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Abstract

This report provides the technical basis for physical fidelity requirements of simulator technology to
train U.S. Nuclear Regulatory Commission (NRC) staff for their duties in upcoming nuclear power
reactor control rooms (CRs). It assembles information from published research, expert opinion, review
of next-generation CR designs, and a survey of 97 NRC resident inspectors (RI) and operator licensing
examiners (OLE) to evaluate training needs, past experience with CR simulator training, and the
importance of human-system interface (HSI) systems to the tasks that comprise the CR duties of RIs and
OLEs. To provide a foundation for prioritizing training and evaluating simulator physical fidelity needs,
the project team developed a Task/Knowledge, Skills, Abilities (KSA) Inventory and analyzed the
identified inventory items in terms of difficulty to perform, importance to safety, and frequency of
performance.. The survey results provide an estimate of the degree and impact of differences in physical
fidelity between the training simulator and the CR/simulator and assignment plants.
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Executive Summary

The U.S. Nuclear Regulatory Commission’s (NRC’s) Technical Training Center (TCC) must develop
training programs for NRC staff who will regulate advanced, or Generation III and III+, nuclear power
reactors. Training in a control room (CR) simulator is an important part of the NRC training program.
There is little information available on training needs or training approaches for individuals who will
perform oversight tasks, and even less information on the specific needs of NRC oversight personnel.
Training for jobs that involve ‘hands-on’ or supervisory operation/control and maintenance—aircraft
pilots, medical personnel, mechanics, power plant operators, etc.—rather than jobs that involve
overseeing the work of others has been the focus of most research on simulator fidelity needs and
impacts. In the absence of specific empirical data, the general assumption has often been made that, high
levels of simulator fidelity are needed if simulator training is to be effective. This assumption can lead to
unnecessarily expensive simulators with a level of fidelity that is not only unnecessary but detrimental to
effective training. To address this lack of information, the TTC commissioned Pacific Northwest
National Laboratory (PNNL) to evaluate the training needs of staff being prepared to regulate advanced
reactors and the factors that affect simulator physical fidelity requirements to provide a stronger, more-
specific technical basis for decisions about the fidelity of training simulators.

The fidelity of CR simulators is a multi-dimensional concept. This project’s focus is on physical
fidelity, specifically the level of physical fidelity needed to train both new-hire personnel, who may have
no previous experience with any sort of nuclear power plant (NPP) CR, and experienced personnel, who
will be assigned to advanced (Generation III and I1I+) NNP reactors. The overall approach of this project
was not research, in the sense of evaluating theory, but an investigation to answer the question: What
does an analysis of training needs and experiences indicate about the physical fidelity requirements of a
TTC training simulator for staff preparing to work at advanced NPP?

To support this investigation, the project team applied a training needs assessment approach. The
first steps of this approach are to determine what needs to be trained, rate these needs in terms of training
priority, and characterize them in terms of attributes with implications for simulator fidelity needs. To
establish the training needs, the project team reviewed pertinent published literature and guidance/
requirements documents; reviewed and characterized the CRs and simulators of advanced NNP reactors;
assembled a series of expert panels that compiled, analyzed, and rated various aspects of the training
needs; and conducted an on-line survey of current NRC resident inspectors (RIs) and operator licensing
examiners (OLEs) to gather information about the level of physical fidelity in existing TTC simulator
training and its impact on job performance and learning. To validate its findings, the project team also
conducted focus groups and participated in workshops with experienced NRC staff. An important result
of this work is the compilation and validation of an inventory of the tasks and knowledge, skills, abilities
(KSA) that comprise the CR responsibilities of NRC Rls and OLEs.

An important determinant in the needs assessment and fidelity evaluation is the structure and duration
of the NRC training for RIs and OLEs. The existing structure and duration is expected to apply to the
training of staff for advanced reactors as well, as indicated in SECY-08-0096, “Training and Infrastruc-
ture Needs to Accomplish New Reactor Inspections and Operator Licensing,” dated July 3, 2008:

“...These programs include a seven-week training regimen in either Westinghouse
pressurized-water reactor or General Electric boiling-water reactor technology and use



existing NRC simulators....The seven-week technology series includes three weeks of
vendor-specific systems training, two weeks of training on transients and technical
specifications, and two weeks of simulator training on normal and emergency
operations [emphasis added]....”

Discussions with TTC managers, instructors, and trainees (both RIs and OLEs) revealed that the
training focuses on having the trainees operate the simulator like operators. The intent is for the trainees
to learn enough about the jobs so they can later evaluate the performance of operators. Furthermore, the
simulator training period is only 2 weeks, so it is only long enough for teaching the concepts involved in
integrating the large amount of knowledge trainees have been provided in their classroom training and for
gaining an appreciation of the CR scope, feel, and the interactions between the members of the CR team.
After undergoing this training, it is the responsibility of each trainee to use extensive on-the-job-training
opportunities to adapt the concepts learned in the TTC training to the specific requirements of their own
assigned plant CRs.

In addition, these discussions also revealed that this training policy was considered to be working
well, and that the trainees accepted the need for subsequent on-the-job-training, performed it, and were
satisfied with the results. Furthermore, experience indicates that their job performance was satisfactory,
despite the fact the TTC simulators did not match the CRs for any of the plants to which the trainees were
assigned. It is expected, and assumed for the purposes of this investigation, that this policy and practice
will continue with the advent of advanced NNP reactors.

Characteristics of Advanced Reactor Control Rooms and Simulators

To gain an understanding of the attributes of the CRs and simulators for advanced reactors and how
they compare with those of existing reactors, the project team reviewed available documentation, made
observations, and drew upon one team member’s experience in training operators at an advanced reactor
in Japan. The description and comparison of the human-system interface systems (HISs) of the Advanced
Boiling Water Reactor (ABWR) and the Advanced Pressurized Water Reactor (APWR) CRs and
simulators provide a basis for evaluating how these differences would affect the jobs of NRC personnel
responsible for regulating and overseeing these reactors. The review describes the well-recognized
expansion of highly integrated HIS technology in the CR designs for the Generation 111/ III+ reactors
evaluated for this study.! “Soft” displays and controls are used extensively in the CRs and simulators of
these advanced reactors, making the HIS technology very different from that currently in use. However,
the systems to be controlled and the parameters that have to be monitored to assure safe operation remain
essentially the same in the advanced reactors as existing reactors. Some of the new reactor designs, such
as the Advanced Passive (AP)-600 and the AP-1000, rely on passive heat removal systems, with
consequent modifications of system parameters. However, details about the CR design for these plants
were not available at the time this report was written. The basic designs of other advanced reactors are
not different enough from current designs to require different control parameters. The jobs of the Rls and
OLESs will be complicated in advanced reactor CRs because it will be harder for the RIs and OLEs to see,
from a distance, what the operator is observing and what soft controls the operator is manipulating. Many
control and indication systems important to safety in advanced reactors will be dedicated displays or
switches that are similar to those in current use.

! Information about the passive design and its heat removal system as described by the World Nuclear Association is
available at http://world-nuclear.org/info/inf08.html.
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Task/KSA Inventory and Analysis

To develop an inventory of operator tasks of regulatory significance, the project team drew primarily
on NUREG-1122, Knowledge and Abilities Catalog for Nuclear Power Plant Operators: Pressurized
Water Reactors and NUREG-1123, Knowledge and Abilities Catalog for Nuclear Power Plant
Operators: Boiling Water Reactors (KA Catalogs). These NRC documents are the evolutionary
outgrowth of a PNNL report, PNNL-5291, Knowledge and Abilities Required of Nuclear Power Plant
Operators; Pressurized Water Reactors, which was prepared in 1984. The PNNL team determined that it
needed to focus on knowledges and abilities, given that the skills required of regulators were different
from those needed by operators, and that it needed to collect and aggregate the detailed operator KSA into
a manageable inventory that clearly and completely spans the CR responsibilities of the operators and,
from a regulatory perspective, are pertinent to NRC RI and OLE trainees. The PNNL team drew upon the
stem statements used to organize the KSA catalog. The catalog provides stem statements for all systems,
emergency and abnormal procedures, generic activities not specific to systems or procedures, conduct of
operations, and radiological aspects of operation. In addition, the stem statements were formulated to be
applicable to multiple systems and multiple reactor designs, which is an important consideration for this
project. The project team used the stem statements and the KSAs listed in NUREG-1122 and
NUREG-1123 to develop a preliminary task inventory of operator tasks of regulatory significance in
the CR. To reduce the list into manageable size, the team then condensed it by grouping the KSA with
similar intent. The goal was to have a short list that still captured all the dimensions of the CR activities
of regulatory significance.

The project team then analyzed each item on the condensed list and converted the inventory items
into corresponding regulatory/oversight tasks and KSAs applicable to RIs and OLEs. They drew upon
the training and experience of the team members in developing content-valid licensing examinations and
justifying performance evaluations of candidates, and also on their collective experience gained from
working as members of NRC teams that performed special and enhanced inspections of utility operations.
The team then validated the Task/KSA Inventory for each position in terms of its completeness and
applicability to current and advanced reactors by comparing each inventory with documents specifying
the job responsibilities of these positions, training course objectives, and review with current RI and OLE.

To better understand the training needs of RIs and OLEs, the PNNL team next convened an expert
panel to develop and apply a framework of KSA types and levels to the Task/KSA Inventory items. The
expert panel characterized the range and distribution of the types and levels of KSAs that RIs and OLEs
would need to learn to demonstrate CR regulatory competence.

The team’s analysis of available information about the CRs and simulators of advanced reactors
indicates that, to a large extent, the Tasks/KSAs currently taught at the TTC will apply to the new reactors
in the same way they apply to existing power plants. The overall licensing conditions of the
Generation III/I1I+ plants are expected to be the same as for current reactors. In addition, the regulatory
goals of the RIs and OLEs are expected to be the same for the advanced reactors as for existing reactors.
This analysis resulted in the compilation of a Task/KSA Inventory organized into four categories:

1) knowledge, 2) CR operations and indications (Ops), 3) operations management (Mgmt), and 4) plant
license-related.
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Training Priorities

The team assembled two expert panels and performed an analysis of the Task/KSA Inventory items to
rate the difficulty of performance, importance to safety, and frequency of performance of each of the
Task/KSA Inventory items for each position. This analysis, referred to as the difficulty-importance-
frequency (DIF) analysis, focuses on difficulty, importance to safety, and frequency in terms of
performance of the task, not training. A knowledge set (K-1, K-2, K-3, K-6, and K-7) was rated in a
different way; that is, as concepts required in order to successfully perform the tasks in the inventory.
This analysis showed that:

e The DIF scores varied widely across the Task/KSA Inventory items and two positions

e The 15 items with the highest DIF scores are either knowledge or operations topics, the highest rated
Licensing item was 16th in rank

¢ Roughly half of the 20 items receiving a DIF score of 7 or more concerned system knowledge.

The same expert panels also rated each Task/KSA Inventory item in terms of the difficulty of
attaining the KSAs necessary to competently perform the task (for knowledge items, the difficulty of
attaining the knowledge). They also rated each Task/KSA Inventory item in terms of the necessity of
using a simulator to learn how to perform the task competently (for knowledge items, to attain the
knowledge). None of the Task/KSA Inventory items for RIs was rated “very difficult” to learn. For
OLEs, the knowledge of plant design details and interactions between systems and components, including
malfunctions of components were rated “very difficult” to learn.

The importance of using a simulator for learning varies little across the RI and OLE positions. The
importance of using a simulator to train RIs and OLEs for competent job performance is high for nearly
half the Task/KSA Inventory items and low for nearly one third of the items. Half of the items that rated
high in importance of using a simulator for learning were among the items receiving the highest rating in
terms of training priority. Simulators were rated as important for learning the Task/KSA Inventory items
involving emergencies and automatic plant actuations (e.g., a reactor trip). These items require concep-
tual integration of large amounts of system and component operation and interaction information in real
time to understand and maintain awareness of the evolving plant status. In addition, the raters also
assigned this highest rating to several other OLE tasks involving responses to malfunctions, including use
of normal and abnormal operating procedures and the assessment of CR command and control. The
importance of using a simulator for learning addresses the desirability of using a simulator to train, but it
does not address the need for any specific level of fidelity for the simulator. Training simulators need to
provide enough fidelity to teach the trainees to recognize correct actions performed by operators or
operator candidates in their jobs as OLEs and RIs. A few knowledge items need to be taught at the
“essential to recall from memory” level, but most only need to be learned at the “understand” level.
Knowledge of plant procedures was identified as particularly important, with a need to learn to execute
the procedure, although not necessarily fluently. The trainees do not need to develop any specific psycho-
motor skills beyond auditory and visual familiarity because they do not actually manipulate controls on
the job.
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Characteristics and Importance of Control Room HSI Systems and
System Elements

The PNNL team drew upon the human factors and psychological literature; NUREG-0700, Rev. 2,

Human-System Interface Design Review Guidelines; and the personal experience of team members with
NPP CR systems and simulators to develop a framework for describing and categorizing the HSI systems
and elements of current and advanced reactor CRs and simulators. The team then used this framework to
define the information needed to describe and compare the CR HSI systems and simulators of the existing
generation of reactor with those of the new advanced reactors. This analysis identified the following
eight CR HSI systems:

procedures

instrumentation

controls

dedicated safety-related controls and displays
displays of integrated information
alarms/annunciators

group-view displays

workplace design.

An expert panel rated the importance of each of these eight CR HSI systems to each of the Task/KSA

Inventory items. The results of these ratings are shown below.

Importance Rating of HSI Systems
Percentage of Task/KSAs

100%

80%

60%

40%

20%

0%
Dedicated . :
Procedure Instrumen- Control Safety-related Displays of Alarms/ Groyp View Workplace
. Integrated Annuciator Display )
System tation System Systems Controls & . Design
N Information System System
Displays
B Not Important 11.8% 27.5% 27.5% 27.5% 43.1% 31.4% 29.4% 33.3%
# Somewhat Important 9.8% 3.9% 17.6% 23.5% 21.6% 35.3% 43.1% 47.1%
OImportant 78.4% 68.6% 54.9% 49.0% 35.3% 33.3% 27.5% 19.6%
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All eight HSI systems are important to the RI and OLE jobs, particularly for the operations (Ops)
tasks and for one of the licensing (Lic) tasks. Procedure systems were rated important for the greatest
number of Task/KSA Inventory items (78%); workplace design was rated important for the fewest (20%).
Most of the HSI systems were rated important to tasks dealing with emergency operating procedures and
abnormal operating procedures. This indicates that special attention to the physical fidelity of the HSI
procedures systems of training simulators may be warranted and reinforces the finding that simulator
training is particularly important in helping trainees integrate information from multiple systems.

Physical Fidelity Differences and Impacts

Seventy-four Rls and 23 OLEs who responded to an on-line rated the differences in physical fidelity
between 1) a TTC simulator and 2) a corresponding CR or simulator of the same reactor vendor at a site
to which they were currently assigned. These difference ratings were made for each of the eight HSI
systems identified above. Respondents who reported a difference then rated the impact of that difference
on job performance. As shown in the graphs below, few respondents reported “no difference” between
the TTC simulator and their assigned CR or simulator. The CR environment received the highest
percentage of “no difference” ratings from both RI and OLE respondents (12.2% and 21.7%, respec-
tively), followed by procedures (10.8% for RIs and 8.7% for OLEs) and alarms/annunciators (9.5% for
RIs and 13.0% for OLEs). Computer displays, procedures, panels, and the CR environment received the
highest “entirely different” ratings from RlIs; computer displays, procedures, and alarms/annunciators
were rated “entirely different” most often by OLEs. More than half of the RI respondents gave computer
displays and panels a rating of “4” or “5” (very /entirely different), and more than half of the OLE
respondents gave computer displays and procedures these high difference ratings.

Overall, respondents rated the impact of fidelity differences on job performance as low. Few Rls or
OLE:s indicated that the physical fidelity differences of any systems caused high impact (score of 5) or
rated the impact as 4, although 14.3% of the OLEs rated the impact of differences in procedures on job
performance as either a 4 or 5. Both RIs and OLEs indicated that the impact of physical fidelity
differences in the CR environment were low (67% of the RIs and 72% of the OLEs indicating no impact).
These rating scores are shown in the graphs below.

Respondents who had received refresher training also rated the impact of fidelity differences on the
difficulty of learning. Both RI and OLE respondents rated the impact of physical fidelity differences on
difficulty of learning as low for all systems. The highest impacts were reported for procedures systems.

Conclusions, Findings, and Recommendations
The following conclusions were developed based on the analysis undertaken in this investigation.
The project team also offers suggestions for consideration by NRC as training options.
1. Simulator training is imperative for nearly all tasks because:
e There is a need for integrated conceptual knowledge for nearly all tasks.
¢ Simulator training is effective for learning how to integrate conceptual knowledge.

— Training Suggestion. To the extent feasible, consider using simulators to train for all tasks that
require integrated conceptual knowledge, using the technical basis provided in this report as a
guide.
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2. There is no need for simulators with full physical fidelity because:

e RlIs and OLEs cannot be trained to respond automatically to tasks because in the amount of time
available for simulator training is limited.

¢ A high level of physical fidelity can potentially interfere with learning and knowledge transfer
because there probably will be a large percentage of NPP CR novices and existing trainees who will
have little familiarity with new CR technology.

e A lack of simulator fidelity in current TTC training does not appear to impact the performance of
existing RIs and OLEs. A lack of fidelity can be addressed through means other than simulator

training.
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e RlIs and OLEs are not responsible for operations and are not required to be trained to be able to
operate an NPP. Though conventional wisdom in simulator training often points to the need for high
levels of fidelity, such high fidelity levels are only required when a high degree of fluent performance
of procedural and psychomotor skills is necessary. Examples are NPP operators, who must be able to
react correctly and quickly during abnormal or emergency events, and Federal Aviation Adminis-
tration Aviation Safety Inspectors, who must be trained to flight standards on tasks that require a high
degree of psycho-motor control.

— Training Suggestion. Carefully assess whether any existing or future expectations for high
levels of physical fidelity in training simulators are necessary.
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The full scope of CR HSI systems is required because:

RIs and OLEs have tasks that address emergency operating procedures.

These tasks require the full scope of CR HSI systems for competent performance.
These tasks are among the highest importance for training.

These tasks benefit from simulator training because they require integration of a large amount of
conceptual knowledge of different types.

— Training Suggestion. Different reactors designs may require different suites of HSI systems for
their CRs. Consider making sure that their simulators include the full scope of HSI systems for
all new CR designs that will be operated in the United States.

— Training Suggestion. The full scope of HSI systems for a single CR can conceivably be covered
in multiple simulators including multiple ‘full-scope’ simulators and multiple ‘part-task’
simulators. If multiple simulators are used for training a task for a single CR design, assess the
effects of using multiple simulators on the ability to train integrated conceptual knowledge. A
potential option is to use part task simulators with high fidelity for some HSI systems, where the
technical basis supports this, combined with full-scope simulators that can use relatively low
fidelity for HSI systems trained using higher fidelity simulators elsewhere.

— Training Suggestion. Functional HSI systems will likely have some level of integration between
different HSI systems. The integration could range from having different HSI functions on the
same display pages, to information flow between physically separate HSI systems, to different
HSI systems being located within the same field of view. Any simulator solution considering
omission of HSI integration should be evaluated for how necessary the omitted HSI integration
would be for supporting training tasks effectively.

The potential for problems with negative transfer from simulator training exists because:

Many staff needing simulator training will likely have no experience or familiarity with NPP CRs
(F-6) or new CR HSI technology.

Novice learners often learn to rely on perceptual cues inappropriately when there is a physical match
between cues in the training context and in the performance context.

— Training Suggestion. Indicate to trainees how the training simulator is different from the CR or
site-specific simulators the trainee is assigned to, with emphasis on where there is a physical
match between aspects of the HSIs but the functions are different.

— Training Suggestion. To ‘un-train’ improper fixation on specific perceptual cues, consider
training operators on the same tasks using multiple simulators with overlapping scopes, but with
differences in physical fidelity. The technical basis can be used to determine the scope of HSIs
needed for training on particular tasks.

It would be worthwhile to consider part-task, high-fidelity simulators for training interface
management tasks and for supplementing TTC simulator training.

Display interface systems are likely to be standardized within a reactor design.

Display interface systems are likely to be the primary method for accessing plant information,
managing alarms and procedures, and implementing controls. These tasks are inherent in the vast

xiii



majority of RI and OLE tasks. CR regulatory personnel will likely need to understand interface
management tasks so they can evaluate operator behavior.

Learning interface management tasks is difficult through observation alone.

Interface management tasks are likely to be problematic not only for operator performance, but they
also may detract from NRC simulator training.

— Training Suggestion. Consider using part-task, high-fidelity simulators for training interface
management tasks. Interface management tasks could conceivably be trained using simulators
running on commonly available computers and operating systems and need not be hosted at a
central training location.

Because the task and knowledge inventory for RIs and OLEs developed by this project is limited in
detail and the analyses of physical fidelity needs and impacts are based on indirect measures (i.e., user
and instructor reports), the investigation could not specifically determine the fidelity of the simulator
HSI systems necessary for training each CR regulatory task for either currently used or advanced
reactors. However, the study team is confident that the information assembled by this study is valid
and will be useful for informing decisions about the relative minimum physical fidelity of the HSI
systems, as well as for the importance of each of the HSI system for teaching the tasks and the
training priority of the tasks.

The current expectation is that TTC simulator training is sufficient to prepare trainees to competently
train themselves onsite, and trainees can use means other than simulation training to adapt to site-
specific differences. Because of ANSI/ANS-3.5-1998 requirements, RIs and OLEs will be observing
operations in full-fidelity, full-scope CRs or CR simulators onsite.

The current expectation for TTC simulator training is that it provides the means for trainees to learn
to integrate knowledge learned elsewhere and that the trainees will learn general concepts that can be
applied across reactors in the same family.

— Training Suggestion. Carry out a detailed analysis of each task to be trained using a simulator to
precisely determine the physical fidelity needed for each HSI system.

— Training Suggestion. Precise physical fidelity is dependent on a complete design of CR HSIs,
procedures, technical specifications, etc. To date, there are no completed designs for new CRs.
A detailed analysis of each CR design should be carried out to determine its physical fidelity for
each HSI system.

— Training Suggestion. The goals and expectations of current TTC simulator training have
evolved based on a number of factors (e.g., the variety of CR designs in operating reactors, even
within the same reactor design, the availability and cost of NPP CR simulators, time constraints
for simulator training, etc.). Because there is expected to be much more CR standardization
within a reactor design and it may be more feasible to have simulators with higher levels of
fidelity, consider if it is feasible to train the site-specific aspects of tasks, given available time and
resource limitations and training priorities.

— Training Suggestion. Because precise fidelity requirements cannot currently be determined and
CR HSI technology typically changes more frequently than other technology in a reactor,
consider purchasing training simulator technologies that can be easily adapted to approximate the
precise fidelity requirements derived from specific CR designs.
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The project team believes that the information developed and presented in this report is new, and will
be useful to the NRC staff as they proceed with their analyses and decision-making concerning the
training of staff for both current and next generation reactors and the acquisition of simulators to support
this training.
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Glossary

Auditory skill — Includes auditory memory and auditory analysis (with the same attributes as visual
skill).

Basic Principles Simulator — A simulator that illustrates general concepts and demonstrates and displays
the fundamental physical process of a plant.

Distributed Control System (DCS) — A DCS refers to a control system in which the controller elements
are not centrally located but are distributed throughout the system with each component sub-system
controlled by one or more controllers. The entire system of controllers is connected by a network for
communication and monitoring.

DIF Analysis — An analysis of the difficulty of performing a task or applying knowledge, the importance
of the task or knowledge to safety, and the frequency of performance or application of the task or
knowledge in a job or position.

Fidelity — The degree to which one thing represents another.

Full-Scope Simulator — A simulator incorporating detailed modeling of those systems of the referenced
plant with which the operator interfaces in the actual control room (CR) environment. Replica CR
operating consoles are included.

Functional Fidelity — Functional fidelity refers to the similarity in perceived operation of the simulated
and real situations (i.e., the simulator behaves like the real thing).

Human-System Interface (HSI) — The means of communication between a human user and a computer
system, referring in particular to the use of input/output devices with supporting software. These include
graphics devices, touch-sensitive devices, and voice-input devices. They have to be configured in a way
that will facilitate an efficient and desirable interaction between a person and the system.

Motor skill - Movements of hand/fingers involving voluntary movement to complete a task.

Other-Than-Full-Scope Control Room Simulator (OTFSCRS) — A simulator that does not provide the
same human-machine interface as does the plant to which it is referenced.

Part-Task Simulator — A simulator that incorporates detailed modeling of a referenced plant but of only
some systems or portions of systems, enabling a trainee to train on only parts of a job or task.

Physical Fidelity — The simulator or simulated situation looks and feels like the real thing (i.e., the
simulator looks and feels like the CR or the CR simulator).

Training Priority — A relative measure of the importance of training a task or knowledge derived from
consideration of the difficulty of performing the task or applying the knowledge, the importance to safety,
and the inverse of the frequency of with which the individual will be called upon to perform the task or
apply the knowledge on the job for which the individual is being trained.
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Transfer — The application of knowledge skills and abilities acquired during training to the performance
context that is the target of the training.

Visual Skill — Includes visual memory, which is the ability to recall visual information (including objects
and scenes, temporal and spatial aspects); visual analysis, which is the ability to visually match,
discriminate, or identify; and visualization, which is ‘virtual’ manipulation of a physical object in one’s
thoughts.
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Acronyms

ABWR advanced boiling water reactor

ANS American Nuclear Society

ANSI American National Standards Institute
AP —1000 Advanced Passive — 1000 design (Westinghouse)
APWR advanced pressurized water reactor

AQP abnormal operating procedures

BW Babcock and Wilcox

CE combustion engineering

CDh compact disk

CFR Code of Federal Regulations

COL combined construction and operating license
CR (nuclear power plant) control room

Ccv containment vessel

DCD design control documents

DCS distributed control system

DIF Analysis difficulty-importance-frequency analysis
DOT U.S. Department of Transportation

ECCS emergency core cooling system

EOP emergency operating procedure

E. Plan emergency plan

EPR European Pressurized Reactor

ESBWR economic simplified boiling water reactor
ESF emergency safety function

FAA Federal Aviation Administration

GAO U.S. General Accounting Office

GE General Electric

Gen I1I/Gen I+ Generation Three and Three Plus Nuclear Reactor Designs/Plants
HICR highly integrated control room

HSI Human-System Interface

HVAC heating, ventilation, and air conditioning
IAEA International Atomic Energy Agency
IMC inspection manual chapter

1&C instrumentation and controls

KA Catalog Knowledge Ability Catalog

KSA knowledge, skills, abilities

MCC main control console
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NPP nuclear power plant

NRC U.S. Nuclear Regulatory Commission
OoCC operator control console

OECD Organisation for Economic Co-operation and Development
oJT on-the-job training

OLE operator licensing examiner

PCS plant control system

PGCS plant generation control system

PMCS performance monitoring control system
PNNL Pacific Northwest National Laboratory
PSMS protection and safety monitoring system
RCIS reactor coolant injection system

RCS reactor cooling system

RHR residual heat removal

RI resident inspector

RO reactor operator

RPV reactor pressure vessel

SAT systematic approach to training

SC supervisor console

SDCV spatially dedicated continuously visible
SPDS safety parameter display system

SRO senior reactor operator

STA shift technical advisor

SS shift supervisor

TS technical specifications

TTC technical training center

VDU visual display unit

West Westinghouse
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1.0 Introduction

1.1 Statement of Purpose

The objective of this study is to determine how simulator physical fidelity influences the effectiveness
of training the regulatory personnel responsible for examination and oversight of operating personnel and
inspection of technical systems at nuclear power reactors. It seeks to contribute to the U.S. Nuclear
Regulatory Commission’s (NRC’s) understanding of the physical fidelity requirements of training
simulators. This study will provide an analytic framework, data, and analyses that inform NRC decisions
about the physical fidelity requirements of the simulators it will need to train its staff for assignment at
advanced reactors. These staff are expected to come from increasingly diverse educational and
experiential backgrounds.

The project activities included a literature review, inventory and characterization of the tasks resident
inspectors (RI) and operator licensing examiners (OLE) perform, analysis of the knowledge and skills
these staff need to perform their tasks competently, and a training needs assessment, which includes
information gathered from a survey of NRC RlIs and OLEs and interviews with NRC staff and personnel
at other facilities conducting simulator training of examiners and regulators. A series of expert panels
reviewed the characteristics of advanced reactor control rooms (CRs) and simulators, rated the importance
of the various human-system interface (HSI) systems to the tasks, and assessed the importance of a
simulator in RI and OLE training. Figure 1.1 shows the overall structure of the study.

The NRC has an interest in determining the level to which simulator physical fidelity is necessary to
support effective regulator training. The effect of training simulators’ physical fidelity on regulator
performance is currently unknown. Moreover, a simulation’s level of fidelity can have a large effect on
its cost because the more a simulation approximates the reality of the simulated system, the more it costs
to develop, configure, install, operate, and maintain. Because it is expected that advanced reactor CRs
will predominately contain digital displays and controls, it is likely that many aspects of the human
interaction with the plants can be effectively simulated on computers commonly available outside the CR.
With expected new opportunities for simulation-based training of inspectors comes a need to understand
the trade-off between simulator training effectiveness and cost.

Research on training has shown that simulation fidelity can sometimes have a positive effect on
transfer to the operational environment in various workplaces. However, it has also shown that in some
instances there are no significant differences in training effectiveness between high- and low-fidelity
simulators, and that high physical fidelity may sometimes impede learning. The conditions in which there
are no differences between high- and low-fidelity simulation are often not clear. Moreover, it is likely
that some aspects of fidelity are more important than others. In some industries, a continuum of
simulation fidelity is used, with low-fidelity part-task simulations used for initial training sessions and
fully immersive simulations used for later sessions.

The study seeks to provide information useful to the NRC in developing training programs for staff
whose assignments will include advanced nuclear power plants (NPPs). This report deals only with the
question of simulator physical fidelity in the training needed to prepare NRC staff for their responsi-
bilities in advanced reactor CRs. The study analysis assumes that the structure and approach of the NRC
training will remain as it is now and that role of the NRC Technical Training Center (TTC) training
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simulator in future training will also remain unchanged. The study does not deal with the overall training
design for RIs and OLEs, although some of the information generated by the study may be useful to the
NRC from a curriculum development perspective. As noted by SECY-08-0096, final development of a
training program depends upon completed plant designs, including procedures that have not been
finalized and are therefore not yet available.

Study Approach

Combined Training Analysis

Develop Task Inventory:
Resident Inspectors and
Operator Licensing
Examiners in Current and
New Control Rooms

Understand Human-System
Interface Systems for New
Control Room

v

Technical Basis:
Training Simulator Fidelity for
Understand Relevant Each HSI System by Position

Literature on Simulator —p 4—
Fidelity & Training Analyses

Goals

Understand Relevant
Practice

Design Inferences:
Training & Training Simulator

?

Understand State of NRC
Simulator Training

Figure 1.1. Overview of Study Approach

1.2 Evolution of the Project Focus and Approach

This project was originally formulated as an academic evaluation of the simulator fidelity require-
ments necessary for teaching regulatory evaluators to understand the activities and tasks performed by CR
personnel. The intent was then to apply the results of this evaluation to the training needs of the TTC for
use in determining the type and scope of simulators needed for training regulators for work with the
coming generation of advanced reactor types.

Consequently, the initial project activities focused on review of the literature, study of expectations
about the characteristics of the new CR human-system interface (HSI) systems, and development of
dimensions of physical fidelity pertinent to this problem. In addition, as part of its due diligence, the
project team also sought information about other instances in which regulator training utilized simulators.
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Literature on the systematic approach to training (SAT)' persuaded the team that this problem was
best addressed by focusing first on delineation of the tasks and knowledges, skills, and abilities (KSAs) to
be taught through the training, and only then addressing the technologies needed to support student
learning. In addition, the team’s review of the literature and discussions with trainers and managers of
training simulation facilities worldwide confirmed that the current state of information on simulators in
training regulators was inadequate to support the originally envisioned approach.

Consequently, the PNNL team, in consultation with the NRC project manager, refocused its efforts on
delineating the learning needs of NRC regulators, particularly RIs and OLEs. This involved designing a
process to inventory the tasks and KSAs that RIs and OLEs needed in order to fulfill their job duties,
characterize the role that simulator training played in the acquisition of these capabilities, and obtain
information from current Rls and OLEs about the impact of physical fidelity differences on job perform-
ance and learning. The specific methods used to implement this approach are described in Chapter 3.

1.3 Background

Simulator fidelity, the degree of similarity between a simulator and a reference unit; and scope, the
amount of systems, subsystems, and components of the reference unit that are simulated; have been the
key concerns in the training and testing of NPP operators. Simulator fidelity can be separated into two
concepts: “Physical fidelity,” the degree to which a simulator’s physical characteristics (e.g., look, feel,
sound, layout, location, operator interface, etc.) match those of a reference unit; and “functional fidelity,”
the degree to which the simulator’s informational characteristics, including plant parameters during both
steady and dynamic states, match those of the reference unit. American National Standards Institute/
American Nuclear Society (ANSI/ANS)-3.5-1998, endorsed by NRC Regulatory Guide 1.149 (which
specifies compliance methods for 10 CFR Part 55.46 on the use of simulation facilities) generally requires
that operators be trained and examined using plant-referenced simulators of full scope and high fidelity.
NRC regulatory staff must understand nuclear facility operations and operators’ roles in the CR.
Although there is some overlap, control-room related regulatory functions are significantly different from
operator tasks. Control-room regulatory functions include, for example, inspection, monitoring,
assessment, and reporting on operator and CR crew performance; evaluating the integrity and operability
of plant systems and equipment; gathering information and communicating with the NRC during off-
normal events. There are a large number of operating reactors in the United States, as well as differences
between their CRs, even within the same reactor design. The NRC has previously determined that plant-
referenced simulators for training NRC regulatory staff are neither necessary nor feasible.

The NRC’s TTC provides reactor technology training that covers the existing span of commercial
power reactors currently deployed in the United States. The reactor training provided by the TTC
currently focuses on the four vendor designs found in the United States: the Westinghouse family of
pressurized water reactors (PWRs), the Combustion Engineering family of PWRs, the Babcock and
Wilcox family of PWRs, and the General Electric family of boiling water reactors (BWRs). The CRs for
each of these designs rely principally on analog instrumentation and controls (I&C). The TTC employs
four full-scope simulators, one for each of the four families of power reactors in the United States. The
TTC simulators are generally divergent in physical fidelity from the CRs and simulators at operating

' See Chapter 2 for a discussion of the literature on systematic approach to training.

1.3



plants, even within the same reactor family. The new reactors for which the TTC must train regulatory
staff, such as the Westinghouse-AP-1000, the Toshiba ABWR, the General Electric ESBWR, the Areva
EPR, and the Mitsubishi US-APWR, are expected to be substantially more reliant on digital [&C when
compared with currently operating designs, whose CRs are predominated by analog I&C. They are also
expected to be highly standardized. RlIs and OLEs, the focal TTC simulator trainee population, are
required to attend one two week simulator training course every three years for each family of reactors to
which the RI or OLE is assigned.

The HSIs of new CRs will be significantly different from those of existing CRs in the United States.
Although highly standardized within each design, the HSIs of the advanced reactors are expected to differ
considerably across designs. The use of digital I&C enables a level of flexibility and integration not
possible in existing CRs. Because the new designs use visual display units (VDUs) in place of fixed,
spatially separated controls and instrumentation, the design of panels and workstations, the layout of the
CR workplace, the overall look of the CR, and how the operating crews interact with the HSIs and each
other within the CR area will be much different than in existing CRs. Most controls in advanced reactor
CRs will be soft controls on VDUs. Use of hard controllers and switches will be limited exclusively for
use as backup in the event there is a common mode failure of the computer or digital network that would
render the soft controls inoperative. While there will be fixed-position displays of key parameters in the
new designs (some on hard panels, others in a large, group-view display system), operator interaction
with HSIs in new CRs will be dominated by the use of single-operator displays, each with numerous
pages of information and controls.

A much higher degree of integration of information and controls will be characteristic of new designs:
many combinations of information and controls will be accessed both in large, control-room-wide group-
view displays and within single pages (and, in some cases, the same visual image) of a many-page, single-
operator VDU. With some designs, I&C VDUs, alarm VDUs, procedure VDUs, and, potentially other
operator support systems will be linked. VDUs will be direct-manipulation graphical user interfaces
(GUISs), with human input via mouse and, in some cases, touch-screen. For all new designs, there are
expected to be dedicated safety-related VDUs and dedicated hard switches for safety-related controls.

The new HSIs will likely include a higher level of computerized operator support including various
automatic alarm processing schemes and computer based procedure systems. These changes in CRs and
simulators raise the questions of physical fidelity impacts of training simulators that are addressed in this
study.

1.4 Structure of the Report

Following this introductory chapter, Chapter 2 summarizes the key findings from the literature review
and examination of practices at other organizations that train regulators/inspectors/examiners (as opposed
to those being regulated/inspected/examined, such as operators or pilots). Chapter 3 describes the
methodology of the study. Chapter 4 describes and compares the CRs and human-system interfaces,
respectively of the Gen III and Gen I1I+ CRs for which information was available to the study team.
Chapter 5 describes the results of the analysis of the NRC RI and OLE positions and the development of
the Task/KSA (knowledges, skills, and abilities) Inventory. Chapter 6 provides a brief summary of the
NRC training parameters, with a special focus on simulator training. Chapter 7 presents the results of the
on-line survey of current RIs and OLEs and their judgments about physical fidelity differences between
the simulator on which they trained and the CR or simulator at the plants to which they are assigned, as
well as the impacts of those differences on learning and job performance. Chapter 8 presents findings and
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conclusions regarding training priorities and needs and the implications of the data collected for TTC
training simulator physical fidelity. This is followed by a list of references cited in the study. A series of
appendices present data-collection instruments, methodological details, data tables, and supporting
analyses.
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2.0 Summary of Key Literature and Practice

2.1 Literature and Practice Included in the Review

This review covers a wide variety of source types including journal papers; conference proceedings;
technical reports on research and practice from government, industry, and academic sources; books; book
chapters in edited volumes; and interviews with those involved in decision-making with respect to the use
of simulators in training oversight tasks. Work domains included not only NPP operations and oversight,
but also flight safety inspection, flight training, and a limited number of other domains in which simulator
training plays a key role. A large majority of the literature and practice on simulator fidelity is focused on
flight training. Sources come from broad topical areas and include a large scope of publications on
human factors, psychology, training, educational theory, computer science, and engineering. Simulator
training involves a combination of technical and behavioral concerns, as well as their interaction, and
necessarily spans a broad topical area.

Sources were initially identified through searches in on-line bibliographic databases, such as
Engineering Index, Academic Search Complete, and Web of Science, web-based searches using the
various search engines, and reference tracking.

Figure 2.1 shows the steps involved in gaining an understanding of the relevant literature and
practice.

2.2 Simulator Physical Fidelity Concepts and Definitions

Fidelity in simulation has been addressed in a number of different ways over the years. It has
sometimes been categorized into types, with different names applied to the same types of fidelity; with
similar, but not identical, descriptions of fidelity types; and with a focus on a particular type or types of
fidelity. It has also sometimes been treated as a generic concept without differentiation into different sub-
categories. A sampling of the various terms and categorizations applied to simulator fidelity is shown in
Table 2.1. This small sample of the literature illustrates the variety of these terms and categories and the
general lack of agreement on both specifics and concepts among those studying and utilizing simulators.
Review of this literature also shows a lack of clear trends or convergence over time. Robert T. Hays’s
meta-review (1980) of the terms and their usage attempts a definition of simulator fidelity focused on
training needs. The concepts of fidelity presented by Hays & Singer (1989) are among the most
frequently cited. Hays and Singer (1989) break fidelity into two-dimensions, both of which concern the
degree of similarity between the simulator and that which is being simulated, otherwise called the
“simuland” or “reference unit.” One of these dimensions is “physical fidelity,” which is based on
similarity between corresponding physical characteristics of the simulator and the reference unit.
Physical characteristics include shape, size, location, look, sound, feel, smell, and taste. The second
dimension is “functional fidelity,” which is based on similarity between the way a simulation reacts to
tasks executed by an operator (or crew of operators) and the way the reference unit reacts to such tasks.
This report, which is focused on the use of simulators as training devices, adopts the Hays and Singer
(1989) two-dimensional definition.
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Figure 2.1. Understanding the Relevant Literature and Practice

Table 2.1. Simulator Fidelity Terminology: A Sampling of Publications

“Fidelity”
Term (Generic) “Physical” “Equipment” “Functional” | “Environmental” | “Psychological”
Gerathewohl |“Degree to
(1969) which a device
accurately
reproduces a
specific effect”
Kinkade and Degree to which Degree to which | Degree to which
Wheaton the simulator the simulator the simulator is
(1972) duplicates the duplicates the perceived by the
appearance and sensory trainee as being a
“feel” of the stimulation duplicate of the
operational (excluding control | operational
equipment feel) which is equipment and
received from the | the task situation
task situation
Slenker and Attempt to
Cream (1977) duplicate all of
the stimulus
conditions of
the actual
equipment
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Table 2.1. (contd)

“Fidelity”

Term (Generic) “Physical” “Equipment” “Functional” | “Environmental” | “Psychological”
Fink and “Extent to Same as Physical | “Extent to Same as “The extent to
Shriver which training which training | Functional which trainees
(1978) equipments equipments perceive the

duplicate the duplicate training
appearance and stimuli which equipment as
feel of their real are present in being a duplicate
equipment the operational of the operational
counterparts” environment equipment and
and provide an the task
opportunity for situation”
responding
realistically to
these stimuli”
Freda and Amount/kind of |“Engineering “Behavioral
Ozkaptan similarity (hardware) (functional)
(1980) between the representation representation of
training device  |of features in the information
(setting) and the |the operational processing
operational equipment” demands of the
equipment operational
(setting) equipment”
Hays (1980) |“Degree of “Measurement “Measurement
similarity of the physical of ... the
between the characteristics informational
simulator and the |of the or stimulus and
equipment which |simulator” response
is simulated” options of the
equipment”
Hays and “Degree of One of two One of two
Singer (1989) |similarity dimensions of dimensions of
between the the measure of the measure of
training situation |fidelity, “for fidelity, “for
and the example visual, example the
operational spatial, informational,
situation which  |kinesthetic, stimulus, and
is simulated” etc.” response
options of the
training
situation.”
ANSI/ANS- “Degree of
3.5-(1998) similarity

between the
simulator and
the reference
unity, such as
physical
location of
panels,
equipment,
instruments,
controls, labels,
and related form
and function”
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Table 2.1. (contd)

“Fidelity”
Term (Generic) “Physical” “Equipment” “Functional” | “Environmental” | “Psychological”

Gross (1999) |“Degree to
which ... a
simulation
reproduces the
state and
behavior of a
real world
object, feature,
condition, or
chosen standard
in a measurable
or perceivable

manner”
Feinstein and |“Level of
Cannon realism that a
(2001) simulation

presents to the

learner”

2.3 Knowledge, Skills, and Abilities Frameworks

2.3.1 Taxonomies of the Cognitive Domain

Oversight and regulatory tasks require different types and degrees of KSAs. For example, the type of
knowledge needed to understand the process by which a control rod drive system is started up (a
procedure) may be different from the type of knowledge needed to understand startup accidents (facts and
concepts). Also, the degree to which an inspector needs to remember, comprehend, apply, evaluate, or
create critical operator procedures may be different from the degree to which non-critical procedures are
understood.

Anderson and Krathwohl’s (2001) revision of Bloom’s taxonomy has become the cornerstone of
curriculum development. This taxonomy is used to guide curriculum development and evaluation, i.e., to
help structure or evaluate what is being taught. As shown in Table 2.2, the taxonomy identifies four types
of knowledge and six dimensions of cognitive processes that act upon these types of knowledge. While
these two dimensions are conceptually independent, they are often crossed (types by cognitive processes)
to label specific learning outcomes in designing a training or educational program. For instance, the
methods used to effectively train the application (a cognitive process) of a procedure (a knowledge type)
can be quite different from the most effective methods for training memory (a cognitive process) of the
same procedure. Bloom’s original taxonomy and Anderson and Krathwohl’s revision are commonly used
and cited by training designers and researchers. While there are alternate taxonomies of cognitive
activity, such as Biggs’s SOLO taxonomy (Biggs & Collis, 1982) and Porter (2002), none have had an
impact on training equal to that of Bloom, Anderson, and Krathwohl.
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Table 2.2. Knowledge Types and Cognitive Processes

Knowledge Types
Knowledge Type Definition
Factual Basic, accepted information elements or details; terminology; definitions.
Conceptual Interrelationships among elements; structure; classification; categories;
generalizations; theories; models.
Procedural Knowledge of how to do something; methods; techniques; knowledge of criteria for

selecting procedures

Meta-cognitive

Knowledge about how to go about cognitive tasks such as problem solving,
understanding, planning; awareness of one’s cognitive competency or level of
knowledge

Cognitive Processes

Cognitive Process

Definition

Remember Recognize or recall knowledge from memory

Understand grasping meaning as exemplified by the ability to explain, interpret, summarize,
compare, infer, etc

Apply Use knowledge in a given situation

Analyze distinguish or differentiate knowledge into constituent parts, distinguish the
relationships between parts, organize parts into a previously understood structure

Evaluate Make judgments based on criteria

Create Organizing parts of knowledge into a new or different structure or whole;
predicting

2.3.2 Taxonomies of Skills and Abilities

Several taxonomies in the psycho-motor domain list the various perceptual modalities that are the
subject of training. Visual, auditory, haptic, and motor modalities are the most commonly considered
modalities. Because RIs and OLEs do not touch controls in CRs, visual and auditory modalities are most
pertinent in the present work. Schneider’s model of controlled/automatic processing (Shiffrin and
Schneider 1977) is the most commonly used model for specifying levels of psycho-motor ability.
Controlled processing is characterized by effortful, inefficient, and inaccurate performance. Automatic
processing is characterized by low awareness of the psycho-motor process, effortlessness, efficiency, and
accuracy, though skills at the level of automaticity are highly adapted to a particular task and break down
when the task inputs or outputs change.

2.4 Fidelity and Training

2.4.1 Fidelity and Transfer

The focal concern of training, both in practice and in research, is transfer. “Transfer,” in training, is
when knowledge and skills acquired in one context can be used in a different context. It refers to the
extent that existing or acquired skills influence the acquisition, relearning, or performance of a
knowledge, skill, or ability. Implicit in most uses of the term is that the knowledge and skills in the
learning context will be helpful for performance in the context to which the knowledge and skills are
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transferred. “Positive transfer” occurs when previously learned knowledge and skills help performance.
Conversely, “negative transfer” occurs when previously learned knowledge and skills impede
performance. Ideally, training system designers manipulate the training context so that the training
factors such as environment, lessons, lesson sequencing, materials, objectives, and delivery produce
positive transfer in the performance environment (see for example, Gerathewohl 1969; Adams 1987,
Reder and Klatzky 1994; Carretta and Dunlap 1998; Alexander et al. 2005; Schwartz and Nasir 2008).
Transfer can be measured in terms of the reduction (or increase) in the amount of time a trainee needs to
learn in the job situation as a result of training. This is a measure often used to assess the transfer
achieved from simulator training in aviation (Patrick 2003:416).

A common supposition is that the greater the similarity of the training context and the performance
context, the more likely it is that positive transfer will occur. Taken at face value, such a supposition is
reasonable — taken to an extreme, if the training environment actually is the performance environment, it
can be inferred that there may be no need for transfer, since there is no need for a trainee to take what is
learned “to” any other environment. However, this supposition ignores findings from both research and
practice that the training conditions in which learning occurs effectively are often different from the
performance conditions (Gerathewohl 1969; Su 1984; Hays and Singer 1989; Roscoe 1991; Lever 2004).

The effort to understand transfer led to the notion of “identical elements,” defined by Anderson
(1987) as cognitive elements that are the rules that underpin procedural knowledge (i.e., knowing how to
do something) and research to understand the attributes that determine whether an element is perceived as
identical or not. Subsequent research has shown that it is important for the trainee to perceive the
similarity between elements, and therefore that it is important for training to point out the nature of the
similarity. Reder and Klatzky (1994) refer to research implying that for training many types of tasks it is
sufficient that physical fidelity be only high enough that the trainee can recognize that the “cue” provided
in the training simulator is the same “cue” in the performance environment. If the visual context
surrounding the cue is similar enough, this can help in matching cues between the training environment
and the performance environment, but this recognition is not dependent on high degrees of physical
similarity. To prevent negative transfer, this implies that it is also advantageous to point out differences,
while clarifying the types of similarities that exist and their level of abstraction (Glick and Holyoak
1987). The recommendation is that during training, the instructor makes the students as aware as possible
of the range of tasks and situations in which the new knowledge/skills are relevant. As skills are learned,
and repeated, they become more specific and tuned to particular contexts, more automatic, and less
demanding of attention. This tends to reduce positive transfer. However, transfer may also be adversely
affected if the knowledge/shills are too fragile to withstand the distractions and stress associated with
application in the job setting.

Experiments conducted by Goldstone and Son (2005) illustrate the complexity of the transfer process.
They describe an experiment involving transfer between two dissimilar computer simulations that are
related by the scientific principle of “competitive specialization.” Competitive specialization is a concept
in complex adaptive systems theory. The simulation in one learning context depicted ants selecting food
in a visually realistic way, while the other depicted the ants and food using dots and blobs. The transfer
simulation depicted an unsupervised neural network learning to categorize patterns of letters, another
illustration of the competitive specialization principle. The participants could manipulate the ant/food
simulation, most critically by changing the rate at which each ant moves toward the food and observe how
it illustrated competitive specialization. The participants could also manipulate the categorization
simulation by modifying how quickly each category becomes similar to the input patterns. Those who
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trained on both versions of the ant/food simulation, with the visually realistic version first, manipulated
the rate of category adaption in the neural net simulation to reach the “solution” significantly faster than
those who trained only on the visually realistic ant/food simulation, those who trained only on the abstract
version, and those who trained on the abstract version first and the visually realistic version second.
Those who trained on the two versions of the ant/food simulation, but on the abstract version first, did
second best. Interestingly, those who trained only on the visually realistic version of the ant/food
simulation performed best when “retested” on the same simulation. For this cognitive learning task,
performance within the same simulation was best with the visually realistic version, while in the
“transfer” situation, the perceptually realistic version followed by the more abstract version was best.
These findings suggest that for abstract conceptual learning, exposing a trainee to multiple types of
physical representations can be advantageous for transfer and that more visually realistic representations
followed by more abstract representations, i.e., exposing a trainee to more concrete representations
followed by more abstract representations can also improve transfer.

In experiments using the same simulations, Goldstone & Sakamoto (2002) found that those who
poorly understood the first simulation had greater positive transfer when the second simulation was not
visually similar to the first. They also found that those who poorly understood the first simulation had
greater positive transfer when the first simulation used abstract visual representations and the second used
concrete visual representation. Their interpretation of these outcomes is that those who poorly understand
the initial simulation are more likely to be misled by the superficial visual similarities and aspects of the
simulations. This finding is consistent with the transfer findings related to expert/novice differences
found by Gick & Holyoak (1983).

In an experiment on transfer with undergraduate students learning math concepts, Kaminski et al.
(2006) found that students learning the concept from examples with abstract representations were able to
transfer their knowledge but that those learning the concept from examples with concrete representations
relevant to the mathematical concept were hindered in their transfer. Interestingly, students whose
learning examples used concrete representations that were not relevant to the concept were able to
transfer their knowledge. This suggests that physical fidelity, when associated with the relevant aspects
of the concept, may hinder transfer, while physical fidelity that is not associated with the concept may not
interfere. Gick and Holyoak (1983) found that, for a number of different types of problems,
diagrammatic representation of the problems did not affect transfer. Showing learners two types of
examples illustrating the same general principle did have a positive effect on transfer, however. Gick and
Holyoak theorize that learners are able to infer a general, abstract “schema” that can be successfully used
to solve other problems involving the same principle. Moreover, when combined with diagrammatic
representations, multiple examples that are analogs of the same general principle are associated with even
higher levels of transfer. However, a verbal statement of the abstract underlying principle of a problem
did not transfer well. The implication of this research is that multiple, concrete analogs of the problem
provide the basis for learning abstract schemas that can be successfully transferred to other problems.

In experiments using a water purification plant simulator, Gonzalez and Quesada (2003) found that
those who learned the relationships between visible aspects of the simulation were able to transfer
knowledge to performance tasks better than those who had not learned these relationships. While the
relationships relied on visually similar components of the simulator, the relationships themselves were
abstract “conceptual” relationships, significant for successful transfer of knowledge. In other research
using a thermal-hydraulic process simulator, Quesada et al. (2003) theorize that such learning of
relationships occurs implicitly through exposure to these relationships over time.
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The assumption has been made throughout the history of simulator use for training that higher fidelity
between the training and performance environments will naturally lead to a higher probability of positive
transfer and more effective performance, as demonstrated in the literature describing the early use of
flight simulators. Questions about the necessity of high fidelity training simulators began to appear in
published literature in 1949 (Jones et al. 1985) and continue to the present (Stewart et al. 2008). Other
assumptions are that training simulators are necessary only when training in the actual performance
environment is not safe and that the fidelity of training simulators should be limited only by technology
and cost. Those responsible for the design of NPP CR simulators to train operators today are not immune
to these assumptions. The U.S. nuclear power industry has adopted ANSI/ANS-3.5-1998, with endorse-
ment by the NRC, which requires high levels of fidelity between training simulators and the CRs
referenced by them. '

2.4.2 Simulator Use in Training

Simulators are used in training for a number of reasons. For example, simulators often have a
practical reason for use: training in actual performance contexts such as aircraft, surgery, NPPs, satellite-
ground control, and so on, is prohibitive because untrained performance in such environments creates too
much risk with regard to safety and cost. In such cases, simulators can provide a reasonable facsimile that
is safe and, with sufficient training, allow transition to the actual performance environment. Another
reason simulators are used is that simulators can be controlled for instruction. For instance, lessons can
be standardized —simulators can be stopped, slowed down, sped up, etc., and specific scenarios can be run
on demand—all allowing support of a specific training program. Also, simulators can be designed to
explicitly support training by relaxing the need for the full fidelity and scope of the performance
environment. For instance, simulator design can be focused to train a particular task or set of tasks, as
with partial-scope simulators, or simulators can gradually build in complexity, allowing the complexity of
the learning environment to be adaptive to the level of the trainees.

High fidelity is often associated with higher levels of complexity. Research on training and human
performance suggests that more complexity in a training simulator often result in higher cognitive load,
which can interfere with learning, especially for novice-level learners. In general, the research suggests
that tasks that require a great deal of perceptual process have cognitive demands that may make training
too complex for novice-level learners. In this case, training research and practice suggests that, when a
task is too complex to be trained well and it can be effective decomposed in to sub-tasks, it is often
effective to train sub-tasks using a part-task simulator. Other research findings regarding simulator use in
training are shown in the following examples:

e Research on training and human performance suggests that simulator training is not an effective
means for memorizing facts. Memorization is best accomplished through rote learning or mnemonic
techniques, such as repetition, interactive imagery, and spatial imagery (Kyllonen and Alluisi 1987).

e Research on training and human performance suggests that simulator training is not an effective
means of learning individual concepts. However, research on training and human performance and
the opinions of RIs, OLEs, and TTC instructors suggests that simulator training is an effective means
of learning how to integrate different conceptual knowledge to support real-world tasks. Much
contemporary educational theory such as constructivism, experiential learning, problem-based

! ANSI/ANS-3.5-1998 does not dismiss the supplemental use of low fidelity simulators for training, however.
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learning, and project-based learning are based on the observation that such high-level learning often
occurs in realistic learning environments such as simulations (De Jong and Van Joolingen 1998;
Gerjets and Hesse 1994; Gredler 2004)

e Decades of research and practice on training and human performance, particularly in the aviation
domain, suggests that simulator training is effective for learning procedural knowledge and
psychomotor skills. Moreover, practice of procedural and psychomotor skills in a perceptually and
functionally rich context (such as that provided by high-fidelity simulators) is necessary for learning a
skill to automaticity. However, a high number of practice repetitions is also necessary for learning a
skill to automaticity.

Though there was not strict agreement in the published literature on the levels of simulator physical
fidelity needed for training, this study and empirically-based studies in the published literature seem to
converge on some relevant findings:

1. Much of the literature on the practice of simulator training suggests that higher fidelity is almost
always better than lower levels of fidelity for training, but does not specify why higher fidelity is
better or the conditions under which higher fidelity is better. Current NRC regulations generally
require full-fidelity, full-scope simulators for training and licensing operators.

2. Research on training and human performance suggests that high levels of fidelity are generally
required for training psychomotor skills and procedural skills to fluidity/automaticity. Training
psychomotor skills and procedural skills to the point of fluidity/automaticity using a simulator is
possible if there is either a single performance setting or a set of performance settings that has a high
degree of consistency of and correspondence between perceptual cues and ‘correct’ behavioral
responses.

3. Research on training and human performance suggests that, for training skills that require a reliance
on a consistent mapping between perceptual cues and behavioral responses for competent
performance, high levels of simulator fidelity to one reference unit can impair transfer of skills
learned in simulator training to other systems, even of the same type, if there is different information
display and control.

4. Research on training and human performance suggests that novices will often implicitly learn
relationships between perceptual cues and system states if relationships appear consistent. If not
corrected, this knowledge will often transfer to the performance environment and can result in
undesirable actions if there are perceptually similar cues between the training context and the
performance context, even when recall and application of relevant conceptual knowledge would more
likely result in desirable actions.

2.4.3 Impacts of Simulator Physical Fidelity on Training Outcomes

Numerous studies, both in research and practice, have demonstrated that there is not a clear relation-
ship between high levels of physical fidelity and high positive transfer. Some of these studies indicate
that high levels of fidelity can result in negative transfer. Rankin et al. (1984a, 1984b), Su (1984), Jones
et al. (1985), Alessi (1988), Hays et al. (1992), Stewart et al. (2008), and several other sources document
many instances where either no transfer or negative transfer results from high levels of fidelity. More-
over, the literature also documents many instances in which low fidelity simulators result in higher levels
of positive transfer than result from high level fidelity simulators when training the same tasks.
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The factors governing how the level of physical fidelity affects transfer are not straightforward or
well understood. Empirical evidence that there is a direct relationship between physical fidelity and
transfer is lacking: there is currently no reliable source of guidance for training or simulator designers
concerning either the optimal or minimal level of fidelity needed to train for specific tasks. Much of the
research suggests that physical fidelity interacts with other aspects of training, including the type of task
to be trained (e.g., motor control, following procedures, decision-making, or analysis), the performance
level the training is targeting, the nature of the perceptual cues or inputs required for the task, the prior
level of proficiency of the trainee (e.g., novice, experienced, expert), and the complexity of the
performance environment and training program.

There is evidence that training for psycho-motor tasks can benefit from simulators with high levels of
fidelity, often mediated by the simulator’s scope (part-task simulators with high fidelity are often
effective for training psycho-motor skills). Psycho-motor skills that need to be performed quickly and
accurately are typically the subject of training. Acquisition of such skills requires training that provides
Shigh repetition with clear mappings between perceptual inputs and psycho-motor responses (Shiffrin and
Schneider 1977; Schneider 1985; Adams 1987). While clear mappings between perceptual input and
response imply high levels of physical fidelity, recent research and practice in the training of surgical
skills show that novices can benefit from training programs that start out with lower levels of fidelity and
increase the level of fidelity as skill is acquired (Scerbo and Dawson 2007).

As discussed in Chapter 5 of the report, RIs and OLEs need the psycho-motor skills they employ in
their jobs at a level of familiarity, but there is no evidence that these skills need to be learned to the level
of automaticity. Thus there seems to be no need for high fidelity when training these skills to RIs and
OLEs. The findings that show a positive relationship between physical fidelity and transfer in training are
chiefly in domains that require a high level of psycho-motor skill for proficiency, such as flight training
and surgery. When performance proficiency is required for cognitive skill, physical fidelity often seems
to have negative or no effect on transfer—functional fidelity, which is necessary to perform the tasks to
be learned in the training environment, seems to be much more highly related to positive transfer. Later
sub-sections of this review discuss the positive effects of functional fidelity and negative effects of
physical fidelity in learning cognitive skills.

2.5 Representation of Knowledge and Expert vs. Novice
Performance

One focus of cognitive science and educational research is the difference between experts and novices
and how people learn to represent their knowledge so that they can solve problems effectively. Many of
those the NRC will be training with simulators will have little or no experience in a CR, but may have
good knowledge of the underlying systems in NPPs. There will also be many who have a great deal of
experience in existing CRs, good knowledge of the underlying systems in NPPs, but little experience with
new CRs based on digital instrumentation and controls (I&C). Significant changes are anticipated in the
demographic and experiential characteristics of future staff compared to current NRC staff. Differences
between experts and novices have implications for training goals, content, and strategy, which must be
understood and matched with the characteristics of the trainee population.

The extensive literature on differences between novices and experts points to the importance of
understanding and considering these differences when planning and implementing training programs.
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Also highlighted is the fact that the same training techniques and equipment may be differently effective
with learners at different places along the novice-expert continuum. While not all the studies in this
review use a simulator for training or are even focused on training, they address the importance, and
complexity, of understanding that which students already know and that which they need to know and
be able to do in order to perform their tasks proficiently. For example, when solving physics problems
involving classical mechanics, Chi et al. (1981) found that experts represented physics problems according
to their abstract, underlying physics principles while novices focused on the ‘literal, superficial features’
of the given problems. In understanding complex systems Hmelo-Sliver and Pfeffer (2004) found that
novices focused on perceptually available and static components of the system, while experts integrated
structural (system components), functional, and behavioral (mechanisms) aspects of the system.

2.6 Training Design

2.6.1 Systematic Approach to Training

Systematic approaches to training' (SAT) typically have an initial analysis component which can be a
basis for further development of a training program (IAEA 2000; DOE 1995). A systems approach
ensures a comprehensive training process that remains focused on the needs of the organization. The
SAT process typically includes the following phases (DOE 1994; Piskurich et al. 2000; Buckley and
Caple 2004):

1. Analyze the organization’s needs and identify training goals which, when reached, will equip
learner’s with the knowledge and skills to meet the organization’s needs. Usually this phase also
includes identifying when training should occur and who should attend as learners.

2. Design a training system that learners and trainers can implement to meet the learning goals;
typically, this includes identifying learning objectives (which culminate in reaching learning goals),
necessary facilities, necessary funding, course content, lessons and sequence of lessons.

3. Develop a training “package” of resources and materials, including, for example, developing audio-
visuals, graphics, and manuals.

4. Implement the training package, including delivering the training, support group feedback, clarifying
training materials, administering tests, and conducting the final evaluation. This phase can include
administrative activities, such as copying, scheduling facilities, taking attendance data, billing
learners, and so on.

5. Evaluate training, including before, during and after implementation of training.

The analysis component involves identifying the KSAs and corresponding tasks that are used in the
job addressed by a training program and, once identified, selecting the tasks that will be trained. Some
items may require formal training, while others may not—moreover, organizations have limited resources
for training and must choose which tasks are most valuable to train. While there are different methods for
prioritizing the numerous tasks of a given position, perhaps the most common formal method is called
“DIF” analysis, described below.

! Alternatively called “systems approach to training.”
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2.6.2 DIF Analysis to Identify Priority Items for Training

DIF is an acronym that stands for “Difficulty, Importance, and Frequency,” and refers to the difficulty
of performing or learning a task, the importance of the task,' and the frequency of task performance.
Subject matter experts (SMEs) then rate each of the tasks identified for a job on each of these three
dimensions. Since tasks that are difficult to perform tend to require training, tasks rated high in difficulty
tend to be selected for training. Similarly, since tasks that are relatively high in Importance are critical for
job goals, tasks that rate high in Importance tend to be selected for training as well. Although subject to
more frequent modification in rating, the frequency of a task is generally considered to have an inverse
relation to priority in training. The rationale is that tasks that are performed infrequently tend to be more
critical to train because there are fewer opportunities for learning and retraining infrequent tasks on the
job and that they are therefore more likely forgotten. Consequently, tasks that are important but
performed infrequently benefit more from training and therefore tend to be given a higher priority for
training than those more commonly performed. In DIF analyses, the three ratings are combined to create
a single priority measure for each task, typically using a decision tree.

In establishing the priority of tasks/KSAs for training, a scale is developed for each of the three
dimensions (difficulty, importance, and frequency). Typically, 2-5 point scales are used (e.g., high-low;
high-medium-low), although finer distinctions can be made if a large number of tasks/KSAs are being
rated and considerable information about each Task/KSA is available. Numerical values are often used in
these scales so that the resulting rating scores can be combined, normalized, and sorted.

Each Task/KSA is then rated on each dimension, according to these scales. Tasks that receive the
highest “difficulty” rating, the highest “importance” rating, and the lowest “frequency” rating would
receive the highest priority for training. Similarly, tasks that have the lowest “difficulty” rating, the
lowest “importance” rating, and the highest “frequency” rating would receive the lowest priority for
training. Traditionally, the particular branching points of a decision tree in curriculum development are
decided based on reference DIF analyses in an organization’s materials on training approaches.
Alternatively, training analysts may adjust the weights given to the three dimensions depending on their
relative value in rating the job’s contribution toward organizational goals. An example of a DIF analysis
framework is shown in Figure 2.2.

Once the rating scores have been assigned to the tasks/KSAs, they can be sorted using Euclidean
length of the vector (D, I, Inverse-F), where D, I, and F can range from 1 to 5 (integers). The results can
be scaled such that the minimum length vector is scaled to 0.5 and the maximum length vector is scaled to
10.49. The scaled values can be rounded to integers so a DIF value between “1” (lowest training priority)
and “10” (highest training priority) can be assigned to each Task/KSA. While a strictly mathematical
approach to an integrated DIF score is atypical, this scale has the advantage of having desirable
psychometric properties.” Alternatively, this same treatment can be applied to the range of possible rating
scores, and that value applied directly to the Task/KSA (i.e., instead of assigning the rating scores to a
task, translate the rating scores into the scaled score table, and assign that value to the task).

" In the case of NRC regulatory oversight, ‘importance’ means ‘significance for safety’.

? As discussed in the DIF analysis section of Chapter 3, this scaling was done with the scale, i.e., using all the
possible combinations of DIF ratings (5*5*5 combinations), calculating the Euclidean length, scaling the lengths,
and rounding to create a scale that can be represented as a decision tree.
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Figure 2.2. Illustration of a DIF Framework

2.7 Experience Gained from Practice: Simulator Training of
Oversight Personnel

2.7.1  FAA Flight Safety Inspectors

Interviews with FAA personnel responsible for simulator training of Aviation Safety Inspectors
(ASIs) for the FAA’s Flight Standards Service revealed that simulators with varying levels of fidelity are
used in their training. Typically, ASIs come to their job with flight experience. The FAA requires that
ASIs maintain “flight standards” and that the ASIs be familiar enough with the technology in a particular
cockpit that they can competently give practical tests and check rides. Such tests include, but are not
limited to, initial certification of general aviation pilots, evaluations for continuing competence, initial
flight instructor certificates, and airline transport pilot ratings. Because some of the tests are administered
in the air with a single, often inexperienced, pilot, ASIs have to be able to take control of the aircraft and
return it safely to an airport to prevent an accident or incident.

2.13



As with forthcoming CRs in NPPs, HSI systems in cockpits have changed from primarily analog
displays and controls to “flat-panel glass” and “fly by wire” displays and controls. Currently, both new
commercial and general aviation aircraft are typically delivered with flat-panel displays or, for
commercial aircraft, configured with flat-panel displays by the airline. Current ASIs who do practical
tests of pilots typically have many years of experience and thousands of hours in aircraft with analog
avionics. In general aviation there are currently three major suppliers of digital avionics for cockpits,
each of which is quite unique. ASIs in commercial inspections typically see a smaller variety of aircraft
over an extended time and typically can maintain flight competence by logging sufficient time in the
high-fidelity simulators the airlines use to train their own pilots—simulator time contributed by the
airlines. Otherwise, the opportunities and resources for training ASIs for proficiency with new cockpit
technologies are few. A flight aviation inspector in general aviation often does inspections in many types
of aircraft.

The FAA currently contracts with different flight schools around the country to provide training to
ASlIs in general aviation. Each flight school typically has a focus on one type of digital avionics system,
with high- and low-fidelity simulators applicable to the avionics system in which the flight school
specializes. High-fidelity simulators are typically limited to a particular aircraft, while in the field, ASIs
may see the same avionics systems, but in different aircraft. Also, each flight school can expose the ASIs
to the other types of digital avionics systems typically used in general aviation and course materials to
point out the differences between the different avionics systems, but ASIs will typically get high-fidelity
training on only one digital avionics systems. They will not be able to get training on another system in a
high-fidelity simulator until their next scheduled training session, which are typically given at intervals of
2 years.

2.7.2  Nuclear Power Regulatory Personnel Outside of the United States

The responsibilities of NPP CR personnel inspection and licensing vary greatly in different countries.
In 1998, when the NEA carried out a comparison of inspection and licensing practices for CR operators
and shift supervisors in fourteen Organisation for Economic Co-operation and Development (OECD)
countries, one of these countries was the United States (NEA/CNRA/R(98)1 1998). In seven non-U.S.
countries, inspections and licensing were carried out by a regulatory body or another government body
in consultation with a regulatory organization. In one country shift supervisors were licensed by a
regulatory body while operators were licensed by the operating organization. In the remaining five
countries, the operating organization is responsible for licensing. In Sweden, no specific licenses for CR
personnel were needed. Simulator examinations were required for licensing in nine non-U.S. countries;
in five of these countries the simulator examinations were carried out by the regulatory or other govern-
ment organization. With respect to inspections of CR operator training and competence, four non-U.S.
countries reported on-site inspections of CR personnel competence; the remaining countries either did not
report that on-site inspections were carried out or were unspecific about their practice of inspecting the
competence of CR personnel. While operator training on full-scope, replica or relatively high-fidelity
simulators was generally either required or used, few had on-site simulators.

In 2001, the International Atomic Energy Agency (IAEA) issued a report describing “good practices”
and practical examples for developing training programs for regulatory staff (IAEA-TECDOC-1254
2001). The report did not include any recommendations with respect to simulator training. The report
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did present some example training programs currently being delivered in various countries. For non-U.S.
countries, Finland and France reported the use of simulator training for their inspectors.

Finland reported on the period for 1991-1997, during which an inspector training program was
designed and implemented. During this period one simulator course was given in each year between
1993 and 1996, each course focusing on a different topic. The courses in 1993—1994 were each 21 hours
and those in 1995-1996 were each 14 hours. Two courses used BWR simulators; the other two used
VVER (Soviet-developed PWRs) simulators. Between 14 and 16 inspectors participated in each
simulator course.

France requires that Inspectors have 2 weeks of full-scope simulator training and 1 week in an
“engineering” simulator in order to advance to senior inspector. No simulator training is required for
inspectors other than that needed to advance to senior inspector. After becoming senior inspector, France
recommends an additional week of training on an “engineering” simulator.

Project staff interviewed management staff at nuclear power training centers in Germany and Spain.
Germany conducts all operator and regulator simulator training at a central facility. This facility has site-
specific replica simulators for all NPP CRs in Germany. German regulatory staff receive simulator
training at the simulator center, but not necessarily on simulators that reference sites where they work.
Spain, which has relatively few power reactors, has recently moved its site-specific simulators from a
training center to the reference sites. Regulators currently receive on-site training at these site-specific
simulators.
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3.0 Methodology

3.1 Introduction

This chapter describes the research and analytical methods PNNL used to acquire, analyze, and
integrate the information presented in this report. The major methodological foci were on the design and
conduct of a training needs assessment for NRC staff being prepared to regulate the next generation of
NPPs, the description and comparison of the CR and simulator HSI physical characteristics of current and
third generation power reactors, and the impact of differences in physical fidelity on training effective-
ness. Together, the analyses are designed to answer the following pertinent question: what attributes
must a new reactor plant simulator have to prepare students for their respective duties?

Throughout the project, the PNNL team drew upon the knowledge and first-hand experience of the
project team members with TTC training and NPP simulators. The project team consisted of three PNNL
staff experienced as OLEs and inspectors, one Human Factors expert, one educational expert, and one
expert operator trainer for current U.S. boiling water reactors (BWR) and the upcoming Lungmen
Advanced BWR (ABWR) Plant, who is also familiar with new plant CRs and simulators. Other internal
PNNL experts on human factors and simulators were consulted as necessary.

The primary sources of information for this project include the following:

e Published human factors and training research relevant for training technology

e Published research and descriptions of practice on the physical fidelity of training simulators

e Documents from the NRC and other agencies with interest in the training needs of nuclear reactor
oversight personnel describing the tasks of RIs and OLEs or similar positions

e Documents from the NRC on the knowledge and abilities needed by operators
e Various information on CR HSI technology, both current and new

e Current NRC RIs and OLEs

e Current trainers and other staff at the NRC TTC

e A U.S. Federal Aviation Administration manager responsible for the simulator training program for
Aviation Safety Inspectors.

The major elements of the study are illustrated in Figure 3.1. Because some of these elements were
undertaken in parallel, the sequence of presentation below does not necessarily represent temporal
chronology.

3.2 Control Room Task and KSA Inventory

To support the evaluation of the physical fidelity needs for new training simulators, the project team
applied a training needs assessment approach. The first step in assessing training needs is to determine
that which needs to be trained. After reviewing available information, PNNL determined that it needed to
develop this information as part of the project. Discussions with the NRC project manager led to
agreement that the tasks performed by Rls and OLEs encompassed the vast majority of regulatory tasks
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performed in the CR and reflected the large majority of NRC personnel who receive CR simulator
training. PNNL therefore focused the training needs assessment on these two positions.
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Figure 3.1. Outline of Overall Study Elements

The project scope and budget did not allow a rigorous job-task analysis of the RI and OLE positions.
Therefore, the project team devised an alternative approach that drew on the detailed job-task analyses of
the reactor operator (RO) and senior reactor operator (SRO) positions and the knowledge and abilities
catalogs (KA catalogs) developed for reactor operators of BWR and PWR plants. The initial steps in this
analysis are independent of the technology or approaches possible for training these tasks. The later steps
address the role of simulators and simulator training in the acquisition of these competencies.

Figure 3.2 shows the steps involved in the task inventory and KSA development process.

3.2.1 Inventory of Operator Tasks of Regulatory Significance in the Control

Room

To develop the inventory of operator tasks of regulatory significance, the project team drew primarily
on NUREG-1122, Knowledge and Abilities Catalog for Nuclear Power Plant Operators: Pressurized
Water Reactors and NUREG-1123, Knowledges and Abilities Catalog for Nuclear Power Plant
Operators: Boiling Water Reactors (KA Catalogs). These NRC documents are the evolutionary
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outgrowth of a PNNL report, PNNL-5291, Knowledges and Abilities Required of Nuclear Power Plant
Operators; Pressurized Water Reactors, prepared in 1984 (Gore et al. 1984a, 1984b). PNNL-5291
represented the results of an extensive job-task analysis of the RO and SRO responsibilities, and research
performed by INPO on these positions. Members of the project team previously worked on the projects
leading to these publications and, drawing on this experience, along with extensive experience employing
these documents to create content-valid operator licensing examinations, developed an inventory,
taxonomy, and the KSA inventory of CR-based operator tasks of regulatory significance.
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Figure 3.2. Steps in the Task Inventory Development Process

NUREG-1122 and NUREG-1123 list over 5000 specific knowledges, skills, and abilities. The PNNL
team determined that this was a much too detailed articulation for the purposes of this project. The level
of detail in the lists reflects their development as guidance for licensed operator training. Consequently,
the PNNL team determined that it needed to focus on knowledges and abilities, given that the skills
required of regulators were different from those required by operators, and that it needed to collect and
aggregate the detailed operator KSAs into an exhaustive, manageable inventory of CR responsibilities for
operators, and therefore, from a regulatory perspective, are pertinent to NRC RI and OLE trainees. The
PNNL team drew upon the “stem statements” used to organize the KSA catalog. The catalog provides
“stem statements” for all systems, emergency and abnormal procedures, generic activities not specific to
systems or procedures, conduct of operations, and radiological aspects of operation. In addition, the stem
statements were formulated to be applicable to multiple systems and multiple reactor designs, an
important consideration for this project. The project team used these stem statements and the KSAs listed
in NUREG-1122 and NUREG-1123 to develop a preliminary task inventory of operator tasks of
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regulatory significance in the CR. To condense the list into a manageable size, the team grouped the
knowledges, skills, and abilities together with respect to intent. The goal was to have a parsimonious list
that still captured all the dimensions of the CR activities of regulatory significance.

3.2.2 Conversion of Operator Tasks/KSAs into Regulatory/Oversight Tasks and
KSAs

The project team then analyzed each item on the condensed list of operator tasks of regulatory
significance in the CR and converted the inventory items into corresponding regulatory/oversight tasks
and KSAs applicable to RIs and OLEs. They drew upon the training and experiences of the team
members in developing content-valid licensing examinations and justifying performance evaluations of
candidates, and also on experiences working as members of NRC teams performing special and enhanced
inspections of utility operations.

3.2.3 Validation of the Task/KSA Inventory for Rl and OLE Positions

The project team compared the converted Task/KSA Inventory to the inspection responsibilities of
RIs, as they are described in the NRC Inspection Manual, MC 2515, including Attachments 1, General
Overview of the Inspector Training and Qualification Program; 2, Inspector Competencies; and 3,
General Orientation Topics. They also compared the inventory items against the more detailed
information in Inspection Procedures, including IP 7.1111, Reactor Safety — Initiating Events, Mitigating
Systems, Barrier Integrity; IP 71111.11, Licensed Operator Requalification Program; IP 7.1111.22,
Surveillance Testing; and TP 71715, Sustained Control Room and Plant Observation. Lastly, they
compared the items against 10 CFR 55.45(a), which presents the requirements for operating tests for
reactor operators (ROs) and senior reactor operators (SROs) to ensure that each of the test requirements of
10 CFR 55.45(a) was represented in at least one of the tasks in the inventory.

To validate the completeness of the task inventory, a very detailed comparison was conducted with
the training objectives of the TTC PWR Course #624P, which is presented in Appendix D, and with
NUREG-0700, Rev. 2, Human-System Interface Review Guidelines. This and other cross-checking, also
shown in Appendix D, identified no tasks that were not in the inventory, and no tasks for which a
corresponding responsibility was identified.

As an additional validation, the PNNL team then conducted a series of focus group discussions at
TTC with a class of OLEs and RIs, including the instructor. In the focus groups, the participants
discussed the inventory of tasks/KSAs, evaluated its completeness and the validity of the items, and
suggested how it could be improved (see description of the focus group discussions in Section 3.2.4.1 and
Appendix A). In the discussion of each Task/KSA Inventory item the participants suggested several
wording adjustments and recommended broadening the scope of several Tasks/KSAs. PNNL then asked
the participants to review the entire inventory to verify its completeness and ensure that it completely
encompassed RI and OLE regulatory responsibilities in the CR. The participants recommended adding a
task to address the relatively new risk assessment activities required of the plant. With these changes, the
participants agreed that the inventory was valid and complete.

In another analysis that served both to validate the Task/KSA Inventory and provide information
about the role of CR HSI systems, the project team assembled an expert panel to review the Task/KSA
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Inventory items in relationship to the elements of current CR HSI systems and elements, and potential
new features of advanced reactors. This review helped develop the HSI system taxonomy (discussed in
Section 3.5.3) and also served as an additional validation that all the Tasks/KSAs necessary to use the
information provided by the various HSI system elements were addressed in the inventory. The results of
this analysis are discussed in Chapter 5 and shown in Appendix D.

The team further validated the applicability of the Task/KSA Inventory items to both current and new
reactors designs by reviewing the advanced reactor designs (as described in Section 3.7), discussing
regulatory responsibilities with NRC personnel and trainers familiar with the reactor and proposed CR
designs, and reviewing the inventory items with NRC staff at an NRC workshop, as described in
Section 3.2.4.2. By this process, the team concluded that the inventory spanned all of the CR inspection
requirements of the RIs and responsibilities of the OLE, and that each task in the inventory is germane to
the jobs of the RIs and OLEs. The team concluded that this validation process confirmed that the
Task/KSA Inventory provided a valid characterization of what RIs and OLEs need to know for
assignments at both current and advanced reactors.

3.2.4  Taxonomy of the Tasks/KSA Inventory Items

The PNNL team then analyzed the Task/KSA Inventory items to develop a taxonomy to group them
into categories. Examination of the inventory identified four types of items:

e knowledges: understanding the design and operation of the plant, recognizing and addressing
malfunctions and upsets, and complying with regulatory requirements'

e operation of the plant and its systems
e management of staff resources, personnel, and communications between personnel

¢ licensing and compliance with regulatory requirements.

Once the taxonomy was developed, the PNNL team categorized the items in the task inventory into
these four groups. By this process, the team determined the final inventory of Tasks/KSAs, which is
presented in Section 5.1.

3.25 Discussions with NRC Staff and TTC Trainees

The NRC has a great deal of experience using simulators to train their regulatory and oversight
personnel, and NRC staff consequently have experience using simulators to learn these tasks and KSAs.
The PNNL team drew upon this experience through a meeting with instructors and two classes of trainees
(one BWR and one PWR class), an online survey of current NRC Rls and OLEs, a discussion with NRC
staff at an NRC workshop on Gen III and Gen III+ CRs and simulators, and by enlisting NRC experts to
participate in expert panel ratings.

"It was later recognized that five of these knowledges had to do with the condition of the plant and were therefore in
a somewhat different category than the remaining knowledge items.
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3.25.1 Focus Group and Informal Discussions with TTC Instructors and Trainees to
Validate Inventory, Taxonomy, and Training Approach

Focus Group Discussions. To obtain first-hand information about the TTC training and its
simulators, discuss NRC staff experience and views with simulator training, and pretest a paper copy of
the online survey instrument, three members of the PNNL team travelled to the TTC in Chattanooga,
Tennessee, for discussions with two classes of NRC staff trainees (RIs and OLEs) and TTC instructors.
The focus group meetings were scheduled with the assistance of the NRC project manager. The team also
held informal discussions with individuals and small groups of trainees and instructors about the
evolution of the training curriculum, observed a class doing simulator training, and made presentations to
the instructional staff on the Lungmen reactor and to the groups on HSI technologies that may be used in
new reactors. The PNNL team asked the trainees and instructors to discuss the following topic areas at
length:

¢ The instructors were asked to validate each item in the Task/KSA Inventory, in terms of its validity as
a Task/KSA, scope, wording, and completeness.

o The instructors were asked to identify any additional Tasks/KSAs that should be added to the
inventory.

e The entire group was asked to discuss the nature and impact of physical fidelity differences between
the TTC simulators and those at the NPPs to which the RIs were assigned or on which the OLEs
administered operating exams.

e One class of trainees was asked to pre-test the online survey by completing a paper copy of the draft
survey addressing the impact of the physical fidelity differences between the NRC TTC training
simulator and those at the NPPs to which they were assigned.'

o The entire group was asked to discuss the TTC training structure and content and its role in preparing
them for their job duties.

The PNNL team used the information and insights gained from the focus group discussions to modify
the Task/KSA Inventory and revise the online survey instrument.

The team made an audio recording of portions of these discussions. A transcript of portions of these
discussions is included in Appendix A.

3.2.5.2 Discussions with NRC Inspectors and OLEs to Validate Task/KSA Inventory
and Its Applicability to New Reactor Designs

Three members of the PNNL team attended the Pittsburgh workshop on new reactors to discuss
Gen III and Gen III+ CRs and simulators with NRC RIs and OLEs. Participants in this workshop had the
opportunity to visit a CR simulator and participate in discussions with the NRC staff about issues the
highly digital CR might raise for inspectors. Presentations and discussions at the workshop focused on RI
and OLE roles and responsibilities for the Gen III and Gen III+ plants and the challenges they posed to
regulatory staff. The project team also discussed the applicability of the Task/KSA Inventory items

The pretest required only minor revisions in the questionnaire. For this reason, the pretest responses were
considered valid and were included as completed questionnaires in the analysis of online survey results.
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developed for current generation plants to Gen I1I/I1I+ plants and whether the PNNL-developed inventory
captured all the Task/KSAs needed for the new generation reactors. After viewing the CR simulator, the
discussion focused on how RIs and OLEs might be affected by the extensive use of digital 1&C in the CR
and simulators.

3.3 Priority of Task/KSA Items for Training

3.3.1 DIF Analysis

In the next step of the analysis of learning needs, PNNL applied a method, appropriately called
difficulty-importance-frequency, or DIF, analysis to the Task/KSA Inventory items. As discussed in
Section 2.6.2, DIF analyses are frequently used in curriculum development to prioritize Tasks/KSAs for
training. An additional benefit of a DIF analysis is a more thorough understanding of Task/KSA
importance to job performance. This was useful in the assessment of the role and importance of
simulators in TTC training of RIs and OLEs.

It also revealed that several Task/KSA Inventory items combined elements that had very different
difficulty, importance, or frequency attributes and that therefore needed to be disaggregated into sub-
items. In conducting this disaggregation, the project team retained the general activity statement of the
Task/KSA Inventory item, but reframed it so that the DIF analysis could focus on the specific instance in
which it would occur (e.g., normal procedures, emergency operating procedures (EOPs), abnormal
operating procedures (AOPs), emergency plan, etc.). This process increased the number of items in the
Task/KSA Inventory for the DIF analysis to 61. The final Task/KSA Inventory reflects these
modifications.

The project team developed a 5-point rating scale for each of the three following three dimensions:
o difficulty to perform (in job)
e importance to safety

e frequency of occurrence in the position.

The rating scale is shown in Table 3.1. The rating protocol is shown in Appendix B. The team then
identified four qualified PNNL staff (former OLEs) and four qualified NRC staff members (current or
former RIs) to serve as expert panels to conduct the DIF analysis for the two positions, respectively. The
team provided each expert panel with the rating and recording protocol and discussed the process with
them. The expert panels conducted the rating as a consensus process, where the panel as a whole reached
agreement on the ratings to be assigned.

To establish the priority training rating of each Task/KSA Inventory item, PNNL calculated the
Euclidean length of all the possible combinations of DIF ratings (5*5*5* combinations), scaled the
lengths as described in Chapter 2, rounded the lengths to integers, and assigned the integer corresponding
to the score pattern to the item. The results of the DIF analysis are discussed in Section 6.3. The
complete DIF analysis data are presented in Appendix B.
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3.3.2 Difficulty of Learning and the Importance of Using a Simulator to Learn
the Task/KSA Inventory Items

The project team asked the same two expert panels conducting the DIF analysis ratings to also rate
each Task/KSA on the difficulty of learning the knowledge, skills, and abilities necessary to competently
perform the task using a 5-point scale (1 = very low to 5 = very high). They also asked them to use the
same process to rate each Task/KSA on the necessity of using a simulator for learning to perform the task
competently. For knowledge items, they rated the necessity of using a simulator to learn the knowledge.

Table 3.1. DIF Criteria for Rating the Task/Inventory Items

Scale Definitions
DIF Dimension RI OLE
Difficulty of task performance in | 1 = Very Low 1 =Very Low
current job assignment
to to

Knowledge items: Difficulty of
recalling and applying the 5 = Very High 5 = Very High
knowledge in current job
assignment
Importance of task to safety 1 = Very Low 1 = Very Low
Knowledge items: Importance of to to
knowledge to safety

5 = Very High 5 = Very High
Maximum frequency of 1 =Once a year or less 1 = Seldom if ever evaluated
performing task in current job 2 = Multiple times a year 2= Evaluated in some but not all
assignment 3 = Multiple times a month simulator exams

4 = Multiple times a week 3 = Evaluated at least once in
Knowledge items: Maximum 5 = Multiple times a day every simulator exam
frequency knowledge is used in 4 = Evaluated in most scenarios
current job assignment of every exam

5 = Evaluated in all scenarios of
every exam

3.4 The Type and Level of Knowledge, Skill, and Ability Needed to
Perform the Task/KSA Inventory Items

To better understand the training needs of RIs and OLEs, the PNNL team next convened an expert
panel to develop and apply a framework of knowledge, skill, and ability types and levels to the Task/KSA
Inventory items. The expert panel characterized the range and distribution of the types and levels of
knowledges, skills, and abilities that RIs and OLEs would need to learn in order to demonstrate CR
regulatory competence. The literature on taxonomies reviewed in Chapter 2, particularly Anderson and
Krathwohl’s (2001) taxonomy, provided the framework for this analysis. The expert panel developed a
scale for rating each Task/KSA Inventory item in terms of the level of KSA the item demands. The
framework for this rating is shown in Table 3.2; the rating protocol, adapted for applicability to these
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items, is shown in Appendix C. To illustrate, the ratings for levels of internal knowledge ranged from “no
recollection or recognition of facts needed...” to “essential to recall or recognize basic facts from memory
quickly.”

Table 3.2. Framework of Types and Levels of KSAs

Knowledge Level
Needed

Remember Understand Apply Analyze Evaluate Create

Internal
Knowledge of
Facts

External
Information
about Facts

Conceptual

Procedural

Level
Skills Needed Controlled Automatic

Learned
psychomotor
acts

Manual
movement

Visual
perception

Auditory
perception
Tactile
perception

Abilities el
Needed Basic Familiarity Competency Mastery

Non-knowledge
abilities
identified in the
inventory

Sources: Wilson (2006); Harrow (1972); Shriffrin and Schneider (1977); Anderson and Krathwohl (2001).

In addition, the team realized that five of the Task/KSA Inventory items (K1, K2, K3, K6, and K7)
represented knowledge about the plant rather than about operator CR behavior, and were therefore better
addressed as a type of knowledge against which the remainder of the Task/KSA Inventory items should
be rated. The rating form is presented in Appendix C. An expert panel with individuals experienced as
RIs and OLEs discussed each Task/KSA Inventory item and assigned a consensus level rating for each
Task/KSA Inventory item. Because the ratings for RIs and OLEs were the same, the ratings presented in
Appendix C represent the results for both RIs and OLEs. The results are discussed in Section 6.4.
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3.5 Role of Simulators and CR HSI Systems in Performing and
Learning Task/KSA Inventory Items

3.5.1 Dimensions of Physical Fidelity: CR HSI Systems and System Elements

The PNNL team drew upon the human factors and psychological literature, NUREG-0700, Rev. 2,
and the personal experience of team members with CR systems and simulators to develop a framework
for describing and categorizing the HSI systems and elements of current and advanced reactor CRs and
simulators. The team then used this framework to define the information needed to describe and compare
the CR HSI systems and simulators of the existing generation of reactor with those of the new reactors.
This analysis identified the following eight CR HSI systems:

e procedures

e instrumentation

e controls

e dedicated safety-related controls and displays
e displays of integrated information

e alarms/annunciators

e group-view displays

e workplace design.

A comparison between this taxonomy of systems and those delineated in NUREG-0700, Rev. 2 is
shown in Table 3.3. The NRC expects that the taxonomy in NUREG-0700, Rev. 2 is pertinent to both
current and advanced reactor CR HSI systems.'

Table 3.3. Comparison of the Project and NUREG-0700, Rev. 2 System Taxonomies

Project HSI System Taxonomy NUREG 0700 Reyv. 2 System Taxonomy
Procedure System Computer-Based Procedure System
Instrumentation System Parts of instrumentation are in any system that involves

information display

Control Systems Soft Control System

Dedicated Safety-related Controls & Displays | Safety Function and Parameter Monitoring System

Alarms/Annunciator System Alarm System

The team noted that information displays can potentially be part of a number of systems, e.g., alarm
systems, safety functions and parameter monitoring systems, group-view display systems, soft control

' NUREG-0700, Rev. 2 also includes Computerized Operator Support Systems. These were not included in the
taxonomy for this project because it is unclear what operator functions such systems will support. In addition,
Communication Systems, also included in the NUREG-0700, Rev. 2 taxonomy, are omitted from the project
taxonomy of systems because they were not considered to contribute to RI or OLE task performance.
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systems, computer-based procedure systems (as well as the computerized operator support system
included in the NUREG-0700, Rev. 2 taxonomy). This was taken into consideration when rating the
importance of the system to a Task/KSA Inventory item.

3.5.2 The Importance of CR HSI Systems and Simulator Dimensions for Each
Task/KSA Inventory Item

To understand which of the HSI systems are most important in RI and OLE training and job
performance, an expert panel rated the importance of each of the eight CR HSI systems (described in
Section 3.2.3.2 above) to each of the Task/KSA Inventory items. The expert panel consisted of three
PNNL staff who had previously been certified as operator licensing examiners and one consultant trainer
who presently administers training on the Lungmen ABWR simulator. Two members of the expert panel
had also previously worked in the CRs of U.S. reactor plants, and one had been a CR shift supervisor.

The four raters discussed each Task/KSA item and concluded that five of the knowledge items (K1,
K2, K3, K6, and K7) should be omitted from the HSI systems analysis because they did not address the
CR specifically, but the plant as a whole. In addition, they divided item RI-Ops-4 into two components.
For each of the resulting 51 Task/KSA items, the expert panel developed a consensus judgment regarding
the importance of each of the eight HSI systems to learning and performing the item, assigning a value to
that system (high importance = 3, medium = 2, low = 1) for the item. The resulting ratings are presented
in Appendix D. The team analyzed the results of this rating process by examining the histograms of
ratings by Task/KSA item (the number of systems receiving a rating of high, medium, and low) and by
system (the number of Task/KSA items for which it was rated high, medium, and low).

3.6 Online Survey of Current Rls and OLEs

To conduct the next step in the training needs analysis, the PNNL team designed and implemented an
online survey of current NRC RlIs and OLEs, using the CR Task/KSA Inventory and taxonomy as a
central element. Paper versions of the on-line surveys, one for RIs and one for OLEzs, is included in
Appendix E. The principal information gathering objectives of the online survey were to elicit RI and
OLE opinion regarding the following:

e the physical fidelity of various aspects of the CR simulators used for training at the TTC at the time of
the survey compared to the specific CRs and CR simulators at their assigned reactors

e the impacts of the fidelity of the TTC simulator on their ability to perform their job duties and to learn
course lessons

¢ whether or not physical fidelity differences between the CRs at their assignments and those at the
TTC training simulators were addressed during training and, if so, how the differences were
addressed

¢ the value of the current TTC simulator training to the development of regulatory skills, knowledge of
plant operations, and knowledge or operator roles.

The survey also collected demographic information about the respondents’ experience in their current
assignments and related, previous positions, the types of TTC training they had already received, and their
familiarity with various technologies expected to be used in advanced reactor CRs.
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3.6.1 Questionnaire Design and Pretesting

In developing the questionnaire, the PNNL team drew upon the literature review and consultation
with staff who had taken the TTC training and had experience as NRC OLE:s.

The first section of the questionnaire asked respondents to rate the degree to which the TTC training
simulator differed in physical fidelity from the corresponding plants or site-specific simulators to which
they were or had recently been assigned. It also asked respondents to rate the impact these differences
had on both the difficulty of the training and their performance on the job. The second section asked
respondents to indicate how their TTC training had addressed differences in physical fidelity between the
training simulator and CR at the plant(s) to which the students would be assigned as well as their assess-
ment of that training experience. The third section asked respondents about their overall satisfaction with
the TTC training. The final section obtained demographic and experience information about the
respondents. Respondents were asked to describe their experience in their present assignment, previous
experience, and reactor types used. They were also asked to describe their familiarity with new CR HSI
technologies including graphical and group-view displays, soft control systems, computerized procedure
and operator support systems, and electronic messaging.

The survey included specific questions examining the differences between the TTC training simulator
and the CR panels, controllers, instrumentation, procedures, environment, and alarms of the plant at
which the respondent had most recently been assigned. The appraisal of TTC training focused on the
value of training by asking for responses ranging from “essential to job performance” to “counterpro-
ductive,” and requested the respondent to describe counterproductive or unnecessary training aspects.

The survey instrument was reviewed for clarity, flow, and ease of completion by NRC staff and
PNNL staff not otherwise working on the project. Feedback from this review was incorporated into the
survey instrument. A paper version of the survey was then pre-tested by 14 students attending simulator
training at the TTC, confirming that the survey instrument was understandable, elicited responses
appropriately, and could be completed within a reasonable amount of time.

3.6.2  Survey Distribution, Data Collection, and Analysis of Results

PNNL posted the survey to a website for completion online and, on June 25, 2008, with the assistance
of the NRC project manager, the region office sent instructions to RIs and OLEs for accessing the survey.
Respondents were asked to complete the on-line survey by July 28, 2008, though responses were accepted
through August 5, 2008. The on-line survey was distributed to all current NRC RIs and OLE. PPNL
staff periodically checked questionnaires submitted by the respondents to confirm that problems were not
encountered in completing the questionnaire. Ninety-seven respondents submitted completed question-
naires: 74 current RIs and 23 current OLEs. A copy of the on-line survey, survey results, and a summary
of the characteristics of the respondents will be submitted to the NRC as a CD to enable specific analysis,
should that be desired. Responses to the survey were collected and stored locally at PNNL’s site and
converted to a format amenable to analysis using various software tools. The project team examined the
survey data for responses with large variation between respondents, particularly variation that could not
be readily explained, as part of its quality assurance process. No such unexpected large response
variations were found.
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3.7 Advanced Reactor Control Room Characteristics and
Differences/Similarities with Existing Control Rooms

3.7.1  Scope and Approach

In order to answer the questions, “What are the properties of new reactor CRs (i.e., what will be the
targets to be simulated)?” and “What approaches are available for new reactor simulators?”, the PNNL
team assembled and analyzed the best available design information for the five reactor designs for which
the NRC expects license applications in the United States:

e ABWR (advanced boiling water reactor)

APWR (advanced pressurized water reactor)

AP 1000 (advanced passive 1000)
ESBWR

e EPR.

The team assembled information found in design control document (DCD) and combined
construction and operating license (COL) applications to the NRC, publicly available internal NRC
documentation, publicly available literature, as well as insight from subject matter experts. Based on the
extent and quality of this information, the team focused its detailed review on the ABWR and APWR.
The steps in this process are illustrated in Figure 3.3. Delays in receiving the KA industry catalogs for the
new highly integrated CRs (HICRs) limited the information available for this review.

3.7.2 Attributes Evaluated and Described

The team evaluated the different ways to categorize the CR HSI systems, given the different purposes
and activities of the study. Table 3.4 presents the characterizations used in different aspects of the
project, and how the elements relate to one another.

PNNL structured the review to identify new training simulator configurations and the technologies
and arrangements new training simulators are likely to present. In particular, the PNNL team used this
information to summarize the HSIs of the new reactor CRs and the range of approaches to physical
fidelity likely to be represented in the training simulators as a basis for assessing the suitability of these
approaches to teach CR-specific Task/KSAs. The team also reviewed available information on
alternative approaches, such as desktop simulations and larger digital simulators, to identify and evaluate
the range of feasible simulator fidelity alternatives that might be available to the NRC. The documents
reviewed are included in the bibliography.
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Table 3.4. CR HSI System Characterization Strategies

Analysis of Information on
Advanced Reactors:
“Elements of Control

Room Fidelity”

HSI Systems Used in the Online
Survey (current designs)

HSI Systems Used in Evaluating Use
of HSI System Elements (all designs)

Displays

Instrumentation; Computer Displays

Instrumentation System; Dedicated
Safety-related Controls & Display;
Displays of Integrated Information;
Group-view Display Systems

Operator Input Devices

Controllers and Switches

Control Systems; Dedicated Safety-
related Controls & Display

Alarms

Alarms/Annunciators

Alarms/Annunciator System

Decision Aides

Communication Equipment

Workplace Design

Panels; Control Room Environment

Workplace Design

Procedures

Procedure System
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3.8 Review of NRC Training Policies, Constraints, and Workforce
Characteristics

To characterize the training parameters that might affect the fidelity requirements of RI and OLE
training, the PNNL team reviewed NRC available training and staff development materials. In general,
the team was attempting to answer the following questions:

e What are the NRC training requirements for RIs and OLEs?

e Who takes the TTC training? What are the demographic characteristics of the RI and OLE trainees,
including previous experience with nuclear reactors?

e What prerequisites are required before the RI or OLE starts this training?

e Are these training requirements stable, or rapidly changing? If they are changing, what aspects are
changing and why?

e How is the training for RIs and OLEs structured in terms of training modules and type of training
(self-study, face-to-face classroom instruction; training on simulator, etc)?

e Where does the training occur?

e How is the training curriculum organized? What are the learning objectives, especially of the
simulator training course?

e What supplementary activities contribute to RI and OLE learning?

e What portion of the preparation for certification as Rl and OLE is provided by training (vs. for
example, on the job training, previous experience, etc.)?

e Who are the instructors?

e What is NRC policy about training for RIs and OLEs for the new generation of power reactors?

The PNNL team included inquiries about the NRC training policies, constraints, and workforce
characteristics in the focus group discussions, described above, and reviewed available documentation of
NRC TTC training parameters pertinent to the training of RIs and OLEs including:

¢ policy statements (e.g., training requirements, NRC Commission Paper SECY-08-0096)

e requirement specifications (e.g., Inspection Manual 1245; Training and Qualifying Procedures,
including NRC 2009-ADM 109

e course descriptions, including learning objectives, curricula, reference materials, etc.)
o student profiles
e TTC facility descriptions.
In addition, the PNNL team reviewed available data characterizing the NRC workforce and

expectations of change and drew upon personal experience with the training and on the discussions with
trainees, instructors, and other staff at the TTC, described elsewhere.
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3.9 Analysis and Integration of Results

Figure 3.4 illustrates the relationship among the different information gathering and analytic elements
of the study and how they apply to the overall question of physical fidelity needs of TTC training
simulators.
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4.0 Advanced Reactor Control Room Characteristics

The PNNL team evaluated two main CR HSI designs in some depth for this report — the advanced
boiling water reactor (ABWR) CR and the advanced pressurized water reactor (APWR) CR. The team
selected these two designs based on their potential use in the United States and the amount of public
information available describing them, along with the availability of operational simulators that
demonstrate the HSI design for these CRs. Members of the team were able to observe these simulators
and used this opportunity to validate information from the design documents.

The lack of availability of final CR designs and simulators for other new reactor designs has delayed
the applicants’ completion of the task analyses they must conduct as part of their Human Factors
Engineering Program, and which would have served as the basis for identifying specific KAs for
operators of those designs. This, in turn, has delayed the availability of the KA Catalogs the NRC will
use to update the RI and OLE training. The nuclear industry has indicated that it now plans to provide the
new KAs to the NRC to “permit publication of the catalogs in 2011” (NRC 2008 [SECY-08-0096]; NWI
2008).

The new NPPs that are being built in the throughout the world and planned for the United States use a
highly integrated, digital CR (HICR) design. This allows for a much different approach to information
display and controls (the HSI) than is currently employed in the operating NPP CRs found in the United
States today.

Based on review of NRC requirements, applicant materials, and personal experience and observation,
the PNNL team concluded that the HSI systems that exist in current next-generation NPP design
documents would also exist in the completed designs, although their specific characteristics may differ.

4.1 Overview of Major Features of Advanced Reactor Control Room
Designs

Two main CR HSI designs were evaluated in some depth for this report—the ABWR CR and the
APWR CR. These two were selected because of the amount of public information available describing
the designs, and simulators that demonstrate the HSI design are operational.

The significant differences between the current HSI used in CRs, and those used in the main CRs of
advanced reactors relates almost entirely to the use of digital circuitry. This enables a level of flexibility
that was not previously possible.

4.1.1 Panel, Workstation, and Workplace Design

Panels are no longer restricted by the need to hold a minimum number of controllers, indicators and
recording devices necessary to operate the plant. Some of the new designs have moved away from the
large, fixed-panel concept and use a number of workstations. Other plants maintain large, fixed panels to
contain visual display units (VDUs) and fixed displays. All designs use a number of VDUs in place of
hard (conventional) controls.
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Use of VDUs and the absence of fixed control switches that are spatially separated from one another
make possible a function-based approach instead of a systems based approach to controlling the plant or a
transient. An example of this would be reactor pressure vessel (RPV) water level control in a boiling
water reactor. With side-by-side VDU, a single operator would be able to use the feedwater and
condensate system as well as various emergency core-cooling systems to attempt to maintain RPV water
level.

4.1.2 Hard Controllers and Switches

The use of hard controllers and switches is almost exclusively restricted to use as a backup in the
event there is a common mode failure of the computer or digital network that would render the soft
controls on the VDUs inoperative. This is true for emergency safety features, and in some cases other
major plant equipment such as condensate and feedwater pumps. There are a few special cases of using
exclusively hard control switches, especially in the ABWR design, for controls such as the reactor mode
switch, manual reactor SCRAM (trip), and the control rod insertion and withdrawal pushbuttons.

4.1.3 Soft Control Systems

Widespread use of soft controls that are VDU-based is employed in all designs that have been
evaluated. This is a fundamental difference between the new HSI design and the current CR designs.

4.1.4  Fixed-position Displays

All designs use some type of fixed-position display of key plant parameters, especially those that are
required to satisfy Regulatory Guide 1.97 requirements and for use of emergency operating procedures.
In some cases, these fixed-position displays are hard panels, in other cases it is a large screen or
projection.

415 Hard Displays

Hard fixed position displays are used in both designs that were evaluated in detail. The displays are
used for certain key parameters in the event there is a common mode failure of the computer or digital
network that would render the plant computer system driven indications unavailable. In the new designs,
these are the exception, rather than the majority of the displays found in the current CRs.

4.1.6 Single-Function (single-page) Visual Display Unit-based Displays

There appears to be no significant use of single function VDU-based displays in the new designs.

4.1.7 Page-Based, Single-operator Displays

As described above in the CR design with use of VDUs, numerous page-based, single-operator
displays are used.
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4.1.8 Large Displays

Large displays intended for displaying information that the entire CR staff can view, are essentially a
new concept in the CR design. There are examples of limited information that can be displayed for CR
viewing with current design CRs, however this is usually limited to a single parameter or a small group of
parameters. Using either a fixed display or a variable (i.e., changeable assigned values or other aids)
display, the new HSI designs allow for an integrated information display.

419 Computerized Operator Support Systems

The full scope of computerized operator support systems is not finalized yet in many of the new CR
designs. Some have the capability for automated plant operation under the control of the licensed
operator.

4.1.10 Displays of Integrated Plant Information

See discussion on large displays (Section 4.1.8).

4.1.11 Dedicated Safety-related Controls and Display System

As partially described in previous sections above, the HSI design of the new CRs employs both
VDU s for soft-screen control and display, and hard switches as a backup feature for designated
engineered safety features and other key components.

All plant designs evaluated use dedicated safety-related VDUs and dedicated hard switches for safety-
related controls. Also, there are dedicated safety-related parameters displays. This level of redundancy
typically does not exist in current plant CR designs.

4.1.12 Alarm Display and Processing

A significant difference in the new plant designs is the minimum number of fixed alarm tiles or
displays. Typically, only system level alarms, with individual alarming conditions indicated on a VDU
based alarm screen, or dedicated VDU-based alarms, with some type of indication on the display to alert
the operator to an alarming condition, are included in new plant designs.

4.1.13 Control Systems

The HSI control system designs of the plants evaluated rely primarily on operator interface through
the use of touch screen (or mouse-driven) VDUs. There appear to be two major approaches taken: 1) the
use of VDUs that allow operation and monitoring of either safety-related and non-safety-related systems
and components with backup dedicated safety-related VDUs that are exclusively for the control of safety-
related systems; or 2) separate safety-related VDUs for control and monitoring of safety-related systems
and non-safety-related VDUs for control of non-safety-related systems and components only (with
monitoring capability of both non-safety-related and safety-related systems).
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In all cases, there are redundant hard switches for designated engineered safety feature systems in the
event of a common mode failure that would render the VDUs inoperative. Current CR designs use a
varying amount of computer screens for monitoring only. Typically, there are no redundant means of
control other than the installed conventional control devices.

4.1.14 Instrumentation Systems

In the current CR designs there are fixed position indications of key plant parameters that are often
spatially separated from one another (e.g., normal RPV water level or steam generator water level
indications in one location, accident indications in another). These indications are backed up by non-
safety-related computer screens that can typically display a wide range of the available indicators. The
number of screens varies considerably among the operating plant main CRs.

The new CR HSI designs use large displays (both fixed and variable) and a number of VDUs that are
located throughout the CR, allowing all available ranges or types of relevant information to be viewed by
any operator or senior operator for plant control and monitoring.

4.1.15 Procedure Systems

Current plant CR designs use hard copies of procedures almost exclusively. This practice requires the
operator to locate the correct procedure, retrieve it from the storage area, and find the correct location
within the procedure prior to using it. Some plants have a computer-based annunciator response
procedure system that can be displayed on a computer screen.

The new CR designs evaluated have the capability to provide a dynamic on-line procedure system.
Typically, this involves procedures that can be accessed from a VDU (or certain dedicated procedure
VDUs), and have links to the systems being operated on-screen. The full development of these systems is
not complete, so only this overview of capabilities is provided.

4.1.16 Group-view Display Systems

Current CR design has examples of limited group-view displays, most being contained on a plant
computer VDU screen with limited readability by everyone in the CR. Most displayed information is
provided by the fixed-position instrumentation that is distributed throughout the CR on various CR
panels.

The new HSI designs provide specifically for integrated group-view displays, both fixed and variable.
The variable display allows viewing of information other than what was chosen for the fixed displays, or
in many cases, allows the display of dynamic charts or graphs. These displays are specifically designed
for full CR staff viewing.

4.1.17 Integration of Information Displays and Control

The current CR designs typically have some instrumentation associated with the system or component
controls located in close to the fixed controls. Examples include motor current, pump discharge pressure,
and pump or system flow.
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The new HSI designs use schematic representations of the system to be operated on the VDU.

Control of the components is performed by touch screen operation (or mouse) on the VDU, and system
parameters are displayed on the same VDU. In many cases, side-by-side VDUs can be used to display all
available information relating to system or component operation.

4.2 Overview of the Major Differences Between the ABWR and APWR

Main Control Room HSI Technologies

Analysis of the ABWR and APWR, as discussed in Chapter 3, identified the following significant

differences between current and new main CR HIS technologies.

L.

10.
11.

12.

Panel, workstation, and workplace design: The ABWR CR uses large, fixed panels to contain
VDUs and fixed displays. The APWR design uses one main control console to use VDUs, and a
large display panel.

Hard controllers and switches: The ABWR CR distributes backup “hard” or conventional control
switches on various panels. It also uses the hard switches for certain special functions (e.g., reactor
mode switch, and control rod insertion and withdrawal). The APWR design has segregated areas for
the hard controls: 1) the Diverse HSI Panel and 2) the System Level Hardwired Switch Area on the
Operator Control Console (OCC).

Soft control systems: Both designs use touch screen VDUs. The APWR also has provision for
operation on screen with a mouse.

Fixed-position displays: Both designs have fixed position displays. The ABWR has the display
integrated into an operating console; the APWR has just a front display (the large display panel).

Hard displays: Both designs have a small group of safety-related hard displays.

Single-function (single-page) VDU-based displays: There appears to be no significant use of this
made in the new designs.

Page-based, single-operator displays: Both designs have multiple VDUs with page based, single-
operator displays for control of systems and components.

Large displays: Both designs have large displays, both fixed and variable. The ABWR design has
the fixed display as an integral part of an operating console (the wide display panel), and a large
variable display on the wide display panel. The APWR has an integral large display panel with both a
fixed and variable display section.

Computerized operator support systems: The full scope of computerized operator support systems
is not finalized yet in many of the new CR designs. Some have the capability for automated plant
operation, under the control of the licensed operator.

Displays of integrated plant information: See large displays.

Dedicated safety-related controls and display system: Both designs have dedicated safety-related
VDU s for control and monitoring of safety-related systems. Both designs have dedicated backup
hard switches for operation of selected engineered safety feature systems.

Alarm display and processing: The ABWR design has fixed position system and plant level alarm
tiles. Individual alarming conditions are found on the alarm page that is accessible from any VDU.
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13.

14.

15.
16.

17.

The APWR design has two alarm summary areas on the large display panel. There are alarm VDUs
on the operator control console, the supervisor console, and the shift technical advisor (STA) console.

Control systems: The ABWR design uses separate VDUs for operation of safety-related systems

and non-safety-related systems, each only controlled from their respective type VDU. The APWR
allows operation of both safety-related and non-safety-related systems from the non-safety-related

operational VDUs, and has dedicated safety-related VDUs for control of the safety-related systems
should the operational VDU s fail for whatever reason.

Instrumentation systems: Both designs use VDU and display based instrumentation readouts. Both
designs have certain safety-related hard fixed position instrumentation displays in the event of a
common mode failure of the digital displays.

Procedure systems: There is insufficient information to compare the procedure systems.

Group-view display systems: Both designs have a group-view display arrangement. The ABWR
refers to this as the wide display panel, which includes a fixed display and a large variable display
VDU. The APWR has the large display panel which contains both a fixed display and a variable
display area.

Integration of information displays and control: Both designs integrate system information and
controls on VDU displays.

4.3 APWR Main Control Room

4.3.1 Basic Characteristics

The following list summarizes the basic characteristics and key features of the APWR main CR:
a single, integrated operator control console

dedicated function switches (i.e., “conventional switches”) for operation of safety systems in the
event of common (computer) failure

non-safety VDUs, which allow monitoring and control of both non-safety and safety functions

a non-safety large display panel, which provides spatially dedicated continuously visible (SDCV)
information important to plant operability and safety

dedicated safety-related VDUs, which allow monitoring and control of safety functions

safety-related SDCV conventional controls for system level actuation of reactor trip and engineered
safety feature actuation systems

the ability to monitor and control critical safety functions through systems that are diverse from the
HSI and supporting systems described above.
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4.3.2 Detailed Descriptions of Specific Features of the APWR

The following four particular areas or features are described below:

panel, workstation, and workplace design

HSI technology

HSI systems

Integration of information displays and control.

4.3.2.1 Panel, Workstation, and Workplace Design: the Physical Location and Layout
of Different CR Equipment

The main CR panels comprise four main panels that house control, display, and alarm equipment. The
four panels consist of a console-style OCC where the licensed operators would normally sit, a large
display panel that is the main CR group-view display, a console-style supervisor console, and a console-
style shift technical advisor (STA) console.

Figure 4.1 shows the main CR layout and the relative position of the panels.

The OCC houses the system level hard-wired switch area, alarm VDU, operating procedure VDU, the
non-safety-related operational VDUs from which both non-safety-related systems and safety-related
systems can be operated and monitored, and the safety VDUs from which only safety-related systems
can be operated.

Both safety-related and non-safety-related VDUs contained on the OCC are active touch screen devices
for monitoring and control of plant equipment. The VDUs contained on the supervisor console and
STA console are for monitoring only.

Alarn& VDU
Operating Qperational VDU

Procedyre VDU
e
mmll T FJ'W -_ OB
L] L |

~ 7 iy
" Asetof A s&t of Safety
VDUs for RO-1 VDUs for RO-2 VDU

N\

System Level Hardwired Switch Area

Figure 4.1. Equipment Arrangement of Operator Control Console
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4.3.2.2 HSI Technology

Controls

Hard Controllers and Switches: System level operation switches to be used by operators in the event of
an emergency are provided. The functions are realized by conventional hard-wired Class 1E module
switches that accessible to the operator. The functions at the system level are:

reactor trip

actuation of emergency core cooling system (ECCS)

containment vessel isolation phase A

main steam flow isolation

emergency feedwater flow isolation

actuation of emergency feedwater flow

actuation of containment vessel spray and containment vessel isolation phase B
main CR heating, ventilation, and air conditioning (HVAC) isolation

charging water flow isolation

the diverse HSI panel contains conventional switches and indicators for safety operation (for backup
in the event of common cause failure).

Soft Control Systems: Soft control interface is via the touch screen VDUs by either touch screen
interaction or use of a mouse. As described above, only the VDUs on the OCC are active control devices.

Information Displays (display devices and user-interaction)

Fixed-Position Displays (Instrumentation): Fixed position display of key plant parameters and major
equipment status is provided on the fixed display area of the large panel display.

Hard displays (meters, gauges, plotters, etc.) — Safety-related fixed-position indicators are included on
the diverse HSI panel. These are to support safety system operation in the event of a common mode
failure that would affect VDU operation.

Single-function (i.e., single-page) VDU-based displays — Insufficient information is available to
describe these displays.

Page-based, single-operator displays (multiple pages or windows; typically VDU-based; can also be
projected; also called display networks) — The safety-related and the non-safety-related operational
VDUs contain pages for operation safety-related and non-safety-related systems. Control of safety-
related systems can be performed from the operational VDUs or from the safety-related VDUs,
whereas control of non-safety-related systems can be performed from the non-safety-related VDU .

Large displays (which can include a mix of fixed position and VDUs with multiple pages) — Large
display format is provided by the fixed display area on the large display panel, and by the variable
display area, which is also on the large display panel. The contents of the variable display area can be
selected from the operator console and from the supervisor console. The variable display area can
also automatically display pre-selected screens.
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Computerized Operator Support Systems: Computerized operator support systems are still in the
development stage. There is insufficient information or existing technology to describe this system.

4.3.2.3 HSI Systems (Implementations Using HSI Technology)

Displays of Integrated Plant Information (Safety Function and Parameter Monitoring System —
includes safety parameter display system [SPDS])

The large display panel provides real-time plant status information during all phases of plant
operation. The large display panel provides an integrated overview of plant conditions and major
equipment status. The two functional portions of the large display panel related to integrated plant
information display are:

e Fixed display area, which displays the same information at all times, has the following sections:
—  Shared alarm summary display (for primary system)
— Plant output parameter summary display
— Shared alarm summary display (for turbine generator and electrical system)

e Variable display area, which is described above in Section 4.1.8.
Dedicated Safety-related Controls and Display Systems

Dedicated safety VDUs are used to monitor and control the safety-related equipment. The primary
control interface is designed to be from the non-safety-related operational VDUs, but the safety VDUs are
installed in the event of failure of the operational VDUs.

Alarms/Annunciators

Alarm Display — The large display panel has grouped alarm displays as described in Section 4.3.1. More
detailed information concerning the alarm is available on the Alarm VDUs.

e Alarm processing systems (alarm reduction/filtering, prioritization, integration/derivation) — The
grouped alarm displays on the large display panel provide dynamic alarm prioritization, as well as on
the alarm VDU displays. This prioritization is event specific, and will display the most important
alarms at the time at the highest priority by a color coded scheme.

Control Systems

Control of plant systems and components is accomplished either through fixed-position conventional
control switch devices (found on the system-level hardwired switch area or the diverse HSI panel, or
touch screen VDU .

e The conventional switches on the system-level hardwired switch area and the diverse HSI panel are
for defense against a potential common mode failure. Normally, system control is implemented using
the touch-sensitive VDUs.
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¢ Non-safety-related operational VDUs are contained on the OCC for control of both non-safety-related
systems and safety-related systems. Normally, control of both categories of systems is to be
accomplished with the operational VDU s.

e Safety-related VDUs (physically separate and functionally independent) are installed on the OCC.
These VDUs are used for control of individual safety-related systems when the Operational VDUs are
not functioning.

Instrumentation Systems

The large display panel shows signals from accident monitoring instrumentation of all Regulatory
Guide 1.97 variable types. In addition, the Protection and Safety Monitoring System (PSMS) information
contained on the large display panel shows signals for Type A and B variables.

The group of operational VDU display formats also provides the safety parameter display system
(SPDS) functions.

Procedure Systems
e Procedure information display. Information not currently available.

o Computer-based procedure systems. The operating procedure VDUs provide computer-based
operation procedure displays near the operational VDUs and the alarm VDUs. When a procedure is
displayed on the operational procedure VDU, a link can be made to relevant display on the
operational VDU next to it.

Group-view Display Systems/Displays for Shared Information

The large display panel has two group-view display systems. The fixed display area and the variable
display area discussed above.

4.3.2.4 Integration of Information Displays and Control (across displays with different
functions; integration of soft controls into mimic screens)

The non-safety-related operational VDUSs and the safety-related VDUs integrate display information
and controls on the same screen. Typically, when operating a system, there are one or more screens that
contain system diagrams with the system components and key parameters both displayed.

4.3.2.5 Illustrations of the APWR Main Control Room

Figure 4.2 is an overhead view of the APWR main CR. It shows the orientation of the various
operator control and monitoring consoles and the display panels. Figure 4.1 shows the equipment
arrangement contained on the OCC and Figure 4.3 shows the equipment arrangement on the supervisor
console and on the STA console. Figure 4.4 shows the arrangement of the displays on the fixed display
area and on the variable display area.

4.10



4.4 ABWR Main Control Room

441 Basic Characteristics of the ABWR Main Control Room

The following list summarizes the basic characteristics and key features of the ABWR main CR:
e asingle, integrated main control console (MCC)
e non-safety-related VDUs for non-safety system control and monitoring and safety system monitoring

e separate set of on-screen control VDUs for safety system control and monitoring. The operation of
this set of VDUs is independent of the plant computer system, and all equipment associated with
their functions of safety system control and monitoring are divisionally separate and qualified to
standards for safety-related, Class 1E equipment

¢ dedicated function switches (i.e., “hard switches”) on the control consoles
e operator selectable automation of predefined plant operational sequences

e operator selectable semi-automated mode of plant operations, which provide procedural guidance on
the control console VDUs

¢ the capability to conduct all plant operations in an operator manual mode
o wide display panel (WDP) which presents information for use by the entire CR operating staff

¢ the inclusion on the wide display panel of fixed-position displays of key plant parameters and major
equipment status. The fixed-position displays are independent from the plant computer system
equipment that performs the calculations for process monitoring functions

¢ the inclusion in the fixed-position display of environmentally qualified displays.
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Figure 4.2. Typical Layout of APWR Control Room
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4.4.2 Detailed Descriptions of Specific Features of the ABWR

The following nine particular areas or features are described in this section:
e panels
e controllers and switches
e soft control systems
¢ instrumentation
e alarms/annunciators
e computer displays
e group-view display systems
e procedures

e computerized operator support systems.
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Figure 4.3. Equipment Arrangement of Supervisor Console and STA Console
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Figure 4.4. Arrangement of Large Display Panel
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44.2.1 Panels

The main CR panels are composed of three panels that house control, display, alarm, and communi-
cation equipment. The three panels consist of a console-style MCC where the licensed operators would
normally sit, a benchboard-style WDP, and a console-style shift supervisor/manager console.

Control, display, alarm, and communication equipment is physically integrated within the main CR
panels. The types of equipment that are installed in each panel are VDUs, fixed-position switches, fixed-
position displays, fixed-position alarms, large video display units, and communications equipment (voice
and alarm generation). Operator tasks requiring control, display, alarm, and communication functions are
accomplished using this equipment.

The VDUs display operator information such as operating conditions, alarms, diagnostics, and
procedures. They also provide clearly identified locations on screen surfaces that, when touched, allow
the operator to perform control actions such as changing a system operating mode or operating major
components such as valves and pumps. Fixed-position switches provide operators’ access and visual
feedback for certain control actions that are more immediate compared to that provided by the VDUs.
Fixed-position displays are dedicated to the continuous display of single information items (e.g., one plant
parameter). Similarly, fixed-position alarms are indicators dedicated to annunciating single information
items concerning plant-level or system-level conditions. The large video display unit allows for group
viewing (e.g., alarm summaries, power-to-flow map, or EOP curves) in a practical manner.

4422 Controllers and Switches

Some circuits for fixed position controls and displays are individually wired to the WDP and MCC
for defense against a potential common mode failure of the safety system logic control (SSLC) or the
multiplexing system coincident with certain accident conditions. Special performance requirements make
it necessary that some control and display equipment be operationally dedicated to a specific system
(e.g., RCIS or RHR). Other than these special cases, there are relatively few plant systems requiring
mechanical interfacing of system controls and displays with the main CR panels. Most system controls
and displays are implemented using the touch-sensitive VDUs.

Fixed-position, dedicated function switches are used for certain operator control actions. The
switches are divisionally separated according to system at fixed locations on the MCC and the WDP. The
switches initiate safety systems and control system component functions (e.g., valve open/close).

4.4.2.3 Soft Control Systems

Safety-related VDUs (physically separate and functionally independent of the plant computer system)
are installed on the MCC and the WDP. These VDUs are used for control and display of individual
safety-related systems when a system component must be operated manually. The VDUs are divisionally
separated devices qualified, along with their supporting display processing equipment, to Class 1E
standards. These VDUs are only used for monitoring and control of equipment within a given safety
division (that is, there are divisional panels for each of the Class 1E safety-related divisions).
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Non-safety-related VDUs are installed for the following functions and tasks:
¢ monitoring of plant systems, both safety and non-safety
e control of non-safety system components
e presentation of system-level and equipment-level alarm, diagnostic and procedure information.
These VDUs, along with their supporting display processing equipment, operate independent of the
PCS processors that perform calculations for process monitoring functions. Data collected by the PCS

are available for monitoring on these VDUs. All available display formats can be displayed on any of
these VDUs.

4424 Instrumentation

The available instrumentation in the main CR basically falls into one of the following categories:
¢ information available on the safety-related and non-safety-related VDUs
o fixed position displays that are incorporated into the WDP

e certain key parameter fixed position displays that are hard wired to the WDP and MCC for defense
against a potential common mode failure of the SSLC

o the safety parameter display system (SPDS) function is part of the plant status summary information
that is continuously displayed on the fixed-position displays on the WDP.

A subset of the parameters shown on the WDP comprises the minimum set of safety parameters that
are necessary for compliance with NUREG-0737, or committed to be fixed-position.

4425 Alarms/Annunciators

PCS alarm processing units drive dedicated alarm tiles on the WDP (plant-level alarms, system-level
alarms, and alarms for conditions related to emergency operating procedures). The alarms are controlled
by alarm processing controller units that operate independently of the PCS processors that perform
calculations for process monitoring functions.

Alarm processing units also present non-safety equipment alarm information on non-safety-related
VDUs. The PCS performs the function of supervisory processing of plant alarms for operator
presentation (alarm filtering and prioritization). The alarms displayed (based on a pre-defined priority)
are selectable by the operator.

4.4.2.6 Computer Displays

In addition to the information described above for soft control systems, the following information
about computer displays was obtained:

o A large variable display panel that is contained on the WDP. The large variable display is driven
by the PCS. Any display image available through the PCS (e.g., images from VDUs at the MCC) can
be shown on this large variable display.
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¢ Display only screens on the SSC. The SSC is a workstation for the main CR shift supervisor/shift
manager to monitor the plant. Control of plant processes and plant equipment cannot be performed
from the SSC. During any operating mode, the shift supervisor/shift manager can view the same
information that is also presented on MCC and WDP VDU s.

4427 Group-view Display Systems

The CR is designed with two display systems that are viewable by the entire main CR staff: the large
variable display described in Section 5.4.2.6, and the information contained on the WDP.

The WDP is a large benchboard that provides real-time plant status information during all phases of
plant operation. The WDP provides an integrated overview of plant conditions and major equipment
status. The four functional portions of the WDP related to group display are

a fixed-position, plant-level alarm display
¢ a fixed position mimic
¢ a fixed-position, system-level alarm display

e alarge variable display.

The fixed position mimic provides indication for
e ECCS status and parameters
e RPV parameters
e primary containment parameters
o feedwater system parameters
e main steam system parameters

o other safety-related and select non-safety-related information.

4428 Procedures

The PCS provides operator aids such as on-line electronic procedures for plant normal, abnormal and
emergency operations. Plant alarm response procedures are also provided. A workstation, also part of
the PCS and connected to the PCS site computer network, is used for switching and tagging activities.

4,429 Computerized Operator Support Systems

The PCS has two sub-systems that supply operator support. They are the Performance Monitoring
Control System (PMCS) and the Plant Generation Control System (PGCS).
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The PMCS obtains both safety-related and non-safety-related data from the plant-wide multiplexing
data network to support all PCS functions:

¢ monitoring plant conditions

recording plant data for historical analyses

performing core nuclear steam supply, equipment monitoring, and plant thermal performance and
prediction calculations

performing alarm processing to support CR alarm annunciation

providing for updates of all non-safety dynamic display elements in the MCR.

The PGCS is a top-level controller that monitors the plant conditions, issues control commands to
non-safety-related systems, and adjusts setpoints of lower level non-safety-related controllers. PGCS
supports the automation of the plant startup, power range, and normal shutdown operations. The operator
interfaces with PGCS through a series of breakpoint controls to initiate automated sequences. The PGS
has three levels or modes of operation:

e Automatic. In automatic, the PGCS issues commands to system-level controllers. Command signals
for setpoint adjustments of lower-level controllers and for startup/shutdown of other systems are
executed by PGCS with the operators’ execution commands. Operator interfaces with PGCS through
a series of breakpoint controls to initiate automated sequences.

¢ Semi-automatic. In semi-automatic, the PGCS monitors progression of plant operations. It
automatically provides prompts and guidance to operator (procedural steps displayed on screen).

e Manual. In manual, no operator guidance or prompts are provided by PGCS.

4.4.2.10 |lllustrations of the ABWR Main Control Room

Figure 4.5 shows the ABWR CR at the Lungmen plant. Figure 4.6 shows the wide display panel at
Lungmen, with the fixed-display (Mimic) information highlighted. Figure 4.7 shows the ABWR CR
wide display panel, with the large variable display highlighted.

4.5 Implications for Physical Fidelity of TTC Simulators in Advanced
Reactor Training

The CR designs for Gen I1I/Gen III+ reactors evaluated for this study' use more “soft” displays and
controls than current CRs, making the HSI technology in the new reactor CRs and simulators very
different from those currently in use. However, the systems to be controlled, and the parameters that have
to be monitored to verify safe operation are essentially the same in the advanced as in the current CRs.
Some of the new designs, such as the Advanced Passive (AP)-600 and the AP-1000, place greater reliance
on passive heat removal systems, with consequent modification of system parameters. However, details
about the CR design for these plants were not available at the time this report was written. The basic
reactor design of the other advanced reactors is not different enough from current designs to require

! Information about the passive design and its heat removal system as described by the World Nuclear Association is
available at http://world-nuclear.org/info/inf08.html.
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different control parameters. Because of the screen size, the jobs of the Rl and OLE will be somewhat
complicated because it will be harder for them to see, from a distance, what the operator is observing and
what soft controls they are manipulating. Many control and indication systems that are important to
safety will be dedicated displays or switches similar to those in current use.

Figure 4.5. ABWR Control Room (Lungmen)

Figure 4.6. ABWR Control Room (Lungmen) Wide Display Panel Highlighting
Fixed-Display (Mimic) Information

The team’s analysis indicates of available information about advanced reactors’ CRs and simulators is
that, to a large extent, the Tasks/KSAs currently taught at TTC will apply to the new reactors in the same
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way they apply to existing power plants. The overall licensing conditions of these Gen I1I/Gen 111+ plants
are expected to be the same as current reactors. In addition, the regulatory goals of the RI and OLE are
expected to be the same for the advanced reactors as existing ones. Consequently, the level of fidelity
provided by the current TTC simulators is expected to be sufficient to train RIs and OLEs for jobs at
advanced reactors—the simulator needs to represent a typical reactor CR of each advanced reactor design,
but it does not need to represent the particular plant at which the RI or OLE candidate will work.

Figure 4.7. ABWR Control Room (Lungmen) Wide Display Panel Highlighting
Large Variable Display
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5.0 Rl and OLE Training Needs and Priorities

5.1 What RIs and OLEs Need to Know: Task/KSA Inventory

The final Task/KSA Inventory contains 54 specific items split 31 for RIs (including the 7 Ks that do
not differ between positions and are counted only once in the overall inventory) and 30 for OLEs (also
including the 7 Ks). The final list of tasks and knowledges required by RIs and OLEs is presented and
discussed below, organized into the four taxonomy categories: knowledges (K); operations and
indications (Ops); management (Mgmt); and license-related (Lic). The first seven items represent broad
categories of required knowledges, which are essentially the same for the two jobs. The remaining tasks
are separated by job because Rls evaluate and report on operator performance in the actual operation of
the plant, whereas OLEs evaluate and report on operator performance on examinations conducted on
simulators, and then recommend licensing actions for the examinees. There are 16 pairs of operations
tasks, plus one extra subtask for the Rls, resulting in a total of 33. There are 5 pairs of operations
management tasks, for a total of 10. There are 2 pairs of license-related tasks, for a total of 4. Summing,
then, there are 47 individual, job-specific tasks, plus 7 knowledges in the inventory, for a total of
54 items.

5.1.1 Knowledges
(K-1) knowledge of system function, design, and operation

(K-2) knowledge of the components in the system and the effects a malfunction of system
component(s) would have on system performance, operation of the system, and the
consequences (risk) associated with the malfunction

(K-3) knowledge of the physical connections and cause-effect relations between the system and
other systems, including knowledge of the effect that loss or malfunction of the system would
have on other systems

(K-4) knowledge of plant procedures, including administrative, normal, abnormal, and emergency
procedures, and the site Emergency Plan

(K-5) knowledge of technical specifications and other regulatory requirements for operation and
maintenance of the plant

(K-6) knowledge of the physical, chemical, thermal, and electrical properties and processes of the
plant and their impact on plant behavior

(K-7) knowledge of reactivity effects associated with various plant evolutions and the impact the
effects have on plant operations.

5.1.2 Control Room Operations and Indications Tasks (Ops)

(Ops-1)  (RI) Inspect, monitor, assess, and report on operator performance in the use of CR indications
to monitor and evaluate plant status and to identify trends.

5.1



(Ops-2)

(Ops-3)

(Ops-4)

(Ops-5)

(Ops-6)

(Ops-7)

(Ops-8)

(OLE) Administer, document, and justify a licensing evaluation of operator performance on
the use of CR indications to monitor and evaluate plant status and to identify trends.

(RI) Inspect, monitor, assess, and report on operator performance in the use of procedures to
operate and monitor plant systems and equipment.

(OLE) Administer, document, and justify a licensing evaluation of operator performance on
the use of procedures to operate and monitor plant systems and equipment.

(RI) Inspect, monitor, assess, and report on operator performance in reporting and responding
to automatic plant actuations.

(OLE) Administer, document, and justify a licensing evaluation of operator performance in
reporting and responding to automatic plant actuations.

(RI) Determine/verify operability, functionality, and availability of plant systems and
equipment and report findings to NRC.

(RI) Inspect, monitor, assess, and report on operator performance in the determination/
verification of operability, functionality, and availability of plant systems and equipment.

(OLE) Administer, document, and justify a licensing evaluation of operator performance in
the determination/verification of operability, functionality, and availability of plant systems
and equipment.

(RI) Inspect, monitor, assess, and report on operator performance in monitoring and cross-
checking diverse indications to verify and/or correctly understand plant conditions and to
identify potential instrument or equipment malfunctions.

(OLE) Administer, document, and justify a licensing evaluation of operator performance in
monitoring and cross-checking diverse indications to verify and/or correctly understand plant
conditions and to identify potential instrument or equipment malfunctions.

(RI) Inspect, monitor, assess, and report on operator performance in the use of plant
procedures to respond to instrument or equipment malfunctions.

(OLE) Administer, document, and justify a licensing evaluation of operator performance in
the use of plant procedures to respond to instrument or equipment malfunctions.

(RI) Inspect, monitor, assess, and report on operator performance in obtaining, interpreting,
and properly using normal operating procedures.

(OLE) Administer, document, and justify a licensing evaluation of operator performance in
obtaining, interpreting, and properly using normal operating procedures.

(RI) Inspect, monitor, assess, and report on operator performance in obtaining, interpreting,
and properly using abnormal operating procedures.
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(Ops-9)

(Ops-10)

(Ops-11)

(Ops-12)

(Ops-13)

(Ops-14)

(Ops-15)

(OLE) Administer, document, and justify a licensing evaluation of operator performance in
obtaining, interpreting, and properly using abnormal operating procedures.

(RI) Inspect, monitor, assess, and report on operator performance in obtaining, interpreting,
and properly using emergency operating procedures.

(OLE) Administer, document, and justify a licensing evaluation of operator performance in
obtaining, interpreting, and properly using emergency operating procedures.

(RI) Inspect, monitor, assess, and report on operator performance in obtaining, interpreting,
and properly implementing the emergency classification guidelines and Emergency Plan.

(OLE) Administer, document, and justify a licensing evaluation of operator performance in
obtaining, interpreting, and properly implementing the emergency classification guidelines
and Emergency Plan.

(RI) Inspect, monitor, assess, and report on operator performance in obtaining, interpreting,
and properly using CR reference materials such as drawings, charts, plots and other operator
aides.

(OLE) Administer, document, and justify a licensing evaluation of operator performance in
obtaining, interpreting, and properly using CR reference materials such as drawings, charts,
plots and other operator aides.

(RI) Inspect, monitor, assess, and report on operator performance in the use of plant
guidelines and procedures to respond to alarms.

(OLE) Administer, document, and justify a licensing evaluation of operator performance in
the use of plant guidelines and procedures to respond to alarms.

(RI) Inspect, monitor, assess, and report on operator performance in the use of procedures for
monitoring and operating systems for plant radiation control and release.

(OLE) Administer, document, and justify a licensing evaluation of operator performance in
the use of procedures for monitoring and operating systems for plant radiation control and
release.

(RI) Inspect, monitor, assess, and report on operator performance in the use of the plant
computer to display additional plant status, alarms, and trend information beyond that
available on panel instrumentation.

(OLE) Administer, document, and justify a licensing evaluation of operator performance in
the use of the plant computer to display additional plant status, alarms, and trend information
beyond that available on panel instrumentation.

(RI) Inspect, monitor, assess, and report on operator performance in using administrative
procedures to provide shift turnover information.
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(Ops-16)

5.1.3

(Mgmt-1)

(Mgmt-2)

(Mgmt-3)

(Mgmt-4)

(Mgmt-5)

5.1.4

(Lic-1)

(OLE) Administer, document, and justify a licensing evaluation of operator performance in
using administrative procedures to provide shift turnover information.

(RI) Gather information and communicate with the NRC during declared emergencies.

(OLE) Gather information and communicate with the NRC during declared emergencies.

Operations Management Tasks (Mgmt)

(RI) Inspect, monitor, assess, and report on CR command and control performance.

(OLE) Administer, document, and justify a licensing evaluation of CR command and control
performance.

(RI) Inspect, monitor, assess, and report on CR performance in the use of plant procedures,
CR indications, and the communications system to monitor and control tasks performed
outside the CR.

(OLE) Administer, document, and justify a licensing evaluation of CR performance in the use
of plant procedures, CR indications, and the communications system to monitor and control
tasks performed outside the CR.

(RI) Inspect, monitor, assess, and report on operator performance in verbally communicating
with the crew, plant staff, supervisory personnel, and management.

(OLE) Administer, document, and justify a licensing evaluation of operator performance in
verbally communicating with the crew, plant staff, supervisory personnel, and management.

(RI) Inspect, monitor, assess, and report on operator performance in completing and archiving
logs, records, or other required documentation.

(OLE) Administer, document, and justify a licensing evaluation of operator performance in
completing and archiving logs, records, or other required documentation.

(RI) Inspect, monitor, assess, and report on operator performance in the use of administrative
procedures associated with risk-assessment activities.

(OLE) Administer, document, and justify a licensing evaluation of operator performance in
the use of administrative procedures associated with risk assessment activities.

Plant License-Related Tasks (Lic)

(RI) Inspect, monitor, assess, and report on the Licensee’s compliance with NRC regulatory
requirements for operator performance in recognizing, documenting, tracking, and resolving
Technical Specifications and other reportable conditions.
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(OLE) Administer, document, and justify a licensing evaluation of operator performance in
recognizing, documenting, tracking, and resolving technical specifications and other
reportable conditions.

(Lic-2) (RI) Inspect, monitor, assess, and report on the licensee’s compliance with NRC regulatory
requirements for operator performance in determining and implementing the desired
operational path forward based on plant status information and administrative procedures and
directives.

(OLE) Administer, document, and justify a licensing evaluation of operator performance in
determining and implementing the desired operational path forward based on plant status
information and administrative procedures and directives.

5.2 Results of the DIF Analysis to Identify Priorities for Training RIs
and OLEs

The team performed an analysis of the Task/KSA Inventory items to rate the difficulty of
performance, importance to safety, and frequency of performance of each of the 61 selected KSA items,
as described in Section 3.2.2. The DIF analysis focuses on difficulty, importance to safety, and frequency
in terms of performance of the task, not training. A set of the knowledges (K-1, K-2, K-3, K-6 and K-7)
were rated in a different way, as concepts required in order to successfully perform the tasks in the
inventory. The complete set of DIF ratings is presented in Chapter 8, Table 8.2. Table 5.1 shows the
Task/KSA Inventory items receiving the highest and lowest DIF (i.e., combined) scores in this analysis.
Based on these ratings, these items are considered to have the highest and lowest training priority.

Table 5.1. Task/KSA Inventory Items Receiving the Highest and Lowest DIF Scores

Top 10 DIF Top 10 DIF Top 10 DIF Lowest 10 DIF

Rank RI Score OLE Score All Score | Rank All Score
1 Ops-16 10 K-2 8 Ops-16r 10 61 Mgmt-40 1
2 Ops-13 8 K-3 8 Ops-13r 8 60 Ops-15r 2
3 Ops-10 8 K-6 8 K-20 8 59 Mgmt-30 2
4 Ops-3 8 K-7 8 K-3o0 8 58 Ops-14r 3
5 Ops-9 8 K-1 7 K-60 8 57 Ops-To 4
6 K-2 7 K-4 7 K-70 8 56 Ops-20 4
7 K-4 7 Ops-5 7 Ops-10r 8 55 Ops-150 4
8 K-6 7 Ops-9 7 Ops-3r 8 54 Ops-140 4
9 K-7 7 K-5 6 Ops-9r 8 53 Ops-120 4
10 Lic-2 7 Mgmt-1 6 K-1lo 7 52 Ops-80 5

r = RL

o= OLE.

For RlIs, five of the top ten priority items are (Ops), which are rated as a higher priority than the four
(K) and one (Lic) item that compose the rest of the top priority items. For OLEs, the six highest priority
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items are (K), followed by two (Ops), one more (K), and one (Mgmt) item. Only one item, Ops-16 for
RIs (gather information and communicate with the NRC during declared emergencies), received the
highest priority rating among the items, with a DIF score of “10.” The DIF scores varied widely across
the Task/KSA Inventory items and two positions. Other conclusions from this analysis of the Task/KSA
Inventory items include the following:

e The 15 items with the highest DIF scores are either knowledge or operations topics.
e The highest rated Licensing item was 16th in rank.

e Roughly half of the 20 items receiving a DIF score of 7 or more concerned System Knowledge.

Table 5.2 shows the items receiving the highest and lowest difficulty and importance scores. For Rls,
no items were rated “5” in difficulty to perform. Seventeen items were rated “4,” eight of which were
Ops items. For OLEs, the items rated most difficult to perform were all knowledge items — those dealing
with the overall plant — which were each rated “5.” The items rated most important to safety for RIs were
all Ops items; for OLEs, 11 items were rated as most important for safety (score “5), 5 of which were
(K), 5 were (Ops), and 1 was (Mgmt). The complete scoring tabulations are shown in Appendix B.

Table 5.2. Highest and Lowest Scores for Difficulty and Importance

Highest Difficulty to Perform Highest Importance to Safety
RI Score OLE Score RI Score OLE Score
17 items 4 K-1 5 Ops-3 5 11 items 5
8 Ops K-2 5 Ops-4 5 5K
6 K K-3 5 Ops-5 5 5 Ops
2 Lic K-6 5 Ops-9 5 1 Mgmt
1 Mgmt K-7 5 Ops-16 5
Lowest Difficulty to Perform Lowest Importance to Safety
Ops-14 2 Ops-15 1 Ops-15 2 Mgmt-3 2
Ops-15 2 Ops-16 1 6 items 3 Mgmt-4 2
11 items 3 Mgmt-3 1 5 Mgmt 4 items 3
Mgmt-4 1 1 Ops 4 Ops
6 items 2

Table 5.3 shows the items receiving the highest and lowest frequency scores. Note that low
frequency of performance creates a higher priority for training. Rls reported more items being performed
with low frequency (Ops-16 at the lowest; three [Ops] and one [Mgmt] task at the next lowest frequency)
than OLEs, who reported no tasks being performed at the lowest frequency. OLEs reported performing
18 tasks at the highest frequency, of which 11 were (Ops) and 6 were (K).
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Table 5.3. Items Receiving the Highest and Lowest Scores for Frequency

Lowest Frequency of Performance Highest Frequency of Performance
RI Score OLE Score RI Score OLE Score
Ops-16 1 Mgmt-4 2 Ops-1 5 18 items 5
Ops-13 2 6 items 3 12 items 4 11 Ops
Ops-10 2 4 Ops 7 Ops 6 K
Ops-9 2 2 Mgmt 3K 1 Mgmt
Mgmt-2 2 1 Lic;
1 Mgmt

5.3 Difficulty of Learning and Importance of Using a Simulator to
Learn Task/KSA Inventory Items

The expert panels conducting the DIF analysis also rated the Task/KSA Inventory items with respect
to the difficulty of learning them. They also rated each item with respect to the importance of using a
simulator to learn the item. Table 5.4 presents the highest rated Task/KSA Inventory items with respect

to these two dimensions.

Table 5.4. Task/KSA Inventory Items Most Difficult to Learn and for Which Simulator Use is Most

Important for Learning

Most Difficult to Learn Simulator Most Important to Learning
RI Score OLE Score RI Score OLE Score
18 items 4 K-2 5 Ops-10 5 Ops-9 5
11 Ops K-3 5 Ops-3 5 Mgmt-1 5
6K K-6 5 Ops-9 5 Ops-1 5
1 Lic K-7 5 12 items 4 Ops-6 5
K-1 5 9 Ops Ops-3 5
2K Ops-8 5
1 Mgmt Ops-12 5
Ops-7 5

None of the RI’s Task/KSA Inventory items were rated “very difficult” to learn. For OLEs, the

knowledges of plant design details and interactions between systems and components, including

malfunctions of components were rated “very difficult” to learn. This may represent the immediacy of
the OLE role in understanding the integrated operations of the plant and designing simulations to
appropriately exercise and evaluate the performance of license candidates in real time.

Simulators were rated as important for learning the Task/KSA Inventory items involving emergencies
and automatic plant actuations (e.g., reactor trip). These items require conceptual integration of large
amounts of system and component operation and interaction information in real time to understand and
keep abreast of the evolving plant status. In addition, the raters also assigned this highest rating to several
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other OLE tasks involving responses to malfunctions, including use of normal and abnormal operating
procedures and the assessment of CR command and control.

Analysis of these ratings yielded the following conclusions:

¢ The importance of using a simulator to train RIs and OLEs for competent job performance is high for
nearly half the Task/KSA Inventory items and low for nearly one third of the items. The importance
of using a simulator addresses the desirability of using a simulator for training, but it does not address
the need for any specific level of fidelity.

e The importance of using a simulator for learning varies little across the two positions.

e There is a moderate degree of correspondence between training priority and importance of using a
simulator to train (e.g., experts say a simulator is of high importance for learning on roughly half the
20 items that have a high priority for training).

o The average difficulty rating of learning for the 20 items rated “high priority” is 4.2 (out of 5).

e The average importance rating of using a simulator for learning the 20 items rated “high priority” is
3.8 (out of 5).

5.4 Types and Levels of KSAs of the Task/KSA Inventory Items

The types and levels of knowledge required for RIs and OLEs to perform each of the tasks in the task
inventory were rated by consensus discussions of a panel of subject matter experts, as described in
Section 3.2, where the types and levels of KSAs and the coding scale are described. The framework and
coding scale are also presented in Appendix C.

Because of the broad scope of each of the tasks in the inventory, and the similarities of the RI and
OLE jobs, the panel concluded that it was not possible to differentiate between the two jobs in terms of
the KSA levels needed. Thus, the expert panel assigned the same ratings to RI and OLE needs for factual
and procedural knowledges, concepts, and psychomotor skills. Similarly, the panel was unable to
differentiate between the two jobs with respect to the need for internal facts (from memory) and external
facts (from reference materials).

For operations tasks (Ops-1 through Ops-16) the need for factual knowledge was rated in all cases as
“essential to recall basic facts from memory.” For 10 of the 16 tasks a higher rating was given, specifying
the need to recall facts “quickly.” Most of the tasks requiring quick application of factual knowledge had
to do with operator actions when responding to equipment malfunctions or emergencies. Details of this
differentiation are presented in Table 5.5.

For management tasks (Mgmt-1 through Mgmt-5), the need for factual knowledge was rated as
“essential to recall basic facts from memory” for the tasks assessing the control of tasks performed
outside the CR and for risk assessment activities. The other three management tasks, addressing CR
command and control, communications, and completing logs and records, received the lesser rating of
“essential to recognize that observed information accurately represents something known to be true.”

5.8



Table 5.5. Ratings of Task/KSAs on Levels of Knowledges and Skills Needed

Level Required for Successful

Task/KSA Inventory Items

Type Performance of Task Knowledges | Ops | Mgt Lic
FACTS-Internal knowledge of facts
3 Essential to recognize that Mgmt-1;
observed information Mgmt-3;
accurately represents Mgmt-4
something known to be true.
4 Essential to recall basic facts from | K-4; K-5 Ops-1; Ops-4b; Ops-7; Ops-10; Mgmt-2; Lic-1;
memory. Ops-11; Ops-14; Ops-15 Mgmt-5 Lic-2
5 Essential to recall or recognize Ops-2; Ops-3; Ops-4a; Ops-5;
basic facts from memory Ops-6; Ops-8; Ops-9; Ops-12;
quickly. Ops-13; Ops-16
FACTS-External knowledge of facts
3 Essential to use external Mgmt-1;
information to verify that Mgmt-3;
observed information Mgmt-4
accurately represents
something known to be true.
4 Essential to use external resources | K-4; K-5 Ops-1; Ops-4b; Ops-7; Ops-10; Mgmt-2; Lic-1;
to access factual information. Ops-11; Ops-14; Ops-15 Mgmt-5 Lic-2
5 Essential to use external resources Ops-2; Ops-3; Ops-4a; Ops-5;
to quickly access factual Ops-6; Ops-8; Ops-9; Ops-12;
information or verify observed Ops-13; Ops-16
information.
K-1; K-2; K-3; K-6; and K-7 (Plant Knowledge) [From the Task/KSA Inventory]
1 None (No knowledge needed)
2 Understand K-4; K-5 All Ops-items Mgmt-1; Lic-1;
Mgmt-2; Lic-2
Mgmt-5
PROCEDURAL Knowledge
2 Only need to know the purpose of Mgmt-1
the thing being done
3 Need to know how it is done, but K-4; K-5 Ops-1; Ops-2; Ops-3; Ops-4a; Mgmt-2; Lic-1;
not how to execute it. Ops-4b; Ops-5; Ops-6; Ops-8; Mgmt-3; Lic-2
Ops-11; Ops-12; Ops-13; Mgmt-4
Ops-14; Ops-15
4 Need to know how to execute it, Ops-7; Ops-9; Ops-10; Ops-16 Mgmt-5
but effortful, awkward, or
slow.
PSYCHOMOTOR Skills Motor
1 Not needed K-4; K-5 All All Lic-1;
Lic-2
2 Familiarity Needed
PSYCHOMOTOR Skills Visual
1 Not needed K-4; K-5 Mgmt-3
2 Familiarity Needed All Mgmt-1; Lic-1;
Mgmt-2; Lic-2
Mgmt-4;
Mgmt-5
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Table 5.5. (contd)

Level Required for Successful Task/KSA Inventory Items

Type Performance of Task Knowledges | Ops Mgt Lic
PSYCHOMOTOR Skills Auditory
1 Not needed K-4; K-5 Mgmt-4;
Mgmt-5
2 Familiarity Needed All Mgmt-1; Lic-1;
Mgmt-2; Lic-2
Mgmt-3
PSYCHOMOTOR Skills Tactile
1 Not needed K-4; K-5 All All Lic-1;
Lic-2
2 Familiarity Needed

The need for factual knowledge in both licensing tasks (Lic-1 and Lic-2) received the rating “essential
to recall basic facts from memory.”

The two knowledge items that involved knowledges applied inside the CR, including knowledge of
procedures (K-4, all procedure types including EOPs) and knowledge of regulatory requirements (K-5,
technical specifications and all others), received the rating “essential to recall basic facts from memory.”
The remaining knowledges (K-1, K-2, K-3, K-6, and K-7) were rated differently—as concepts required in
order to successfully perform the tasks in the inventory. The panel rated the need for these concepts at the
level of “understand” for all tasks. They felt that there was no need to further analyze or evaluate the
facts or to create new concepts (the possible higher ratings that were not assigned).

The importance of procedures to plant operations is reflected in the importance of procedural
knowledge, which was rated separately for each item in the inventory. The higher rating of “need to
know how to execute but not fluently,” was given for the operations tasks involving prompt actions,
(including Ops-7, normal operations; Ops-9, EOPs; Ops-10, emergency plan; and Ops-16, communication
with NRC during declared emergencies). The lesser rating of “need to know how it is done, but not how
to execute it” was given to all other Ops tasks.

The ratings of procedural knowledges for the management tasks showed the greatest variation,
spanning three of the six possible rating categories. The higher rating of “need to know how to execute it
but not fluently” was given to Mgmt-5 (assessing the use of administrative procedures associated with
risk assessment activities). The lesser rating of “need to know how it is done, but not how to execute it”
was given to three other Mgmt activities (Mgmt-2, addressing the monitoring and control of tasks
performed outside the CR; Mgmt-3, addressing verbal communication by operators; and Mgmt-4,
addressing completion of logs, records and other required documentation). The even lower rating of
“only need to know the purpose” was given to the procedural knowledge required for Mgmt-1 (evaluation
of CR command and control).

For the two licensing tasks, the ratings of procedural knowledge were “need to know how it is done,
but not how to execute it” for both (Lic-1, documenting, tracking and resolution of technical specifi-
cations and other reportable conditions; and Lic-2, determination of the desired operational path forward).
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For the two procedural knowledge tasks the ratings of procedural knowledge were “need to know
how it is done, but not how to execute it” for both (K-4, knowledge of all plant procedures; and K-5,
knowledge of technical specifications and other regulatory requirements).

The ratings of psychomotor skills required for all tasks were uniformly low — regulators do not
perform plant operations. Motor skill and tactile skill were rated as “not needed” for all tasks.
“Familiarity needed” was given for visual skill to all of the tasks except Mgmt-3, addressing verbal
communications; the two licensing tasks (Lic-1 addressing reportable conditions; and Lic-2 addressing
determination of the desired operational path forward), and the two knowledge tasks (K-4, addressing
procedural knowledges; and K-5, addressing knowledge of technical specifications and other regulatory
requirements). For these, visual skill was rated as “not needed.” Similarly, “familiarity needed” was
given for auditory skill to all items except Mgmt-4, addressing logs and records; and Mgmt-5, addressing
risk-assessment activities, and the two knowledge tasks (K-4, addressing procedural knowledges, and
K-5, addressing knowledge of technical specifications and other regulatory requirements). For these,
auditory skill requirement was rated as “not needed.”

The expert panel that rated the Task/KSA Inventory items in terms of the type and level of
knowledge, skill or ability required to perform the item competently determined that there was a high
degree of similarity between the two positions and for items within each of the four categories of
Task/KSAs.

The implication of the above KSA discussion for simulator fidelity is that the simulator needs to
provide sufficient fidelity for OLE and RI trainees to learn to recognize correct actions performed by
operators or operator candidates. The incumbents identified a few knowledge items that need to be taught
at the “essential to recall from memory level, but most knowledge items only need to be learned at the
“understand” level. Knowledge of plant procedures was identified as particularly important. Trainees
must learn to execute the procedures, although not necessarily fluently. The trainees do not need to
develop any specific psychomotor skills beyond auditory and visual familiarity, because they do not
actually manipulate controls on the job.

5.5 Role of Simulator/HSI Systems in Training the Task/KSA
Inventory ltems

5.5.1 Importance of HSI Systems to Task/KSA Inventory Items

Using the rating process described in Section 3.2, the expert panel found a high degree of similarity in
the importance of HSI systems to Task/KSAs for the two positions (RI and OLE), with a few exceptions.

Figures 5.1, 5.2, and 5.3 present the results of the expert panel ratings of the importance of each of the
eight CR HSI systems to the performance of each Task/KSA Inventory item. Figures 5.1 and 5.2 present
the same information in different formats, organized by the overall importance of HSI systems to the task.
Specifically, Figure 5.1 shows the percentage of Task/KSA Inventory items for which each HSI system is
of high, medium, or low importance, while Figure 5.2 shows this information in terms of the number of
Task/KSA Inventory items. Figure 5.3 shows the pattern of importance ratings for the eight HSI systems
by inventory item.
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Importance Rating of HSI Systems
Percentage of Task/KSAs
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. Integrated Annuciator Display )
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Olmportant 78.4% 68.6% 54.9% 49.0% 35.3% 33.3% 27.5% 19.6%

Figure 5.1. Percentage of Tasks/KSAs Inventory Items for Which Each HSI Systems is Important

Importance Rating of HSI Systems
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Figure 5.2. Number of Tasks/KSAs Inventory Items for Which Each HSI System is Important
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Figure 5.3. Number of CR HSI Systems Rated of High, Medium, and Low Importance to Tasks/KSA
Inventory Items

From Figures 5.1 and 5.2, it is immediately apparent that the procedure system is highly important to
the greatest number of tasks in the inventory (78%), followed by the instrumentation system (69%), the
control systems (55%), and the dedicated safety-related controls and displays (49%). Overall, these three
figures illustrate that each of the systems is important to some Task/KSA Inventory items, and that all
inventory items rely on a number of HSI systems. No HSI system was rated as important to fewer than
10 inventory items.

As seen in Figure 5.3, all eight HSI systems are highly important to performance of Ops-9
(addressing operator performance in obtaining, interpreting and properly using emergency operating
procedures). This is true for both RIs and OLEs. HSI systems are generally of high importance for most
of the Ops tasks. Lic-2 (addressing operator performance in determining and implementing the desired
operational path forward based on plant status information and administrative procedures and directives)
is the only non-Ops task that has seven HSI systems important to task performance. The ratings for Rls
and OLEs are very similar for all Tasks/KSAs except Ops-4b (addressing operator performance in the
determination/verification of operability, functionality, and availability of plant systems and equipment).

5.6 Implications for Physical Fidelity of TTC Simulators in Advanced
Reactor Training

The Task/KSA Inventory for RI and OLE positions, which was developed and validated with current

NRC RIs and OLEs, provides a basis for examining training priorities and the role of simulator training in
preparing staff to regulate and oversee current and new reactors. Although developed for the RI and OLE
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positions relative to current generation reactors, the inventory is also expected to apply to these positions
for Gen III and III+ reactors. The majority of RI inventory items involve inspecting, monitoring,
assessing, and reporting on operator performance, while the majority of OLE inventory items involve
administering, documenting, and justifying a licensing evaluation of an operator candidate’s performance
on the same operator tasks. The high priority training items identified through the DIF analysis differed
by position, with five operations (Ops) items among the top ten for RIs and six knowledges (K) items
among the top ten for OLEs.

All eight HSI systems are important to the RI and OLE jobs, particularly for the operations (Ops)
tasks and for one of the licensing (Lic) tasks. Procedure systems were rated important for the greatest
number of Task/KSA Inventory items (78%); workplace design was rated important for the fewest (20%).
This indicates that special attention to the physical fidelity of procedures of training simulators may be
warranted.

Simulator training is important for nearly half of the Task/KSA Inventory items, and the items for
which it is important are similar for RI and OLE positions. Half of the items rated high in importance of
using a simulator for learning were among the items receiving the highest rating in terms of training
priority. The top 20 training priority items, overall, averaged 4.2 (out of 5) in terms of importance of
using a simulator for learning and 3.8 out of 5 in terms of difficulty of learning.

The analysis of type and level of KSA required for each of the Task/KSA Inventory items concluded
that the RI and OLE positions did not require psychomotor motor or tactile skills and required auditory
and visual skills only at the level of familiarity. The analysis identified considerable variability in the
level of procedural knowledge needed by RlIs and OLEs, ranging from “need to know how to execute it,
but not fluently” to “only need to know the purpose of the thing being done.” This indicates that the
training simulator needs to provide physical fidelity that is sufficient for students to learn to recognize
correct actions performed by operators or operator candidates, including how procedures are to be used
and executed.
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6.0 NRC Training Parameters

6.1 NRC Program Descriptions and Policies

The NRC has indicated that it is planning to maintain its current training model to train future RIs and
OLEs (SECY-08-0096, as reported in NWI 2008). This current model is described succinctly in the
Background section of the NRC Commission Paper SECY-08-0096 as:

“The U. S. Nuclear Regulatory Commission (NRC) has developed and implemented an
effective and efficient program to train NRC inspectors and operator licensing examiners
(examiners) for the current fleet of operating reactors. The NRC requires construction
inspectors to complete the training and qualification program outlined in Inspection
Manual Chapter (IMC) 1252, “Construction Inspector Training and Qualification
Program.” Reactor inspectors and examiners must complete the training and
qualifications program outlined in Inspection Manual Chapter 1245, “Qualification
Program for the Office of Nuclear Reactor Regulation Programs.” These programs
include a seven-week training regimen in either Westinghouse pressurized-water reactor
or General Electric boiling-water reactor technology and use existing NRC simulators.

“The seven-week technology series includes three weeks of vendor-specific systems
training, two weeks of training on transients and technical specifications, and two weeks
of simulator training on normal and emergency operations. The Westinghouse full
course series provides a sound basis for efficient three-week cross-training courses in
Combustion Engineering and Babcock and Wilcox technologies. The cross-training
courses include a mix of classroom and simulator training, and focus on the differences in
systems, transient response, and technical specifications from the Westinghouse
technology.

“The NRC owns four full-scope nuclear power plant control room simulators, one for
each of the current United States (US) nuclear reactor vendor types. The agency acquired
the simulators as “used” equipment; that is, they were originally manufactured for use by
the reactor vendor for vendor-sponsored training or by utilities for licensed operator
training. A staff of three simulator engineers (NRC employees) with expertise in the four
hardware/software combinations maintains the NRC simulators. Three contract workers
provide hardware maintenance support.”

These requirements are detailed in appendices to IMC 1245 (which is referenced in the above
summary description), as are requirements for refresher training. Basically, simulator refresher training is
required every three years in one reactor type for which the RI or OLE is certified, alternating attendance
among the vendors for which the person is certified during successive refresher training periods.

The current NRC training strategy was developed over many years, and it was not within the scope
of this project to examine or evaluate the adequacy or appropriateness of this training strategy. Conse-
quently, for the purposes of this analysis, the NRC strategy was accepted to define key parameters of the
training for which the simulator fidelity requirements were being assessed. The scope of this project also
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did not include evaluation of the technical content of the various TTC courses except as a resource for
validating/verifying the high-level KSA inventory and taxonomy.

The NRC has indicated that while awaiting the KSA catalogs, it has:

¢ developed four training courses to provide an overview of the differences between the new reactor
designs (i.e., Westinghouse AP-1000; GE Nuclear Energy ABWR and ESBWR; AREVA Nuclear
Power U.S. EPR; and Mitsubishi Heavy Industries [2006], Ltd U.S. APWR) and the operating reactor
designs

¢ piloted a detailed 2-week course similar to the classroom portions of the Combustion Engineering and
Babcock and Wilcox cross-training courses for the AP-1000 design

e planned to develop similar cross-training courses for the other new reactor designs and deliver them
at the Professional Development Center for Office of New Reactor Licensing project managers and
technical reviews.

Table 6.1 provides an example of the topics addressed in the PWR simulator training course
(REF #624). Examination of the outline shows that the trainees have the opportunity to sequentially work
through 1) specific systems, 2) integrated plant operations, 3) operations in which instrument failures and
other malfunctions affect the plant, and 4) emergencies requiring use of the EOPs.

6.2 Focus Group Characterizations of Training

6.2.1 Instructor Characterizations

TTC instructors described the training program as follows: The initial 7-week training program
consists of 5 weeks of classroom training, followed by 2 weeks of simulator training on normal and
emergency evolutions. This evolution-packed simulator training period introduces trainees to the
concepts involved in integrating the information that they have learned about component operation,
system operation and interactions between systems, operating procedures, technical specifications of the
plant license defining the envelope within which the plant must operate, how work is apportioned among
the CR crew, and how crew members interact to monitor and operate the plant.

The focus of the 2-week simulator training period is to teach the trainees, through hands-on operation
of the simulator, how the plant is operated. The period is too short to teach fluent operation, and no
attempt is made to teach evaluation activities required by their jobs — that is taught elsewhere. The
emphasis is on learning by doing, and on developing an understanding and appreciation of the many
facets and extent of the operator’s job.

6.2.2 The Role of On-the-Job Training

The participants in the focus group discussion indicated that the trainees are responsible for learning
through on-the-job training (OJT) at their assigned plants how the concepts they have learned in their
formal training apply to their jobs. They reported that this OJT extends from learning the CR layout and
control panel organization, to the position and operation of individual switches and controls, to the
location and appearance of the meters and other display elements necessary to monitor and operate the
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plant. They reported that these considerations also were true for the refresher training, which involves
1 week of simulator training every 2 years for OLEs, and every 3 years for RIs. The refresher training
alternates among vendor technologies for individuals who are certified on more than one reactor type.

Table 6.1. Example Scope of TTC PWR Simulator Training Course (#624)

Duration
(hrs) Primary Objective of the Module

1 Normal Ops — Demonstrate operation of CVCS, the pressurizer level control system, and the main
turbine generator EHC

1 Normal Ops — Demonstrate operation of the rod control system and Excore nuclear instrumentation
system

1 Normal Ops — Demonstrate use of general operating instructions (GOIs) and operation of reactor
protection system

4 Normal Ops — Reactor startup and criticality

1 Normal Ops — Demonstrate operation of condensate, feedwater, auxiliary feedwater, and steam
generator water level control

172 Normal Ops — Demonstrate conduct of control room operations

1 Normal Ops — During steady-state power demonstrate the operation of CVCS, pressurizer level
control system, and main turbine generator EHC

1 Normal/Abnormal Ops — Demonstrate reactor criticality, startup, and power ascension with
Intermediate Range Nuclear Instrumentation Failure

3 Normal/Abnormal Ops — Demonstrate power ascension from 30% to 100% Power with pressurizer
level transmitter failure

1 Normal Ops — Demonstrate operation of main steam and steam dump control

1 Normal Ops — Demonstrate operation of reactor coolant system and pressurizer pressure control
system

1172 Normal/Abnormal Ops — Demonstrate reactor power reduction from 100% to 50% power with rods
speed controller failure, first stage pressure failure, feed pump speed control failure, and pressurizer
PORYV failure to open.

1 Normal/Abnormal Ops — Demonstrate power increase from 50% to 100% power with stuck rod, and
charging pump failure.

1 Normal Ops — Demonstrate operation of service water, component cooling water, and containment
systems

1172 Normal/Abnormal Ops — Demonstrate power reduction from 100% to 45% power with pressurizer
pressure transmitter failure and steam pressure transmitter failure

1172 Normal Ops — Demonstrate power increase from 45% to 100% power with ALL controls in
MANUAL

1 Emergency Ops — Demonstrate operation of ECCS and ESF Status Panels

1 Normal/Abnormal/Emergency Ops — Demonstrate power increase from 50% to 100% power with
RTD failure, and leak in RCS letdown

1172 Normal/Abnormal/Emergency Ops — Demonstrate power increase from 20% to 75% power with
small leak in RCS requiring reactor shutdown

1 Normal/Emergency Ops — Demonstrate operation of electrical buses including starting/syncing
emergency diesel generator with buss
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Table 6.1. (contd)

Duration
(hrs) Primary Objective of the Module

1172 Normal/Abnormal/Emergency Ops — Demonstrate steady-state power operation with failure of
accumulator pressure and loss of one vital buss followed by loss of all offsite power

3 Normal/Abnormal/Emergency Ops — Demonstrate power reduction from 100% to 50% power with
steam generator tube leak requiring a reactor shutdown

1172 Normal/Abnormal/Emergency Ops — Demonstrate power reduction from 100% to 75% power with
steam leak and subsequent reactor shutdown

1172 Abnormal/Emergency Ops — Static exam

1 Normal Ops — Demonstrate mid loop operation, bubble formation, and RCS heat up

35 TOTAL HOURS

6.2.3 Importance of Trainee Interactions with the Plant

One additional consensus position was advanced in the focus group discussion: To better their
knowledge of the concepts learned during training, trainees need to actually interact with the plant
controls, although physical fidelity of the controls used for operation is not required.

Thus, for instance, in the PWR course outlined in the previous section, the demonstration activities
identified are actually carried out with the trainees at the controls working through the evolutions under
the guidance of the instructors.

6.2.4  Experience and Background of Refresher Trainees

Additional insights regarding the requalification refresher course were obtained in a focus group that
included several TTC instructors. In this discussion, the DIF analysis planned for application to the
Task/KSA Inventory was described to obtain suggestions on the adequacy, appropriateness and complete-
ness of the plans. Although no significant criticisms or suggestions were offered, the discussions ranged
widely and touched on the training program objectives, the knowledge and experience levels of the target
group to be trained, the physical fidelity of controllers and displays vs. flat panel presentations with
touch-screen controls, and the experience levels of individuals coming to the refresher simulator training.
Regarding the refresher course, it was emphasized that the audience included a wide variety of experience
levels, and that attendance was required for people to maintain certification in that reactor type. The
attendees may not have job responsibilities like those of OLEs and RIs during the intervening period. A
transcript of this discussion is included in Appendix A.

6.2.5 Overall Training Objectives

A question about training objectives elicited a lively discussion (roughly transcribed in Appendix A)
that resulted in general agreement that the objective of the simulator training is to teach the trainees
enough about actual plant operation that they can evaluate it. Regarding fidelity, the focus group partici-
pants agreed that enough physical fidelity is needed so they can work through plant operations. They start
with simple start-up and power maneuvering operations, and then move to transient and off-normal events
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that require the use of EOPS. Working through this sequence gives the trainees a good idea of what is
involved in performing these tasks. They reiterated that they needed this understanding in order to
evaluate the performance of operators at their assigned plants.

6.3 Demographics of NRC Staff that Affect Training

6.3.1  Staff Turnover and Expansion

Changing demographics pose difficult challenges for the certification and regulation of NPPs in the
United States. According to the U.S. Government Accounting Office (GAO) (2007:48), an estimated
29% of NRC staff will be eligible to retire in 2009, and the percentage will increase to 37% by 2011. To
replace outgoing staff and manage growing review and licensing workloads, the NRC projects that it will
need to hire and train almost 4,000 new employees. This need equates to approximately 300 hires per
year until at least 2010 (GAO 2007:2). In reviewing the NRC’s ability to meet this demand, the GAO
estimates that the nuclear industry, which will require an estimated 90,000 workers through at least 2011
(p. 37), will be competing with the NRC for workers. They estimate that this competition will challenge
the NRC’s ability to recruit the necessary new staff. The pool of available talent, which significantly
decreased during the 1980s and 1990s, currently is small, although the pool is now expanding as a
consequence of steadily growing undergraduate and graduate enrollment and graduation rates (Wogman
et al. 2005:138; Hamlin 2009). Experts project that the number of prospective qualified employees will
be insufficient to meet the demand. Demand for qualified employees is estimated to exceed supply by
150%, which translates to unmet demand by the NRC ranging from 40 individuals during the best years
to over 100 individuals by 2011.

In 2006, the GAO reported that the NRC successfully closed 55 critical skill gaps by hiring 371 new
employees. However, 155 additional critical skill gaps still remained. The GAO also concluded that the
NRC had made good use of flexibilities for critical skill transfer, but it must continue to study the
potential workload and staffing requirements for the estimated 20 COL applications and the operation of
29 new NPPs. Despite these challenges, the GAO concluded that the NRC has been generally effective in
managing its current and future human capital requirements, but that it must continue to study the
workload demands and critical skill gaps that will arise with the anticipated increase in licensing
workload and demographic shifts (GAO 2007). Data assembled by the GAO indicate that the NRC will
face a significant demand for training in the upcoming years, and that the large number of new employees
needing training is likely to have less experience than those hired in the past, particularly in the nuclear
industry.

6.3.2 Years and Type of Experience of On-Line Survey Respondents

The on-line survey was administered to all current NRC RIs and OLEs in mid-2008. Ninety-seven
individuals submitted completed surveys. Consistent with nuclear industry patterns, most of the RI/OLE
survey respondents had many years of experience in the current jobs they held at the time of the survey.'
The overall average number of years of experience for this cohort in their current job was 6.6 years. One

! There are probably multiple explanations for this survey finding. One likely explanation is the nuclear industry’s
rapid growth in the 1960s and 1970s, which attracted new personnel into the industry. Until recently, growth in the
nuclear industry had been stagnant.
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incumbent had 28 years of experience as an RI; another had 22 years of experience as an OLE. The
distribution of respondents in terms of years in current position is shown in Figures 6.1 and 6.2.
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Figure 6.1. Years in Current Position — Rls

Years in Current Position
OLEs

20.0%
18.0%
16.0%
14.0%
12.0%
10.0%
8.0%
6.0%
4.0%
2.0%
0.0%

T T |Ix T xI| T T T x-g

0123456 7 8 91011121314151617 18192021 22 23 2425262728

Figure 6.2. Years in Current Position — OLEs

Each respondent also was asked to report on their previous work experience, and how long they had
held each position. As shown in Figures 6.3 and 6.4 and in Table 6.2, it is clear that both OLEs and Rls
have had substantial additional experience, both in terms of having held multiple jobs and in terms of the
time spent in each position. Over 40% of the OLEs responding to the survey reported previous
experience as an RI. About 13% of RI’s responding to the survey reported previous experience as an
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OLE. Over 50% of OLEs and approximately 25% of RIs reported previous employment as a Senior
Reactor Operator, and both groups of respondents reported significant time spent in other nuclear industry
positions prior to their current work. The range of experience was broad, both in current and previous
positions.

Previous Experience
60%
40%
20%
0% -
Previously  Previously  Previously  Previously  Previously  Previously

Rl OLE STA RO SRO SS
@ All 38% 142 17% 17% 31% 10%
ARl 0% 13% 14% 17% 25% 6%
EOLE A1% 0% 29% 19% 52% 24%

STA=Shift Technical Advisor; RO=Reactor Operator; SRO=Senior Reactor Operator; SS=Shift Supervisor

Figure 6.3. Previous Experience — All Respondents, RIs and OLEs

Average Years of Experience in Those
Different Positions
Ris and OLEs
16
14
12 %
10 —
8 |
6 -
4 |
2 / -
o LA %
Cur_r?'nt RI OIF STA RO SRO SS Other
Position
Rl 6.4 0 3 3.7 3.9 5 2.5 10.3
[AOLE 7.3 4 0 2.7 R.3 5.5 4 13.7

STA=Shift Technical Advisor; RO=Reactor Operator; SRO=Senior Reactor Operator; SS=Shift Supervisor

Figure 6.4. Average Years of Experience in Different Positions — RIs and OLEs
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Table 6.2. Range of Years of Experience in Current and Previous Positions

RI Respondents | OLE Respondents
Position Range of Experience (Years)
Current Position 0-28 0-22
Other Positions
RI NA 1-12
OLE 1-8 NA
Shift Technical Advisor 1-8 1-6
Reactor Operator 1-8 2-20
Senior Reactor Operator 1-16 2-20
Shift Supervisor 1-4 1-5
Other (related) 2-26 3-22

6.3.3 TTC Training Experience of On-Line Survey Respondents

OLEs and RIs were asked to respond to questions regarding their current assignment, TTC classroom
training, and TTC simulator training by reactor type (vendor) and whether they had received general
and/or simulator training by the manufacturer in question, and how many refresher courses they had
received on each reactor type. They also were asked how many years it had been since their last TTC

simulator training class.

As shown in Figures 6.5 and 6.6, the survey data indicate that, as expected, OLEs have been trained

for and have experience working in a greater range of reactor types than Rls.

Types of Reactors -- Rls
Current assignment, classroom training,
simulator training

100%

80%
60%

40%

20%
0%

BW

GE

Current Assignment
A Classroom Training

A Simulator Training

10%

21%
21%

28%
28%

60%
69%
64%

BW= Babcock and Wilcox; CE=Combustion Engineering; GE=General Electric; West=Westinghouse

Figure 6.5. Types of Reactors of Current Assignment and Classroom and Simulator Training — RIs
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Types of Reactors -- OLEs
Current assignment, classroom training,
simulator training
100%
80%
60%
40%
20%
0%
Current Assignment 78% 71% 83% 96%
A Classroom Training 86% 68% 87% 87%
B Simulator Training 83% 68% 87% 83%

BW= Babcock and Wilcox; CE=Combustion Engineering; GE=General Electric; West=Westinghouse

Figure 6.6. Types of Reactors of Current Assignment and Classroom and Simulator Training — OLEs

Each OLE reported being trained for and having experience with multiple technologies
simultaneously and having received refresher training on a regular or semi-regular basis.

As seen in Figure 6.7, almost 75% of the respondents reported that they had received TTC refresher
training relevant to the CR or simulator at their assigned location(s). Figure 6.8 shows the number of
simulator training courses the RIs and OLEs responding to the on-line survey had received for each
reactor type. The greatest proportion of respondents reported having attended one simulator refresher
training, although about a third reported having attended two or more refresher courses.

TTC Refresher Training

100%
80%
60%
40%
20%

0%

RI OLE

EYes 75.7% 73.9%
EANo 24.3% 26.1%

Figure 6.7. Proportion of RIs and OLEs Who Have Had TTC Refresher Training
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Number of Simulator Refresher Courses by Reactor

Type
100%
80%
60%
40%
20% é -
0% i W BT o B i i A g m
CE (11) GE (28) West (40) B&W (8) CE (4) GE (17) West (13)
RI OLE
@E1 55.6% 81.8% 42.9% 45.0% 50.0% 75.0% 58.8% 23.1%
@2 22.2% 9.1% 25.0% 25.0% 37.5% 25.0% 11.8% 38.5%
@3 11.1% 0.0% 17.9% 17.5% 0.0% 0.0% 11.8% 15.4%
@i 0.0% 0.0% 10.7% 2.5% 0.0% 0.0% 5.9% 7.7%
Bas5 11.1% 9.1% 0.0% 10.0% 0.0% 0.0% 11.8% 15.4%
me6 0.0% 0.0% 3.6% 0.0% 12.5% 0.0% 0.0% 0.0%

BW= Babcock and Wilcox; CE=Combustion Engineering; GE=General Electric; West=Westinghouse
(Numbers in parentheses are the number of respondents.)

Figure 6.8. Number of Simulator Refresher Courses by Reactor Type — RIs and OLEs

Figure 6.9 shows a distribution of the number of years since RIs and OLEs last received simulator
training. Nearly 75% of RIs and over 90% of OLEs responding to the survey reported receiving simulator
training within the last 2 years. Almost 70% of OLEs reported receiving simulator training with the last

year.
Years Since Last Simulator Training
100%
80%
60%
40%
20%
0%

1 2 5 >5

ERI 41.2% 33.3% 19.6% 2.0% 2.0% 2.0%

K OLE 69.2% 23.1% 7.7% 0.0% 0.0% 0.0%

Note: Rounded to the nearest year (6 months rounded down)

Figure 6.9. Years Since Last TTC Simulator Training — RIs and OLEs
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6.3.4  Familiarity with New Control Room Technologies

Survey respondents were asked to indicate their familiarity with new CR technologies, including
graphical user interfaces, group-view displays, soft controls, computer-based procedure systems, and
electronic messaging. As shown in Figure 6.10, both RI and OLE respondents reported greatest
familiarity with electronic messaging and graphical user interfaces, and least familiarity with soft
controls, computer-based procedure systems, and computer-based operating systems. Rls generally
reported less familiarity with these new technologies than OLEs. Seventy-nine percent of responding Rls
rated their familiarity with soft controls as a 1 or 2 on the 5-point familiarity scale (i.e., 1=unfamiliar to
S5=very familiar), compared to 59% of responding OLEs. Seventy-five percent of Rls and 71% of OLEs
gave a 1 or 2 rating to their familiarity with computer-based operating systems; and 70% of RIs and 71%
gave similar ratings for computer-based procedure systems.

Familiarity with New Control Room Technologies

100%

80%

60%

40%

20%

0% HN i 4 H i e e B, ;1A i E: H B
RI OLE RI OLE RI RI OLE RI OLE RI OLE

Graphical User Group View Computer-based Computer—‘based Electronic
Interface Disola Soft Controls Procedure Operating Messagin
play Systems Systems eing

B 1-Unfamiliar 20.5% 29.4% 25.0% 29.4% 27.3% 353% 455% 58.8% 45.5% 47.1% 182% 17.6%

02- 25.0% 11.8% 27.3% 17.6% 523% 235% 25.0% 11.8% 29.5% 23.5% 6.8% 11.8%
a3- 20.5% 5.9% 22.7% 17.6% 15.9% 17.6% 15.9% 5.9% 15.9% 5.9% 22.7%  35.3%
m4- 13.6% 29.4% 13.6% 23.5% 2.3% 11.8% 13.6% 11.8% 4.5% 11.8%  25.0% 5.9%

B 5-Very familiar| 20.5% 23.5% 11.4% 11.8% 2.3% 11.8% 0.0% 11.8% 4.5% 11.8%  27.3%  29.4%

N=44 RI; 17 OLE

Figure 6.10. Familiarity with New Technologies — RIs and OLEs

6.3.5 On-Line Survey Respondents’ Evaluation of Current TTC Simulator
Training

The survey respondents were asked to evaluate their simulator training in terms of its value to
performance of their job responsibilities. Their evaluations were based on the following criteria:

¢ 1 — Counterproductive

e 2 — Unnecessary
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e 3 — Positive impact but too little value

e 4 — Valuable/worthwhile

¢ 5 —Essential in developing their knowledge in each of three areas.

As shown in Figure 6.11, most survey respondents rated the simulator training positively (entering a
score of 4 or 5). Ninety-five percent of responding OLEs and 90% of Rls rated the training either
valuable/worthwhile or essential for developing their knowledge in nuclear facility operations, including
system performance and interrelationships (i.e., “systems” in the Figure 6.11). The average rating by

OLEs and RIs were 4.5 and 4.1 (out of 5), respectively. Over 50% of OLEs responding to the survey
rated the simulator training essential for developing this knowledge.

TTC Simulator Training Appraisal
100%
80%
60%
40%
20% r
4
0% —V - o] R ;
RI OLE RI OLE
Operator Roles Regulatory Skills System
£ 1-Counterproductive 1.6% 0.0% 1.6% 0.0% 0.0% 0.0%
[d2-Unnecessary 10.9% 5.3% 9.4% 0.0% 3.1% 0.0%
[13-Too little value 20.3% 36.8% 31.3% 21.1% 6.3% 5.3%
@ 4-Worthwhile 53.1% 47.4% 46.9% 57.9% 67.2% 42.1%
[0 5-Essential 14.1% 10.5% 10.9% 21.1% 23.4% 52.6%

N=64 RI; 19 OLE
Figure 6.11. Evaluation of Simulator Training Effectiveness — RIs and OLEs

Respondents’ ratings of the value of simulator training for developing knowledge of facility
operator’s roles were slightly less positive, with 67% of RIs and 58% of OLEs rating the training as
valuable/worthwhile or essential. RIs were somewhat more negative about the simulator training in terms
of developing knowledge of facility operator roles than OLEs, with 2% of the RlIs rating the training as

counterproductive (compared to none of the OLEs) and 11% of the RlIs rating it as unnecessary
(compared to 5% of the OLEs).

When asked if the simulator training was essential to developing the regulatory skills necessary for
administering, documenting, and justifying a license evaluation of operator and crew performance, 58%
of the RIs and 79% of the OLEs responding to the survey rated the training as valuable/worthwhile or
essential. None of the OLEs rated the training as counterproductive or unnecessary for developing these

skills; 2% of the Rls rated the training as counterproductive and 9% rated it as unnecessary to developing
these regulatory skills.
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In response to the question “How might the TTC simulator training be changed so that it is more
beneficial to your success in performing your job responsibilities?,” seven respondents commented that
the training is more from the perspective of an operator than an examiner or inspector and that changing
this perspective could help. One respondent opined that 2 weeks of training every 3 years is not enough
training or is held too infrequently to be effective.

6.4 Implications for Physical Fidelity of TTC Simulators in Advanced
Reactor Training

The information gathered and analyzed by the project team through review of documents, focus group
discussions, and the on-line survey support the conclusion that the current training program, while short
in duration, is effective in preparing initial trainees for OJT, and provides useful refresher for experienced
personnel. The project team identified no information indicating that the NRC is planning a fundamental
change in either the duration or approach to simulator training for RIs or OLEs. Consequently, the
project team has assumed that the TTC simulator training for future RIs and OLEs will remain as a
relatively short (approximately 2-week) course, that it will focus on training RIs and OLEs for reactor
design families rather than a specific reactor, and that it will continue to be part of a training program that
includes self-study, classroom, and OJT. The current schedule for refresher training also is expected to
remain unchanged.

RI and OLE survey responses, in conjunction with other data on the demographics of NRC and other
nuclear industry personnel, indicate that the current workforce has diverse and extensive experience.
Many of the Rls and OLEs responding to the on-line survey reported previous experience in other
relevant positions. However, the survey respondents reported limited familiarity with new CR tech-
nologies, particularly soft controls and computer-based procedure and operating systems. Forecasts of
workforce demographics indicate that future NRC employees may have more limited nuclear-industry
experience, and it is not clear how these future employees and experience by current employees outside
power plant CRs will affect workforce familiarity with the new technologies, which are expected to play
important roles in advanced reactor CRs and simulators.

Survey respondents overwhelmingly rated the TTC simulator training they received as worthwhile/
valuable or essential for developing their knowledge about nuclear facility operations. They were
somewhat less positive, although still positive, about the value of the training for developing knowledge
of facility operator’s roles and the regulatory skills necessary for administering, documenting, and
justifying a license evaluation of operator and crew performance. The survey and focus group discussions
revealed that a primary goal of simulator training is to teach general concepts that can be applied across
reactors in the same family.
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7.0 Physical Fidelity Differences between the TCC
Simulator and Work Location Control Rooms
and Simulators and Their Impacts

7.1 Physical Fidelity Differences of HSI Systems

The on-line survey of NRC RIs and OLEs contained a set of questions addressing the physical fidelity
of TTC simulators and the impact of physical fidelity on job performance and difficulty of learning during
refresher training. The 97 survey respondents (74 Rls and 23 OLEs) were asked to rate the physical
fidelity of TTC simulator’s components on a scale from 1 (no difference) to 5 (entirely different) relative
to the CR (RIs) or simulators (OLEs) at their assigned locations. Respondents were asked to compare a
TTC simulator to a corresponding CR or simulator of the same reactor vendor at a site to which they were
“currently” (at the time the respondent was answering the questions) assigned. If a respondent reported a
difference, they were then asked to rate how large an impact the difference had on job performance on a
scale from 1 (no impact) to 5 (high impact). If a respondent reported a difference and they had also
previously received refresher training on the same TTC simulator, then they were also asked what the
impact of the differences were on the difficulty of learning course lessons during refresher training.

Figures 7.1, 7.2, and 7.3 present the ratings on fidelity differences by the entire group of respondents,
RIs and OLEs, respectively. Looking across the systems, and then across the positions, reveals that few
respondents reported “no difference” between the TTC simulator and their assigned CR or simulator. The
CR environment received the highest percentage of “no difference” ratings from both RI and OLE
respondents (12.2% and 21.7%, respectively), followed by procedures (10.8% for RIs and 8.7% for
OLESs) and alarms/annunciators (9.5% for Rls and 13.0% for OLEs). Computer displays, procedures,
panels, and CR environment received the highest “entirely different” ratings from Rls; computer displays,
procedures, and alarms/annunciators were rated “entirely different” most often by OLEs. Over half of the
RI respondents gave computer displays and panels a rating of 4 (very different) or 5 (entirely different),
and over half of the OLE respondents gave computer displays and procedures these high difference
ratings.

7.2 Physical Fidelity Difference Impacts on Job Performance

Figures 7.4 and 7.5 show the ratings RI and OLE respondents to the on-line survey gave to the impact
of the physical fidelity differences between the TTC simulator and the CR or simulator at their assigned
location on job performance. The ratings range from 1 (no impact) to 5 (high impact). Both Rls and
OLEs indicated that the impact of physical fidelity differences in the CR environment were low (67% of
RlIs and 72% of OLEs indicating “no impact”). Few RIs or OLEs indicated that the physical fidelity
differences of any systems caused “high impact” (score of 5) or rated the impact a 4, although 14.3% of
OLEs rated the impact of differences in procedures on job performance as either a 4 or 5. A higher
percentage of OLEs rated systems as 3 in terms of difference and 3 in terms of impact of the difference on
job performance than RlIs did.
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Fidelity Difference by System -- All Respondents
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Figure 7.1. Fidelity Difference Ratings for All Systems: All Respondents

Fidelity Difference by System -- Rls
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Figure 7.2. Fidelity Difference Ratings for All Systems: Rls
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Fidelity Difference by System -- OLEs
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Figure 7.4. Fidelity Difference Impacts on Job Performance by System — Rls

7.3




Impact of Fidelity Differences on Job Performance by

System
OLEs
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Figure 7.5. Fidelity Difference Impacts on Performance by System — OLEs

7.3 Impact of Physical Fidelity Differences on Difficulty of Learning

Figures 7.6 and 7.7 show the ratings of RI and OLE respondents to the on-line survey regarding the
impact of physical fidelity differences between the TTC simulator and the CR/Simulator at their assigned
location on learning during refresher training at the TTC. Only the 56 RIs and 17 OLEs who had received
refresher training at the TTC were asked the questions about impact on difficulty of learning. As seen in
these figures, the ratings by RI and OLE respondents are similar. As seen in these figures, both RI and
OLE respondents rated the impact of physical fidelity differences on difficulty of learning as low for all
systems. Across systems of the impact of fidelity differences of learning, the average rating by RI
respondents is 1.8 and 2.2 for OLE respondents. RI respondents rated fidelity differences of no system as
having a “high impact” on difficulty of learning. A small percentage of OLE respondents rated fidelity
differences of procedure and computer display systems as having a “high impact” on difficulty of
learning.

7.4 System by System Ratings of Differences and Impacts

7.4.1 Alarms/Annunciators

The average rating of physical fidelity difference between the TTC simulator and the CR/simulator at
the assigned location for alarms/annunciators was 2.7 (on the 5-point scale) for RI, OLE, and all
respondents. RI and OLE respondents exhibited very similar response patterns in the 1-3 score ratings.
Approximately 25% of all respondents rated alarms/annunciators as 4 or 5, with respect to simulator
fidelity differences. A higher percentage of OLEs (13%) assigned the highest difference rating compared
to RIs (2.7%).

7.4



Impact of Fidelity Differences on Difficulty of Learning by
System
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Figure 7.6. Fidelity Difference Impacts on Difficulty of Learning by System — Rls
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Figure 7.7. Fidelity Difference Impacts on Difficulty of Learning by System — OLEs

Average ratings of the impact on job performance from physical fidelity differences in alarms/
annunciators were 1.7 from Rls and 1.9 from OLEs with similar response patterns, although OLEs
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reported a slightly higher impact. Both RIs and OLEs rated the impact of physical fidelity differences in
alarms/annunciators on difficulty of learning, low, with average group scores of 1.5 and 1.6, respectively,
and similar response patterns.

7.4.2  Computer Displays

The average rating of fidelity difference by RIs and OLEs of computer displays was 3.5 and 3.6,
respectively. The largest proportion of both groups rated computer display fidelity differences as 4
(32.4% and 43.5%, respectively), with 18.9% and 13% rating the difference as 5.

The higher physical fidelity difference scores did not result in higher ratings of impact on job
performance. RI and OLE respondents reported average impact scores of 1.9 and 2.0, respectively. With
the exception of the 5 ratings by OLEs (4.3%), the distribution of responses was similar for RIs and
OLEs. The differences in computer display physical fidelity also did not result in high ratings of impact
on difficulty of learning during refresher training. The average rating by RI respondents was 1.6, by OLE
respondents it was 1.9. RlIs overall found learning less affected by display differences: 32.1% of Rls
rated the impact as 2, and none rated the impact as 5, while 6.3% of OLE respondents rated the impact on
difficulty of learning as 5.

7.4.3 Controllers/Switches

The average fidelity difference ratings of controllers by RI and OLE respondents were 3.1 and 2.8,
respectively. Over half of OLEs and 37% of Rls rated the difference a 3, with 73% of RIs rating the
difference as 3 or above. RIs and OLEs exhibited similar patterns for 1 and 2 ratings, but a higher
percentage of Rls than OLEs rated the differences as 4 and 5.

Very few respondents (5.8% RI and 9.1% OLE with ratings of 4) indicated that the impact from
differences in controller/switches physical fidelity on job performance was high. The average impact
rating was 2.0. The impact on training performance was also rated as low, with 60% and 56% of RIs and
OLEs, respectively, rating the impact a 1, yielding an overall average score of 1.6.

7.4.4 Control Room Environment

OLEs rated the physical fidelity of the TTC CR environment with the CR environment at their
assigned location higher (average score of 2.4) than Rls (average score of 3.0). While RIs scores were
primarily distributed between 2 and 4, with approximately 25% in each, OLE scores were concentrated on
2 (43.5%), although 21.7% of OLEs reported a high degree of fidelity, choosing 1. Few OLEs (4.3%)
rated the CR environment of the TTC simulator “entirely different.” The rating distribution of RIs was
much different; 12.2% of RIs rated the difference in CR environment a 1 and 13.5% rated the difference
as 5.

Respondents reported that the fidelity differences in CR environment did not impact job performance.
Average scores for RIs and OLEs for impact were 1.4 and 1.5, respectively, with 67.2% of Rls and 72.2%
of OLEs reporting “no impact.” The average scores for the impact of CR environment fidelity differences
on learning difficulty were even lower, 1.4 for RIs and 1.3 for OLEs. A large majority of both RIs and
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OLEs rated the impact as 1 (71.7% and 83.3%, respectively). However, a much larger proportion of Rls
rated the impact a 2 (21.7%) than OLEs (8.3%).

7.45 Instrumentation

The average rating for differences in the physical fidelity of instrumentation for OLEs and Rls was
3.0 for RIs and 2.7 for OLEs. Rls reported greater instrumentation differences than OLEs; 24.3% of RIs
responded “3,” 36.5% responded “4,” and 4.1% responded “5.” Slightly over half (52.2%) of OLEs
responded that the instrumentation was somewhat different (a rating of 3), and 13% rated the difference
as 4.

Despite these noticeable differences in the reported fidelity of instrumentation, both RIs and OLEs
reported low average impacts on job performance, 2.0 and 1.9, respectively. The distribution of the two
groups’ scores was also similar. The reported impact of instrumentation fidelity differences on difficulty
of learning was also low, averaging 1.6 for RIs and 1.7 for OLEs.

7.4.6 Panel

The average rating of physical fidelity differences of panels by RIs and OLEs was about 3.5, with
over half responding with a rating of 4 or 5. None of the respondents report that the TTC simulators’
panels were “no different” than those at their assigned site and only about 14% of all respondents rated
the difference a 2. The patterns of OLE and RI responses concerning the physical fidelity differences of
TTC simulator panels are similar.

The reported impact of the differences in panel physical fidelity on job performance was fairly low
for both OLEs and RIs—the overall average is 2.1, with about two-thirds of the respondents answering
1 or 2. The effect of panel differences on the difficulty of learning during refresher training was also
rated low by both RIs and OLEs—the overall average was 1.6, with about 90% rating the impact a 1 or 2.

7.4.7 Procedural

Average ratings of the difference in physical fidelity of procedures were 3.1 for RIs and 3.3 for OLEs,
respectively. The rating patterns were similar for both groups, although the percentage of Rls rating the
difference as 5 was slightly higher than OLEs (16.2% for RIs and 13% for OLEs).

RIs reported low impact on job performance from the difference in physical fidelity of procedures:
69.2% rated the impact as 1 or 2, and only 7.7% rated the impact as 4 or 5. Many OLEs also rated the
impact on job performance from difference in physical fidelity of procedures: 71.4% rated the impact as
1 or 2, but 14.3% rated the impact as 4 or 5. Impacts of fidelity differences in procedures on difficulty of
learning were rated similarly. Both RIs and OLEs generally (74.5% and 73.0%, respectively) rated the
impacta 1 or 2.
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7.5 Summary of On-Line Survey Volunteered Comments about
Physical Fidelity Differences and Impacts

Question: Please describe the differences in PANELS that had the most significant effect on your ability
to perform you job duties after your initial simulator training or learn course lessons during
refresher training.

Comment Summary: In general, OLE personnel were not much affected by differences in panels
between the TTC simulators and the simulators at actual plants. They did not expect them to
be identical. Differences in safety related panels and the panels controlling ECCS or reactivity
were more important to OLE personnel than differences in panels controlling auxiliary
equipment. RI personnel did not expect the TTC simulator panels to be identical to the
simulator and CR of their assigned plants, and used the TTC simulator only for overall
familiarization. Differences in safety-related panels and the panels controlling ECCS or
reactivity were more important to RI personnel than differences in panels controlling auxiliary
equipment.

Question: Please describe the differences in CONTROLLERS/SWITCHES that had the most significant
effect on your ability to perform your job duties after your initial simulator training or learn
course lessons during refresher training.

Comment Summary: OLE personnel found the TTC simulators close enough to the plants they will
give exams at for familiarization. They stated that extreme fidelity would not be valuable as
they are not operators. They noted that some plants have installed digital controllers that are
quite different from the analog TTC controllers. The exact type of controller or switch is less
important than familiarization with how they work in general. RI personnel stressed that they
don’t operate switches/controllers so extreme fidelity was not necessary. An upgrade of TTC
simulators to include at least some digital controllers would be helpful (11 out of total
83 respondents made this comment).

Question: Please describe the differences in INSTRUMENTATION that had the most significant effect
on your ability to perform your job duties after your initial simulator training or learn course
lessons during refresher training.

Comment Summary: OLE personnel found the TTC simulators close enough for the most part, but
noted that the plants are going more to digital instrumentation and recorders, while TTC has
strip charts (18 out of total 83 respondents commented on the plants having more digital
controllers than TTC).

Question: Please describe the differences in ALARMS/ANNUNCIATORS that had the most significant
effect on your ability to perform your job duties after your initial simulator training or learn
course lessons during refresher training.

Comment Summary: OLE personnel found the TTC simulators close enough to the plants they will
give exams at for familiarization, and felt that extreme fidelity would not be valuable as they
are not operators. This is particularly true of alarms and annunciators where the differences
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Question:

between TTC and the plants are generally not important to the OLE or RI personnel. One RI
person indicated that the TTC alarm response procedures could be improved.

Please describe the differences in COMPUTER DISPLAYS that had the most significant
effect on your ability to perform your job duties after your initial simulator training or learn
course lessons during refresher training.

Comment Summary: OLE personnel found the TTC simulators close enough to the plants at which they

Question:

will give exams for familiarization and felt that extreme fidelity would not be valuable as they
are not operators. The operating plants generally have more modern computer displays, but
the TTC displays are close enough for training. RI personnel mostly said they don’t use the
plant computer very much so the differences were not important.

Please describe the differences in PROCEDURES that had the most significant effect on your
ability to perform your job duties after your initial simulator training or learn course lessons
during refresher training. Please do not consider differences in Procedure content.

Comment Summary: OLE personnel found the TTC simulators’ procedures to be out of date, not very

Question:

similar to the actual EOI, AOI, and alarm response procedures, and recommended that they
should be made more like operating plant procedures. TTC procedures omit important non-
safety systems like instrument air and circulation water. RI personnel also had problems with
differences in procedures between TTC and their plants, with the TTC procedures being old,
obsolete, and/or lacking detail. Some RI personnel said the TTC procedures were close
enough for training, some said they were not.

Please describe the differences in CONTROL ROOM ENVIRONMENT that had the most
significant effect on your ability to perform your job duties after your initial simulator training
or learn course lessons during refresher training:

Comment Summary: OLE personnel found the TTC simulators had a different ambiance, with no

Question:

typical ventilation noise, administration support area, etc. Some OLE personnel thought this
was important and some did not. Some RI personnel noted that the TTC Westinghouse
simulator was more realistic than the others. The typical formal access requirements to the
CR of a real plant are not generally duplicated at TTC, which may mislead new personnel
about how and when to access the CR. The “at the controls” area is marked on the floor of
some plants, but not at TTC, which was considered to be an easy fix.

[License Examiner] Once at the site-specific simulator what did you have to do, if anything,
to deal with the [physical fidelity] differences [between the TTC simulator on which you were
trained and the site-specific simulator]? OR [Resident] Once at your assigned CR what did
you have to do, if anything, to deal with the [physical fidelity] differences [between the TTC
simulator on which you were trained and the CR at the plant to which you are currently
assigned]?

Comment Summary: OLE personnel found the TTC simulators close enough to the plants at which they

will give exams for familiarization and felt that a quick walkdown for familiarization at the
actual plant was sufficient to deal with differences.
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Question: Please add any comments you have on the physical fidelity of simulators for training.

Comment Summary: Five respondents suggested that any new simulator needed to have exact fidelity,
one pointing out that the new (Gen III+) designs would have standardized CRs that could be
duplicated at TTC. Seventeen opined that exact fidelity was not important.

7.6 How TTC Training Addressed Physical Fidelity Differences

OLEs and RIs were asked to report the extent to which fidelity differences presented by the simulator
in their training were addressed. The survey asked respondents to rate separately the degree to which
differences in fidelity were addressed and the contribution each of the following resources made in
addressing fidelity differences:

e instructors
e training materials

e student discussions.

The responses are presented in Figure 7.8, which illustrates the differences in responses between Rls
and OLEs on these questions. As shown in this figure, 48.6% of RIs and 63.6% of OLEs (52% of total
responses) reported that instructors explained differences in some detail. While the total average score of
2.4 suggests that more detail was left out than included, 64% of OLEs and 48.6% of RIs reported that
instructors explained differences in great detail. However, 27% of OLEs reported that differences were
neither explained nor pointed out, compared to 18% of RIs. Twenty-eight percent of Rls reported that
differences were pointed out, but without detail.

How Training Addressed Fidelity Differences
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Figure 7.8. How Training Addressed Fidelity Differences — RIs and OLEs

With regard to the extent to which training materials pointed out and explained differences in fidelity,
Figure 7.8 shows that, for Rls, approximately similar percentages of respondents reported that the
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materials neither explained nor pointed out; pointed out, but with no detail; and explained in some detail
the fidelity differences. This pattern was quite different for OLEs, who more frequently indicated that the
training materials explained the fidelity differences in some detail, and with less frequency indicated that
fidelity differences were neither explained nor pointed out. Few RIs or OLEs reported that the training
materials explained the fidelity differences in great detail.

RIs and OLEs responding to the survey showed a similar pattern in their reports of the extent to
which student discussions addressed and explained fidelity differences. For both groups, the most
frequent response was that student discussions explained fidelity differences in some detail (45.9% for
RlIs, 59.1% for OLEs). Fewer respondents rated student discussions as neither explaining nor pointing
out fidelity differences than either instructors or materials (16.2% for Rls and 13.6% for OLEs). More
RIs and OLEs indicated that student discussions explained fidelity differences in great detail (10.8% and
9.1%, respectively) compared to either instructors or training materials.

Generally simulator differences are being pointed out or explained, with 91% of all the respondents
indicating that the differences were at least pointed out, with or without detail, by one or more of the three
resources. Moreover, 72% of all the respondents received an explanation of the differences with at least
some detail by one or more of the three resources. It may not be surprising that other students are the best
resources, given their combined experience in a variety of CRs, the number of students available relative
to instructors, and the difficulties in creating training materials addressing fidelity differences given the
high degree of variance in CR HSI systems among currently operating reactors.

In the free-text comments provided on the survey, many respondents mentioned self-study, OJT, or
simply “adapting” as ways to address differences. Respondents reported using resources at their site in
the form of other NRC personnel assigned to the same site, simulator time at the plant, CR walkdowns,
and attending operator training for the assigned site to learn about fidelity differences. These resources
rely on the trainee to identify the differences with the TTC simulator.

No relationship was shown between the level of fidelity differences reported by the respondents and
reports of receiving information on the fidelity differences during training. Similarly, no relationship was
shown between the level of fidelity differences reported by the respondents and the level of explanatory
detail given on the fidelity differences.

For particular HSI systems, a moderate relationship was shown between the level of detail provided
by instructors on fidelity differences and the impact these differences had on how difficult it was for the
trainees to learn course lessons during the refresher training. When instructors gave more detail in their
explanation of fidelity differences, fidelity differences in Procedures (r = 0.36), Alarms/Annunciators
(r=0.29), and Instrumentation (r = 0.22) had less of an impact on their difficulty of learning in refresher
courses.

7.7 Implications for Physical Fidelity of TTC Simulators in Advanced
Reactor Training

All current NRC RIs and OLEs were asked to complete an on-line survey that focused on physical

fidelity differences between existing TTC training simulators and the reactor plants where the respondents
work, and the significance of those differences to TTC trainees. Seventy-four RIs and 23 OLEs
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completed the survey. In general the respondents, both RIs and OLEs, considered the differences in
physical fidelity to be moderate, but the impact of these differences on their job performance and
difficulty of learning to be low. OLEs generally rated the impact of fidelity differences on job perform-
ance to be higher than Rls did, with differences in procedures, panels, and computer displays identified as
causing the greatest impact (14.3%, 13%, and 13%, of OLEs rating impacts at 4 or 5 out of 5, respec-
tively). The respondents generally expressed the opinion that TTC training simulators needed to have
enough fidelity to teach concepts and the general layout of nuclear plant CRs, but that greater physical
fidelity was not needed. They reported that the current TTC simulators generally do provide this
sufficient level of fidelity, but suggested some updates that might be useful, such as adding an “at the
controls” area on the TTC simulator floor, providing at least a few modern digital type controllers (that
many current operating plants have installed as upgrades or replacements of their original analog
controllers), and updating procedures to be more representative of operating plants. Many respondents
commented that because NRC staff members are not operators, and the simulator training course is
relatively brief, a high level of physical fidelity is not needed for effective training.
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8.0 Conclusions

8.1 Summary of Factors Influencing Simulator Physical Fidelity
Training Priorities and Needs: Current and Future

Based on the analyses conducted for this study, the professional judgment of the team is that the
Task/KSA Inventory developed for the current RI and OLE positions and itemized in Section 5.1 will
remain relevant to NRC regulatory personnel working on Gen III/Gen 111+ reactors because these
advanced reactors represent evolutionary developments of current reactors, with similar safety and
security systems, and they will be subject to essentially the same regulations as current plants.
Consequently, the team has concluded that the training needs analysis conducted in this study provides
information pertinent to both the training needs for staff responsible for regulating and overseeing these
advanced reactors and to physical fidelity considerations for TTC training simulators.

The project team has also concluded that the RI and OLE Task/KSA Inventory can serve as a
foundation for evaluating the physical fidelity needs of TTC advanced reactor training simulators by
examining each inventory item in terms of the following dimensions:

e What is the training priority of the Task/KSA Inventory item (regardless of training technology
characteristics)? [Source: DIF analysis, Section 5.2]

e How important, or likely to be helpful, is a simulator for training the Task/KSA item? [Source:
expert panel rating, Section 5.3]

e How difficult is the Task/KSA item to learn? [Source: expert panel rating, Section 5.3]

e To what extent does the Task/KSA item require integration of information? [Source: team judgment
based on discussions with TTC staff and students]

e What types and levels of knowledge or skill are needed for this item? [Source: expert panel rating,
Section 5.4]

e How important are each of the HSI systems to this Task/KSA? [Source: expert panel rating,
Section 5.5]

¢ How much impact do differences in physical fidelity for the important HSI systems have on job
performance? [Source: online survey, Section 7.2]

e What level of fidelity is likely to be needed, and is the physical fidelity of any particular HSI systems
likely to be especially important? [integrated analysis]

The project team combined the following items in order to provide a basis for focusing the assess-
ment of simulator physical fidelity needs on items most important to training and for which simulator
fidelity is likely to be most important:

o task/KSA Inventory, which identifies at a relatively high level of accuracy that which the Rls and
OLEs must learn during training

e DIF analysis, which identifies training priorities among the Task/KSA items
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¢ ratings of difficulty to learn, importance of using a simulator to learn, and level of integrated and
procedural knowledge, visual and auditory skill, and facility in accessing external information needed
for each inventory item

These factors reflect findings from the literature and the information gained from the expert panels
and NRC staff. Although there can be, and probably are, additional factors that are important to
considerations of physical fidelity training needs, the project team determined that these represented a
useful framework for considering which of the Task/KSA Inventory items, and hence which HSI systems
should receive the most attention when considering physical fidelity needs. Table 8.1 presents this rating
information for each item in the Task/KSA Inventory.

The last column in Table 8.2 is a simple sum of the eight factors. The Task/KSA Inventory items
with high training priority scores (7 or higher) that are not among the top composite score items (largely
[K] items that were not scored for five of the factors)' are included in the items identified as warranting
particular examination for simulator fidelity implications. Although it can be argued that weighting
factors should be applied to at least some of these factors, a clear basis for assigning weighting was not
evident. Therefore, because this subset of items is used only to focus subsequent analysis, the team
determined that this straightforward method was adequate.

Table 8.3 presents the subset of Task/KSA items with high composite scores across these eight
factors, along with the remaining items with DIF scores of 7 or higher. Table 8.4 is included to aid the
reader by presenting the text of the top rated Task/KSA Inventory Items shown in Table 8.2.

Five of the six Task/KSA Inventory items with highest composite score are operations tasks, and all
involve evaluations of operator performance. The top four of these are RI tasks, while the fifth is the
OLE overall task of evaluating emergency procedure use by the crew during an examination. Interest-
ingly, the Task/KSA Inventory item with the highest DIF score and a tie for highest composite score,
Ops-16-RI (Gather information and communicate with the NRC during declared emergencies) was rated
only 3 out of 5 for the importance of using a simulator for learning. In contrast to this, all of these top six
items had high scores in the remaining factors we considered to indicate importance for training and
potentially influential in determining the need for simulator physical fidelity. Each of the top 12 items by
composite score is an (Ops) item. Because items in the Task/KSA Inventory were not all rated on each of
the eight dimensions, Tables 8.1 and 8.2 include the remaining items with the highest DIF scores (7 or
above). Many of these items are the (K) items that represent the knowledge about the plant against which
the remainder of the Task/KSA Inventory items were rated.

Table 8.4 presents the ratings of HSI system importance to this subset of Task/KSA Inventory items.
Combining this information with the ratings of impact on job performance from differences in the
physical fidelity of these HSI systems, presented in Figures 7.4 and 7.5 in Section 7.2, brings together
information that helps inform the analysis of physical fidelity needs and consequences. Although this
information is not sufficient to specify physical fidelity parameters for these simulators, the project team
agrees that it provides a basis for focusing and framing the investigation of fidelity needs.

! See Section 3.4 for discussion of the treatment of these items in the rating of type and level of knowledge, skill,
and ability needed for each item. The team realized that five of the Task/KSA Inventory items (K-1, K-2, K-3, K-6,
and K-7) represented knowledge about the plant rather than about operator CR behavior, and were therefore better
addressed as a type of knowledge against which the remainder of the Task/KSA Inventory items should be rated.
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Table 8.1. Ratings on Factors Influencing Fidelity Needs for Training Task/KSA Inventory Items

Procedural Knowledge | Requires Quick
Importance of Level Required (2 = Access to
Using a Simulator need to know purpose; External
for Learning to Requires Requires 3 = need to know how it Information
Training Competently Difficulty of Requires Visual Skill | Auditory Skill | is done but not how to (implies higher Composite
Priority (DIF) Perform Task Learning Integrated at the Level | at the Level of | do it; 4 = need to know | level of physical | Score (checks
(1 =1low to (1 =1low to (1 =1low to Knowledge? | of Familiarity | Familiarity how to execute, but not fidelity is counted as
10 = high) 5 = high) 5 = high) (\/ =yes) (\/ =yes) (\/ = yes) with skill/speed) needed) (\/ = yes) “1”)
(Ops-1) (RI) 5 4 3 v v N 3 18
(Ops-1) (OLE) 6 5 4 N d x/ 3 21
(Ops-2) (RI) 5 4 4 v v N 3 v 20
(Ops-2) (OLE) 4 5 3 v N N 3 v 19
(Ops-3) (RI) 8 5 4 v N v 3 \ 24
(Ops-3) (OLE) 5 5 3 v N N 3 v 20
(Ops-4) (RD)a 7 4 4 v N v 4 \ 23
(Ops-4) (RD)b 6 4 4 v N N 3 20
(Ops-4) (OLE) 5 3 4 v v N 3 18
(Ops-5) (RI) 7 4 4 N \ v 3 y 22
(Ops-5) (OLE) 7 4 4 v N v 3 \ 22
(Ops-6) (RT) 6 4 4 N d x/ 4 N 22
(Ops-6) (OLE) 6 5 3 v N v 3 \ 21
(Ops-7) (RI) 5 4 3 v N N 4 19
(Ops-7) (OLE) 4 5 3 v v N 4 19
(Ops-8) (RI) 6 4 3 v N N 3 v 20
(Ops-8) (OLE) 5 5 3 v v N 3 v 20
(Ops-9) (RT) 8 5 4 N d x/ 4 N 25
(Ops-9) (OLE) 7 5 4 v N v 4 \ 24
(Ops-10) | (RI) 8 5 4 N d x/ 4 24
(Ops-10) | (OLE) 6 3 3 v v N 4 19
(Ops-11) | (RT) 6 3 4 v N N 3 19
(Ops-11) | (OLE) 5 1 2 v v N 3 14
(Ops-12) | (RT) 6 4 3 v N N 3 v 20
(Ops-12) | (OLE) 4 5 2 v v N 3 v 18
(Ops-13) | (RI) 8 3 3 N d v 3 N 21
(Ops-13) | (OLE) 5 3 3 v v N 3 v 18
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Table 8.1. (contd)

Procedural Knowledge | Requires Quick
Importance of Level Required (2 = Access to
Using a Simulator need to know purpose; External
for Learning to Requires Requires 3 = need to know how it Information
Training Competently Difficulty of Requires Visual Skill | Auditory Skill | is done but not how to (implies higher Composite
Priority (DIF) Perform Task Learning Integrated at the Level | at the Level of | do it; 4 = need to know | level of physical | Score (checks
(1 =1low to (1 =1low to (1 =1low to Knowledge? | of Familiarity | Familiarity how to execute, but not fidelity is counted as
10 = high) 5 = high) 5 = high) (V= yes) (V= yes) (V' =yes) with skill/speed) needed) (\ = yes) “17)
(Ops-14) | (R) 3 3 3 v «/ v 3 15
(Ops-14) | (OLE) 4 3 3 v \ N 3 16
(Ops-15) | (RI) 2 2 3 v 3 11
(Ops-15) | (OLE) 4 1 3 v 3 12
(Ops-16) | (RI) 10 3 4 y \ v 4 y 25
(Ops-16) | (OLE) 6 1 2 v v \/ 4 v 17
(Mgmt-1) | (RI) 6 4 3 S v 2 17
(Mgmt-1) | (OLE) 6 5 4 v v 2 19
(Mgmt-2) | (RI) 6 2 3 v «/ v 3 17
(Mgmt-2) | (OLE) 5 2 2 v x/ v 3 15
(Mgmt-3) | (RI) 5 2 3 v 0 3 15
(Mgmt-3) | (OLE) 2 1 2 v 0 3 10
(Mgmt-4) | (RI) 5 2 3 v «/ 3 15
(Mgmt-4) | (OLE) 1 1 2 v \ 3 9
(Mgmt-5) | (RI) 5 3 4 v «/ 4 18
(Mgmt-5) | (OLE) 5 1 4 v x/ 4 16
(Lic-1) (RI) 6 3 4 v v N 3 19
(Lic-1) (OLE) 5 1 4 v N N 3 16
(Lic-2) (RI) 7 3 3 v v N 3 19
(Lic-2) (OLE) 5 2 3 v N N 3 16
(K-1) (RT) 5 4 3 N/A N/A N/A N/A N/A 12
(K-1) (OLE) 7 3 5 N/A N/A N/A N/A N/A 15
(K-2) (RT) 7 4 4 N/A N/A N/A N/A N/A 15
(K-2) (OLE) 8 4 5 N/A N/A N/A N/A N/A 17
(K-3) (RT) 6 3 4 N/A N/A N/A N/A N/A 13
(K-3) (OLE) 8 4 5 N/A N/A N/A N/A N/A 17
(K-4) (RT) 7 3 4 v 3 18
(K-4) (OLE) 7 3 4 v 3 18
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Table 8.1. (contd)

Procedural Knowledge | Requires Quick
Importance of Level Required (2 = Access to
Using a Simulator need to know purpose; External
for Learning to Requires Requires 3 = need to know how it Information
Training Competently Difficulty of Requires Visual Skill | Auditory Skill | is done but not how to (implies higher Composite
Priority (DIF) Perform Task Learning Integrated at the Level | at the Level of | do it; 4 = need to know | level of physical | Score (checks
(1 =1low to (1 =1low to (1 =1low to Knowledge? | of Familiarity | Familiarity how to execute, but not fidelity is counted as
10 = high) 5 = high) 5 = high) (= yes) (V= yes) (=yes) with skill/speed) needed) (\ = yes) “17)
(K-5) (RI) 6 3 4 v 3 17
(K-5) (OLE) 6 2 4 v 3 16
(K-6) (RD 7 3 4 N/A N/A N/A N/A N/A 14
(K-6) (OLE) 8 4 5 N/A N/A N/A N/A N/A 17
(K-7) (RI) 7 3 4 N/A N/A N/A N/A N/A 14
(K-7) (OLE) 8 4 5 N/A N/A N/A N/A N/A 17

Note: Composite score is simple arithmetic sum; checks are scored as “1”; numbers right aligned may have lowered composite scores because they were not rated on the type and level elements (see

Section 5.4).




Table 8.2. Top-Rated Task/KSA Inventory Items in Terms of Training Priority and Other Factors

Requires
Quick
Importance | Difficulty | Requires | Requires | Requires Level of Access to
DIF of of Integrated | Visual | Auditory | Procedural External | Composite
Score | Simulator | Learning | Knowledge Skill Skill Knowledge | Information Score
(Ops-16) | (RI) 10 3 4 v \ v 4 v 25
(Ops-9) (RI) 8 5 4 N S «/ 4 N 25
(Ops-3) (RI) 8 5 4 v < v 3 v 24
(Ops-10) | (RI) 8 5 4 N S «/ 4 24
(Ops-9) (OLE) 7 5 4 v < v 4 v 24
(Ops-4) (RI) 7 4 4 N S «/ 4 N 23
(Ops-5) (RI) 7 4 4 N \ N 3 N 22
(Ops-5) (OLE) 7 4 4 N \ v 3 N 22
(Ops-6) (RI) 6 4 4 N \ \ 4 N 22
(Ops-13) | (RD) 8 3 3 N \ v 3 N 21
(Ops-1) (OLE) 6 5 4 N \ \ 3 21
(Ops-6) (OLE) 6 5 3 N \ v 3 N 21
Items in top 20 training priority ratings but not the highest composite scores
(K-2) (OLE) 8 6 5 N/A N/A N/A N/A N/A 19
(K-3) (OLE) 8 6 5 N/A N/A N/A N/A N/A 19
(Lic-2) (RI) 7 3 3 V \ \ 3 19
(K-3) (RI) 8 6 4 N/A N/A N/A N/A N/A 18
(K-4) (RI) 7 3 4 V 3 18
(K-4) (OLE) 7 3 4 N 3 18
(K-7) (OLE) 8 4 5 N/A N/A N/A N/A N/A 17
(K-1) (OLE) 7 5 5 N/A N/A N/A N/A N/A 17
(K-2) (RI) 7 6 4 N/A N/A N/A N/A N/A 17
(K-6) (OLE) 7 4 5 N/A N/A N/A N/A N/A 16
(K-6) (RI) 7 4 4 N/A N/A N/A N/A N/A 15
(K-7) (RI) 7 4 4 N/A N/A N/A N/A N/A 15

Collectively, this information provides a framework for identifying the most impactful HSI systems
and examining online survey ratings of impacts from their differences in fidelity on job performance and
learning (see Figures 7.4 and 7.5). This links the inventory items to fidelity needs, albeit in an indirect
and somewhat non-specific way. At minimum, it provides a basis for identifying which of the HSI
systems warrant priority attention in a more detailed fidelity assessment, and informs the design of that

assessment (for example, by identifying the type and level of knowledge and skill required by the

Task/KSA Inventory items for which the system is important). Examining these data, for example, one

can reasonably conclude that fidelity of the procedure system is considerably more important than of the
workplace design, since the procedure system is rated as important or somewhat important to all but one
of the top-rated KSA items listed, while workplace design received much lower scores.

As an example of how this information might be used to assess the implications for fidelity, Ops-10,
Ops-3, and Ops-9, which address emergencies and automatic actuations (e.g., reactor trip), all have a DIF
score of 8, and a simulator necessity score of 5, indicating both a high priority for training and a high
priority to use a simulator for training. To actually train the RI’s with respect to these KSAs, the use of a
simulator is almost certainly necessary, but this simulator does not necessarily need to be an exact replica
of the RI’s assigned plant CR. For these tasks, the RI is primarily observing and critiquing the
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performance of the operators, and is not getting very much information from the simulator itself. The RI
will certainly use the simulator to check some critical parameters to verify that all control rods indicate

fully inserted after a SCRAM, but will hear most critical parameters being reported verbally by the RO to
the SRO, and therefore does not need to read them directly from the panels.

Table 8.3. Text of Task/KSA Inventory Items Included in Table 8.2

and other systems, including knowledge of the effect that loss or malfunction of the
system would have on other systems.

Task/KSA Composite
Number Task/KSA Summary Score
Ops-16 Gather information and communicate with the NRC during declared emergencies. 25
(RI)
Ops-9 (RI) | Inspect, monitor, assess, and report on operator performance in obtaining, interpreting, 25
and properly using emergency operating procedures.
Ops-3 (RI) | Inspect, monitor, assess, and report on operator performance in reporting and 24
responding to automatic plant actuations.
Ops-10 Inspect, monitor, assess, and report on operator performance in obtaining, interpreting, 24
(RD and properly implementing the emergency classification guidelines and Emergency
Plan.
Ops-9 Administer, document, and justify a licensing evaluation of operator performance in 24
(OLE) obtaining, interpreting, and properly using emergency operating procedures.
Ops-4a Determine/verify operability, functionality, and availability of plant systems and 23
(RD) equipment and report findings to NRC.
Ops-5 (RI) | Inspect, monitor, assess, and report on operator performance in monitoring and cross- 22
checking diverse indications to verify and/or correctly understand plant conditions and
to identify potential instrument or equipment malfunctions.
Ops-5 Administer, document, and justify a licensing evaluation of operator performance in 22
(OLE) monitoring and cross-checking diverse indications to verify and/or correctly
understand plant conditions and to identify potential instrument or equipment
malfunctions.
Ops-5 Administer, document, and justify a licensing evaluation of operator performance in 22
(OLE) monitoring and cross-checking diverse indications to verify and/or correctly
understand plant conditions and to identify potential instrument or equipment
malfunctions.
Ops-6 (RI) | Inspect, monitor, assess, and report on operator performance in the use of plant 22
procedures to respond to instrument or equipment malfunctions.
Ops-13 Inspect, monitor, assess, and report on operator performance in the use of procedures 21
(RD) for monitoring and operating systems for plant radiation control and release.
Ops-1 Administer, document, and justify a licensing evaluation of operator performance on 21
(OLE) the use of control room indications to monitor and evaluate plant status and to identify
trends.
Ops-6 Administer, document, and justify a licensing evaluation of operator performance in 21
(OLE) the use of plant procedures to respond to instrument or equipment malfunctions.
Other Task/KSA Inventory Items with Training Priority Scores of 7 or Higher
K-2 (OLE) | Knowledge of the components in the system and the effects a malfunction of system 17
component(s) would have on system performance, operation of the system, and of the
consequences (risk) associated with the malfunction. (17)
K-3 (OLE) | Knowledge of the physical connections and cause-effect relations between the system 17
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Table 8.3. (contd)

Task/KSA Composite
Number Task/KSA Summary Score

Lic-2 (RI) | Inspect, monitor, assess, and report on the Licensee’s compliance with NRC 19
regulatory requirements for operator performance in determining and implementing
the desired operational path forward based on plant status information and
administrative procedures and directives

K-3 (RI) Knowledge of the physical connections and cause-effect relations between the system 13
and other systems, including knowledge of the effect that loss or malfunction of the
system would have on other systems.

K-4 (R]) Knowledge of plant procedures, including administrative, normal, abnormal, and 18
emergency procedures, and the site Emergency Plan.

K-4 (OLE) | Knowledge of plant procedures, including administrative, normal, abnormal, and 18
emergency procedures, and the site Emergency Plan.

K-7 (OLE) | Knowledge of reactivity effects associated with various plant evolutions and the 17
impact the effects have on plant operations

K-1 (OLE) | Knowledge of system function, design, and operation 15

K-2 (R Knowledge of the components in the system and the effects a malfunction of system 15
component(s) would have on system performance, operation of the system, and of the
consequences (risk) associated with the malfunction.

K-6 (OLE) | Knowledge of reactivity effects associated with various plant evolutions and the 17
impact the effects have on plant operations

K-6 (R) Knowledge of the physical, chemical, thermal, and electrical properties and processes 14
of the plant and their impact on plant behavior.

It is important not to forget the importance of the training and educational considerations beyond the

scope of this report that also must be included in considerations of simulator fidelity needs and training
effectiveness:

¢ differences in individual learning styles
e differences in background, particularly the presence or absence of CR experience

o differences in “types” of intelligences (verbal, mathematical, mechanical aptitude, etc.).

Trainers also must consider the experience profile of TTC students and the duration of their training
in evaluating the level of fidelity needed to provide them with effective training. The experience profile
of the students will vary, but does not necessarily include previous CR work experience. The initial
training at TTC includes only 2 weeks of simulator training. If the student has little or no previous CR
experience, 2 weeks is not enough time to go into great detail on control board manipulation or to learn
skills to the point of automaticity. The student will be learning only general concepts and overall layout
of the CR, and does not need to learn proficient control manipulation to do an inspector or examiner’s job
in any case.
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Table 8.4. Importance of HSI Systems to Task/KSA Items from Table 8.2

Dedicated
1 = Not important Safety- Group-
2 = Somewhat Related Displays of Alarms/ view
important Procedure | Instrumentation | Control | Controls and | Integrated | Annunciato | Display | Workplace
3 = Important System System Systems Displays Information r System System Design

Ops-16 RI 3 3 3 3 3 3 2 2
Ops-9 RI 3 3 3 3 3 3 3 3
Ops-3 RI 3 3 3 2 2 2 2 2
Ops-10 RI 3 3 1 3 3 3 2 1
Ops-9 OLE 3 3 3 3 3 3 3 3
Ops-4a RI 2 3 2 3 2 2 1 1
Ops-5 RI 2 3 2 3 3 2 2 1
Ops-5 OLE 2 3 2 3 3 2 2 1
Ops-6 RI 3 3 3 3 3 3 2 1
Ops-13 RI 3 3 3 3 3 2 2 1
Ops-1 OLE 1 3 1 3 3 2 3 2
Ops-6 OLE 3 3 3 3 3 3 2 1

Items in top 20 training priority ratings but not the highest composite scores
K-2-OLE Not rated because it is represents integrated knowledge
K-3-OLE Not rated because it is represents integrated knowledge
Lic-2 RI 3 3 HE 3 3 3 3 1
K-3-RI Not rated because it is represents integrated knowledge
K-4 RI 3 1 1 1 1 1 1
K-4 OLE 3 1 1 1 1 1 1
K-7-OLE Not rated because it is represents integrated knowledge
K-1-OLE Not rated because it is represents integrated knowledge
K-2-RI Not rated because it is represents integrated knowledge
K-6-OLE Not rated because it is represents integrated knowledge
K-6-RI Not rated because it is represents integrated knowledge
K-7-RI Not rated because it is represents integrated knowledge

8.2 Study Conclusions

The overall conclusion concerning physical fidelity needs for training NRC staff for advanced
reactors is influenced by the evidence from the study that, although the current training program is brief
and the TTC training simulators have only moderate physical fidelity with the CRs and simulators at
which the trainees subsequently work, this training duration and moderate level of fidelity is sufficient, in
the sense that the trainees go on to become successful OLE and RI personnel. The focus group
respondents were generally satisfied with the current level of simulator fidelity, and (see Figures 7.6 and
7.7) at least 50% of respondents expressed the opinion that fidelity differences had no impact on difficulty
of learning in their training (no more than 10% said it had a high impact) or their job performance.

The question of simulator fidelity requirements for initial training should be considered in the context
of the experience level of the trainees, the number of days of training currently provided, and on-the-job-
training that will be provided at their assigned facilities. While the experience level of initial trainees has
historically varied, as noted in Section 6.3.1, a significant percentage of the NRC staff will become
eligible to retire before 2011 (in conjunction with expected new reactor construction in the early 2010s), it
is reasonable to expect that a significant percentage of the new OLE and RI hires will have little nuclear
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industry experience. This lack of experience will limit the amount of information they can absorb during
a brief initial simulator training session. As discussed in Section 6.4, the study team identified no plans to
fundamentally change the structure or duration of the TTC simulator training course. Given a mostly
inexperienced trainee population receiving a 2-week course, as discussed in Chapter 2, it is reasonable to
conclude that the finer points of a full-fidelity simulator would not provide great benefit to the trainees.

The nature of the on-the-job-training component of staff preparation also needs to be considered.
Generally new OLE trainees give at least one exam under instruction with an experienced examiner, and
must meet qualification requirements before working independently, and in any case will generally work
as part of a team of two or three examiners, only becoming the senior examiner on a team after several
years of experience. Likewise, new RI personnel receive OJT and are assigned to a plant with a senior
colleague.

The nature of the jobs also limits the effect of simulator fidelity to any one particular plant. OLE
personnel prepare an examination for one of several plants in their type (reactor vendor) over a period of
several weeks, during which plant documentation is made available for preparation of the examination.
The various BWR reactor plants, for example, vary from plant to plant at least as much as any one of
them differs from the BWR simulator at the TTC. Similarly Rls typically move from one plant to another
every few years and the plants at which they work are also likely to vary from each other as much or more
than they vary from the TTC simulator used to train them. For both positions, therefore, the CRs and
simulators of the plants at which the NRC personnel will work will vary over time, posing knowledge/
skill transfer challenges that will be somewhat offset by the opportunity to review documentation and
work with more experienced colleagues.

The team understands that decisions concerning TTC simulator physical fidelity involve management
as well as technical considerations. Cost-benefit tradeoffs, long-term maintenance and updating
considerations, opportunistic availability of a simulator for sale, or the ability to order a simulator
identical to one currently being built at a discount when new construction resumes, along with other
factors, will need to be assessed during the decision-making process. The information provided in this
report is intended to support inclusion of the technical aspects of these trade-offs against which these
management decisions can be optimized.

8.2.1 Summary of Findings

8.2.1.1 Training Needs
The judgments of expert panels, the study team, and the NRC RIs and OLEs who responded to the
on-line survey resulted in the following findings regarding training needs:

1. Rls and OLEs currently have a 2-week simulator training course once every 3 years for each reactor
family. Simulator training courses are taken by RIs and OLEs only for reactor families associated
with their current assignments.

2. Itis expected that simulator training will be required for a potentially large number of new hires,
many of whom may have no experience or familiarity with NPP CRs.

3. The high-level summary knowledge and task items that describe RI and OLE CR responsibilities
developed by the study provides a basis for determining training needs and priorities. The Task/KSA
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10.
11.

12.

Inventory items for RIs and OLEs include the vast majority of CR Task/KSA items required for all
NRC inspection and oversight personnel. Each of the summary items can be placed in one of four
categories: system knowledge, CR operations and indications tasks, operations management tasks,
and plant license-related tasks. “System knowledge” items are the same for both RlIs and OLEs. All
other summary items are differentiated by position, with the preponderance of RI tasks focused on
inspecting, monitoring, assessing, and reporting on operator performance and the preponderance of
OLE tasks focused on administering, documenting, and justifying a licensing evaluation of operator
performance on the same operator tasks. The Task/KSA Inventory items have been verified to be
valid and comprehensive for both existing CRs and the CRs of new, evolutionary reactors.

While regulator tasks in the CRs of the new, evolutionary reactors are expected to remain the same as
in current CRs, HSI technology in the new CRs is expected to be very different. The existing NRC
staff who have received simulator training are generally unfamiliar with new CR technologies.

The Task/KSA Inventory items vary in their difficulty to perform, importance to safety, and
frequency of occurrence, leading to a substantial variability in training priority (based on the DIF
analysis) across the inventory items and the two positions analyzed. Of the high priority items,
roughly half concerned system knowledge. These training priority ratings are independent of the
training methodology that can be used to train these items, but can identify items for which effective
training is particularly important.

Simulators were rated important for training RIs and OLEs for competent job performance for nearly
half the Task/KSA Inventory items and not important for nearly one-third of the items. The
importance of using a simulator varies little across the two positions. There is a moderate degree of
correspondence between ratings of training priority and importance of simulators for training (e.g.,
simulators were rated of high importance for training on roughly half the items with a high training
priority score).

Nearly all of the Task/KSA Inventory items require access to facts (i.e., basic, accepted information
elements or details, terminology, definitions), both by memory and by external reference. Roughly
one-third require that both the internal and external access to facts be quick.

Nearly all Task/KSA Inventory items require integration of a number of different types of conceptual
knowledge about the system.

About one-fourth of the items require procedural knowledge (knowledge of how to do something) at
the level of automaticity. Almost all of the remaining items require procedural knowledge to the level
that the task can be executed, but not proficiently or efficiently.

None of the Task/KSA Inventory items require motor or tactile skills.

Most of the Task/KSA Inventory items require visual and auditory skills, but this is limited to a
familiarity with how to execute the visual and auditory skills, rather than a requirement to reliably
execute the skills.

At least one CR HSI system is important for performing every Task/KSA Inventory item. The
importance of the eight different HSI systems varies across inventory items. The procedure system is
important for 78% of the inventory items, while workplace design is important for 20% of the items.

8.11



13.

14.

15.

Information displays on visual display units (VDUs) will be the primary means through which
operators interact with the plant in new CRs. CRs dependent on VDIs may present a large barrier to
the evaluation of operator and crew performance because VDUs limit the ability of regulatory staff to
observe operator behavior.

The information reflected above could be used in future decisions regarding the mix of simulator
scope and fidelity that is appropriate for the training of various Tasks/KSAs. It could also be used to
inform forthcoming analyses and decisions concerning simulator acquisition and training, addressing
the scope, capabilities, and fidelity of the mix of simulators to be acquired for training regulatory
oversight personnel for advanced reactors.

The information obtained from the online training and discussions with NRC staff indicate that the
information contained in this study could be used to help trainees structure their on-the-job training
experiences as well, particularly with regard to identifying and exploring fidelity differences between
the training and reference simulators/CRs.

8.2.1.2 Current Practice

Discussions with NRC staff, analysis of available materials, and examination of results of the online

survey of 74 current RIs and 23 current OLEs led to the following observations about current NRC
simulator training practice.

1.

Even though the physical fidelity of TTC simulators is fairly low with respect to the plants or site-
specific simulators to which they are assigned, these differences had little impact on the difficulty of
learning during training or on job performance.

Physical fidelity differences are often addressed ‘outside’ the simulator by instructors, training
materials, student discussions, or, as many current RIs and OLEs emphasized, by informal on-the-job
training. The use of on-the-job training to supplement TTC simulator training was a common method
discussed by many RlIs and OLEs in focus groups and many Rls and OLEs view the training they
receive from the NRC as a tool that prepares them to competently train themselves on-site at their
assigned plants or site-specific simulators.

RIs and OLEs find existing TTC simulator training valuable for developing 1) knowledge of nuclear
facility operations including system performance and interrelationships, 2) knowledge of operator
roles and responsibilities in the CR during both normal operations and abnormal events, and

3) CR-related regulatory skills. These 3 items are inclusive of all 30 inventory items.

A prime benefit of TTC simulator training to RIs and OLEs is learning to integrate diverse knowledge
that are required to understand the complex situations that may be encountered on their assignments.

A primary goal of simulator training is to teach general concepts that can be applied across reactors in
the same family and to avoid teaching skills that are relevant only to specific CRs.

Interviews with FAA personnel responsible for simulator training of Aviation Safety Inspectors
(ASIs) for the FAA’s Flight Standards Service revealed that simulators with varying levels of fidelity
are used for their training. High-fidelity simulators are used, but they may not match the particular
airplanes an ASI has responsibility for inspecting. The requirement to use a simulator that matches a
particular airplane is typically reserved for commercial airlines and depends on the complexity and
distinctiveness of a particular cockpit that the ASI needs to be trained to inspect, the availability of
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time on high-fidelity simulators that match the cockpit, and the cost and time for training. All ASIs
are trained using simulators for both traditional, analog HSIs in cockpits and for newer ‘glass’
cockpits.

7. A recent NRC study of computer-based HSI technologies relevant to new or modernized NPP CRs
involving two foreign NPPs and three U.S. chemical manufacturing facilities (NRC 2002) revealed
that interface management tasks, such as retrieving information, navigating displays, and
manipulating windows, take a large amount of operator time. Though they are secondary to the
primary tasks involved in process monitoring and control, interface management tasks are necessary
to carry out the primary tasks. Interface management tasks for new CR displays were found to have
potential negative effects on safety because the demands of interface management tasks may have
negative effects on crew performance. Displays for new CRs can have hundreds or thousands of
display pages; thus, retrieving information can be inherently problematic.

8.3 Conclusions, Findings, and Recommendations

The following list presents a summary of the conclusions, supportive findings, and team
recommendations that resulted from this study.

1. Simulator training is imperative for nearly all tasks because:
e There is a need for integrated conceptual knowledge for nearly all tasks.
e Simulator training is effective for learning how to integrate conceptual knowledge.

— To the extent feasible, consider using simulators to train all tasks that require integrated
conceptual knowledge, using the technical basis provided in this report as a guide.

2. There is no need for simulators with full physical fidelity because:

e Tasks cannot be trained to automaticity because of limitations in the amount of time available for
simulator training.

¢ High-fidelity simulation has a high potential of interfering with learning and transfer since there is
expected to be a large percentage of NPP CR novices and existing trainees who will have little
familiarity with new CR technology.

e A lack of simulator fidelity in current TTC training does not appear to impact existing RI and OLE
performance and can be addressed through means other than simulator training.

e RIs and OLEs are not responsible for operations and are not required to be trained to be able to
operate a NPP CR. Though conventional wisdom in simulator training often points to the need for
high levels of fidelity, high fidelity levels are only required when a high degree of fluent performance
of procedural and psychomotor skills is necessary, as with NPP CR operators, who must be able to
react correctly and quickly during abnormal or emergency events, and FAA ASI, who must be trained
to flight standards on tasks that require a high degree of psychomotor control.

— Carefully assess whether any existing or future expectations for high levels of physical fidelity in
training simulators are necessary.
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The full scope of CR HSI systems is required because:

RIs and OLEs have tasks addressing emergency operating procedures.

These tasks require the full scope of CR HSI systems for competent performance.
These tasks are among the highest importance for training.

These tasks benefit from simulator training since these tasks require integration of a large amount of
conceptual knowledge of different types.

— Different reactor designs may require a different suite of HSI systems for their CRs. Consider
making sure that their simulators include the full scope of HSI systems for all new CR designs
that will be operating in the United States.

— The full scope of HSI systems for a single CR can conceivably be covered in multiple simulators
including multiple ‘full-scope’ simulators and multiple ‘part-task’ simulators. If multiple
simulators are used for training a task for a single CR design, assess the effects of using multiple
simulators on the ability to train integrated conceptual knowledge. A potential option is to use
part task simulators with high fidelity for some control HSI systems, where the technical basis
supports this, combined with full-scope simulators that can use relatively low fidelity for HSI
systems trained using higher fidelity simulators elsewhere.

— Functional HSI systems will likely have some level of integration between different HSI systems.
The integration could range from having different HSI functions on the same display pages, to
information flow between physically separate HSI systems, to different HSI systems being
located within the same field of view. Any simulator solution considering omission of HSI
integration should be evaluated for how necessary the omitted HSI integration would be for
supporting training tasks effectively.

The potential for problems with negative transfer from simulator training exists because:

Many staff needing simulator training will likely have no experience or familiarity with NPP CRs
(F-6) or new CR HSI technology.

Novice learners often learn to rely on perceptual cues inappropriately when there is a physical match
between cues in the training context and the performance context.

— Indicate to trainees how the training simulator is different from the CR or site-specific simulators
the trainee is assigned to, with emphasis on contexts in which there is a physical match between
aspects of the HSIs but a functional difference.

— To ‘un-train’ improper fixedness on specific perceptual cues, consider training staff on the same
tasks using multiple simulators with overlapping scope, but with differences in physical fidelity.
The technical basis can be used to determine the scope of HSIs needed for training on particular
tasks.

Part-task, high-fidelity simulators for training interface management tasks and for supplementing
TTC simulator training is worth consideration:

Display interface systems are likely to be standardized within a reactor design.

Display interface systems are likely to be the primary method for accessing plant information,
managing alarms and procedures, and implementing controls. These tasks are inherent in the vast
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majority of RI and OLE tasks. CR regulatory personnel will likely need to understand interface
management tasks in order to evaluate operator behavior.

Learning interface management tasks is difficult through observation alone.

Interface management tasks are likely to be problematic for operator performance, and also may
detract from NRC simulator training.

— Consider using part-task, high-fidelity simulators for training interface management tasks.
Interface management tasks could conceivably be trained using simulators running on commonly
available computers/operating systems and need not be hosted at a central training location.

Because the task and knowledge inventory for RIs and OLEs developed by this project is limited in
detail and the analyses of physical fidelity needs and impacts are based on indirect measures (i.e., user
and instructor reports), the study could not specifically determine the fidelity of the simulator HSI
systems necessary for training each CR regulatory task for either current or advanced reactors.
However, the study team is confident that the information assembled by this study is valid and useful
for informing decisions about the relative minimum physical fidelity of the HSI systems, as well as
for the importance of each of the HSI system for teaching the tasks and the training priority of the
tasks.

The current expectation is that TTC simulator training provides training sufficient to prepare trainees
to competently train themselves on-site and trainees can use means other than simulation training to
adapt to site-specific differences. Because of ANSI/ANS-3.5-1998 requirements, RIs and OLEs will
be observing operations in full-fidelity, full-scope CRs or CR simulators on-site.

The current expectation for TTC simulator training is that it provides the means for trainees to learn
to integrate knowledge learned elsewhere and that the trainees will learn general concepts that can be
applied across reactors in the same family.

— Carry out a detailed analysis of each task to be trained using a simulator to precisely determine
the physical fidelity needed for each HSI system.

— Precise physical fidelity is dependent on a complete design of CR HSIs, procedures, technical
specifications, etc. To date, no new CR has a complete design. A detailed analysis of each CR
design should be carried out to determine physical fidelity for each HSI system.

— The goals and expectations of current TTC simulator training have evolved based on a number of
factors, some of those most likely being the variety of CR designs in operating reactors, even
within the same reactor design, the availability and cost of NPP CR simulators, time constraints
for simulator training, etc. Because there is expected to be much more CR standardization within
a design and it may be more feasible to have simulators with higher levels of fidelity, consider if
it is feasible to train the site-specific aspects of tasks, given available time and resource
limitations and training priorities.

— Because precise fidelity requirements cannot currently be determined and CR HSI technology
typically changes more frequently than other technology in a reactor, consider purchasing training
simulator technology that can be easily adapted to approximate the precise fidelity requirements
derived from specific CR designs.
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8.3.1 Suggested Framework for Applying Study Findings to Training Simulator
Physical Fidelity Decisions

The information provided in this report provides a starting point for considerations of simulator
training of RIs and OLEs for assignments to advanced reactors. Such considerations are recommended in
the previous Section 8.2 on conclusions, findings and recommendations. In particular, the project team
concludes that the Task/KSA Inventory; DIF analysis; and analysis of the importance of simulators to
learning, difficulty of learning, and the type and level of knowledges and skills needed for each of the
inventory items; supplemented with more specific information and management criteria; can assist in the
analysis of simulator physical fidelity requirements. It could also be used to inform forthcoming analyses
and decisions on simulator acquisition and training, in order to address the scope, capabilities and fidelity
of the mix of simulators to be acquired for training regulatory oversight personnel for advanced reactors.
The project team has assembled a schematic-level flow chart illustrating how this information could be
incorporated into a decision-making process. This flow chart is shown in Figures 8.1 and 8.2.

Once tasks are selected for simulator training (Figure 8.1), each task should be studied to determine
HSI systems important to its performance, the physical fidelity aspects of the systems, and the CR
procedures that are important for the trainee to recognize during oversight. This information should then
be used to guide determination of the scope and fidelity of simulation used for the training of the task
(Figure 8.2).
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TTC Focus Group Discussion

Task Inventory Development and Validation Discussion Part 1
March 19, 2008

Gore: Our task was to summarize and document the KSAs required in the CR, which the simulator
basically gives the opportunity to practice, demonstrate, teach, etc... From soup to nuts, what must be
done in the simulator for training regulators for their jobs — not operators, we understand that!

I started out with NUREG-1122, which lists about 5,000 KSAs, which the license examiners are familiar
with because that is the validation and justification for the examination process. I rolled it up to 30,000 or
40,000 feet, into about 20 skills and abilities. Our initial thought was to skip the knowledges — those are
taught in systems training. The simulator reinforces them. But we later had suggestions that they are
within the scope, so they are now included. I’ll come back to them later.

So I came up with roughly a dozen CR tasks, and I did it both by looking at the stem statements - the big
top level statements - and by looking at the requirements of the FARs — 10 CFR 45 that says that operator
licensing examiners will evaluate these things — (and we have a correlation between those and these) —
and this is what we came up with. So, for you, feel free to pick — or not - with any of these statements. |
would argue that they pretty well envelop your responsibilities.

And we have made a distinction just in the last week, and we have gotten away from the “ability to
operate” language that’s in NUREG-1122, and said lets make this specific to regulators, so we started off
with #1, “evaluate operator monitoring”, etc. ...reading through several of the task statements.

Minsk: So what we’re asking you guys to do in this session is to tell us if there is anything we have here
that is wrong, and shouldn’t be there, or worded incorrectly, or if there is anything that should be added to
this list.

Question: We’re just looking at this from the perspective of what equipment we’re going to have in the
simulator? Not if we’re evaluating operators, but for our own training? What we’d like to see as a
simulator for a new construction plant??

Gore: This is a little different from just thinking ahead towards physical fidelity. This task is somewhat
broader...to scope all of the Ks, Ss, As that go on in the CR. This is as a validation, a basis, for the
training — how are you going to train, what equipment do you need, what physical fidelity must be
required...Did I get that right, Mark?

Miller: Yes. The way you ought to read this is, you’re an NRC resident, or inspector, or license
examiner — you’re in the CR — this is the list of stuff, broadly stated, that you think that you need to know
how to do based on inspection procedures and license examining standards. This is the list of stuff that
applies to you in the CR — not out in the rest of the plant — it’s a list of CR skills for the regulator - and if
that’s right, or as it’s modified or massaged based on your input and other inputs — it’s going to become
sort of a grading sheet, so that when you look at a simulation, you can say, maybe this kind of a simulator
may not allow me to evaluate responses to automatic actuations...
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Gore: Sort of a baseline... Continues sketching through the task list and concepts addressed.

Q: Some residents are encouraged to use the plant computer in the CR? Gore: [ would imagine that they
probably don’t mess with it in the CR. They may go into the Shift Technical Advisor computer.
Discussion followed, of computer resources that can be available to the resident throughout the plant....

Gore: ...continues sketching through the task list through the operations tasks.... That, I would claim, at
the 40,000 foot level, pretty well spans what goes on in terms of operations in the CR. Next we get to
management. ..

Gore: Examiners, when they are giving SRO examinations, will evaluate that guy in the position of shift
supervisor, or as a potential shift supervisor. So management and leadership of the operating team in the
CR is a major activity that needs to be evaluated and potentially to be addressed in simulator training.

Discussion of resident inspector activities evaluating management and leadership in the CR...Well, we do
it — management asks for our feedback on that, but we don’t have a lot of regulatory footprint, in that we
can’t issue findings in that area. They certainly have a conduct of ops procedure at most plants. We look
at that to see if things happen according to that as far as the management...

Gore: Yeah!...if the balloon goes up...When they get that small break LOCA, does the SS, or the guy
who’s acting as SS, take charge, get into his emergency plan, and exert command and control?

Additional discussion of management in normal and off-normal situations. Question and comment about
connection between verbal communications in the CR, and simulator training. Gore: “Forget about
simulator fidelity. This is an attempt to envelope everything that goes on in the CR that’s important from
a regulatory standpoint. Either to an operator license examiner or to a resident inspector’s viewpoint.”
Additional discussion of the extent of coverage in contrast to having 5000 different

statements... Acknowledgement of 10 CFR 45, and the crosswalk to these tasks.

Minsk: Farther on in the analysis there will be an analysis of ...DIF...

Additional extensive discussion of the difficulty of dealing with the huge number of things involved, and
the high level of these few tasks — whether everything is covered and the list is comprehensive.

Discussion of resident review of post fire and other safe shutdown procedures to determine both
workability of the procedure and ability of the team to accomplish the tasks within time allotments.
Where is this covered in the list? Gore: Command & Control of SS; monitoring and operation of
equipment; resolution of issues including license related issues.

Comments on the residents’ responsibility to evaluate not only operations, but the design of procedures.
“We do all kinds of things in the CR, it’s not just watching what the operators do. Review how systems

operate, timing between systems, how quickly can certain systems be brought on line...”

Discussion of fidelity impacts on operations. Gore: What other things does it influence — CR turnover?
Yes.

Gore: The simulator is a stage where examiners watch CR crews interact, and make career decisions on
licensing.

I think this does a pretty decent job of listing KSAs and our job in the CR. However, I think that most of
the things on here — evaluate operator performance, evaluate the use of procedures — are mostly learned
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on the job, not in the simulator. Agreement. Gore: You won’t ever be allowed to touch the boards. Just
evaluate. Discussion of the importance of knowing the operation well enough to think ahead of the
operators and know if they are going off in the wrong direction, or are proceeding appropriately, as the
basis for evaluation.

Discussion of resident responsibilities during emergencies, gathering information, evaluating, reporting.
“It’s rare that we are called on to do that, but it’s the reason why we have resident inspectors.” “When an
emergency occurs they are not evaluating. They are actually involved. They are in the thick of things.”
This discussion eventually led to adding a task to the Ops part of the taxonomy: Provide communications
with NRC during declared emergencies.

Discussion of Ops-4 resulting in a consensus to add functionality to the availability and operability
determination, and replace safety related systems by plant systems. Additional discussion of whether
Evaluate is needed — difference between evaluation of operators and independent determination of status.

Discussion of Lic-1 resulting in a consensus to add other reportable conditions to items that operators
must recognize and respond to.

The list does a pretty good job of covering a lot of things that inspectors and evaluators do in the CR, but
we don’t learn a lot of them in simulator training, and I don’t think we should. Minsk: There will be
another analysis of what’s important in training.

Minsk catalyzed discussion of the information requirements needed for tasks, and how difficult it would
be to break that information out. Comments that there are thousands of things to do, just to verify
functionality and operability. You would have to walk down the entire panel, switch and valve at a time!

One of the things I gained tremendous value out of the simulator, coming out of college without industrial
experience, I learned simple basic navigation through the EOPs, simulating events and operation of the
reactor. I don’t necessarily learn how to inspect and evaluate the licensees, even though eventually I need
to get to that point as an inspector. I don’t learn all that in the simulator. Comments on the importance of
seeing these events in the simulator due to the paucity of events in the plant.

Subsequent discussion of the question of information needed and how difficult it would be to break that
information out. That would be a fairly big, hefty job!

Facetious discussion in closing of the importance of evaluation and sampling of CR popcorn. The
problem is that these simulators don’t have it. Instructor: We simulate it! Response: That’s the
problem!

Task Inventory Development and Validation Discussion Part 2
March 19, 2008

Discussion of evaluation of operator response to annunciator initiation (Ops-8). Focus on independent
identification of proper response and use of this in the evaluation process. Eventual subsequent
agreement on insertion of in accordance with guidelines in administrative proceduresto replace including
silencing of distracting alarms, removal from service, and restoration.

Discussion of the use of “in accordance with regulatory guidance” related to Davis Besse tornado where
the licensee notified NRC that they were going to violate their technical specifications (TS) by exceeding
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cooldown rates, according to the 50.54X policy, and the query to the resident whether he agreed with that
decision. Eventual agreement that this was, in fact, part of regulatory policy.

Discussion of Ops-10 and whether the resident can use the plant computer himself (in some places he
can, some not). Agreement that the statement envelopes responsibility.

Discussion of Ops-11 evaluating shift turnover. Assertion that that this would lead to need for a more
detailed simulator, in order to do a detailed panel walkdown. Gore question if this could be done with flat
panels showing pictures and replicas. Answer — it would need the same information and format as the
plant. Incomplete discussion of the meaning of “full scope” — whether it means (Gore) that all aspects of
operation are addressed or whether it means that all hardware is faithfully replicated. Instructor
commented that he feels that the TTC simulators are full scope, or near full scope, even though they
replicate plants that no longer exist. Minsk redirected the discussion before agreement was reached on a
definition of full scope.

Minsk: Comment that risk concepts needed to be inserted. Agreement, but acknowledgement that
NUREG-1122 was done in 1984, so risk was not yet included in the concepts. Moved on with a thought
that it might be addressed later in the K’s. Eventual development of a new Mgmt-5 Evaluate the
implementation of administrative procedures associated with risk assessment activities.

Discussion of Mgmt-1 and agreement that evaluating the management and leadership of the CR team was
too sweeping a statement, and that it should be replaced in the statement. Extensive discussion of SRO
grading & statement that SROS are graded against the competencies required by NUREG-1021, ES-303.
Eventual recommendation of Verify and report CR command and control.

Brief read-through, with minimal discussion, of the remaining Mgmt tasks.
Brief read-through with minimal discussion of the Lic tasks. Objection to use of the word timeclock in

Lic-2. Suggestion to use LCO action statements and it’s dismissal.
Inconclusive suggestion of “reporting criteria’. Eventual suggestion of “allowed outage time”.

Brief read-through with minimal discussion of the Ks. Comment that risk concepts might be added to
K-2. Question about including security items into the task list. Eventual decision not to add security.

Discussions with TTC Instructors on DIF Analysis of Task Inventory
March 19, 2008

Minsk: Task Inventory will be subjected to further analysis — one is a modified training analysis called
DIF analysis to prioritize for training, and also an analysis to determine of what simulator fidelity level is
necessary to teach these tasks. Now we’ll talk about DIF Analysis. Want feedback from instructors if
anything else we should do, or if it seems like we are doing anything inappropriate.

Traditional DIF= Difficulty of performance, Importance to safety, and Frequency of performance.

Modifications: How difficult it is to learn the task; How important is it to train on a simulator to learn the
task.
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References: IAEA Systematic Approach to Training

Instructor: We bring people here and give them an opportunity to do things, but they will never do it.
They will only observe other people doing that in the field! Is it difficulty of observation, or difficulty of
performance?

Gore: Is there a correlation between difficulty of performance of a task and the difficulty of observing
and evaluating whether it’s done right?

That’s exactly what I was saying. - General agreement that you have to know how to do it to know how
to evaluate how well it is done.

Discussion of a surveillance procedure — all you can see is if he is following procedure and administrative
guides if evaluator does not know the facility and operation...

Gore: You need to know how to do it, to really evaluate. You must know what the operator is trying to
do, think ahead, and be ahead of him in the evolution and in expectation of results. That’s what we mean
by evaluate!

Some of that preparation is incumbent on the inspector, to go do his homework and look at this stuff.
Hopefully he has been to the TTC and had a chance to play with these systems. To understand how the
system operates, and how it’s put on line, but not the details of power supplies and interlocks and things
like that. He’s not going to be a licensed operator. He’s going to be an observer of licensed operators’
activities.

Gore: Comment oninitial plan to ignore knowledges until directed to include them. They are trained in
systems training. The simulator gives the opportunity to apply, integrate, and synthesize.

Q: Is the DIF analysis targeted at students coming out of college, or at experienced people? There will
be people with widely different backgrounds. Suggest bounding it by examiners, residents, and by
bounding experience levels (high, low).

Gore: [ suggest bounding it by the basic difficulty of the concept. They are not going to be able to hire
ex-Navy nukes anymore.

Discussion of refresher course — is it mostly aimed at experienced people? What is the amount of
meaningful experience gained in 3 years since initial training? Comment: They may not have done
ANYTHING relevant at NRC during those 3 years!!!

Minsk: Is the intent of refresher training to address experienced folks? NO! Refresher training purpose
is to get them back in school once in every three years. If they want to maintain certification, every three
years they have to take the courses. I would make absolutely zero assumptions other than that it’s been 3
years since they took the course! Additional discussion of refresher training requirements, and number of
years before refresher training on a given type of plant if they are certified on several types of plants.

Our targeted audience should be those who would benefit from using the simulator. — not the ones who
just have to come back every 3 years, because they don’t need the simulator! Don’t dumb it down for the
novice!

Will you look at industry requirements for what they consider infrequent operations on your analysis of

frequency? Startup, shutdown... Now they may only do a startup every year and a half.
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When I was on the AIP at Zion, the crew who had to do the shutdown due to the inoperable spray pump
had never done a shutdown on the plant!

Gore: Pointed out the 10CFR45 requirement for pre-startup operations through power operations.
Comment: That’s for initial examinations. These guys had been on shift for 5 or 6 years and never done
a shutdown on the actual plant!

General discussion of fidelity requirements for these things. Diffuse comments — no conclusions.

Gore: What does NRC have to be able to teach, with adequate fidelity? Is fidelity more important for
the guy just out of college, who hasn’t been on the boards, doesn’t understand nuclear power, or is it more
important to have that fidelity for the guys

who are coming in for refresher training, requal? Ans: We don’t have full fidelity now, nor do we teach
to that level. We have fidelity good enough to do what we have to do, now.

Could we dispense with the old simulators in this building, and go to all flat screens and model this
without having any hardware, joy sticks, at all. One reaction — that would be insanity! Another: If, in
fact, the CRs go to digital, and flat panels eventually, if the analog controllers are modeled on the
simulator, yeah, you might be able to model it on a flat screen.

After years on an analog plant you know where you need to be — where to look and stand — if there’s
something going on in the CR — because I can see the annunciators. 1 know where the reactor control
station is, I know where the turbine control station is. I can monitor that stuff. It’s a different layout, it’s
a different physicality, different alarm systems... That’s the fidelity that needs to be there. How does
the crew work together and respond together? Where do I need to be looking to see what’s going on?

The only difference between the old and new plants is the man-machine interface (MMI). It doesn’t even
matter if it has a digital RPS or not. The thing that will need to be different for the new plants is that
MMLI. The systems, the plant operates the same. The key is to figure out how do we help people along
with this MMI? And how the CR will function and look in that new environment. We don’t even know
at this point what the MMI will look like.

Minsk: Comments on the envelope of what’s possible based on NRC generic guidance on HSI, and info
on Lungmen, and other proposals. All have proposed large screens in front, a lot of flat screens for
individual operators and SS, all have some back-up hard control panels. We have seen that at least a
couple of them have mimic displays on the operators’ screens that you can navigate to get to systems
level and get to components, and can implement controls on those mimics. Some of them (not Lungmen
yet) have procedures on computers.

That’s the MMI I was talking about.

Gore: One of the things that I jumped on early in this was, regarding fidelity, are we talking about menu
fidelity, algorithm search fidelity, but in this project we are assuming that whatever comes in for CRs will
be available to NRC.

Minsk: We realize that the simulators here are pretty dissimilar in fidelity from what’s actually in the
field. In the initial survey we wanted to get a sense from folks of, does that have an impact on your
actually performing your job. Just from glancing at the surveys that were done today, the responses were
Is and 2s, mostly 1s — it doesn’t have any impact! So, for us that may open the door for varying levels of
fidelity and something that should be a lot easier to replicate, because we’ll be replicating computer
screens with computer screens, probably.
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You only have 2 weeks for initial simulator training, 1 week for refresher training. There are only so
many things you can get to. Agreement.

Bates: The learning objectives for simulator training--- where did they come from? Laughter and hoots!
They sat down and wrote them. The original simulator class used to be this same class!

Miller: What we heard in both classes from the students, was a unanimity of opinion it seemed — or at
least a plurality — that they don’t learn stuff they need to be a good inspector here. They take the stuff
they learn here, and they add a lot of OJT to it, and then they go out and inspect... (Comm.) We’re not
teaching them how to inspect. And that’s what kind of begs the question for me — how did we decide
what we’re trying to achieve? We’re trying to teach them how a real plant works.

Instructor: We don’t teach them evaluation. We try to show them an example of how something is
done, if they were an operator. — and that’s what they should be watching for the operators to do. When I
first started here, the goal was to teach 80% of the SRO knowledges to students. But back then 80% of
the knowledge was less. 20 years ago when I first went through the SRO program, it was a 3 month
program. How much can you learn in 3 months? So we were trying to teach an 80% knowledge level —
which now is more like an 8% level!

I think Mark has brought up a million dollar question...I’ve only been here 3 years, but I’ve never been
able to figure out, and no one has ever told me, what the target audience was (we’re talking SAT).

To be quite honest, there were a lot of old operator guys here, and they weren’t a lot of old regulator guys,
so the course was designed as a bunch of old operators.

The target has been to teach operations, not how to inspect.

Minsk: Tell me if this is fair. I think that your target might be to teach them to understand operations
well enough so that they can evaluate it. Approbation. So that leaves an open question — do these guys
need enough fidelity to interact with the systems the same way an operator does, in order to learn that
sufficiently?

I think as a minimum you need enough fidelity to be able to train them on the use of the off normal and
emergency operating procedures, and that encompasses both the resident inspectors and the examiners.
So they can work through the procedures like they would be done in the CR, so they understand how that
would work. To build up to that, what we do is we start them off with simple operations, getting them
used to how the plant works (starting up, maneuvering the plant at power), and figuring out where the
controls are. And then we start doing transients and the EOPS, so they can work as the operators do, and
see the difficulties, nuances that are involved in that. And then when they go to the site, evaluating drills,
evaluating requal, then they already have a good idea in their mind, once they’ve done it themselves. So
then they go out and build on that.

And then there’s another class that examiners come here for a week to do, where they actually come in
and write an operating exam and then use our simulator to give the instructors an exam. So that simulator

downstairs works well enough to do that.

General discussion of regulator knowledge and inspector credibility when interacting with facility
personnel.

Discussion of inspector time in CR (small) vs. time in plant (most).
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Gore: You’ve been teaching them to operate. Do they have to actually operate — turn things on? Or
could they be trained by seeing presentations of stuff operating?

I think that’s a very valid point. We’ve talked about this. Do we ever show them what a real operating
crew is supposed to look like? No. Do we ever demonstrate to them what they should? No. Because
their job is going to be is standing back here with their clipboard, trying to be nobody, and just watching.
They are not going to touch anything.

Instructor: Again, that’s not what we try to teach them. As of now, that’s not what we try to teach them.

My answer to that would be — my personal opinion - is, there is a difference between watching, and doing.
One of the things that I like to reinforce to the folks that come through here for refresher training, who
maybe haven’t done it in a while is: Those of us who never do, start to make assumptions as to how easy
itis. We tend to get in a different realm. But when they come in and they have to open up a procedure
and follow it, and the procedure isn’t well written, and they’ve got to turn the switch...OK, it really drives
... Most of us learn well from failure. And watching somebody else fail is not the same thing as “Oh, all
the rods fell in, and it shouldn’t have” and “Oh, it’s not as easy as it looks!” There’s nuances, there’s
things you have to pay attention to — that things just don’t happen... and I think that there is a tremendous
amount of value to somebody who has never done it. At least being exposed to it, and having to do it... if
only that one time. Different target population — if we were hiring all ex-navy nuclear operators, if we
were hiring all ex-utility operators, and we just wanted to show them on video.....

That’s a good point! There is a balance between doing, and being humiliated enough to know that that’s
not easy to answer...

There is a benefit. Is it required? No. Does it help? I think it does. That would be my personal
opinion...

Instructor: They did a survey a long time ago when they were planning to get rid of the B&W and CE
simulators... So they went out to all the inspectors and examiners and everybody else at the time...and
said “Hey, are these things worth keeping, or not?” NRC wanted to move everything. If we would move
to HQ, the big question was should we take the W and GE simulators, or do we take all four. A lot of the
people fed back that there are enough differences that it is important enough to keep the other two
simulators.

Gore: With regard to the question that [ asked, I learn by doing. I can be told a zillion times, where to go
what to do, what to look for... and not find it to Wal-Mart, for pete’s sake. Whereas if I drive there or
walk there I have a chance of remembering it. And that’s certainly true for operating any piece of
equipment...

You’re talking about learning styles. We all have different learning styles....It’s a balance...

One of the perfect things that we do in the training, almost routinely, is at some point in the training we
say, “Hey! Before you go trip these bistables, you should check and make sure that it’s not going to cause
something bad to happen.” We say it. Almost invariably, whoever the trainees are, the first opportunity
they get they’ll go trip a bistable, and put all the rods on the bottom. Thereafter, we rarely can get them
to do it again...

I’ve even gotten seasoned guys to bite on that one.

Yes you can.

A8



We also have anecdotal evidence from people going through our systems and transient classes, who had
failed one or both, who were close enough and went through the simulator, “After I saw it and did it, it
made more sense to me.” And they do fine on the retakes because they have the learning style that it
made more sense after seeing it and doing it, than after having it explained to me.

Comment on the necessity of having analytical fidelity of following basic physical laws.
Minsk: We are going in with the assumption that thermohydraulic simulators will be full fidelity.

Gore: Is it agreed by everybody here that whatever simulator we get — it’s got to be operable by the
trainees. Yes. But, it might be acceptable — it’s at least a negotiable, arguable principle whether it’s
operable by hardware and switches, or by putting fingers on a touch screen or by manipulating it by some
other computer digital-related HSI...

Minsk: So, for example, if you have something that requires the functionality of a switch, it’s generally
implemented with a switch control. That switch doesn’t have to be a physical toggle, it can be a flat
display, or whatever,...as long as it has the same effect on operations.

Discussion of CR layout and crew interactions, and different operating stations. The trainees have to see
the whole interaction of the CR, and operation of the crew. But that can be a bunch of flat panels...

Soft controls should have a sufficient level of nuance to represent that actual physical switch — instead of
just having a button that you can push. If you’re watching it, you need to have enough understanding of
whatever representation you’re using in the simulator, that you can see that the operator in a real plant is
operating that switch correctly. There is some value to actually seeing how that switch operates.

Discussion of cost — suggestion that thermohydraulic fidelity may be the biggest cost, whereas physical
fidelity may not be that much additional. Also questions of space needed. Comments on hardware
problems with present B&W and CE simulators.

Miller: Question about a work group — what do they want out of simulator training? Answer addressed a
Steve Shaw...only addressing initial training...Miller: What do they want out of initial training? Ans: It
only addressed changing the qualification card looks. What we’re doing here seems great.

Minsk: One thing that I heard today in both the student sessions - they felt that they need some
knowledge of how to do the operations to evaluate how the operators do it. That would support the
statement that we do need simulator training, because you can’t do it in the field.

Minsk: Disc'n of conversation with head of FAA training program for FAA inspectors. They do
refresher training every year. They do it very differently — it is farmed out to flight schools and
universities with flight programs. The aviation safety inspectors are required to be pilots. They must
have so many hours — not a whole lot — but they all have experience being pilots. The FAA wants to
make sure that their guys are at (maintaining) standards, since they don’t get to fly any more unless they
do it on their own dime. Also, there are many changes in aviation technology, with glass cockpits, and
they need to get their inspectors exposed to the technology on simulators since they are not flying. Also,
they are certified on a type, say a jet, and they can do inspections on all kinds of different jets and
different cockpits, not just what they were trained on. So they are mainly evaluating — are they following
procedures correctly?
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Comments on how much the inspectors may not pick up on as a result of inadequacies in their training.
Rather diffuse discussion of training people out of college using simulators — both for flight and nuclear
operations, if you have enough time...

Minsk: Would you say that you guys have an objective, maybe not spoken, to train these guys enough so
that they understand and appreciate plant specific differences — not so much that they could understand
enough about how things work...I’m not saying that well...interrupted...

We give them one example of how a plant works. Downstairs we use a 4-loop Westinghouse plant —
there are 2-loop Ws and 3-loop Ws that work totally different from what the 4-loop plant does. The
injection systems and the ECCS systems are totally different. But we give them a base — this is how this
plant works through the procedures. The procedures on the other plants are going to be different. Other
low pressure injection points. They are going to be different.

If I could make an analogy... You said that you were in a flight simulator, and with an instructor there
you took off, you flew, and you landed it... Do you think that’s enough for you to be qualified? Minsk:
No.

That’s about what we’re doing with people, too... We’re bringing them into the simulator, we’re doing
startup, we’re getting to operate, we’re shutting it down, and then we’re doing some emergency stuff. So,
that’s what we’re working with, to give the basis for people, so they can go out...

But that same guy then goes to a bunch of other courses on conducting inspections, on field techniques...
How do you use this technology at the region to zero in on the stuff that NRC’s concerned about at the
operating plants?

If the plant has a good senior, hopefully, once they get out there...

This is just one piece of the overall...one block of a big chunk...This are a couple of signatures on a qual
card.

As aresident, I used to enjoy coming back to take one of the courses here, that we call the 704...because
you can be out at the site, and often you get the feeling that you’re sitting on a time bomb there...and if
there is an accident, you really haven’t looked at the EOPs real recently...and the bulk of your stuff is just
normal operations and surveillances and maintenance...but nothing real bad, fortunately, ever goes on.

So you feel in the back of your mind that you don’t really remember how that EOP situation works out.

So when you can take a week off and come here and in a week’s time run through all this stuff, imperfect
as it may be, and limited as it may be, with the capabilities of the simulator, and not being able to take it
all the way through, but still... It gives you a refresh view of the procedures that are involved, of the
concepts; it reinforces some stuff that the cobwebs have begun to sink in on so it’s a tremendous tool!

Discussion of limitations on time and equipment — what we’ve got is what we’ve got...this is a sub-
optimal situation, there are some discontinuities...we have limited control...

What we’re trying to do is SAT, so we’re going to do this analysis. You make your formula right, and
make your weighting factors right... We’ll figure out those tasks that we can do in two weeks that are the
most important.

Discussion of time limitations, requests from the program office. Comments on evolutionary changes

expected as plants hire different vendors to do their life extension and CR upgrades. Comments on
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testing of upgrades (digital sequencers) that didn’t work as expected when subjected to the NRC required
testing program. (Blocking relays didn’t drop if get an actuation during testing, but rather they sealed in!)

Minsk: So, for those of you who haven’t gone through the task inventory, if you have time, we’d very
much appreciate it if you do. We can talk about it more tomorrow. We didn’t really talk about the details

of that today.

Discussion concludes.

TTC Focus Group Discussion
Thursday March 20, 08 AM —Notes taken by B.F. Gore,

PWR Class, Instructors Phil Gephart and Bobby Eaton

Focus Question #1: What are the impacts of differences between TTC simulators and your work
assignment CR?

A#1: (Entered out of college) Minimal impact — focus is on procedural requirements

A#2: TI’ll take it a step further, they don’t even have to be vendor specific! I’'m a resident — It’1l be all
over when I get to the CR. (I’ve been licensed on both PWR and BWR.)

A#3: Navy PWR background. Vendor training refreshes us on details. This training has nothing to do
with our day-to-day jobs (EOP training).

A#1: Channel failures were more applicable to our daily jobs.
A#4: (Resident) Your satisfaction from training depends on your previous experience. I was fresh out of
college 17 years ago. TTC training brought it all together for me. But, you need plant specific training. 1

have to learn my plant.

A#2: Here’s a rule of thumb. It takes 3 years for an engineer to learn his job to where he is adding value
instead of just using resources.

A#1: TTC shortens the up-to-speed time. He tried to say something about negative training, but was cut
off...

Instructor Eaton: We only have 7 weeks, not 2 or 3 years!!!

Followed by considerable discussion that in that short a time, students learn concepts for subsequent
follow-up and refinement, not specifics of operation.

A#4: There is some importance to learning vendor specific details — but we do have on-site resources.
There is value to putting your hands on the switches. A touch screen would be acceptable.

A#5: There is better retention than if you watch!

Minsk: How about virtual reality?



A#5: That’s a broad question to ask the industry. Ifthe controllers modeled on the computer screen
don’t look identical, that’s not a big deal.

A#1: (finally gets his comment on negative training in) If moving from a BWR to a PWR, that would be
negative training. The mimic of a swich should have the same information as a real switch.

Miller: The old simulators will still be here. We can train on them to show “real switches”.

(not sure who): Davis Besse has screens as part of their SAT based training. Afterwards they go into the
simulator. They just don’t have enough simulator time!

Gephart: Lets talk about crew interactions. What about different size crews? 2 vs 4?

A#1: It would benefit training to be as realistic as possible. It would benefit the agency to get them out
to plants as soon as possible.

Minsk: I feel a concensus. There needs to be interactions with the plant. We don’t necessarily have to
have the same controls — physical fidelity.

A#5: All Westinghouse plants have the borate switch. Training should have the switch.

A#1: A picture would be OK. Even a screen reversed left to right wouldn’t matter. That situation
actually exists in some CRs!

End of detailed notes —Focus Group discussion at TTC March 20, 2008

Thurs AM Transcribed Disscussion — Recording Starts after the
Discussion & Hand Notes Started. Topic Addresses Recurring Training

———————— I’m doing this again — and again- and so for me there’s not a lot of value.

Gore: — Which is why examiners and NRC likes to hire ex-navy nukes. ‘Cause they already know the
boards and the TSs and procedures...

Well — we don’t have TS in the Navy.

We don’t even have Boron in the navy!

I would lean more towards ..unintelligible...

I came out of the navy, so I had all the plant knowledge — how they work background — for navy PWRs. 1
find going to the vendor specific training worthwhile because it refreshes me on setpoints, interlocks,
intersystem interactions, for the plant where you are. I agree with Mike here, that this training has

nothing to do with our day-to-day jobs, day-in, day-out.

Gore You're a resident? Examiner?
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Well, both. I’m in construction now, so I’m neither. But I was the Sr Res at Watts Bar until this last
June. But I also agree with Mike. I come to the refresher as an examiner every 2 yrs and as resident
every 3 yrs, and for me its just a break from routine. Do I feel I need to come to referesher every 3 yrs?
No.

But they make us come anyway.
Well, that’s above us. It’s a policy...
So there’s something else — it’s a major change in policy.

...and I still enjoy it. It’s got some worth, to some extent, because it gets you back on the panels, lets
you manipulate the switches, lets you see the plant’s performance. I think last week probably was a little
closer applicable to our daily job than this week. The technology, the TS, the day to day operations —
which is what they do every day. But this week, this EOP portion...

Is what you hope that you never do.

..1s what we hope that we never do. But if we do...

We have to be ready!!!

**** skipping discussion — specific, extracted quotes and summaries follow

Resident: Your satisfaction (with the training) is highly dependent on the skill sets you had before the
training. When [ was going through boiler training, it was at Black Fox, but | was stationed at Dresden.

So there were tremendous amounts of differences. But you can deal with the differences. You spend
day-in, day-out at the plant. You learn the plant specific differences. So the differences of the simulator
(from the plant) do not bother me. When I go back I still have to learn the plant. Whatever we learn here
just sort of helps you coming out of it. I felt [ was helped tremendously with my job. Coming out of TTC
doesn’t mean that you are fully experienced and fully qualified. But at least it gives you the basic skill
sets that you can take and learn, and build your experiences.

Gore: So the differences have minimal impacts because you have the concepts and can apply them to the
specifics, as opposed to being an operator where there is a big emphasis on “Don’t give them negative
training.”

skesksk

Instructor: All we have here is 7 to 10-12 weeks, whereas you’re talking a three year program! We just
don’t have the time here. We just begin to do things, and then it’s up to the individual to be able to get
out there and work on their own....

skokok

Gore: Let me come back to your comment. I like the one about, “There is some value to putting your
hands on the switches.” [laughter] But let’s take that a jump shift, How about, if instead of having the
hard panel and the switches, you had a computer with a screen and a touch screen, vs that.

You know, I think that would be acceptable also. Personally, I would. And I think that’s what the CRs
will be moving to in the future, and that’s what the operators will be using.
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skesksk

Minsk: Does it matter if a controller is functionally the same, but looks different from the actual plant?
(lots of chatter and interruptions...)

I don’t think that matters, if there are different style switches or controllers. Agreeing comments...
discussion of tactile vs conceptual learning...

That’s probably very dependent on the person’s experience. You know, I can look at that and I can
equate that with switches I have seen and manipulated, so for me its no big deal. But for a person coming
out of college, they may not equate that to a physical swith....interruptions and discussions about
experiences with computer games, etc...

Bates: Suppose we can replicate a switch exactly on a CRT screen, so its not 3-dimensional, but just flat.
Do you feel, since you don’t actually operate, but are observing the operation of others in the plant, that
its necessary for you to have the tactile feedback of what it is to take the control switch to pull-to-lock,
since you can’t do that on a CRT screen, but you could accomplish it on a touch screen by just touching
the switch in the appropriate position. Is it most important to learn that that function is there, or to gain
the tactile feedback of actually moving it?

I think it’s important to know that the function is there, and I’'m used to doing it like that. The next
generation, they’re going to be used to doing it like this. Additional discussion of future CRs vs this
generation of CRs....

Without predicting future CRs, as long as the mimic of the switch (however you do it) has the same
options as the real switch has, and performs the same functions, I don’t think it matters whether it’s a
touch screen or an actual switch.

Discussion of physical mockups, and other possibilities for training the physical concepts... Also, an
instructor noted that the old simulators will still be at TTC, and can also be used for examples of physical
switches in training.

skokok

Gore: You set us up for this question very nicely when you said the training here gives you the concepts.
And this certainly, to me, gives you the concepts. And whether it’s one of those controllers that’s in here,
or a touch screen, or whatever, as you said — you picked that up earlier - but I didn’t want to put that in
anybody’s mouth. We’re here to get your ideas.

Discussions of similar training concepts already employed at Davis Besse due to limited simulator
availability. Computer training outside of simulator as part of their SAT-based program — then class goes
into the simulator for additional training.

skokok

Minsk: - attempting a high level summary: I think we have a concensus that there needs to be some
interactivity with the plant. You are able to input some type of control interactions as in a similar plant.
But it doesn’t necessarily have to have the same controls and displays. Is that true?

Yes. It’s still a learning process. Additional discussion of various representations of the borate switch at
Westinghouse plants followed.
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skesksk

What if everything was reversed — left to right? Doesn’t matter?

Quad Cities and some of the other Excellon units have that right now!
Discussion of mimics and their importance.

skesksk

Minsk: I’m not sure we’ve converged, and that’s fine. I hear that sometimes it matters that we have
something that looks like the actual plant, sometimes it doesn’t.

I’m thinking that the big delta will be between the experienced people and the inexperienced people,
whether it matters or not. For me it doesn’t matter, ‘cause I’ve been there, done that. But for the guys
fresh out of college it may matter. I don’t know. And I don’t think that this group can answer that.

Discussion of DVDs with simulator capabilities and other advanced capabilities for exam writing — doing
requal in home office — virtual simulators with avitars....Miller:--- that’s way over the horizon stuff...

kokok

Gore: Backing up again to 30,000 feet, 7 weeks at TTC. There is no way that you can teach anything
significantly more than concepts. This is a way of teaching concepts, and the people in the room can take
those concepts and translate them to hard controllers - if and when they need to.

Miller: brief discussion of short courses for various groups, and what to cover, and enabling and terminal
objectives — what do you want these people to be able to do?

skesksk

Miller: We have to be able to articulate what we accomplish in this course.

skesksk

Miller: All right! We appreciate your time!
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Appendix B

DIF Analysis Rating Scales and Results

B.1 Rating Scales

Table B.1. DIF Criteria for Rating the Task/Inventory Items

Scale Definitions

DIF Dimension RI OLE
Difficulty of task performance in | 1 = Very Low 1 =Very Low
current job assignment

to to

Knowledge items: Difficulty of
recalling and applying the 5 =Very High 5 =Very High
knowledge in current job
assignment
Importance of task to safety 1 = Very Low 1 = Very Low
Knowledge items: Importance of to to
knowledge to safety

5 = Very High 5 = Very High

Maximum frequency of
performing task in current job
assignment

Knowledge items: Maximum
frequency knowledge is used in
current job assignment

1 = Once a year or less

2 = Multiple times a year

3 = Multiple times a month
4 = Multiple times a week
5 = Multiple times a day

1 = Seldom if ever evaluated

2= Evaluated in some but not all
simulator exams

3 = Evaluated at least once in
every simulator exam

4 = Evaluated in most scenarios
of every exam

5 = Evaluated in all scenarios of
every exam

B.1
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Appendix C

Task/KSA Types and Levels Rating

An expert panel applied the following rating protocol to characterize the level of KSA needed for each
type of KSA for each item in the Task/KSA Inventory. The results of this rating process were used in
assessing physical fidelity requirements for the different items and, overall, for the RI and OLE positions.

C.1 Rating Scales

C.1.1 Knowledge

C.1.1.1 Factual Knowledge

Facts — basic, accepted information elements or details; terminology; definitions. Facts differ from
concepts in that they are ‘elemental’ and essentially stand on their own. Example facts: the name of the
street you live on; regulations that apply to operating a commercial power reactor in the US. Facts can be

critical to performance of a task, but it may not be necessary to recall them if they can be

referenced/looked up during the task without impacting the performance. Also, recalling a single fact
may be essential to performing one task, while recollection of many facts may not be essential, but
helpful, for another.

Select the right-most statement that is true for the task being rated.

Internal
knowledge
of facts

No recollection or
recognition of
facts needed for
successful
performance of
task.

Recollection or
recognition of
facts is helpful,
but not essential,
for successful
performance.

Essential to
recognize that
observed
information
accurately
represents
something known
to be true.

Essential to
recall basic
facts from
memory.

Essential to recall
or recognize
basic facts from

memory quickly.

Select the right-most statement that is true for the task being rated.

External
information
about facts

No external
information about
facts needed for
successful
performance of
task.

External
information
about facts is
helpful, but not
essential, for
successful
performance.

Essential to use
external
information to
verify that
observed
information
accurately
represents
something known
to be true.

Essential to use
external
resources to
access factual
information.

Essential to use
external
resources to
quickly access
factual
information or
verify observed
information.

C.1




C.1.1.2 Conceptual Knowledge

Concepts — interrelationships among elements; structure; classification; categories; generalizations;
theories; models. Level of comprehension of a concept can be exemplified by the complexity with which
it is employed by the person using the concept. The level comprehension necessary for successful
performance of different tasks can vary across different concepts.

¢ Understand. A fundamental level of comprehension is shown by the ability to explain, interpret,
rephrase or summarize the concept or make comparisons or classifications using the concept.

* Analyze. A higher level of comprehension enables one to draw conclusions about a state of
affairs using it, decompose something into its parts or functions using it, or integrate parts or
functions into a whole using it.

¢ Evaluate. A still higher level of understanding of a concept allows one to make good judgments
about the truth, quality, or validity of something or a state of affairs.

¢ C(Create. The highest level of understanding allows one to create new concepts based on the
concept that allows one to explain or predict something or a state of affairs better than has been
done before.

For each task item and each knowledge item, select the right-most level of comprehension required for
successful performance of the task.

None Understand Analyze Evaluate Create

K-1
K-2
K-3
K-6

(K-1) Knowledge of system function, design, and operation.

(K-2) Knowledge of the components in the system and the effects a malfunction of system
component(s) would have on system performance, operation of the system, and of the consequences (risk)
associated with the malfunction.

(K-3) Knowledge of the physical connections and cause-effect relations between the system and other
systems, including knowledge of the effect that loss or malfunction of the system would have on other
systems.

(K-6) Knowledge of the physical, chemical, thermal, and electrical properties and processes of the plant
and their impact on plant behavior.

(K-7) Knowledge of reactivity effects associated with various plant evolutions and the impact the

effects have on plant operations.
Procedural Knowledge
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C.1.1.4 Procedural Knowledge
Procedural knowledge of how to do something; methods; techniques; knowledge of criteria for selecting
procedures. Procedural knowledge can often be tacit or not easily articulated.

For each task item, select the right-most level of comprehension required for successful performance of
the task. Do the same for K-4 & K-5.

Procedural | No need to Only need to | Need to Need to Need Need to
knowledge know know the know how it | know how to | fluency. know how to
purpose of is done, but execute it, teach fluency
the thing not how to but effortful, well.
being done execute it. awkward, or
slow.

(K-4) Knowledge of plant procedures, including administrative, normal, abnormal and emergency
procedures, and the site Emergency Plan.

(K-5) Knowledge of Technical Specifications and other regulatory requirements for operation and
maintenance of the plant.

C.1.2 Psychomotor Skills

C.1.2.1 Psychomotor Skill Types
¢ Motor skill (e.g., movements of hand/fingers) — involves voluntary movement to complete a task

¢ Visual skill — includes visual memory (ability to recall visual information, including objects and
scenes; temporal and spatial aspects), visual analysis (ability to visually match, discriminate, or
identify), visualization (‘virtual’ manipulation of a physical object in one’s thoughts)

¢ Auditory skill — includes auditory memory, auditory analysis (as above with visual skill)
* Tactile skill — includes tactile memory, tactile analysis (as above with visual skill)

C.1.2.2 Psychomotor Skill Levels
¢ Familiarity — knowledge of how to carry out the skill, but cannot execute skill reliably

¢ Controlled — can execute skill reliably but requires attention to execution; can be slow, deliberate,
unpracticed

¢ Automatic — can execute skill reliably with little attention to execution; quick, fluent, efficient,
highly practiced

Psychomotor
Skill Type Not needed Familiarity needed Controlled needed Automaticity needed

Motor skill

Visual skill

Auditory skill

Tactile skill
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C.1.3 Abilities

The Non-knowledge abilities identified in the inventory are rated in terms of

*

*

*

Basic familiarity
Competency
Mastery

C.1.4 Summary of Rating Scale (Level by Type)

*

The following scale was used to rate the level of KSA needed for each type of KSA for each of
the inventory items:

Internal Knowledge of FACTS
1. No recollection or recognition of facts needed for successful performance of Task/KSAitem;
2. Recollection or recognition of facts is helpful, but not essential, for successful performance;

3. Essential to recognize that observed information accurately represents something known to be
true;

4. Essential to recall basic facts from memory; and

5. Essential to recall or recognize basic facts from memory quickly.

External Information about FACTS

1. No external information about facts is needed for successful performance of Task/KSAitem;
2. External information about facts is helpful, but not essential, for successful performance;

3. Essential to use external information to verify that observed information accurately represents
something known to be true;

4. Essential to use external resources to access factual information; and

5. [Essential to use external resources to quickly access factual information or verify observed
information.

Conceptual Knowledge

1. None — No conceptual knowledge is needed for successful performance of the Task/KSA
item;

2. Understand — A fundamental level of comprehension, shown by the ability to explain,
interpret, rephrase, or summarize the concept or make comparisons or classifications using
the concept is needed for successful performance;

3. Analyze — A higher level of comprehension, enabling one to draw conclusions about a state
of affairs using it, decompose something into its parts or functions using it, or integrate parts
or functions into a whole using it, is necessary;

4. Evaluate — A still higher level of understanding of a concept that allows one to make good
judgments about the truth, quality, or validity of something or a state of affairs is necessary;
and
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5. Create — The highest level of understanding that allows one to create new concepts based on
the concept that allows one to explain or predict something or a state of affairs better than has
been done before is needed.

¢  Procedural Knowledge
1. No need to know for successful performance of the Task/KSA item
Only need to know the purpose of the thing being done;
Need to know how it is done, but not how to execute it;

2
3
4. Need to know how to execute it, but can be effortful, awkward, or slow;
5. Need fluency; and

6

Need to know how to teach fluency well.
¢ Psychomotor Skills (Motor, Visual, Auditory, and Tactile)
1. Notneeded

2. Familiarity needed — need knowledge of how to carry out the skill for successful
performance, but do not need to be able to execute the skill reliably

3. Controlled — need to be able to execute the skill reliability, but execution can require
attention, can be slow, deliberate, and/or unpracticed

4. Automatic — need to be able to execute skill reliably with little attention to execution;
execution needs to be quick, fluent, efficient, highly practiced.

C.2 Results of the Level and Type of KSAs for each Task/KSA
Inventory ltem

Table C.1. Ratings of Task/KSAs on Levels of Knowledges and Skills Needed

T Task/KSA Inventory Items
y
p Level Required for Successful
e Performance of Task Knowledges Ops Mgt Lic
FACTS-Internal knowledge of facts
3 | Essential to recognize that Mgt-1;
observed information Mgt-3;
accurately represents Mgt-4
something known to be true.
4 | Essential to recall basic facts K-4; K-5 Ops-1; Ops-4b; Ops-7; Ops-10; | Mgt-2; Lic-1;
from memory. Ops-11; Ops-14; Ops-15 Mgt-5 Lic-2
5 | Essential to recall or recognize Ops-2; Ops-3; Ops-4a; Ops-5;
basic facts from memory Ops-6; Ops-8; Ops-9; Ops-12;
quickly. Ops-13; Ops-16
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T Task/KSA Inventory Items
y
p | Level Required for Successful
e Performance of Task Knowledges Ops Mgt Lic
FACTS-External knowledge of facts
3 | Essential to use external Mgt-1;
information to verify that Mgt-3;
observed information Mgt-4
accurately represents
something known to be true.
4 | Essential to use external resources | K-4; K-5 Ops-1; Ops-4b; Ops-7; Ops-10; | Mgt-2; Lic-1;
to access factual information. Ops-11; Ops-14; Ops-15 Mgt-5 Lic-2
5 | Essential to use external resources Ops-2; Ops-3; Ops-4a; Ops-5;
to quickly access factual Ops-6; Ops-8; Ops-9; Ops-12;
information or verify observed Ops-13; Ops-16
information.
K-1; K-2; K-3; K-6; and K-7 (Plant Knowledge) [From the Task/KSA Inventory]
1 | None (No knowledge needed)
2 | Understand K-4; K-5 All Ops- items Mgt-1; Lic-1;
Mgt-2; Lic-2
Mgt-5
PROCEDURAL Knowledge
2 | Only need to know the purpose of Mgt-1
the thing being done
3 | Need to know how it is done, but K4; K-5 Ops-1; Ops-2; Ops-3; Ops-4a; Mgt-2; Lic-1;
not how to execute it. Ops-4b; Ops-5; Ops-6; Ops-8; Mgt-3; Lic-2
Ops-11; Ops-12; Ops-13; Mgt-4
Ops-14; Ops-15
4 | Need to know how to execute it, Ops-7; Ops-9; Ops-10; Ops-16 | Mgt-5
but effortful, awkward, or slow.
PSYCHOMOTOR Skills Motor
1 | Not needed K-4; K-5 All All Lic-1;
Lic-2
2 | Familiarity Needed
PSYCHOMOTOR Skills Visual
Not needed K-4; K-5 Mgt-3
2 | Familiarity Needed All Mgt-1; Lic-1;
Mgt-2; Lic-2
Mgt-4;
Mgt-5
PSYCHOMOTOR Skills Auditory
1 | Not needed K-4; K-5 Mgt-4;
Mgt-5
2 | Familiarity Needed All Mgt-1; Lic-1;
Mgt-2; Lic-2
Mgt-3;
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Task/KSA Inventory Items

T

y

p Level Required for Successful

e Performance of Task Knowledges Ops Mgt Lic

PSYCHOMOTOR Skills Tactile

1 | Not needed K-4; K-5 All All Lic-1;
Lic-2

2 | Familiarity Needed
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Appendix D

Reactor and Simulator CR Systems and
Elements and Their Importance to
Task/KSA Inventory Items

D.1 Results of the Importance of Systems to Task/KSA Inventory
Iltems Analysis

Table D.1. Rating of the Importance of Each HSI System to Each Task/KSA Item

1 =Not
important

2 = Somewhat
important

3 =Important

Control Systems
Dedicated Safety-

related

Procedure
System
Instrumentation
System
mm[\)[\)»—‘»—‘wmmwww_‘»—awmwwmmwmwwwwwControls&
Displays
Displays of
Integrated
Information
Alarms/
pRlv|w|lw|=|=lw|lwjlw|lw|lw|lw|v|v|lw|lwloo]lwolo|o]o|o|o]o| o] Annunciator
System
Group-view
Display System
Workplace
Design

Ops-1 RI
Ops-1 OLE
Ops-2 RI
Ops-2 OLE
Ops-3 RI
Ops-3 OLE
Ops-4a RI

Ops-4b RI
Ops-4b OLE

Ops-5 RI
Ops-5 OLE

Ops-6 RI
Ops-6 OLE
Ops-7 RI
Ops-7 OLE
Ops-8 RI
Ops-8 OLE
Ops-9 RI
Ops-9 OLE
Ops-10 RI
Ops-10 OLE
Ops-11 RI
Ops-11 OLE
Ops-12 RI
Ops-12 OLE
Ops-13 RI
Ops-13 OLE
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important
Somewhat
important
Important

1= Not

2
3

Ops-14b RI

Ops-14b OLE
Ops-15 RI

Ops-15 OLE
Ops-16 RI

Ops-16 OLE
Mgmt-1 RI

Mgmt-1 OLE
Mgmt-2 RI

Mgmt-2 OLE
Mgmt-3 RI

Mgmt-3 OLE
Mgmt-4 RI

Mgmt-4 OLE
Mgmt-5 RI

Mgmt-5 OLE
Lic-1 RI

Lic-1 OLE
Lic-2 RI

Lic-2 OLE
K-4 RI

K-4 OLE
K-5RI

K-5 OLE
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Table D.2. Preliminary Taxonomy of CR HSI and Simulator Systems and Elements

Elements of Control Room Simulators and the Basis for Fidelity Comparisons Assumed Technology

System Commun-

Control Input Decision ication Workplace Simulator User — System

Panels Display Devices Alarms Aides Equipment Design Model Interaction
Labeling Video Keyboards General Display SPDS Telephones Stand-up Console Data Quality Command Language
Gauges Flat Panel — Large Function Alarm Messages Plant Sound Powered Sit-Down Console Response Rate Menu Selection

Screen Keys Computer Phones
CRTs Printer/Recorders Track balls Organization of Reference Portable radios Sit-Stand Freeze Frame Function Keys
Alarms Material & Workstation
Procedures
Valve Position Audio Display Joy Sticks Silence Control Paging Systems Vertical Panels Back Track Forms
Indications
Manual Valve Analog/Digital Mice Acknowledge Emergency Desks Fast Forward Cursers
Control Meters Control Communi-cation
Systems
Environment Light Indicators Touch Reset Control Chairs Malfunctions Prompts
Screens
Communication Numeric Readouts Graphic Test Function Furniture & System Interface Feedback
Systems Tables Equipment Layout
Pump Control Mimics Speech Input Failure Indication Environment Advisory Messages
Devices

Breaker Control

Graphic Instrument
Displays

Push Buttons

Audible Indication

Panel Layout

Error Messages

Alarms Non-Safety & Safety | Rotary Panel Design System Response
Grade Indication Controls Time
Panels Analog Indication Analog Panel Labeling Display Selection &
Controls Navigation
Consoles Digital Indication Digital Emergency Display Controls
Controls Equipment
Paper recorders Switches Reference Material Saving Files &

& Document
Organization &
Storage

Information

Digital Recorders

Protection of Data

System Security

Malfunctions
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Table D.3. Lesson Plan Cross-Walk with Task/KSA Inventory Items

Lesson # 624P-1.2 Title: System Review - Rod Control & Excore

Applicable Advanced Reactor System -

Instrumentation Time: 60 Minutes
Objectives Presentation: Knowledges/Skills/Abilities
1.1 Provide the student with K-1 A. Controls (Show use and location of K-1. Knowledge of system function, design and operation, including power supplies and interlocks
the following detailed K-2 the following) affecting system operation.
information concerning the K-3 1. Rod bank auto/mangal selector K-2. Knowledge of the components in the system and the effects that a loss or ‘malfunction of system
Rod Control System and the K-4 2. IN-HOLD-OUT switch component(s) would have on the performance of the system and on the operation of the system.
E Nucl Y 3. Source range block/reset K-3. Knowledge of the physical connections and/or cause-effect relations between the system and other
Xcore Nuc _ear 4. Intermediate range block systems, including knowledge of the effect that loss or malfunction of the system would have on other
Instrumentation System: 5. Power range block systems, and vice-versa.
1.1.1 Controls that be 6. Startup reset K-4. Knowledge of procedures controlling normal, abnormal and emergency operations of the plant, and
manipulated by the student 7. Rod control alarm reset the contents and application of administrative procedures and the site Emergency Plan.
during the course of a 8. Tavg and AT defeat switches K-5. Knowledge of Technical Specifications and other regulatory requirements addressing operation and
reactor startup, shutdown, K-1 9. Both manual trip switches maintenance of the plant.
and /or power operation. K-2 B. Instrumentation (Show use and K-6. Knowledge of the physical, chemical, thermal, and electrical properties and processes involved in
. K-3 location of the following) and underlying operation of the plant.
1.lrfus(t;ggt;;lei;ggl;zsbtlgitk K-4 1. Source range count and SUR (Ops-1) Monitor and evaluate plant status, and identify trends, using CR indications.
SO 2. Intermediate range current and SUR (Ops-2) Operate, using procedures, plant systems and equipment and monitor resulting changes to plant
reactor tr1p 51gnals or to 3. Power ran d
1. . ge level and Aflux parameters and status
inhibit/bypass faulted 4. Step counters (Ops-3) Anticipate, recognize, monitor, verify, and report appropriately, automatic plant actuations and
instruments from various 5. RCS temperature operations
automatic control stations. a. OPAT (Ops-4) Determine/verify operability and availability of safety-related systems and equipment
1.1.3 Indications available to b. OTAT (Ops-5) Monitor and cross-check diverse indications to verify and/or correctly understand plant
the student from this c. AT conditions and to identify potential instrument or equipment malfunctions, and respond appropriately to
location used to evaluate the d. Tavg malfunctions/failures using plant procedures
tat £ th 6. NR-45 recorder (OPS-6) Obtain, interpret and properly use CR reference materials, including normal operating
status of the core. Ops-7 | 7. Tref/Tavg auctioneered procedures, EOPs, AOPs, E Plan, and drawings. (e.g., determine, using procedures, the anticipated
Lic-1 C. Annunciation to be aware of during effect; on reactivity of plant changes such as primary system cooldown or secondary system
Simulator IC, MALF, Ops-S | startup operations.) , o
LOA. or TS Item Ops-6 1. SR HI FLUX AT S/D BLOC (Ops-7) Respond appropriately to annunciator initiations, including silencing of distracting alarms,
TS 3 i 5) 2. ROD BOTTOM ANNUNCIATION removal from service, and restoratior}, as well as responding to th; ipdicated abnorrnality. '
o (Ops-8) Monitor, and operate appropriately from the CR, plant radiation control, release, instrumentation,
{TS 3.1.8) 3. SR HI VOLT FAIL : > CR, pl _
SR 3'1'5 3 4. ROD BANK LIMIT LO and alarm systems using procedures and other administrative and regulatory guidance.
iTS 3'1 ‘Gi } K-5 5. ROD BANK LIMIT LO-LO (OP$—9) Operate thg plant computer to call up additional plant status and trend information beyond that
e 3.1.7} D. Associated Technical Specifications available on pgnel instrumentations. _ _ o .
o 1. Control Rods (OPS-10) Provide clear and complete shift turnover information, including panel walkdowns, to
gg g;ii a. Control rod operability oncoming DR crewmembers providing plant status, conditions and operations in progress.
o b. Rod position indication (Mgmt-1) Manage and lead the CR operating team.
{TS3.3.1}

¢. Rod drop times

d. Rod insertion limits

2. Excore Nuclear Instruments
a. Axial Flux Difference

b. Quadrant Power Tilt Ratio
c. Reactor Protection System

(Mgmt-2) Manage and coordinate, using the plant communications system, operations tasks performed
outside the CR, and monitor CR indications of task performance.

(Mgmt-3) Provide clear and concise verbal communications to the CR operating crew, plant staff,
supervisory personnel and management.

(Mgmt-4) Write clear and accurate logs, records, and status tables documenting plant status and operator
activities.

(Lic-1) Recognize entry conditions for EOPs, AOPs, TS Action Statements, License Conditions, and
Emergency Plan, and take appropriate actions.

(Lic-2) Document and track TS and other license-related issues and either verify resolution prior to time-
clock expiration or plan/initiate required plant status changes.

(Lic-3) Determine the desired operational path forward based on plant status information and
administrative procedures and directives.
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Table D.3. (contd)

Lesson # 624P-1.3 Title: System Review - Bistable Status Panel

Time: 60 Minutes

Applicable Advanced Reactor System -

Objectives Presentation: Applicable Knowledges/Skills/Abilities
1.1 Provide the student with K-4 A. General Operating Instruction Format K-1. Knowledge of system function, design and operation, including power supplies and interlocks
information concerning the K-5 1. Purposg o affecting system operation. ) .
following; 2. Pr_egautlons ?pd Limitations K-2. Knowledge of the components in the system and the effects that a loss or _malfunctlon of system
3. Initial Conditions component(s) would have on the performance of the system and on the operation of the system.
1.1.1 Use of procedures 4. Procedure K-3. Knowledge of the physical connections and/or cause-effect relations between the system and
1.1.2 Layout of the General K-4 B. Precautions and Limitations (GOI 2-2) other systems, including knowledge of the effect that loss or malfunction of the system would have
Operating Instructions (GOls) K-5 1. Section 4.1 on other systems, and vice-versa.
1.1.3 Precautions and limitations to | Lic-1 a. Operating personnel K-4. Knowledge of procedures controlling normal, abnormal and emergency operations of the plant,
follow during startup Lic-2 b. Criticality limitations and the contents and application of administrative procedures and the site Emergency Plan.
1.1.4 License limits Lic-3 c. Ensures a controlled approach to | K-5. Knowledge of Technical Specifications and other regulatory requirements addressing operation
1.1.5 Information available from critical conditions and maintenance of the plant.
the protection system permissive d. Ensures shutdown capability K-6. Knowledge of the physical, chemical, thermal, and electrical properties and processes involved
with the control rods in and underlying operation of the plant.
status panel and the bypass e. Ensures rod position systems are | (Ops-1) Monitor and evaluate plant status, and identify trends, using CR indications.
status panel. aligned prior to rod motion (Ops-2) Operate, using procedures, plant systems and equipment and monitor resulting changes to
f. Ensures shutdown capability with plant parameters and status
Simulator IC, MALF, LOA, the control rods (Ops-3) Anticipate, recognize, monitor, verify, and report appropriately, automatic plant actuations
or TS Item g. Shutdown rods must be fully and operations
- withdrawn prior to control rod (Ops-4) Determine/verify operability and availability of safety-related systems and equipment
INIT 8 motion per {SR 3.1.6.1}. (Ops-5) Monitor and cross-check diverse indications to verify and/or correctly understand plant
(NOTE: IC 7 is unstable) h. SUR within the limitations as per conditio_ns and to identify.potent‘ial instrqment or equipment malfunctions, and respond
GOI 2-1 is complete until MFP is ) PLS approprlately‘to malfunctlons/fallures using plant procedures o ' )
desired. i. Ensures controlled approach to (OPS-6) Obtain, interpret and properly use CR reference materials, including normal operating
This procedure has 25 precautions. criticality procedures, EOPs, AOPs, E Plan, and drawings. (e.g., determine, using procedures, the anticipated
These precautions should be discussed K-5 C. License Limit Requirements effects on reactivity of plant changes such as primary system cooldown or secondary system
in some detail before a Rx S/U. Lic-1 1. Limits addressed by checklists at operations.)
{TR-Table 5.1.2-1} Lic-2 the end of the procedure. (Ops-7) Respond appropriately to annunciator initiations, including silencing of distracting alarms,
(TS 3.1.5} K-6 2. Brieﬂy discuss the following items removal frorp service, and restoratim‘l, as well as responding to thf: ir}dicated abnormality.
(TS 3.1.6} in Checklist 3: (Ops-8) Monitor, and operate appropriately from the CR, plant radiation control, release,
(TS3.1.7} a. Safety Limits instrumentation, and alarm systems using procedures and other administrative and regulatory
(TS 3.1.8} b. Minimum temperature for guidance. - ) -
(TS 2.1.1} criticality (OPS-9) Operate the plant computer to call up additional plant status and trend information beyond
(TS 3.4.2} K-1 c. DNB Parameters that available on panel instrumentations.
(TS 3.4.1} K-2 D. Protection System Bistable Status (OPS-10) Provide clear and complete shift turnover information, including panel walkdowns, to
Introduce the use of control room logic K-3 Panel oncoming DR crewmembers providing plant status, conditions and operations in progress.
drawings [M1T-13 (1 thru 16)] Ops-7 1. Explain how all protective bistables | (Mgmt-1) Manage and lead the CR operating team.
Ops-6 (permissives, reactor trips, and (Mgmt-2) Manage and coordinate, using the plant communications system, operations tasks

ESFactuations) are shown on panel
2. Briefly describe the logic behind
lights coming on and going off for
the permissives
E. Control Interlock Bistable Status Panel
1. Explain how the control interlocks
are displayed on panel
2. Briefly describe the steam dump
arming lights for steam dumps

performed outside the CR, and monitor CR indications of task performance.

(Mgmt-3) Provide clear and concise verbal communications to the CR operating crew, plant staff,
supervisory personnel and management.

(Mgmt-4) Write clear and accurate logs, records, and status tables documenting plant status and
operator activities.

(Lic-1) Recognize entry conditions for EOPs, AOPs, TS Action Statements, License Conditions, and
Emergency Plan, and take appropriate actions.

(Lic-2) Document and track TS and other license-related issues and either verify resolution prior to
time-clock expiration or plan/initiate required plant status changes.

(Lic-3) Determine the desired operational path forward based on plant status information and
administrative procedures and directives.




9°'d

Table D.3. (contd)

Lesson # 624P-1.4 Title: Reactor Startups
Time: 4 Hours

Applicable Advanced Reactor System -

Objectives Presentation: Knowledges/Skills/Abilities

1.1 Provide simulator orientation to the NOTE: It takes approximately 30 minutes K-1. Knowledge of system function, design and operation, including power supplies and
student to perform each startup and escalate power interlocks affecting system operation.

1.2 Provide the student with the to 5SE-10 amps.A. Each student should take K-2. Knowledge of the components in the system and the effects that a loss or malfunction of
following: the reactor critical and escalate power to at system component(s) would have on the performance of the system and on the operation of the

1.2.1 An understanding of how the core
is made critical.

1.2.2 How to recognize criticality. Ops-2

1.2.3 How to control the reactivity of Mgmt-
the core. 4

least SE-10 amps.

1. If the class is small (3 or 4) power may
be raised to POAH. In any case, the last 2 or
3 startups should be raising power to at least
2% and starting a main feedwater pump.

1.2.4 Effects of subcritical Ops-10 | B. Have students not directly involved with
multiplication. Ops-2 the startup complete the checklists as
1.2.5 Technical specifications that may Ops-1 referenced on the cover sheet.
be entered during rod withdrawal. Ops-5 | C. Perform reactor startup IAW GOI 2-2
Ops-7 | D. Provide students with ECC
Simulator IC, MALF, LOA, or TS Mgmt- 1. 120 steps on bank D for first startup
Item 1 2. For subsequent startups, vary the
INIT 8 Mgmt- boric acid concentration in the RCS to
OI 8-1 2 vary the critical rod position. A change
PLPRCS 1 Mgmt- of £1 ppm will change critical rod
PZR 2 3 position by approximately 2 steps.
CVC3 K-1 E. Explain how to recognize criticality
{TS 3.4.2} 1. Describe how the count rate at
{TS 3.1.7} K-6 criticality can be changed by
CROC&TRM allowing subcritical multiplication to
Figure 1.20 increase counts.

K-6 a. Recall that theoretically the core can be
taken to 100% power without achieving
criticality. However, in practice, this cannot
K-5 be accomplished due to rod worth

Lic-1 F. Ensure the students are aware of the
Lic-2 following Technical Specification items:
1. Minimum temperature for criticality.
2. Rod insertion limits
G. Startup Demonstration
1. Initial Conditions
a. Have students take the reactor critical
and level power at SE-10 amps.
Ops-1 b. Pull rods to achieve 2 dpm SUR
K-6 c. Ask students to determine final power
Ops-9
Mgmt- | 1) Monitor power on indications

4 2) Note point of doppler and MTC feedback
Ops-6 | 3) Calculate reactivity added by rod motion
for final SUR

4) Use power defect curve to determine
final power

system.

K-3. Knowledge of the physical connections and/or cause-effect relations between the system and
other systems, including knowledge of the effect that loss or malfunction of the system would
have on other systems, and vice-versa.

K-4. Knowledge of procedures controlling normal, abnormal and emergency operations of the
plant, and the contents and application of administrative procedures and the site Emergency Plan.

K-5. Knowledge of Technical Specifications and other regulatory requirements addressing
operation and maintenance of the plant.

K-6. Knowledge of the physical, chemical, thermal, and electrical properties and processes
involved in and underlying operation of the plant.

(Ops-1) Monitor and evaluate plant status, and identify trends, using CR indications.

(Ops-2) Operate, using procedures, plant systems and equipment and monitor resulting changes to
plant parameters and status

(Ops-3) Anticipate, recognize, monitor, verify, and report appropriately, automatic plant actuations
and operations

(Ops-4) Determine/verify operability and availability of safety-related systems and equipment

(Ops-5) Monitor and cross-check diverse indications to verify and/or correctly understand plant
conditions and to identify potential instrument or equipment malfunctions, and respond
appropriately to malfunctions/failures using plant procedures

(OPS-6) Obtain, interpret and properly use CR reference materials, including normal operating
procedures, EOPs, AOPs, E Plan, and drawings. (e.g., determine, using procedures, the
anticipated effects on reactivity of plant changes such as primary system cooldown or secondary
system operations.)

(Ops-7) Respond appropriately to annunciator initiations, including silencing of distracting alarms,
removal from service, and restoration, as well as responding to the indicated abnormality.

(Ops-8) Monitor, and operate appropriately from the CR, plant radiation control, release,
instrumentation, and alarm systems using procedures and other administrative and regulatory
guidance.

(OPS-9) Operate the plant computer to call up additional plant status and trend information beyond
that available on panel instrumentations.

(OPS-10) Provide clear and complete shift turnover information, including panel walkdowns, to
oncoming DR crewmembers providing plant status, conditions and operations in progress.

(Mgmt-1) Manage and lead the CR operating team.

(Mgmt-2) Manage and coordinate, using the plant communications system, operations tasks
performed outside the CR, and monitor CR indications of task performance.

(Mgmt-3) Provide clear and concise verbal communications to the CR operating crew, plant staff,
supervisory personnel and management.

(Mgmt-4) Write clear and accurate logs, records, and status tables documenting plant status and
operator activities.

(Lic-1) Recognize entry conditions for EOPs, AOPs, TS Action Statements, License Conditions,
and Emergency Plan, and take appropriate actions.

(Lic-2) Document and track TS and other license-related issues and either verify resolution prior to
time-clock expiration or plan/initiate required plant status changes.

(Lic-3) Determine the desired operational path forward based on plant status information and
administrative procedures and directives.
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Table D.3. (contd)

Lesson # 624P-1.5 Title: System Review - Condensate, Feedwater,
Auxiliary Feedwater, & Steam Generator Water Level Control

Time: 60 Minutes

Applicable Advanced Reactor System -

Objectives

Presentation:

Applicable Knowledges/Skills/Abilities

1.1 Provide the student with the
following detailed information
concerning the condensate,
feedwater, auxiliary feedwater,
and steam generator level
control systems:

1.1.1 Controls that be manipulated
by the student during the
course of a reactor startup,
shutdown, and /or power
operation.

1.1.2 Controllers that must be
manipulated during power
operations.

1.1.3 Indications available to the
student from this location used
to evaluate the status of the
secondary plant.

Simulator IC, MALF, LOA, or
TS Item

INIT 16

{TS 3.7.6}

{TS 3.7.3}

{TS 3.6.3}

{TS 3.7.5}

{TS 3.7.6

{TS 3.3.4}

{TS 3.3.3}

{TS 3.3.1}

{TS 3.3.4}

{TS 3.3.3}

{TS 3.3.2}

{TS 3.3.2}

{TS 3.3.4}

{TS 3.3.3}

K-1

K-1

K-3

K-1

K-2

K-3
Ops-5

K-1
Ops-5
K-5
Lic-1
Lic-2
Ops-8

A. System Description
1. Use diagram to show flowpath of the
water from the sources to the S/G
B. Controls (Show the location and
operation of the following:)
. Aux feed pump S/G level control
valves
. MFW bypass control valves
. MFW control valves
. Reactor trip switches (both)
. Feed pump controls
a. Point out general location, a more
detailed description will be provided
during feed pump startup.
6. Feed isolation valves and B/P valves
indications, and FWIS Reset
7. Block switches for steam line flow SI
C. Instrumentation
1. Location and use of the following:
a. S/G level indicators
b. S/G pressure indicators
c. Condensate storage tank level
d. Aux feed flow to S/G
e. AFW pumps indications (pressure,
flow, amps, steam chest pressure,
etc.)
2. Show the location of the S/G feed,
steam, and level recorders
D. Technical Specifications
1. Feedwater System
a. Feedwater isolation valves
2. Auxiliary Feedwater
a. AFW pumps
b. Condensate storage tank
c. AFW instrumentation
1) Remote shutdown panels
2) Accident monitoring
3. Steam Generator Level Control
a. Steam generator level
1) RPS
2) Remote Shutdown
3) Accident monitoring
4) ESF related signals
b. Steam Generator pressure
1) ESFAS
2) Remote shutdown
3) Accident monitoring

—_

[T SNNOSE S ]

K-1. Knowledge of system function, design and operation, including power supplies and interlocks
affecting system operation.

K-2. Knowledge of the components in the system and the effects that a loss or malfunction of system
component(s) would have on the performance of the system and on the operation of the system.

K-3. Knowledge of the physical connections and/or cause-effect relations between the system and
other systems, including knowledge of the effect that loss or malfunction of the system would have
on other systems, and vice-versa.

K-4. Knowledge of procedures controlling normal, abnormal and emergency operations of the plant,
and the contents and application of administrative procedures and the site Emergency Plan.

K-5. Knowledge of Technical Specifications and other regulatory requirements addressing operation
and maintenance of the plant.

K-6. Knowledge of the physical, chemical, thermal, and electrical properties and processes involved
in and underlying operation of the plant.

(Ops-1) Monitor and evaluate plant status, and identify trends, using CR indications.

(Ops-2) Operate, using procedures, plant systems and equipment and monitor resulting changes to
plant parameters and status

(Ops-3) Anticipate, recognize, monitor, verify, and report appropriately, automatic plant actuations
and operations

(Ops-4) Determine/verify operability and availability of safety-related systems and equipment

(Ops-5) Monitor and cross-check diverse indications to verify and/or correctly understand plant
conditions and to identify potential instrument or equipment malfunctions, and respond appropriately
to malfunctions/failures using plant procedures

(OPS-6) Obtain, interpret and properly use CR reference materials, including normal operating
procedures, EOPs, AOPs, E Plan, and drawings. (e.g., determine, using procedures, the anticipated
effects on reactivity of plant changes such as primary system cooldown or secondary system
operations.)

(Ops-7) Respond appropriately to annunciator initiations, including silencing of distracting alarms,
removal from service, and restoration, as well as responding to the indicated abnormality.

(Ops-8) Monitor, and operate appropriately from the CR, plant radiation control, release,
instrumentation, and alarm systems using procedures and other administrative and regulatory
guidance.

(OPS-9) Operate the plant computer to call up additional plant status and trend information beyond
that available on panel instrumentations.

(OPS-10) Provide clear and complete shift turnover information, including panel walkdowns, to
oncoming DR crewmembers providing plant status, conditions and operations in progress.

(Mgmt-1) Manage and lead the CR operating team.

(Mgmt-2) Manage and coordinate, using the plant communications system, operations tasks performed
outside the CR, and monitor CR indications of task performance.

(Mgmt-3) Provide clear and concise verbal communications to the CR operating crew, plant staff,
supervisory personnel and management.

(Mgmt-4) Write clear and accurate logs, records, and status tables documenting plant status and
operator activities.

(Lic-1) Recognize entry conditions for EOPs, AOPs, TS Action Statements, License Conditions, and
Emergency Plan, and take appropriate actions.

(Lic-2) Document and track TS and other license-related issues and either verify resolution prior to
time-clock expiration or plan/initiate required plant status changes.

(Lic-3) Determine the desired operational path forward based on plant status information and
administrative procedures and directives.
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Table D.3. (contd)

Lesson # 624P-1.6 Title: Conduct Of Control Room Operations

Time: 30 Minutes

Applicable Advanced Reactor System -

Objectives

Presentation:

Applicable Knowledges/Skills/Abilities

1.1 Provide simulator operations
orientation to the student

1.2 Provide the student with the
following:

1.2.1 An understanding of control
room command structure.

1.2.2 An understanding of control
room personnel responsibilities.

1.2.3 Actions to be taken for
instrument failures.

1.2.4 Actions to be taken for alarm
response.

1.2.5 An understanding of “3-way”
communications

Attachment 1, Typical Control Room

Organizational Chart

Note: Organization shown is typical at
many plants. Point out to
students that the organization
and position titles will differ
from site to site.

Simulator IC, MALF, LOA, or TS
Item

K-4 1

A. Control Room Organization:
Review typical control room organization using Attachment

K-5 B. Control room personnel responsibilities:

Mgmt-1
Mgmt-2
Mgmt-3
Mgmt-4

K-4
Mgmt-1
Mgmt-2
Mgmt-3
Mgmt-4

K-4

Ops-1
Ops-2
Mgmt-4

1. Shift Supervisor/Manager

a. The Shift Supervisor (SS) is the senior licensed
individual on the shift (SRO) and is responsible for
on-shift management and oversight of all plant group
activities and has the authority to take action
necessary to ensure compliance with Technical
Specifications, operating license requirements, and
approved plant procedures to protect the health and
safety of employees and the public, to ensure
adequate security, and to protect the plant from
damage.

b. The SS is responsible for overall reactor operations,
command in the control room and maintains the
broadest perspective of operational conditions
affecting the safety of the plant as a matter of highest
priority at all times.

. During emergency situations, the SS is in charge of
the control room and should remain in the control
room unless properly relieved.

d. The SS functions as Site Emergency Director and

implements Emergency Plan procedures until
relieved by a qualified higher management authority.

o

2. Unit Supervisor/Assistant Shift Supervisor:

The control room Unit Supervisor (SRO) reports to the
SS and is in direct charge of operation of the assigned
unit. The US is responsible for supervising,
coordinating, and directing all activities to achieve safe,
reliable, and efficient unit operation and taking
necessary actions to ensure compliance with TS,
operating license requirements, and approved plant
procedures.

3. Shift Technical Advisor (STA)

The STA reports to the SS and is responsible for the

following:

a. Providing an independent verification of critical
safety functions, using redundant and diverse plant
indications during transients and emergencies.

b. Immediately reporting any abnormalities

or plant condition that may represent a challenge to the
critical safety functions or that could result in a
degradation of the safety level.

c. Assisting in evaluating the operability of plant
equipment.

d. The STA may or may not be licensed (SRO).

4. Unit Operator/Reactor Operator

K-1. Knowledge of system function, design and operation, including power
supplies and interlocks affecting system operation.

K-2. Knowledge of the components in the system and the effects that a loss or
malfunction of system component(s) would have on the performance of the
system and on the operation of the system.

K-3. Knowledge of the physical connections and/or cause-effect relations
between the system and other systems, including knowledge of the effect that
loss or malfunction of the system would have on other systems, and vice-
versa.

K-4. Knowledge of procedures controlling normal, abnormal and emergency
operations of the plant, and the contents and application of administrative
procedures and the site Emergency Plan.

K-5. Knowledge of Technical Specifications and other regulatory requirements
addressing operation and maintenance of the plant.

(Ops-1) Monitor and evaluate plant status, and identify trends, using CR
indications.

(Ops-2) Operate, using procedures, plant systems and equipment and monitor
resulting changes to plant parameters and status

(Ops-3) Anticipate, recognize, monitor, verify, and report appropriately,
automatic plant actuations and operations

(Ops-4) Determine/verify operability and availability of safety-related systems
and equipment

(Ops-5) Monitor and cross-check diverse indications to verify and/or correctly
understand plant conditions and to identify potential instrument or equipment
malfunctions, and respond appropriately to malfunctions/failures using plant
procedures

(OPS-6) Obtain, interpret and properly use CR reference materials, including
normal operating procedures, EOPs, AOPs, E Plan, and drawings. (e.g.,
determine, using procedures, the anticipated effects on reactivity of plant
changes such as primary system cooldown or secondary system operations.)

(Ops-7) Respond appropriately to annunciator initiations, including silencing of
distracting alarms, removal from service, and restoration, as well as
responding to the indicated abnormality.

(Ops-8) Monitor, and operate appropriately from the CR, plant radiation
control, release, instrumentation, and alarm systems using procedures and
other administrative and regulatory guidance.

(OPS-9) Operate the plant computer to call up additional plant status and trend
information beyond that available on panel instrumentations.

(OPS-10) Provide clear and complete shift turnover information, including
panel walkdowns, to oncoming DR crewmembers providing plant status,
conditions and operations in progress.

(Mgmt-1) Manage and lead the CR operating team.

(Mgmt-2) Manage and coordinate, using the plant communications system,
operations tasks performed outside the CR, and monitor CR indications of
task performance.

(Mgmt-3) Provide clear and concise verbal communications to the CR
operating crew, plant staff, supervisory personnel and management.

(Mgmt-4) Write clear and accurate logs, records, and status tables documenting
plant status and operator activities.
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Lesson # 624P-1.6 Title: Conduct Of Control Room Operations

Time: 30 Minutes

Applicable Advanced Reactor System -

Objectives Presentation:

Applicable Knowledges/Skills/Abilities

Ops-3

Ops-5

Ops-7

Mgmt-3
Mgmt-2
Mgmt-1

The UO is licensed (RO), reports to the control room

US, and is responsible for:

a. Operation of all equipment controlled from the main
control board area.

b. Recording control room log readings, logging
activities in the narrative log, and maintaining
control room recorder charts

c. Notifying the US before performing planned
reactivity changes.

d. Providing direction to Assistant Unit Operators (non-
licensed plant operators)

C. Response To Indications

1. Control board indications should be monitored
frequently, and prompt actions taken to determine the
cause of and correct abnormalities. Emphasis should be
placed on closely monitoring and trending to detect
problem situations early.

2. Operators should believe instrument readings and treat
them as accurate unless proven otherwise. When an
instrument failure is suspected prompt action shall be
taken to stabilize the plant. Refer to applicable Off-
Normal Instructions (ONIs) if required.

D. Response To Alarms

1. During steady-state operations, all control room
annunciators shall be responded to promptly. The
operator responding to the alarm shall announce each
annunciator that was flashing. The annunciator
announcement shall be acknowledged by the US or
another UO to ensure that the announcement was
understood.

2. If an annunciator alarms in the control room indicating
an alarm condition on a local annunciator panel, the
UO acknowledging the alarm shall immediately
dispatch an operator to that panel to acknowledge the
alarm and report back to the UO the alarm and the
condition that brought in the alarm. If the local panel is
manned, then the UO will immediately request a report
from the local operator on the alarm and the condition
that brought it in.

3. During emergencies, transients, or critical operations,
the UO is not required to announce every annunciator
that comes into alarm. The UO should acknowledge
multiple alarms and ensure that each alarm is properly
attended to as soon as practical.

The UO should use sound judgment when deciding

which alarms to announce to the crew. Annunciators

that indicate ESF actuation, deterioration of a once
stable condition, or loss of a component or function
critical to the evolution in progress shall be announced
to the US and the crew as soon as practical.

4. Annunciator response instructions (ARIs) shall be fully

(Lic-1) Recognize entry conditions for EOPs, AOPs, TS Action Statements,
License Conditions, and Emergency Plan, and take appropriate actions.
(Lic-2) Document and track TS and other license-related issues and either
verify resolution prior to time-clock expiration or plan/initiate required plant
status changes.
(Lic-3) Determine the desired operational path forward based on plant status
information and administrative procedures and directives.
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Lesson # 624P-1.6 Title: Conduct Of Control Room Operations

Time: 30 Minutes

Applicable Advanced Reactor System -

Objectives

Presentation:

Applicable Knowledges/Skills/Abilities

utilized by the operating crew. The US shall ensure
proper usage is maintained. If the UO knows that an
alarm was generated from a pre-planned activity in
progress, then the annunciator response procedures need
not be referenced.

E. Communications
1. Oral communications involving directives or parameters

that affect plant operation should be conducted using
the “three-way” communication technique. This
consists of the initial communication from the sender,
followed by a repeat back of the communication by the
receiver, and a confirmation of the receipt of the
communication by the sender.

2. When transmitting alpha-numeric information, the

phonetic alphabet listed in Attachment 2 or similar
should be used to ensure that letters are correctly
received. This is not necessary when referring to
standard approved acronyms such as RHR or CCW.

3. The completion of directed actions should be reported to

the governing station, normally the control room.

4. Written instructions or procedures should be provided

for complicated orders or other communications where
important information might be forgotten. For example,
extensive valving orders or extensive plant status
reports should be written.
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Table D.3. (contd)

Lesson # 624P-2.1 Title: System Review - CVCS, PZR Level , & EHC

Time: 60 Minutes

Applicable AP1000 System -

Objectives Presentation: Applicable Knowledges/Skills/Abilities

1.1 Provide the student with A.CVCS K-1. Knowledge of system function, design and operation, including power
the following detailed K-1 1. Review the CVCS with the diagram supplies and interlocks affecting system operation.
information concerning the K-2 a. Show major component locations on the control panel K-2. Knowledge of the components in the system and the effects that a loss or
CVCS, PZR Level , & K-3 b. Show the major instrumentation associated with CVCS malfunction of system component(s) would have on the performance of the
EHC. 2. Explain uses of back pressure regulator (PK- 131) system and on the operation of the system.

1.1.1 Controls that may be Ops-3 3. Explain function of temperature divert valve (HIS-129) K-3. Knowledge of the physical connections and/or cause-effect relations
manipulated by the student Ops-3 4. Explain the interlocks associated with the letdown between the system and other systems, including knowledge of the effect that
during the course of a isolation valves (HIS-459 and 460) and the letdown loss or malfunction of the system would have on other systems, and vice-versa.
reactor startup and/or orifice isolation valves (HIS- 8149A, 8149B, & 8149C) K-4. Knowledge of procedures controlling normal, abnormal and emergency
power operations. a. Cannot close 459 or 460 unless orifice valves are closed operations of the plant, and the contents and application of administrative

1.1.2 Control switches that b. Cannot open 459 or 460 unless orifice valves are closed procedures and the site Emergency Plan.
must be operated to block c. Cannot open 8149A, B or C unless letdown isolation K-5. Knowledge of Technical Specifications and other regulatory requirements
faulted instruments from valves are open addressing operation and maintenance of the plant.
various automatic control d. Cannot open either set of valves if pzr level < 17% K-6. Knowledge of the physical, chemical, thermal, and electrical properties and
stations. 5. T.S. associated with CVCS processes involved in and underlying operation of the plant.

1.1.3 Indications available to a. Boric acid and dilution flow paths (Ops-1) Monitor and evaluate plant status, and identify trends, using CR
the student from this b. Centrifugal charging pumps indications.
location used to evaluate c. RCS specific activity and RCS Chemistry (indirect T.S. (Ops-2) Operate, using procedures, plant systems and equipment and monitor
the status of the RCS K-1 due to flow through demineralizers) resulting changes to plant parameters and status
(CVCS and PZR level) or K-2 B. CVCS Makeup (Ops-3) Anticipate, recognize, monitor, verify, and report appropriately, automatic
the main turbine/generator K-3 1. Review makeup system with diagram plant actuations and operations
(EHC). Ops-3 (Ops-4) Determine/verity operability and availability of safety-related systems and

2. Explain auto mode setup on MCB equipment
a. Boric acid controller setpoint (Ops-5) Monitor and cross-check diverse indications to verify and/or correctly

Simulator IC, MALF, LOA, Ops-1 Ops-2 b. Pure water controller internal setpoint understand plant conditions and to identify potential instrument or equipment

or TS Item 3. Explain how to set up controllers for borations and malfunctions, and respond appropriately to malfunctions/failures using plant

INIT 16 dilutions procedures

{TR 3.1.1 thru 3.1.9} K-1 a. Reset (OPS-6) Obtain, interpret and properly use CR reference materials, including

{TR34.1} K-2 b. Open windows and set in desired amounts normal operating procedures, EOPs, AOPs, E Plan, and drawings. (e.g.,

{TS 3.4.16} K-3 c. Start determine, using procedures, the anticipated effects on reactivity of plant

{TS 3.3.1} C. Pressurizer Level Control changes such as primary system cooldown or secondary system operations.)

{TS 3.3.4} Ops-7 1. Inputs into system (Ops-7) Respond appropriately to annunciator initiations, including silencing of

{TS 3.3.3} Ops-2 a. Auctioneered high Tavg distracting alarms, removal from service, and restoration, as well as responding

b. Selected pressurizer level to the indicated abnormality.
2. Components controlled by system (Ops-8) Monitor, and operate appropriately from the CR, plant radiation control,
a. Annunciators release, instrumentation, and alarm systems using procedures and other
b. Turn on backup heaters administrative and regulatory guidance.
c. CCP discharge flow control valve (FCV- 121) (OPS-9) Operate the plant computer to call up additional plant status and trend
Ops-3 d. PDP pump speed information beyond that available on panel instrumentations.
Ops-5 e. Letdown isolation valves (OPS-10) Provide clear and complete shift turnover information, including panel
f. Orifice isolation valves walkdowns, to oncoming DR crewmembers providing plant status, conditions
g. 17% level heater interlock and operations in progress.
3. Control boards indications and controls (Mgmt-1) Manage and lead the CR operating team.
a. Level Indications (Mgmt-2) Manage and coordinate, using the plant communications system,
1) Hot calibrated channels operations tasks performed outside the CR, and monitor CR indications of task
2) Cold calibrated channel performance.
b. Recorder (Mgmt-3) Provide clear and concise verbal communications to the CR operating
K-5 c. CCP discharge flow control valve crew, plant staff, supervisory personnel and management.
Lic-1 d. PDP speed control (Mgmt-4) Write clear and accurate logs, records, and status tables documenting
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Lesson # 624P-2.1 Title: System Review - CVCS, PZR Level , & EHC

Time: 60 Minutes

Applicable AP1000 System -

Objectives Presentation: Applicable Knowledges/Skills/Abilities
Lic-2 e. Master level controller plant status and operator activities.
4. Technical Specifications (Lic-1) Recognize entry conditions for EOPs, AOPs, TS Action Statements,
License Conditions, and Emergency Plan, and take appropriate actions.

Ops-8 (Lic-2) Document and track TS and other license-related issues and either verify
K-1 a. High pzr level reactor trip resolution prior to time-clock expiration or plan/initiate required plant status
K-2 b. Remote shutdown instruments changes.

K-3 c. Accident monitoring (Lic-3) Determine the desired operational path forward based on plant status

D. EHC Description information and administrative procedures and directives.

Ops-1 1. Shell and Chest Warming

Ops-2 a. Shell - warming steam is allowed to HP turbine shell

Ops-3 b. Chest - warming steam is allowed to control valve chest

Ops-6 only

Ops-1 2. Speed Control

Ops-2 a. Describe time bias with starting rates (slow, medium,

Ops-3 and fast)

Ops-6 b. Use increase, decrease load pushbuttons to change

speed when attempting to parallel
3. Load Control
a. Auto transfer from speed to load control after shutting
generator output breaker
b. Use load limit set pot to limit maximum load
c. Use increase/decrease load pushbuttons to set load in
load set window
d. Use load rate pushbuttons to vary loading rates
1) Note that these rates apply only to load increases
e. When decreasing power, use the load decrease
pushbutton
1) No auto load decrease rate control. Power drops at
133%/min. As long as decrease load pushbutton is
held down
f. Stage pressure feedback
1) Used to bring actual load to desired load
2) Produces a linear response
g. Throttle Pressure Limiter
1) Prevents excessive drop in steam pressure
2) If steam pressure drops too low, control valves will
shut until pressure increases above setpoint
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Table D.3. (contd)

Lesson # 624P-2.2 Title: Operations - Reactor Startup

Time: 60 Minutes

Applicable AP1000 System -

Objectives Presentation: Applicable Knowledges/Skills/Abilities
1.1 Provide the student with the Ops-2 A. After re-initializing remove 15 ppm K-1. Knowledge of system function, design and operation, including power supplies and interlocks

following: Ops-1 boron from the RCS. affecting system operation.
1.1.1 An understanding of how K-2 K-2. Knowledge of the components in the system and the effects that a loss or malfunction of system

the core is made critical. K-3 B. Fail one IR channel component(s) would have on the performance of the system and on the operation of the system.
1.1.2 How to recognize Ops-3 Channel =35 or 36 K-3. Knowledge of the physical connections and/or cause-effect relations between the system and other

criticality. Ops-7 Value = 1.015 E-11 systems, including knowledge of the effect that loss or malfunction of the system would have on other
1.1.3 How to control the Ramp =0 systems, and vice-versa.

reactivity of the core. K-6 Delay =0 K-4. Knowledge of procedures controlling normal, abnormal and emergency operations of the plant, and
1.1.4 Effects of subcritical C. Perform ECC the contents and application of administrative procedures and the site Emergency Plan.

multiplication. 1. Discuss reactivity balance. K-5. Knowledge of Technical Specifications and other regulatory requirements addressing operation and
1.1.5 Technical Specifications 2. Explain same conditions as maintenance of the plant.

that may be entered during previous day. K-6. Knowledge of the physical, chemical, thermal, and electrical properties and processes involved in

rod withdrawal. 3. No Xe, Sm, Fuel burnup changes. and underlying operation of the plant.

Mgmt-1 4. Only have to account for boron (Ops-1) Monitor and evaluate plant status, and identify trends, using CR indications.
Mgmt-2 | change in RCS. (Ops-2) Operate, using procedures, plant systems and equipment and monitor resulting changes to plant
Simulater IC, MALF, LOA, or Mgmt-3 5. Convert boron change to PCM ‘s parameters and status
TS Item Mgmt-4 | of reactivity/rod worth. (Ops-3) Anticipate, recognize, monitor, verify, and report appropriately, automatic plant actuations and

PLPRCS 1 K-5 D. Perform Reactor Startup IAW GOI 2- operations
MALF NIS 9} Lic-1 2 (Ops-4) Determine/verify operability and availability of safety-related systems and equipment
FREEZE Lic-2 1. When students discover failed IR, (Ops-5) Monitor and cross-check diverse indications to verify and/or correctly understand plant
{TS 3.3.1} Lic-3 FREEZE conditions and to identify potential instrument or equipment malfunctions, and respond appropriately to
{Table 3.3.1-1 item 4 & 18} Ops-2 2. Discuss failed instrument malfunctions/failures using plant procedures

a. T.S. action is power dependent
b. Clear malfunction
3. Continue reactor startup

E. Continue power escalation IAW GOI
2-3

F. Continue power escalation until all
control systems are in automatic.

(OPS-6) Obtain, interpret and properly use CR reference materials, including normal operating
procedures, EOPs, AOPs, E Plan, and drawings. (e.g., determine, using procedures, the anticipated
effects on reactivity of plant changes such as primary system cooldown or secondary system operations.)

(Ops-7) Respond appropriately to annunciator initiations, including silencing of distracting alarms,
removal from service, and restoration, as well as responding to the indicated abnormality.

(Ops-8) Monitor, and operate appropriately from the CR, plant radiation control, release, instrumentation,
and alarm systems using procedures and other administrative and regulatory guidance.

(OPS-9) Operate the plant computer to call up additional plant status and trend information beyond that
available on panel instrumentations.

(OPS-10) Provide clear and complete shift turnover information, including panel walkdowns, to
oncoming DR crewmembers providing plant status, conditions and operations in progress.

(Mgmt-1) Manage and lead the CR operating team.

(Mgmt-2) Manage and coordinate, using the plant communications system, operations tasks performed
outside the CR, and monitor CR indications of task performance.

(Mgmt-3) Provide clear and concise verbal communications to the CR operating crew, plant staff,
supervisory personnel and management.

(Mgmt-4) Write clear and accurate logs, records, and status tables documenting plant status and operator
activities.

(Lic-1) Recognize entry conditions for EOPs, AOPs, TS Action Statements, License Conditions, and
Emergency Plan, and take appropriate actions.

(Lic-2) Document and track TS and other license-related issues and either verify resolution prior to time-
clock expiration or plan/initiate required plant status changes.

(Lic-3) Determine the desired operational path forward based on plant status information and
administrative procedures and directives.
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Table D.3. (contd)

Lesson # 624P-2.3 Title: Operations - Power Maneuvering

Time: 3 Hours

Applicable AP1000 System -

Objectives

Presentation:

Knowledges/Skills/Abilities

1.1 Provide the student with

the following:

1.1.1 An understanding of
how power is
escalated

1.1.2 How to calculate boric

acid changes

1.1.3 How to maintain proper
control rod position
during power changes

1.1.4 How power defect
affects control rod
position

1.15 Technical Specifications
that may be entered
during power changes

Simulator IC, MALF, LOA,
or TS Item

INIT 13

{TS 3.2.3}

Periodic Operating Test 22-1

(To be developed)

MALF PZR 11

FREEZE

ONI 2-6 Section 12

Bistable trip is located in

Rack 1

{T.S.3.3.1}

{Table 3.3.1-1, Item 9}

K-6
Ops-6

Mgmt-
Mgmt-
Mgmy-

Mgmt-

K-6

K-6

Ops-7
Ops-5
Ops-3

K-2

K-5
Lic-2

Ops-2
Ops-1

A. Perform a reactivity addition calculation
1. Use boron change worksheet
2. Use faber board to show calculation
3. Use a 30% to 75% power change as an example
a. Explain power defect
1) P adds - reactivity
2) Must add + reactivity
b. Explain why rods full out is desired
4. Explain rate of dilution
a. Max dilution depends upon charging rate
b. Max rate of power increase depends upon
dilution rate and maintaining delta flux
within its band
B. Initial Conditions
1. Have shift supervisor perform a power to 1165
MWe over the next 2.5 hours
2. Tell students to follow all procedures and T.S.
actions as necessary
3. Have shift supervisor read GOI 5 paragraph
4.12 thru 4.14
a. Explain that plants would have the fuel
preconditioning limits but because of
training time constraints will be
disregarded
C. Power to full load IAW GOI 5
1. Perform calorimetric at 50%
a. Use calorimetric worksheets
b. Explain that the calorimetric is performed
to ensure that the NIs are calibrated to
indicate thermal power
c. Explain RCP and S/G blowdown
correction factors that are applied to the
calculation.%
2. At approximately 60% power, fail PZR level
channel 459
a. Set
1) Channel = 459
2) Level = Low
3) Delay = 180 seconds
b. Activate
3. Go to freeze after students have selected out the
failed channel
a. Discuss the failed channel
b. Analog channel check required at least once
per 12 hours
c. Discuss procedures to be followed

4. Continue power to 100%

K-1. Knowledge of system function, design and operation, including power supplies and interlocks
affecting system operation.

K-2. Knowledge of the components in the system and the effects that a loss or malfunction of
system component(s) would have on the performance of the system and on the operation of the
system.

K-3. Knowledge of the physical connections and/or cause-effect relations between the system and
other systems, including knowledge of the effect that loss or malfunction of the system would have
on other systems, and vice-versa.

K-4. Knowledge of procedures controlling normal, abnormal and emergency operations of the
plant, and the contents and application of administrative procedures and the site Emergency Plan.

K-5. Knowledge of Technical Specifications and other regulatory requirements addressing
operation and maintenance of the plant.

K-6. Knowledge of the physical, chemical, thermal, and electrical properties and processes involved
in and underlying operation of the plant.

(Ops-1) Monitor and evaluate plant status, and identify trends, using CR indications.

(Ops-2) Operate, using procedures, plant systems and equipment and monitor resulting changes to
plant parameters and status

(Ops-3) Anticipate, recognize, monitor, verify, and report appropriately, automatic plant actuations
and operations

(Ops-4) Determine/verify operability and availability of safety-related systems and equipment

(Ops-5) Monitor and cross-check diverse indications to verify and/or correctly understand plant
conditions and to identify potential instrument or equipment malfunctions, and respond
appropriately to malfunctions/failures using plant procedures

(OPS-6) Obtain, interpret and properly use CR reference materials, including normal operating
procedures, EOPs, AOPs, E Plan, and drawings. (e.g., determine, using procedures, the anticipated
effects on reactivity of plant changes such as primary system cooldown or secondary system
operations.)

(Ops-7) Respond appropriately to annunciator initiations, including silencing of distracting alarms,
removal from service, and restoration, as well as responding to the indicated abnormality.

(Ops-8) Monitor, and operate appropriately from the CR, plant radiation control, release,
instrumentation, and alarm systems using procedures and other administrative and regulatory
guidance.

(OPS-9) Operate the plant computer to call up additional plant status and trend information beyond
that available on panel instrumentations.

(OPS-10) Provide clear and complete shift turnover information, including panel walkdowns, to
oncoming DR crewmembers providing plant status, conditions and operations in progress.

(Mgmt-1) Manage and lead the CR operating team.

(Mgmt-2) Manage and coordinate, using the plant communications system, operations tasks
performed outside the CR, and monitor CR indications of task performance.

(Mgmt-3) Provide clear and concise verbal communications to the CR operating crew, plant staff,
supervisory personnel and management.

(Mgmt-4) Write clear and accurate logs, records, and status tables documenting plant status and
operator activities.

(Lic-1) Recognize entry conditions for EOPs, AOPs, TS Action Statements, License Conditions, and
Emergency Plan, and take appropriate actions.

(Lic-2) Document and track TS and other license-related issues and either verify resolution prior to
time-clock expiration or plan/initiate required plant status changes.

(Lic-3) Determine the desired operational path forward based on plant status information and
administrative procedures and directives.
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Table D.3. (contd)

Lesson # 624P-2.4 Title: System Review - Main Steam & Steam

Dump Control
Time: 60 Minutes

Applicable AP1000 System -

Objectives

Presentation:

Knowledges/Skills/Abilities

1.1 Provide the student with the
following detailed
information concerning the
Main Steam and Steam Dump
Control Systems:

1.1.1 Controls that may be

manipulated by the student
during the course of a
reactor startup and/or
power operations.

1.1.2 Controllers that must be
manipulated during power
operations.

1.1.3 Indications available to the
student from this location
used to evaluate the
status of the secondary
plant.

Simulator IC, MALF, LOA, or
TS Item

INIT 16

Panel C 02

Panel C 14/15

Panel C14 & C5

Panel C 14

Panel C 14

Panel C 15

Panel C 15

K-2

K-3

Ops-2

Ops-3

Ops-5

A. System Description
1. Main Steam
a. Use the steam system diagrams
to show the flow path of the
steam from the S/G to the major
steam loads
B. Controls
1. Show the location and explain
how to use the following:
a. Main steam isolation valves
b. Steam pressure controller PK-
507
1) Explain how the setpoint for
the pot is derived
c. Steam dump mode selector
switch
d. Steam dump interlock switches
e. Main steam isolation bypass
valves
f. S/G atmospheric relief valves
1) Describe both the manual and
automatic operation of these
controllers
C. Instrumentation
1. Show the location and explain
the use of the following:
a. Steam flow indicators
b. Condenser back pressure
¢. Main steam header pressure
d. Steam dump valve position
e. Steam dump demanded position

K-1. Knowledge of system function, design and operation, including power supplies and interlocks
affecting system operation.

K-2. Knowledge of the components in the system and the effects that a loss or malfunction of system
component(s) would have on the performance of the system and on the operation of the system.

K-3. Knowledge of the physical connections and/or cause-effect relations between the system and other
systems, including knowledge of the effect that loss or malfunction of the system would have on other
systems, and vice-versa.

K-4. Knowledge of procedures controlling normal, abnormal and emergency operations of the plant, and
the contents and application of administrative procedures and the site Emergency Plan.

K-5. Knowledge of Technical Specifications and other regulatory requirements addressing operation and
maintenance of the plant.

K-6. Knowledge of the physical, chemical, thermal, and electrical properties and processes involved in and
underlying operation of the plant.

(Ops-1) Monitor and evaluate plant status, and identify trends, using CR indications.

(Ops-2) Operate, using procedures, plant systems and equipment and monitor resulting changes to plant
parameters and status

(Ops-3) Anticipate, recognize, monitor, verify, and report appropriately, automatic plant actuations and
operations

(Ops-4) Determine/verify operability and availability of safety-related systems and equipment

(Ops-5) Monitor and cross-check diverse indications to verify and/or correctly understand plant conditions
and to identify potential instrument or equipment malfunctions, and respond appropriately to
malfunctions/failures using plant procedures

(OPS-6) Obtain, interpret and properly use CR reference materials, including normal operating procedures,
EOPs, AOPs, E Plan, and drawings. (e.g., determine, using procedures, the anticipated effects on
reactivity of plant changes such as primary system cooldown or secondary system operations.)

(Ops-7) Respond appropriately to annunciator initiations, including silencing of distracting alarms, removal
from service, and restoration, as well as responding to the indicated abnormality.

(Ops-8) Monitor, and operate appropriately from the CR, plant radiation control, release, instrumentation,
and alarm systems using procedures and other administrative and regulatory guidance.

(OPS-9) Operate the plant computer to call up additional plant status and trend information beyond that
available on panel instrumentations.

(OPS-10) Provide clear and complete shift turnover information, including panel walkdowns, to oncoming
DR crewmembers providing plant status, conditions and operations in progress.

(Mgmt-1) Manage and lead the CR operating team.

(Mgmt-2) Manage and coordinate, using the plant communications system, operations tasks performed
outside the CR, and monitor CR indications of task performance.

(Mgmt-3) Provide clear and concise verbal communications to the CR operating crew, plant staff,
supervisory personnel and management.

(Mgmt-4) Write clear and accurate logs, records, and status tables documenting plant status and operator
activities.

(Lic-1) Recognize entry conditions for EOPs, AOPs, TS Action Statements, License Conditions, and
Emergency Plan, and take appropriate actions.

(Lic-2) Document and track TS and other license-related issues and either verify resolution prior to time-
clock expiration or plan/initiate required plant status changes.

(Lic-3) Determine the desired operational path forward based on plant status information and administrative
procedures and directives.
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Table D.4. Task/KSA Inventory Items and Elements of Control Room Fidelity: Expert Panel Rating

Control Room Tasks Taxonomy

Elements of Control Room Fidelity

Assumed Technology

N/A

Displays

Operator
Input
Devices

Alarms

Decision
Aides

Communication
Equipment

Workplace
Design

Simulator
Model

User —
System
Interaction

(K-1) Knowledge of system function, design and
operation, including power supplies and
interlocks affecting system operation.

XX

X

X

(K-2) Knowledge of the components in the system
and the effects that a loss or malfunction of
system component(s) would have on the
performance of the system and on the operation
of the system.

(K-3) Knowledge of the physical connections and/or
cause-effect relations between the system and
other systems, including knowledge of the effect
that loss or malfunction of the system would
have on other systems, and vice-versa.

XX

XX

(K-4) Knowledge of procedures controlling normal,
abnormal and emergency operations of the
plant, and the contents and application of
administrative procedures and the site
Emergency Plan.

XXXX XX

(K-5) Knowledge of Technical Specifications and
other regulatory requirements addressing
operation and maintenance of the plant.

XXXX XX

(K-6) Knowledge of the physical, chemical,
thermal, and electrical properties and processes
involved in and underlying operation of the
plant.

XXX

(Ops-1) Monitor and evaluate plant status, and
identify trends, using CR indications.

XXXX XX

(Ops-2) Operate, using procedures, plant systems
and equipment and monitor resulting changes to
plant parameters and status.

XXXXX

(Ops-3) Anticipate, recognize, monitor, verify, and
report appropriately, automatic plant actuations
and operations.

XXXX X

(Ops-4) Determine/verify operability and
availability of safety-related systems and
equipment

XXX XX
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Control Room Tasks Taxonomy

Elements of Control Room Fidelity

Assumed Technology

N/A

Displays

Operator
Input
Devices

Alarms

Decision
Aides

Communication
Equipment

Workplace
Design

Simulator
Model

User —
System
Interaction

(Ops-5) Monitor and cross-check diverse
indications to verify and/or correctly understand
plant conditions and to identify potential
instrument or equipment malfunctions, and
respond appropriately to malfunctions/failures
using plant procedures.

XX

X

X

X

(Ops-6) Obtain, interpret and properly use CR
reference materials, including normal operating
procedures, EOPs, AOPs, E Plan, and drawings.
(e.g., determine, using procedures, the
anticipated effects on reactivity of plant changes
such as primary system cooldown or secondary
system operations.)

XXXX X

Ops-7) Respond appropriately to annunciator
initiations, including silencing of distracting
alarms, removal from service, and restoration, as
well as responding to the indicated abnormality.

XXXX

(Ops-8) Monitor, and operate appropriately from the
CR, plant radiation control, release,
instrumentation, and alarm systems using
procedures and other administrative and
regulatory guidance.

XXXXX

(Ops-9) Operate the plant computer to call up
additional plant status and trend information
beyond that available on panel instrumentations.

XXX X

(Ops-10) Provide clear and complete shift turnover
information, including panel walkdowns, to
oncoming DR crewmembers providing plant
status, conditions and operations in progress.

XXX

(Mgmt-1) Manage and lead the CR operating team.

XX

(Mgmt-2) Manage and coordinate, using the plant
communications system, operations tasks
performed outside the CR, and monitor CR
indications of task performance.

XXXXX

Mgmt-3) Provide clear and concise verbal
communications to the CR operating crew, plant
staff, supervisory personnel and management.

XX

XX

(Mgmt-4) Write clear and accurate logs, records,
and status tables documenting plant status and
operator activities.

XXX
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Control Room Tasks Taxonomy Elements of Control Room Fidelity Assumed Technology
Operator User —
Input Decision Communication | Workplace | Simulator System
N/A Displays Devices | Alarms Aides Equipment Design Model Interaction
(Lic-1) Recognize entry conditions for EOPs, XXX X X X
AOPs, TS Action Statements, License
Conditions, and Emergency Plan, and take
appropriate actions.
(Lic-2) Document and track TS and other license- X XXXX X
related issues and either verify resolution prior
to time-clock expiration or plan/initiate required
plant status changes.
(Lic-3) Determine the desired operational path X XXXX X

forward based on plant status information and
administrative procedures and directives.

Reviewer 1 — Black; Reviewer 2 —Red; Reviewer 3 — Blue; Reviewer 4 — Green; Reviewer 5 — Yellow; Reviewer 6 — Purple; Reviewer 7 - Orange
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Appendix E

The On-Line Survey

Appendix E.1 On-line Survey: Resident Inspectors

Reformatted for print version

In preparation for training NRC inspectors and license examiners for next generation reactors (e.g., AP-1000, ABWR,
EPR, and ESBWR) the NRC has commissioned Pacific Northwest National Laboratory to characterize TTC simulator
needs, especially with regard to physical fidelity. Physical fidelity is how closely the look, feel, sound, layout, location,
and operator interface of a training simulator matches an actual control room or site-specific control room simulator.
This questionnaire seeks your expert input on your experience regarding:

* The most significant job-related differences in physical fidelity between a TTC simulator you trained on and
the control room of the plant to which you were then assigned.

¢ How these differences affected your learning the necessary job-related skills and knowledge during TTC
simulator training.

How these differences affected your ability to apply or transfer your TTC simulator training to your plant.

¢ How your training addressed these differences.
This questionnaire also seeks your assessment of the TTC simulator training you received.

This questionnaire is specifically for Resident Inspectors only. If you are not a Resident Inspector, please
do not complete this questionnaire.

For the questions In this survey please refer to your current job position at your currently assigned plant and the
TTC training you received for it, unless instructed otherwise.

*Questions with a red asterisk are required.

A Note on Privacy Unless you voluntarily provide your name or telephone number for follow up questions by
project staff or potential participation in a focus group, this survey is anonymous and the record kept of your survey
responses does not contain any identifying information about you. Aggregated survey results may be shared publicly.
Such aggregated results will contain no personally identifying information.
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2. Effect of Differences in Physical Fidelity

For each major control room attribute listed you are asked to assess the effect of physical fidelity differences between
a TTC training simulator and the control room of the plant at which you are assigned and to characterize the most
significant job-related differences. Please consider the TTC training you have received associated with your current
job position only.
You will be assessing the following control room simulator attributes:
¢ Panels
Controllers and Switches
Instrumentation
Alarms/Annunciators
Computer Displays
Procedures

* 6 6 o o o

Control Room Environment
3. Refresher Training

1. Have you received TTC refresher simulator training relevant for the control room at the plant to which you are
currently assigned? * (simple page jumping)

@) Yes; O No

4. Effect of Differences in Panels (Refresher)

Please consider the TTC simulator training you have received associated with your current job position at your
currently assigned plant only.

2. Interms of physical fidelity, how different are the PANELS in the TTC simulator from the control room at your
assigned plant? Example differences may include the layout, location, and existence of PANELS. *
(show/hide trigger question)

1 2 3 4 5
No Difference @) @) O o) @) Entirely Different

3.  What impact did these differences in PANELS have on your ability to perform your job duties when you first
arrived at your assigned plant after your initial TTC simulator training? *

1 2 3 4 5
No Impact @) @) O o) O High Impact

4. What impact did these differences in PANELS have on how difficult it was for you to learn course lessons during
the refresher training? *

1 2 3 4 5
No Impact @) @) O o) O High Impact

5. Please describe the differences in PANELS that had the most significant effect on your ability to perform your job
duties after your initial simulator training or learn course lessons during refresher training:

[Space for response text]
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5. Effect of Differences in Controllers/Switches (Refresher)

Please consider the TTC simulator training you have received associated with your current job position at your
currently assigned plant only.

6. Interms of physical fidelity, how different are the CONTROLLER/SWITCHES in the TTC simulator from the
control room at your assigned plant? Example differences may include the look, feel, layout, location, and
existence of CONTROLLER/SWITCHES. * (show/hide trigger question)

1 2 3 4 5
No Difference @) @) (@) o) @) Entirely Different

7.  What impact did these differences in CONTROLLERS/SWITCHES have on your ability to perform your job
duties when you first arrived at your assigned plant after your initial TTC simulator training? *

1 2 3 4 5
No Impact @) @) O o) O High Impact

8. What impact did these differences in CONTROLLERS/SWITCHES have on how difficult it was for you to learn
course lessons during the refresher training? *

1 2 3 4 5
No Impact @) @) @) e @) High Impact

9. Please describe the differences in CONTROLLERS/SWITCHES that had the most significant effect on your
ability to perform your job duties after your initial simulator training or learn course lessons during refresher
training:

[Space for response text]

6. Effect of Differences in Instrumentation (Refresher)

Please consider the TTC simulator training you have received associated with your current job position at your
currently assigned plant only.

10. In terms of physical fidelity, how different is the INSTRUMENTATION in the TTC simulator from the control room
at your assigned plant r? Example differences may include the look, sound, layout, location, and existence of
INSTRUMENTATION. * (show/hide trigger question)

1 2 3 4 5
No Difference @) @) O o) @) Entirely Different

11. What impact did these differences in INSTRUMENTATION have on your ability to perform your job duties when
you first arrived at your assigned plant after your initial TTC simulator training? *

1 2 3 4 5
No Impact (@) @) O o) O High Impact
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12. What impact did these differences in INSTRUMENTATION have on how difficult it was for you to learn course
lessons during the refresher training? *

1 2 3 4 5
No Impact (@) @) O o) O High Impact

13. Please describe the differences in INSTRUMENTATION that had the most significant effect on your ability to
perform your job duties after your initial simulator training or learn course lessons during refresher training:

[Space for response text]

7. Effect of Differences in Alarms/ Annunciators (Refresher)

Please consider the TTC simulator training you have received associated with your current job position at your
currently assigned plant only.

14. In terms of physical fidelity, how different are the ALARMS/ANNUNCIATORS in the TTC simulator from the
control room at your assigned plant? Example differences may include the look, sound, layout, location,
equipment/presentation medium, and existence of ALARMS/ANNUNCIATORS. * (show/hide trigger question)

1 2 3 4 5
No Difference (@) @) (@) o) (@) Entirely Different

15. What impact did these differences in ALARMS/ANNUNCIATORS have on your ability to perform your job duties
when you first arrived at at your assigned plant after your initial TTC simulator training? *

1 2 3 4 5
No Impact @) @) @) e @) High Impact

16. What impact did these differences in ALARMS/ANNUNCIATORS have on how difficult it was for you to learn
course lessons during the refresher training? *

1 2 3 4 5
No Impact @) @) O o) O High Impact

17. Please describe the differences in ALARMS/ANNUNCIATORS that had the most significant effect on your ability
to perform your job duties after your initial simulator training or learn course lessons during refresher training:

[Space for response text]
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8. Effect of Differences in Displays (Refresher)

Please consider the TTC simulator training you have received associated with your current job position at your
currently assigned plant only.

18. In terms of physical fidelity, how different are the COMPUTER DISPLAYS in the TTC simulator from the control
room at your assigned plant? Example differences may include the look, layout, location, and existence of
COMPUTER DISPLAYS. * (show/hide trigger question

1 2 3 4 5
No Difference @) @) O o) O

Entirely Different

19. What impact did these differences in COMPUTER DISPLAYS have on your ability to perform your job duties
when you first arrived at your assigned plant after your initial TTC simulator training? *

1 2 3 4 5
No Impact @) @) @) o) @)

High Impact

20. What impact did these differences in COMPUTER DISPLAYS have on how difficult it was for you to learn course
lessons during the refresher training? *

1 2 3 4 5
No Impact @) @) O e @)

High Impact

21. Please describe the differences in COMPUTER DISPLAYS that had the most significant effect on your ability to
perform your job duties after your initial simulator training or learn course lessons during refresher training:

[Space for response text]

9. Effect of Differences in Procedures (Refresher)

Please consider the TTC simulator training you have received associated with your current job position at your
currently assigned plant only.

22. In terms of physical fidelity, how different are the PROCEDURES in the TTC simulator from the control room at
your assigned plant? Example differences may include the look, layout/organization, storage locations, and
equipment/presentation medium of PROCEDURES. Please do not consider differences in Procedure content.
* (show/hide trigger question)

1

2 3 4 5
No Difference @) @) (@) o) (@) Entirely Different

23. What impact did these differences in PROCEDURES have on your ability to perform your job duties when you
first arrived at at your assigned plant after your initial TTC simulator training? * (hidden).

No Impact

1
@)

2
@)

3
@)

4
O

5
O

High Impact
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24.

25.

What impact did these differences in PROCEDURES have on how difficult it was for you to learn course lessons
during the refresher training? *

1 2 3 4 5
No Impact (@) @) O o) O High Impact

Please describe the differences in PROCEDURES that had the most significant effect on your ability to perform
your job duties after your initial simulator training or learn course lessons during refresher training. Please do
not consider differences in Procedure content.

[Space for response text]

10. Effect of Differences in Control Room Environment (Refresher)

Please consider the TTC simulator training you have received associated with your current job position at your
currently assigned plant only.

26.

27.

28.

29.

In terms of physical fidelity, how different is the CONTROL ROOM ENVIRONMENT in the TTC simulator from
the control room at your assigned plant? Example differences may include the look, lighting, sound/ambient
noise, and layout of the CONTROL ROOM ENVIRONMENT. * (show/hide trigger question)

1 2 3 4 5
No Difference @) @) O O O Entirely Different

What impact did these differences in the CONTROL ROOM ENVIRONMENT have on your ability to perform
your job duties when you first arrived at your assigned plant after your initial TTC simulator training? *

1 2 3 4 5
No Impact O @) O o) O High Impact

What impact did these differences in the CONTROL ROOM ENVIRONMENT have on how difficult it was for you
to learn course lessons during the refresher training? *

1 2 3 4 5
No Impact @) @) @) o) @) High Impact

Please describe the differences in CONTROL ROOM ENVIRONMENT that had the most significant effect on
your ability to perform your job duties after your initial simulator training or learn course lessons during
refresher training:

[Space for response text]
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11. Effect of Differences in Panels (Non-refresher)

Please consider the TTC simulator training you have received associated with your current job position at your
currently assigned plant only.

30. Interms of physical fidelity, how different are the PANELS in the TTC simulator from the control room at your
assigned plant? Example differences may include the layout, location, and existence of PANELS. * (show/hide
trigger question)

1 2 3 4 5
No Difference @) @) O @) O Entirely Different

31. What impact did these differences in PANELS have on your ability to perform your job duties when you first
arrived at your assigned plant after your initial TTC simulator training? *

1 2 3 4 5
No Impact @) @) O o) O High Impact

32. Please describe the differences in PANELS that had the most significant effect on your ability to perform your job
duties after your initial simulator training:

[Space for response text]

12. Effect of Differences in Controllers/Switches (Non-refresher)

Please consider the TTC simulator training you have received associated with your current job position at your
currently assigned plant only.

33. In terms of physical fidelity, how different are the CONTROLLER/SWITCHES in the TTC simulator from the
control room at your assigned plant? Example differences may include the look, feel, layout, location, and
existence of CONTROLLER/SWITCHES. * (show/hide trigger question)

1 2 3 4 5
No Difference @) @) O e @) Entirely Different

34. What impact did these differences in CONTROLLERS/SWITCHES have on your ability to perform your job duties
when you first arrived at your assigned plant after your initial TTC simulator training? *

1 2 3 4 5
No Impact @) @) O o) @) High Impact

35. Please describe the differences in CONTROLLERS/SWITCHES that had the most significant effect on your
ability to perform your job duties after your initial simulator training:

[Space for response text]

E.7



13. Effect of Differences in Instrumentation (Non-refresher)

Please consider the TTC simulator training you have received associated with your current job position at your
currently assigned plant only.

36. In terms of physical fidelity, how different is the INSTRUMENTATION in the TTC simulator from the control room
at your assigned plant? Example differences may include the look, sound, layout, location, and existence of
INSTRUMENTATION. * (show/hide trigger question)

1 2 3 4 5
No Difference @) @) O o) O Entirely Different

37. What impact did these differences in INSTRUMENTATION have on your ability to perform your job duties when
you first arrived at your assigned plant after your initial TTC simulator training? *

1 2 3 4 5
No Impact @) @) @) o) @) High Impact

38. Please describe the differences in INSTRUMENTATION that had the most significant effect on your ability to
perform your job duties after your initial simulator training:

[Space for response text]

14. Effect of Differences in Alarms/Annunciators (Non-refresher)

Please consider the TTC simulator training you have received associated with your current job position at your
currently assigned plant only.

39. Interms of physical fidelity, how different are the ALARMS/ANNUNCIATORS in the TTC simulator from the
control room at your assigned plant? Example differences may include the look, sound, layout, location,
equipment/presentation medium, and existence of ALARMS/ANNUNCIATORS. * (show/hide trigger question)

1 2 3 4 5
No Difference @) @) (@) o) (@) Entirely Different

40. What impact did these differences in ALARMS/ANNUNCIATORS have on your ability to perform your job duties
when you first arrived at your assigned plant after your initial TTC simulator training? *

1 2 3 4 5
No Impact @) @) (@) o) (@) High Impact

41. Please describe the differences in ALARMS/ANNUNCIATORS that had the most significant effect on your ability
to perform your job duties after your initial simulator training:

[Space for response text]
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15. Effect of Differences in Displays (Non-refresher)

Please consider the TTC simulator training you have received associated with your current job position at your
currently assigned plant only.

42. In terms of physical fidelity, how different are the COMPUTER DISPLAYS in the TTC simulator from the control
room at your assigned plant? Example differences may include the look, layout, location, and existence of
COMPUTER DISPLAYS. * (show/hide trigger question)

1 2 3 4 5
No Difference @) @) O o) O Entirely Different

43. What impact did these differences in COMPUTER DISPLAYS have on your ability to perform your job duties
when you first arrived at your assigned plant after your initial TTC simulator training? *

1 2 3 4 5
No Impact @) @) @) o) @) High Impact

44. Please describe the differences in COMPUTER DISPLAYS that had the most significant effect on your ability to
perform your job duties after your initial simulator training:

[Space for response text]

16. Effect of Differences in Procedures (Non-refresher)

Please consider the TTC simulator training you have received associated with your current job position at your
currently assigned plant only.

45, In terms of physical fidelity, how different are the PROCEDURES in the TTC simulator from the control room at
your assigned plant? Example differences may include the look, layout/organization, storage locations, and
equipment/presentation medium of PROCEDURES. Please do not consider differences in Procedure content.
* (show/hide trigger question)

1 2 3 4 5
No Difference @) @) @) ) @) Entirely Different

46. What impact did these differences in PROCEDURES have on your ability to perform your job duties when you
first arrived at at your assigned plant after your initial TTC simulator training? *

1 2 3 4 5
No Impact @) @) O o) O High Impact

47. Please describe the differences in PROCEDURES that had the most significant effect on your ability to perform
your job duties after your initial simulator training. Please do not consider differences in Procedure content.

[Space for response text]
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17. Effect of Differences in Control Room Environment (Non-refresher)

Please consider the TTC simulator training you have received associated with your current job position at your
currently assigned plant only.

48. In terms of physical fidelity, how different is the CONTROL ROOM ENVIRONMENT in the TTC simulator from
the control room at your assigned plant? Example differences may include the look, lighting, sound/ambient
noise, and layout of the CONTROL ROOM ENVIRONMENT. * (show/hide trigger question)

1 2 3 4 5
No Difference @) @) (@) o) (@)

Entirely Different

49. What impact did these differences in the CONTROL ROOM ENVIRONMENT have on your ability to perform
your job duties when you first arrived at your assigned plant after your initial TTC simulator training? *

1 2 3 4 5
No Impact @) @) O o) O

High Impact

50. Please describe the differences in CONTROL ROOM ENVIRONMENT that had the most significant effect on
your ability to perform your job duties after your initial simulator training:

[Space for response text]

18. Differences Training

Please consider the TTC simulator training you have received associated with your current job position at your
currently assigned plant only.

51. In the TTC simulator training classes you received which methods were used to address the potential physical
fidelity differences between the TTC simulator on which you were trained and the control room at your
assigned plant. *

Differences were Differences were Differences were Differences were
neither explained pointed out explained in some | explained in great
nor pointed out without detail detail detail

Instructor

addressed o) 0O 0 O

differences

Training materials

and/or

handouts

addressed O O o) O

differences

Students

discussed 0O 0O 0 0O

differences

among

themselves
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52. Once at your assigned plant what did you have to do, if anything, to deal with the differences?

[Space for response text]

19. Background

53. Years in Resident Inspector position (round to nearest year):
54. Type of reactor(s) associated with current assignment: *

Yes No
Babcock and Wilcox

Combustion Engineering

General Electric

O O O O
O O O O

Westinghouse

55. Please select the job positions for which you have previous experience:

Have previous experience?

Yes No Years
Operator Licensing Examiner O
Shift Technical Advisor

Reactor Operator

Senior Reactor Operator

O O O O
O 0O O O O

Shift Supervisor

56. Please list other experience. Other experience may include assignments in the nuclear navy, as a nuclear
instructor/trainer, or any other relevant experience.

PositionYears

o M N =
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20. TTC Training Experience

57. Types of TTC System (classroom) Training Received

Received
Yes No

Babcock and Wilcox
Combustion Engineering

General Electric

O O O O
O O O O

Westinghouse

58. Types of TTC Simulator Training Received

Received Number of TTC
Simulator Refresher
Courses Attended

Yes No

Babcock and Wilcox
Combustion Engineering

General Electric

O O O O
O O O O

Westinghouse

59. Years since your last TTC simulator training class (round to nearest year; if less than 6 months, respond “0”)? *

21. Comments

60. Please add any comments you have on the physical fidelity of simulators for training resident inspectors:

[Space for response text]
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22. TTC Simulator Training Appraisal

The following questions seek your appraisal of your TTC simulator training. Response should appraise your TTC
simulator training separately from (a) any simulator training not provided at the TTC, (b) individual studies, (c)
classroom or computer-delivered courses, or (d) on-the-job-training.

Please use the following scale to appraise how the simulator training you received at the TTC contributed to your
success in performing your job responsibilities.

Simulator training was:
Counter-productive (i.e., negative impact on my performance and readiness for off-normal events)
Unnecessary (i.e., had no impact on my performance and readiness)
Positive impact, but too little value (i.e., had some positive impact, but not worth my time/effort)
Valuable (i.e., had enough positive impact to be worth my time/effort)
Essential (i.e., could not have achieved successful job performance and readiness without it)

How necessary was your TTC simulator training for:

61. Developing your knowledge of nuclear facility operations including system performance and interrelationships. *
(show/hide trigger question)

Counter-productive Unnecessary Positive impact, but Valuable Essential
too little value
O] 0 0 O O

62. [Skip link] Why was your TTC simulator training counter-productive for developing your knowledge of nuclear
facility operations?

[Space for response text]

63. [Skip link] Why was your TTC simulator training unnecessary for developing your knowledge of operators’ roles
and responsibilities in the control room during both normal operations and off-normal events?
O I already knew this before the TTC simulator training.
O other training was sufficient.

O Other (please state):

64. Developing your knowledge of operators’ roles and responsibilities in the control room during both normal
operations and off-normal events. * (show/hide trigger question)

Counter-productive Unnecessary Positive impact, but Valuable Essential
too little value
O] 0 0 O O
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65. [Skip link] Why was your TTC simulator training counter-productive for developing your knowledge of operators’
roles and responsibilities in the control room during both normal operations and off-normal events?

[Space for response text]

66. [Skip link] Why was your TTC simulator Training unnecessary for developing your knowledge of nuclear facility
operations including system performance and interrelationships?
O I already knew this before the TTC simulator training.
O Other training was sufficient.

O Other (please state):

67. Developing your regulatory skills for administering, documenting, and justifying a licensing evaluation of operator
and crew performance in:he control room during normal and off-normal plant operation. * (show/hide trigger

question)
Counter-productive Unnecessary Positive impact, but Valuable Essential
too little value
O] 0 0 O O

68. [Skip link] Why was your TTC simulator training counter-productive for developing your regulatory skills for
administering, documenting, and justifying a licensing evaluation of operator and crew performance?

[Space for response text]

69. [Skip link] Why was your TTC simulator training unnecessary for developing your regulatory skills for
administering, documenting, and justifying a licensing evaluation of operator and crew performance?
O I already knew this before the TTC simulator training.
O other training was sufficient.

O Other (please state):

70. How might the TTC simulator training be changed so that it is more beneficial to your success in performing your
job responsibilities?

[Space for response text]
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23. Contact

71. Would you be willing to discuss your responses with project staff or participate in a focus group of your peers and
TTC training instructors? *

O Yes
O No

A Note on Privacy

Unless you voluntarily provide your name or telephone number for follow up questions by project staff or
potential participation in a focus group, this survey is anonymous and the record kept of your survey
responses does not contain any identifying information about you. Aggregated survey results may be
shared publicly. Such aggregated results will contain no personally identifying information.

[Skip link] Please provide your contact information:

72. Name:

73. Phone number:

74. Email address:
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24. Familiarity with New Control Room Technology

75. In the context of reactor control rooms only, please rate your familiarity with the human-systems interface
technology proposed for new reactor control rooms: *

Unfa- Very
miliar Familiar

1 2 3 4 5

Graphical User Interfaces (displays using
graphical elements such as icons, menus, and
windows which operators interact with using
pointing devices such as a mouse, trackball, or
touchscreen)

Group-view display systems using large panel
computer displays that allow multiple personnel
to view the same information simultaneously.

Soft Control Systems (control interfaces are in
software and are not hardware knobs, buttons,
switches, etc.)

Computer-based Procedure Systems
(procedures are presented and monitored on a
computer display)

Computerized Operator Support Systems
(computer technology used to support operator
performance in activities such as situation
assessment, fault detection and diagnosis,
safety function and plant performance
monitoring, and response planning)

Electronic messaging (email, instant
messaging, electronic discussion 0] 9] 0] 9] o)

Thank You'/Redirect Page

Thank you for completing the survey. Your response is very important to us.
For more information on this project please contact:

Mark Miller Chief, Technical Training Support Technical Training Center NRC
(423) 855-6507
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Appendix E.2 On-line Survey: Operator Licensing Examiners
Reformatted for print version

In preparation for training NRC inspectors and license examiners for next generation reactors (e.g., AP-1000, ABWR,
EPR, and ESBWR) the NRC has commissioned Pacific Northwest National Laboratory to characterize TTC simulator
needs, especially with regard to physical fidelity. Physical fidelity is how closely the look, feel, sound, layout, location,
and operator interface of a training simulator matches an actual control room or site-specific control room simulator.
This questionnaire seeks your expert input on your experience regarding:

¢ The most significant job-related differences in physical fidelity between a TTC simulator you trained on and a
site-specific control room simulator on which you have recently performed examinations.

¢ How these differences affected your learning the necessary job-related skills and knowledge during TTC
simulator training.

¢ How these differences affected your ability to apply or transfer your TTC simulator training to the site-
specific simulator.

¢ How your training addressed these differences.
This questionnaire also seeks your assessment of the TTC simulator training you received.

This questionnaire is specifically for Operator Licensing Examiners only. If you are not an Operator Licensing
Examiner, please do not complete this questionnaire.

*Questions with a red asterisk are required.

A Note on Privacy

Unless you voluntarily provide your name or telephone number for follow up questions by project staff or potential
participation in a focus group, this survey is anonymous and the record kept of your survey responses does not

contain any identifying information about you. Aggregated survey results may be shared publicly. Such aggregated
results will contain no personally identifying information.
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2. Effect of Differences in Physical Fidelity

For each major control room attribute listed you are asked to assess the effect of physical fidelity differences between
a TTC training simulator and a site-specific control room simulator of a plant at which you have recently performed
examinations and to characterize the most significant job-related differences.
You will be assessing the following control room simulator attributes:
¢ Panels
Controllers and Switches
Instrumentation
Alarms/Annunciators
Computer Displays

Procedures

* ¢ 6 ¢ o o

Control Room Environment

3. Special Instructions for License Examiners

IMPORTANT!

The following questions will ask you to assess differences between a site-specific simulator and a TTC simulator.
Your assessments should consider a single site-specific simulator that you have recently performed examinations
on. Please use only the same site-specific simulator and the TTC simulator for the same-vendor reactor to answer
ALL questions that ask about differences.

4. Refresher Training

Please consider the TTC simulator training you have received associated with your current job position only. Your
assessments should consider a single site-specific simulator that you have recently performed examinations on.
Please use only the same site-specific simulator and the TTC simulator for the same-vendor reactor to answer ALL
questions that ask about differences.

1. Have you received refresher training on the TTC simulator of the same-vendor reactor as the site-specific control
room simulator you have recently performed examinations on and that you will use for your assessments in
this questionnaire? * (simple page jumping)

Oves; ONo
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5. Effect of Differences in Panels (Refresher)

Please consider the TTC simulator training you have received associated with your current job position only. Your
assessments should consider a single site-specific simulator that you have recently performed examinations on.
Please use only the same site-specific simulator and the TTC simulator for the same-vendor reactor to answer ALL
questions that ask about differences.

2. Interms of physical fidelity, how different are the PANELS in the TTC simulator from the site-specific simulator?
Example differences may include the layout, location, and existence of PANELS. *

1 2 3 4 5
No Difference @) @) (@) o) (@) Entirely Different

3.  What impact did these differences in PANELS have on your ability to perform your job duties when you first
arrived at the site-specific simulator after your initial TTC simulator training? *

1 2 3 4 5
No Impact @) @) O o) O High Impact

4. What impact did these differences in PANELS have on how difficult it was for you to learn course lessons during
the refresher training? *

1 2 3 4 5
No Impact @) @) @) e @) High Impact

5. Please describe the differences in PANELS that had the most significant effect on your ability to perform you job
duties after your initial simulator training or learn course lessons during refresher training:

[Space for response text]

6. Effect of Differences in Controllers/Switches (Refresher)

Please consider the TTC simulator training you have received associated with your current job position only. Your
assessments should consider a single site-specific simulator that you have recently performed examinations on.
Please use only the same site-specific simulator and the TTC simulator for the same-vendor reactor to answer ALL
questions that ask about differences.

6. Interms of physical fidelity, how different are the CONTROLLER/SWITCHES in the TTC simulator from the site-
specific simulator? Example differences may include the look, feel, layout, location, and existence of
CONTROLLER/SWITCHES. *

1 2 3 4 5
No Difference @) @) @) o) @) Entirely Different

7. What impact did these differences in CONTROLLERS/SWITCHES have on your ability to perform your job
duties when you first arrived at the site-specific simulator after your initial TTC simulator training? *

1 2 3 4 5
No Impact @) @) @) o) @) High Impact
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8. What impact did these differences in CONTROLLERS/SWITCHES have on how difficult it was for you to learn
course lessons during the refresher training? *

1 2 3 4 5
No Impact (@) @) O o) O High Impact

9. Please describe the differences in CONTROLLERS/SWITCHES that had the most significant effect on your
ability to perform your job duties after your initial simulator training or learn course lessons during refresher
training:

[Space for response text]

7. Effect of Differences in Instrumentation (Refresher)

Please consider the TTC simulator training you have received associated with your current job position only. Your
assessments should consider a single site-specific simulator that you have recently performed examinations on.
Please use only the same site-specific simulator and the TTC simulator for the same-vendor reactor to answer ALL
questions that ask about differences.

10. In terms of physical fidelity, how different is the INSTRUMENTATION in the TTC simulator from the site-specific
simulator? Example differences may include the look, sound, layout, location, and existence of
INSTRUMENTATION. *

1 2 3 4 5
No Difference (@) @) O o) O Entirely Different

11. What impact did these differences in INSTRUMENTATION have on your ability to perform your job duties when
you first arrived at the site-specific simulator after your initial TTC simulator training? *

1 2 3 4 5
No Impact @) O @) o) O High Impact

12. What impact did these differences in INSTRUMENTATION have on how difficult it was for you to learn course
lessons during the refresher training? *

1 2 3 4 5
No Impact @) @) O o) O High Impact

13. Please describe the differences in INSTRUMENTATION that had the most significant effect on your ability to
perform your job duties after your initial simulator training or learn course lessons during refresher training:

[Space for response text]
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8. Effect of Differences in Alarms/ Annunciators (Refresher)

Please consider the TTC simulator training you have received associated with your current job position only. Your
assessments should consider a single site-specific simulator that you have recently performed examinations on.
Please use only the same site-specific simulator and the TTC simulator for the same-vendor reactor to answer ALL
questions that ask about differences.

14. In terms of physical fidelity, how different is the ALARMS/ ANNUNCIATORS in the TTC simulator from the site-
specific simulator? Example differences may include the look, sound, layout, location, and existence of
ALARMS/ ANNUNCIATORS. *

1 2 3 4 5
No Difference @) @) O @) O Entirely Different

15. What impact did these differences in ALARMS/ ANNUNCIATORS have on your ability to perform your job duties
when you first arrived at the site-specific simulator after your initial TTC simulator training? *

1 2 3 4 5
No Impact @) O @) O O High Impact

16. What impact did these differences in ALARMS/ ANNUNCIATORS have on how difficult it was for you to learn
course lessons during the refresher training? *

1 2 3 4 5
No Impact O @) O O O High Impact

17. Please describe the differences in ALARMS/ ANNUNCIATORS that had the most significant effect on your
ability to perform your job duties after your initial simulator training or learn course lessons during refresher
training:

[Space for response text]

9. Effect of Differences in Displays (Refresher)

Please consider the TTC simulator training you have received associated with your current job position only. Your
assessments should consider a single site-specific simulator that you have recently performed examinations on.
Please use only the same site-specific simulator and the TTC simulator for the same-vendor reactor to answer ALL
questions that ask about differences.

18. In terms of physical fidelity, how different is the COMPUTER DISPLAYS in the TTC simulator from the site-
specific simulator? Example differences may include the look, sound, layout, location, and existence of
COMPUTER DISPLAYS. *

1 2 3 4 5
No Difference (@) @) O o) O Entirely Different

19. What impact did these differences in COMPUTER DISPLAYS have on your ability to perform your job duties
when you first arrived at the site-specific simulator after your initial TTC simulator training? *

1 2 3 4 5
No Impact @) O (@) o) O High Impact
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20. What impact did these differences in COMPUTER DISPLAYS have on how difficult it was for you to learn course
lessons during the refresher training? *

1 2 3 4 5
No Impact (@) @) O o) O High Impact

21. Please describe the differences in COMPUTER DISPLAYS that had the most significant effect on your ability to
perform your job duties after your initial simulator training or learn course lessons during refresher training:

[Space for response text]

10. Effect of Differences in Procedures (Refresher)

Please consider the TTC simulator training you have received associated with your current job position only. Your
assessments should consider a single site-specific simulator that you have recently performed examinations on.
Please use only the same site-specific simulator and the TTC simulator for the same-vendor reactor to answer ALL
questions that ask about differences.

22. In terms of physical fidelity, how different is the PROCEDURES in the TTC simulator from the site-specific
simulator? Example differences may include the look, sound, layout, location, and existence of
PROCEDURES. *

1 2 3 4 5
No Difference @) @) O O O Entirely Different

23. What impact did these differences in PROCEDURES have on your ability to perform your job duties when you
first arrived at the site-specific simulator after your initial TTC simulator training? *

1 2 3 4 5
No Impact O O O O O High Impact

24. What impact did these differences in PROCEDURES have on how difficult it was for you to learn course lessons
during the refresher training? *

1 2 3 4 5
No Impact @) @) @) o) @) High Impact

25. Please describe the differences in PROCEDURES that had the most significant effect on your ability to perform
your job duties after your initial simulator training or learn course lessons during refresher training:

[Space for response text]
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11. Effect of Differences in Control Room Environment (Refresher)

Please consider the TTC simulator training you have received associated with your current job position only. Your
assessments should consider a single site-specific simulator that you have recently performed examinations on.
Please use only the same site-specific simulator and the TTC simulator for the same-vendor reactor to answer ALL
questions that ask about differences.

26. In terms of physical fidelity, how different is the CONTROL ROOM ENVIRONMENT in the TTC simulator from
the site-specific simulator? Example differences may include the look, sound, layout, location, and existence
of CONTROL ROOM ENVIRONMENT. *

1 2 3 4 5
No Difference @) @) O @) O Entirely Different

27. What impact did these differences in CONTROL ROOM ENVIRONMENT have on your ability to perform your job
duties when you first arrived at the site-specific simulator after your initial TTC simulator training? *

1 2 3 4 5
No Impact @) O @) O O High Impact

28. What impact did these differences in CONTROL ROOM ENVIRONMENT have on how difficult it was for you to
learn course lessons during the refresher training? *

1 2 3 4 5
No Impact O @) O O O High Impact

29. Please describe the differences in CONTROL ROOM ENVIRONMENT that had the most significant effect on
your ability to perform your job duties after your initial simulator training or learn course lessons during
refresher training:

[Space for response text]

12. Effect of Differences in Panels (Non-refresher)

Please consider the TTC simulator training you have received associated with your current job position only. Your
assessments should consider a single site-specific simulator that you have recently performed examinations on.
Please use only the same site-specific simulator and the TTC simulator for the same-vendor reactor to answer ALL
questions that ask about differences.

30. In terms of physical fidelity, how different are the PANELS in the TTC simulator from the site-specific simulator?
Example differences may include the look, sound, layout, location, and existence of PANELS. *

1 2 3 4 5
No Difference (@) @) O o) O Entirely Different

31. What impact did these differences in PANELS have on your ability to perform your job duties when you first
arrived at the site-specific simulator after your initial TTC simulator training? *

1 2 3 4 5
No Impact @) O (@) o) O High Impact
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32. Please describe the differences in PANELS that had the most significant effect on your ability to perform your job
duties after your initial simulator training or learn course lessons during refresher training:

[Space for response text]

13. Effect of Differences in Controllers/Switches (Non-refresher)

Please consider the TTC simulator training you have received associated with your current job position only. Your
assessments should consider a single site-specific simulator that you have recently performed examinations on.
Please use only the same site-specific simulator and the TTC simulator for the same-vendor reactor to answer ALL
questions that ask about differences.

33. In terms of physical fidelity, how different are the CONTROLLER/SWITCHES in the TTC simulator from the site-
specific simulator? Example differences may include the look, feel, layout, location, and existence of
CONTROLLER/SWITCHES. *

1 5

2 3 4
No Difference @) @) (@) O O Entirely Different

34. What impact did these differences in CONTROLLERS/SWITCHES have on your ability to perform your job
duties when you first arrived at the site-specific simulator after your initial TTC simulator training? *

1 3

2 4 5
No Impact @) @) O O O High Impact

35. Please describe the differences in CONTROLLERS/SWITCHES that had the most significant effect on your
ability to perform your job duties after your initial simulator training or learn course lessons during refresher
training:

[Space for response text]

14. Effect of Differences in Instrumentation (Non-refresher)

Please consider the TTC simulator training you have received associated with your current job position only. Your
assessments should consider a single site-specific simulator that you have recently performed examinations on.
Please use only the same site-specific simulator and the TTC simulator for the same-vendor reactor to answer ALL
questions that ask about differences.

36. In terms of physical fidelity, how different is the INSTRUMENTATION in the TTC simulator from the site-specific
simulator? Example differences may include the look, sound, layout, location, and existence of
INSTRUMENTATION. *

No Difference

N

w

4
0]

5
)

Entirely Different
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37. What impact did these differences in INSTRUMENTATION have on your ability to perform your job duties when
you first arrived at the site-specific simulator after your initial TTC simulator training? *

1 2 3 4 5
No Impact (@) O @) o) O High Impact

38. Please describe the differences in INSTRUMENTATION that had the most significant effect on your ability to
perform your job duties after your initial simulator training or learn course lessons during refresher training:

[Space for response text]

15. Effect of Differences in Alarms/ Annunciators (Non-refresher)

Please consider the TTC simulator training you have received associated with your current job position only. Your
assessments should consider a single site-specific simulator that you have recently performed examinations on.
Please use only the same site-specific simulator and the TTC simulator for the same-vendor reactor to answer ALL
questions that ask about differences.

39. In terms of physical fidelity, how different is the ALARMS/ ANNUNCIATORS in the TTC simulator from the site-
specific simulator? Example differences may include the look, sound, layout, location, and existence of
ALARMS/ ANNUNCIATORS. *

1 2 3 4 5
No Difference @) @) O O O Entirely Different

40. What impact did these differences in ALARMS/ ANNUNCIATORS have on your ability to perform your job duties
when you first arrived at the site-specific simulator after your initial TTC simulator training? *

1 2 3 4 5
No Impact @) @) @) o) @) High Impact

41. Please describe the differences in ALARMS/ ANNUNCIATORS that had the most significant effect on your
ability to perform your job duties after your initial simulator training or learn course lessons during refresher
training:

[Space for response text]

16. Effect of Differences in Displays (Non-refresher)

Please consider the TTC simulator training you have received associated with your current job position only. Your
assessments should consider a single site-specific simulator that you have recently performed examinations on.
Please use only the same site-specific simulator and the TTC simulator for the same-vendor reactor to answer ALL
questions that ask about differences.

42. In terms of physical fidelity, how different is the COMPUTER DISPLAYS in the TTC simulator from the site-
specific simulator? Example differences may include the look, sound, layout, location, and existence of
COMPUTER DISPLAYS. *

1 5
No Difference @) @) O @) O Entirely Different

N
w
SN
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43. What impact did these differences in COMPUTER DISPLAYS have on your ability to perform your job duties
when you first arrived at the site-specific simulator after your initial TTC simulator training? *

1 2 3 4 5
No Impact (@) O @) o) O High Impact

44. Please describe the differences in COMPUTER DISPLAYS that had the most significant effect on your ability to
perform your job duties after your initial simulator training or learn course lessons during refresher training:

[Space for response text]

17. Effect of Differences in Procedures (Non-refresher)

Please consider the TTC simulator training you have received associated with your current job position only. Your
assessments should consider a single site-specific simulator that you have recently performed examinations on.
Please use only the same site-specific simulator and the TTC simulator for the same-vendor reactor to answer ALL
questions that ask about differences.

45. In terms of physical fidelity, how different is the PROCEDURES in the TTC simulator from the site-specific
simulator? Example differences may include the look, sound, layout, location, and existence of
PROCEDURES. *

1 2 3 4 5
No Difference @) @) O O O Entirely Different

46. What impact did these differences in PROCEDURES have on your ability to perform your job duties when you
first arrived at the site-specific simulator after your initial TTC simulator training? *

1 2 3 4 5
No Impact O O O O O High Impact

47. Please describe the differences in PROCEDURES that had the most significant effect on your ability to perform
your job duties after your initial simulator training or learn course lessons during refresher training:

[Space for response text]

18. Effect of Differences in Control Room Environment (Non-refresher)

Please consider the TTC simulator training you have received associated with your current job position only. Your
assessments should consider a single site-specific simulator that you have recently performed examinations on.
Please use only the same site-specific simulator and the TTC simulator for the same-vendor reactor to answer ALL
questions that ask about differences.
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48. In terms of physical fidelity, how different is the CONTROL ROOM ENVIRONMENT in the TTC simulator from
the site-specific simulator? Example differences may include the look, sound, layout, location, and existence
of CONTROL ROOM ENVIRONMENT. *

1 2 3 4 5
No Difference @) @) O e @)

Entirely Different

49. What impact did these differences in CONTROL ROOM ENVIRONMENT have on your ability to perform your job
duties when you first arrived at the site-specific simulator after your initial TTC simulator training? *

1 2 3 4 5
No Impact @) O (@) o) O

High Impact

50. Please describe the differences in CONTROL ROOM ENVIRONMENT that had the most significant effect on
your ability to perform your job duties after your initial simulator training or learn course lessons during
refresher training:

[Space for response text]

19. Differences Training

Please consider the TTC simulator training you have received associated with your current job position only. Your
assessments should consider a single site-specific simulator that you have recently performed examinations on.
Please use only the same site-specific simulator and the TTC simulator for the same-vendor reactor to answer ALL
questions that ask about differences.

51. In the TTC simulator training classes you received which methods were used to address the potential physical
fidelity differences between the TTC simulator on which you were trained and the site-specific simulator. *

Differences were Differences were Differences were Differences were
neither explained pointed out explained in some | explained in great
nor pointed out without detail detail detail

Instructor

addressed o) 0O 0 O

differences

Training materials

and/or

handouts

addressed O O o) O

differences

Students

discussed 0O 0O 0 0O

differences

among

themselves

52. Once at the site-specific simulator what did you have to do, if anything, to deal with the differences?

[Space for response text]
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20. Background

53. Years in License Examiner position (round to nearest year):
54. Type of reactor(s) associated with current assignment: *

Yes No
Babcock and Wilcox

Combustion Engineering

General Electric

O O O O
O O O O

Westinghouse

55. Please select the job positions for which you have previous experience:

Have previous experience?

Yes No Years
Operator Licensing Examiner O
Shift Technical Advisor

Reactor Operator

Senior Reactor Operator

O O O O
O O O O O

Shift Supervisor

56. Please list other experience. Other experience may include assignments in the nuclear navy, as a nuclear
instructor/trainer, or any other relevant experience.

PositionYears

2 © ®» N2
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21. TTC Training Experience

57. Types of TTC System (classroom) Training Received

Received
Yes No

Babcock and Wilcox
Combustion Engineering

General Electric

O O O O
O O O O

Westinghouse

58. Types of TTC Simulator Training Received

Received Number of TTC
Simulator Refresher
Courses Attended

Yes No

Babcock and Wilcox
Combustion Engineering

General Electric

O O O O
O O O O

Westinghouse

59. Years since your last TTC simulator training class (round to nearest year; if less than 6 months, respond “0”)? *

22. Comments

60. Please add any comments you have on the physical fidelity of simulators for training resident inspectors:

[Space for response text]
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23. TTC Simulator Training Appraisal

The following questions seek your appraisal of your TTC simulator training. Response should appraise your TTC
simulator training separately from (a) any simulator training not provided at the TTC, (b) individual studies, (c)
classroom or computer-delivered courses, or (d) on-the-job-training.

Please use the following scale to appraise how the simulator training you received at the TTC contributed to your
success in performing your job responsibilities.

Simulator training was:
Counter-productive (i.e., negative impact on my performance and readiness for off-normal events)
Unnecessary (i.e., had no impact on my performance and readiness)
Positive impact, but too little value (i.e., had some positive impact, but not worth my time/effort)
Valuable (i.e., had enough positive impact to be worth my time/effort)
Essential (i.e., could not have achieved successful job performance and readiness without it)

How necessary was your TTC simulator training for:

61. Developing your knowledge of nuclear facility operations including system performance and interrelationships. *
(show/hide trigger question)

Counter-productive Unnecessary Positive impact, but Valuable Essential
too little value
O] 0 0 O O

62. [Skip link] Why was your TTC simulator training counter-productive for developing your knowledge of nuclear
facility operations?

[Space for response text]

63. [Skip link] Why was your TTC simulator training unnecessary for developing your knowledge of operators’ roles
and responsibilities in the control room during both normal operations and off-normal events?
O I already knew this before the TTC simulator training.
O other training was sufficient.

O Other (please state):

64. Developing your knowledge of operators’ roles and responsibilities in the control room during both normal
operations and off-normal events. * (show/hide trigger question)

Counter-productive Unnecessary Positive impact, but Valuable Essential
too little value
O] 0 0 O O

65. [Skip link] Why was your TTC simulator training counter-productive for developing your knowledge of operators’
roles and responsibilities in the control room during both normal operations and off-normal events?

[Space for response text]
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66. [Skip link] Why was your TTC simulator Training unnecessary for developing your knowledge of nuclear facility
operations including system performance and interrelationships?

O 1 already knew this before the TTC simulator training.

O Other training was sufficient.

O Other (please state):

67. Developing your regulatory skills for administering, documenting, and justifying a licensing evaluation of operator
and crew performance in the control room during normal and off-normal plant operation. * (show/hide trigger

question)
Counter-productive Unnecessary Positive impact, but Valuable Essential
too little value
O] O O O O

68. [Skip link] Why was your TTC simulator training counter-productive for developing your regulatory skills for
administering, documenting, and justifying a licensing evaluation of operator and crew performance?

[Space for response text]

69. [Skip link] Why was your TTC simulator training unnecessary for developing your regulatory skills for
administering, documenting, and justifying a licensing evaluation of operator and crew performance?
O I already knew this before the TTC simulator training.
O other training was sufficient.

O Other (please state):

71. How might the TTC simulator training be changed so that it is more beneficial to your success in performing your
job responsibilities?

[Space for response text]
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24. Contact

71. Would you be willing to discuss your responses with project staff or participate in a focus group of your peers and
TTC training instructors? *

O Yes
O No

A Note on Privacy

Unless you voluntarily provide your name or telephone number for follow up questions by project staff or
potential participation in a focus group, this survey is anonymous and the record kept of your survey
responses does not contain any identifying information about you. Aggregated survey results may be
shared publicly. Such aggregated results will contain no personally identifying information.

[Skip link] Please provide your contact information:

72. Name:

73. Phone number:

74. Email address:
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25. Familiarity with New Control Room Technology

75. In the context of reactor control rooms only, please rate your familiarity with the human-systems
interface technology proposed for new reactor control rooms: *

Unfa- Very
miliar Familiar
2 3 4
1 5

Graphical User Interfaces (displays using graphical
elements such as icons, menus, and windows

which operators interact with using pointing devices (0] 0] (0] 0] (0]
such as a mouse, trackball, or touchscreen)

Group-view display systems using large panel
computer displays that allow multiple personnel to
view the same information simultaneously. (@) 0] (@) 0] 0]

Soft Control Systems (control interfaces are in
software and are not hardware knobs, buttons, (e} (0] (e} (0] (6]
switches, etc.)

Computer-based Procedure Systems (procedures
are presented and monitored on a computer (0] (0] (0] (0] (0]
display)

Computerized Operator Support Systems
(computer technology used to support operator
performance in activities such as situation (0] 0] (0] 0] (0]
assessment, fault detection and diagnosis, safety
function and plant performance monitoring, and
response planning)

Electronic messaging (email, instant messaging,
electronic discussion

Thank You'/Redirect Page

Thank you for completing the survey. Your response is very important to us.
For more information on this project please contact:

Mark Miller Chief, Technical Training Support Technical Training Center NRC
(423) 855-6507
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APPENDIX F

Draft NRC Advanced Reactor Simulator
Fidelity Requirements

Appendix F provides some draft requirements that might be applied to simulators that NRC would obtain
for training Resident Inspectors and Operator Licensing Examiners on the advanced Gen I1I/ Gen I+
reactors. This draft is intended to lay out general requirements for simulator fidelity, not to provide a
comprehensive specification.

3.2.1 Physical Fidelity and Human Factors
3.2.1.1 Scope of Panel Simulation.

The simulator shall have the capability to represent those panels, consoles, and operating stations required
to provide the controls, instrumentation, alarms, and other human-system interfaces necessary for the
Nuclear Regulatory Commission (NRC) staff member (hence with referred to as “staff”) to become
familiar with their design, understand the basis for their use, and have the ability to recognize the correct
use by operators in the “reference unit” to conduct the flowing normal evolutions:

(1) Unit startup from cold shutdown to rated power conditions;
(2) Unit shutdown from rated power to cold shutdown conditions; and
(3) Power operations and Load changes.

The simulator shall have the capability to demonstrate the concept of operator conducted surveillance
testing on safety-related equipment or systems such that the staff can become familiar with their purpose,
understand the basis for their performance, and have the ability to recognize the correct use of the
surveillance test procedures by operators in the “reference unit”.

Evolutions not listed above, such as reactor core end-of-cycle coastdown, mid-loop operations, refueling
operations, evolutions in which the reactor vessel head is removed, may be considered; but are not
considered to be within the scope of simulator training.

The determination of the type and number of malfunctions simulated shall be part of a systematic
approach to training process for the design of performance-based trainee training programs. The
malfunction selection process should utilize the following references:

(1) Industry wide Licensee Event Reports (LERs), Significant Event Reports, and Significant Operating
Experience Reports;

(2) Probabilistic risk assessment (PRA) studies;

(3) Nuclear steams supply system and balance of plant manufacturer equipment availability and reliability
data, as well as technical information service bulletins;

(4) “Reference unit-specific” operating experiences;
(5) U.S. Nuclear Regulatory Commission bulletins, circulars, and generic letters; and
(6) Reference Unit Safety Analysis Report
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The specific malfunction capability required of the simulator shall meet the requirements specified in the
NRC Technical Training Center (TTC) accredited staff training programs.

The simulator shall include, as a minimum, the malfunctions listed below:

(1) Loss of coolant; significant pressurized water reactor (PWR) steam generator tube leaks; inside and
outside primary containment; large and small loss of coolant accidents (LOCA) demonstrating multi
phase flow; and failure of safety and relief valves;

(2) Loss of instrument air to the extent that the whole system or isolable portions can lose pressure and
affect the “reference unit’s” static or dynamic performance;

(3) Degraded electrical power to the station, including loss of offsite power, loss of emergency power,
loss of emergency generators, loss of power to the unit’s electrical distribution buses, and loss of
power to the individual instrumentation buses (including AC as well as DC) that provide power to
control room instrumentation or unit control functions affecting the unit’s response;

(4) Loss of forced core coolant flow due to single or multiple pump failure;
(5) Loss of condenser vacuum, including loss of condenser level control;
(6) Loss of service water or cooling to individual components;

(7) Loss of shutdown cooling;

(8) Loss of component cooling system or cooling to individual components;
(9) Loss of normal feedwater or normal feedwater system failure;

(10) Loss of all feedwater, both normal and emergency;

(11) Loss of a protective system channel;

(12) Control rod failure, including stuck rods, uncoupled rods, drifting rods, rod drops, and misaligned
rods;

(13) Inability to drive control rods;

(14) Fuel cladding failure resulting in high activity in reactor coolant or off-gas and the associated high
radiation alarms;

(15) Turbine trip;

(16) Generator trip;

(17) Failure in automatic control systems that affect reactivity and core heat removal;

(18) Failure of reactor coolant pressure and volume control systems for PWRs;

(19) Reactor trip;

(20) Main steamline break, as well as main feedline breaks, both inside and outside containment;
(21) Nuclear instrumentation failures;

(22) Process instrumentation, alarms, and control system failures;

(23) Passive failures of components in systems, such as engineered safety features or emergency
feedwater systems;

(24) Failure of the automatic reactor trip system; and

(25) Reactor pressure control system failure, including turbine bypass failure for boiling water reactors
(BWRs).

The simulator shall support the ability to demonstrate abnormal, off-normal, and emergency events,
including simultaneous or sequential malfunctions, for the purpose of the staff member to become
familiar with the “reference unit’s response and automatic control functions, understand the basis for the
response, and have the ability to recognize the correct response by operators in the “reference unit” to
conduct the normal and abnormal evolutions list above. Where operator actions vary based on severity of
the event, the simulator shall have adjustable malfunction severity of a sufficient range to represent the
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potential “reference unit” conditions. The simulator shall support consequential failures of systems and
equipment due to operator action or malfunction of supporting systems where supported by training needs
assessment.

The response of the simulator shall be comply with current industry standard compared to actual
“reference unit” response or best estimate unit response.

The simulator shall support the ability of the staff to become familiar with the proper operator response,
understand the basis for the operator’s actions, and have the ability to recognize the correct use of
“reference unit” procedures to recover from or mitigate the consequences of malfunctions. The scope of
simulation shall be such that a stable, controllable, and safe condition is attained, which can be continued
either to cold shutdown conditions or until the limits of simulation are reached.

3.2.1.2 Instrumentation, Controls, Markings, and Operator Aids.

The simulator shall depict panels, consoles, and operating stations shall include instrumentation, controls,
markings, operator aids, and other components or displays that are used during normal, abnormal, off-
normal, and emergency evolutions in such a manner that staff have the ability to understand the
identification, basis, and correct implementation of the following during their training:

Critical components
ESF system components
Critical safety parameters

Normal operating procedures

* & 6 o o

Administrative procedures including tagging, criticality predictions, reactivity balance
calculations, temporary change authorizations, jumpers, etc.)

Annunciator response procedures
Abnormal operating procedures
Emergency operating procedures

Surveillance and test procedures

* 6 6 o o

Technical Specification
The following items or facsimiles shall be considered:

Switches
Controllers
Meters
Recorders
Mimics
Demarcation lines
Engravings
Color

Panel layout
Plant computer
Lights

® 6 6 O 6 6 0 O 0 o
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Annunciators
Labels
Tactile cues

* & o o

Display systems

The simulator shall support replication and simulation of systems, equipment, individual components, and
instrumentation, etc. where supported by a training needs assessment.

3.2.1.3 Control Room Environment

The “reference unit” control room environmental features that support the staff experiencing and
becoming familiar with crew interaction during normal, abnormal, off-normal, and emergency evolutions
shall be simulated. Communication systems that an operator would typically use to direct remote
“reference unit” activities shall be operational at least to the extent that the instructor, when performing
these activities, is able to communicate over the appropriate operator’s communication system.

The following items shall be considered:

¢ Crew designated workstations
¢ Communications
¢ Audible cues

3.2.1.4 “Reference Unit” and TTC Simulator (TTCS) Deviations.
The following terms apply:

e “Reference Unit” — Vendors’ typical site specific unit and associated full-scope simulator used
for license operator training

e NRC Technical Training Center Simulator (TTCS) — Simulator used to train staff at the NRC
Technical Training Center

As a minimum, there shall be a minimum of one (1) TTCS capable of training staff on each thermal-
hydraulic principal (i.e., pressurized water reactor - PWR and boiling water reactor —- BWR. The TTCS
shall have the capability to replicate one of the existing vendors’ “reference units” per the scope and
specifications described in Sections 3.2.1.3. Deviations in physical fidelity and human factors may exist
between the “reference units” and the TTCS provided the design and operation of the TTCS meets the
training learning objectives defined in the TTC systematic approach to training (SAT) program.

3.2.2 Systems to be Simulated and the Degree of Completeness
3.2.2.1 Systems Controlled or Monitored from the Control Room.

The scope of simulation shall include systems of the “reference unit” to the extent necessary to allow the
operator to perform the normal evolutions described in 3.2.1.1 and respond to the malfunctions described
in 3.2.1.1. These systems shall be complete to the extent that staff can gain an understanding and basis
for the control manipulations and observe simulated unit response as if in the “reference unit”. The scope
of simulation shall include system interactions with other simulated systems to provide a total integrated
unit response.
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3.2.2.2 Systems Controlled or Monitored External to the Control Room.

The scope of simulation shall include the systems that are operated or monitored external to the control
room that are necessary for staff to gain an understanding and basis for the normal evolutions described in
3.2.1.1 and the expected response to malfunctions described in 3.2.1.1. The operator shall be able to
interface with the remote activity utilizing the TTCS communication systems in a manner similar to the
“reference unit”.

3.2.1 Physical Fidelity and Human Factors
3.2.1.1 Scope of Panel Simulation.

The simulator shall include those panels, consoles, and operating stations required to provide the controls,
instrumentation, alarms, and other human-system interfaces used by operators in the “reference unit” to
conduct the flowing normal evolutions:

(1) Unit startup from cold shutdown to rated power conditions;

(2) Unit shutdown from rated power to cold shutdown conditions;

(3) Power operations and Load changes; and

(4) Operator-conducted surveillance testing on safety-related equipment or systems.

For evolutions not listed above, such as reactor core end-of-cycle coastdown, mid-loop operations,
refueling operations, or evolutions in which the reactor vessel head is removed, conditions may be
achieved in a non-continuous manner, and mathematical model or initial condition changes are permitted.

The determination of the type and number of malfunctions simulated shall be part of a systematic
approach to training process for the design of performance-based operator training programs. The
malfunction selection process should utilize the following references:

(1) Licensee Event Reports (LERs), Significant Event Reports, and Significant Operating Experience
Reports;
(2) Probabilistic risk assessment (PRA) studies;

(3) Nuclear steams supply system and balance of plant manufacturer equipment availability and reliability
data, as well as technical information service bulletins;

(4) Local site considerations and “reference unit-specific” operating experiences;
(5) U.S. Nuclear Regulatory Commission bulletins, circulars, and generic letters; and
(6) Reference Unit Safety Analysis Report

The specific malfunction capability required of the simulator shall meet the requirements specified in the
“reference unit’s” accredited licensed operator training programs.

The simulator shall include the malfunctions listed below:

(1) Loss of coolant; significant pressurized water reactor (PWR) steam generator tube leaks; inside and
outside primary containment; large and small loss of coolant accidents (LOCA) demonstrating multi
phase flow; and failure of safety and relief valves;

(2) Loss of instrument air to the extent that the whole system or isolable portions can lose pressure and
affect the “reference unit’s” static or dynamic performance;
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(3) Degraded electrical power to the station, including loss of offsite power, loss of emergency power,
loss of emergency generators, loss of power to the unit’s electrical distribution buses, and loss of
power to the individual instrumentation buses (including AC as well as DC) that provide power to
control room instrumentation or unit control functions affecting the unit’s response;

(4) Loss of forced core coolant flow due to single or multiple pump failure;
(5) Loss of condenser vacuum, including loss of condenser level control;
(6) Loss of service water or cooling to individual components;

(7) Loss of shutdown cooling;

(8) Loss of component cooling system or cooling to individual components;
(9) Loss of normal feedwater or normal feedwater system failure;

(10) Loss of all feedwater, both normal and emergency;

(11) Loss of a protective system channel;

(12) Control rod failure, including stuck rods, uncoupled rods, drifting rods, rod drops, and misaligned
rods;

(13) Inability to drive control rods;

(14) Fuel cladding failure resulting in high activity in reactor coolant or off-gas and the associated high
radiation alarms;

(15) Turbine trip;

(16) Generator trip;

(17) Failure in automatic control systems that affect reactivity and core heat removal;

(18) Failure of reactor coolant pressure and volume control systems for PWRs;

(19) Reactor trip;

(20) Main steamline break, as well as main feedline breaks, both inside and outside containment;
(21) Nuclear instrumentation failures;

(22) Process instrumentation, alarms, and control system failures;

(23) Passive failures of components in systems, such as engineered safety features or emergency
feedwater systems;

(24) Failure of the automatic reactor trip system; and

(25) Reactor pressure control system failure, including turbine bypass failure for boiling water reactors
(BWRs).

The simulator shall support the conduct of abnormal, off-normal, and emergency events, including
simultaneous or sequential malfunctions, to demonstrate inherent “reference unit” response and automatic
control functions. Where operator actions vary based on severity of the event, the simulator shall have
adjustable malfunction severity of a sufficient range to represent the potential “reference unit” conditions.
The simulator shall support consequential failures of systems and equipment due to operator action or
malfunction of supporting systems where supposed by a training needs assessment.

The response of the simulator shall be compared to actual “reference unit” response or best estimate unit
response. The simulator shall support operator action to recover from or mitigate the consequences of
malfunctions. The scope of simulation shall be such that a stable, controllable, and safe condition is
attained, which can be continued either to cold shutdown conditions or until the limits of simulation are
reached.
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3.2.1.2 Instrumentation, Controls, Markings, and Operator Aids.

[This is from Draft Fidelity Requirements — 1-28-08.doc]The simulator panels, consoles, and operating
stations shall include instrumentation, controls, markings, operator aids, and other components or displays
that are used during normal, abnormal, off-normal, and emergency evolutions. The following items shall
be considered:

Switches
Controllers
Meters
Recorders
Mimics
Demarcation lines
Engravings
Color

Panel layout
Plant computer
Lights
Annunciators
Labels

Tactile cues

® 6 6 6 O 6 6 O O O O 0 0 o

Display systems
3.2.1.3 Control Room Environment

The “reference unit” control room environmental features that support normal, abnormal, off-normal, and
emergency evolutions shall be simulated. Communication systems that an operator would use to direct
remote “reference unit” activities shall be operational at least to the extent that the instructor, when
performing these activities, is able to communicate over the appropriate operator’s communication
system.

The following items shall be considered:

Floor plan

Lighting characteristics
Communications
Furnishings

General appearance
Audible cues

Obstructions

* & 6 6 o o o
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3.2.1.4 Simulator Control Room Deviations

Where physical fidelity and human factors deviations exist between the “reference unit” and the
simulator, such deviations may remain if a training needs assessment is performed.

3.2.2 Systems to be Simulated and the Degree of Completeness
3.2.2.1 Systems Controlled or Monitored from the Control Room.

The scope of simulation shall include systems of the “reference unit” to the extent necessary to allow the
operator to perform the normal evolutions described in 3.2.1.1 and respond to the malfunctions described
in 3.2.1.1. These systems shall be complete to the extent that the operator can perform these control
manipulations and observe simulated unit response as in the “reference unit”. The scope of simulation
shall include system interactions with other simulated systems to provide a total integrated unit response.

3.2.2.2 Systems Controlled or Monitored External to the Control Room.
The scope of simulation shall include the systems that are operated or monitored external to the control
room that are necessary to perform the normal evolutions described in 3.2.1.1 and to respond to

malfunctions described in 3.2.1.1. The operator shall be able to interface with the remote activity in the
same general way that they would in the actual power plant.
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