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FOREWORD

This Control Room Design Review (CRDR) Implementation Guideline
was developed by the Nuclear Utility Task Action Committee
(NUTAC) for CRDR to assist individual utilities in developing a
plan for the implementation of their CRDR.

The INPO Analysis and Engineering Division Industry Review Group
identified the need for a utility committee to deal with the CRDR
item of the TMI Task Action Plan. The charter for such a group
was approved by INPO management. The CRDR NUTAC, formed after
this approval, identified several areas in which individual
utilities could use assistance in the implementation of CRDRs.

This document is the first product of the CRDR NUTAC. Other
supporting documents addressing human engineering principles,

survey guidelines, and task analysis for control room design
review are also being developed by the CRDR NUTAC.







CHARTER
NUCLEAR UTILITY TASK ACTION COMMITTEE
ON
CONTROL ROOM DESIGN REVIEW

The Nuclear Utility Task Action Committee (NUTAC) on CRDR has
been established by a group of representative utilities in recog-

rition of the need for guidance con performing a CRDR. The

principal objectives are (a) to determine the boundaries of the
CRDR, (b) to develop a methodology, (c) to define terms, (d) to
integrate other initiatives with the CRDR (e.g., SPDS develop-
ment, EOP development, staffing, and training), and (e) to
provide practical implementation guidelines that include but are
not limited to the following:
0 a CRDR methodology and implementation guideline

a guideline on the develcyment of CRDR survey checklists

a CRDR task analysis guideline

a set of human engineering review principles

a guideline for validating the effectiveness ot the

control room in supporting emergency operation given the

current EOPs, operating crew, and their training

The NUTAC will consider the need for other activities of generic
benefit to the industry after the CRDR requirements are issued.

The NUTAC will establish liaison and solicit support from indus-
try groups such as NSSS owners groups, AIF, INPO, and EPRI.
Communication on this industry initiative will be maintained with
the NRC. Providing the NUTAC consensus to the NRC will help
shape both the regulator and industry perspective on CRDR inte-
gration issues,
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SUMMARY

This CRDR Implementation Guideline has been developed by the CRDR
NUTAC to assist individual utilities in developing their CRDR
program pl.ns in response to NUREG-0737, Supplement 1. The
implementation guideline was written in response to a utility
industry request for assistance in the area of human factors, in
general, and the CRDR, in particular. The implementation guide-
line, as its name implies, is offered as guidance only. There is
no obligation for any nuclear utility to follow the recommenda-
tions in the guideline.

The implementation guideline is divided into two distinct but
complementary parts, The first part, the guideline portion,
liecs specific functional areas that should be addressed in some
form by utilities developing a CRDR program plan. The second
part is an example CRDR implementation program plan provided as
the appendix.

The first part of the implementation guideline addresses the
specific functional areas, or groupings, considered by the NUTAC
to be the mirimum necessary to formulate a workable and effective
CRDR program plan. Within each functional area, specific charac-
teristics are listed to help guide each utility during program
development. There is no guidance provided concerning how a
utility should address the topic in guestion--that is left up to
the individual utility. The purpose in listing the topics is to
provide a checklist so that all aspects are considered during the

program plan development process,

The second part of the implementation guideline is an example
CRDR implementaticn program plan developed around a fictitious
nuclear utility. The purpose of this example is to show in
detail how a utility might develop a program plan using the
guidance provided in the body of the guideline. It is not the



intent of this example to provide a prototype program plan or to
force all utilities to conform to the structure of the fictitious
plan. It is simply an illustrative example for the information
of the reader and, hopefully, user of the implementation guide-
line. The example is the appendix to this document.
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T'he example CRDR implementation plan 1s provided for
information and to be used in forming a plant-specific

plan. It can be modified by the plant-specific process.

Once the element order and interaction are established

by the utility, a schedule can be developed to identify

the time-critical elements, With this information, an
implementation date for each element can be identified,
and utility resources can be assigned to support the

implementation plan and schedule.

In this implementation guideline, brackets (| are
used after each section title to i1dentify the section of
the example program plan 1n which the guidance 1s

addressed.







DEFINITIONS AND ACRONYMS

2.1 DEFINITIONS

Control Room Design Review (CRDR) - A post-TMI task listed in
- ) |

NUREG-0660, "Task Action Plan Developed as a Result of the
TMI-2 Accident,”™ and NUREG-0737, the staff supplement to

NUREG-0600, as Task I.D.l.

Control Room Survey - One of the activities that constitutes

a CRDR. The control room survey 18 a static verification of
the control room performed by comparing the existing control
room instrumentation and layout with selected human engineering
design criteria, 1.e., checking the control room match to the

physical capabilities and limitations f the human operator,

Elements of a Utility CRDR Implementation Process - Necessary

parts of a cohesive CRDR implementation process that a util=-
ity should consider in developing and reviewing its implemen-

tation plan and schedule.

Emergency Operating Procedures (EOPs) - Plant procedures

directing the operator actions necessary to mitigate the con-
segquences of transients and accidents that cause plant param-
eters to exceed reactor protection setpoints, engineered
safety feature setpoints, or other appropriate technical

limits,

Emergency Procedures Guidelines (EPGs) - Guidelines, devel-

oped from system analysis of transients and accidents, that

yrovide sound technical bases for plant-specific EOPs.
3 t

Human Engineering Discrepancy (HED) - A characteristic of the

existing control room that does not comply with the human

engineering criteria used in the cont 1 room design review.




Nuclear Utility Task Action Committee (NUTAC) for CRDR =~

Representatives from various nuclear utilities and INPO who
are organized to define areas of CRDR implementation for
which an overall industry effort can provide assistance to

individual utilities in completing Task I.D.l, NUREC-0737.

Operational Experience Review - On» of the activities that

constitutes a CRDR. The operating experience review screens
k ] k
plant operating documents and operator experience to discover
humzn engineering shortcomings that have caused. uld
3 J }

have caused, actual cperating problems the

Review Team - A group of individuals responsible (or direct-
| : t £

ing the CRDR of a specific control room. (See Survey Team.)

Safety Parameter Disp’ay Systems (SPDS) - An aid to the con-

trol room operating crew for use in monitoring the status of
critical safety functions (CSFs) that constitute the basils

for plant-specific, symptom-oriented EOPS.

Survey Team - A group of individuals responsible for conduct-

ing the control room survey. The survey team may or may not

include individuals from the review team, (See Review Team,)

System Function Analysis - The determination of system func-

tions required to meet system goals.

Task Analysis - The systematic process of 1dentifying and

examining operator tasks in order to identify conditions,
instrumentation, skill, and knowledge associated with the
performance of a task, In the CRDR context, task analysis 1s
used to determine the individual tasks that must be completed
to allow successful emergency operation. In addition, this
activity can verify and validate the match of information
available in the control room to the 1nformation requirements

of the emergency operating tazks,




Validation - The process of determining whether the control

room operating crew can perform their tasks effectively given
the control room instrumentation and controls, procedures,

and training. In the CRDR context, validation implies a

dynamic performance evaluation.

vVverification - The process of determining whether 1nstrumen-

1y

tation, controls, and other equipment exist to meet the
speclfic regulrements of the emergency tasks performed by
operators. In the CRDR context, verification implies

static check n 1 t on against human 2ngineering

criteria.




2.2 ACRONYMS

APLC - Acworth Power and Light Company (fictitious)
CRDR Control Room Design Review

CRO Control Room Operator

CRT Cathode Ray Tube

CSF Critical Safety Function

EOP Emergency Operating Procedure

EPG Emergency Procedure Guideline

ERF Emergency Response Facillity

HED Human Engineering Dliscrepancy

HFS Human Factors Specialist

HNP Horizon Nuclear Plant (fictitious)
I&C Instrument and Control

INPO Institute of Nuclear Power Operations
LER Licensee Event Report

NRC Nuclear Regulatory Commission

NSSS Nuclear Steam Supply System

NUTAC Nuclear Utility Task Action Committee

OFP Operational Feedback Program (fictitious)

P&ID Piping and Instrumertation Diagram

PAM Post-Accident Mon1itoring
PSER Plant Significant Event Report (fictitious)
PDSF Personnel Demographic Summary Form
PTR Plant Trip Report (fictitious)
PTRB Procedures and 'Taest Review Branch (of NRC)
PWR - Pressurized Water Reactor
QISF Questiornaire Item Summary Form
RO Reactor Operator
significant Event Evaluation and Information Network
Significant Event Report
Subject Matter Expert
Significant Operating Experience Report
Safety Parameter Dis

>lay System

4
£

Senior Reactor Operator




- Three Mile Island

- Tennessee Valley Authority

- Westinghouse Owners Group







IMPLEMENTATION ELEMENTS [2.3])

)

Many elements should be taken into account when developing a
Y I J

1

CRDR implementation plan. The following list represents the

basic elements of any cohesive CRDR implementation process,

Each element is described briefly, followed by an identifica-
tion of some major items that should be considered as part of
the element. Many of the elements may be addressed pre-
viously by existing utility activities and need only be

coordinated with the CRDR process,

The following elements, gro by implementation phase, are
identified and described in this guildeline:
o Planning

organlizaticn of elements

focus and extent of the review

review team composition

review team orientation

use of EPGs/EOPs

Execution Phase
surve Y
perating experlience review
task analysis

inventory

Assessment Phase
human engineering re: w principles
1ssossment )f HEDS
effect of operator aids
of current modifications

ization of HEDs

Correction Phase
enhancements and modifications

procedure changes




O

O

operator training

crew statffing

scheduling corrections

Effectiveness Phase

validation

feedback

upkeep

Documentation Phase

document control

working documents

summary report

PLANNING PHASE

The planning phase establishes the organization and
t 4 M E

focus for the entire CRDR.

3.1.1

Organization of Elements [2.3]

The elements of a CRDR shouid be organized as a
planning aid for CRCR project personnel and to
provide criteria for post-CRDR review. A CRDR
implementation plan is the framework within which
the implementation elements are organized. The
organization of elements must be comprehensive,

adaptable to changing conditions, and consistent

with the utility organization., Through a logi-

cal, plant-specific organization cf elements, the
utility can identify where the function of each
element is performed. In addition, each element
can be ordered within the implementation process,
and individuals within the utility can be assigned
responsibility for each element's performance.
After the order of the process is identified,
timing requirements can be projected, and a ten-

tative schedule can be developed. Many of the




elements might provide necessary or important
feedback to other elements, requiring certailn
assumptions developing an initial CRDR imple-
mentation plan. It is recommended that these
assumptions be specified as part of the documen-
tation assoclated with each of ¢t

elements in the pl:

Focus and Extent o the Review 12:3:1)

The CRDR 1mplement on plan should describe
explicitly the cus and extent of the CRDR. The
exten he CRDK shou be described 1n as much
detail S pOSS e S h 10 misunderstanding

will arise as to the » being reviewed.,

lf"t, ender on
he y:asis placed o yus activities during
the 71€e\ ( (ample, h y emphasis 1S

placed onl on tl arrangemen of instruments and
i ]

controls S not é to expect the

CRDR to help restructure a utility's training

1 1

program Likewls he task lalysis is
focused only on del } the requisite knowl-
edge . and aj tuces f« normal opera-

tion, t one shoul not much 1nformation

oncern

i be on the

rations ana

management and

emergencilies, The analytic




resources used for the CRDR are directed toward
this success 1in emergency operation. Beyond
emergency operation, a secondary focus of the
CRDR is the documentation of problems known t«
exist during normal operations, The CRDR should
extend beyond the control roum only to those
perating stems needed under emergency condil-
and should focus on those systems with
implications,
Each activity in the CRDR 1s meant to gather
information concerning the ability of the control
room design to support emergency operation and
sustain normal operation. The control room sur-
vey does not discriminate among normal, abnormal,
and emergency operation but does compare control

room desigr haracteristics wilith human engineer-

ing criteria. The operating experience review

will define problems encountered during actual

ylant operation which generally 1s conducted
P ’ ] 4
under normal conditions. The task analysis acti-

vity addresses emergency operation only.

Review Team Composition [3.2]

The CRDR is best approached as a multidisciplinary
team activity since the support of plant opera-
tion is itself a multidisciplinary activity. The
purpose ot RD S to assess the control room

in terms of human engilineer g desilg haracter-
1stics, However, many aspects of the phys
control room layout are not analyzed easil

without input from fields other than human fac-

tors.




The formation and maintenance of a review team

can be facilitated by using a core group of indi-
viduals as the review team and supplementing this
core group as necessary throughout the CRDR. The
individuals in the core group should assume over-
all responsibility for the CRDR, whereas any sup-
plementary people can serve as limited duration

team members with responsibility for a2 particular

aspect of the CRDR, as the situation dictates.

When addressing the review team composition 1n
the formulation of a CRDR implementation plan, it
is suggested that personnel from the follcowing
disciplines be available to the review team--even
if only in a part-time advisory role:

© huqnan factors engilneering

o plant operations

n design engineering

0 training

O maintenance

O procedures

O instrumentation and control (I&C)

It should be recognized that the CRDR 1s, 1n
essence, a human factors review. As such, the
input of human factors expertise is essential to
the conduct of a meaningful review. Each utility
review team will be different, depending on the
focus of the review (Section 3.1.2) and the
availability of qualified Individuals in each

field.

Review Team Orientation (3.5]
Each utility review team should have some common
level of understanding with respect to the plant

operations, the focus of the review, the




techniques to be used during the review, and the
perspective of other team members. Some orien-
tation will be required to achieve such a basic
level of understanding. Execution of the actual
CROR activities will fill in gaps in this basic
level of understanding. If the gaps are exten-
sive, the time required for execution anc effec-

tiveness will be increased.

The type, depth, and duration of orientation
should be assessed in the formulation of the CRDR
implementation plan. When addressing this ele-
ment, consideration of the following major items

should be included:

© minimum level of understanding of plant opera-

tions and normal plant evolutions acceptable
tor the review team memters

composition of the review team

division of labor among the team members
compatibility of experience of review team
members

focus of the CRDR

use of orientation programs in each area of
expertise

time frame for the CRDR, including any neces-

sary orientation

Use of EPGs and EOPs [4.3]

Since the focus of the task analysis portion of
the CRDR 1s on operation under emergency condi-
tions, the new symptom-oriented EPGs (and the
resultant, plant-specific EOPs) should figure
prominently in any implementation plan. The EPGs
are the logical basis upon which the CRDR can be
built. Even if the focus of a particular utility

CRDR extends beyond emergency operation, the




3.2

symptom-oriented EPGs should still serve as the
basis for the emergency operation portion of the

review,

It is possible, even probable, that plant-specific,
symptom-oriented EOPs will not be implemented by
the time the CRDR hbegins. However, it has been
shown in the INPO/TVA Pilot Systems Review report
(INPO 82-014) that the guidelines for such proce-
dures can be used effectively as the basis for

the systems review portion of the CRDR. In fact,
the task analysis conducted for the CRDR can be
used to develop plant-specific EOPs from generic
EPGs.

When considering the use of EPGs and EOPs in

formulating a CRDR implementation plan, the fol-

lowing major points should be addressed:

o availability of approved EPGs

o schedule for implementation of new plant-
specific EOPs

0 review team understanding of symptom-oriented
emergency procedures

o incorporation of changes in the EPGs and EOPs

into the task analysis

EXECUTION PHASE
The execution phase is associated with the performance

of activities that can identify human engineering dis-

crepancies (HEDs).

3.2.1

Survey [4.2]

The control room survey 1s an explicit, well-
defined contro! room design verification activity
within the CRDR. The survey consists of compar-
ing the characteristics of the existing control

-]T=




room with commonly accepted human engineering

design criteria.

The major items to be considered when addressing
this element in the formulation of a CRDR imple-
mentation plan are the human engineering criteria
to be used in the review and tte extent of the
survey. Criteria should be developed to support
the focus and extent of the CRDR. Reference
criteria can be found in Section 6, NUREG-0700,
"Guidelines for Control Room Design Reviews."
Other applicable human engineering criteria also
may be used to support the desired focus (see
Control Room Design Review Survey Development
Guideline, also being dJdeveloped by this NUTAC).
Although the survey guidelines could be applied

to any operational area of the plant, the control
room survey should be focused on the operating
panels and environment inside the control room.

Whatever criteria are chosen for use, they should

be referenced explicitly in the implementation

plan. The following aspects of the survey should

be considered:

o completeness of the survey criteria

o applicability of survey criteria to the focus
of the CRDR

o training of the survey team(s) in the use of
the selected criteria

o availability of equipment to measure the param-
eters necessary to meet the selected criteria

o auditability of the technique(s) used to apply
the survey criteria

o documentation of survey results

o description of the specific operating areas to

be surveyed




3.2.2

Operating Experience Review [4.1]

This element is also a well-defined activity
within the CRDR, meant to review the experience
gained through actual plant operation. The moti-
vation for this activity is to determine what
problems have occurred (and recurred) during
actual plant operation by questioning operating
personnel and reviewing operating documents. For
plants that have operated some time, this element
of the CRDR is very effective in providing
details concerning normal and abnormal operating
modes. For new or “"near-term" plants, this ele-
ment is not as productive, although experience
from plants of similar design will still be use-
ful.

An operating experience review may consist of

operator interviews, a review of plant trip logs,

and possibly a review of Licensee Event Reports

(LERs). INPO Significant Event Evaluation and

Information Network (SEE-IN) reports, such as

Significant Event Reports (SERs) and Significant

Operating Experience Reports (SOERs), can provide

generic information on operating experience. The

best use of LERs is as a means of confirming

problems uncovered during the operating experi-

ence review, When addressing this element in the

formulation of a CRDR implementation plan, the

following major items should be considered:

o availability of experienced operators

o type of interview technigue to be used

o availability of skilled interviewers

o willingness of management to allow the opera-
tors' interview responses to be anonymous

o willingness to forego punitive action based on
interview results

-]



3.2.3

© availability of reactor trip reports or plant
significant event reports
©0 availability of operator logs

Task Analysis [4.3]

The use of the term "task analysis" in the CRDR
has caused some confusion. Of all implementation
elements, the task analysis is probably the least
understood and, hence, may reguire more time and
effort to be integrated properly with other CRDR
activities, It is vital to the outcome of the
CRDR that adequate attenti.on be given to task
analysis, since it can integrate the operational,
dynamic aspects of plant operation with the
results ot the survey and the operating experi-
ence review,

The task analysis is used to delineate the spe-
cific actions (automatic and manual) that must
take place to accomplish system functions. For
the CRDR task analysis, the emergency procedure
guidelines (EPGs) can be the technical Dbases for
emergency operation., Task analysis is addressed
in more detail in the "CRDR Task Analysis Guide-
line," developed by the CRDR NUTAC.

The level of detail and types of information
collected during task analysis are dependent on
the focus of the CRDR. When addressing this
element in the formulation of a CRDR implementa-
tion plan, the following major items should be
considered:
o focus and desired output of the overall CRDR
o availability of personnel to conduct task
analyses

=20~




3.2.4

o definition of how the implementation plan can
make use of industry and owners group task
analyses

o verification of instrumentation and controls
validation of control room functions

o extent of training required by review person-
nel in the use of task analysis

o degree to which ongoing control room activ-
ities will be disrupted by task analysis

o documentation necessary to use data from the
task analysis in defining potential control

room deficiencies

Inventory

Developing an inventory of control room instru-
ments and controls only creates a list and does
little to support the main focus of the CRDR.
This main focue is on the adequacy of the control
room indications and controis to support opera-
tion under emergency conditions., The function
intended for an inventory is to determine whether
the instrumentation and controls needed to sup-
port operation under emergency conditions actu-
ally exist. An inventory, when combined with the
output of task analysis, is only one means of
accomplishing this function. It also can be
accomplished by performing a walk-through verifi-
cation of the task analysis in a mock-up, simula-
tor, or control room. In an effort toc reduce
duplication during the execution phase, it is
recommended that the function intended for an
inventory be acconplished as part of the task

analysis.
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ASSESSMENT PHASE [5.]
Following the identification of human engineering dis-

crepancies, the review team must assess cach HED to

determine if it represents an actual problem or only a

deviation from accepted standards. An HED is & problem

only if it deviates from the principles of design upon

which the standards are based and cannot be offset by

other considerations,

3.3.1

Human Engineering Review Principles [5.2]

During any design process, certain principles are
used to define the specific characteristics of
the item being designed. Due to the trade-offs
made during the design process, the finished
product may not comply with some desirable design
criteria. During the survey phase of the CRDR,
the existing control room is reviewed for compii-
ance with commonly accepted human engineering
design criteria. These criteria can be found in
many source documents, such as NUREG-0700, MIL-
STD-1472C, etc. Aspects of the control room that
do not conform to design guidelines are classi-
fied as HEDs. The next implementation element
(Section 3.3.2) deals with the assessment of HEDs
to determine the potential seriousness of errors
that might result from such discrepancies.

It can be useful during the assessment phase of
the CRDR to keep in mind the human factors prin-
ciples on which detailed survey guidelines are
based (see "Human Engineering Review Principles,"
also being ueveloped by this NUTAC). During the
control room survey, it is easy to lose sight of
where the detailed survey criteria originated and
why they were developed. The inclusion of basic
human engineering principles in the development




3.3.2

of the CRDR implementation plan serves as a
reminder that the measurements and values con-
tained in detailed guidelines are not to be
interpreted as absolute, inflexible numbers.

When addressing this element in the CRDR imple-

mentation plan, the following major points should

be considered:

o the level of detail of the principles

o the applicability of particular principles to
the control room

o cross-reference of principles to the detailed
survey guidelines

o the behavioral criteria used to judge tnat a
principle has been met

o the population to which the principle is to be
applied

o the experience of review team members in
interpreting human factors principles

o the completeness of the set of principles used

Assessment of HEDs [5.2]

puring the review phase of the CRDR, HEDs are
attributed to design characteristics that deviate
from certain human engineering criteria. How-
ever, not all HEDs will affect operator perfor-
mance adversely. During the assessment phase of
the CRDR, each HED should be evaluated against
the appropriate task requirements (Section 3.2.3)
and human engineering principles (Section 3.3.1).
If it is determined that an HED doces not affect
operator performance adversely, it can be either
discarded or greatly reduced in priority (Section
3.3.5).
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When developing an implementation plan for the

CRDR, the following items regarding HED assess-

ment should be addressed:

o criteria to be used for assessing HEDs

0 review team members responsible for HED
assessment

o provisions for documenting dissenting opinions
regarding the assessment of specific HEDs

o procedure for determining the disposition of
HEDS that do not affect operator performance

Effect of Operator Aids [7.]

The presence of operator aids such as SPDS can
profoundly affect the way control room operators
handle emergency situations. Some utilities may
have installed their SPDS prior to the start of
the CRDR. Many utilities will not have installed
SPDS hardware; however, some major design deci-
sions for the SPDS may be made before completion
of the control room review. Other aspects of
SPDS design may, in fact, depend on the outcome
of the CRDR. For instance, the results of the
CRDR systems review can have a significant impact
on the definition of the SPDS data base. Regard-
less of the specific design process used to
define an SPDS, the CRDR and SPDS activities are
interrelated in many ways.

when formulating an implementation plan for the

CRDR, the following major items shculd be

addressed: i

o schedule for SPDS implementation

o interaction of SPDS with new EPGs and other
computerized operator aids

o intended function of SPDS in the control room

environment
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3.3.4

© SPDS design decisions already made

© SPDS design decisions requiring input from the
CRDR

o inclusion of the SPDS expertise on CRDR review
team

0 potential use of computerized cperator aids to
mitigate deficiencies found during CRDR

Effect of Current Modifications [5.3]

A nuclear power plant control room is not a
static entity. Even without certain requirements
being issued by the NRC, control room modifica-
tions would still be required as a result of the
utility engineering change and upgrade process.
It is important to consider any pending modifica-
tions during the CRDR, since they might affect
the assignment and disposition of HEDs. Even-
tually, some process should be established
whereby human engineering input is part of the

engineering change process (Section 3.5.3).

Consideration of current control room modifica-
tions during the development of a CRDR implemen-
tation plan should include the following major
items:

0 determination of anticipated control room
modifications already in the engineeriny
change process

o schedule of current modifications with respect
to CRDR schedule

0 utility resources common to both current modi-
fications and CRDR

o determination of human factors impact of cur-

rent modifications
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Prioritization of HEDs [5.2]
One of the most perplexing problems associated
with the CRDR is prioritizing the HEDs resulting

from the review. The development of an adequate
prioritization scheme is critical to the proper
disposition of HEDs. The proper disposition
depends on the focus of the CRDR and the analysis
activities, If the focus of the review is to
ensure the adequacy of control room design for
emergency operation, then the disposition of
certain HEDs may well be diiferent than if the
focus of the CRDR is to improve normal! operation.

Whatever prioritization scheme is used to rank

HEDs, many considerations shouid enter into the

determination of HED priority. The effect of

HEDs on safe plant operation must be given the

greatest weight during the assessment phase of

the CRDR. When considering this element in the

develogment of a CRDR implementation plan, how-

ever, the following major items should be

considered:

o potential effects on safe plant operation
during emergencies

o potential solutions for multiple HEDs (e.g.,
many HEDs on one panel)

o available methods of mitigating HEDs

o related regulatory issues

o use of SPDS or other operator aids to mitigate
HEDs

o methods for determining when HEDs are not real
deficiencies

o possibility of grcuping HEDs for common soclu-
tion
methods for assigninyg costs/benefits to HEDs

o effects of negative transfer of iraining
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o interaction of HEDs with new symptom-oriented
procedures

o availability of generic or plant-specific PRA
results

CORRECTION PHASE [5.3]
During the correction phase, enhancements and modifica-

tions to the control room are coordinated with the

required operating procedure changes, operator training

and crew staffing.

3.4.1

Enhancements and Modifications [5.3, 5.4]
Enhancement and modification are two methods of
eliminating or mitigating HEDs. Enhancements are
changes to the control room, boards, and instru-
ments that do not require the movement of instru-
ments, controls, or annunciators. Some common
enhancements are the addition of mimic lines to
panels, color padding functionally related instru-
ments, changing ‘ndicator scales, and replacing
labels on panels. Modifications are changes that
involve physical movement of instruments or
changes in the way systems operate, Modifica-
tions also may require changes to the layocut of
the control room and the structure of the control
boards.

Some enhancements are relatively inexpensive and
straightforward, whereas others can be time-
consuming and costly. Likewise, certain types of
modifications can be done fairly easily, while
extensive modifications may require the redesign
and reanalysis of entire boards.

Durinao the assessmenc phase of the CRDR, the
review team recommends methods for mitigating or
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3.4.2

eliminating HEDs that are judged to have serious

consequences, Enhancement and modification are

two such methods and should be included in the

development of the CRDR implementation plan by

considering the following major items:

o the existence of various methods for control
board enhancement and modification

©0 the resources and time required for different
methods

© the durability and suitability of control
board enhancement materials

o the extent of modification allowed before
seismic reanalysis is required

o the classes of HEDs that are amenable to miti-
gation through enhancement and modification

o trade-offs among enhancement, modification,
redesign, and retraining

o the relative cost of different enhancement
techniques

o the effect on operator performance of enhanc-
ing or modifying a few selected parts of the
control board versus large areas (slight
changes can have detrimental effects)

o the in-house resources available for carrying
out enhancements modifications

o scheduling control room changes to coincide
with plant outages

o other scheduling constraiats

o the human engineering review of planned
changes

o verification of planned enhancements and modi-
fications before they are finalized

Procedure Changes [7.]
Changes in the control room may require proce-
dural changes. This applies to both normal and
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emergency proccdures, since some control room
eguipment is referenced by both types of proce-
dures. Omission of this element can invalidate
even the most conscientious CRDR, since operator
training is based largely on plant procedures.

If control room changes are not incorporated
promptly into procedures, then operators trained
with those procedures will not be able to take
advantage of CRDR-instituted improvement and may,
in fact, be more prone to error than before the

changes were made.

Though often overused, procedural changes should
not be overlooked as a method for correcting
HEDs. When used sparingly and consistently, pro-
cedure changes can be very effective in correct-
ing or mitigating HEDs. Overuse of this method
will be ineffective and can even degrade operator

performance.

When addressing this element during the formula-
tion of a CRDR implementation plan, the following
major items should be considered:
o mechanism for incorporating control room
changes into procedures
o use of actual plant procedures in operator
training programs
time delay for procedural change
methods used to ensure all procedures avail-
able in the control room are up to date
o0 guidance for procedure format and content

Operator Training [5.5]

As changes are made to the control room, the
control room operators must be kept abreast of
those changes. Therefore, one of the CRDR
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implementation elements addresses the training
necessary to account for control room changes.
The type and extent of operator training will
depend on the timing and extent of control room
changes as well as the structure of the existing
training program within each utility. Such
training should take advantage of any lessons
learned during the CRDR. Due to the interdepen-
dence of several post-TMI activities and any
ongoing utility-mandated control room changes,
operator training activities must be sensitive to
areas where coordination is important to main-
taining plant operational safety.

The following major items should be considered

when addressing operator training in the CRDR

implementation plan:

o types of personnel to be trained on changes

o type of training (initial, refresher)

o method of *raining (simulator, on-the-job,
self-study, classroom)

o operator knowledge and skill requirements

o operator licensing requirements

o effect of training for multiple units where
changes are made on one unit at a time

o effect on plant operation while training oper-
ators on changes not yet in place

o effect of training operators on "piecemeal"
changes versus training on all changes imple-
mented at one time

o effect of “"piecemeal"™ implementation of
changes

o schedule of operator training to coincide with
major outages

o method for ensuring operator feedback into

training program
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3.4.4 Crew Staffing
One area that should be considered when develop-
ing corrections to HEDs is crew staffing and
gqualifications, Current crew staffing levels and
qualifications should be reviewed to determine
whether changes in staffing can correct certain
HEDs. Although increasing the number of people
in the control room crew can give a false sense
of security, it can be very effective for short-
term mitigation of specific HEDs. A design
change then can be implemented in a reasonable
time frame and the staffing returned to the pre-
vious level. However, it alsc should be noted
that the control room design often limits the
number of operators who can be utilized

effectively.

When addressing this element during the correc-
tion of HEDs, the following major items should be
considered:

o if the crew members were added for specific
emergency tasks, how additional crew members
will be used during normal operation

o long-term cost of additional crew members
versus a design change

o qualification and training requirements for
additional crew members

0 acceptance of additional crew members by
current crew

0o restirictions placed on activities to be
performed by additional crew members

3.4.5 Scheduling Corrections [7.1]
Developing a schedule for HED corrections is a
separate and distinct task from HED prioriti-
zation. Many corrections can be implemented
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3.5

quickly regardless of their assigned priority.
Corrections for some of the highest priority HEDs
may require a good deal of time for engineering
design, purchasing, and installation. If the
safety significance of such an HED is determined
to be high, an interim correction may reduce the
priority of the ultimate change.

When scheduling corrections, the following major

items should be considered:

o plant outage schedule (e.g., refueling)

O manpower requirements

o integration of corrections with other planned
station design changes

o integration of corrections with training
requirements for those changes
development of procedural changes

o time requirements for engineering, purchasing,
installation, and testing

EFFECTIVENESS PHASE
The effectiveness phase is concerned with evaluating the

control room design enhancements and modifications.

This phase is an ongoing process to determine if the

changes were effective and to ensure that future changes

maintain this same level of effectiveness.

3.5.1

validation [4.3]

As with feedback (Section 3.5.2), some type of
validation process should occur in which changes
are evaluated to determine whether they have
mitigated the problems for which they were
developed. Validation and feedback are closely
related concepts, but validation is a more struc-
tured technigue to determine that the proposed
modifications produce the desired result, The
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validation referred to here is a hardware system
validation in which changes or modifications on
certain systems or components are assessed to see
whether or not they have alleviated specific
human engineering problems.

It is important to consider validation early in
the implementation process, although the valida-
tion itself starts during the assessment phase of
the CRDR. The ultimate success of the CRDR in
improving operations within the control room
depends in large part on the assurance that prob-
lems actually have been corrected. More guidance
in this area will be provided by the Component
Verification and System Validation Guideline,
developed by the Emergency Response Capability
NUTAC.

When addressing this element during the formula-

tion of a CRDR implementation plan, the following

major items should be considered:

o familiarity of the review team with validation
methods

o extent of validation considered adequate

o ability to validate proposed changes before
they are put into place

o use of operational personnel in validation

o wuse of design aids, such as mock-ups, to vali-
date proposed changes

o use of training aids, such as a full-scale
simulator, to validate proposed changes

o the extent to which validation will be used as
a CRDR audit criterion

o integration with EOP validation

©0 integration with validation of training
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Feedback [5.5)

The CRDR can be completed in about one year.
However, changes made as a result of the CRDR
will have long-term effects on plant operation.
As HEDs are identified and changes are made, some
mechanism is needed to feed back the effects of
any changes. At least one feedback path should
lead to the design engineering organization where
it is treated as input for future designs., With-
out a feedback mechanism, it is entirely possible
that changes can go unreported and have adverse
effects on plant operation.

Feedback can take many forms. The mechanism for
feedback can be something as simple as verbal
operator reports of control room problems. Some
plants already have fairly elaborate procedures
in place whereby the effects of control roor
changes can be reported. The important idea
represented in this element is that changes
should not be made and then simply closea out
with no provision for operational feedback based
on experience. Some of the technigues used in
the operating experience review (Section 3.2.2)
can be incorporated as feedback mechanisms.

wWhen addressing this element during the formula-

tion of a CRDR implementation plan, the following

major items should be considered:

o procedures for soliciting operator comments

o the ability of operators to report problems

o inclusion of feedback into the engineering
change procedures

o training operators as to the criteria by which
changes should be judged
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o the extent to which resistance to control room
change (e.g., ego involvement) can be overcome

o the involvement of operational personnel in
the early stages of the change process

o 1industrywide feedback programs

3.5.3 Upkeep [5.5]
Completion of the CRDR and implementation of the
resulting control room changes will establish a
benchmark for control room operability. If
efforts are nct instituted to maintain this
basis, in time, the control room design basis
will be altered, just as the initial design basis
was modified by backfits.

When addressing this element during the formula-
tion of a CRDR implementation plan, the following
major items should be considered:

o the assignment of an individual or group with-
in the utility organization who will be respons-
ible for maintaining the control room design
basis

o the use of the control room survey and human
engineering review principles to maintain the
control room design basis

o the use of task analysis to maintain control

room design basis
o the use of operator review during the control

room design modification process

DOCUMENTATION PHASE ([6.]
The CRDR must be documented. The CRDR documentation

should describe the methodology used in the review and
the results obtained. Adequate documentation fulfills
two purposes. First, it provides an historic record of
the review process itself, not just the outcome. This
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has been the missing piece in many nuclear design
efforts in the past. Second, good documentation

provides an audit path for the utility and the data

necessary to maintain the control room design basis.

Documentation must be designed properly and must be

accessible to the utility review team. Such documenta-

tion can be used to generate a summary report and to
provide audit criteria for the CRDR.

3.6.1

3.6.2

Document Control [6.1, 6.2]

The CRDR will generate many documents. To manage
this information and to make it accessible, ade-
guate document control proceiures should be in
place prior to the start of the review.

When addressing document control during the

development of the CRDR implementation plan, the

following points should be considered:

o existing document control procedures

o availability of generic documentation for
specific plant type

0 process used by review team to generate work-
ing documents

o approval cycle for "final" documents

o ability to extract summaries and abstracts
from CRDR documentation

o design of documentation to ensure its
usability for future control room changes

o ability to reference documents used in the
CRDR, such as documents from training, design,

operations, etc.
Working Documents [6.2, 6.3]

The review team will use many first- and second-
generation documents as working papers during the
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review. It is important that an adequate level
of documentation is retained to describe the
review process and to preserve intermediate and
final results. It is left to each utility to
derine the level of documentation adequate for

its use.

The major goal of this element in the implemen-
tation plan is to preclude redoing the CRDR each
time some retrofit or new instrument is proposed.
If such documentation is available following the
CRDR, then future control room changes can be
based on a technically defensible analysis of the
current control room design. A second goal of
maintaining adequate working documentation of the
review is to be able to answer specific questions
during any audit of the CRDR.

When addressing the documentation of working
papers during the development of a CRDR
implementation plan, the following major items
should be considered:

o definition of an acceptable minimum set of
review-related documentation

o specification of the level of detail to be
used in each document

o specification of the generation level of each
document to be retained (e.g., original hand-
written, intermediace summary)

o designation of personnel responsibility for
each type of working document (for further
explanation of the document contents)

o integration of working documents into the
overall document control scheme for later

accessibility
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3.6.3

Summary Report [6.4)
Eventually, each utility will need to submit a

summary report describing its CRDR methodology

and major results, The contents of this report

should give an outside observer an adeqguate

explanation of what was done, why it was done,

the general results of the review, and the status

of any changes or modifications.

When addressing this element during the formula-

tion of a CRDR implementation plan, the following

major items should be considered:

o
o

documentation to be supplied with the report
kind of HEDs to be described individually in
the report

kind of HEDs to be summarized in the report
level of detail on schedule for HED correction
to be included in the report

level of detail on CRDR activities to be
included in the report
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1.

INTRODUCTION

The control room design review (CRDR) is part of a broad
effort within the industry and the Nuclear Regulatory Commis-
sion (NRC) to upgrade control rooms, emergency response
facilities, and procedures, Although the CRDR is directed
toward the existing control room, it is recognized that other
areas of concern, such as the design of a Safety Parameter
Display System (SPDS) and the inclusion of post-accident
monitoring (PAM) instrumentation, will be coordinated with
the CRDR.

Guidance for the CRDR and related activities has been pro-
vided by the NRC in the form of various NUREGs and Regulatory
Guides. While there are differences between utility industry
and NRC positions on some of the specific criteria in these
documents, the basic objectives are worthwhile. However, a

CRDR implemertation plan oriented only toward meeting the
detailed criteria of NRC guidance documents does not guaran-
tee an adequate or coordinated approach to improving control
room operability and plant safety.

The purpose of this implementation plan is to describe the
manner in which Acworth Power and Light Company (APLC)
intends to conduct a review of the Horizon Nuclear Plant
(HNP) control room. APLC does not intend to wait for NRC
approval of this implementation plan before commencing the
review, However, APLC expects that any major deficiencies in
the plan noted by the NRC staff will be brought to APLC's

attention in a timely manner.

A second function of this implementation plan is to provide a
basis upon which to judge that an adequate CRDR will indeed
be conducted. It is intended that any audit of APLC's CRDR
by NRC personnel or contractors will use this implementation
plan as its reference document and that the criteria for



completeness and adequacy will be taken from this document
and supporting Horizon Nuclear Plant CRDR procedures,

This implementation plan contains no schedule. A flowchart
is included to show the relative placement of certain activ-
ities within the CRDR process. An overall schedule for the
CRDR, SPDS installaticn, and new emergency operating proce-
dure implementation will be submitted as required by Supple-
ment 1 to NUREG-0737.



2. OVERVIEW

2.1

2.2

PURPOSE
The purpose of the APLC CRDR is to ensure that the HNP

control room and remote shutdown panels will support
operation during emergency conditions. The operator
tasks required during emergencies will be based on the
new emergency procedure guidelines (EPGs) when approved
for implementation at HNP by the NRC staff.

OBJECTIVES
To ensure that the CRDR fulfills its stated purpose,

several objectives will be met during the review., The

following specific objectives are defined for the CRDR:

o to perform a control room survey that compares the
existing control room design with accepted human
engineering criteria
to identify human engineering discrepancies (HEDs)
to review relevant plant operational experience using
appropriate documentation and a questionnaire with
foliow-up operator interviews

0 to determine the input and output requirements of
control room operator tasks during emergency condi-
tions

o0 to evaluate the extent and importance of any idenci-
fied discrepancies

o to formulate and implement resolutions for signifi-
cant discrepancies (as judged above)

0 to ensure that the proposed resolutions do, in fact,
eliminate or mitigate the discrepancies for which
they are formulated without creating new discrep-

ancies



2.3 DESCRIPTION OF CRDR ACTIVITIES
To achieve the stated objectives of the CRDR, several
activities will be completed during the review. A flow-
chart of these activities is presented in Figure 1.
This flowchart is not intended to show the start and
stop times for each activity, but rather, the inter-
relationships of the information needed and obtained by
each activity. Note that the CRDR has been split into
six nominal phases: planning, execution, assessment,
correction, effectiveness, and documentation. The plan-
ning phase of the CRDR is represented by this implemen-
tation plan., The documentation phase is actually
concurrent with all other phases.

The activities within each phase will be described in
more detail later, but a brief synopsis of these activ-
ities will help give a general picture of the review
process,

2.3.1 Execution Phase
The execution phase will constitute the investi-
gative, data gathering portion of the CRDR.
buring this phase, a control room survey will
compare the characteristics of the existing con-
trol room with appropriate human engineering
design guidelines. An examination of operating
experience, both generic and plant-specific, wilil
be conducted by a review of historical opera-
tional documents, such as plant trip reports and
control room operator logs, and through question-
naires and interviews with control room opera-
tors., During the systems review, the new symptom-
oriented EPGs and the plant systems called for in
the EPGs will be analyzed to determine the tasks
required of operators during emergencies. The
instrumentation and control requirements for
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2.3.2

2.3.3

those tasks will be established, and the adequacy
and completeness of existing instrumentation and
controls will be determined.

Assessment Phase
During the assessment phase, all discrepancies

identified in the execution phase will be analyzed,

and the potential impact of each discrepancy on
emergency plant operation will be evaluated. Dis-
crepancies will be classified according to their
potential impact on emergency plant operation.
Significant discrepancies will be resolved through
enhancement, modification, or other means, such as
changes to procedures, staffing, and training.

Any actions proposed to resolve significant dis-
crepancies will be analyzed for their effect on
operation. In particular, proposed solutions

that affect procedural changes will be examined
thoroughly for their potential impact on related
procedures,

Documentation Phase

A summary report will be submitted at the conclu-
sion of the assessment phase of the CRDR that will
summarize the overall review process, summarize
the identified human engineering discrepancies,
describe the disposition of discrepancies for
which no changes were made, describe control room
design improvements implemented during the course
of the review, identify existing design character-
istics that are beneficial, and identify prcposed
design improvements that were not implemented
during the review and their schedules for



implementation if those schedules are known at the
time the report is written. The summary report
will be submitted to the NRC.

2.3.4 Correction Phase
A plant-specific plan will be developed that
ensures the integration of proposed control room
changes with other post-TMI programs, as well as
plant cperating status. A schedule will be devel-
oped for the orderly introduction of proposed
changes. The schedule will take into account the
required training of operators on pending
changes. Administrative follow-up will be insti-
tuted to ensure the successful completion and
integration of all control room changes.

2.3.5 Effectiveness Phase
A program is already in place at HNP to sclicit,
evaluate, and act on operational feedback con-
cerning plant system design and plant proce-
dures. This process will be further delineated
to make certain that changes resulting from the
CRDR are evaluated for their effectiveness.

DEFINITION OF TERMS
Control Room Design Review (CRDR) - A post-TMI task

listed in NUREG-0660, "Task Action Plan Developed as a
Result of the TMI-2 Accident,"™ and NUREG-0737, the staff
supplement to NUREG-0660, as Task I.D.l.

Control Room Survey - One of the activities that consti-

tutes a CRDR. The control room survey is a static veri-
fication of the control room performed by comparing the
existing control room instrumentation and layout with



selected human engineering design criteria, i.e., check-
ing the control room match to the physical capabilities
and limitations of the human operator.

Critical Incident Technique - An interview technique in
which job incumbents and subject matter experts (SMEs)

are asked to describe situations they have witnessed
where either they or someone else committed an error
that led or almost led to an abnormal operational
status,

Elements of a Utility CRDR Implementation Process -

Necessary parts of a cohesive CRDR implementation pro-
cess that a utility should consider in developing and °
reviewing its implementation plan and schedule.

Emergency Operating Proce-ures (EOPs) - Plant procedures

directing the operator actions necessary to miticate the
consequences of transients and accidents that cause
plant parameters to exceed reactor protection setpoints,
engineered safety feature setpoints, or other appropri-
ate technical limits,

Emergency Procedures Guidelines (EPGs) - Guidelines

developed from system analysis of transients and acci-
dents that provide sound technical bases for plant-
specific EOPs.

Human Engineering Discrepancy (HED) - A characteristic
of the existing control room that does not comply with
the human engineering criteria used in the control room

design review,



Human Engineering Suitability - An attribute of a sys-
tem, component, or procedure that determines its compli-

ance with the human engineering requirements of its
users and the job in which it is used.

Nuclear Utility Task Action Committee (NUTAC) for CRDR -
Representatives from various nuclear utilities and INPO

organized to define areas of CRDR implementation for
which an overall industry effort can provide assistance
to individual utilities in completing Task I.D.l, NUREG-
0737.

Operational Experience Review - One of the activities
that constitutes a CRDR. The operating experience
review screens pliant operating documents and operator

experience to discover human engineering shortcomings
that have caused, or could have caused, actual operating

problems in the past.

Review Team - A group of individuals responsible for

directing the CRDR of a specific control room. (See

Survey Team.)

Safety Parameter Display Systems (SPDS) - An aid to the
control room operating crew for use in monitoring the
status of critical safety functions (CSFs) that consti-

tute the basis for plant-specific, symptom-oriented
EOPs.

Subject Matter Expert (SME) - An individual who, by
virtue of training and experience, possesses in-depth

knowledge in a specific subject area.



Survey Team - A group of individuals responsible for

conducting the control room survey. The survey team may

or may not include individuals from the review team.
(See Review Team.)

System Function Analysis - The determination of system

functions required to meet system goals.

Task Analysis - The systematic process of identifying

and examining operator tasks in order to identify condi-~
tions, instrumentation, skill, and knowledge associated
with the performance of a task. 1In the CRDR context,
task analysis is used to determine the individual t.i.sks
that must be completed to allow successful emergency
operation. In addition, this activity can verify and
validate the control room match of information available
in the control room tc the information requirements of
the emergency operating tasks,

validation - The process of determining whether the

control room operating crew can perform their tasks
effectively given the control rocom instrumentation,
procedures, and training. In the CRDR context, vali-
dation implies a dynamic performance evaluation.

Verification - The process of determining whether

instrumentation, controls, and other equipment exist to
meet the specific requirements of the emergency tasks
performed by operators. In the CRDR context, verifica-
tion implies a static check of instrumentation against
human engineering criteria.
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3.

PLANNING PHASE

3.1

3.2

CRDR MANAGEMENT REVIEW TEAM

The ultimate responsibility for the HNP CRDR will reside
with the APLC vice president of nuclear operations. The
day-to-day conduct of the review, however, will be the
responsibility of a review team established specifically
for this CRDR. The review team will provide the manage-
ment oversight to ensure the integration of the project
objectives and to fulfill the intent of the review. The
review team is responsible for planning, scheduling, and
coordinating the total, integrated CRDR. The review
team will incluue members from APLC line organizations,
consultants, and the architect/engineering firm that
designed HNP.

REVIEW TEAM STRUCTURE

The review team is a multidisciplined team of individ-

uals with the wide range of skills necessary to perform

the design review. The team will include the following

personnel:

0 review team leader

o human factors specialist 3

O reactor operator (or operations technical advisor
with operating experience)

o instrumentation and controls specialist

o design engineer

The core team will be supplemented, as required, by
other disciplines such as mechanical, electrical, and
industrial engineering; training; computer operations;
procedures; licensing; health physics; and emergency
preparedness. During the course of the review, any
additional specialists (e.g., lighting, acoustics)
required for specific tasks will be made available to

the review team, as needed.
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3.2.1

3.2.2

Review Team Leader

The review team has the review team leader as its
key person. This individual provides the admin-
istrative and technical direction for the project
and has responsibility for the project. Access
to information, facilities, and individuals pro-
viding useful or necessary input to the team is
coordinated by the review team leader. Because
of the detailed knowledge of HNP systems and
methods, this individual provides a cohesive
force for the various APLC department personnel
and vendov organizations involved with this pro-
ject. Plant operations personnel provide input
to the review team through daily contact with the
review team leader,

It will be the responsibility of the review team

leader tc resolve human factors opinions on meth-

odology, technique, review findings, assessment,

and HED corrective actions that dissent with the

majority opinion of the CRDR Review Team. The

minimum qualifications for the review team leader

will include the following:

o0 Dbachelor's level degree (or equivalent) in an
engineering discipline OR

© SRO-certification and

o five years' experience in nuclear plant opera-

tions or engineering

Human Factors Specialist (HFS)

The human factors specialist will work closely
with the review team throughout each phase of the
control room review and share with the team the
human factors technical leadership of the entire
CRDR project. The human factors specialist will
coordinate all activities of other required human
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3.2.3

3.2.4

factors personnel and verify that task performance
quality is maintained at a level necessary for a
valid and comprehensive review.

Minimum qualifications for human factors special-

ist include the following:

© M.,A., or M.S. in human engineering or related
discipline

o five years' experience in human factors, one
of which is in nuclear control room review or
a clcsely related systems area

Instrument and Controls (I&C) Specialist

The I1&C specialist will assist in the identifica-
tion of plant system design features and will
serve as the review team expert on the capabili-
ties and limitations of controls and instruments.
The I&C specialist also will provide input to the
team during the assessment phase of the review,
especially when the review team considers pro-
posals for mitigating HEDs.

The minimum qualifications for the I&C specialist

will include the following:

o B.S., degree (or equivalent) in engineering or
applied science field

o five years of I&C engineering experience, at
least two of which are in the nuclear design

area

Reactor Operator (RO)
At least one RO from HNP will serve as a member

of the core review team. The RO will assist in
identifying operator tasks and will serve as the
review team expert on the operational constraints
for manipulations of plant systems.
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The minimum gualifications for the RO include the

following:

O a reactor operator's license at HNP

O at least two years' experience as a licensed
nuclear operator

3.2.5 Design Engineer
The design engineer will assist in the identifi-
cation of plant system design goals and functions
and will serve as the review team expert on the
factors affecting the design decisions at the
plant. The design engineer will provide input to
the review team during the analysis of functions
and tasks for any plant systems and during the
assessment, imnlementation, and effectiveness
phases of the CRDR.

The minimum gualifications for the design engi-

neer will include the following:

o B.S. degree in an engineering or applied
science field

o five years of design experience, at least two
of which are in the nuclear design area

3.3 REVIEW TEAM ACTIVITIES
Review team activities will include developing the meth-
odologies for the review and assessment of discrep-
ancies, establishing the overall plan and schedule for
the CRDR, acting as a resource for the line organiza-
tions, and integrating all action items. The review
team will develop, or have developed, all reports relat-
ing to the CRDR and ensure that appropriate reports are
submitted to APLC management for review and approval.



3.4 REVIEW TEAM ORGANIZATIONAL INTERFACES

3.4.1

Line Organization Interface
In order to perform the CRDR expeditiously while
utilizing and broadening the experience in our
existing organizations, control room review tasks
will be performed by the line organizations as
often as possible. Specific tasks in the CRDR
will be delegated to line organizations supple-
mented as necessary with technical specialists,
The relationship between the review team and line
organizations will be established as follows:
0o Based upon the objectives defined by the
review team, the line organization will submit
a plan to the review team for each assigned
activity., The review team will ensure that
the line activities are coordinated with and
support the overall eftort. This plan will
address the major steps required to perform
assigned activities as well as the interfaces
between the line element and the review team,
especially with regard to the level of detail
of information exchanged, schedules, etc.

o Elements of the line organization will be
responsible for producing a final report for
each assigned activity in a format approved by

the review team.

o The review team leader will have the authority
to contact the appropriate manager of each
line area to establish a cooperative working
relationship with the line organization.
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3.4.2 Corporate Interface
The review team will exist as an independent
entity in the APLC corporate structure. The
review team leader will report to the APLC vice
president of nuclear operations., The work of the
review team will not be restricted arbitrarily in
any area without written justification.

It is essential that the CRDR be coordinated with
other ongoing activities that involve potertial
physical changes to the plant, such as the con-
struction and manning of emergency response
facilities (ERFs). To ensure that such cocrdina-
tion takes place, the review team leader will be
a part of the HNP coordination committee that
oversees all ongoing work on ERFs and the control
room,

3.5 REVIEW TEAM ORIENTATION
Each member of the review team will bring his or her own
in-depth knowledge of specific topics to the team. It
is important, however, that the review team be able to
conduct the CRDR from a common basis of understanding.
The entire review team will undergo an orientation pro-
gram designed to provide each team member with certain
basic knowledge requirements. The purpose of the orien-
tation is to acquaint each team member with the other
disciplines represented on the team, not to make each
team member an expert in all specialties.,

The orientation program will consist of the following

minimum instructional areas:

© Human Factors - Orientation provided for the review
team will familiarize the team with principles of
human factors and their application to the control
room review., Included in this area will be a brief
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3.6

synopsis of the history of the CRDR requirement and
its ultimate goals. This orientation area will be
slanted toward those review team members with little
or no background in human engineering.

o Plant Familiarization - The review team members will
receive approximately one week of plant familiariza-
tion. This orientation will consist of observing
normal plant operation and the use of emergency p o-
cedures. Some of this orientation may take place at
the plant, and some will take place on the simulator
used to train the HNP operators. Since APLC does not
maintain its own simulator, APLC will try to reserve
time on the Sunrise Plant Simulator for this purpose.
The Sunrise Plant is similar but not identical to

HNP.

O0 Miscellaneous - During the course of the review,
other areas requiring orientation will be identified
and obtained to meet the needs.

USE OF CONSULTANTS

some of the skills required during certain review activ-
ities may not be represented within APLC and may be
contracted. For example, APLC may contract with an
appropriate consulting firm to obtain additional skilled
interviewers for the control room operator interviews.

It is envisioned that the human factors specialist will
be used part-time during the development of the CRDR
methodology and procedures., After this activity is
complete, this human factors individual will be retained
on an "as-needed” basis as indicated in the remainder of

this plan.
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4.

EXECUTION PHASE

The objective of the APLC CRDR is to determine the extent to
which the HNP control room provides the operators with suffi-

cient information to complete their required functions and

task responsibilities efficiently under emergency conditions.

The review also will determine the human engineering suit-

ability of the designs of the instrumentation and equipment
in the HNP control room. This section of the implementation

plan describes the process that will be used to accomplish

those overall objectives,

4.1

OPERATING EXPERIENCE REVIEW

The Horizon Nuclear Plant is a one-unit Westinghouse
pressurized water reactor (PWR) designed in the late
19608, The plant has been operating commercially since
1974 with no unplanned major outages, The unit is a
four-loop, high-head design with a net electrical output
of 765 MW, With such a relatively long operating
history, the experience of operational personnel and
data from plant operation documents should be a rich
source of information for the CRDR.

The review of operating experience should provide infor-
mation on potential problem areas in the control room by
studying actual occurrences (and near misses) in the
plant. Two separate steps are involved in reviewing
operating experience. The first is to review available
and applicable historical documentation pertaining to
plant-specific and generic occurrences. The second step
is to survey operating personnel. Operating personnel
surveys should identify specific problem areas in the
HNP control room and, in particular, should point out

problems that occur in normal operation.
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4.1.1 Historical Documentation Review
Since APLC is most concerned with events that
have occurred at HNP, the major portion of the
documentation review will involve plant-specific
documents, Two applicable plant documents that
will be examined are the plant trip reports
(PTRs) and plant significant event reports
(PSERs). A plant trip report is filed each time
either the turbine or reactor is tripped by an
automatic system or by control room operators.
They will be examined for instances of incorrect
control room operation that may have led to a
plant trip or turbine trip.

PSERs are required whenever significant personnel
injury, radiation exposure, or equipment damage

is caused by some operating event. PSERs are

also required when an error is committed that, in
the opinion of the shift supervisor or plant man-
ager, might have led to personnel injury, exposure,
or equipment damage.

It is recognized that documentation originating
elsewhere in the industry should be reviewed to
ascertain whether or not generic problems have
been found that might relate to HNP. A mechanism
exists at HNP for reviewing all Significant Oper-
ating Experience Reports (SOERs) and Significant
Event Reports (SERs) distributed by the Institute
of Nuclear Power Operations (INPU). These
reports are screened routinely for applicability
to HNP systems.
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The final generic documentation to be reviewed
will be Licensee Event Reports (LERs) from HNP
and plants of the same design vintage and vendor
type as HNP. Since INPU maintains a complete LER
data base, they will be requested to provide APLC
with a printout of LERs sorted using th2 follow-
ing characteristics:

LERs from: Westinghouse PWR

Designed from: 1960 thru 1975

Listing errors by: licensed operators

Involving either: human error or procedural
deficiency

The CRDR team leader, with the assistance of a
human factors specialist, will review the P7R,
PSER, and appropriate SOER and SER reports from
the most recent three-year period and the LER
Summary. Copies of those involving control room
operator, procedural, and/or control board equip-
ment failure and/or design arrangement errors
will be obtained. The reports o“ tained will be
screened by a human factors specialist with the
assistance of an operations subject matter expert
(SME) to determine if the report describes and
documents a control room problem. A control room
problem is defined as one that meets one or more
of the following criteria:

o Equipment referenced (valve/pump controls,
displays, indicators, etc.) must be in the
physical confines of the control room or
remote shutdown panel.

0 Procedure steps referenced should be accom-
plished within the physical confines of the
control room or remote shutdown panel.
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4.1.2

O Personnel error referenced must have occurred
in the control room on equipment in the con-
trol room or remote shutdown panel or entailed
a deviation from procedures that were to be
accomplished in the control room or remote
shutdown panel.

Reports that pass the above selection criteria
will be retained for further analysis.

Operating Personnel Survey
Probably the most valuable source of data on
operational problems is the person who has oper-
ated the plant. The intent of the operating
personnel survey is to gain as much firsthand
information as possible on actual and potential
operational errors. The survey will consist of a
self-administered questionnaire and a follow-up
structured interview.
4.1.2.1 Questionnaire
An open-ended, self-administered ques-
tionnaire approach will be adopted.
APLC feels that by employing this
method, most of the operating personnel
can be questioned and that this maxi-
mizes the use of their time and that of
the human factors specialists, The
survey will cover 10 content-topics.
Specifically, the areas covered will be
as follows:
o workspace layout and environment
o panel design
o annunciator warning system
0 communications
O process computers
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© 0 0 o

corrective and preventive
maintenance

procedures

staffing and job design

training

other areas for operator comment

The guestionnaire orientation will be

predominantly along the lines of the

Critical Incident Technique. As much

as possible, the questions will be for-

mulated to meet the following criteria:

O

(o}

Simplicity - Questions will be

direct, employ common, everyday
language, and be as brief as
possible,

Claritx - Questions will be
unambiguous so that the response
received will be unbiased and

accurate,

Objectivity - Questions will not

provoke subjectivity and will be
free of emotionally charged words
such as good/ bad, strong/weak,
horrible/horrendous, stupid/
marvelous, etc.

Error Free - Surveys are susceptible

to social desirability, leniency,
central tendency, and halo-effect
errors., Questionnaire items will
have the minimum tendency toward
these types.
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2s the questionnaire is being compiled,
a cover letter to be attached to each
questionnaire will be prepared. The
cover letter will (1) explain the
purpose, (2) describe the questionnaire
and provide instructions, (3) ensure
respondent confidentiality, (4) convey
what will be done with the results, ard
(5) request biographical information.

A preliminary draft of the gquestion-
naire and cover letter is included as
Attachment 1,

Questionnaires will be given to non-
licensed operations personnel, licensed
operations personnel, licensed non-
operations personnel and licensed/
certified simulator instructors early
in the CRDR process, At the time of
distribution, the guestionnaire recip-
ients will receive a briefing by the
station assistant superintendent for
operations, or designee, and the CRDR
team leader. The briefing will empha-
size the major elements discussed in
the cover letter. Respondents will be
instructed to return the completed
guestionnaire in the envelope provided
within two weeks after distribution.

After the guestionnaires have been
completed, retrieved, and logged in,
they will be examined and reviewed on
an item-hy-item basis. Responses will
be summarized on a Questionnaire Item
Summary Form (QISF) (A-93).
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It is anticipated that both positive
and negative control room features will
be identified by the respondents,
Further investigation, therefore, will
be carried out for each item on the
responses to determine whether they are
in accordance with sound human engi~-
neering conventions and practices.,
Positive responses that are in accor-
dance with sound human engineering
conventions and practices will be
recorded and disseminated to every
member of the CRDR team for considera-
tion in subsequent review processes
(e.g., as possible recommendations for
corrective action to HEDs). Negative
responses will be investigated further
in the interviews and in other phases
of the CRDR.

The biographical information cnllected
in the questionnaire cover letters will
be summed and averaged to provide the
review team with an indication of the
demographics of the population upon
which the survey response data is
predicated. This information will be
recorded on the Personnel Demographic
Summary Form (PDSF) (A-94) and will be
submitted as part of the final CRDR
report.

4.1.2.2 Follow-up interviews
There are several suitable methods to
obtain detailed operator comments.
APLC will use one such method--
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structured interviews. As the name
suggests, structured interviews are
conducted according to a pre-~designed
outline. The outline may even have
specific questions that should be
answered during the interview., A
structured interview helps to reduce
the variability of interview results
caused by asking different guestions of
each interviewee or by allowing the
interview topics to appear more or less
randomly during the interview. Struc-
tured interviews will be developed to
obtain more detailed information in
areas of control room design that
prompted negative questionnaire
responses. The interview cutline also
will allow detailed follow-up in areas
of general interest to the review team.

This particular activity will be
assigned to contract personnel instead
of APLC review team or line organiza-
tion persons., There are two principal
reasons for contracting this activity.
First, APLC does not maintain a staff
of individuals proficient in interview
techniques. Although some departments
within the company do use interviews,
e.g., personnel, the particular techni-
gues used in operator interviewing are
sufficiently unique to warrant using
outside help.

The second reason tor using contract
people for the operator interviews is
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the belief that the amount and guality
of the information from the interviews
will be greater if no APLC management
representative is present during the
interviews., It is not the intent of
APLC to use any interview information
punitively. However, it may be diffi-
cult to convince the control room
operators to be completely frank and
open with management present.,

While a contractor will be used to
conduct operator interviews, it is
essential that the interview team have
experience in a control room environ-
ment. Unless such experience is
present, the importance of certain
responses might be missed by the
interviewer, Also, responses might
lead an experienced individual to probe
deeper in specific areas seemingly
unrelated to the response. Therefore,
an outside SME with control room exper-
ience will be provided to assist the

interviewers,

Interviews will be conducted using a
structured technique that helps ensure
all important areas will be addressed.
The structure will be flexible enough
to allow added emphasis on certain
topics if necessary. The operating
personnel to be interviewed will be
selected on a random basis from each

A-27



shift, At least 50 percent of all
licensed operators at HNP will be
interviewed.

4.1.3 Personnel Assignments
The personnel requirements for the operating
experience review are noted in the description of
each activity. The requirements will be summar-
ized here for clarity.

For the historical documentation review, the CRDR
team leader and a human factors specialist from
the review team will be responsible for the ini-
tial document screening. They may use additional
people if, in their opinion, they require exper-
tise in any area beyond their own specialties.
Distribution of the personnel survey question-
naires will be the responsibility of the CRDR team
leader and the assistant station superintendent.
The returned questionnaires will be examined by a
committee of review team members designated by the
CRDR team leader, The guestionnaire committee
will include a human factors specialist and will
be responsible for summarizing and categorizing
questionnaire responses. Some of these responses
will be distributed to the entire review team as
described in Section 4.1.2.1.

The follow-up interviews will be conducted
entirely by contract personnel who then will sum-
marize the interview responses for the review

team's use.

4.2 CONTROL ROOM SURVEY
A survey of the existing HNP control room will be con-

ducted during the CRDR. The purpose of the survey will
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be to compare the design features of the existing con-
trol room with applicable human engineering design
guidelines. The survey will be conducted by a CRDR
survey team, to be described later, approved by the
review team leader. The survey team will use qguestion-
naires, checklists, and surviys to compile information
regarding the as-built characteristics of the HNP con-
trol room,

4.2.1 Questionnaires, Checklists, and Surveys
The NUTAC on CRDR has developed a set of
questionnaires, checklists, and surveys that
addresses the human engineering design considera-
tions applicable to nuclear power plant control
rooms. APLC intends to use these survey instru-
ments with as little modification as possible.
These documents are included in the CRDR Survey

Development Guideline, being developed by INPO
and the CRDR NUTAC. The individual survey
instruments are described below.

4.2.1.1 Questionnaires
There are two questionnaires among the
NUTAC survey instruments: the Engi-
neering Department Questionnaire and the
Operator Questionnaire. The Engineering
Department Questionnaire is designed to
compile information concerning the func-
tion and optional operation of various
plant systems, such as the annunciator
and emergency lighting systems. This
gquestionnaire also solicits information
on the failure modes of indicators and
opinions about the adequacy of certain
existing system characteristics.
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The purposes of the Engineering Depart-
ment Questionnaire are to educate the
review team concerning the design attri-
butes of certain plant systems and to
provide an engineering input for the
assessment of HEDs later in the review
process. The review team leader will
distribute the Engineering Department
Questionnaire to the APLC Design Engi-
neering Department and to the HNP Plant
Engineering Department. Each department
will be requested to complete and return
the guestionnaires within threc weeks.

The Operator Questionnaire is designed to
collect information on operating person-
nel's experiences--good or bad--with
control room characteristics. The items
on the Operator Questionnaire solicit
intormation that depends on actual opera-
tion of the controls and displays in the
control room. This information is not
easy to obtain using specific criteria
for height, location, and scaling but
depends on the interaction among control
room instruments, procedures, .ayout, and
staffing. Some of the information col-
lected during the operating experience
review is similar to tnat obtained with
the operator questionnaires. However,
the experience review solicits more
general information,

The purpose of the (perator Questionnaire
is to tap the operational knowledge of
HNP personnel and relate that knowledge
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to the human engineering characteristics
of the HNP control room. It is not
feasible to keep all subjective opinion
out of the responses to such a guestion=-
naire. However, the individual questions
are posed as objectively as possible and,
by using data irom many individuals, iso-
lated individual "pet peeves” will be

weighted lightly during the analysis of

the information obtained.

The review team leader will distribute
the Operator Questionnaire to all
licensed operators, shift supervisors,
and STAs at HNP. The instructions will
stipulate that the questionnaire items

concerning controls, indicators, and
labels should be answered on a panel-
by-panel basis. A separate set of
these questions will be included (and
tagged) for each control board panel.
It also will be stressed that the ques-
tionnaires should be completed during
periods when the respondent is in or
has access to the control room but does
not have operating responsibility for
the unit., If no such time can be
found, APLC will authorize up to four
hours off shift for each individual tec

complete the guestionnaire.

Each respondent will be requested to
complete the questionnaire within one
month o€ the date it is distributed.
Each respondent also will be assured
that responses will never be used to
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4,2.1.2

judge job performance or for any other
punitive purpose.

Checklists

Five checklists are included in the
NUTAC survey instruments, These are an
overview checklist; operator-assisted
checklist; a labeling, mimics, and
demarcation checklist; a general panel
checklist; and a process computer check-
list., Each checklist is designed to
allow one or two people to walk around
the control room and determine whether
individual checklist items are satis-
fied by the existing control room
design.

The checklists are very simple to use
and, except for specific items, require
very little operator time. Each item
in a checklist 1s a simple declarative
sentence describing an acceptsble
design characteristic, For example,
item two in the overview checklist
states: "Sanitary Facilities and
Drinking Water Are Easily Access-
ible." 1If the individual(s) using the
checklist make(s) the judgement that
the statement is true or correct for
the control room under review, then
that item is checked off, and no
further action is necessary concerning
the characteristic. However, if the
survey team member makes the judgement
that the control room is not designed
to be acceptable for a particular
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checklist item, an HED is written for
that particular facet of the design.

Some degree of judgement is involved in
various checklist items. However, the
nature of these judgements is such that
a commonsense approach should result in
a consensus among individuals on the
survey team concerning questionable
items, If situations arise where two
or more judgements cannot be reconciled,
an HED will be written, and the dispute
will be resolved by the review team,
not the survey team, during the assess-
ment phase.

As noted above, the checklist evalua-
tion will not require extensive oper-
ator involvement. Obviously, the
amount of operator time required will
depend on which checklist is being used
and who is evaluating the checklist.
Most of the required operator input
will concern the location and existence
of certain procedures or equipment and
the meaning of label markings. The
requirements of the on-shift operators
can be minimized if the survey team
leader, a control room operator at HNPF,
evaluates the operator-assisted check-
list himself. This is not absolutely
necessary and will depend on other
demands on the survey team leader's

time.
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4.2.1.3

Surveys

Eight separate surveys will be com-
pleted during the CRDR Survey Activ-
ity. The individual surveys are the
following:

o General Design Convention Survey
© Design Convention Survey for Repeti-
tive Groupings

Lighting Survey

Noise Survey

Anthropometric Survey
Communication Survey

Abbreviation and Acronym Survey

O 0 0 0 0 ©

Color-Coding Survey

These surveys can and will be done
independently., They function as a
framework within which various measure-
ments can be recorded. Some of the
surveys consist of simply describing
control room conventions such as color
usage and instrument arrangement. The
information obtained in these surveys
will be used in other CRDR activities
to determine where particular instru-
ments or systems depart<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>