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QUESNTION 620.20

The major driving force affecting control room design appears to be the concept of ong-person
operations during normal conditions. This leads to the requirement to consolidate most of the monitoring and
control capability into a single, relatively compact work station in contrast to the traditional analog control
boards. This approach then leads to requirements to minimize dedicated controls and displays (because of
limited real estate at the work station), utilize soft controls (to replace dedicated controls), utilize CRT-like
display devices which only display a limited set of plant data at a time (to replace instrument displays) and to
utilize intelligent operator aids based upon expert systems, etc. to assist the one operator to accomplish his tasks.
While these technologies may have merits of their own, we are concerned about the appropriateness of this
technology as a design driver for US. plants. Please discuss your rationale for this concept.

RESPONSE 620.20

The basic ABWR control room design goal is to minimize the burden on the operating staff and
promote efficient and correct operator actions. In achieving that design goal, the ABWR control room design
provides the capability for operation by either a single operator or multiple operators. This flexibility in plant
operation is possible due to implementation of several key design features: the wide display device for overall
plant monitoring, plant-ievel automation, system-level automation via the sequence master control switches, the
compact main control console design and implementation of operator guidanve functions which display
appropriate operating sequences on the main control console CRTs. The role of the operator will primarily be
one of monitoring the status of individual systems and the overall plant and the progress of automation
sequences, rather than the traditional role of monitoring and controlling individual picces of system equipment.

The rationale for providing the capability for operations by a single operator during routine plant
mancuvers is based upon several considerations. These are discussed below:

1. Operator Communications Errors: Single-person operation will eliminate errors of communication.

Included in this category of errors are those related to the spoken word g well as unspoken
communications, In writing about the Three Mile lsland (TMI) incident, Sheridan states.

"Nuclear plant operators work in teams, based on the premise that two or more heads are better than
one. But there is a great deal of interaction among team members, some of it subtie and unspoken.
Such interpersonal communication is little understood but assuredly does affect the reliability of human
performance. For example, operators unintentionally could reinforce one another's misimpressions,
making the team less reliable than a single operator who would be more likely to think a matter
through carcfully. This means that human error rates for individuals may differ from those for teams.”

The Rogovin Rcapoﬂz indicates that it took some time for the operating crew at TMI Unit 2 to become
organized to the extent that they were stationed at strategic places.

2. Operator Work Load: Resuits of operator work load ana'vses performed as part of the ABWR
development program indicate that one-person operauion of the plant during normal plant operations
is not only feasible but may be preferable to two-person oper..n, This is true because the high
degree of plant automation which is available during normal plant operations reduces the operator
work load to a level casily sustained by a single operator but one which may provide a lower level of
stimulus if divided between two operators. The characieristic of a very low task load, or stress level, is
that there is not enough stimulation to maintain the person at an alert level: his state of arousal is
below normal. The subject of appropriate operator work load was discussed in the responses to
Questions 620.10 and 620,18,
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High-level data integration is discussed as a part of the deseription of the wade display device, which
has both software and hardware display modes.

The information pecded by the operators is determined by task analyses of the system operating
procedures, Integrated Operating Procedures and Emergency Operating Procedures. This information will be
made available to the operators in the most appropriate manner, as defined during the equipment procurement
and detailed design implementation.

Display techniques and coding mothods that comply with accepted human factors engincering
guidelines (¢. g, NUREG-0700, ESD-TR-83-122, EPRI NP-3701) will be assured through the conduct of
appropriate operations analyses as part of the design implementation tests and evaluation,

QUESTION 62022

Deseribe how the requirements for: (1) information/data display and (2) methods by which the
operator will interact with the system will be reflected in hardware design requirements. 1t appeared from the
material presented by GE on March 6.7, 1990, that hardware requirements were preceding these issues.
RESPONSE 62022

The requirements for information/dats display and the methods by which the operator interacts with
the system are reflected both spatially and functionally by the hurdware design requirements.

The spatial configuration of the main control room panels is a logical consequence of the following
requirements:

a Information/Data Display Requirements
plant summary information 10 be displayed so as to be visible to entire control room
sufety and NSSS-related information to be shown on left side of display panels
BOP-related information to be shown on right side of display panels
computer-independent displays available for safety and some key non-safety systems
complete interchangeability required for computer-driven display devices

b. Operator /System Method Interaction Requirements
interaction method to require minimal space
interaction method to require minimal time
spatial dedication to be included for key functions

For a complete description of the relationship of the hardware design to the underlying user/system
requirements, refer to Section 18.4,
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With regard to the design of the control room:

Was @ human factors design guideline developed specifically for the design of the
human-software /information interface, as discussed in Question 620.21, above?

Was a human factors design guideline developed specifically for the ABWR 10 assist in control
of the interface design , or were the ABWR human factors design guidelines derived from
human factors design guidelines availabie in the literature? 1f neither, how were the ABWR
guidelines developed? I caisting guidelines were used, please identify them and provide the
audit trail.

How were guidelines developed for those interface characteristics for which there appear to be
no existing guidelines in the literature?

RESPONSE 62023

a b

The ABWR human-software/information interface design is an extrepolation from previous
US. and Japanese BWR designs. Existing guidelines contained in Reference 1 have been used,
as appropriate. Because of the limitations of Reference 1, guidance has also been obtained
from References 2 and 3. In the case of the SPDS function, the requirements of
NUREG-0737, Supplement 1, have been made a part of the system design basis.

As discussed in the response to Question 620.28, the design of the touch-screen user interface
is based upon a broad base of experience. In addition, evaluations of prototype main control
pancls have been carried out with experienced BWR operators and utilizing
simulator-generated scenarios  Data from these evaluations, in the form of videotapes of
operator actions and dialogue and operator comments obtained in de-briefing sessions, were
analyzed and used to formulate desiga gwdelines,

References:

1
2
3

NUREG-070, *Guidelines For Control Room Design Reviews®, NRC, September, 1981
EPRI NP-3701, *Computer-Generated Display System Guidelines”, ORNL, September, 1984

ESD-TR-83-122, "Design Guidelines For The User Interface To Computer-Based Information
Systems®, Mitre Corporation, March, 1953

QUESTION 620.24

A significant feature of the ABWR control room design is the use of advanced and intelligent operator
aids based upon expert systems and other Al technologies. With respect to these operator aids, please describe

the following:

b.

The extont of the dependence on intelligent operator aids that is necessary to achieve the
single-operator design goal;

The specific operator aids that are planned and the technology on which they are based;
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¢ The methods of knowledge engincering that will be used and the steps that will be taken to
assure that all appropriate knowledge will be incorporated into the database;
d The approach 1o be taken 1o develop operator confidence in the systems to assure that they will
be appropriately utilized;
¢ The approach (o be taken (o minimize undue reliance on and blind acceptance of these
systems,
f. The methods to be used for the verification and validation of the performance of intelligent
operator aids.
RESPONSE 62024
The use of expert systems and artificial intelligent technologies is not a significant feature of the
ABWR control room design.
a The ABWR has incorporated features which minimize the burden on the operating staff and

promote efficient and correct operator actions. Such features enhance the operability
irrespective of whether operations are by a single operator or multiple operators. As discussed
in Subsection 18.4.4, the ABWR user interface design in~ludes extensive plant automation
functions.

Other functions may include system /equipment monitoring and maintenance support. Details
regarding the implementation of such functions will be detormined as part o the design
implementation and procurement activities,

There are no knowledge-based features in the ABWR operator interface.

Operator confidence in the ABWR plant autamation system is bolstered by the following five
design foatures:

1. The exient of automatic.. implemented in the ABWR has been carefully selocted to ensure
that the primary control of plant operations remains with the operators,

2. The basic architecture and scope of automated functions performed by the ABWR Power
Generation Control System (PCCS) is based upon the proven plant-level automation design
that has been part of the TEPCo standard BWR control room design on all units which have
begun commercial operations since 1985,

3. The PGCS can never directly control the status of any safety system.

4. The operator can completely stop an automatic operation at any time by simply selecting the
manual operation mode.

5. The operators remain fully cogrizant of the plant operational status and can intervene in the
operation at any time, if necessary,

Undue reliance and/or blind acceptance of the plant automation is avoided by allowing the
operator to maintain close control of plant level automated functions, This close control is
accomplished by the incorporation of break point control logic into the design At regular
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intervals within cach automated sequence of operation, break points are established which stop
the progression of the operation. When cach break point is reached, the operator is required
to provide permission to proceed to the next break point by activating the appropriate break
point control pushbutton on the automation operator interface on the main control console,
This break point control logic assures that the operator remains fully cognizant of the plant
status and retains direct control of the progression of an automated operation. In addition,
controls are provided which enable the operator to activate a "hold" in the sutomation
sequence at any time.

A The validation of the performance of intelligent operator aids will be accomplished as part of
the detailed design implementation by validation testing with the reactor operators
participating in a simulated control room environment. In this way, feedback from experienced
control room crew members will be obtained and used to evaluate the effectivencss of th,
detailed implementation of the operator aids.

QUESTION 62026

Computer-based work stations can often present data interface management problems to the operator
(such as the operator spending too much time managing data windows rather than monitoring plant
information) which reflect a shift from task-related workload to interface-management workload. Deseribe how
the design of the work station controls and displavs will minimize the workload associated with the operator's
management of the interface. Discuss any assistance that the operator will have in calling up the appropriate
displays via automatic display “triggers” or an expert system,

RESPONSE 620.26

The ABWR data interface is # touch screen which is characterized by its speed and simplicity of
operation. Both flat panel displays and CRTs are equipped with the touch screens  The basic concepts of the
CRT display format system are described in Subsection 18.4.2.2.

As discussed in the responses to Questions 620.23 and 620,28, a significant base of experience with
touch scroens has been accumulated both in this country and in Japan, Advantage has been taken of this
experionce along with the results of development testing done specifically for the ABWR. In addition, extensive
prototype testing with BWR operators was done to validate the interface design,

Comprehensive operations analyses will be performed as a part of the equipment procurement to
assure that no significant data interface management problem exists in the purticular hardware implementation
selected,

QUESTION 62027

It appears that alarm information is being presented in three separate locations: on the large display
soreen, on dedicated alarms snd on CRTs. With respect to annunciator warning systems data, please discuss:

A How allocation of alarm information to the above locations is determined and which alarms
are located where;

b. How the CRT-based alarms will be presented;
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¢ How alarm information will be prioritized,

d Whether alarm filtering will be used and, if so, (1) by what methods, and (2) whether operators
will have access to filtered-out alarm data.

RESPONSE 62027

The requirements for the alarm system are described in Subsection 18,45 This section contains
discussions of alarm classification, alarm suppression and implementation of alarms in both hardware and
software.
QUESTION 621.1

Identify who performed the ABWR HRA (GE and/or other contractors), and deseribe the expertise
that was included in the HRA team.

RESPONSE 621.1

ABWR human reliability analyses were performed by GE personnel. The GE reliability engineering
stall has extensive and diverse experience gained through the performance of many significant PRA /PSA
programs. These have included three major PRAs that have received regulatory agency review and approval;
BWR /6 GESSAR 11, Limerick, and Alto Lazio. Perforreance of human crror analyses was an integral part of
cach of these activities,

An important outecome of these efforts and accumulated experience is the recognition that basic
knowledge of BWR plant design, plant procedures, and accident analysis is a key factor in realistically
addressing human relisbility analysis,

This GE overall BWR koowledge base and direct access to ABWR design engineers and design

documentation, in combination with prior BWR human reliability experience, provided the basis for the
reliability engineering staff to realistically address buman reliability factors in the ABWR PRA analyses.

QUESTION 6212
Describe the material and/or analysis that were available and used to support the HRA, including:

a Detailed function and task analysis (utilizing the ABWR staffing goals and staffing philosophy);
b. Procedures or procedure guidelines (draft or preliminary, etc.);

¢ Control room design;

d Work station design;

e Display design; and

[ Auny other,

Discuss the degree of completeness of cach of the materials used in terms of the ABWR design to
support the HRA,
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RESPONSE 6212

Results of previous HRAs, which are based upon conventional BWR man-machine interface designs,
were used (0 provide the buman reliability assumptions needed for the ABWR Probabilistic Risk Analysis
(PRA). The previous HRA results are considered to be conservative for the ABWR because of the significant
improvements in the ABWR man-machine interface design relative to the carlier designs.

Also, as stated in Subsection 18.5.3.1, the human error probability (HEP) velues assumed for the
ABWR PRA ure to be validated by an independent HRA judgement team as part of the acceptance criteria for
the ABWR main control room detailed design implementation.

QUESTION 621.4

For those HEPs where THERP was used, describe how the Swain and Guttmann Handbook was
actually applied in the following arca:

“ Whether the full analysis methodology was followed;

b. How base case HEPs were derived;

¢ The data which were used as the source of base case values;

d The performance-shaping factors that were applied.
RESPONSE 621.4

Application of the Swain and Guttmann Handbook in developing HEPs for the GESSAR 11 PRA s
discussed in Appondix A.S (Human Error Prediction) to Appendix 15D.3 (BWR /6 Standard Plant Probabilistic
Risk Assessment) of the 238 Nuclear Island General Electric Standard Safety A nalysis Report.

As discussed there, calibration of sensors was the only human activity for which the full analysis
methodology was followed, and explicit consideration of performance shaping factors was limited to
consideration of stress levels and interdependence of tasks. Base case HEPs as well as performance shaping
factors were taken from Chapter 20 of NUREG/CR-1278. For extremely high stress conditions, the large
LOCA curve (Fig. 17-2) of Swain and Guttmann was applied.

QUESTION 621.8

Chapter 19 (p. 19.3-1) states that the HEPs "were taken predominately from the GESSAR 11 PRA" and
that "most of these values were derived from the Swain and Guitmann Handbook of Human Reliability” which
as roferenced was published in 1983, However, the GESSAR 11 PRA was published in 1982, one year prior to
the publication of NUREG /CR-1278. In light of this, please identify the version of the Swain and Guttmann
Handbook of Human Reliability (NUREG /CR-1278) that was used.

RESPONSE 621.5

The 1980 draft report version of the Swain and Guttmann Handboo! of Human Reliability Analysis
with Emphasis on Nuclear Power Applications, NUREG /CR-1278, was usea in the performance of the
GESSAR I PRA. The 1983 NUREG/CR-1278 final report was inadvertently identified in Chapter 19 as a
basis for GESSAR Il HEPs.
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moans that the frequency of operator errors will be reduced in the ABWR control room
relative to previous designs.

These considerations are the basis for our high confidence that the HEP values derived from
GESSAR 11 can be conservatively applied io the ABWR.

QUESTION 6219

Describe how you accounted, in the HRA, for the use of new, advanced technology in the control room
and for the differences in the operator's role in the ABWR vs. a standard control room. That is, how is the
operator's role change (due to the introduction of compact work stations and sdvenced | & C with primary
reliance on human-computer interface technology) accounted for in the analysis, with regard to the following:

A The appropriateness of the use of numbers from NUREG /CR-1278 for use in the ABWR;

b. The manner in which HRA subjective judgement was used given (ne advanced (and different)
nature of the control room:

[} The methods and the experts that were available to modily HEPs for ABWR operations;

d Any dosign features of the ABWR that were usod as o basis o lower HEPs which had been
obtained from an carlier PRA and, if so used, o discussion of which errors were involved and
what technology was assumed to enhance operator performance.

RESPONSE 6219

For (a), (¢) and (d), please refer to the response (o Question 621.2. For (b), please refer to the
response 10 Question 621.8, Part (¢).

QUESTION 621.10

The introduction of new advanced technology has frequently been associated with the emergence of
new human errors. Describe how the ABWR HRA has specifically analyzed the advanced control room,
changes in staffing philosophy, etc, to identify potential "new” crrors introduced by differences between the
ABWR and previous product designs, and which human errors were included in this category. 1f this has not
been done, please discuss your intentions in this regard.

RESPONSE 621.10
The validation of the human error probability values assumed for the ABWR PRA will include an

analysis of potential “new" operator errors. This validation is referred o in the response to Question 621.2 and
the analysis of "new” errors is specified in Subseetion 18.5.3.2
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