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1.0 INTRODUCTION AND BACKGROUND
1.1 Bac oun

In April of 1981, the Authority completed a control room survey
based on the BWR Owners Group "Control Room Survey Program" in an
effort to implement the NRC's "Lessons Learned" program following
the TMI 2 accident. The Owners' Group program was conditionally
approved two years later by the NRC in Generic Letter 83-18
(Reference 1). The Authority subsequently committed to submit a
revised program plan taking into consideration Generic Letter
83-18. To fulfill this commitment, and as required by Supplement 1
to NUREG-0737 (Reference 2), the Authority submitted a program plan
for the FitzPatrick Detailed Ccntrol Room Design Review (DCRDR) as
an attachment to Reference 2. This plan described documentation and
document control, methodology to conduct the control room review,
methodology used to assess the significance of HEDs, and
qualifica*ions of the review team.

In Reference 3, the NRC Staff provided comments on the program

plan. A meeting between the Authority and the NRC was held May 10,
1984 to discuss the plan and the staff's comments (Reference 4).

The Authority subsequently responded formally to the staff's
comments in Reference 5. As part of that response, Section 4.3,
“Systems Function Review and Task Analysis" of the DCRDR Program
Plan was revised to reflect staff comments. This supplement also
provided additional information not included in the program plan.
Appendix B to the DCRDR Program Plan (Resumes of DCRDR Team Members)
was transmitted to the NRC statf as part of Reference 6.

1.2 Introduction

This is a summary report. It does not unnecessarily repeat or
duplicate portions of the DCRDR program described elsewhere.
Specifically, this report fulfills the commitments described in the
program plan (Reference 7), the supplement to the program plan
(Reference 5), and the 1981 BWR Owners Group Control Room Survey
Program. ®
The format and content of this summary report reflect the NRC Staff
guidance included in the Standard Review Plan, the Authority's DCRDR
Program Plan (Reference 2) and the supplement to the program plan
(Reference 5). Sections 2, 3 and 4 correspond to the areas that
will be reviewed by the NRC Staff in its evaluation of the summary
report as described in Appendix A to SRP Section 18.1,(page 18.1 -
A23). Sections 5 through 9 include the additional information the
Authority committed to provide (Reference 5). A schedule for
implementing the resulting modifications is submitted separately.

1.3. Objectives

Section 5.1.a of Supplement 1 to NUREG-0737 states the objectives of
the control room design review as follows:

"The objective of the control room design review is to improve
the ability of nuclear power plant control room operators to



prevent accidents or cope with accidents if they occur by
improving the information provided to them (from NUREG-0660,
Item I.D.1). As a complement to improvements of plant
operating staff capabilities in response to transients and
other abnormal conditions that will result from implementation
of the SPDS and from upgraded emergency operating procedures,
this design review will identify any modifications of control
room configurations that would contribute to a significant
reduction of risk and enhancement in the safety of operation.
Decisions to modify the control room will include consideration
of long-term risk reduction and any potential temporary decline
in safety after modifications resulting from the need to
relearn maintenance and operating procedures. This should be
carefully reviewed by persons competent in human factors
engineering and risk analysis."

The Authority's DCRDR program was developed to achieve this
objective.

1.4 Fundamental Requirements

Section 5.1.b of Supplement 1 to NUREG-0737 lists four fundamental
requirements of a control room design review:

"(1i) The establishment of a qualified multidisciplinary
review team and a review program incorporating accepted
human engineering principles."

A multidisciplinary review team was established by the Authority.
DCRDR. Team member qualifications were described in Section 2.3 of
the program plan. This summary report includes a chart detailing
the involvement of each discipline in DCRDR activities (Section 9).
Resumes of DCRDR team members were included as Appendix B to the
program plan.

A DCRDR Program Plan was prepared and submitted to the NRC Staff for
review. The methodology used during the review was described in the
program plan and supplement to the program plan. As a result of a
subsequent meeting with the NRC Staff, the plan was

revised, supplemented and resubmitted.

"(ii) The use of function and task analysis (that had been
used as the basis for developing emergency operating
procedures, Technical Guidelines, and plant specific
emergency operating procedures) to identify control room
operator tasks and information and control requirements
during emergency operations. This analysis has mu.itiple
purposes and should also serve as the basis for

developing training and staffing needs and verifying
SPDS parameters."

Function and task analysis was used to identify control room
operator tasks and information and control requirements during



emergency operations. This analysis is described in revised Section
4.3 of the DCRDR Program Plan and in Section 5.1 of this summary
report.

The use of this task analysis in developing training and staffing
needs is outside the scope of the Fitzpatrick DCRDR.

The use of this analysis for verifying SPDS parameters was
documented in the Authority's SPDS Parameter Safety Evaluation
(Reference 8).

"(iii) A comparison of the display and control requirements
with a control room inventory to identify missing
displays and controls."

Sections 4.3 and 4.4 of the program plan described how missing
displays or controls were identified.

“(iv) A control room survey to identify deviations from
accepted human factors principles. This survey will
include, among other things, an assessment of the
control room layout, the usefulness of audible and
visual alarm systems, the information recording and
recall capability, and the control room environment."

Section 4.2 of the program plan described how the DCRDR control room
survey was performed.



2.0 SIGNIFICANT CHANGES FROM PROGRAM PLAN

No significant changes were made to the approach and methodologies as
described in the Program Plan (Reference 7), as amended by the
program supplement (Reference 5), and Appendix B (Reference 6) to

the program plan.

In addition to the individuals whose resumes were included in
Appendix B, additional personnel participated in the assessment and
categorization phases of the program.



3.0 DESCRIPTION OF CONTROL ROOM MODIFICATIONS

Human Engineering Deficiency (HED) resolutions encompassed a variety
of methods, ranging from the enhancement (paint, label & tape),
application of demarcation lines to design effort (modification,
relocationr and/or addition of components.)

Approximately 90 HEDs, (almost 25 percent of the total of 400 HEDs ) .
have already been resolved by execution of one or more of the
corrective actions described below. These HEDs are not included in
the totals given in the description of the corrective actions.
Aaditionally. the number of HEDs given in the corrective actions do
not add up to the total number of HEDs as some HEDs will be
corrected by more than one method.

ENHANCEMENT
1. Demarcation - the continuation, alteration or application

of lines of demarcation and mimics. Approximately 20 HEDs
will be resolved by demarcation.

2. Labeling - the correction, ‘addition, alteration, or
relocation of a component label. Approximately 72 HEDs
will be resolved by labeling.

3. Color Ccding - the development and application of a color
code in the control room. Approximately 4 HEDs will be
resolved by the development and application of a2 color
coding standard.

DESIGN

4. Scale Modification - will involve the alteration of
instrument scales. The modifications may include the
addition of process units or multipliers, the
standardization of fonts (lettering), or the addition of
range markings (color banding). Approximately 21 HEDs will
be resolved by scale modification.

5. Relocation - will entail the relocation of controls or
instruments. Relocations will improve control/display
relationships, and separate components of unrelated systems
or functions. Approximately 18 HEDs will be resolved by
relocation.

6. Modification - existing equipment will be modified. This
may include: resequencing pens on strip chart recorders to
improve consistency; switch modification to achieve
consistency; stereotypical direction of movement;
rearrangement of annunciators to provide logical groupings;
or addition of new components. Approximately 28 HEDs will
be resolved by modification.



7. EPIC - (Em2rgency and Plant Information Computer) involves
the installation and operation of the EPIC system. The
installation of this system will correct HEDs by
rearranging the control room workspace or by improving the
accessibility of a parameter by displaying it on the EPIC
CRTs. Approximately 36 HEDs will be resolved by the
installation of the EPIC system.

8. Standard - this method of HED resolution will result in the
development and subsequent implementation of standards.
The standards will be developed to address mimics,
demarcation, color coding, labeling (including hierarchical
labeling, abbreviations and legend plate content), coding
of switch handles, meter banding and annunciator legend
wording and lettering. Approximately 30 HEDs will be
resolved by the development and implementation of
standards.

9. Procedure - the HEDs will be resolved by the development,
or revision, and implementation of procedures. These will
be administrative procedures, operations department
standing orders, instructions, or other written guidance.
Approximately 13 HEDs will be resolved by developing and
implementing new procedures.

10. Review - a more detailed engineering review of the HED, the
associated DCRDR task analysis, and the proposed
recommendation will have to be completed before a control
room modification, if any, is decided upon to resolve the
HED. Approximately 13 HEDs will require further review.
(Refer to Section 4.0 of this report for details.)

11. Miscellaneous - the control room modification did not
correspond to any of the categories cdescribed above.
Approximately 4 HEDs are in this category.

12. No _Change Recommended - Assessment Categories I and Il HEDs
with no change recommended are addressed in Section 4.0.
Approximately 83 HEDs are in this category.

Table 3-1 indicates the number of HEDs in each assessment category
for each of the 12 resolution methods described above.
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%.0 SUMMARY JUSTIFICATIONS FOR HEDs CATEGORY I AND II WHICH WILL BE
LEFT UNCORRECTED OR PARTIALLY CORRECTED.

All category I HEDs will be corrected. Fourteen HEDs that have been
assigned to category II will not be corrected. Each of these 14

HEDs are descrioed below followed by a summary justification for
leaving them uncorrected.

A, Discrepancy:

Justification:

Forty four "J" handle switches (for a
variety of control functions) are located at
the outer edge of the bench board apron.
This location may lead to inadvertent
operation of the switches.

The typical corrective action for this HED
is the installation of a guard rail.
However, the installation of a guard rail at
the Fitzpatrick plant is inappropriate for
several reasons. The arm depth of reach of
the bench board already exceeds applicable
ergonomic criteria by two inches.
Installation of a horizontal guard rail
would effectively increase panel depth by at
least 5 inches.

Installation of a vertical guard rail could
obstruct operator manipulation of edge
mounted controls. In addition, operations
personnel, who have experience with guard
rails in other control rooms, believe that
guard rails tend to encourage leaning or
sitting at the board edge. This could
actually increase, rather than decrease, the
probability of unintentional switch
actuations.

Inadvertent switch operation can result from
poor switch location in conjunction with
either personnel congestion in the panel
are. or carelessness by personnel. These
concitions are most effectively mitigated by
elinuinating personnel congestion and
restricting access to qualified personnel,
rather than by the installation of
additional hardware. Recognizing the
importance of this condition, the Authority
has implemented new administrative controls
concerning control panel area access and
control room demeanor. A new work activity
control center has been established which
effectively eliminates the need for
non-operators to access the control area for
administrative purposes. In addition, a
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Discrepancy:

Jastification:

Discreparcy:

Jusrtification:

digtinctive line will be applied to the
contres coom floor to clearly demarcate the
area restricted to esgantial personnel.

Parallax on meter scales makegs thea
difficult to read.

Thege meters and controllers are ne longer
used. This eguipgment wae previcusly used to
control electric heaters in the steam tusnel
for the purpos=e of raising the ambient
temperacnre Lo test &tea temperature
detectors in The steam tunnel. These
Jetecto:s are part of the steam tuanel leak
detection system. These temperature
detecteors have recenlly opeen replaced as
part of the Analog Tramemitter Trip System
(ATTS). This new RTD egquipaent will be
lccally tested using other methods.

In addicion, steam Cunnei 4drea ambient
temperatures may be reacd on a aew digital
device instal'ed next t9 the obsclete meters.

Eieven meters installed since 198) on ECCS
panel 09-3 d¢ not fail off-gcale.

Thete elevar meters monitor a total of five
different aramefors: (1) primarcy
concainmept pressure, (2) primary
containment water Level, (3) reaccor veesel
pressure (4) supprtéssion chamber water level
ind, (5) wide-range roAactor vessel watet
level.

A Cotal of four meters display primary
<ontainment pretsure. Primacy containment
water level, reactor vessel preessure and
suppression chamber water level each have
twe neters. A e.ngle meter displays

wide- ange rea.tor vesse)l water level. Each
meter im « pair has a different. independent
power source. Wmecause four of the five
pParameiers are monitered by two o¢ more
1ndependent ly puwered meters. “he failure of
one meter will be reac.ly apparent by
comparison wicth its cumpanion meter located
on the same contrnl panel.

The wide-range reactor vess.l wate: level
meter cé/ be comnared to ofher reactor water
Jeve)l displays to det. ct the failure of this
mete; .
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Discrepancy:

Justification:

Discrepancy:

Justification:

Discrepancy:

Digerepancy:

Justificaction:

In addition., the SPDS/EPIC system will
provide an independent means t¢ verify thnese
parameters.

There is no meanse of diagnosing failed
indicator lights.

A two lamp system {(red/green for opeansclaced
or on/>ff) ie v:ed in the FitzPatrick
Conte¢C) RPoom. .0 a two light syetem, one of
Lhe two lights f(either red or green)
associated with each control is illuminated
during nermal coperation. The control room
operators visually check for failed
inaicator lamps three times each day by
verifving that one lamp of each pair is
iliveinated. If bderh lamps are
extinguighed, the operater checks for failed
lampe and replaces them as reguired.

If laap creplacement doeg not result in
illuminaetion of one of the pair, the system
is caecked for possiblg probtlems.

Soiervid condition, as opposed to actual
valve pogition, is indicated for the off gas
vent pipe sample line purge valves.

Positicn indication is mot important for
these valves. 7The value of the process
parameter regulated by the value is
dieplayed near the valve control switch and
provides a positive indicatioa of valve
positien.

The intensity of flashing annuaciator tiles
for cleared annunciators does not readily
command attention

Cleared alarms flash at the same rate as
activated alurme.

When a plant paramester exceeds the
pre-established alarm value, an alarm is
recelved in the control ctoom., At this time,
the annunciator window flashes. When the
cperator acknowledges the alarm, the
annunciator window changes to continuously
1it. 1f the parameter then retuzns to its
normal range, the alarm clearse and the
annunctiator window flashes at the same rate,
but with less intensity than it would for an
alarw.

This difterence in intensity is intentionmnal
and provides the rnecessary visual cue to

1¢
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Deficiency:

Deficienty:

Deficiency:

Justification:®

inform the operator of the annunciator
status i.e. alarm or clear., Operations
personnel congsider the annunciator
intensities and flashing rates auequate.
The BWROG survey program provides no
objective criteria concerning intensity.
Therefore, the Authority considers these
findings to be subjective and not supported
by operating experience at FitzPatrick.

Operating procedures for HPCI., RCIC, RHR and
Core Spray are not cross referenced in Small
Break Accideant Procedure F-EOP-33,

Procedures do not provide the physical panel
locatione of referenced instrumentation ana
hardware, especially those that are
infrequentcly used.

Operatorse must use a second procedure in
parallel to perform immediate operations.

F-EOP-33, and other procedures, have been
replaced by new symptom-based Emergency
Operating Procedures.

These procedures were written using
Emergency Procedure Guidelines and a writers
guide, both of which received a human
factors review.

The new procedures were specifically written
to be brief, streamlined and lead the
operator to take appropriate action

rapidly. As a result, symptom-based
procedures do not always reference system
operating procedures or panel locations.
Panel lccations are called-out in procedures
where specific or infrequently used
instruments or controls are referenced.

Inclusion of this information for other
instruments or controls would needlessly
lengthen the emergency procedures. In
addition, operators receive extensive
training on both emergency and normal
operating procedures. Much of thie training
is plant-specifiec to FitzPatrick. Operators
have learned tne lcocation of instrumente and
controis through this training and daily
work experience. A plant-specific
FitzPatrick reactot simulator is currently
under development; this will further improve
the operatore avility to locate an
ingtrument or control.

Ll
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L.

M.

Deficieney:

Justification:

Discrepancy:

Uiscrepancy:

Justificartion:

In general, the control room panels group
th¢ instrumente and controls associated with
a specific system together. Other con.rol
room improvements (such as hierarchical
labeling, colsr coded labels and mimicg)
completed to correct other HEDs, will also
significantly improve the operators ability
to guickly find any switch or meter.

The need to use 2 second procedure in
parallel to perform immediate operations was
identified ‘n the 198) survey. However,
this is still true and is a result of using
procedures developed in accordance with the
Emergency Procedure Guidelines Writer

Guide. As noted above, operators are
thozoughly trained im their use.

When reference material is identified in a
procedure, the latest available revigiou is
not specified.

The Authority considers it unnecetsary to
specify the revision number cf references in
the bhody of procedures.

The control room is routinely provided with
the most up to date applicable refecences
avallable. Placing the revision number of
reference materials into conirolled
procedures would require procedure revisions
each time a reference® was revised. This in
turn would resust in a large increase in the
purely sdministrative workload for the Plant
Operations Review Committes (PORC). (All
changes to operating procedures require PORC
review prior to implewentation.) This
increase in work 10ad with no reduction in
proubability fer operator error is not
juscified.

Coptrols for drywell fans and the emeryency

water supply for drywell coolers, which are

u#ed for temperature control, are lncated on
the back panel.

Dryweil cooling and countoinment HVAC cooling
water system flow, noted as being required
by the task analysis, is not available.

This deficiency will be partially corrected
by the EPDS which will dieplay drywell
temperature in the front panel atea. This
will ‘nsure that operators are provided with
information which will permit sufficient
time o go Lo the back panel, (approximutely
20 feet away), to take required action.

12



N. Discrepancy:

Justification:

C. Discrepancy:

Justification:

Neither ngormal nor emergency operation
requireg frequent operation of these
controls. These controls are simple
slart/stop ewitches tor fans and open/close
switches for valves., No variable controls
are involved. 1In an emergency situation,
the operator is only concerned with
achieving the maximum available cooling.
This is accomplished in a single trip to the
back panel. He is unlikely to need to
return tae stop fans Juring an emergency.
Similarly, there is no need for cooling
eystem flow measurement instrumentation.

In addition. there is no available space on
the front panels to locate these controls.
There is no justification for moving them
there de to the low frequency of use and the
lack of a requirement for impediate operator
response.

Turbine valve indications are small,
pointers are difficult to distinguish.

Accurate readings are not required and the
monitoring of discrete values is
unrnecessary. These meters are used
principally during weekly valve testing to
indicate that the valve being tested is in
fact moving in the open or closed
direction. Wo information about
intermediate valve porition is required,
oaly the indication of valve movement in a
specitic direction.

Secondary containment acea radiation level
instruments do not have the range required
by task analyeis (0 to 1,000,000 B/hr).

Secondary containment arez radiation level
is 3 Regulatory Cuide 1.97 Revision 2
variable. In Reference 23, the Authority
justified the existing Area Radiatioa
Monitoring System (ARMS) range in cesponse
to a WRC Technical 8valuation Report. The
Ruthority considers the existing ARMS range
to be adequate for the reasons describad ian
Keference 23.

4.1 Enginmeering Studiee Required

There was a total of 13 HEDs associated with five common issues.
These requir¢ further engineering review to determine both the
nature and fesibility of corrective modifications which may be made.

L3



Annunciator Relecatjon

There are two HEDS concerning annunciatcr windows. One of whieh was
initially placed in assessment category II, the other ia category
I1I. These HEDs concern the la¢k of a consistent method of
arranging apnunciator windows within eystem groupings. Many types
of alarms, including tripe, wariuings., diagnostice, and egquipment
status indications are randomly intersperged. 2 program to
standardize labeling and color c¢oding will be developed and
implemented which will improve the operators abiliry to Aistinguish
betweel varicue Lypes of apnunciator information. The c¢srrectionmn of
these HEDs may require signiticant rewiring and modificaticn of the
control room papeis. Urtil an engineering review has been
completed, the Authority can not select the best meane 6f correctting
the HED&. Specific correcetive actione will depend on the results of
the color code and standardjzation study, and subsequeatiy on the
feasibility and extent of rewiring,

Glate

There was one HED which wae initially placed in assessmen{ category
117, It inveolves glare free lighting of adequate brightness on
several panels. Oecasional glare on icolated inetruments is not a
major concern. An engineering study will be performed to gquaptify
the extent of the problem and recommend possible sclutions.

Mapnal Initiationm of ECCS

A single HED identified that no single manuwal initiation capability
existed for several ECCS systems. This HED was initially pilaced in
assessment category II, Manual initiation of BCCS presently
requires multiple steps. A "single button" initiacfon theoretically
provides rapid and error free initiation of these systems, It
should he noted that even with “single buytton” actuation, the
operator muet etill verify correct operation of the system.

Because there are seven modes of RHR cystem operation, the RMR
system will nct be considered for a "single button” initiation
modification. The HPCI and RCIC gystems will be considered as
possible candidates. A detailed engineering study is required to
insure that new safety isgues are not introduced by modifications to
the logic circuits. In addition, the study must assure that the
single fai) 're critecion is met and fully define the engineering
scope and fi ancial costs ascociated with this modification.
Following corpletion of this study, a decision will bLe made
concerning both the feasibility and the cost benefit of a “single
butten” ECCS initiation modification.

Control Layout or Replacement for Feedwater and Main Turbine
Auxiliary Controls

Four HEDe (one initially classified in assessment category 11 and
the remaining three in assessment category I[Il), are associated with
a particular type of push button switch used primarily for the
feedwatar and turbine auxiliary controls. These controls have never
presented a safety jissue and due 'o the need to replace a large

14



number of switches (approximately 100) in a limited space. there may
be limitations on pogssible solutions. Further engineering teview is
necessary to determine if a practical and cost beneficial means of
correcting these HEDs exisis.

Two HEDs (both assessment category I11]1) have been identified
concerning layout and arrangement of indicators and controls on the
turbine auxiliary control panel No safely concern existe. These
involve no safety related systems. Due to the potentia! complexity
of the changee required, additional engineering is required before
the Authority can determine if a practical and cost beneficial means
of correcting these HEDs exists.

ontro

8ix HEDs concern control room sound levels. Four of these were
placed in assessment category II, and two were placed in category
II1. The HEDs addressed such concerns at total control room ambient
sound level, suitability of annunciator alarm volume, distractions
related to the Gaitronics page and phone system, and the Secondary
Security Alarm Status (SAS) panel.

The SAS panel will be relocated. Further engineering study is
required to determine the best combination of increasing audible
alarm volume and reducing control room ambient sound levels. The
study will consider installation of sound absorbing material subject
to the ability to meet appropriate fire protection requirements.

1%



5.0 METHODOLOGY AND CRITERIA

This section describes the methodology vtilized for the Systems
Functions keview and Task Analysis, and the methodology and criteria
used for RHED assessment, and correction. Detaiis ean the methodology
and criteria used during the DCRDR are included in Sections 4 and 5
of the program and program plan suppliement.

5.1 Systems Functions Review and Task Analysis

The purpose of Systems Functions Review and Task Analysie portion of
the DCRDR is to determine the information and control requicements
of the control roum crew for emergency operation; and, to ensuce
that the required systems can be efficjently and reliably operated
under emergency conditions.

The BWROG/EPRI/DOE Functional Analysis of the BWROG Emergency
Procedure Guidelines (EPGs) were used to perform the DCRDR Task
Analysis. The Functional Analysis was reviewed to detezmine the
differences between the BWROG EPGe and the FitzPatrick EOPs., The
BWROG/EPRI/DOE document was used to determine information and
control requirements where there were no differences, the EOPe were
used where differences were identified.

The steps which comprised the Systems Functions Review and Task

Analysis are shown ia Figure 5-1 gnd are deecribed in the following
sections.

16



IDENTIFY
PLANT SYSTEMS
AND FUNCTIONS

l

DEFINE REPRESENTATIVE
SCENARICS AND RELATED
EQPs FOR ANALYSIS

!

IDENTIFY
RESIDUAL TASKS

. !

DEVELOP TASK
|
\

ANALYSIS WORKSHEETS

:

CONDUCT
WALKTHROUGHS
OF SCENARIOS
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Pigure 5-1. Systems Functions Review and Task Analysis Steps
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§.1.1 Systems Functions Descriptions

System functions descriptions identify plant systems and subsystems
operated from the FitzPatrick control room emergencies. Plant
documentation (e.g., FitzPatrick FSAR and Training Department system
descriptions) served as a prime information source.

Descriptions of the functions of each of the identified systems were
prepared. These system descriptions included: the function(s) of
the system; the conditions for which the system is used; and a brief
explanation of how the system operates.

The systems functions descriptione served as a reference for
subsequent task analysis. Additionally, a "ist of plant systems
was used to assist in the selection of operating scenacios {or each
walkthrough.

5.1.2 Task Analysis

The BWR Owners Group Emergency Procedures Guidelines and the list of
the FitzPatrick systems and subsystems were used to define a set of
scenarios which sampled various emergency conditions and the plant
systems and system functions used in those conditions. The related
FitzPatrick EOPs were also identified in thic step.

The four scenarios that were developed are listed below:

o Scenario A - Inadequate Core Cooling

o Scenario B - Steam Leak in the Dryw.ll (with Containment
Temperature and Pressure Abnormal)

o Scenario C - Large Break Loss of Coolant Accident

o Scenario D - Anticipated Transient Without SCRAM

A brief narrative description of each scenario was prepared which
established the limits and conditions of the events to be analyzed.
These scenario descriptions were useful for orienting operators to
the scenarios prior to walkthroughs. The description included:
initial plant conditions; sequence initiator; progression of action;
final plant conditions; and, major systems involved.

5.1.23 Residual Tasks

Residual tasks are defined as EOP tasks exercised during the Task
Analysis scenarios. Task Analysis scenarios were developed so that
there were no residual tasks; all EOP tasks were included in the
scenarios listed in Section 5.1.2.

5.1.4 Develop Task Analysis Worksheets

Task Analysis Worksheets (see Figure 5-2) were developed which
document the operational steps required in each scenario along with
the appropriate information and control requirements, means of
operation, and instrumentation and controls present on the control
boards. The operator tasks were analyzed using plant-specific EOPs
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and the BWROG EPGs. The Task Analysis Worksheets were prepared in
the following manner.

1. Discrete steps in the FitzPatrick EOPs and cocrresponding
EPGs were identified in order of performance. These stens
were recorded in the "Procedure Number" column of the Task
Analysis Worksheet. (Note th*t there may be more tasks
subseguently identified than there are procedural steps.
In this case, a dash was entered in the column when no
explicit procedure step was present in the EOPs and/or
EPGs). A brief description of the operator's tasks (in
order of procedural steps) was then recorded in the
“Tasks/Subtasks" column of the Task Analysis Form. All
tasks, both explicit ana implicit, were documented by BWR
operations subject matter experts and human factors
specialists.

2. The operator decisions and/or actions linked to task
performance were noted in the "Decision and/or Contingent
Action Requirements" column.
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3. Intorwatinn and control requirements for successful task
performance were recorded in the "Information and Control
Requirements" column. These ware parameters, components
or procedural information necessary for operators to
adequately assess plant conditions or system status (e.g.,
reactor vessel water level, reactor coolant system flow,
etc.). Specific values for parameter readings or control
selection were noted.

4. Once the tasks, decision requirements, and information ind
control requirements hal been specified, the specific
instrumentation and controls required by the operator for
each procedural step were entered on the form. All
instrumentation and controls needed to either (1) initiate,
maintain or remove a system from service, (2) confirm that
an appropriate system response has cr has not occurred,
i.e., feedback, or (3) make 2 decision regarding plant or
sysiem status, were listed. The "Means" column refers to
how the information and control requirements are ultimately
presented on the control boards (e.g., switch, meter,
etc.). The "I&C Identification" column providee the
specific panel number and identification number of the
contzol or instrument.

It is important to note that Steps 1 through 3 were

completed on the Task gglzsig Worksheet ggigg_ig_gggndeg
sources of data E B ormatio

present in the control toog_

Step 4 essentially completes the first step in the
Verification Process by identifying whether or rot the
necessary instrumentation and controls for task performance
are available in the control room.

The remaining columns of the Task Analysis Worksheet were
used during the Verification of Task Performance
Capabilities, which is described in Section 5.1.6. The
remaining columns are described below.

5. "verification" column: “Availability" (or presence) of the
necessary instrumentation and controls for successful
operator task performance is documented in this column:
"Suitability" of the instrumentation and controls to meet
the information and control requirements of operator task
was documented in the column.

6. "Comments/Candidate HEDs" column: Comments or candidate
HEDs were noted in the column.

The Task Analysis Worksheets serve as the complete record of
operator tasks; decisions; and, information and control
requirements, availability, and suitability for the selected
scenarios. The record was developed through the steps described
above.
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5.1.5 Conduct Walkthrough of Scenarios

Using the Task Analysis Worksheets, human factors engineers and
operations engineers performed walkthroughs of each scenario with
four FitzPatrick control room operators at a full-scale, photomosaic
control room mockup. The walkthroughs were videotaped to provide a
record of the process for subsequent review. The walkthroughs were
conducted over the course of three and one-half 8-hour days. During
this walkthrough, the tasks required by the procedural steps were
analyzed in terms of: the presence of necessary instruments and
controls and job aids (the Verification of Task Performance
Capabilities specified in NUREG-0700); and, the suitability of
equipment, job aids and control room design for reliable execution
of the required tasks (the Validation ot Control Room Functions
specified in NUREG-0700).

Real-time walkthroughs were then conducted to document the tasks
involved for all crew members. A complete description of the
walkthrough method is described in the validation process in Section
5.1.7. The task data was subsequently examined in bnth the
verification and validation processes described in the sections that
follow.

5.1.6 Verification of Task Performance Capabilities

The purpose of the Verification of Task Performance Capabilities was
to systematically verify that the Instrumentation and Controls that
were identified in the Task Analysis as being required by the
operator are:

0 Present in the Control Room
o Effectively designed to support correct procedure
performance

The Verification of Task Performance Capabilities utilized a
two-phase approach to achieve the purpose stated above. 1In the
first phase, the presence or absence of the instrumentation and
controls that were noted in the Task Analysis was confirmed. This
was done by comparing the requirements in the "I&C Requirements"
column of the Task Analysis Form to the actual control room by using
the control room mockup, or by reviewing the videotapes of the
walkthroughs.

The presence or absence of required instrumentation and controls was
documented in the "yes" or "no" areas, respectively, in the
"Availability" column of the Task Analysis form. If it was
discovered that required instrumentation and controls were not
available to the operator, any such occurrence was identified as an
HED and documented accordingly on an HED form.

The second phase determined the human engineering suitability of the
required instrumentation and controls. For example, if a meter used
in a particular procedure step exists in the contrzl room, that
particular meter was examined to determine whet“er or not it has the
appropriate range and scale to support the operator in the



corresponding procedural step. If the range and scale were found to
be appropriate, it was documented in the "yes" area in the "1&C
Svitability” column of the Task Analysis Form. Conversely, if the
meter range or scale was found to be inappropriate for the
parameter, the "no" area in the "I&C Suitability" column of the Task
Analysis Form will be checked. This type of occurrence was defined
as an HED and documented accordingly.

5.1.7 Validation of Control Room Functions

The purpose of the Validation of Control Room Functions step in the
DCRDR process is to determine: (1) whether the functions required
to execute the FitzPatrick - specific EOPs can be effectively
accomplished in the exiting control room; &nd, (2) the human factor
engineering of the control room as it exists. Additionally, this
step provided an opportunity to identify HEDs that may not have
become evident in the static processes of the DCRDR, for example,
in the control room survey.

Utilizing the partially completed Task Analysis Forms, walkthroughs
were performed at the control room mockup. Four licensed operators
assuming the rolls of shift supervisor, assistant shift supervisor,
senior nuclear operator, and nuclear control operator participated
in the three and one-half day walkthrough task which was recorded on
video tape at the full scale photographic control room mock-up. The
purpose of the walkthrough was to evaluate the operational aspects
of control room design in t-rms of control/display relationships,
display grouping, control feedback, and manning levels ana traffic
patterns.

The operating crew was provided with copies of the EOPs to follow as
they walked through the events. DCRDR team members used the
partially completed Task Analysis Worksheets to record observations
and potential HEDs.

One event at a time was walked-through. Operators performed the
walkthrough in slower than real time to provide a slow-paced version
of the event. During the walkthroughs, the operators were
instructed to speak one at a time and describe their actions. Since
this forced serial action, the operations were not performed
simultaneouslv. Specifically, the operators verbalized: the
component or parameter being controlled or monitored: the purpose of
the action: the expected result of the action in terms of system
response; each control or display that they utilized; and, which
annunciators were involved.

For “he validation process, Link Analyses (which trace the movement
patterns of the operating crew) were developed by reviewing
videotapes to assess whether the existing control room layout
hinders operating crew movement or control access while performing
the scenarios.
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5.2 Assessment and Categorization

The purpose ¢f the HED Assessment phase of the DCRDR project was to
examine the identified HEDs and categorize them in terms of their
significance and potential to cause operator error during
operations. This was accomplished by analyzing and evaluating the
problems that .ould arise from the identified HEDs.

All HEDs identified during the DCRDR process were assessed and
categorized. Additionally, recommendations for the correction or
resclution of HEDs were developed.

5.2.1 HED Categorization

Nine members of the DCRDR review team met at the mockup for five
days to evaluate HEDs for their potential to increase operator
error. As each HED was reviewed, it was assigned an Assessment
Category based on the following category definitions:

1. Assessment Category I - HEDs Associated with Documented
Errors

HEDs which have been previously documented (as identified
during the Operating Experience Review) as having
contributed to a significant operating crew error were
assigned to Category I.

2. Assessment Category II - HkDs Associated with Increased
Potential for Operator Error or Interactive Effects. HEDs
assigned to this category come from two sources:

a. If it was judged that the HED degrades performance and
if the effects of the HED were judged to be serious
enough to cause or contribute to increasing the
potential for operator error, the HED was assigned to
Category II.

b. If it was judged that the HED has any cumulative or
interactive effects with other HEDs, it was assigned
to Category II. Cumulative HEDs are those that were
placed in this category by their number of
occurrences, sucr as improper labeling characteristics
throughout the entire control room. Interactive HEDs
were those HEDs that exacerbate each other such as
improper scaling on a meter combined with the absence
of a parameter designation.

3. MAssessment Category II1 - HEDs Associated with Low
Probability Errors of Serious Conseguences

All HEDs that were judged by the DCRDR review team to have
a low potential for error but could result in serious
consequences if the error did occur were placed in Category
) A
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4. Assessment Category IV - Non-Significant HEDs

All HEDs that were judged by the DCRDR review team to
neither increase the potential for causing or contributing
to an operating crew error, nor to have adverse safety
consequences, nor to have any cumulative or interactive
effects were assigned to Category IV.

5.3 HED Correction

In an attempt to develop recommendations to correct problems
associated with HEDs, the DCRDR review team met at the mockup for
five days. Recommendations for HED corrections were made for each
HED. Recommended resolutions were based upen two criteria:

1. The recommended correction adheres to accepted human
factors engineering principles.

2. The recommended correction is cost-effective and feasible
from an implementation perspective.

During the Assessment and Resolution Phase of the DCRDR, the review
team identified additional HEDs. These HEDs were recorded on HED
forms and subsequently subjected to the same assessment and
categorization process as HEDs identified during the Review Phase.
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6.0 HOW HED CORRECTIONS WILL BE ASSURED NOT TO INTRODUCE NEW HEDs

The process described below will be performed as part of each
modification to assure that the corrective modifications provide the
desired results and do not introduce new HEDs.

o Control room modifications will be implemented on a control
room mockup prior to installation in the actual control
room, where appropriate and feasible.

0 Mocked-up modifications will be reviewed by operations
personnel to ensure that the modifications are
operationally correct and will be beneficial.

0 Engineering procedures will be revised to address human
factors concerns as a design input when modifying centrol
room panels.

This process will reduce any inconsistencies in the operator-contre!l

room interface and ensure the effectivenecs and correctness of
control room modifications.
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7.0 INTEGRATION OF THE CONTROL ROOM DESIGN REV.EW WITH
OTHER HUMAN FACTORS ACTIVITIES

7.1 BWROG Control Room Survey Program

In April 1981, the BWR Owners' Group conducted a control room survey
at the James A. FitzPatrick Nuclear Power Plant. A team comprised
of operations and engineering personnel from four utilities
performed the checklist survey with the assistance of consultants
from General Electric Company and the Massachusetts Institute of
Technology. The survey consisted of four phases: (1) an analysis
of plant Licensee Event Reports (LERS) and scram reports to identify
possible design-related operator errors; (2) interviews with
approximately one-third of the plant operators; (3) panel
evaluations using checklists developed from previous surveys and
accepted human factors standards; and, (4) task analyses and
walkthroughs of selected emergency procedures. The result of the
survey was a summary report and the completed checklists.

The intent of the 1981 BWRCG Control Room Survey report for
FitzPacrick was to identify areas of the contrel room where
modifications should be considered.

The 1985 FitzPatrick DCRDR relied on this 1981 survey and a 1983
BWROG supplemental checklist for identitication of those panel
deficiencies which could be found by use of a checklist and operator
interviews. The updating and integration of this 1981 effort with
the 1985 continuation of the DCRDR is addressed in Section 8 of this
report.

7.2 INPO NUTAC on Control Room Design Review

The Nuclear Utility Task Action Committee (NUTAC) on Control Room
Design Review (CRDR) was established by a group of utilities in
recognition of the ne2d for guidance on performing a CRDR. The
principal objectives were: (a) to determine the boundaries of the
CRDK: (b) to develop a methodology:; (c) to define terms; (d) to
integrate other initiatives with the CRDR e.g., SPDS development,
EOP development, staffing, and training), and (e) to provide
practical implementation guidelines that included:

CRDR Methodology and Implementation Guideline
Guideline on the Development of CRDR Survey Checklists
CRDR Task Analysis Guideline

Human Engineering Review Principles

OO0 00

The NYPA DCRDR project coordinator served as chairman >f this

NUTAC. NYPA and its independent human factors contractor used
selected portions of these publications as guidance in preparing the
program plan and task analysis methodology.



7.3 Eme (ency Operating Procedure (EOPS)

The development and NRC review of the FitzPatrick EOPs was
accomplished separately from the DCRDR project organization. Two
distinctly separate task analyses and walkthroughs were conducted;
one for the EOP program and a second analysis and walkthrough for
the DCRDR The responsibility for meeting NUREG-0737. Supplement 1,
section I.C.1 requirements for EOPs rests with that project and is
outside the scope of the DCRDR project. The DCRDR addresses itself
exclusively to the requirements of section I.D.1 and its task
analyses was designed to identify control room design deficiencies
rather than EOP procedural deficiencies. However, DCRDR and EOP
programs interacted in the following ways:

7.3.1 Common EPG Basis for Task Analysis

The DCRDR task analysis used the BWROG/EPRI/DOE graphic display
committee function analysis of the BWROG EPG's as the basis for its
independent task analysis. This was done to ensure an independent
task analysis information and control section which was not
influenced by the FitzPatrick control room. The EOPs were created
from a procedures generation package which used the same BWROG EPGs
as a technical basis.

7.3.2 DCRDR Walkthrough of EOPs

The DCRDR task analysis verification walkthrough, while using the
independently derived task analysis, did use the EOPs to ex-<cute the
scenarios. Thus, the FitzPatrick EOPs were subject to two
independent task analysis walkthroughs at different times using
different human factors teams. One was completed for the DCRDR to
identify control room deficiencies, one for the EOP validation to
identify procedural deficiencies.

7.4 sSafety Parameter Display System (SPDS/EPIC)

The SPDS/EPIC is a completely separate project from the DCRDR,
designed to meet the requirements of NUREG-0737, Supplement 1,
section 1.D.2. However, there are several areas of commonality
between the SPDS/EPIC, the EOPs, and the DCRDR.

7.4.1 Function Analvsis

The SPDS portions of the SPDS/EPIC were based on the same
BWROG/EPRI/DOE Graphics Display committee functional analysis, as an
initial basis for its displays., that the DCRDR task analysis used

for its basis. This was specifically identified as a requirement in

the DCRDR contractor bid specifications to contribute to integration
of these two projects.

7.4.2 Shared EPG Base SPDS/DCRDR/EOPs

All three of these projects have in common the same set of BWROG
Emergency Procedure Guidelines (EPGs). The EPGs served as a basis
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for creation of the EOPs. The sam2 EPGs were the basis for the
BWROG/EPRI/DOE Function Analysis used to develop the SPDS and as a
base for the DCRDR Task Analysis.

7.4.3 SPDS/EPIC Basis for HED Resolution

The FitzPatrick SPDS/EPIC computer system will correct approximately
36 HEDs identified during the DCRDR.

7.4.4 SPDS Human Factors Program

The SEDS displays were subjected to a specific human factors program
during their development.

7.4.5 SPDS/EPIC System Human Factors Program

Because the new SPDS/EPIC computer system is not yet installed, it
wae not included in the 1981 or 1985 DCRDR project. However, the
SPDS/EPIC, system, including its control room hardware and operator
interfaces, have been subjected to a detailed human factors program
as part of the SPDS/EPIC project. This portion of the SPDS/EPIC
program will n ot be completed until installation is completed.
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8.0 HOW CONTINUITY WAS ASSURED BETWEEN THE 1981 BWROG SURVEY AND
THE 1985 DCRDR

Four distinct methods have been used to assure continuity between
the 1981 BWROG Survey and the DCRDR.

8.1 Personnel Continuity

Mr. Hamilton C. Fish, Jr. (Assistant to the Superintendent of Power
at FitzPatrick) has been con%inuously assigned to the DCRDR project
from October 1980 through the current date. He was a BWR Owners'
Group Team leader in five 1981 BWROG surveys, including the 1981
FitzPatrick survey. Mr. Fish is the 1985 DCRDR Project Coordinator,
providing the desired personnel continuity.

8.2 Common Basis for HEDs

HEDs were extracted from the 1981 Survey Summary Report and
checklists completed during the 1981 Survey. These HEDs were
entered intu the DCRDR Database Management System along with those
resulting from the 1985 activities.

8.3 Review of Control Room Changes 1981-1985

Modifications that were made to the control room after the 1981
survey were identified by comparing the existing control room with
photographs of the control room taken in 1981. Post-1981
modifications were then surveyed using the 1981 BWROG checklist. 1In
additior. the operating review was updated from 1981 through 1985,

8.4 The BWROG 1983 Survey Supplement

The BWROG 1983 Survey Supplement was completed on all control room
panels, including post-1981 modifications.
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9.0 STRUCTURE OF THE REVIEW TEAM

The DCRDR project has collectively involved the efforts of 28 people
divided between the staffs of NYPA and its independent consultants.
Table 9-1 shows the participation of each discipline in each of the
ten DCRDR activities defined in the program plan. (Reference 2,
page 9, and Reference 18, page 31).

The human factors engineering effort was supported by seven
qualified independent consultans comprising approximately 25 percent
of the :otal project staff. With the exceptinn of the "Systems
Description” activity, one or more members of this group actively
participated in each of the other nine project activities.

Operations experience was provided to the review team by eight
persons specifically assigned for this purpose. It was supplemented
by four additional persons with operating experience who were
assigned to the team primarily for other purposes. Eleven of these
twelve DCRDR team members held currently valid USNRC senior operator
licenses or certification on BWR plants; seven indiciduals were
licensed on the FitzPatrick plant. Emergency Operating Procedures
(EOPs) experience was available from seven members of this group.

At least one of the primary members of this group participated in
seven of the ten program phases.

31



Table 9-1 DCRDR Task by Discipline Matrix
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At least one of the three persons experienced with instrumentation
and control participated in the control room survey, assessment,
and correction phases. A qualified mechanical engineer, electrical
engineer, and computer specialist actively participated in the
assessment and correction phases. Plant manayement and licensing
engineers participated in project planning and preparation of the
summary report. Persons experienced in training participated in the
operating experience raeview, assessment, and correction phases.
While the SPDS system has not yet been installed, the NYPA DCRDR
project coordinator and the computer specialist (who have both been
actively involved in that project) provided the necessary
integration by recommending HED solutions which could be effectively
accomplished by the SPDS/EPIC computer.
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