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1 BACKGROUND

Workplaces are locations where personnel use human-system interfaces (HSIs) to monitor and
control the plant. Workplaces may be stationary, as in a typical control room, or mobile, as when
portable HSIs are used. Workplaces may be located in proximity to the equipment being
monitored and controlled, or they may be located remotely in relation to the equipment. The
workplace environment may be controlled, as is the case for most typical control rooms, or not
controlled, as is the case for many local control stations.

In current large light water reactors (LLWRs), workplaces include main control rooms (MCRs),
remote shutdown stations, and local control stations (LCSs). Typical LLWRs operating today are
monitored and controlled using a combination of workplaces and field operator observations.

MCRs have been a fundamental part of nuclear plant design since their inception. The MCR is
the central location from which operators work as a team to monitor and control the plant during
normal and emergency conditions. It is also the place where other activities, such as
surveillance, testing, and maintenance, are coordinated. However, this situation may change for
small, advanced reactors. In previous research, we identified the characteristics of small,
advanced reactors (O’Hara, Fleger, Desaulniers, Green, Seymour & D'Agostino, 2021). One
characteristic was that they “may not have a control room in the traditional sense; reactor
monitoring and control may be accomplished from simple panels either locally or remotely.”

Traditional MCRs may not be necessary for some small, advanced reactors because the role of
plant personnel in both normal operations and emergency management may be significantly
changed. Consequently, the workplaces needed to support them may be significantly different
from those found in typical LLWRs operating today. This point was also made by the Nuclear
Energy Institute (NEI, 2019):

Due to advances in technology, a traditional control room may not be necessary. For micro-
reactors that demonstrate the safety of the reactor can be assured without the need for operator
action, and if an individual is unable to compromise the safety of the reactor through the
manipulations of the controls, then there would be no need for requirements relating to the control
room or for an operator-initiated shutdown. Therefore, requirements for control rooms, such as 10
CFR Part 50 Appendix A, General Design Criteria 19, may not be applicable to micro-reactors.

Small, advanced reactors may require few, if any, safety-related human actions (HAs) and fewer
HAs to monitor and control the plant. In comparison to LLWRs, these are significant changes
that have implications for many aspects of an applicant’s human factors engineering (HFE),
including control room design, plant staffing, and the management of safety functions.

To support the ability of the Nuclear Regulatory Commission (NRC) to evaluate these changes,
information needs to be developed that addresses the characteristics and potential issues
related to the use or absence of MCRs. This is the subject of this report. The objectives of our
research were to:

e identify when a traditional MCR may not be necessary

e identify workplace design alternatives to traditional MCRs

e develop guidance for reviewing an applicant’s workplace designs with and without an
MCR



2 REACTOR MONITORING AND CONTROL

21 Traditional Workplaces for Reactor Monitoring and Control

As noted above, LLWR workplaces include MCRs, remote shutdown stations, and LCSs. This
section describes the role of each.

2.1.1 Main Control Room
When evaluating the need for an MCR, it is important to consider:
e Functions — what functions does the MCR support

e Location — where is the MCR located in relationship to the process structures, systems,
and components (SSCs)

It is also important to evaluate compliance with the regulatory requirements. These
requirements are discussed in Section 2.2.

Functions

The NRC defines an MCR as “the area in a nuclear power plant from which most of the plant's
power production and emergency safety equipment can be operated by remote control.””

Similarly, the International Atomic Energy Agency (IAEA) defines an MCR as the location from
which the plant can be safely operated in all its operational states, either automatically or
manually, and from which measures can be taken to maintain the plant in a safe state or to
bring it back into a safe state after the onset of anticipated operational occurrences and accident
conditions (IAEA 1995, 2016).

Regulatory Guide (RG) 1.196 (NRC, 2017) expands on the definition of an MCR as:

The plant area, defined in the facility licensing basis, in which actions can be taken to operate the
plant safely under normal conditions and to maintain the reactor in a safe condition during accident
situations. It encompasses the instrumentation and controls necessary for a safe shutdown of the
plant and typically includes the critical document reference file, the computer room (if used as an
integral part of the emergency response plan), shift supervisor’s office, the operator wash room and
kitchen, and other critical areas to which frequent personnel access or continuous occupancy may be
necessary in the event of an accident.

These definitions emphasize the MCR’s role in plant safety. An MCR is a centralized location
where operators are stationed to carry out tasks that fulfill their roles and responsibilities in
managing the plant in all operational states. The MCR contains HSIs such as alarms, displays,
controls, and procedures that operators use to perform their tasks.

The important role of MCRs has been recognized for non-power reactors as well. NUREG-1537
(NRC, 1996) states that:

" https://www.nrc.gov/reading-rm/basic-ref/glossary.html
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The non-power reactor control room, containing the control console and other status display
instruments, is the hub for reactor facility operation. It is the location to which all information
necessary and sufficient for safe and effective operation of the facility is transmitted, and the primary
location from which control and safety devices are actuated either manually or automatically.

Nuclear power plant (NPP) MCRs have evolved since the first plants were designed. Three
generations can be defined (IAEA, 1995; O’Hara, Higgins, Brown & Fink, 2008), with advanced
reactors possibly ushering in a new fourth generation.

In the first generation, MCRs were constructed by architect engineering firms based on
information from system designers as to what alarms, controls, and displays were needed for
their systems. Control boards in the MCR were laid out system by system. Operators walked the
boards to accomplish their tasks using paper procedures. The HSIs consisted of hardwired
controls (e.g., switches, knobs, and handles) and displays (e.g., alarm tiles, gauges, linear
scales, and indicator lights). Alarms were often presented as tiles that gave audible alerts and lit
up when the sensor they were connected to went out of an acceptable range. Little to no HFE
was used, so the designs did not necessarily reflect the work operators had to perform. With
respect to location, they had to be close to the process facility since wiring and cabling was
needed to physically link sensors and actuators to the MCR’s HSIs.

Generation || MCRs saw the introduction of digital technology. Video display units (VDUs) and
keyboards were incorporated into the control panels. The VDUs provided additional functionality
and information. While these MCRs used VDUs, the information portrayed on them was
essentially computer versions of the analog displays they replaced. That is, the displays
typically presented component-level piping and instrumentation diagrams. HFE was mainly
applied to the physical layout of the control panels and the physical manipulations performed by
the operators. Instrumentation and controls (1&C) consisted of a mix of analog and digital
connections between the plant process and the MCR.

Generation Il MCRs are based on digital I&C platforms. Digital systems sense basic
parameters, monitor performance, integrate information, and adjust plant operations as
necessary. They also respond to failures and other events. Digital systems perform
sophisticated equipment condition monitoring and may contain diagnostic and prognostic
capabilities. Application of advanced processing techniques can lead to more intricate control of
plant systems and processes, as well as greater complexity. Plant staff work with the digital
systems to ensure safety functions are performed when needed. Generation Il designs retain a
limited number of hardwired displays and controls for diverse actuation, safe shutdown, etc.

In Generation Il MCRs, operators work with computer-based HSIs accessed through sit-down
workstations. Operators perform their tasks by navigating the information system rather than
walking the boards. Personnel monitor the plant using screen-based displays selected from
networks of hundreds or even thousands of display pages. The information is more reliable
since sensor validation is applied to verify the correctness of values presented at the
workstations. Also, rather than presenting discrete parameter values alone, information can be
integrated to provide higher-level information to operators.

In Generation Il MCRS, the control of plant equipment is accomplished through soft controls
that can be accessed at multiple computer workstations. Procedures are likely to be computer-
based, and control actions may be taken directly from the procedure display, or they may be
semi-automated, with the operator authorizing the procedure’s embedded control functions to
take actions.



Digital I&C systems also enable increased automation and the application of new types of
automation that make greater use of interactions between personnel and automatic functions.
Automation fundamentally changes the role of the operator to a supervisory controller with
responsibilities for monitoring the automation and backing it up as necessary. The MCR
provides the information and controls needed to support this new role.

Generation lll control rooms are mostly designed using full HFE programs. HFE considers not
only the ergonomic aspects of design, but the cognitive aspects as well. The Generation I
control room is designed to support the work that operators perform. This is a significant change
from Generation | and Il control rooms.

Across all generations of control rooms, there has been a trend towards greater integration of
information and centralization of HSIs into the control room, thus reducing the need for as many
LCSs.

Location

When Generation | and 1| MCRs were designed, they were assumed to be located close to the
process facility being controlled. In part, this was because of the analog I&C. Providing the
cabling and fire protection needed was expensive, and the cost of locating an MCR far from the
facility was prohibitive.

With the advent of digital systems, the MCR'’s physical location no longer needs to be in close
physical proximity to the plant. Control rooms can essentially be located anywhere a digital
infrastructure exists to support communication of information and control commands. For the
purposes of this report, a “traditional MCR” is one that is located within the facility’s site
boundary (NRC, 2022),? whereas a “remote MCR” is located outside the site boundary.

2.1.2 Remote Shutdown

There may be times when the MCR can no longer be occupied. Currently, plant designs are
required to provide facilities with which plant personnel can manage plant safety. 10 CFR, Part
50, Appendix A, General Design Criteria for Nuclear Power Plants, Criterion 19 states:

Equipment at appropriate locations outside the control room shall be provided (1) with a design
capability for prompt hot shutdown of the reactor, including necessary instrumentation and controls to
maintain the unit in a safe condition during hot shutdown, and (2) with a potential capability for
subsequent cold shutdown of the reactor through the use of suitable procedures.

In current plants, the remote shutdown facility contains most of these functions in a single
location.

2 Note that this NRC report (NRC, 2022) was prepared and released to support ongoing public
discussions. It has not been subject to NRC management and legal reviews and approvals, and its
contents are subject to change and should not be interpreted as official agency positions. The report is
available at https://www.nrc.gov/docs/ML2129/ML21291A024.pdf.
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2.1.3 Local Control Stations

In the nuclear industry, LCSs are HSIs provided outside the MCR and are typically used to
monitor and control specific pieces of equipment. The HSIs of an LCS are usually simpler than
what might be found in the MCR. A study of the HFE of LCSs concluded that the quality of LCSs
is quite variable and that they often do not conform to HFE guidelines (Brown, Higgins &
O’Hara, 1994). Further, an analysis was performed to assess how LCS upgrades to improve
their HFE affect both human performance and plant risk. The improvements included greater
centralization of LCS functions and bringing individual panels into better conformance with HFE
guidelines. The results indicated that implementation of both types of upgrades can improve
human performance and reduce risk. However, in terms of plant modifications, only the panel
design improvements were found to be cost beneficial (O’Hara, Higgins, Luckas & Crouch,
1992; O’Hara, Ruger, Higgins, Luckas & Crouch, 1990).

2.2 Regulatory Requirements

Evaluating compliance with regulatory requirements in the Code of Federal Regulation (CFR) is
an important aspect of an MCR review. Current regulations for LLWRs require nuclear power
reactors to have an MCR. 10 CFR, Part 50, Appendix A, General Design Criteria for Nuclear
Power Plants, Criterion 19 states:

A control room shall be provided from which actions can be taken to operate the nuclear power unit
safely under normal conditions and to maintain it in a safe condition under accident conditions,
including loss-of-coolant accidents.

10 CFR 50.34(f)(2) (and by reference in 10 CFR 52.473) states that an applicant is required to:

Provide, for Commission review, a control room design that reflects state-of-the-art human
factor principles prior to committing to fabrication or revision of fabricated control room panels
and layouts.

In addition to the general MCR requirement, there are other CFR requirements that involve
HFE. Standard Review Plan (SRP) Chapter 18, Subsection Ill, Acceptance Criteria contains a
list of HFE-related requirements (see Table 2-1). Many of the requirements in 10 CFR 50.34
address specific aspects of the plant that need to be displayed in the control room, such as
safety parameters. Some of the requirements pertain to LLWR design, such as reactor vessel
level monitoring (specific to boiling water reactors).

3 CFR 50.34(f)(2)(iii) does not apply to new Part 50 applicants, whereas it does apply to Part 52
applicants. An update to this requirement is being addressed in the Part 50/52 and Part 53 rulemaking.



Table 2-1 Control Room-Related Requirements in the Code of Federal Regulations

Regulations Addressing Requirements Related to the Main Control Room
10 CFR 50.34(f)(2)(iv) — safety parameter display system
10 CFR 50.34(f)(2)(v) — automatic indication of the bypassed and operable status of safety systems

10 CFR 50.34(f)(2)(xi) — relief and safety valve indication

10 CFR 50.34(f)(2)(xii) — auxiliary feedwater system flow indication
10 CFR 50.34(f)(2)(xvii) — containment-related indications

10 CFR 50.34(f)(2)(xviii) — core cooling indications

10 CFR 50.34(f)(2)(xix) — instrumentation for monitoring conditions after an accident
that includes core damage
10 CFR 50.34(f)(2)(xxi) — auxiliary heat removal (for boiling water reactors)
10 CFR 50.34(f)(2)(xxiv) — reactor vessel level monitoring (for boiling water reactors)
Note: This table contains a list from SRP Chapter 18 of the HFE-related requirements in the CFR.
It does not contain the general control room requirement in 10 CFR 50.34(f).

In addition to the requirements listed above, there are numerous requirements that address
specific types of facilities in addition to the MCR, such as the technical support center.

As noted above, 10 CFR Part 50, Appendix A, General Design Criteria for Nuclear Power Plants
contains the criteria used to review a facility’s SSCs. These general design criteria (GDC)
establish the necessary design, fabrication, construction, testing, and performance requirements
for SSCs that are important to safety. When acceptably met, these criteria provide reasonable
assurance that an NPP can be operated without undue risk to the health and safety of the
public.

GDC 19 addresses the need for and characteristics of a control room. It states:

Criterion 19—Control room. A control room shall be provided from which actions can be taken
to operate the nuclear power unit safely under normal conditions and to maintain it in a safe
condition under accident conditions, including loss-of-coolant accidents. Adequate radiation
protection shall be provided to permit access and occupancy of the control room under
accident conditions without personnel receiving radiation exposures in excess of 5 rem whole
body, or its equivalent to any part of the body, for the duration of the accident. Equipment at
appropriate locations outside the control room shall be provided (1) with a design capability for
prompt hot shutdown of the reactor, including necessary instrumentation and controls (I&C) to
maintain the unit in a safe condition during hot shutdown, and (2) with a potential capability for
subsequent cold shutdown of the reactor through the use of suitable procedures.

Applicants for and holders of construction permits and operating licenses under this part who
apply on or after January 10, 1997, applicants for design approvals or certifications under part
52 of this chapter who apply on or after January 10, 1997, applicants for and holders of
combined licenses or manufacturing licenses under part 52 of this chapter who do not
reference a standard design approval or certification, or holders of operating licenses using an
alternative source term under § 50.67, shall meet the requirements of this criterion, except that
with regard to control room access and occupancy, adequate radiation protection shall be
provided to ensure that radiation exposures shall not exceed 0.05 Sv (5 rem) total effective
dose equivalent as defined in § 50.2 for the duration of the accident.

In recognition of the differences between LLWRs and advanced reactors, the NRC has
proposed modifications to GDC 19 in RG 1.232 (NRC, 2018). RG 1.232 discusses how the
GDC can be adapted to non-LWRs, resulting in advanced reactor design criteria (ARDC). The



revised GDC 19 still defines a control room and does not consider a situation where a control
room may not be needed. ARDC 19 states:

A control room shall be provided from which actions can be taken to operate the nuclear
power unit safely under normal conditions and to maintain it in a safe condition under accident
conditions. Adequate radiation protection shall be provided to permit access and occupancy of
the control room under accident conditions without personnel receiving radiation exposures in
excess of 5 rem total effective dose equivalent as defined in § 50.2 for the duration of the
accident. Adequate habitability measures shall be provided to permit access and occupancy of
the control room during normal operations and under accident conditions. Equipment at
appropriate locations outside the control room shall be provided (1) with a design capability for
prompt hot shutdown of the reactor, including necessary instrumentation and controls to
maintain the unit in a safe condition during hot shutdown, and (2) with a potential capability for
subsequent cold shutdown of the reactor through the use of suitable procedures.

The ARDC are not formal requirements, and applicants can modify and propose changes to the
ARDC as appropriate for their facility.

The MCR regulatory requirements are based on assumptions that there will be a control room
because no alternatives were considered reasonable at the time the requirements were
developed. LLWRs require a large number of manual actions, many of which involve the
coordinated actions of multiple operators. The use of emergency procedures is an example. In
most plants, the shift supervisor follows the paper procedures, and two board operators relay
the values of the parameters and the status of the components (e.g., valve position). When
needed, the board operators take actions. While the operators are managing the procedures, a
shift technical advisor is independently assessing the plant’s condition. The regulations affecting
the MCR reflect this type of concept of operations (ConOps). Many of the requirements do not
reflect the kind of ConOps anticipated for small, advanced reactors. The situation is analogous
to the staffing requirements of 10 CFR 50.54(m). The requirements are based on common
practice rather than HFE, or on other analyses that can be used to determine the staffing profile
needed. The requirements are based on LLWRs that have a moderate level of automation.
These facilities are quite different from small, advanced reactors in many ways (see O’Hara,
Fleger, Desaulniers, Green, Seymour & D'Agostino, 2021, for a discussion of these differences).

As noted above, the NRC also requires that reactor facilities have alternative and dedicated
shutdown capability remote from the MCR in the event that operators cannot remain there. This
capability must provide the following functions:*

achieve and maintain subcritical reactivity conditions in the reactor

e maintain reactor coolant inventory

e achieve and maintain hot standby conditions for a pressurized water reactor (hot
shutdown for a boiling water reactor)

e achieve cold shutdown conditions within 72 hours and cold shutdown conditions
thereafter

410 CFR, Part 50, Appendix R, Section I, Requirement L, Alternative and Dedicated Shutdown
Capability.



2.3 NRC Guidance for the Review of Workplace Selection

Given its importance, the HFE aspects of the MCR are included in the NRC’s safety review. For
LLWRs, the review guidance is provided in Chapter 18, Human Factors Engineering of the
Standard Review Plan (NUREG-0800) (NRC, 2016a). Additional guidance is provided in the
Human Factors Engineering Program Review Model, NUREG-0711 (O’Hara, Higgins, Fleger &
Pieringer, 2012), and the Human System Interface Review Guidelines, NUREG-0700 (O’Hara &
Fleger, 2020). However, there is limited review guidance in Chapter 18 of the SRP, NUREG-
0711 and NUREG-0700, regarding the location of HSIs. These regulations do not contain any
guidance supporting the review of applications without traditional control rooms. The following
section thus reviews the guidance that is provided, noting that it was primarily developed for
LLWRs.

NUREG-0711, Section 8.4.2, Concept of Use and HSI Design Overview, mainly addresses the
functions of HSIs. However, the additional information for Criterion 1 does discuss the HSI
location. Criterion 1 states:

(1) The applicant should develop a concept of use stating the roles and responsibilities of operations
personnel based upon anticipated staffing levels. The concept of use should:

e provide a high-level description of how personnel will work with HSI resources
e address the coordination of personnel activities, such as interactions with auxiliary operators
and the coordination of maintenance and operations.

Additional Information: Examples of the types of information the applicant may identify include the
allocation of tasks between the main control room or to local control stations, whether personnel
will work at a single large workstation or at individual ones, to what types of information each
crew member will have access, and what types of information will be displayed to the entire crew.

In addition, Criterion 2 states that the applicant should provide an overview of the HSIs that
must include a description of “technologies to support teamwork and communication within the
main control room and between the main control room, the remote shutdown facility, the TSC
[technical support center], EOF [emergency offsite facility], and local control stations.”

These review criteria recognize that applicants will allocate tasks to different locations and that
support is needed to coordinate human performance, such as the communication of personnel
between the MCR and LCSs. However, no guidance is provided regarding the technical basis
for these allocations.

In the draft interim staff guidance (ISG), entitled Development of Scalable Human Factors
Engineering Review Plans (NRC, 2023a), HSI locations are addressed in Section A-1, ConOps
Model for Characterizing a Facility and Its Operation.

Subsection A-1.4, Management of Normal Operations, states:

This dimension encompasses three main considerations: (1) identifying key scenarios, (2)
identifying the tasks needed to perform them, and (3) identifying the HSIs and procedures
necessary to support personnel tasks.

Key scenarios include those reflecting the plant’s normal evolutions, such as startup, low power,
full power, refueling, and shutdown. For each one, the ConOps should identify the tasks that
personnel must accomplish to fulfill their roles and responsibilities, the locations and ways in



which personnel interact with the plant’s functions, systems, and components to complete them;
and any support (or the degree to which) automation provides in monitoring and controlling the
plant through these evolutions.

Like NUREG-0711, this passage of the ISG recognizes that tasks will be performed at different
workplaces; however, little guidance is provided regarding the technical basis for the allocation
of tasks to workplace locations.

For non-power reactors, the NRC review of applicant submissions without control rooms is
addressed in SRPs NUREG-1567 (NRC, 2000) and NUREG-2215 (NRC, 2020). These SRPs
provide guidance for the review of independent spent fuel storage installations that do not
involve the use of a powered cooling system for material in storage. For these facilities, the
NRC requires applicants to provide a justification for control room exclusion. Justifications may
include:

e adescription of functions and procedures that provide for performance without the need
for a centralized control room

e the acceptability of accident and off-normal event/condition analyses that show
acceptable levels of maximum response and safety without the use of a control room

¢ the use of passive measures to avoid damage and provide mitigation

While these are important considerations, there is additional information that may be needed.
The decision that a control room is not necessary should consider the HAs identified as
important and the tasks that personnel need to perform, considering factors such as workload,
timing requirements, the HSIs needed, teamwork, and the training that personnel receive to
ensure reliable task performance.

NUREG-0700, Rev. 3 (O’Hara & Fleger, 2020), contains review guidance on the detailed
aspects of workplace design. The guidance is in Section 12 and contains a section on control
room design in Section 12.1 and LCSs in Section 12.2. For both workplaces, the review
guidance addresses configuration and environmental factors. The section provides HFE
guidelines for reviewing general workplace considerations, for both the control room and LCSs.
The guidelines address design features such as the overall layout of the workstations and other
equipment, including group-view displays within the workplace; provision of support equipment,
such as ladders or tools; and environmental characteristics, including temperature, ventilation,
illumination, and noise.

Thus, the available HFE review guidance provides limited support for reviewing applications for
a facility design without a control room.



3 THE DESIGN PROCESS AND THE ALLOCATION OF TASKS TO WORKPLACES

Whether a reactor facility should have an MCR or not should be based on a design process that
includes HFE. The process should determine the workplaces that are needed for personnel to
reliably perform their roles and responsibilities. Consistent with the regulatory perspective of the
draft HFE ISG (NRC, 2003a), the focus of an HFE review is to ensure the performance of
important HAs in support of plant safety. In terms of overall facility design, applicants must also
consider normal plant operations such as those HAs needed to monitor and control the balance
of the plant. The facility design is based on personnel performing both types of tasks.

The NRC’s HFE safety review emphasizes the importance of the applicant’s design process.
For LLWRs, the process review guidance is in NUREG-0800, Chapter 18 (NRC, 2016a), and
NUREG-0711 (O’Hara, Higgins, Fleger & Pieringer, 2012). For small, advanced reactors, the
review guidance is contained in the draft HFE ISG. This section derives its information from
these documents, relating that information to workplace allocation.

Figure 3-1 illustrates HFE questions that should be addressed in the applicant’s design process.
Answers to these questions can be used to determine what HSIs are needed and where they
should be located. Each step in the process is described briefly below.

e ™ e N
What is the applicant's What are the characteristics
. f each task and how are the tasks
for th tor facilit °
ConOps for the reactor facility P related to each other
- 1 J - 1
e N e N
What are the plant’s functions What are the performance shaping
and how are they allocated to factors likely to affect each task
personnel and automation ) L and potential hazards
e l ™ 4 ™
What human actions How many staff are
are required to needed to complete tasks, what
achieve each function qualifications are needed, teamwork
N Y, \ 1 J
1 N . . A
What tasks are required Detailed HSI design,
to achieve each including the allocation of
human action tasks to workplaces
N l Y, 1
What are the requirements to HFE Verification
— and Validation

perform each task

Figure 3-1 Process for allocating tasks to workplaces
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3.1 Concept of Operations

The draft HFE ISG (NRC, 2003), Section A-1, ConOps Model for Characterizing a Facility and
Its Operation, states that applicants are required to develop, implement, and maintain a
ConOps. In addition, the contents of applications are required to include a written description of
the role of personnel in ensuring safe operations, including an assessment of their ConOps.

The ConOps identifies the high-level facility missions, the functions needed to achieve them,
and the operational practices to manage both normal and off-normal situations. It also identifies
expectations related to human performance, as well as the anticipated interactions of personnel
with a facility that helps ensure that safety functions will be achieved when needed. The
ConOps guides the formation of requirements, the detailed design, and the evaluation of the
facility design. Thus, it provides a broad view of the facility’s purpose, design, and operations.
As part of the applicant’s description of the facility design early in the design process,
workplaces where operations take place may be identified. As the design matures and functions
and tasks become better understood, the design of workplaces may change.

3.2 Function and Task Analysis

Function and task analysis is critical to workplace design, since it identifies the tasks that
personnel must perform and the requirements for accurate and reliable performance, especially
for HAs that are important to plant safety. Designers analyze the plant’s functions; at a high
level, this consists of ensuring safety and generating power. There also may be other high-level
functions since small, advanced reactors may have other missions.

Once identified, functions are allocated to (1) personnel, (2) automatic systems, (3) passive
systems, and (4) combinations of these three. Exploiting the strengths of personnel, automatic
systems, and passive systems enhances the facility’s safety and reliability, including
improvements achievable by assigning overlapping and redundant control responsibilities to
them. The result of the function analysis and allocation is that the HAs are identified and can be
further analyzed.

Task analysis is used to identify the individual tasks needed to accomplish each action and the
requirements for reliable performance. Table 3-1 shows the aspects of tasks that might be
analyzed, along with examples of each. The topics addressed in the table help to define what
HSIs are needed for each task, e.g., alarms, information displays, controls, etc. Each task can
be also characterized in terms of the staffing and teamwork that may be needed. This
information is essential to workplace design and to how HAs are allocated to them.
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Table 3-1 Detailed Task Characteristics

Topic Example
Alerts * alarms and warnings
Information * parameters (units, precision, and accuracy)

» feedback needed to indicate adequacy of actions taken

Decision-making

* decision type (relative, absolute, probabilistic)
* evaluations to be performed

Response

* actions to be taken
* task frequency and required accuracy
* time available and temporal constraints (task ordering)
* physical position (stand, sit, squat, etc.)
* biomechanics
- movements (lift, push, turn, pull, crank, etc.)
- forces needed

Teamwork and Communication

* coordination needed between the team performing the work
* personnel communication for monitoring information or taking
control actions

Workload * cognitive

* physical

* overlap of task requirements (serial vs. parallel task elements)
Task Support * special and protective clothing

* job aids, procedures or reference materials needed
* tools and equipment needed

Workplace Factors

* ingress and egress paths to the worksite
» workspace needed to perform the task
» typical environmental conditions (e.g., lighting, temperature, noise)

Situational and
Performance Shaping Factors

* stress

* time pressure

* extreme environmental conditions
* reduced staffing

Hazard Identification

* identification of hazards involved (e.g., potential personal injury)

Note: This is Table 5-1 from NUREG-0711.

Once the applicant identifies the detailed characteristics for each task, the applicant should
identify the relationships among tasks. For example, some tasks can be carried out in any order
or in parallel, other tasks must be performed in a linear sequence, and others have conditional
relationships (e.g., if such a condition exists, perform task A). Some tasks may involve
coordinated actions among crew members who may be in different locations in the plant. Based
on these task characteristics, the applicant should estimate the time required to perform each

task.

Applicants identify certain HAs as “important” based on probabilistic and deterministic analyses.
Important HAs have a significant contribution to plant safety and include actions such as those:

¢ having a direct role in safety function accomplishment

e required to ensure the readiness of safety functions, including those required for
surveillance, testing, calibration, and maintenance

e required for defense-in-depth
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¢ having the potential to cause plant upset conditions, e.g., human errors (either errors of
commission or errors of omission) leading to conditions that challenge safety

Identifying important HAs and the requirements for ensuring accurate and reliable performance
are the keystones of the NRC’s HFE safety review of license applications (NRC, 2023a).

3.3 HSI Design

HSIs are broadly defined to include the characteristics of individual resources, such as alarms,
information displays, and controls, as well as workplaces and their environments. As discussed
above, applicants use the function and task requirements to identify HSI design requirements.

Employing an HFE design process, applicants use these requirements to design the individual
HSI resources. Applicants use HFE guidelines such as those found in NUREG-0700 and
industry standards to ensure the design conforms to human physical and cognitive abilities. As
part of HSI design, applicants consider what workplaces, whether MCRs, remote control rooms,
or LCSs, are needed for both safety-related and non-safety-related HAs. This aspect of HSI
design is discussed further in Section 4.

There are other inputs to the design of HSIs such as requirements imposed by the physical
layout of the plant and where the plant is located. The customer may also have requirements
that the design team is expected to meet.

3.4 HFE Verification and Validation

The goal of verification and validation (V&V) is to determine whether the final HFE design
conforms to accepted design principles and enables personnel to successfully and safely
perform their tasks to achieve operational and safety missions. V&V involves four evaluations,
with the following objectives:

e HSI Task Support Verification - the applicant verifies that the HSI provides the alarms,
information, controls, and task support that the task analysis identified as being
necessary for reliable task performance.

e HFE Design Verification - the applicant verifies that the design of the HSIs conforms to
HFE guidelines (e.g., the applicant’s style guide or NUREG-0700).

e Integrated System Validation - using performance-based tests, the applicant validates
whether the integrated system design (i.e., hardware, software, procedures, and
personnel elements) supports safe operation of the plant. The validation should provide
reasonable assurance that the important HAs can be performed in diverse scenarios and
under demanding task conditions, e.g., shortest time available and high workload. This
also includes validating the ability to coordinate actions that are conducted from
disparate locations.

e Human Engineering Discrepancy Resolution Review - the V&V evaluations above
identify human engineering discrepancies (HEDs). In this activity, the applicant assesses
the importance of HEDs, verifies their resolution, and confirms that the resolution is
acceptable.
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4 IDENTIFYING WORKPLACES FOR IMPORTANT HUMAN ACTIONS

This section focuses on one aspect of the HSI design process: the location of personnel and
their HSIs in specific workplaces.

4.1 Design Options

Decisions about the workplaces needed to support reliable performance of important HAs must
take into consideration task and staffing factors. Designers will also consider non-safety actions
as well. Because there is little HFE guidance to support these decisions, the following identifies
some of the factors applicants and reviewers should consider.

The following discussion addresses the considerations for workplace location while ignoring the
HSI and staffing requirements imposed by current regulations (Parts 50 and 51). Part 53 will
likely modify these regulations; however, this report does not presume what the final rules will
entail.

Applicants have a wide range of choices regarding the placement of HSIs for accomplishing
important HAs. The HFE analyses discussed above help to inform those choices. One option is
the traditional MCR. If the applicant’s analyses lead to the conclusion that a traditional MCR
(defined as an MCR within the facility’s site boundary, per NRC, 2022) is not necessary, then
there are a variety of options, including remote control rooms, LCSs, portable/wearable HSIs, or
some combination of these workplace locations.

Each of these options is discussed below, along with the HFE factors involved in selecting each.
Important interrelated considerations include:

the number of important actions and tasks
the task characteristics

the way tasks are related to each other
the teamwork that is needed for each HA

4.1.1 Main Control Room

An MCR is suggested when the number of important actions is large and the individual tasks
needed to accomplish each action are numerous or complex. An MCR is preferred in such an
HFE profile because it is desirable for the actions to be performed from a common location,
especially if the same HSIs and/or the same personnel are involved. If the same HSIs are
needed to perform several HAs, it may not be possible for personnel to travel to multiple
locations. In this situation, it may make sense to have the actions performed in one location,
thus minimizing the need to travel to multiple locations in the plant.

The characteristics of each task need to be considered (see Table 3-1). These characteristics
help define HSI requirements for important HAs. The first characteristic is how personnel are
alerted that the action is needed. Personnel and HSIs should be co-located so they can monitor
plant parameters related to the important actions and can be alerted to off-normal conditions in
a timely fashion. Once alerted, personnel need to be able to access the required HSIs with
sufficient time to reliably complete the relevant tasks.
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Task characteristics such as time required, workload, and stress impact the decision to have
tasks performed from one location. For example, short time availability, high workload, high
stress, complex decision-making, and the need for teamwork may suggest that the actions
should be performed from one location, where backup from other staff will be available if
needed and where peer checks can be performed to ensure actions are performed correctly.

The way tasks are related to each other is another important consideration. Where tasks have
dependencies and are performed in parallel, having them performed from one location may be
recommended. When tasks are performed serially and independently of each other, they can be
performed in locations other than an MCR.

An additional consideration is the accommodations for HAs that are necessary for power
generation rather than safety. These span a wide range of actions that include plant operations,
testing, calibration, and maintenance of SSCs. Many of the same considerations described
above for important HAs apply to power-related actions and may lead applicants to include a
traditional MCR as part of the facility design.

The next section considers design options other than an MCR.

4.1.2 Design Options When There is No Main Control Room

Remote Control Room

An applicant may decide that a centralized control room is needed but choose to locate it
outside the site boundary. This is defined as a remote control room.

Applicants may want to employ a remote control room for several reasons. One may be the
location of the reactor. If the reactor facility is located in a remote, unpopulated area, a remote
control room that can be located in a more populated area may be needed to attract personnel
to work at the facility. Note that there are applications where energy is needed and remote
operations are necessary. Examples include Department of Defense (DoD) missions such as
those taking place in conflict regions and National Aeronautics and Space Administration
(NASA) missions such as those involving space transportation for interplanetary travel. Another
reason to employ a remote control room is to manage multiple reactors in different locations
from a single control room.

Two different types of reactor operations are often conflated: autonomous operations and
remote operations. However, they are separate issues. Operating a reactor remotely does not
require the reactor to be autonomous. Remote operations involve operation from a location
removed from the plant’s site boundary (NRC, 2022). The reactor and plant may still require full-
time monitoring and control yet be operated remotely. Autonomous operations mean the reactor
does not require human intervention for most, if not all, normal and safety operations.

Current regulations and review guidance do not address remote control ConOps. However,
remote operations are discussed in the draft HFE ISG on Scalable Human Factors Engineering
Review Plans (NRC, 2023a), specifically in Appendix B - Targeting, Sections B-2.4.5, No
Traditional Control Room, and B-2.4.5, Remote Operations. They are also addressed in the
NRC report on remote control operations (NRC, 2022). NEI (2019) identified the issue of
“operator requirements for automatic and remote operation/monitoring” (p. 4-5). Thus, the full
range of HFE considerations for remote control rooms are not known.
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Some of the issues that should be addressed to determine whether there are new design
requirements for remote operations include:

Should the design of remote HSIs be modified from their design when used on site?

Are there new vulnerabilities when a control room is moved off site?

What are the implications for physical security, such as preventing unwanted intrusion?

What technology links the remote control room with the plant, and what are the

implications for reliability, high performance, and cybersecurity?

e What happens if a loss of control room event occurs? If the remote control room is lost,
what means of ensuring safety will be needed?

o What are the implications for the technical support center (TSC) and emergency offsite
facility (EOF)?

o If there are no operations personnel on site, then how will the lack of local operations

staff be compensated for if a need to take an action on site arises?

There may also be benefits of remote operations:

o Emergency response may be supported if multiple plants are operated from the same
remote control room because if one reactor has an emergency, its staff can benefit from
augmentation with operators from other reactors.

e Post-accident control room habitability may become a non-issue (while there may still be
loss of control room habitability due to other reasons).

¢ Control room improvements might be easier to accomplish if not constrained by the
physical layout of the plant.

As noted above, there is limited guidance for reviewing remote operations. However, there are
some HFE considerations. The performance of important HAs is one. Validation should show
that important actions can be performed from the remote control room under normal and
emergency conditions. For example, how important HAs will be accomplished if there is an 1&C
failure impairing the ability of personnel to monitor and control the plant? There also may be
important HAs that are not accomplished from the MCR but performed locally. In this case,
communication between the local personnel and personnel in the remote MCR needs to be
considered—specifically, how communication is impacted by control room operators being
located remotely.

Applicants planning on remote operations should interact with the NRC staff early in the pre-
application stage. In the near term, applicants proposing a facility design that does not have an
MCR may need to submit an exemption request. Before reviews of such exemption requests
are performed, research is needed to help identify the HFE implications for remote operations.
Until such research is completed, applicants can provide justification for the use of remote
operations and for determining the specific location, such as how far the facility is from the plant
site.

Local Control Stations

In current plants, an LCS is an HSI located outside the MCR. If there is no MCR, onsite or
remote, then all monitoring and control may be performed locally. LCSs may include
multifunction workstations and panels, as well as operator interfaces, such as controls (e.g.,
valves, switches, and breakers) and displays (e.g., meters and VDUs). They have some unique
characteristics and are often located in environments that are not as controlled as the MCR
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(e.g., the workplace may have higher levels of background noise). Accordingly, they may have a
diverse range of communication media, such as loudspeakers, public address or pager stations,
and two-way communication systems (e.g., telephones and walkie-talkies).

If there are very few important HAs and the actions are simple, do not depend on each other,
and do not require coordination of multiple staff members, then it is possible to use LCSs. If the
LCSs are all that is needed to accomplish important HAs, a centralized control room may not be
needed. The applicant may or may not decide on a centralized control room for non-safety-
related actions.

Applicants should address potential alerting issues. If operators are roaming a facility, for
example, how will they continuously monitor displays of plant parameters? LCSs typically only
have information pertaining to the local system(s) and do not have alarms for other systems.

Another issue applicants will need to consider is LCS accessibility across the range of possible
events. Part of the challenge of eliminating a centralized control room is that the operators and
LCSs must be able to survive an event to mitigate it. For example, an HA to mitigate a steam
line break will only be possible if that operator is located outside of the affected area at the
event onset and can reach the LCS. In addition, the LCS must be able to function under
whatever environmental conditions might be present (high temperatures, electrical shorts due to
condensing moisture, etc.). Similarly, following core damage, without the shielding and air
filtration provided by a control room, a poorly located LCS might be rendered inaccessible by a
radiation field or airborne activity.

Review criteria for the HFE design and environmental aspects of LCSs are addressed in
NUREG-0700, as discussed in Section 2.3 above. However, there may be unique issues
associated with the use of LCSs in place of a centralized control room. For example, as noted
above, applicants must consider how personnel are alerted to the need for an important HA.
Another consideration is how to address remote shutdown, TSC, and EOF functions.

Portable/\WWearable HSIs

The workplaces discussed thus far are in a specific location. Portable and wearable HSIs, by
contrast, are not. Instead, personnel take such HSIs to a location as needed. NEI (2019) states:

The use of portable monitoring devices may also allow responsible personnel to monitor plant
parameters and maintain operational control from either outside the control room or offsite during
normal operations.

There is limited review guidance in the NRC’s HFE guidance addressing applications with
portable/wearable HSIs. NUREG-0711, Section 11.3.3, Hand-Held Devices, contains six
guidelines. Additional guidance is available in other HFE documents. For example, Military
Standard 472 (DoD, 1999), used to support the development of NUREG-0700, contains
guidance for the design of hand-held and helmet-mounted displays. This and other HFE
guidance provide a technical basis for developing guidance for the review of portable/wearable
HSIs. In the draft ISG (NRC, 2023a), the use of supplemental HFE standards and guidelines is
encouraged if they provide guidance on topics not addressed in NRC publications or if they
have a more recent technical basis.
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4.2  Additional Considerations

There are several additional considerations in the design of workplaces, including:
o multiple missions and multiple reactors
e physical protection

¢ |&C considerations

Multiple Missions and Multiple Reactors

Two new ConOps are envisioned for some advanced reactors. Some advanced reactors will
serve multiple missions, such as producing hydrogen and steam for industrial applications, e.g.,
heating or manufacturing. HSIs may be needed to monitor and control these reactors and to
address interfacing systems serving non-electricity generation missions. Similarly, some
advanced reactors are being designed to be operated from common HSIs. Detailed descriptions
of these two ConOps can be found in the draft HFE ISG (NRC, 2023), Prospective
Characteristics B-2.1.1 and B-2.2.3, respectively.

While these ConOps are mainly discussed with respect to facilities with a common control room,
an applicant may consider using alternatives to MCRs such as those described in this report. If
so, they will have to address the technical issues associated with each.

Physical Protection of Remote Control Rooms, LCSs, and Portable/\Wearable HSIs

Applicants will need to consider whether the same protections are needed for these HSI
locations as are used for MCRs. The type and level of protection need to be determined as well.

Applicants should also address the potential for initiating plant upsets if access to the controls is
less than that which exists with traditional MCRs. If control is achieved through a network of
local control stations or mobile devices, it will be necessary to consider whether these HSIs will
be accessible to a broader population within the plant and how inadvertent and unauthorized
control actions will be prevented.

I&C Considerations

1&C architecture

A factor impacting workplace location is the facility’s I&C architecture. An analog system may be
more limited in terms of workplace location. Cabling difficulties may make remote options less
feasible. Small, advanced reactors are likely to be built on a digital platform, which is more
flexible in terms of where workplaces are located.

HFE designers need to identify whether the information that personnel need to perform their
tasks is available through the I&C system. If not, there are several alternatives:

¢ The information needed may be inferred by observing other displayed parameters. For
example, valve position could be determined by observing changes in flow rate.

o The needed information may be assessed locally. For example, if personnel need to
know a valve’s position and it is not displayed, someone may be able to identify it locally.
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o The workplace design staff may request a change in the I&C design to include a means
to provide the information needed by personnel.

Common-cause failure

Common-cause failure (CCF) is another significant I&C consideration. The NRC I&C staff have
taken a position on the MCR HSIs needed to address CCF events in a digital I&C system (see
NRC, 2024). Branch Technical Position, Point 4, states:

Main control room displays and controls that are independent and diverse from the proposed digital
I&C system (i.e., unlikely to be subject to the same CCF) must be provided for manual, system-level
actuation of risk-informed critical safety functions and monitoring of parameters that support the
safety functions.

A design without a control room will have to describe how its design addresses these HSIs.
Cybersecurity

RG 5.51 (NRC, 2023b) describes an acceptable approach to meet the cybersecurity regulatory
requirements in 10 CFR 73.54 (Protection of Digital Computer and Communication Systems
and Networks). While the RG does not consider individual workplaces, it does describe
approaches to ensuring that only authorized personnel can interact with important computer
systems. Examples from the RG include:

e B.4.2 User ldentification and Authentication — to ensure the establishment of strong
authentication mechanisms and procedures to prevent unauthorized access and use of
critical digital assets (CDAs). This control is also intended to ensure that only legitimate,
authorized personnel can gain user access to CDAs, and only such access as their job
functions require.

e B.4.3 Password Requirements — to ensure that password requirements provide
protection against unauthorized access.

¢ B.4.4 Non-Authenticated Human-Machine Interaction Security — to ensure that
implementation of physical security measures limit the access and use of critical
systems and CDAs to authorized personnel, and to ensure that actions performed on the
critical systems and CDAs can be tracked and attributed to specific individuals.

HSIs in non-control rooms supporting important HAs likely will have to meet the cybersecurity
requirements.
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5 REVIEW GUIDANCE

Current regulations require reactor facilities to have an MCR. However, this regulatory
requirement aside, the safety question is meant not so much to justify why a design has no
control room, but rather to verify that important HAs can be accurately and reliably performed
under a range of challenging conditions using the HSIs provided, regardless of their location.
Until regulations change, applicants may have to submit an exemption request to justify the
absence of a control room in a reactor facility design. The guidance below aims to provide the
technical basis for reviewing such a request.

The review guidelines below are complete for a standalone review of workplace location. As
such, some of the guidelines may be redundant with some of the NRC review guidelines
presented elsewhere.

(1)

The applicant should identify all safety functions and all the important HAs supporting
them.

Additional Information: See O’Hara (2024) for guidance on the identification of important HAs.

The applicant should analyze all important HAs using an HFE program to identify the
tasks to be performed and how those tasks need to be supported to achieve accurate
and reliable performance.

Additional Information: The applicant’'s analysis should identify the tasks and their supporting
elements, such as:

. task requirements

task characteristics
performance shaping factors
task relationships

hazards

staffing

teamwork

Even if there are only one or two important HAs, applicants still need an understanding of how
these actions need to be supported.

For those important HAs that have a direct role in accomplishing safety function and
defense-in-depth, the applicant should describe how the HSIs:

e provide a means for personnel to monitor each safety function’s status

e alert personnel to the need to perform actions

¢ indicate that the facility’s systems and status are suitable for the actions to be
performed

¢ indicate the progress of the actions in terms of achieving their goals
indicate when actions can be terminated

Additional Information: Regardless of the physical location of the HSIs, applicants need to provide
the information needed for personnel to perform the important HAs. A means of alerting
personnel should be provided when they are not located near the HSI where the primary alert
occurs.
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(4) The applicant should describe how important HAs are required to ensure the readiness
of safety functions are supported, including:

¢ how personnel know the actions that need to be performed
¢ what information, such as procedures, needs to be provided to guide the actions
e how personnel know their actions have achieved their goals

Additional Information: These important HAs include surveillance, testing, calibration, and
maintenance actions.

(5) The applicant should describe how HAs with the potential to cause plant upset
conditions that challenge safety are identified and addressed.

Additional Information: These actions may be errors of commission or errors of omission. The
potential for such errors can be addressed using error-tolerant design approaches (see NUREG-
0700).

(6) The applicant should identify the workplaces where important HAs are performed.
Additional Information: Workplace location considerations include:

e The design features an MCR if there are numerous important HAs that are complex, depend
on each other, and require teamwork and coordination of personnel.

e There may be little need for an MCR for a design with a small number of important HAs that
are very simple to perform and that are independent from each other, meaning the
performance of one important HA does not depend on the performance of another important
HA. In this case, important HAs may be managed using LCSs or portable/wearable HSIs.

¢ A facility design without a control room may be justified when there are no important HAs.
See O’Hara (2024) for a discussion of the review of applicant claims that there are no
important HAs.

(7) Where important HAs are performed at LCSs and/or using portable HSls, the applicant
should describe the environments in which the actions take place.

Additional Information: Actions taken in an MCR take place in an environmentally controlled
location. When important actions take place in other locations, applicants should address the
impact of environmental factors on performance.

(8) Where important HAs are performed at LCSs and/or using portable HSls, the applicant
should describe the protections against unauthorized access and use.

(9) If an applicant’s design employs a remote control room in place of an MCR, the applicant
should identify any HFE issues encountered and how they were addressed.

Additional Information: Applicants should identify how applicable issues from this document and
from NRC (2022) were addressed.

(10)  The applicant should describe how important HAs are performed from the remote control
room and how they are impacted by failures and degraded conditions.

Additional Information: Failures of the 1&C and communication systems should be included in the
analysis of failure and degraded conditions.
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The applicant’s HSIs should conform to the detailed design review guidance in NUREG-
0700 and/or related HFE standards and guidelines.

Additional Information: Topics included in the review include HSI resources (e.g., alarms,
controls, displays), workstation design, workplace design, and workplace environment design.

The applicant should verify and validate that important HAs can be accurately and
reliably performed.

Additional Information: The validation should show that the important HA can be performed under
demanding task conditions, e.g., shortest time reasonably available, anticipated workload, and
accessibility/habitability issues that may be encountered in demanding situations (NRC 2016b;
O’Hara & Higgins, 2015).
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6 DISCUSSION

The functions of a reactor facility’s MCR are well understood, and HFE guidance is available to
support its design and review. The NRC requires that reactor facilities have an MCR to provide
the following functions:

monitoring and control of normal operations

monitoring and control of off-normal events

maintaining the reactor in a safe condition under accident conditions

protecting personnel against radiological contamination under accident conditions

Importantly, MCRs also support supervision, teamwork, and coordination by co-locating
personnel.

MCRs have traditionally been located close to the process being monitored and controlled. One
reason for this has been the use of analog I&C systems that require cabling and fire protection.

The NRC also requires that reactor facilities have a remote shutdown capability. In addition to
the MCRs and remote shutdown capabilities, some reactor facilities have LCSs. These are HSls
located in the plant rather than the MCR. LCSs provide proximity to plant components so
personnel can take actions when a component is not instrumented or controlled from the MCR
and when operations are needed in case of an MCR failure.

While the emergence of digital systems provides new options for accomplishing these functions,
nuclear reactor facilities have tended to maintain the tradition of using MCRs and locating them
close to the reactor.

Small, advanced reactors may take a different approach and forgo the use of traditional MCRs.
In the near term, applicants not including MCRs in their facility design will need to submit
exemption requests related to control room requirements. However, there is little guidance
currently available to support the review of such applications. The review guidance presented in
this report should help NRC staff in evaluating such applications.

In the long term, the research and experience from reviews of applicant submissions without
MCRs can be used to suggest changes, if warranted, to the regulations and to support review
guidance for MCR alternatives. This is consistent with NEI (2019), which states:

Furthermore, since some micro-reactors may not have a control room, it may be beneficial to modify
several regulations to refer to “reactor controls” rather than the “control room”. Candidates include the
following regulations: §§ 50.36(c)(ii)(A)(2)(ii)(A) dealing with limiting conditions for operation;
50.46a(a) dealing with controls for high point vents; and 50.67(b)(iii) dealing with protection against
accident source terms.

For example, regulations referencing a “control room” can be changed to “human-system
interface.” Thus, a statement such as:

(iii) Provide, for Commission review, a control room design that reflects state-of-the-art human
factor principles prior to committing to fabrication or revision of fabricated control room panels
and layouts. (1.D.1)

can be changed to:
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(iii) Provide, for Commission review, a human-system interface design that reflects state-of-the-
art human factor principles prior to committing to fabrication or revision of fabricated panels and
layouts. (1.D.1)

An additional issue is the implications for support facilities. If a reactor design does not have an
MCR, it is unclear how regulations for the TSC, EOF, and remote shutdown are impacted.
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