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control coimplex design will result from the unique application, the
generic Nuplex 80+ framework will be suitable. In addition, the
flexibility of the design derived from using software based systems
and off the shelf hardware allows easy accommodation of customer
requirements. The generic to project specific evolution is
i1lustrated in Figure 2-2.

The flexibility of the generic Nuplex 80+ des . gn provides the
potential for application to many different plent designs. The
design bases in this document pertain to the generic, reference ACC
design though some of the implementation {11lustrations are based on
the System BO+ plant design. Additional design bases for specific
plant applications and to meet customer requirements should be added
to this document to form a complete plant specific design bases for
a specific 1 & C design,
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4.0

NUPLEX 80+ HIGH LEVEL DESIGN BASES

The Nuplex 80+ ACC has three high level design bases. They are: 1)
to resolve post-TMI concerns particularly regarding the man-machine
interface at nuclear plants, 2) to continue to improve plant safety
and 3) to improve the cost effectiveness of nuclear power
generation.

Post-TMI concerns include reducing vperator information overload,

improving the human factors of annunciator systems, monitoring of

safety related information and ESF status, designing for sabotage

and fire protection and incorporating the safety p-rameter display
function,

Improved plant safety is addressed by reducing the potential for
human error through man-machine interface improvements, improving
safety system reliability through fault tolerance, segmentation,
diversity and automatic testing and reducing the challenges to
safety systems through control system improvements.

The cost effectiveness of a nuclear plant is enhanced by cost
reductions related to design, construction, operations and
maintenance. Cost reductions in design are facilitated by using a
common reference design for both NSSS and BOP. The Nuplex 80+
design is fully documented including licensing documentation
complete to FSAR level of detail, Other design cost savings come
from utilization of off-the-shelf equipment, automated design tools
and flexible software based systems. Construction cost benefits are
based on schedule acceleration and lower construction costs
resulting from extensive use of multiplexing and use of
standardized, factory tested systems. Operations and maintenance
cost reductions will be significant for Nuplex 80+. These are based
on standardization of the NSSS and BOP man-machine interface and IA&C
system, and their improved reliability. Further cost benefits are
derived from extending automatic control ranges, providing load
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4.1

following capability, control sensor validation, pretrip control
actions, variable protection limits and monitoring of critical power
production functions much the same as critical safety functions are
monitored.

MAN-MACHINE INTERFACE HIGH LEVEL DESIGN BASES

This section presents high level design bases for the Nuplex S0+
man-machine interface. The Nuplex 80+ man-machine interface shall:

A. Be based on the human engineering principles established for
Nuplex 80 and include specific improvements in:

. Alarm handling
Plant and system overview comprehension
. Operation with equipment failures

B. Accommodate the EPR! URD Advanced Light Water Reactor (ALWR)
operating staff and meet the ALWR operations requirements.

C. Integrate NSSS and balance of plant systems into a unified
control complex design.

D. Reduce the potential for human error that could affect plant
safety or availability.

F. Reduce the operator’s information proccsc.ng requirements while
meeting all of his infermation needs.

F. Improve the reliability of the man-machine interface through
redundancy, segmentation, and diversity.

G. Meet all current regulatory requirements relating to the
man-machine interface.
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Base instrumentation and control requirements and panel
functional grobing on the results of a top down functional task
analysis.

4.2 1&C SYSTEMS HIGH LEVEL DESIGN BASES

The high level design bases for Nuplex 80+ I&C systems are
presented in this section. Nuplex 80+ I&C system designs shall:

A. Maximize the standardization of components to minimize
personnel training and spare parts inventory, while maintaining
a minimum Tevel of diversity to protect against common mode
failures.

B. Provide fault tolerance for all functions that impact plant
safety or availability.

C. Use multiplexing, where cost effective, for data communication
in all systems (safety and non-safety).

D. To the maximum extent possible, configure all systems using
off-the-shelf products that are proven through at least three
years of similar service.

E. Meet all applicable industry and regulatory requirements.

F. Utilize software based digital technologies except for signal
conditioning and power conversion applications.

G. Provide continuous automatic hardware testing of all computer
based systems and automatic functional testing for surveillance
tests required on a monthly basis or more frequently.

H. Provide semi-automatic or computer assisted testing for
functional tests required less frequently.
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1. Provide easy modification with a minimum of hardware changes
and provide adequate expansion capability.
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E. The control room configuration shall allow visibility of a "big
board" overview display from all locations within the
controlling workspace, from control room offices and from the
Technical Support Center (TSC), to enhance communication among
all operating personnel,

F. To optimize the design of these facilities for all operating
conditions the shift supervisor and the control room supervisor
are provided enclosed offices within the control room with full
view of the controlling workspace.

G. The control room configuration integrates facilities such as
the offices for operations personnel and the Technical Support
Center (TSC) into the control room design. The MCR shall be
visible from the TSC to allow emergency personnel to monitor
activities in the MCR and better communicate with personnel in
the MCR.

H. In addition to its emergency response function, the TSC is
utilized to accommodate visitors, allowing full visibility of
control room activities without interference with operations
personnel and without compromising control room security.
Similarly the TSC can accommodate the plants technical staff
providing CRT access to real time plant performance data.

Details on the implementation of the configuration and staffing
design bases are provided in Reference 2, Section 18.5.
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5.¢

INFORMATION PROCESSING AND DISPLAY

The following are design bases for the Nuplex 80+ information
processing and display methodology.

0 The Nuplex 80+ design shall reduce the guantity of data that
must be mentally processed by the operators to minimize
stimulus overload.

Stimulus overload has been identified as a concern with
conventional nuclear plant control rooms. The quantity of cata
generated from the plant is enormous and little data processing
is performed in conventional plants before presenting it to the
operator. This led to presentation of more information than a
person can reasonably comprehend, particularly during plant
upset conditions when many parameters may be changing. The
1979 TMI-2 accident provides a good example of key information
being 1ost in the sea of information provided (Reference 4). .
Primary methods of addressing this in Nuplex 80+ are by
cross-channe! signal validation and reduction of data through
related parameter correlation prior to display. These concepts
are further discussed in References 5 and 6.

0 The Nuplex 80+ design shall concisely relate displayed
information of plant status to operator informatiou
requirements for general monitoring, control and detailed
diagnostics.

At various times during plant operation an operator requires
diffarent levels of information to support his operational
tasks. MHis activities range from general monitoring of the
entire process, specific systems or functiors, to taking
control of systems or subsystems to detailed diagnostics of
specific components or processes. To best support these *artks
the information presented to him should be processed into an
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are acknowledged and alarm messages are provided with a single
touch of alarm tiles or OPS alarm targets. In response to
acknow)ledgement through either media, a menu of CRT pages is
displayed that gives direct access to pages that present
supporting information. Discrete indicators provide supporting
data through target touch access and menu selections. Touch
targets on the indicator also result in a CRT page menu display
for direct access to supporting CRT pages. Touch sensitive
screens are used for process loop controls at the system level
and to the subloop and component level through touch menu
selection. The touch access features all provide easy access
to Nuplex 80+ information. They are more fully dcscribed in
Referance 5.

) The same displays that are used during normal operation shall
be used by the operators during accident conditions to ensure
their familiarity with the interface.

This basis is a design criteria provided for Post Accident
Monitoring Irstrumentation (PAMI) in Table 1 of Regulatory
guide 1.97. Particularly when the operater is under stress
during an accident, it is important that he is familiar with
the displays that he is using to minimize the potential for
pperator error. This precludes the use of backup displays
which are used only during accident conditions. The
implementation of this basis is complicated by the requirements
for expanded ranges of PAMI displays in Table 2, of Regulatory
Guide 1.97. These ranges are often not compatible with the
accuracy requirements of displays used during normal operation.

The Nuplex 80+ man-machine interface provides a unique approach
to meeting this design basis. The discrete indicator
2lgorithms continuously compare the validated parameter values
to the PAMI instrument channels. If the comparison is
acceptable the validated value is useable for post accident
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operation. Tnis is indicated to the operator on the display.
If the values disagree, an alarm is generated and the operator
can then select a specific PAMI channel for display. Both PAMI
and normal parameters are provided on seismically qualified
DIAS displays. This method allows the normal parameter
displays and ranges “o be used during accidents without
compromising the qualification criteria on the indications.
This design is further described in Reference 6 and additiona)
design bases are provided in Section 5.6.

Nuplex 80+ also integrates normal and post accident displays
related to the safety parameter display system (SPDS).

Critical safety function and success path monitoring algorithms
and displays are integrated into the DPS. This allows the
operator to use the same interface to access SPDS information
as he uses during normal operation. In conventional plants the
SPDS 1s typically a back fit, stand alone system that is
designed for use only during accidents, and therefore not used
effectively due to unfamiliarity,

Carrying SPDS integration one step further, Nuplex 80+ uses the
SPDS method of critical safety function monitoring for normal
plant operation, as well. As critical functions ire defined
and monitored for safety functions, critical functions are also
defined and monitored for normal power production. All
critical functions (both safety and power) have primary success
paths which are monitored for performance or readiness. Alarms
and displays are specifically designed to support CFM;SPM
monitoring and diagnostics. This common approach to power
production and safety ensures the operater’s familiarity with
the man-machine interfaces to optimize his performance during
accident conditions.
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Priority 1 - Immediate Action
Priority 2 - Prompt Action
Priority 3 - Caution

Operator Aid Status Information

The salience of each alarm priority display method correlates
directly to the importance of that priority i.e. the display of
Priority 1 alarms is most salient. The priority of individual
alarms are displayed through the same unique visual codir; on
both spatially dedicated alarm tiles and CRT display pages
(including IPSO).

The Nuplex 80+ alarms are 2ssigned to priority categories based
on the time required for operater resporse. The types of alarm
conditions in each priority are as follows:

Priority 1

1. Condicions that may cause a trip in less than 10 minutes,
2. Conditions that may cause major equipment damage.

3. Personnel/Radiation hazard.

4. Critical Safety Function violation.

5., Immediate Technical Specification Action Required.

6. First-Out Reactor/Turbine Trip.

Priority 2

1. Conditions that may cause a trip in greater than 10
minutes.
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2. Technical specification action ftems that are not Priority
"

3, Prssible equipment damage.

Priority 3

1. Sensor deviations.

2. Equipment status deviations.

3, Equipment/process deviations not critical to operation.

More detail related to Nuplex 80+ Alarm prioritization can be
found in References 5 and 6.

0 Alarm displays shall aid the operator in quickly correlating
the impact of the alarm on plant safety or performance.

Alarms are required in a nuclear plant control room because the
large number of relevant systems, subsystems and components are
represented by too many parameters for control room personnel
to individually monitor. Conventional annunciators typically
provide alarms which indicate that a setpoint has been exceeded
on a specific parameter. These alarms require the operators

to assimilate the safety or performance impact of the alarming
condition. This may be feasible when one or few parameters are
in alarm but becomes a burden or an impossibility during
multiple alarm conditions. These are the conditions when an
alarm methodology should aid in assessing the impact of process
and system deviations to allow operators to facilitate initiation
of corrective action.
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The Nuplex 80+ alarm methodology uses display techniques that
correlate specific alarm conditions to impact on plant safety
or performance. This is accomplished by three alarm festures.
Grouped alarm displays highlight the nature of the problem
rather than the symptom indicated by a specific parameter
alarm. For example all reactor coolant pump alarms are

grouped ir.to four alarm groups for each RCP, quickly indicating
the location of the problem. In addition Nuplex 80+ panels have
fixed, spatially dedicated alarm displays to take advantage of
pattern recognition to avoid individual assessment of alarms.
Multiple alarms in a specific plant system or function quickly
indicate the location of the problem(s) through the spatially
dedicated alarm tiles. In addition spatial dedication of tiles
is effective in indicating where no alarms exist hence
informing operators where no problem diagnosis is required,
Finally the IPSO display and critical function CRT pages show
the critical functions (both safety and power production) and
success paths impacted by alarms.

The Nuplex 80+ alarm features are further discussed in
References 5, 6 and 7.

0 Nuplex 80+ alarms shall ensure that all alarms are recognized
by operators without excessive task burden,

In performing its alerting function the annunciator system must
guarantee that the alerting signal is perceived by the operator
while not distracting operators from responding to the alarm by
requiring an excessive amount of effort for acknowledgement.
Conventional hardwired annunciator systems typically have a
global silence and global or panel based acknowledgement
capability. This allowed easy acknowledgr. ent but did 1ittle
towards assuring each condition was perceived.
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Nuplex 80+ addresses this concern by requiring individual
acknowledgement of incoming alarms or acknowledgement in small
functionally related groups. The task burden associated with
acknowledgement is minimized by al'owing alarms to be
acknowledged through e%**-, e spet.ally dedicated panel alarm
tile (Section 5.5.2) or any CRT (Section 5.5.4). Panel iL.arm
tiles allow rapid assessment and acknowledgement of mu.tiple
related alarms., Acknowledgement through the CRTs allows an
alarm or alarms to beé brought to the operators location in the
control room without requiring him to move. Mrmentary audible
alerts are used for alarm state changes, with periodic reminder
tones to eliminate the need for a silence button. If
acknowledgement of many alarms becomes a problem the operator
can use the global "stop flash" to deal with only the Priority
1 conditions and then return to the lower priority alarms as
time permits. “Stop Flash" causes all alarm flashes on the CRT
and tiles (except unacknowledged Priority 1 Alarms) to go to
the acknowledged or reset state (as appropriate). This does
not acknowledge or clear the alarm but simply allows a deferred
acknowledgement. The "Resume" feature causes all
unacknowledged alarms to flash again in their appropriate
unacknowledged state, allowing proper single point alarm
acknowledgement. This feature eliminates the present operator
tendency to hold the acknowledge button to avoid annoying
flashes during conditions of high alarm density.

The acknowledgement features of the alarm system are described
more fully in Reference 5.

0 Nuplex B0+ alarms shall provide quick, direct access to
supporting information to enhance operator response to alarm
conditions.
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An equally important annunciator function to informing
operators of an alarm condition is to guide the operator’s
initial response to the deviation. An operator should be
guided to information which will support his diagnostic
activities and enhance his ability to take prompt corrective
action.

The Nuplex 80+ alarm methodology accomplishes this in three
primary ways. First the panel alarm tiles are functionally
grouped with discrete indicators related to the same system and
functions to facilitate proper alarm/display integration. Upon
acknowledgement of an alarm, either by panel tile or CRT, a
concise display of the specific alarm condition including an
alarm message, the current parameter value and the setpoint is
provided on the CRT and at the bottom of the alarm tile matrix.
This immediately gives tr oporator guidance for his diagnosis
and corrective action. Finally, upon acknowledgement,
selection options for CRT pages related to the specific alarm
are provided to allow quick access to further diagnostic
information to support initiation of corrective action. The
Nuplex 80+ alarm methodzlogy guidance features are also
discussed in Reference §.

0 The Nuplex 80+ alarm methodology shall provide redundancy and
diversity in alarm processing and display.

As intelligert alarm processing and CRT alarm display and
acknowledgement become fundamental to control room designs it
is important for operators, who are used to hardwired
annunciators, to have confidence in the dvanced Jesigns. This
relates both to the accuracy of the alarm processing and the
reliability of the display equipment. Neither a processing nor
equipment failure should lead to a situation such that plant
safety or performance is impacted.

i e RN ek Do I GNP LR o et v
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This is addressed in Huplex 80+ by having Priority 1 and 2
alarms processed and displayed independently by DIAS and DPS.
The two systems cross check their alarm outputs and issue an
alarm when deviations exist. This provides both redundancy and
diversity in the alarm methodology. The continuous
cross-checking is irvisible to operators and the interfaces of
the systems are integrated to appear as one system.

Further details on the alarm system redundancy ard diversity
are provided in Reference 5.

0 The Nuplex 80+ alarm system shall provide sufficient expansion
capability for changes expacted during the life of the plant,

As systems, components, operational procedures and licensing
analyses change during the 1ife of the plant it is likely that
additional alarms will be required. Alarm expansion has been
difficult in conventional plants because of required hardware
changes and a limited potential for expansion. Future plants
must provide the capability for easy expansion and changes.
The Nuplex 80+ alarm system allows easy expansion because both
the [.AS and DPS are software based systems, including the
displays. Thus alarm expansion wi'l not require hardware
changes.

0 ihe alarm system shall provide the capability for "operator
established" alarms,

Operators do not have the capability to change pre-programmed
alarm logic or setpoints (this is considered a systen
maintenance function accessable outside the cor’rol room).
However it is 1ikely that cperators will want to establish
temporary alarms and setpoints to support specific evolutions
or monitorii ; tasks based on the current plant status. The
capability for operator defired alarms allows better detection
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5.4 CONTROLS

0 The Nuplex B0+ automation philosophy shall be to maintain the
operator in the control loop as much as possible.

In general the tendency shall be to manual, not automatic
controls. This keeps the operator in the control loop and
therefore better prepared to handle off-normal conditions.

0 Automatic controls shall be utilized where manual control would
not be suitable Jdue to workload (considering staffing levels),
required response time, frequency of use or complexity of
manual actions.

Some control functions are considered beyond human capability
due to task overload, complexity or diagnostic-decision-action
response times. Other control functions may be within human
capability but due to the frequency and routine or continuous.
nature of the control action they would become monotonous and
therefore subject to frequent human error.

0 Where manual controls are employed operator aids shall be
provided to assist in the decision making process. The
operator aids shall alarm when expected control limits are
violated and, where apprcpriate, shall take automatic
corrective action” to avoid plant shutdown.

Keeping the operatur in the zontrol loop is a primary
consideration in assuring operator preparedness and vigilance.
However it is recognized that manual actions are subject to
human errors. Therefore, computer aids such as COLSS and MDS
ére utilized to help the operator in keaping the plant within
acLeptable operating limits,

0 Controls that require operator intervention shzll be spatially
dedicated to simplify access and speed of response.
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5.5

£.5.1

DISPLAY AND COWTROL EQUIPMENT

Integrated Pr¢ ss Status Overview (IPSQ)

Nuplex 80+ incorporates a large panel overview display called the
Integrated Process Status Overview (IPSO) into the advanced contro)
room design. The following are the design bases related to IPSO:

¢ The Nuplex 80+ IPSO shall present a relatively small quantity
of readily comprehendible information to allow operators to
obtain an overview or "feel" of the plant condition.

A plant level overview display must address two operational
concerns for nuclear power plant control rooms. First, due to
the complexity and quantity of power plant processes the
operator is overburdened with sensor, status and alarm
information. To be readily comprehended this data mus¢ be
reduced to a relatively small quantity of easily recugnized and
understood information. This is especially imnortant during
off-normal stressful conditions. The second operational basis
for the plant level overview display results from the fact that
an advanced control room design re’.es much more on serial
presentations of data (e.g., CRTs) than conventional control
rooms. As less information is presented in pa-allel in the
control room, the ability of plant operators to obtain an
overview or "feel" of the plant condition is diminished. To
obtain a plant overview may require paging through rumerous CRT
display pages even at a high level in the display rierarchy. An
overview display meets this operational need.

0 The IPSO shall be displayed on a large format dedicated display
in the Nuplex 80+ control room.

Disnlay of the plant level overview on a 1. “ge format dedicated
display addresses two additf{ wal but equally important
operational Concerns. First, operator tasks often require
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The 1PS0 large panel display ‘s visible throughout the control
room and readable from up to 40 feet, The display is also
presented as the highest level of the CRT display page
hierarchy and is thus available on any controi room CRT, in the
1SC, EOF and at the remote shutdown panel. The IPSO is
integrated with the rest of the control room man-machine
interface to quickly and efficiently guide to operators to
supporting information Tor operational concerns indicated on
1PSO,

The functional bases for IPSO information are to indicate to
the operator:

Highest priority alarms indicative of the status of
critical safety and power production functions, in order
to focus the operator’s attention on concerns impacting
the oility to keep the plant safe and make megawatts,
respectively.

A small set of parameters most indicative of critical
function status to improve an operator’s and supervisor’s
early awareness of changing plant conditions., This data
is presented either numerically or symbolically, based on
the most useful format for the operator.

- System operational status, non-operational availability
and highest priority alarms for critical function success
paths (i.e., the primary systems utilized to maintain
critical functions)) to improve operator’s response to
transient conditions.

This information is presented through an overview schematic of
the plant’s main heat transport and fluid flow systems. The
IPSO display uses the same display conventions as adopted for
the rest of the Nuplex 80+ information systems.
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A prototype of the 1PSO large panel display was evaluated

through dynamic simulator experiments at the OECD Halden

React.  Project in Halden, Norway. The results of these

evaluations indicate that the IPSO aided operators in detecting
abnormalities and making appropriate diagnoses. The IPSO

provided the subjects with a good, clean image of the plant and
process with good use being made of both alphanumeric and

symbolic data. The conclusion is that the 1PSO experiments
clearly advocate the implementation of a large screen plant

overview in the control room. Halden reports (HWR-158 and

HWR-184) document the IPSO evaluation.

The IPSO large panel display 1s approximately 4 ft. x 6 ft.

The 1PSO par-" display and processing hardware are qualified for -
sefsmic integrity (to prevent personnel hazard) but are not
functionally qualified for seismic events. Functional seismic
qualification is not required because other spatfally dedicated
displays in the Nuplex B0+ control room present sufficient
information to support adequate (although no’ optimum)
operator’'s response during or after a seismic event, The
overview panel’s critical function and success path status
information is part of the plant’s SPDS function. SPDS designs
are not required by the NRC to be seismically qualified.
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§.8.2 Alarm Tiles

Tha following are design basis for the Nuplex 80+ alarm tiles:

Provide spatially dedicated alarm displays for conditions
requiring quick operator response.

Spatially dedicated Alarm tiles are provided for Priority 1
Alarm (immediate operator action required) and Priority 2 Alarm
(prompt operator action required) conditions. The alarm tiles
present this information using conventional spatially dedicated
display techniques which present all alarms in parallel. This
takes atvant.ge of tte good attributes of conventional alarm
tile systems. Other design bases provided here and in Section
§.3 are intended to resolve problems with conventional alarm
tile systems,

0 The Nuplex 80+ alarm tiles shall reduce the number of alarm
tiles to minimize information overload.

During conditions that can actuate al”~ m tiles, an operator can
be overburdened with the quantity of a..rm tiles he must
comprehend, especially during a plant upset. The Nuplex 80+
Alarm Tiles reduce this burden (and quantity of alarm tiles)
using several techniques:

1-  combining similar alarms under a single alarm tile (1.e.
al)l Reactor Coolant Pump 1A cooling system alarms under a
single tile). The alarm tile informs the operator of a
high level problem related to a piece of equipment or
process and a dynamic alarm message provides the detail
related to the several probiem,

2- Alarms are the result of prior signal validation,
therefore separate channelized alarm tiles can be replaced
by a single tile.
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0 Alarm tile acknowledgerent shall provide quick direct
access to supporting (nformation,

Grouping multiple alarms under a single alarm tile may not
provide the operator with the speci ¢ condition causing the
alarm and thus lead to a delay in correlating the information
and subsequent response. To resolve this concern, the alarm
tiles on Nuplex B0+ are provided with dynamic message windows
that identify the specific condition causing the alarm,
References 2, 3, 5 and 6 provide additional information on
alarm message windows.

F. Alarm tiles shall be seismically qualified for functionality
during and after an OBl and SSE.

Alarm tiles will be a valuable source of information during
plant emergencies. Seismic qualification of alarm tiles is
required to facilitate operation during emergencies that is as
close as possible to normal conditions.
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5.5.3 Riscrete Indicators

The following are design basis for Nuplex 80+ discrete indicators:

0 Discrete indicetors shall provide spatially dedicated displays
that mimic conventional analog type indication and recorders,
for parameters that are most indicative of the process status
and/or system and function performance.

Spatially dedicated displays are needed to insure that the
operator has continuous (at a glance) access to key parameters
because selectable information access, as on CRT displays,
takes time and is not available without operistor action.

The Nuplex B0+ discrete indicators provide continuous display
of all key plant parameters in the format (i.e. trend, digital,
analog) needed for a particular process. References 2, 3, §
and 6 provide additional information on spatially dedicated
displays.

0 Discrete indicators shall provide selectable displays for plant
data required for operation without the plant computer.

A conventional control room contains hundreds of indicators,
many of which are infrequently used. These indicators take up
@ large amount of panel space and are difficult to read without
extensive operator movement. The large panels needed for these
indicators are complex and difficult to learn and use due to
the size. Advanced contro) rooms make increasing use of CRTs
driven by the p'ant computer to reduce panel size and thereby
improve operability. The operating staff must be provided with
an independent system capable of supplying plant information
needed in the event that the CRT information system becomes
unavailable. The Nuplex 80+ discrete indicators provide all
parameters needed for operation for up to 24 hours without the
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plant computer. This includes technical specification
surveillance items and accident monitoring instrumentation to
maintain plant safety. It also includes instrumentation
monitored to ensure plant availability and protect the
utility’s investment in major equipment. These indications are
provided through celectable displays on a small number of
discrete indicators (usually one or two per panel section).

The number of Nuplex BO+ discrete indicators is significantly
smaller than the number of indicators in a conventional control
room. All important information that is not need for
continuous display is available via a touch sensitive menu on
the Nuplex 80+ ¢« crete indicators. These displays are
organized into the same funct ounal groups as alarms, CRT pages
and controls. These operator selectable menus reduce nanel
size and speed operator access to this important, but
infrequently used information,

References 2, 3, 5 and 6 provide additional information on
continued operation without the plant computer through use of
the independent discrete indicators.

0 Discrete indicators shall provide a reduction in the number of
indicators through auto ranging and signal validation
techniques.

A conventional control complex contains many indicators
displaying similar or identical process paramoters (1.e. as
many as 20 indicators for pressurizer pressure). The uperator
is burdened with the task of determining which instruments are
reading incorrectly (i.e. signal validation) and determining
the approprizte indication for the present process conditions
(1.e. wide range, narrow range, post accident inetrumerts,
etc.).
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£§.5.4

CRI Displays

The following are design basts for Nuplex B0+ CRT Displays:

0

CRTs wil)l provide access to essentially all plant information
within the control room or remote locations. i

Due to the large quantity of information needed by the |
operating staff, a means to bring all of this information to
individual workstations is needed. The Nuplex 80+ CRTs contain
all power plant information in & structured hierarcnical
format. They provide graphical layouts of power plant
processes in the most appropriaste format. References 2, 3, §
nd 6 provide more detail on information access through CRTs.

The CRTs display system shall duplicate and verify all discrete
alarm and display system processing and identify any
significant differences.

In an advanced control room, all information is prioritized,

with the most important alarms and indication processed by the

Discrete Indication and Alarm System (DIAS). 1In the event that

some part of the DIAS fails, the operator must have a

dup'ication of this vital information. The CRTs provide a

functionally independent, redundant method of displaying all ‘
vital indications and alarms, Additionally the DPS, via the :
CRT, alarms any significant differences between the redundant

displays and alarms. References 2, 3, 5 and 6 provide

additional detail on the information verification function of

the DPS.

CRT pages shall display information in an organized, easy to
obtain and easy to learn format,
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As CRTs are increasingly used in advanced control rooms, their
seria) means of information access must be set up 15 an
organized, easy to obtiin and easy to learn format. The Nuplex
80+ CRTs contain information in a structured hiercrchical
format. This format has IPSO at the top of the hierarchy with
three levels of display pages below it. Level 1 pages are used
for general monitoring, Level 2 pages provide useful
information for controlling plant systems and components and
Level 3 pages provide detailed diagnostic information on
components and processes. Touch sensitive controls provide
easy access, References 2, 3, § and 6 provide additional
detail on DPS CRY display organization.

0 CRTs shall provide the control room operator with the ability
t* acknowledge and obtain information on all control room
alarms,

A means to acknowledge and access all control room alarms from
any control room work station is needed in an advanced control
room to help minimize required operator movements between
panels. From any CRT in the Nuplex 80+ control room the
operator can acknowledge and obtain alarm information via teuch
sensitive alarm targets and a touch sensitive menu system for
all ¢ ntrol room alarms, References 2 and 5 provide additional
information on the alarm acknowledgement through CRTs,

0 CRTs shall provide quick direct access to supporting
information to alarm conditions.

To enhance operator alarm response, the CRTs provide quick
direct access to supporting information. When Nuplex 60+
alarms are acknowledged on the CRTs, the menu at the bottom of
the CRT changes to enable selection of a CRT page that provides
additional detail on the alarming condiiion. Reference §
provides additional detail on CRT alarms and menuing.
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5.5.9 Process Controllers

The foilowing are design bases for Nuplex 80+ process controllers:
A. Process controls shall be separated from displays.

Te minimize the potential for human erro-, deliberate action
shall be required to actuate process controls. Separation of
controls from displays helps accomplish this, The Nuplex 80+
process controls are located on the bench board (lower) section
and the displays are located on the vertical (upper) section of
the control panels. Reference 2 and 3 provide more detail and
examp'es of Nuplex 80+ process control layouts.

B. Process controls shall be grouped by function.

To insure that that process controllers support operational
functions they should be located in functional groups with
component controls and related indications. Nuplex 80+
controls and indication are grouped by function to support
operational functions. Reference 3 discusses control panel
layout .

C. Process controllers shall provide continuous display of all
parameters being controlled.

To insure that the operator has all information necessary for
optional process control, rontinuous display of all controlled
parameters must be provided. The Nuplex 80+ process
controllers have continuous display of the following: mode of
control, status of subgroup control, setpoint, deviation from
setpoint, process value and channel identification., Referencs
6 provides more detail on parameters displayed on process
controllers.
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Process controllers shall allow easy access to separate
controls for each control loop.

Easy control loop interaction is needed to insure that the
operator can respond quickly to plant process problems with
minimum probability of error. The Nuplex 80+ process
controllers are designed utilizing generic display and conirel
features. The controls for all master and subgroup process
control loops are accessed via touch sensitive controls with a
single touch., Control signal inputs, operator-set control
T1imits and component selections need less rapid access and are
available via no more than a two step touch control scheme.
References 5 and 6 provide detail on process control access.

Redundant process controllers shall be provided for all
controlled parameters and components in the Nuplex 80+ MCR.

Failure of a process controller display device must not prevent
the operator from being able to take control of a process or
component, To address this concern the ACSC safety monitoring
panel provides access to all CCS controls and indications
through channelized CCS operators modules. These provide
redundant access to safety related components in Channels A, B,
C and D as well as non-safety channels X and Y to address
failure of the primary control device.
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§.5.6

Component Controls

The following are the design bases for Nuplex 80+ component
controls:

0

Component Controls shall be separated from displays.

To minimize the potential for operator erruvs, deliLerate
action should be required to activate component controls. To
help accomplish this Nuplex 80+ controls are separated from
displays. The component controls are located on the benchboard
(lower) section and the displays are located on the vertical
(upper) section of the Nuplex 80+ control panels. References
2,3,5 and 6 provide more detail and examples of Nuplex B0+
component control layouts.

Component Controls shall be grouped by function,

To ensure that the component controls support operational
functions they are located in functional groups with the
process controls and related displays. Nuplex 80+ controls and
indication are grouped by function to support operator
funztions. Reference 3 discusses control panel layout.

Distinctive componen* and function control switch coding shall
be used.

Distinctive component and function control switch coding allows
differentiation between different components (i.e. centrifugal
pump vs. stop valve) and functions (i.e. on, off) to prevent
operator errors. A1l Nuplex 80+ component control switches are
designed using a generic coding scheme. Red status indicators
for active or ¢» and a green status indicator for inactive
or closed. 'lue/amber status indicator lights/switches are
used to indicate and select automatic control. In addition to
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color coding, position coding is used (1.e. the red switch is
always located above the green switch to reinforce control
distinction). References 3 and 5 provide additional detail on
component contrul switch c.ding,

0 Component control switches shall be fdentified with clear and
consistent switch labels.

Clear, consistent switch labels are needed in order to provide
the operator with required information and minimize the
probability of errors. The Nuplex 80+ component contro)

switch labels display the following information: functional
identifier (name of control, unambiguous identifier (unique
number), control options 2-ailable (on, off, auto) and current
component state (on, off, auto). Visual coding is also used,
including: alpha-numeric/graphic and relative position color
coding. Referances 3 and § provide detail on Nuplex 80+ switch

12bs

) Control switches shall provide abnormal status indication
consistent and integrated with CRT displays.

To detect component failures the operator needs to be informed
when equipment that should be operating is not operating or
when equipment is not in its desired state (i.e., on, off,
auto, open, closed, etc.). The Nuplex 80+ component controls
contain logic that generates an alarm and flashes the component
control backlight switch (if flash mode is enabled by the
operator) when an abnormal condition occurs. (i.e. for
example, for the abnormal condition "valve full open" the red
status 1ight flashes and the green status light is off.
Reference 5 provides additional detail on abnormal status
indication provided by component controls.
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Automatic controi switches shall unambigously identify the
automatic control action that will occur,

In conventional control room selecting the auto selection
for a component may result in any number of different
automatic control actions, As a result the operator must
remember the automatic control respon.e of several hundred
different controls. Nuplex 80+ control switches clearly
distinguish control actions such as:

- Single component cycling

- Multiple compunent sequencing
- Standby auto start

- Automatic sequence rotation

As a result, the operators are more aware of the expected
control system response.

Operator override of automatic control signals is
consistently applied and executed,

Nuplex 80+ controls shall provide varying classes of
operator cverrides for different types of control signals.
Control sigi-1 overrides result in varying degrees of
system impact which should be apparent to the operator. To
facilitate this in Nuplex 80+ more imporiant control
signals (e.g. EFAS) are more difficult to override. This
approach is applied consistently to avoid operator
confusion and to provide better operator awareness of the
potential consequences of override actions.
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5.6

SAFETY RELATED DISPLAY INSTRUMENTATION (Reg. Guide 1.97)

The following design bases relate to the Nuplex B0+ Safety Related
Display Instrumentation.

0 Nuplex B0+ shall meet all qualification criteria (Categories
1-3) for a System 80+ set of Type A variables and the PWR types
B, C, D and £ variables 1isted in Reyulatory Guide 1.97, Teble
3.

Requirements for 1ight water reactor instrumentation during and
fellowing accidents were established in Regulatory Guide 1.97.
The guide describes an acceptable method to comply with NRC's
requlations for instrumentation to monitor plant variables and
systems during or after accident conditions,

ine Nuplex BO+ design displays Regulatory Guide 1.97 Post
Accident Monitoring Instrumentation (PAMI) parameters by three
methods:

A dedicated DIAS segment (DIAS-P) provides continuous display
of all Category 1 PAMI parameters. This segment is provided by
an independent, DIAS segment with display on the safety
monitoring panel. OIAS-P inputs come from only channel A and B
PAM] sensors,

DIAS-N segments (independent from segment P) provide category 1
and 2 PAMI parameter displays integrated into the normal
workstation displays. The displays indicate validated "process
representation" values which are the result of automatic
comparison of all safety and non-safety sensor fnputs including
cross checking with the channel A and B PAMI sensors. PAMI
channels are selectable for continuous display cn these
indicators. The displays include both present value and trend
indication,
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DIAS processing and displays are set«mically qualified for both
channels. DIAS processing and dat. communication is redundant
for both channels.

The DPS displays validated "Process Representation" values (the
same as DIAS-N) through CRT displays and also provides
permanent historical recording of PAMI parameters. The DPS s
independent and diverse from both DIAS channels.

A complete description of how Nuplex BO+ complies with each
Reg. Guide 1.97 criteria 1s provided in Reference 11.
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(e.g. loss of power, improper valve position). Process
parameters indicating poor performance (e.g. low flow) are also

highlighted with alarm status coding.

The approach to ESF status monitoring is discussed in Reference
2, Section 18.7.16.
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5.8 INTEGRATION OF OPERATOR ALDS

The following are design bases for the integration of operator aids
into the Nuplex 80+ Man-Machine interface:

0 Nuplex 80+ operational aids shall help and the operator in
maintaining plant control by performing information processing,
information organization, and information presentation to
support ine operator decision making process.

Many of the tasks that prasent day power plant operators
perform require a large amount of data comparison and data
manipulation, Tnese are the types of tasks that computers ate
well sufted for. A man-machine function allocaticn has been
performed for Nuplex BO+ to ensure machines are used for those
functions for which they are best suited. The Nuplex 80+
operator aids address many of these functions.

0 Nuplex B0+ operational aids shall be integrated into the
“Control Room Information System" fn an organization that is
based on a performance model of the cperator’s data gathering
process. From the operator’s viewpoint the "Operator Aids"
shall be primarily transparent, although upon any failure in
computer processing the operator shall be presented with
information that informs him of the processiing f.ilwe and
supports any subsequent or resulting diagnosiic activities.

In conventional control rooms many operator aids have been back
fits and are thus designated as stand alone systems (e.g.,
SPDS, ICC monitoring). 1In an ACC operator aids should be
integrated into the design to provide the op*imum man-machine
interface. Operational aids incorporated into the Nuplex 80+
control room are briefly described t .ow.
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eritical power function is indicative of a degraded condition
that represents a threat to maintaining power production. An
alarm of a critical safety function is representative of a
degradation in the ability to control a plant process related
to safety. The integration of critical function monitoring for
power and safety allows an operator to use diagnostic
techniques durirjy accidents that he also uses during normal
operation. Critical function information is integrated into
the MMI primarily through the IPSO and DPS CRT display
hierarchy.

0 Success Path Monitoring - To maintain or restore 4ritical
functions, key systems referred to as success paths must be
employed. To help ensure that a success path performs as
expected when called upon, success path availability is
monitored in Nuplex 80+. Success path availability monitoring
notifies the operator if system problems, or system dependency
problems (e.g. voltage, cooling water, air pressure) will limit
the effectiveness of & success path if it is activated. To aid
the operator in addressing success path performance problems,
algorithms used to provide information to the operator on
undesirable performance of active success paths. Success path
performance monitoring information allows the operator to
quickly assess the performance of ‘mportant success paths so
that he may quickly concentrate efforts on restoring any
inadequately performing systems to proper operations or choose
an appropriate backup system, Success Path Monitoring for
normal and safety systems provides an integr2ted monitoring
approach for all modes of plant operation., Success path
information on 1PSO, CRT displays and the "ESF Monitoring"
panel provides an integrated information display system in the
contre! room, Design bases Section 5.7 provides additional
information about success path monitoring of ESF systems,
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0 Core Limit Monitoring - Core Limit Monitoring is incorporated
into Nuplex B0+ to assist operations by performing calculations
to support optimization of fuel burnup during steady-state
plant operation and to maintain adequate margins to operating
limits during load changes. This feature assists the operator
in controlling the plant at its most efficient performance
levels. Core plant monitoring is integrated into Nuplex 80+
through DPS CRT displays, critical function monitoring for
power production (i.e. reactivity control) and plant control
through the megawatt demand setter,

0 Periodic Surveillance Testing in Nuplex B0+ - Periodic
surveillance testing aids the operator in performing manual
plant surveillance testing requirements. This feature is
utilized for those tests that cannot be conducted
automatically. These computer aids increase plant reliability
and safety by reducing the number of operator incuced errors
during manual periodic surveillance tests and ensuring that
2quipment is returned to pretest conditions. Automatic testing
of the Plant Protection System is defined in Section 6.3,
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5.9

REMOTE SHUTDOWN P NEL

The following are the design bases related to the Nuplex 80+ remote
shutdown panel.

0 In the unlikely event that the control room should become
inaccessible, sufficient instrumentation and controls shal' be
provided at the remote shutdown panel (RSP) to:

(a) Achieve prompt hot shutdown of the reactor, subsequently
referred to as hot standby per standard Technical
Specifications (reaactor subcritical at operating pressure
and temperature).

(b) Maintain the unit in a safe condition viring hot standby.

(c) Achieve and maintain cold shutdown of the reactor from the
RSP,

Damage to equipment in the control room shall not preclude
operation of any required equipment at the RSP and a single
failure in an active safety train shall not preclude a safety
function from being accomylished.

Remote shutdown facilities are required by federal regulations
at all nuclear power plants. Specifically, General Design
Criterion (GDC) 19 Of 10CFRS50, Appendix A, stipulates that
instrumentation and controls outside the cuntrol room be
provided to permit prompt hot shutdown of the reactor and to
maintain the unit in a safe condition. In the remainder of
this document this condition. subcritical at operating pressure
and temperature, will be rererred to as hot standby for
consistency with plant technical specification mode
definitions. The sulsequent capability for cold shutdown,
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using suitable procedures, is also required. Appendix R to
J10CFRS0 requires that alternative shutdown capability be
provided if redundant safe shutdown circuits are vulnerable to
2 single fire.

The Nupiex 8C+ Advanced Control Complex design includes a remote
shutdown panel which meets the above criteria as an invegral
part of its design. The Nuplex B0+ remote shutdown panel
includes two independent trains of safs shutdown controls, each
isolated from the main control panels. Su ficient information is
provided for each safe shutdown system to maintain hot standby.
The man-machine interface for this instrumentation is

consistent with the main control room. The Nuplex B0+ RSP &lso
provides indicatic and control for the normal control systems
used for maintaining hot standby. The RSP instrumentation
provides centralized controls and indications necessary for
achieving cold shutdown. If failures occur, sufficient
communications and indications exist to achieve and maintain
cold shutdown using suitable procedures and local contre)
stations. The indication and contro) at the Nuplex 80+ RSP are
physically separated and electrically isolated from the Nuplex
80+ main control room,

The RSP and control room are electricaily isolated by oualified
isolation devices to assure that no fault caused by damage in
the contral room is propagated to the RSP and visa versa. The
RSP and control room are located in physically separate
locations to preclude an event simultaneously causing
evacuation of the control room and inoperability or the RSP.

Reference 12 docum»nts the Nuplex 80+ RSP implementation with
respect to specific requirements for the RCP.
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The RSP shall be designed for safe shi.tdown as the result of a
control room fire or other event causing the control room to
become uninhabitable.

To meet fire protection regulations (CMEB 9.5-1), damage from
an exposure fire within the control room must be considered.
For this case, consideration of a single failure unrelated to
t-e fire is not required. For other (non-catastrophic) events

. ring control room evacuatiun a single failure must alse be
assum'd (References 14 and 15). There are no industry criteria
that require the RSP to be designed for mitigating accident
conditions.

The Nuplex 80+ RSP provides shutdown capability after damage
and evacuation resulting from a control room exposure fi: . .

For required shutdown systems, two trains of equipment that are
each isolated from and operated independently (without
interaction)of the main control room equipment are provided.
Therevre the Nuplex 80+ design can provide all shutdown
functions after a control room exposure fire with a concurrent
single failure, although meeting the single failure criteria is
not an industry requirement.

For control -oom evacuation without fire the 1imiting single
failure is a loss of power to one Class 1E power supply. This
results in a loss of power to one train of safe shutdown
components and controls. The Nuplex 80+ RSP is designed for
this situation by providing two trains of cintrols for each
safe shutdown system. This precludes loss of indication or
control due to a single fatlure in either train, including loss
of power.
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Although the Nuplex 80+ RSP 1s not specifically designed for
accident conditions, all Post-Accident Monitoring
Instrumentation (PAMI) parameters are provided on the DPS CRT.
In addition, PAMI parameters which are also required for safe
shutdown, are prosided by the DIAS-N displays on the RSP,

0 A means shal)l be provided to accommodate transfer of control
from control room to RSP in the event the control room becomes
uninhabitable.

Control is transferred from the Nuplex 80+ control room to the
RSP by separate channel switches in the channel equipment
rooms. This arrangement allows transfer to the RSP from
outside the control room, yet minimizes the effect of
inadvertent transfer through train separation.

Another feature of the Nuplex 80+ control room is the ability
to disconnect power to individual panels at circuit breakers
from within the control room. This allows an operator fo
disconnect controls selzctively before leaving the control room
as the result of an internal panel fire or exposure fire. This
prevents equipment from being cycled spuriously before the
transfer switches in the equipment rooms can be reached. This
also precludes potertial damage to both trains of a safety
system due to an exposure fire with the Nuplc. 80+ panel
design.

The transfer action is bumpless with no impact on controlled
equipment status. This is accomplished by using momentary
control switches and maintaining control setpoints in the
process systems and not in the man-machine intarface devices.

0 Security measures shall be provided to prevent or deter
unauthorized access to the RSP.
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The RSP is located in a separate room with access controlled by
the site security system, A Priority 3 alarm is generated in
the control room when the RSP room door is opened. Access to
the equipment rooms containing RSP transfer switches is also
controlled by site security. A Priority 2 alarm is generated
in the control room when the equipment room doors are opened.

A Priority 1 alarm is cenerated in the control room if a
channel transfer switch is actuated.

0 The design of the RSP shall allow testing during power
operation.

Testing of the RSP {s accomplished by transferring control from -
the main control room to the RSP by panel section and

individual channel on that panel. This aids the operator in
maintaining cognizance of which components are being tested, as
only those on one pan~! section can be activated at a time. [t
also prevents multiple channels from being simultaneously

tested which could result in compromising both trains of a

safety system.

Other details on the implementation of the RSP in Nuplex 80+
including & panel layout is provided in Reference 2, Section
18.8.
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5.10 MMI VERIFICATION AND VALIDATION

The following design bases relate to the verification and validation
of the Nuplex 80+ man-machine inte.  ace.

0 The Nuplex 8C+ man-machine interface design shall be verified
from a human factors perspective to ensure that all necessary
indications and controls are available in the centrol room with
proper characteristics to support required operator tacks.

The objective of the human factors verification process is to
assure that operator tasks can be performed in the control room
with minimum potential for human error. The focus ‘ °n
instruments and equipment, not on operator skills and
knowledge. The premise is that the contrcl room should provide
all information and control capabilities cilled for by the
operator task action requirements generated by the functional
task analysis.

The verification process consists of two steps. The first step
is to verify the presence (or absence) of instruments and
equipment that provide the information and control cepabilities
necessary to implement each task. This step will be referred to
as the verification of availability. The second step is to
determine whether the man-machine interfaces provided by the
displays, controls, and other control room features are
effectively designed to support task accomplishment. This step
is referred to as the verification of human engineering
suitability.

The Nuplex 80+ man-machine interface verification process
ensures both indication and control availability and
suitability,
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human engineering discrepancies that may not have become
evident in the design processes or cystematic veview. The
process of validation is associated with function execution and
evaluates the integrated control room configuration.

Validation of the Nuplex 80+ control room design (per
NUREG-0700) ensures that all operator interactions and
dependencies on the design are supported for all operator
functions. The validation process is performed in a two-phase
approach. Phase 1 of Nuplex BO+ validation focuses on the
foilowing:

A. Evaluation of the integration of all display and control
components, i.e., CRTs, alarm system, and discrete
indicators.

B. Demonstraticn of one-man operation at the MCC for normal
operation from hot standby to full power. including the .
first 10 minutes of a reactor trip.

Phase 2 of the validation uses a full scale partially dynamic
mockup with plant specific emphasis to demonstrate successful
integration of control room instrumentation and controls with
operating procedures to support all required operator
functions.

Details of the verification of the Nuplex 80 design is provided
in Reference 13 and the full scope of Nuplex 80+ verification
and validation activities is discussed in Reference 2, Section
18.9.
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OPERATION WITH MAN-MACHINE INTERFACE FAILURES

The Nuplex 80+ design shall provide redundancy and diversity in
information processing and display such that equipment failures
do not impact availability and safety, and operators have
confidence in the intelligent pror~ssing and display
techniques.

Information is processed and presented in Nuplex 80+ via two
independent and diverse display systems; 1) The Data Processing
System (DPS) and the Discrete Indication and Alarm System (DIAS).
Data from both the DPS and D!AS play an important man-machine
interface role in the Nuplex 80+ dasign. DIAS provides
sufficient indications and alarms such that plant operations
can continue without the DPS. 1f DIAS fails, there shall be no
loss of important information in the control room, Continued
plant operation will be subject to technical specification
Timits regarding loss of qualified information displays. To .
minimize these restrictions DIAS is designed with two
independent channels for Regulatory Guide 1.97 Category |
instrumentation (i.e. for Post Accident Monitoring).

The DPS shall be designed for high availability and
reliability. The DPS design accommodates the failure of any
single computer hardware element without loss of functionality.
Use of multiple communication channels, component redundancy,
and automatic failover to backup systems are employad, to
achieve this goal. The DPS providis all plant information in a
human factored hierarchical format un CRT pages. The DPS also
provides inputs for the IPSO large display format. The desian
bases of the DPS are further described in Sectyon 6.1,

The Nuplex 80+ design shall provide sufficient indications and
alarms to allow continued plant uperations for 24 hours without
the DPS.
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Without the DPS the operator can use the DIAS for his
information gathering requirements. The DIAS contains all
safety related data and power production data that supports
continued power production for a minimum of 24 hours. The
operator is notified aboul Priority 1 and 2 alarm conditions
via the alarm tile matrices on each panel and uses the discrete
indicators on each panel to gather supporting information or
conduct diagnostic activities. Each DIAS discrete indicator is
related to a process, major component, or major parameter. The
discrete indicators provide the same validated data and access
to individual sensor valuss, as 1s available on the DPS CRT
pages.

The 24 hour time period was selected based on the DPS Mean Time
To Repair (MTTR) and the impact on Technical Specification
surveillance caused by Toss of the DPS. The DPS MTIR ig
approximately 1 hour based on board replacement maintenance
methods. However by conservatively assuming that time may be
needed to get a technician to the site, in 8 hour basis for
continued operation was originally selected. Upon
investigating the required additional monitoring by operators
without the DPS, there was little difference between loss of
the DPS for 8 hours and 24 hours. Hence extending the basis to
24 hours required little additional information to be provided
by DIAS. After 24 hours, additional irndication to support
monitoring for Tech. Spec. surveillance was necessary. Thus to
provide the most conservative time for operation with only the
DIAS without overly burdening the display design 24 hours was
selected as the basis.
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6.0 18C SYSTEMS DESIGN BASES

6.1 DATA PROCESSING SYSTEM (DPS)

The DPS shall provide high availability to support continued plant
operations. The design shall be such that:

0 The DPS will accommodate the failure at any single computer
hardware element without loss of essential functionality.

0 The complete loss of any single display generator will affect
at most 3 CRTs.

0 The distribution of CRT's to display generators will be such
that any single failed display generator will not blank out a
coi.tiguous section of panels.

0 The availability requirements for Emergency Response Facility.
data systems, per NUREG 0696, are achieved. This requires that
the Safety Parameter Display System at the Main Control Room,
Technical Support Center, and Emergency Operations Facility
achieve an operational unavailability of < 1% during all plant
operating conditions above cold shut down.

0 "Bumpless" transfer occurs during failover operation.

The DPS shall provide suitable time response tu support plant
operations. The design shall be such that:

0 Touch target selections are acknowledged on CRT screens within
0.25 seconds.

0 System response to touch targets requests shall occur within
2.0 seconds of sensing a touch target request.
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e

CRT’s wil) have their dynamic data updated periodically every
2.0 seconds,

Plant 1/0 data will be periodically acquired every 2.0 seconds.

Periodic execution of application programs running a: fast as
once per second are supported.

The DPS shall svpport on-line maintenance. The design of the UPS
shall be such that:

0

Facilities to allow on-iine program development, via background
support tasks, are provided.

The user shall be able to perform operability testing of CRT’s,
printers and touch screens while on-line.

On-line self-checks of system health zhall be periodically
performed in the host processor to a’low early identification of
system faults.

The host processors will perform a self test upon power up.

Sufficient redundancy is provided to allow hardware maintenance
without taking the entire s, stem off-line.

The DPS shall be both flexible and expandabie to adapt to changing
needs of the utility throughout the 1ife of the plant. The design
of the DPS shall be such that:

0

0

Additional application progrims can be added by modular
expansion without need to radecign or modify existing software.

The main memory can be exp. 'ded in size up to a total 32
megabytes via the addition «f standard memory module boards.
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0 Increased bulk disk memory can be readily increased via the
addition of standard disk drive units and controllers.

0 Additional communication links can be readily accommodated via
standard RS-232 datalink cards.

0 Additional CRT mimic displays can be readily added by the user.
The DPS shall provide extensive, reliable data communications to
support the required system information exchange. The design of the

DPS shall be such that:

0 Serial data communications to all required Nuplex 80+ Systems
is supported.

0 Bidirectional communications is supported.

0 Isolation is provided when communications extend across a 1E
system channel boundary.

0 Error checking protocols are implemented to assure the
integrity of the transmitted data.

0 Periodic data transmission frequencies of once per 2.0 seconds
are accommodated.

0 The communication system is sized to accommodate a total of
10K - 12K 1/0 points.

Information concerning the implementation of the DPS tou address
these bases is provided in Reference 16.
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6.2 DISCRETE INDICATOR AND ANNUNCIATION SYSTEM (DIAS)

The DIAS shall provide high availability to support continuous plant
operations., The design shall be such that:

0 The DIAS will accom ~date the failure of any sinole computer
hardware element without loss of essential functionality.

0 Segmentation is employed to distribute DIAS functions over a
number of small dedicated processors.

0 "Bumpless" transfer occurs during failover operations.

o The overall unavailability of DIAS is < 1% during all plant
operating conditions.
0 The meantime-‘o-repair is < 1 hour,

-

The DIAS shall provide suitable time response tu support piant
operations. The design shall be such that:

0 Touch targets are acknowledged within 0.25 seconds.
0 Data is transmitted between DIAS segments within 0.50 seconds.

0 Display updates will occur within 0.50 seconds of sensing a
touch target request.

0 Alarm tiles will be updated with 0.50 seconds of being set by
the DIAS processors.

0 Alarm messages are displayed within 0.5 seconds of selection of
an alarm tile.
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0 Plant 1/0 data will be periodically acquired at least once
every 2.0 seconds

The DIAS shall support on-line maintenance. The design of DIAS
shall be such that:

0 Sufficient redundancy is provided to allow hardware maintenance
without taking the entire system off-line.

0 On line repairs will consist of board replacement on the CPU
that has fa‘ -4,

0 On-Tine self-checks of system health shall be periodically
per‘ormed to allow early identification of system faults.

0 Each segment will periodically transmit status information
which wili be used for detection of segment faults.

The DIAS shall be both flexible and expandable to adapt to changing
needs of the utility throughout the 1ife of the piant. The design
will be such that:

0 Additional DIAS segments can be readily added without need to
redesign or modify the existing harcware.

0 At least 25% spare memory capacity will exist in the delivered
system,

0 Additional RS-232 data communication 1inks can be readily
accommodated.
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The DIAS shall provide extensive, reliable data communications to
support the required system information exchange. The design shall
be such that:

0 Serial data communications to all required ’.plex 8"+ systems
is supported.

0 Bidirectional communications is supported.

0 DIAS intra-system communications is accomplished via a
redundant network.

2 Isolation is provided when communications extend across a 1E
system channel boundary.

0 Error checking protocols are implemented to assure the
integrity of the transmitted data.

0 The communication system is sized to accommodate a total of
5000 I/0 points.

0 Tetal [/0 data transmission does not exceed 250 milliseconds.

DIAS shall contain two physically and electrically independent
divisions, designated DIAS-N and DIAS-P. DIAS-N shall process,
display and alarm all signals appropriate for spatially

dedicated displays in the control rcom. DIAS-P shall process

and display only a subset of that same information that is required
for continuous display per RG 1.97.

To ensure independence of the two divisions from common mode
environmental erfects DIAS-N processing equipment shall be located
in the non-class 1E equipment room. DIAS-P processing equipment
shall 2 located within the Main Control Room.

Information relating to the implementation of the DIAS to address
th.se bases is provided in Raference 17.
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PLANT PROTECTION SYSTEM

The following are design bases for the Nuplex 80+ plait protection
system,

0 The Nuplex 80+ plant protection system design shall assure
adequate protection of the fuel, fuel cladding, and RCS
boundary during anticipated operational occurrences. In
addition the system shall assist the ESF in mitigating the
consequence of accidents.

0 The Nuplex 80+ plant protection system dcsign shall meet the
general design criteria of 10CFRS0, NRC regulatory guides and
IEEE standards.

0 The Nuplex 80+ plant protection system u><ian shall be digital
design based, to take advantage of the high accuracy and drift
free operation.

0 The Nupiex 80+ plant protection system shall initiate the
appropriate protection or safety action without operator
action. Provisions shall also be made for the operator to
manually initiate system action.

0 The PPS shall segment trip functions into separate processors
such that events that can be protected by two or more trip
functions, have these trip functions processed by at least two
separate processors.

0 The PPS shall include continuous automatic hardware testing;
and continuous automatic functional testing for all trip
functions with the exception of sensor inputs and A,D
conversion.
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¢ For functions not automatically tested built-in manual test
features shall be provided and the function shall be
continucusly monitored (via cross channel comparison) to aid in
failure detection.

Information relating to the implementation of these bases in the PPS
design can be found in Reference 21 and Reference 1, Sections 7.2
and 7.3,
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The ...plex 80+ component control system design includes
provisions for plant data acquisition.

Reference 18 lescribes applicable technical considerations,

) Nuplex 80+ component control system component assignments shall
preserve the level of fault tolerance provided in ihe plant
mechanical system designs.

Plant mechanical systems are designed with some degree of fault
tolerance to component single failures. Plant components are
assigned among CCS processors and equipment such that a single
failure within the CCS does not compromise plant mechanical
system fault tolerance,

Nuplex 80+ component control system channels include, as a
minimum, independent processors for plant primary and secondary
components. Additional independence is also provided to permit
selective assignment of redundant primary or secondary |
components to maintain the degree of fault tolerance afforded
by the plant system designs.

0 fhe Nuplex 80+ component control system design shall
accommodate the use of commercially available software based
digital control equipment.

Equipment utilized to implement traditional plant component
controls includes analog circuitry and discrete electro-
mechanical relays. As a result, systems are complex, space
inefficient, subject to the effects of long term aging and
temperature-induced inaccuracy, mechanical wear and high
commissioning, operating and maintenance costs.
Implementations often require the use of single-source and
custom equipment. Modification to system configurations to
accommodate changing regulatory requirements is oftan
cumbersome and configuration control is difficult to manage.
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The Nuplex 80+ component control system design is based on the
use of commercially available programmzble logic controller
(PLC) equipment. This equipment is industrial-hardened, field
proven, digital software-based control equipment whose design
overcomes the difficu'ties noted above for traditional
component control implemeniation.

0 The Nuplex 80+ component control system shall support the
extensive use of remote multiplexing of 1/0 interface signals.

A major contributor to lengthy construction cycle and high cost
of a nuclear power plant is the plant wiring. Conventional
control system designs feature centralized equipment cabinets
to which several thousands of interfacing signals must be
directed. Hardwiring these signals to centralized locations i:
time consuming, labor-intensive and restrictive with respect to
future modifications. Remote multiplexing dramatically reduces
overall plant wiring by distributing hardwired signal
interfaces throughout the plant.

The Nuplex 80+ component rontrol system is designed for maximum
utilization of remote multiplexing.

0 The Nuplex 80+ component control system shall use advanced
man-machine-interface (MMI) devices to consolicate and simplify
operator controls.

NUREG 0700 and Reg Guide 1.47 require consistent application of
human factors engineering (HFE) throughout the design of a
nuclear power plant. This consistency can only be achievad
through application of component control sy-tem MM] devices
whose integrated design and operation are consistent with MMI
devices of other plant system (e.g., DP3, DIAS). Consolidation
is necessary to support a cne-person operating philosophy and
is achieved using advanced MMI devices which perform multiple
functions to reduce control panel space.
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'he Nuplex B0+ component control system desig
MMI devices such as process controllers and
switches with flashing d repancy indication to achieve
functional cons on and consistency. Reference 2, Section
18.7.1.6 describes MMI devices related to the component contro)
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The Nuplex B0+ component control system deirign provides

jatalink interfaces This feature is further
described in Reference 1, Section 7.7.1.7
Nuplex 80+ component control system memory shall be

non-volatile and program memory contents shall be continuousl
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The Nuplex 80+ component control system performs deterministic

software execution,

Component control man-machine interface (MMI) devices required
for hot snutdown shall be located on the plant remote shutdown
panel (RSP). Control devices shall be geographically separate
and electrically independent from equivalent controls in the

main control room.

3
Reg. Guide 1.120 and CMEB 9.5-1 impose fire protection criteria
for alternate plant controls which recommends that alternative
or dedicated shutdown capability should be provided where the
protection of systems whose functions are required for safe
: shutdown 1s not provided by =2sia” ished fire suppressior
l methods
The Nuplex 80+ component control system design cuplicates those
MM] »ssary to achieve hot shutdown for placement in
the RSP Fiber optic isolation is used to isolate both RSP and
mail ntrol raom controls to ensure hot shutdown capability
Reference | ection 7.3 ] provides a description of the
fiber optic RS¥ intertace
>
Nuplex 80+ compoient control system equipment shall include
provisions for automatic self-health testing and annunciation
of failures
Ear jetection of single failures is essential to maintaining
system level cperability with distributed control systems. A
simple method of failure identification also reduces
mean-time-to-repair characteristics These features
. significantly improve plant availability
»
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0 The Nuplex 80+ engineered safety feature-component control
system (ESF-CCS) shall accept isolated discrete initiating
signals from each channe! of the plart protection system and
perform selective 2/4 logic for ea:h TSF function.

Selective 2/4 logic for ESF functions has historically been
implemented using channelized electromechanical relay based
equipment in a system independent from plant component
controls. This approach resulted in a complex, hardwired
interface to direct individual actuation signals to the

coi;, onent control logic. In addition to the component control
logic, the Nuplex 80+component control system design provides
selective 2/4 logic processing for ESF functions resultiig in
simplified interface wiring, elimination of interposing
electromechanical relays, and simplified operation and testing.

0 The Nuplex 80+ ESF-CCS shall provide geographical separation of
redundant channels. [Isolation shall be used to maintain
channe)l independence.

Reg. Guide 1.120 and CMEB 9.5-1 impose criteria for fire
protection in nuclear power plants. One method which meets the
fire protection criteria is to locate redundant channelized
equipment in geogiraphically separate fire zones such that an
exposure fire can only impact the operation of a single
channel. Traditional technology precluded the use of
geographic separation due to the practical limitations
associated with electrical isolation of numerous signals between
protective equipment channels. Current technological
advancements have now eliminated these restrictions. The
Nuplex 80+ ESF-CCS is designed to accommodate geographical
separation of channels using fiber optic isolated datalinks to
satisfy Reg. Guide 1.75 criteria for channel independence as
defined in Reference 1, Section 7.3.2.3.2.F.
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0 The Nuplex 80+ ESF-CCS Aesign shall include provisions for
sequencing of protective loads on the plant emergency diese)
generators. Sequencing shall be adaptive as a function of
plant conditions and energize equipment as quickly as possible
to minimize the overall plant disturbance.

Priority sequential loading of essential &nd non-essential
diesel genc.ator loads provides a method to eliminate
unnecessary equipment cycling and minimize diesel generator
size without sacrifice of plant operability.

The Nuplex 80+ ESF-CCS includes algorithms which can be
selectively applied to optimize the emergency diesel generator
loading sequence based on current plant conditions. A
descriptinn of the diesel loading sequencer is given in
Refereice !, Section 7.3.1.1.2.3.

0 The Process-CCS design shall include provisions for automatic.
and manual contrcl of NSSS primary and secondary pressure and
coolant level.

Control of NSSS primary and secondary pressure und level has
historically been provided by independent control svstems which
were separate from plant component controls. This design
approach often resulted in diverse equipment of varying design
which was difficult to functionally coordinate and maintain.

The Nuplex 80+ Process-CCS includes turbine bypass,

steam generator level and primary pressure and level control
functions in an integrated design using common control
equipment to overcome the difficulties noted above. These
functions are selectively assigned to individual, redundant
processors to enhance tolerance to single failures. Reference
1, Sections 7.7.1.1.2, 7.7.1.1.4 and 7.7.1.1.5 provide a
description of these features,.



ICE-322(PC/31)/59 89

The Nuplex 80+ Process-CCS shall provide a means diverse from
the reactor trip system to automatically trip the reactor and
initiate emergency feedwater follow under conditions indicative
of anticipated transient without SCRAM (ATWS) events.

10CFR50.62 imposes the diverse reactor trip and emergency
feedwater initiation requirement for ATWS for all pressurized
water reactors. The Nuplex B0+ Process-CCS design includes an
alternate protection system (APS) function to satisfy ATWS
concerns. A description of the APS function is given in
Reference 1, Section 7.7.1.1.11.

The ESF-CCS shall contain 4 physically and electrically
independent divisions, designated A,B,C,D. Each division shal)
be associated with the appropriate mechanical division
equipment.

The Process-CCS shall contain two divisions, designated N1 and
N2. This divisional arrangement is only to accommodate the
large quantity of non-class 1E plant equipment. Both divisions
shall control X and Y equipment as required. Each division
shall include sufficient redundancy to prevent a single
credible failure resulting in a common failure of X and Y
components.
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POWER CONTROL SYSTEM

The following design bases are provided for the Nuplex 80+ power
control system.

0 The Nuplex 80+ power control system design shall include
provisions to automatically control plant electrical negawatt
output through the turbine control system to ensure that plant
variables are maintained within their operating limits.

Nuclear power plant have historically been operated in the
base load mode. As the percentage of nuclear power plants on
the grid is expected to increase, the need arises for load
follow operation. Automatic control of plant electrical
megawatt output will improve plant availability under load
follow conditions by 1imiting 1nad demand to levels which can
be accommodated by the NSSS.

The Nuplex 80+ power control system includes the megawatt
demand setter (MDS) function to improve plant load follow
capability. This function is further described in Reference
19.

0 The power control system shall include the capability to
automatically control reactor coolant average temperature ard
reactor power for all warranted maneuvers and steady-state
plant operating conditions.

The most responsive means of reactor power regulation is to
manipulate TAVG as opposed to boron regulation. Automatic
regulation of TAVG through control rod manipulation most
closely maintains NSSS parameters within their operating limits
and optimizes NSSS response to load changes required during
normal plant operatiocn.
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system cgquipment. This design approach also ensures capability
for applicution »f fiberoptic cable where electrical fault
fsolation is required between systems and devices.

0 The power control system shall allnw 30% expansion cipability
to accommodate future operationa’ enhancements.

The Nuplex 80+ power control system is a distributed
programmable logic controller (PLC) based system that includes
30% expansfon capability, Enhancement features such »-
feed-forwrrd reactor power control strategy and an ex; ~: a: of
the reactor power cutback function to address additio~a. glant
transient events can be easily accommodated within the power
control system architecture,
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1.2 STANDARDIZATION AND DIVERSITY

The following are design bases for Nuplex BO+ systems with regard tu
standardization and diversity.

0 Nuplex B0+ shall maximize the utilization of common hardware
and software modules throughout the control, protection and
monitoring systems.

This sta.dardization will reduce plant design, construction and
maintenance costs by:

Minimizing engineer and technician training
Minimizing spare parts inventory
Minimizing design engineering
- Minimizing equipment procurement efforts
. Maximizing the potential for quantity purchase discounts

0 Nuplex B0+ shall maximize standardization while maintaining 2
minimum level of diversity in key areas to ensure that the
nuclear industry precederce for “"defense in depth" is not
compromised.

Present plants exhibit significant unplanned diversity due to
multiple suppliers of I&C systems. Although unintentional,

this defense in depth has been important tn the safety record of
the nuclear industry and the excellent availability of C-E
plants.

Diversity Lecomes even more important in the design and supply
of equipment for nuclear power generating stations as system
complexity increases and utility experience with rapidly
developing new technologies is low. This is exemplified by
the fact that diversity was a key factor in the licensability
of C-E's digita) protection system. Diversity is not a



1CE-3221°C/31)/ 39 97

substitute for quality, Similarly, QA in design and operation
is considered fundamental in achieving system reliability, but
is not an adequate substitute for the defense in depth achieved
through diversity.

Nuplex 80+ employs the following diversity in the system
designs:

Eunction Design Type 1 Lesign Type 2
Reactor Trip Plant Protection Alternate Reactor Trip
System Within Process-CCS
Fluid System Emergency Success Normal Success Paths
Controls Paths (e.g (e.g. Main Feedwater)
Emergency Feed- via Process - CCS

water) via ESF-CCS

Reactivity Emergency Boration Normal CEA Control -

Controls via ESF-CCS via Power Control
System

Alarm and Alarm Tiles and CRT Displays - via DPS

Indication Discrete Indica-

tors - via DIAS

It 1s also noted that per 10CFRS0.62 diversity is required
between the reactor trip system and actuation of the emergency
feedwater system. Nuplex B0+ meets this requirement by
actuating reactor trip from the PPS and actuation of the EFW
system from both the PPS and Process-CCS {i.e. Alternate
Feedwater Actuation Signal),
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0 Diversity shall be maintained in all areas where the technology
utilized 1s not well prover in the nuclear industry.

The need for diversity pertains primarily to comp.ex technology
areas (e.g. computer, multiplexors, video displays, etc). It
is not intended that diversity be extended to technologies for
which utilities have significant experience (e.g. relays,
switches, terminations, sensors etc.). Diversity in these
simpler proven technology areas is maintained only as dictated
by licensing requirements (1.e. ATWS rule).

0 Nuplex 80+ shall utilize environmental diversity of systems and
hardware where practicable. That is equipment of different
channels, or other redundant equipment should be located in
different plant geographic areas.

This minimizes the potential for common failures from
externally induced events.

b Nuplex 80+ shall utilize functional diversity as dictated by
licensing requiremenis or to achieve desired reliability goals.

Functiona) diversity is different than hardware/software
diversity in that common hardware/software may be utilized but
the functions performed are different. Examples of functional
diversity includes such ar~roaches as 1) controlling core
reactivity by control rods and boron, 2) autrmatic and manual
control, 3) Reactor trip through two different process
measurements for the same accident event (e.g., loss of
feedwater flow results in trip signals fror low steam generator
level and low pressurizer pressure).
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1.3

REDUNDANCY AND SEGMENTATION

The following dasion bases address redundancy and segmentation
requirements for Nuplex BO+ systems.

0 Nuplex 80+ safety-related systems shall meet channel redundancy
and independence requirements established in applicable
regulatory standards.

Regulatory standards including Reg. Guides, NUREG’'s and 1EEE
standards thoroughly define channel redundancy and independence
design requirements for class 1E safety-related systems in
nuclear power plants,

Nuplex 80+ ESF control systems are designed for channel
redundancy and independence as required by the plant fluid
systems,

The Plant Protection System includes four redundant channc!s.'
the ESF Component Control System includes four independent
trains, the Discrete Indication and Alarm System contains two
independent channels for post accident monitoring Category 1
displays.

0 Nuplex BO+ safety and non-safety control systems shall utilize
functional group control and segmentation techniques to achieve
high reliability and indrpendence of I&C functions comparable
to the independence of plant mechanical functions.

Effective utilization of the processing power and design
flexibility of distributed microprocessor-based technalogy
dictate that multiple plent components be controlled by a
single controller. Single loop independence that was
previously afforded by discrete instrumentation and control
equipment cannot be achieved for distributed microprocessor-
based technology.
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However, Nuplex 80+ distributed systems achieve significantly
higher reliability and more manageable failure modes by
grouping mechanically dependent control functions together
(e.g.. pumps and valves in a process loop) into common control
equipment and separating independent control functions (e.g.
vedundant pumps, flow paths, etc.) into different segments of
the control system., This technique minimizes the number of
components in the control system, thereby maximizing MTBF. At
the same time it achieves more manageable failure modes since
all components in a process loop are controlled by a common
system that has a predictable failure mode.

Nuplex %0+ can be compaied to a control system of the past
where a process loop containing multiple components had each
component controlled by a separate controller. The large
number of controllers results in poor MTBF., The failure of
each controller individually results in a unique process
failure mode for every occurrence. The berefit, however, of
single loop contrel is that mechanically usrelated functions
are not commonly impacted by a single controller failure.

Nuplex 80+ utilizes functional grouping and segmentation
to achieve the mechanical independence of single loop
controllers without the disadvantages of poor MTBF and
complicated failure mechanisms.

Refer to Reference 1, Section 7.3.1.1.c for examnles of Nuplex
80+ segmentation techniques.

The Nupiex 80+ design shall employ redundancy within safety and
non-safety control systems for those elements of the system
that are common tc multiple control segments.
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1.8 MAINTENANCE AND TECTING

The fol.owing are Nuplex B0+ desigu bases for I8C maintenance and
testing:

Nuplex B0+ I&C systems shall have continuous on-1ine hardware
self testing to provide monitoring of overall system
availability with rapid identification of hardware failures.

A1l systems shall have integral test and maintenance panels or
built-in jacks for quick connection of portable test and
maintenance panels. These panels shall provide diagnostic
displays that allow quick location of hardware failures.

Nuplex 80+ PPS shall provide automated periodic functional
testing (1.e. protection system trip paths shall be
continuously tested automatically) to improve overall system
reliability through identification of system failures.

Nuplex 80+ DPS shall provide computer aided test features for
ESF component testing that verifies functionality, locates
failures upon detection, and records test results.
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1.6 ESF TESTING

The following fesign bases are provided for Engineered Safety
Features (ESF) testing for the Nuplex 80+ design.

0 A1l Nuplex B0+ ESF functions shall be fully testable from
initiating sensor to final actuation device during al) modes of
plant operation. Testing shall not interfere with engineered
safeguards protective action,

ESF equipment 1s operated infrequently and, as such, must be
tested to ensure operational readiness. The equipment used to
implement each Nuplex 80+ ESF function including sensor, trip
bistable, local coincidence logic, initiation logic, actuation
logic and final actuation device (1.e., pump, valve) is
designed to meet test requirements of IEEE Std 338-1977 and
Reg. Guide ].22 to facilitate testing.

Testing details are given in Reference 1, Section 7.3.1.1.8,

0 The Nuplex 80+ design shall maximize the use of automated
testing of ESF functions.

Personne! errors which can have adverse impact on plant safety
and availability are largely associated with maintenance and
testing of plant systems,

Nuplex B0+ incorporates continuous automatic testing of the
protection system and ESF initiation circuitry to minimize
potential for personnel-induced errors, provide early
identification of failures and reduce mean-time-to-repair
(MTTR). Plar _.afety and availability is improved as a result
of these featv—es. Reference 1, Section 7.3.1.1.8 provides
further description of automatic ESF testing.

.
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0 Mperational aids shal) be utilized to reduce potential for
personnel errors during manual testing of Nuplex 80+ ESF
functions

A1l portions of ESF functions cannot be automatically tested.
Where manual testing is necessary a concern exists that complex
procedures are inadequate to prevent errors,

The Nuplex B0+ design incorporates computer automated testing
(COMAT) algorithms as part of the data procesting system (DPS)
which

. store initial ESF component lineups

. confirm correct component test lineups
cunfirm proper component actuation upon marual inftiation
of test including position response time and performance
(e.g. pump flow).

- confirm restoration of correct post-test component 1ineups

A further description of COMAT is provided in Reference !,
Section 7.3.1.1.8.6.

0 ruplex B0+ ESF components shall be grouped to accelerate
testing Ly simultaneously actuating all components in a group.
Groups shall be arranged to prevent complete, undesired
actuation of an [SF system during testing.

The Nuplex 80+ PPS and ESF-CCS are designed to preclude
undesired ESF system actuation due to single component
failures. Testing errors can similarly result in undesired
actuation of ESF systems.
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Nuplex B0+ takes advantage of the inherent plant system design
features to accelerate testing, wiile oreventing spurious or
undesired system actuation. The compone ts for each ESF are
assigned in groups (i.e., pump group and valve group) and
tusting 1s pe) formed one group at a time to prevent undesired
actuation,

A further description of selective group testing is presented
in Reference 1, Section 7.3.1.1.8.6.
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1.7

CLASS 1E SOFTWARE QUALIFICATION

fhe following are design bases for Nuplex B0+ class 1E software
qualification.

0 The Nuplex B0+ class 1§ software suall be designed and
qualified in accrrdance with Reg. Guiae 1.152 and ANSI/IEEE
7-4.3.2-1982 requirenents.

A sicnificant advantage of software-based systems is the
inherent design flexibilily cffered. This flexibility,
however, can be a Tiabyiity unlass careful controls are imposed
throughcut the software 1ife cycle to ensure the integrity of
software-based system performance. Pioper definition and
verification of system performance under all conditions is
critical in class 1€ applications. Reg. Guide 1.152 arJ
ANSI/IEEE 7-4.3.2-1982 provide a structured software design and
yualification approach which results in high reliability
software for class 1E applications.

0 Class !t software for the Nuplex B0+ derign shall be
categor.zed as application software or executive software.
Application and executive software shall be subject to
qualification in accordance with the reacuirements of Reg.
Guide 1.152 and ANSI/IEEE 7-4.0.2-1982 :quirements.

Application software defines system function for the intended
class 1E application ond, as such, must undergo rigorous
verification and validation during the design process to ensure
high reliability. ¢txecutive software which includes the
operating system, 1/0 handling, communications handling ang
self-testing software is typically supplied by the computer
system manufacturer. In most cases, the executive software
desiqgn process is not thoroughly documented and in some cases
may even be proprietary. As such., an alternate means for
qualification of executive software is required.
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Qualification of Nuplex 80+ executive software is accomplisaed
by demonstration of proper performence and reliability through
a combination of the followirg:

successful operating history in similar applications

validation through extensive testing of application
software for the intended class 1E application.

After validation strizt configuration controls are employed to
ensure that Nth of a kind software is the same as that
qualified, and that the qualified software is properly
maintained over the life of the plant.

0 Nuplex 80+ class 1E software shall be modular in Jesign.
Software modules shall be designed to facilitate individual
validation and subsequent integration and validation on a
system basis,

Class 1E safety systems are typical’, complex in desigr and
function. Such systems exhibit multiple operating modes with
many combinations of static and dynamic input conditions. A
historically effective design approach has been to segment the
software into modular elements which can be mure easily and
thoroughly tested. Once validated for correctness, software
modules are then integrated and validated through system level
testing.

Nuplex 80+ class 1E software is devel.ped, verified and
validated using the modular method where system compiexity so
dictates,
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0 A detailod software development plan shall be produced for each
Nuplex B0+ class 1E software-based system at the beginning of
the software development process. tach software development
plan shall include definitfon of the development process with
identification of appropriate verification and validation
points.

High quality software result« from a well-defined, structured
design approach. A detailed software development plan which is
consistent with and complementary to system hardware and
software design specifications will promote structured software
development and serve as a guideline to ensure completeness of
the development, verification and validation process.

0 A detailed software specification shall be provided for each
Nuplex 80+ software-based class 1E system. This document skall
serve to define software performance, response and accuracy
requirements in detail.

well defined software requirements are necessary to ensure
correct and reliable software performance. The scftware
specification serves as the vehicle to convey software design
requirements to the programmer(s). This document .111 also
serve to define software modularization and validation
acceptance criteria.

In the Nuplex 80+ design, the software specification il
comnlement the software development plan and hardware
specific.tion for each software-based class 1E system.
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The primary method uf addres.ing this ir Nuplex B0+ is via an
independent reviewer (or review team) knowledgeable in the
subject matter. The review may encompass any software
dosign/implementation phase as appropriate including: Design
specifization, program constants, coded algorithms, r.c.

0 Non Class 1t software modules shall be subject to "unit test®
prior to being integrated within the system.

Unit testing of software modules will verify the individua)
modules work correctly in a "stand-alone" environment prior to
syster integravion, thus simplifying the integration task and
subse juent debugging.

Unit testing is accomplished by software imolementers prior to
releasing the mo 4le for integration,

0 Softwire which has been integrated tngether within the systemr
shall be subject to independent Integrated System testing,

Integrated System testing assures the so: vare 18 interfaced
correctly and meets its specification requirements,

Integrated System testing is conducted by an independent tester
(or test team) who is familiar with the integrated system
performance re. -ements, It is accomplished via a formal test
procedure in accordance with a structured test plan. This
testing may be carried out through several levels of "system
builds", as appropriate.

0 Mature, industry accepted operating systems need only be

verified indirectly via test activities performed during unit
testing and sysiem integrated test.

BRI e t e e
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Mature operatin, systems have proven themseives through their
longevity, widespread usage, and industry acceptance. Indirect
testing of 05 features during units and integration testing
will verify those pertions of the 0S which are heing used by
the non IE software.

0 Configuration controls shall be implemented throughout the
product 1ife cycle.

Configuration controls will assure that application software,
operating system and hardware are adequately controlled
throughout the project life.

This is achieved via implementation of hardware and software
configuration control procedures at ths inset of the project.
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1.9

DATA COMMUNICATIONS

The following are the design bases for Nuplex 80+ data
communications.

0

Multiplexing shall be used in the Nuplex 80+ detign for both
safely and non-safety applications where it is cost effective,

The Nuplex 80+ design makes extensive use of remote
multiplexing for data communications to minimize the number of
field cables, cable trays and labor for cable pulling and
termination. Multiplexing allows approximately a 0% reduction
in cables, trays and associated labor which results in a net
15% to 20% savings in the cost of the plant’s I&C systems.

Each data communication application is evaluated to determine
the most cost effective means for data comnunication.
Multiplexing is used where the number of cables replaced is
adequate to equal the cost of the multiplexing equipment.

Control, protection and PAMI systems shall receive field sensor
data directly in analog form where possible,

Systems that are critical to plant operation anc safety require
rapid data acquisitfon, In the Nuplex 80+ design, data latency
conceins are addressed by providing signals directly to
control, protection and PaMI systems. This is accomplished by
two means. When signals are used in only one system the sensor
signals are multiplexed directly to the system. This is the
case with most signals feeding the PCS, Process-CCS and
ESF-CCS. In other cases where the sensor signals are used in
multiple systems, these signals are provided directly to the
Auxiliary Process Cabinets where they are then distributed to
all of the appropriate systems. This is typified by signals
used commonly by the PPS and other control systems such as the
Process-CCS and/or PCS,
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Monitoring systems shall recefve field data from other systems
when possible.

The time criticality of data for monitoring systems, such as
OPS and DIAS, 15 not as great as for control and protection
rystems. Thus in Nuplex B0: these systems are provided data
via data links from the systems which require the signal
directly (e.q., PPS or CCS). This approach minimizes the data
acquisition costs since the interface of rat field 1/0 1s
minimized.

Multiplexors shall be designed for location in remote plant
loca*ions without the need for special controlled environmental
conditions.

A1l remote multiplexors are designed for continuous operation
at 122 °F and 95% non-condensing humidi .y, Multiplexor
enclosures are drip proof and designed for wall or floor
mounting.

At present the NPXB0+ multiplexors are not intended to be
jocated inside containment primarily due to insufficient test
data. Mowever, there are applications, such as for incore
instrumentation and CEA position measurements, where
in-containment multiplexing would offer significant economic
advantages. Therefore in-containment multiplexing is
continuing to be evaluated and will be offered when it is
considered proven technology.

7o take full advantage of the Nuplex 80+ [&C architecture, the
AE shall be encouraned to distribute motor control centers to
locations in close proximity to the associated equipment.
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Traditionally, Motor Control Centers (MCCs) have been centrally
located near the control room or in the control complex in
nuclear units., This Tocation was selected to minimize the
lengths of the large number of ca! cs that interfaced from the
MCCs to the control room and !&C systems. Unfortunately, this
Tocation results in long lengths of power cables required from
components to tie MCCs.

In Nuplex 80+, multiplexing will be used to minimize the
cabling from the MCCs to the control room and I&C systems. It
therefore becomes logical to distribute the MCCs, locating them
as near to the components being controlled ar possible. This
has many benefits. First 1s the cost reduction and reduction
in instaliation 1ibor hased on multiplexing control signals to
the MCCs and using much shorter power cables {rom MCCs to
components, S*orter puwar cables ;minimize the potential for
EMI/RF] emissions from powe* cables and reduce line fasses in
the cables. Distributing MCCs locally has the advantage of
reducing the size of cable spreading rroms and provides
enhanced separation for channel independence. This improves
both fire resistance and sabotage protection., The potential
advantages of using distributed control in Nuplex 80+ will be
fully realized when the MCCs are also distributed.

The Nuplex 80+ data communications shall accurately, reliably
and in a timely manner support intersystem and intrasystem
information exchange within the advanced control complex.

The Nuplex 80+ advanced control complex will contain
approximately 15,000 1/0 process points which must be
communicated in both an intrasystem and intersystem naraer
throughout the advanced control complex. The communication
architecture must support channelized independence, accommodate
single failures within the communication system, support the
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time response requirements of interfaced systems, insure the
fntegrity of the transmitted data, and minimize the requireo
gquantity of communication 1inks consistent with single failure
conce “ns.

0 Fiber optic links shall be used where channalization
independence 1s required.

0 Error checking methodologies shall be used for transmitted data
to assure data integrity.

0 Point-to-point dedicated digital links shall be used for
intersystem communications to minimize interface problems
between systems manufactured by diverse vendors and reduce the
Tikelihood of communication bottle necks. 0Data highways may be
used for intrasystem communications.

0 Redundancy shall e provided within the design to accommodate
communication failures as previously defined in Section 7.3.

Data communication methods are further discussed in Reference 22.
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Multiplexing aiiows 1/0 to be added as necessary for future
functions without the neea to pull additionai field cab'ing.

A1l systems shall include 20% spare 1/0 and memory built-in to
the delivered system.

All systems shall provids the capability tn expand the 1/0 and
memory by an 2”ditinnal 20% thro.gh the addition of hardware as
needed.

System response Line req ' ts shall be set with the waximum
expans ‘* . ined abo,:.
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SENSOR REDUCTION AND EFFECTS ON CONTROL/PROTECTION INTERACTION

The following are design bases for Nuplex 80+ sensor reduction and
the effect on control/protection interaction,

0 The Nuplex 80+ design shall minimize the number of plant
sensors required to perform control functions while satisfying
control and protection system interaction requirements of 1EEE
Std 279-1971.

In the past control system parameters wei'e monitured using one
or two redundant control grade sensors. In most cases, the
control grade sensors monitor the same plant parameters
monitored by four cnannel protection system safety grade
sensors. This extensive duplication of sensors has been a
concern with conventional nuclear power plants. This
control/safety duplication results in high construction and
maintenance costs, and potentially contradictory and confusing
information presentation to the plant operator. In addition,
since control systems utilized only two sensors, failures
require immediate operator interaction to avoid averse control
actions. The Nuplex 80+ design addresses these concerns
through the elimination of control grade sensors. Control
system parameters are instead derived from 1solated four
channel safety sensor signals using signal validation
techniques. 5ignal validation offers the following advantages:

Sensor redundan v for control parameters is increased from
two to four channel:, allowing automatic elimination of
failed sensors.

. Sing:e failure of . sensor does not affect control system
performance thus control system malfunction and resulting
challenge to protection system is eliminated; this
satisfies IEEE Std 279-1971 requirements to ensure that
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. The channels shall remain electrically independent

. Wire coding shal) be used to distinguish each channel.

- The channels shall be separated by a minimum distance to
prevent flash over between channele,

. Signals shall be less than 50 VDC. Power cables shall be
no greater than 120 VAC/125 DC and shall be enclosed in
conduit or separated from 12w voltages by at least 6
inches.

This design ensures that single credible failures (not
catastrophic failures) will no* resilt in erroneous control
signals to multiple channels.

To accommodate catastrophic events the design shall incorporate
other features ‘zfined below.

0 Fire isolation shall be maintained between the main control
panels, remote shutdown parel and the equipment rooms and plant
are.s which house the 1&C equipment.

This assures that a fire in the main control vroom or at the
remote shutdown panel will not propagate to the other location
or to the I&C equipment locations. In addition this assures
that one facility remains intact to initiate a shutdown and
that the necessary I&4C equipment for shutdown is not affected
by a fire at either the main or remote shutdown facility.

This is accomplished via establishment of fire barriers between
the main control room, remote shutdown room and the four
independent equipment areas which house the safety related I&C
equipment and the two equipment rooms that house the non-1E I&C
equipment.
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where all channels must be in close proximity (i.e., at the
Main Control Panels and Remote Shutdown Panel) isolation shall
be provided to assure that electrical faults at these locations
will not propagate failures in the remot.ly located system
electronics.

This is accomplished via use of fiber optic cables between the
MCP, RSP and 1&C equipment rooms.

Control disconnect and transfer devices shall be provided tc
disconnect MCP controls (which are normally active) and
transfer control to the RSP {which is normally inactive).

The MCP disconnect devices shall be located in the Main Control
Room to allow rapid actuation by the operator.

Although fiber optic cables isolate faults that could
potentially damage the I&C systems, these cables cannot
distinguish between valid and erroneous control signals.
Locating disconnect switches in the Main Control Room allows
operation to stop propayation of false signals from the control
room to the I&C equipment, promptly after a catastrophic event
is detected (e.g. a fire). Any false signals that may have
been transmitted prior to activating the disconnect can be
corrected when the operator takes control at t!2 RSP.

The location of the control transfer devices (transfer
switches) between the main control room (MCR) and remote
shutdown panel {(RSP) shall be in an area which is separate from
and immune to faults at either the MCR or RSP. Also, no single
failure (including & fire) shall result in inadvertent transfer
or the prevention of transfer of more than one channel of
equipment.
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The transfer devices must be protected against faults resulting
from fires so that successful control transfer between the main
control room/RSP can be accomplished.

This is accomplished by locating the transfer devices for each
channel away from the RSP and MCP and within the corresponding
separate fire zones which house the I&4C equipment.

0 To ensure bumpless disco .ect and transfer all controls at the
RSP and the MCP shall be passive. Momentary control switches

shall be used with all control commands, setpoints, . stored
in the remote system electronics, not in the control panel
devices.

This feature ensures that transfers do not result in spurious
control actions. It also allows control panel devices to be
disconnected for maintenance of the control systems.

0 The remote shutdown panel shall be capable of achieving a cold
shutdown condition,

Advances in digital technology offer the capability to
centralize cold shutdown indications and controls at the RSP
without duplication of the extensive instrumentation in the MCR
and without the need to access local controllers distributed
througnout the plant.

This is achieved by providing touch sensitive "soft controls"
for all plant Components necessary to achieve cold shutdown on
the remote shutdown panel.
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7.12.2

Sabo,.ge Resistance

The sabotage resistance features of the Nuplex 80+ Advanced Contro)
Complex shall provide protection against a knowledgeable insider
from defeating or adversely affecting any safety related system or
function. The followirg are the individual design basis for Nuplex
80+ sabotage resistance,

) With the exception of sensors, controlled components and remote
multiplexors, IAC equipment not located within the MCR or RSCR
shall be located in separate cnannelized equipment rooms.

0 Sensors, components ard remote multiplexors shail be separated
by the maximum distance practical.

0 A1l I&C cabinets shall be equipped with locks and door entry
alarms.

0 Unauthorized entry into any single equipment room or vital I&C
instrurent cabinet, by a knowledgeable insider, shall not
result in defeating or adversely affecting any safety related
svstem or function,

Since multiple equipment rooms and rabinets must first be
entered before 4 safety system or function can be defeated,
there is ample time to cetect and respond to the threat.

This is achieved by separating the four safety related I&C
equipment channels into four separate equipment rooms with each
having a single controlled access entry point. In addition,
vital I&C cabinets within each of these rooms shall be locked
and shall contain an internal entry alarm.
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The automatic ESF function and manual control function have
been combined in the Nuplex 8L+ ESF-CCS to minimize the cost of
the CCS and to minimize the cost of CCS to comporent interfaces
(e.g. relays, cables cable trays and terminations). This is
consistent with the YGN 384 design. Although the tSF-ARC s
retained for YGN, its signals interface to plant equipment via
the Interposing Logic System. Within the ILS the ESFAS and
manual control signals are combined to provide a single
interface to ti2 contralled equipment (as in Nuplex 80+, to
reduce costs).

It is noted that within the ES®-CC5 the ESFAS logic (which is
equivalent to the logic performed in the ESFAS-ARC) is designed
to fail-actuated. Thus, the automatic ESF function is desianed
as conservatively as possible, but the manual override
capability of previous desions is retained.

v As much as practical, the PCS shall fail in a mode .hat holds
LEAs stationary and retains turbine control signals as-is.

It is recognized that there will be failure modes that result
in rod drops and changes tu turbine control signals, but this
will be minimized.

0 The DPS and DIAS shall fail without generating unrelated
alarms; all displays s».11 clearly indicate ¢ * the data is not
being refreshed.

) On failure of data 1inks between Nuplex 80+ systems the
receiving system shall alarm the communication failure and
should utilize the last good data value in its calculations.

This approach minimizes plant disturbances and allows operator
intervention te avoid future transients.
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7.1% HEATING, VENTILATION AND AIR CONLITIONING
The following are desirn bases for Nuplex 80+ HVAC.

0 The Control Building Ventilation and Air Conditioning Systems
sh211 bo designed to maintain the environment in the control
complex within acceptable 1imits for the operation of unit
controls, for maintenance and testing of the cont- s as
required, and for uninterructed safe oczupancy of the control
building area during post-accident shutdown.

0 The control room shall be designed to maintain approximately
73'F to 78°F and 20% to 60% maximum -elative humidity. The
computer room chall be designed to maintain a max,mum
temperature of 85°F. The I&C equipment room shall not exceed
104*F. A1 plant areas for remote multiplexor shall nct exceed
122°F. These conditions shall be maintained continunuj;ly
during &¢11 modes of operation for the protection of
instrumentation and controls, and for tne comfort of the
operators.

0 Continuous pressurization of the control room and the contro!l
room area shall be provided to prevent entry of dust, dirt,
smoke, and radioactivity originating outside the press.rized
zones in accordance with the intent of NUREG-0700 requirements.
Pressurization shall be maintained slightly positive relative
to the pressure outddors and in surrounding buildings.

0 Qutdoor air for pressurization shall be taken from either of
two locations such that a source of uncontaminated air is
available regardless of wind direction. Each air intake shall
be located as far away ‘rom the diesel generator exhaust as
practical. A1l ovt.ide air shall be filtered.
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0 The cuntrol complex HVAC shall be designed such that a single
credible event can resuit in uncontrclled environmental
conditions in no more than one of the following areas:
Equipment Room (ER)-A, ER-B, ER-C, ER-D. There shall be no
single credible event that can effect the environment in ER-N,
computer room, main control or remote shutdown room.

0 The control complex HVAC systems shall be designed such that a
singie catastrophic event can result :'n uncontrolled
environmental conditions in no more than one of the following
plant arwas: ER-A and ER-C, ER-B and ER-D, ER-N, computer
room, main rontrol room, remote shutdown control room,



ATTACHMENT
. «PLEX 80+ COMPLIANCE WITh NUREG-0737 SUPPLEMENT 1 REQUIREMENTS

Requirement 1: Should provide a concise display of critical plant variables
to control room operators.

The Nuplex 8C+ Advanced Control Complex provides a concise disglay of
critical function and success path performance indications to control room
operators via the Data Processing System (DPS), i.e., the plant computer. A1l
critical function alarms, variables and parameters, thcose related to safety or
critical power production, are located on a single dispiay screen. This
overview display called che Integrated Process Status Overview (IPSO), is
designed to support both normal and emergency operations. The set of
information provided to the operators in this ~oncise subset of all DPS data
is particularly useful in assessing plant safety status.

Requirement 2: Should be located convenient to concrol room operators.

Critical function information is provided through a dedicated DPS
critical function display page hierarchy and is available on all CRTs in the
Nuplex 80+ countrol complex. There is a CRT on every panel section i' the
controlling workspace (e.g., RCS, CVCS, ESF, etc.). There are also two CRTs
on the conircl room supervisor’'s console, one each in the shift supervisor,
control room supervisor and operator offices, as well as in the technical
support -enter. In addition, the IPSO big screen, in front ¢f the control
room, Q:splays a concise overview of critical functions and success patos at a
location which is convenient to anyone present in the _ontrol room.

Requirement 3: Will continuously display plant safety status information.

The IPSO big board display 1s a dedicated display which continuously
shows all critical function alarms and key critical function and success path
paramevers to the control room operators. Operators do not have the option to
display any other screens or information on the big boaru. The information
displayed on IPSO, though fixed, is mode dependent such that it is applicable
and useful for determining plant safety status during n>ecmal, transient and
accident conditions

Requirement 4: Should have a high degree of reliability.

The DPS system, which provides the Nuplex 80+ SPDS function, has a
reliability of greater than 99.99%. This reliability was calculated based on
a formal reliability analysis and hardware information suppl.ed by potential
vendors,






Requirement 5: Shall be suitably isolated from electrical or electronic
interference with safety csystems.

The DPS syster is a redundant system which is fully isolated from all
safety systems. The DPS relies on fiber-optics for communication with safety
systems. The fiber-optics serve as icnlators such that no propagation of
electrical fault is possible. Further, the DPS receives only data from the
satety systems; there is no control interface from the DPS to the safety
systems.

Requirement 6: Shall be designed incorporating accepted Human Factors
Engineering Principles

The DPS KMI design has been developed according to a comprehensive
ABB-CE Human Factors Standzrds and Guidelines for System 80+. These standards
weve develope” based on accepted industry and generic human factors principles
and guidelines which are fully documented and cross-referenced. The human
factors engineering process has used accepted ergonomice techniques to assure
that displayed information can be readily perceived and comprehended by
Critical Functiuns Monitoring (i.e., SPDS) users.

Requirement 7: Minimum information displayed shall be sufficient to determine
plant safety status with respect to five safety functions:

i. Reactivity Control

ii. Reactor Ccre Cooling and heat removal from the primary system
i1i. Reactor coolant system integrity

iv. Radioactivity control

v. Containment conditions

A1l five of these elements are inciuded in the DPS Critical Functions
Monitoring hierarchy which forms the basis of the Nuplex 80+ SPDS function.
Critical functions include reactivity control, core heat removal, RCS heat
removal, RCS inventory control, RCS pressure control, radiological emissions
contro., containment environment control, containment isolation and vital
auxiliaries., These functions exceed the minimum needs for SPDS specified in
NUREG-0737, Supplement 1. Specific parameters were determined based on human
factors engineering and operations input.

Requirement 8: Procedures and operator training addressing actions with and
without SPDS should be implemented.

The System 80+ Critical Functions Monitoring function (SPDS) is being
developed in a complementary (parallel) fashion with the development of
System 80+ Emergency Procedure Guidelines. Generic emergency procedure
guidelines are used during the design process. In developing System 80+
guidelines which involve use of SPDS information, provisions for operating
with and without Critical Functions Monitoring are being made.






ATTACHMEN® 3

Ti~ "ollowing items from the Human Factors Standards, Guidelines and Bases for
System 80+ will be incorporated into the HFE Tracking System:

“The use of engineering units shall conform to the standards of [TBD]." (p. A-
38, Section 2.4.7, Engineering Units)

“Installed equipment items with unique designators shall incorporate some form
of scan code system [TBD] into their labels that will provide access to O&M
databases." (p. A-39, Scan (ides).

Scan Code - The item’s scan code shall be [TBD]." (p. A-40, Section 2.5.5,
Layout of Identification Labels).

“These items, in addition to identification, shall be labelled to indicate
contents, rated pressure, and direction of flow. Piping shall be so labelled
every [TBD] feet. (p. A-43, Section 2.5.12, Tanks, Filters, Heat Exchangers, &
pipes)

“Supplemental keys, such as shown in broken outline in Figure 3.3.2, snould
use a standard arrangement which is [TBD]." (p. A-55, Section Alphanumeric
KeyLoards)

“There are a variety of different touch screen technologies with distinct
advantages and disadvantages. The standard touch screen mechanism is [TBD]."
(p. A-59, paragraph 1)

“Printers [TBD]" (p. A-62, Section 3.6, Printers)
"Vibration [TBD]" (p. 2-91, Section 7.4, Vibration)

“Inctalled Platforms, Workstands, Stairs and Ladders [TBD]" (p. A-95, Section
7.5.8)

"Equipment items that are entered in the planned maintenance system shall be
labelled to incorporate a selected scanning technology [TBD] to provide a
direct interface to the planned maintenance system database through portable
laptop-type computers.” (p. A-116, paragraph 1)

"Cranes, Hoists, & Lifting (TBD" and "Scaffolds, Stands, & Miscellaneous
Facilities [TBD])" (p. A-18, Sec.ions 8.3.2 and 8.3.3, respectively)



