
be permanently attached.

A-10
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AUDITORY ALERT SUBSYSTEM

Exhibit 6.3-1. Annunciator warning system.
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FI'RST PRIORITY ALARMS SECOND PRIORITY ALARMS
o Plant shut down (reactor trip, turbine trip} o Technical specification violations which if not corrected
o Radistion release will require plant shutdown
e Piant conditions which, if not corrected immediately, @ Plsnt conditions which, if not corrected, mey lasd to
will result in sutomatic plant shutdown or radisticn plant shut down or rediation relemses

relese, or will require manual plsnt shutdown,

THIRD PRIORITY ALARMS
e Plant conditions representing problems (e.g., system
degradation) which st{ect plant operability but
which should not lead 10 plant shutdown, radistion
relesse, or violstion of technics! specifications

Exhibit 6,3-3. Three-level annunciator
prioritization example.

T sttowatin conTmoL santL | ALARMS
T  OEEEEEE < |
D CORE DOE DD
CilllCa ==
] : RTITIET ‘

RELATED
CONTROLS

Exhibit 6.34. Visual alarms located above the rslated controls and displays.
{From Seminara et al., 1979).

V
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AN00000CDNNAONONN

ANNUNCIATOR CONTROLS

Exhibit 6.3.5. Annunciator response controls.
Coflor Serial General ISCC-NBS ISCC'-I:’BS Munsell renotation of
or salection color antroid  ame. ISCC-NBS Cantroid
number name number (abbrevistion) Color

1 white 263 white 2.5P8 9.5/0.2 ..

2 black . 267 black N 0.8/

3 yellow 82 vY 3.3Y 8.0/14.3

4 purple 218 sP 6.5P 4.3/9.2

5 orange 48 v.0 4.1YR 6,5/15.0

6 light blue 180 v.l.B 2.7P8 7.9/6.0

e red n v.R 5.0R 3.9/15.4

8 buff 90 gy.Y 44Y 7.2]38

9 gray 265 med. Gy 3.3GY 5.4/0.1
green 139 v.G 3.2G 4,9/11.9
purplish pink 247 3.pPk 5.6RP 6.8/9.0
blue 178 .8 2.9PB 4,1/104
yellowish pink 26 s.yPk 8.4R 2.0/9.5
violet 207 A 0.2P 3.7/10.1
orange yellow 66 v.0Y 8.6YR 7.3/15.2
purplish red 255 s.pR 7.3RP 4.4/11.4
greenish yellow 97 v.gY 9.1Y 8.2/12,0
reddish brown 40 $.tB7 0.3YR 3.1/8.9
yellow green 115 vYG 5.4GY 6.8/11.2

- yellowish brown 7% deep yBr 8.8YR 3.1/5.0

reddish orange M v.rO 9.8R 5.4/14.5
olive green 126 d.01G 8.0GY 2.2/3.6

Exhibit 6.5.7. Twenty-two colors of maximum contrast
(from Kelly, 1965).
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APPENDIX B
DATA FORMS
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MEASUREMENT DATA FORMS

Bl.1 Linear Measurements
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OPERATOR INTERVIEW/QUESTIONNAIRE
OBSERVATION CHECKLIST

DOCUMENTATION REVIEW CHECKLIST
ANALYSIS AIDS

B5.1 Linear Measurements Analysis

B5.2 Sound Measurements Analysis

B5.3 Light Measurements Analysis
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DOCUMENTATION REVIEW CHECKLIST ANALYSIS

SAMPLE HED REPORT FORM
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APPENDIX B1.1
MEASUREMENTS DATA

1. LINEAR MEASUREMEQTS (LABELING)
1.1 Annunciator Light Box (ALB) Summary Labels - 6.3.3.1b(2).

ITEM ALB-

a.

b.

If there are no summary labels, check here:

If there are summary labels, measure and record in Table 1.1b
the following information:

ITEM NO. ITEM DESCRIPTION
1) Character height
2) Character width and/or numeral width
3) Character strokewidth
4) Character spacing
5) Word spacing
6) Line spacing
TABLE 1.1b
ALB- ALB- ALB- ALB- ALB~ ALB-

[2)] (3] L) w [aM]
L * . . L]

1.2 Tile Labeling - 6.3.3.5a(1) and a(2), and 6.3.5.5d(1) through d(6).

a.

Measure and record in Table 1.2a the character height(s) used in the
tiles. If more than one size character is used, record the height
for all of the represented heights. Also measure and record the
farthest left and farthest right tile from its associated acknowledge
station for each of the represented character heights (start at the
Teft most acknowledge station and number the stations going clockwise
around the MCB). ,

Bl.1-1
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CHAR HT _LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT

1 May 1983 i

APPENDIX B1.1

MEASUREMENTS DATA

i
1.2 (Cont.) |

TABLE 1.2a
|
5 |
STA 1 STA 2 STA 3 STA 4 STA §

|

|

|

\

' b. For each acknowledge station in the table above, measure and ‘
o record in Table 1.2b the height from the floor for the farthest |
left and farthest right tile from this same table.

o TABLE 1.2b

. . TILE HEIGHT FROM FLOOR
v CHAR_HT STA 1 STA 2 STA 3 STA 4 STA S

L ' Bl1.1-2
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APPENDIX B1.1
MEASUREMENTS DATA

c. Measure and record the following for each of the different
character heights from a, above:

TABLE 1.2¢
CHAR/NUM STROKE CHAR WORD LINE
HT (ref) WIDTH WIDTH SPACING SPACING SPACING

1.3 Data Reduction and Analysis.

For data reduction and analysis, obtain the appropriate analysis aids
from Appendix B5 (ref. B5.1).

81.1-3
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. APPENDIX B1.2
MEASUREMENTS DATA

SOUND MEASUREMENTS (AUDIBLE SIGNALS)
2.1 Annunciator Audible Alarms - 6.3.2.1a.

Measure the sound level in dB(A) for each annunciator audible alarm
at each of the following operator positions:

TABLE 2

MCB

ALARM SAFETY SYSTEMS REAC TURB ELEC RAD MON  OP'S
LOCATION POS1 POS 2  CONT  GEN DIST CONSOLE  DESK

2.2 Data Reduction and Analysis.

For data reduction and analysis, obtain the appropriate analysis aids
from Appendix B5 (ref. B5.2).

Bl1.2-1
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APPENDIX B1.3
MEASUREMENTS DATA

LIGHT MEASUREMENTS (TILE FLASH CHARACTERISTICS) - 6.3.5b(1) and 6.3.3.2b

3.1 Using the Flash Comparator, measure the flash rate of tiles in alarm
and in clear. Record the rates.

Alarm Flash Rate:
Cleared Flash Rate:-

3.2 Using the Flash Comparator, measure the on-off ratio for the alarm
flash rate and cleared flash rate.

On-0ff Ratio (Alarm):

On-0ff Ratio (Cleared):

B103‘-1
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APPENDIX B2
OPERATOR INTERVIEW/QUESTIONNAIRE

INSTRUCTIONS

The following are questions concerning the general layout,
functional organization, and operational considerations in your
control room. Most of the questions will require a YES or NO
answer, with some additional information.

When you have comments or suggestions, use the space provided below
each question. If you need additional room, use the backs of the
sheets. .

If you do not understand a question, please ask the monitor for
clarification. )

Please answer all of the questions as completely as possible.
Take as much time as you need to complete the questionnaire.
A1l of your ans@ers, and your biographical information, will be

kept in the strictest confidence and will be used to.aid in the
performance of the detailed control room design review.

PLEASE BEGIN

B2-1
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APPENDIX B2
OPERATOR INTERVIEW/QUESTIONNAIRE

BIOGRAPHICAL DATA:

Name: Age:

Sex:

Current Position/Title:

]‘

£~ TR 7% B (V]

6.

Height: Weight:

Do you have a current reactor operator's license? YES ____ NO

Amount of licensed experience at this plant:

Total amount licensed experience:

Related experience and amount (example: operator-trainee, Hodge
NPP Unit 1, T yr.): .

Education:

a. Highest level attained: .

b. Specialized Schools or courses (1ist):

Military experience:

B2-2
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APPENDIX B2
OPERATOR INTERVIEW/QUESTIONNAIRE
Do you have a first out annunciator panel where only the tile assoc-
jated with the reactor trip event illuminates and all subsequent
alarms on that panel are "locked out"? YES NO

Do you know of any automatic reactor trip functions that do not have a
separate annunciator tile on the first out panel (either missing or
shared with other functions)? . YES

Are the annunciator panels in the control room identified by a label

above each panel? YES
From your primary operating area, can you read all annunciator panel

labels with a minimum of effort? YES
Is the annunciator system priority coded by color, position, shape,

or symbolic coding of the tiles? YES
Does your annunciator system use color coding? A YES
Are there more than eleven colors used for coding the panels? YES

B2-3
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10.

11.

12.

13.

ANNUNCIATOR SYSTEM

APPENDIX B2
' OPERATOR INTERVIEW/QUESTIONNAIRE

Is there a standard meaning attached to the colors used for coding
the panels?

Is the color red ever used for a condition other than unsafe, danger,

immediate operator action required, or as an indication that a
critical parameter is out of tolerance?

Is the color green ever used for a condition other than safe, no
operator action required, or as an indication that a parameter is
within tolerance?

Is the color amber (yellow) ever used for a condition other than
hazard (potentially unsafe), caution, attention required, or as an
indication that a marginal value or parameter exists?

Do you know of any unnecessary color coding on the annunciator
panels?

Do you know of any colors that are not used consistently across all
applications within the control room, from panel-to-panel or in
signal lights and on CRTs?

B2-4
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14.

15.

16.

17.

18.

19.

20.

ANNUNCIATOR SYSTEM TP-3.1

1 May 1983
APPENDIX B2
OPERATOR INTERVIEW/QUESTIONNAIRE
Are auditory signals priority coded by pulse, frequency change
(warbling), intensity, or different frequencies for different .
signals? H YES NO

If you have separate alarm horns, can you easily identify the work
station or system where the auditory signal originated? YES

Do you have different alarm horns for work areas not at the main
control board? YES

If the auditory alarm signal has only one source, is the sound coded
to direct you to different work areas? YES

Do any of the alarm horns startle or irritate you? YES

If you have different alarm horns, do any of them sound too loud or
too soft in comparison to the others at your normal work station? YES

Do you have a silence control with each set of response controls in
your primary operating area? YES

B2-5
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21.

22,

23.

24,

25.

26.

27.

ANNUNCIATOR SYSTEM TP-3.1

1 May 1983
APPENDIX B2
OPERATOR INTERVIEW/QUESTIONNAIRE

Is a-control provided which terminates a flashing visual tile, but
allows a steady illumination until the alarmis cleared? YES NO
Can you acknowledge an alarm from more than one response control
area? YES NO
If cleared alarms do not reset automatically, do you have a control
to reset them yourself? YES NO
Does the reset control silence the aud1tory signal as well as extin-
guish the illumination? YES NO
Does the reset control operate from more than one response control
area? YES NO
Can you defeat any of the annunciator controls, such as locking out
the audible alarm or locking down the acknowledge control? YES NO
Can you test the auditory and flashing illumination signals of all
tils for each panel? YES NO

B2-6
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o 29.

" 31.
- 32.
e 33.

30.

ANNUNCIATOR SYSTEM TP-3.1

1 May 1983
APPENDIX B2
OPERATOR INTERVIEW/QUESTIONNAIRE
Is there an administrative procedure that controls the periddic
testing of all annunciators? YES NO

Are all tiles dark on annunciator panels when no alarm is indicated?

Can you easily tell if a tile is normally on for an extended dura-
tion during normal operating conditions?

Are you immediately aware if an annunciator tile is out of service?

Can you immediately determine when the flasher of an alarm tile
fails?

Do you know of any alarms that occur so frequently that you consider
them a nuisance? g

B2-7
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" APPENDIX B2
OPERATOR INTERVIEW/QUESTIONNAIRE

34, Do you know of any alarms that do not give you ample time to respond
to a warning condition? YES NO

35. When responding to an alarm tile, can you readily locate the controls
and displays required for corrective or diagnostic action? YES NO

36. Do you have access to annunciator response procedures in the control
room? . YES NO

-

37. Do you know of any alarms which require you to obtain additional,infor-
mation from a source outside of the control room area? YES NO

38. Are there too many alarms which require additional information from
panels outside your operating area? YES NO

B2-8
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40.

41,

42,

43.

If alarms are used that require information outside the control

ANNUNCIATOR SYSTEM

APPENDIX B2
OPERATOR INTERVIEW/QUESTIONNAIRE

room, do they allow you ample time to respond?

Are alarms provided for shared equipment in all control rooms?

Is there a status display or signal provided for shared equipment
in a1l control rooms which indicates that the equipment is currently

being operated?

Do you have any tiles with dual messages such as HIGH-LOW?

Does the multi-input alarm have a reflash capability that reflashes
the visual tile after an auditory alert even if the first alarm has

not been cleared?

B2-9
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APPENDIX B2
OPERATOR INTERVIEW/QUESTIONNAIRE

44, Do multi-input annunciators provide you with an alarm printout? YES NO

. 45. Does the multi-input alarm typer have sufficient speed to print
’ the alarm data fast enough for your needs? YES NO

46. Does the alarm typer ever skip or loose information, or garble
(mix up) the printing? YES NO

B2-10
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APPENDIX B3
OBSERVATIONS CHECKLIST

INSTRUCTIONS

Using the attached checklist, make all the noted observations.

Record all necessary information in the comments column to
justify an N/A check and to detail a NO check.

Insure that all comments for NO checks include component,
instrument, panel, equipment, etc. identification and
location information.

Initiate HED reports on all NO checks per the directions
contained in the checklist. analysis aids.

B3-1
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y APPENDIX B3
OBSERVATIONS CHECKLIST

N/AJYES | NO COMMENTS

1. A separate first out panel
should be provided for the reactor
System - 603.1033(1)0

2. A separate first out panel is
recommended for the turbine-
generator system that is func-
tionally similar to thz reactor
system panel - 6.3.1.3b.

3. First out panels should be
located above their main work
Stations - 6030103C0

4. All first out panels should
conform to the general auditory

and visual items in the rest of this
CheCkliSt - 6030103d0

5. A small number (2-4) of levels
of priority coding are used -
603.1.48(1)0

6. Priority coding of color, posi-
tion, shape, or symbol is used for
visual signals - 6.3.1.4b(1).

B3-2







ANNUNCIATOR SYSTEM . TP-3.1

1 May 1983
' - APPENDIX B3

‘ OBSERVATIONS CHECKLIST
N/ATYES [ NO COMMENTS

: 7. Auditory signal priority coding
‘ ‘ may be used - 6.3.1.4b(2).

. . 8. If more than one, each audi-
tory signal should sound at approxi-
mately equal loudness at normal
work stations in the primary opera-
ting area - 6.3.2.1d..

. 9. An auditory signal should
T capture the operator's attention

. but should not irritate or cause a
. ‘ startled reaction - 6.3.2.1c.

10. Separate auditory signals at
T each work station within the pri-
. mary operating area are recom-
mended - 6.3.2.1f.

11. The operator should be able to
identify the work statjon or area
where the auditory alert origi-
nated - 6.3.2.1f.

. oo 12. The auditory signal should
' automatically reset when
silenced - 60302018-

B3-3
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13. When an alarm clears (or is
cleared) there should be a dedi-
cated, distinct audible signal with
a finite duration - 6.3.1.5a.

14, Auditory alert signal(s), if
adjustable, should be controlled by
administrative procedure -
6.3.2.1b.

15. The specific title(s) in an ALB
should visually flash to indicate an
alarm condition - 6.3.3.2a.

16. In case of flasher failure, an
alarming tile should illuminate and
burn steadily - 6.3.3.2¢c.

> 17. Contrast between tiles should
present no problem discriminating
between alarming, steady-on, and
steady-off conditions - 6.3.3.2d.

 APPENDIX B3
OBSERVATIONS CHECKLIST

TP-3.1
1 May 1983

N/A

YES

NO

COMMENTS
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N APPENDIX B3
0 OBSERVATIONS CHECKLIST
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18. Under normal (nonalarmed)
conditions no annunciator tiles
should be illuminated - 6.3.3.2e.

19. If a tile must be on for an
extended period during normal
operations it should be distinc-
tively coded for positive recog-
nition during this period (see also
6.3.3.2f(2), item 2c on the
Document Review Checklist) -
6.3.3.2f(1).

20. Cleared tiles should have
either a special flash rate, a
reduced brightness, or a special
color - 6.3.1.5b(1) through b(3).

21. All tiles associated with a
given acknowledge control should
be readable when operating that
control - 6.3.3.5a.

22. Character style on all tiles
should be simple - 6.3.3.5b(1).

23. Character style should be

consistent on all tiles - 6.3.3.5b(2). -

N/A

YES

NO

COMMENTS
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'0BSERVATIONS CHECKLIST

24. Character style should be
uppercase on all tiles - 6.3.3.5b(3).

25. Tile legends should have high
contrast with the tile background -
6.3.3.50.

26. Tile legends should be
engraved - 6.3.3.5¢(1).

27. Tile legends should be dark
and opaque on a light and trans-
lucent background - 6.3.3.5¢(2).

28. Tile legends should be
specific, unambiguous, concise, and
ShOl‘t - 60303-430

29. Tile legends should address
specific conditions, HIGH TEMP,
or LOW PRESS, not HIGH-LOW
TEMP-PRESS - 6.3.3.4c.

APPENDIX B3

TP-3.1
1 May 1983

N/A

YES

NO

COMMENTS
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) APPENDIX B3
OBSERVATIONS CHECKLIST

N/A{YES | NO COMMENTS

30. Abbreviations and acronyms in
legends should be consistent with
those in other labeling in the con-
trol room - 6.3.3.4d.

. 31. Tiles should be organized as a
matrix within each ALB - 6.3.3.3a.

e 32. The vertical and horizontal

axes of the ALBs should be alpha-
> numerically labeled for tile desig-

o ‘ nation coordinates - 6.3.3.3c(1).

33. Coordinate designators are L
preferred at the left and top sides
[ Of the ALBS - 6! 30 3.3C(2).

coordinate labels should be the
same height as those used in tile
legends - 6.3.3.3c(3).

" . 34. Character height for the

35. The number of tiles in an ALB
should be kept low, with a maxi-
mum of 50 tiles per ALB

. suggested - 6.3.3.3d(1).
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OBSERVATIONS CHECKLIST

36. Cues for prompt recognition
of an out-of-service annunciator
should be designed into the
system - 6.3.3.3e. :

37. Blank or unused tiles should
not be illuminated except during
annunciator testing - 6.3.3.3f.

38. Demarcation lines may be
used to enclose functionally
related titles - 6.6.6.2a(1).

39, Demarcation lines may be
used to group tiles with their
related controls and/or displays -
6.6.6.2a(1) through a(3).

»

40. If used, demarcation lines
should be visually distinctive from
the panel background - 6.6.6.2b.

41, If used, demarcation lines
should be permanently attached -
606-6-20. »

APPENDIX B3
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'OBSERVATIONS CHECKLIST

42. ALBs should be located above
the controls and displays required
for corrective or diagnostic action
when they alarm - 6.3.3.1a.

43, Each ALB should be identified
by a label directly above it - °
6.3.3.1b(1).

44, Each set of annunciator
controls should include a silence
control - 6.3.4.1a(1).

45, An acknowledge control should
be provided that terminates the
flashing and causes the tile to
continuously illuminate until it has
cleared - 6.3.4.1b(1).

46. If an automatic cleared alarm
feature is not provided, a control
should be provided to reset the
system after an alarm has
cleared - 6.3.4.1c(1).

APPENDIX B3
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'OBSERVATIONS CHECKLIST

47. A control to test the auditory
alarm and the flashing itlumination
of all tiles in a panel (i.e., in one or
more ALBs) should be provided -
6.3.4.1d(1).

48. Repetitive groups of annun-
ciator controls should have the
same arrangement and relative
location at different work
stations - 6.3.4.2a.

49. Annunciator controls should be
coded differently than other panel
controls either by color, demarca-
t:i(or)x, or shape - 6.3.4.2b(1) through
b(4).

50. Shape coding is preferred for
the silence control - 6.3.4.2b(4).

51.  Annunciator control designs

- should not allow the operator to

defeat the control operation such
as inserting a coin into a control
.guard ring - 6.3.4.2c.

52. Annunciator response proce-
dures should be available in the
control room - 6.3.4.3a.

APPENDIX B3
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APPENDIX B4
DOCUMENTATION REVIEW CHECKLIST

INSTRUCTIONS

Collect the following documents and review them for the
information contained in the attached checklist:

1. Administrative Procedures concerning annunciators
2. Annunciator Response Procedures
3. Results from the following task'reports:
a. Convention Survey
b. System Function Task Analysis
c. Labeling Survey
4. Insure that all comments for NO checks include component,
instrument, panel, equipment, etc. identification and

location information.

5. Initiate HED reports on all NO checks per the directions
contained in the checklist analysis aids.

B4-1
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ANNUNCIATOR SYSTEM

1. ANNUNCIATOR RESPONSE
PROCEDURES

a. Response procedures should be
indexed by panel I.D. and tile
coordinates - 6.3.4.3b

b. There should be no alarms that
require the operator to direct an
auxiliary operator outside the con-

trol room to obtain more specific

c. Annunciators with inputs from
more than one plant parameter set
point should be avoided (multi-
input alarms that summarize
single-input alarms elsewhere in °

the control room are an excep-
tion) - 6030102(:(]‘.)

2. PLANT ADMINISTRATIVE
PROCEDURES

a. Periodic testing of annunci-
ators should be required and con-
trolled by administrative pro-
cedures - 6.3.4.1d(2).

b. If audible alarm intensity is
operator-adjustable, it should be .
controlled by administrative
procedures - 6.3.2.1b.

APPENDIX B4
DOCUMENTATION REVIEW CHECKLIST
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DOCUMENTATION REVIEW CHECKLIST

PLANT ADMIN PROCESS (cont)

c. When annunciator tiles must
be on for an extended period during
normal operations, it should be
controlled by administrative pro-
cedures (see also 6.3.3.2(1), item
19 on the Observations Check-

list) - 6.3.3.2£(2).

3. CONVENTIONS TASK
REPORT

a. Color meanings should not be
the only means for identifying
pertinent information, that is, all
color coding used should be

redundant information - 6.5.1.6a.

b. The number of colors used for
coding should be kept to the mini-
mum needed to provide sufficient

information and should not exceed
11 - 6.5.1.6b(1) and b(2).

c. Color meanings should be
narrowly defined - 6.5.1.6¢(1).

d. Red should mean unsafe,
danger, immediate operator action
required, or an indication that a
critical parameter is out of toler-
ance - 6.5.1.6c(2). )

It is important to note that in one
sense, a strict interpretation of

APPENDIX B4
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CONVENTIONS TR (Cont)

this statement would mean that a,

_ standard, and broadly applied

convention in the nuclear industry
was:incorrect. However, keep in
mind that flowing electricity
(closed breakers), flowing water or
steam (running pumps and open
valves), and an active reactor can
be considered inherently less safe
than a shut off or shut down
condition.

e. Green should mean safe, shut
off, shut down, no operator action
required, or an indication that a
parameter is within tolerance -
6.5.1.6¢(2).

f. Amber or yellow should mean
a hazard, potentially unsafe,
caution, attention required, or an
indication that a marginal value or

parameter exists - 6.5.1.6¢(2).

g. Meanings assigned to a partic-
ular color should be consistent

. across all control room appli-

cations regardless of whether it is
on a panel surface, in indicator
éights or in CRTs - 6.5.1.6d(1) and
2).

h. Abbreviations and acronyms
should be consistent across control

"room applications - 6.3.3.4d.

APPENDIX B4
DOCUMENTATION REVIEW CHE_CKLIST

N/A|YES

NO
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APPENDIX B4
DOCUMENTATION REVIEW CHECKLIST

4. SFTA TASK REPORT

a. The annunciator warning sys-
tem should be designed as the pri-
mary alerting interface with the
operator for out-of-tolerance con-
ditions. It should consist of three
major subsystems: auditory alert,
visual alarm, and operator
response. These three subsystems
should function to provide a pre-
fered operational sequence for
annunciator warnings - 6.3.1.1.

b. Visual alarm tiles should be
grouped by function, system, sub-
system, or other logical organi-
z(at)ion within ALBs - 6,3.3.3b and
d(2).

c. Prioritization of annunciators
should be based on a continum of
importance, severity, or need for
operator action in one or more
dimensions such as, the likelihood
of a reactor trip or the likelihood
of a release of radiation -
6.3.1.4a(2).

d. Tile legends should address
specific conditions rather than a
range of conditions and/or param-
eters. As an example, separate
tiles should be used to indicate
temperature-low, temperature-
high, pressure-low, and pressure-
high, rather than a single tile with
the legend HIGH-LOW TEMP-
PRESS - 6.3.3.4¢c.

TP-3.1
1 May 1983

N/A|YES

NO
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APPENDIX B5.1
MEASUREMENTS ANALYSIS

1. LINEAR MEASUREMENTS (LABELING)
1.1 ALB Summary Labels - 6.3.3.1.b(2)

a. If there are no summary labels, check N/A for criterion
6.3.3.1.b(2) in Appendix A.

b. If there are summary labels, calculate the visual angels
for each label for the operator positions listed in Table 1.1b

Table 1.1b
: MCB

ap ~ SAFETY SYSTEMS REAC  TURB  ELEC  RAD MON  OP'S

IDENT POS 1 _POS 2 CONT _ _GEN DIST _ CONSOLE _ _DESK
1.
2.
3.
4, :
5.
6.
7.

Calculations (use extra sheets, as needed):

85.1-1
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APPENDIX B5.1
MEASUREMENTS ANALYSIS

c. If all visual angles in Table 1.1b are 15 minutes of arc or greater,
check YES for criterion 6.3.3.1b(2) in Appendix A.

d. If there are visual angles in Table 1.1b less than 15 minues of arc,
record on an HED report form the position(s) and label(s) where this
is so. Include the code number TP-3.1B5.1.1 in data collection
description. For criterion 6.3.3.1b(2) in Appendix A, check the NO
column and record the HED report number and the code number,
TP-3.1B5.1.1 in the COMMENTS column

1.2 Tile Labels - 6.3.3.5a(1) and d(1) through d(6).

a. Calculate the visual angles for each character height at its farthest
left and farthest right location for each workstation in Table 1.2a,
below.

TABLE 1.2a

ALB NO/ STA 1 STA 2 STA 3 STA 4 STA 5
CHAR HT _LEFT RIGHT LEFT. RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT

Calculations (use extra sheets, as required):
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APPENDIX BS.1
MEASUREMENTS ANALYSIS

If all visual angles in Tabie 1.2a are 15 minutes of arc or greater,
check YES for criterion.6.3.3.5a(1) in Appendix A.

If any visual angles in Table 1.2a are less than 15 minutes of arc,-

record on an HED report form the position(s) and tile legend(s)
where this is so. Include the code number TP-3.1B5,1.2 in the data
collection description. For criterion 6.3.3.5a(1) in Appendix A,
check the NO column and record the HED report number and the code
number, TP-3.1B5.1.2, in the COMMENTS column.

Compare the character dimensions and legend measurements for each
character height recorded with criteria 6.3.3.5d(1) through d(6).

If all character heights and legends meet the criteria, check the
YES column for these criteria in Appendix A.

If any character dimensions or legend measurements fail to meet the

criteria, record on an HED report form the tile coordinates, character
height implicated, and a description of the failure. Include the code
number TP-3.1B5.1.2 in the data collection description. - For criteria

6.3.3.5d(1) through d(6) in Appendix A, check the NO column and record

the HED report number and the code number TP-3.1B5.1.2, in the
COMMENTS column,

B 5.1-3
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APPENDIX B5.2
MEASUREMENTS ANALYSIS
SOUND MEASUREMENTS (AUDIBLE SIGﬁALS)
2.1 Annunciator Audible Alarms - 6.3.2.1a.

a. Obtain the average ambient noise level in db(A) from the Ambient
Noise Survey Task Report (TR-1.6) and record below:

Average noise level: db(A)

b. Based upon the below adjustment factors, reduce each measured
annunciator alarm level and record in Table 2.1b.

SUBTRACT THIS AMOUNT FROM
MEASURED LEVEL (Lm) AND
AND RECORD IN TABLE 2.1b

ABSOLUTE DIFFERENCE BETWEEN
MEASURED LEVEL (Lm) AND
AVERAGE NOISE LEVEL (Ln)

b ped N
. .

'. L] L] . . L] L] L] L]
RN WWERONOOWNMN

o

(8]
t

.

TABLE 2.1b

MCB

ALARM ~ —SAEETY SYSTEMS REAC  TURB ELEC RAD MON  OP'S
LOCATION POS1  POS 2  CONT  GEN DIST CONSOLE  DESK
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APPENDIX B5.2
MEASUREMENT ANALYSIS

Compare all adjusted dB(A) levels in Table 2.1b to the average
noise level.

If all adjusted audible alarm levels are at least 10 dB(A) above
the average noise level check the YES column for criterion 6.3.2.1a
in Appendix A. »

If any adjusted alarm levels are less than 10 dB(A) above the
average noise level, record each occurance on an HED report form.
Include the code number TP3.1B5.2.1 in the data collection
description. For criterion 6.3.2.1a in Appendix A, check the NO
column and record the HED report number and the code number,
TP3.1B5.2.1 in the COMMENTS column.
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APPENDIX B5.3
MEASUREMENT ANALYSIS

3. LIGHT MEASUREMENTS (TILE FLASH CHARACTERISTICS)
3.1 Alarmed ﬁ]ash Characteristics - 6.3.3.2b.

From the recorded data, determine if the alarmed flash rate is
between 3 to 5 flashes per second and that the on-off ratio is
approximately 1:1. .

If both parameters meet the crite}ia, check the YES column for
criterion 6.3.3.2b in Appendix A.

If either parameter fails to meet the criteria, record the
discrepancy on an HED report form. Include the code number
TP-3.1B5.3.1 in the data collection description. For criterion
6.3.3.2b in Appendix A check the NO column and record the HED
number and the code number, TP-3.1B5.3.1, in the COMMENTS column.

3.2 Cleared Flash Rate - 6.3.1.5b(1).

From the recorded data, determine if the cleared flash rate is
approximately double or 3% the alarmed flash rate. .

If the cleared flash rate passes the criterion, check the YES
column for criteria 6.3.1.5b(1) in Appendix A.

." If the cleared flash rate fails to meet the criterion, record

the discrepancy on an HED report form. Include the code number
TP-3.1B5.3.2 in the data collection discription-:. For criterion
6.3.1.5b(1) in Appendix A, check the NO column and record the
HED number and the code number, TP-3.1B5.3.2, in the COMMENTS
column. .
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 APPENDIX B6
OPERATOR INTERVIEW/QUESTIONNAIRE
: ANALYSIS

GENERAL

a.

Review all questionnaires for completeness of biographical
information and question responses.

Delete incomplete and unusable questionnaires from the data
base. If required by contract, re-schedule these question-
naires for correction/completeness.

When the data base assembly is complete perform the anaylsis,
below.

BIOGRAPHICAL DATA

a.

Assemble biographical data and determine ranges and distribu-~
tions for all relevant dimensions.

Using appropriate statistics, determine the distribution
(or its approximation) for this data.

RESPONSE DATA

a.

Summarize all responses and determine percent frequency response
for each negative answer.

For each negative answer, initiate Preliminary HEDS (PHEDs) for
discrepancy review. Record frequency data, response question
number and data collection code number on each PHED. Code
numbers are developed as follows: (See List 3b for criteria)

Example:

TP-3.1B6

Task Plan
Number

.10
-[—-Question

Appendix Number

Submit all PHEDs to your immediate suéervisor.

Subsequent verification, validation and disposition of all PHEDs
will be conducted per TP-10.1 (HED Review Procedure).
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APPENDIX B7
OBSERVATION CHECKLIST
ANALYSIS

For each checklist item checked NO, initiate an HED
report. Enter the HED report number in the COMMENTS
column of the checklist for that item. Include all
necessary information on the HED report concerning
identification of the discrepancy and the criteria
(checklist item) not met.

Enter the following code number in the data collection
description: ~

TP-3.1B3.n

Checklist Item Number

Find the appropriate criterion or criteria in Appendix A
from the reference number in the checklist item. Check
the NO column and enter the HED number and the data
collection code number in the COMMENTS column for that
criterion or criteria.

B7-1

1 May 1983



TP-3.1
ANNUNCIATOR SYSTEM 1 May 1983

APPENDIX B8
DOCUMENTATION REVIEW CHECKLIST .
ANALYSIS

1. For each checklist item checked NO, initiate an HED
report. Enter the HED report number in the COMMENTS

. column of the checklist for that item. Include all
.. necessary information on the HED report concerning

R jdentification of the discrepancy and the criteria
‘ (checklist item) not met.
2. Enter the following code number in the data collection
description:
TP-3.1B4.n
Checklist Item Number
O 3. Find the appropriate criterion or criteria in Appendix A
. from the reference number in the checklist item. Check

e the NO column and enter the HED number and the data
. collection code number in the COMMENTS column for that
” criterion or criteria.
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HUMAN ENGINEERING DISCREPANCY (HED) REPORT
, T roRTIT
T ORIGINATOR: HED NO.:
. VALIDATED BY: DATE: _
a) HED TITLE:
S b) 1TEMS INVOLVED:
@
Yo,
- G c) PROBLEM DESCRIPTION:
: : d) DATA COLLECTION DESCRIPTION CODE NUMSER:
e) SPECIFIC HUMAR ERROR(S):
P ]
. Y
I
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