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FOREWORD

This revision to the Safety Analysis Report (SAR) for the Safety Parameter
Display System was prepared to describe several changes to the system described
in the original SAR, and to further explain Texas Utilities' response to several
open items identified by the NRC staff in NRR-6251.

This revision is a complete rewrite of the original SAR. It was produced from
the original by deleting some sections, adding some new sections, and revising
some others, but no effort was made to identify line-by-line differences between
the two reports. The major differences between the two are summarized below.

Section 1 (INTRODUCTION) was condensed slightly to remove text that was
extraneous or redundant to text presented elsewhere in the repcrt. This section
was also revised to discuss the system in terms of the Critical Safety Functions
described in the CPSES Emergency Response Guidelines (ERGs) rather than those
specified in NUREG 0737, supplement 1.

Section 2.1 (SYSTEM DESCRIPTION) was rewritten to clarify the relationship
between the Safety Parameter Display System and the Emergency Response
Facilities Computer System, to simplify the description of the system
configuration, and to clarify Texas Utilities' position regarding system
availability,

Section 2,2 (SPDS DISPLAYS) was rewritten to describe the changes to the family
of displays available on the system. Those changes include (1) implementing new
data validity and alarm status conventions, (2) replacing the Accident
Identification Display Systcm displays with the ERG Summary displays, (3) adding
stack radiation to the parameters that are monitored through the system, (4)
adding messages to report the status of the plant's response to several system
isolation signals, and (5) making several mincr modifications to display
formats.

Section 2,3 (HUMAN FACTORS DESIGCN CONSIDERATIONS) was revised to encompass the
new display teatures,

Section 2.4, 3.1, 1.2, and 3.3 were left essentially urchanged, except for minor
changes to enhance re.?ability,

Section 3.4 (SPDS DATA VALIDATION) was revised to clarify the description of the
data validation methodology, to describe the method used to validate
single-input parameters, and to describe the new method used to validate
multiple~input parameters,

Sections 4, 5, and 6 were left essentially unchanged, except for minor changes
to enhance readability,

Appendices 1 and 2 were revised to describe the current parameter set, and
Appendix 3 was added to complete the definition of the system,
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INTRODUCTION

1.1 Purpose and Scope

1.2

This report has been prepared in response to section 4 of NUREG-0737,
supplement 1 (reference 1), and presents the safety analysis of the
Comanche Peak Steam Elec” “~ Station (CPSES) Safety Parameter Display
System (SPDS).

The CPSES SPDS is part of the plant Emergency Response Facilities
Computer System (ERFCS). The CPSES ERFCS is a site-specific
implementation of the generic Safety Assessment System (SAS) developed
by the Westinghouse Owners Group Ad Hoc Subcommittee on
Instrumentation Systems. The generic SAS design and development
project included formal Verification ard Validation (V&V)

of the generic portions of the design and underwent a user's
evaluation program in 1982.

The generic SAS was designed to satisfy NUREG-0696 requirements for
an SPDS. This report discusses the adequacy of the SPDS portion of
the CPSES ERFCS in terms of the later requirements specified in
NUREG-0737, supplement 1.

An overview of the CPSES SPDS design and installation is presented in

section 2.0. Selection and evaluation of SPDS parameters is discussed
in section 3.0. The 10 CFR 50.59 safety evaluation of the CPSES SPDS

implementation is presented in section 4.0, and an overall summary and
conclusions are presented in section 5.0.

Terminologz

1.2.1 Critical Safety Functions

Critical Safety Functions (CSFs) are those safety iunctions
that are essential to prevent a direct and immediate threat to
the health ard safety of the public. The crit.cal safety
functicns monitored by the SPDS are those developed by the
Westinghouse Owner's Group to satisfy NUREG-0737, supplement 1,
requirements. They are:

Subcriticality
Core Cooling
Heat Sink
Integrity
Containment
Inventory

* % N % % »

The purpose of the SPDS in relation to the CSFs is to
continuously display information to enable a user to assess
overall plant safety status in terms of how well the CSFs are
being maintained or accomplished. However, the SPDS is not
designed to diagnose the specific events which may be affecting
CSF mainterance or accomplishment. A. imprlemented at CPSFS,
the parameters displayed on the SPDS provide the reactor
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operator and technical personnel with continuous, unambiguous
data that will enable them to make proper decisions regarding
appropriate operator action in cesponse to developing plant
conditions.

1.2.2 Parameters
Parameters are those measures of system status or performance
which are obtained directly from or calculated from plant
signals., Each parameter is measured by one or more calibrated
Sensors.

1.2.3 Plant Signals

Plant signals are the electronic or electrical outputs of
calibrated monitoring and control sensing devices installed in
the plant systems.

DESIGN AND OPERATION

2.1

SYSTEM DESCRIPTION

The displays and features that comprise the SPDS at CPSES are a subset
of the displays and features available through the ERFCS. The SPDS
includes the specific displays and features described in this report,
and the software that supports those displays and feat .7es), but the
ERFCS includes several other displays and features th-: are not
described here.

The ERFCS is configured sc that each CPSES unit has its own
computer system. Each computer system includes the three major
subsystems described below.

2.1.1 Data Acqu®sition Subsystem

The data acquisition subsystem for each unit collects

input signals through remote multiplexing units (RMUs) and
associated communications controllers, and input data through
ASCII-character communication data links, as discussed below.

2.1.1.1 Data Acquisition Via Remote Multiplexing Units (RMU)

The RMU systems are high-speed data multiplexers
connected via redundant data links to a redundant set of
communication controllers (CCs). The RMUs provide for
analog and digital signal scanning, analog to digital
conversion, and class lE isolation.

All field inputs are connected to the RMU's either
directly or through qualified lE isolators as required
by NUREG-0737, supplement | (reference 1). The RMUs
transmit digitally coded information to, or receive
digitally coded commands from, the redundant CCs by
means of redundant data links,
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The redundant CCs control both the interrogation of the
RMUs and the transmission of data along the redundant
data links. The CCs also control the allocation and
transfer of data to the memories of the computer
systems. The CCs likewise control commands initiated by
the computers and transmit them to the appropriate RMUs,

2.1.1.2 Data Acquisition Via ASCII Data Links

Three ASCII data sources provide input directly to the
ERFCS Computers. These are:

* Radiation Monitoring System
* Core Cooling Monitoring System
* Reactor Vessel Level Indicating System

These systems accomplish all engineering unit
conversions and data validation for each of their
respective iuputs. Each provides a formatted ASCII data
scring to the ERFCS. Class 1E isolation is provided by
each system prior to data transfer to the ERFCS.

2.1.2 Computer Subsystems

The ERFCS includes two pairs of redundant PRIME 750 Computers.
One pair is located in each unit, and communicates with and
supports that unit's data acquisition system and display system
(described below). One computer in each unit i3 configured to
be the "primary" computer, and is capable of performing all
SPDS-related data acquisition and display functions itself. The
other computer in each unit in configured to be the "backup"
computer. It routinely monitors the performance of the primary
computer, and initiates a system failover (a transfer of
"primary" computer responsibilities from the normally primary
computer to the normally backup computer) upon detection of an
anomaly. Redundant computers in each unit thus ensure that
system availability remains high.

2.1.3 Display Subsystem

The ERFCS includes CRT display units in each of the station's
emergency response facilities: three display screens are
located in each unit's control room, three display units are
located in the Technical Support Center, and two display units
are locate’ in the Emergency Operations Facility., With the
exception of one of the screens in the control room (discuesed
below), all display units are Chromatics CGC-7900 Colorgraphics
Computers.

Three display units are available in each control room; two are
mounted in a console in the central area of the "horseshoe"
portion of the control room, and the third is mounted in the
center of the main control board. The relative positions of
these screens are shown in Figure 1. The CRT mounted on the
right-hand side of each console is referred to as the
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"supervisor's CRT". It includes a full Chromatics keyboard, and
allows system users to access all SPDS displavs and all other
ERFCS displays and features, through the bezel-key hierarchical
menu described below (section 2.3.3). The CRT mounted on the
left-hand side of each console is the "operator's CRT". Through
this CRT, system users may access only SPDS displays; access is
provided via the single-stroke keypad described below (section
2.3.3). The third CRT in each control room is a high-resolution
CRT monitor that is mounted at eye level in the main control
board, as shown in Figure 1. A switch associated with this
monitor allows users to select either SPDS displays supported
by the ERFCS, or other displays supported by the r'ant process
computer. In the "SPDS" mode, this monitor is "sl. ed" to the
operator's CRT. That is, whatever is displayed on the
operator's CRT will also be displayed on the control board
monitor. A single-stroke display selection keypad identical to
the one mounted near the operator's CRT, is mounted near the
control board monitor. This keypad is connected in parallel
with the other one, so that an operator may selec* a display
from either keypad.

The display units in the Technical Support Center and the
Emergency Operations Facility are all Chromatics CGC 7900
computers. Through tiiese units, users may access any SPDS
display, or any other ERFCS display or feature, Access is
allowed through the bezel-key menu described below (section
2.3.3).

System Availability

The ERFCS was designed to achieve high SPDS availability,
During the design of the system, the principle of redundancy
was applied to ensure that the failure of any component would
not cause system unavailability. In addition, except for the
display units in the Emergency Operations Facility, all ERFCS
components are powered from uninterruptible power sources. So,
high system availability is assured. However, quantification of
system availability in an operating-station environment cannot
be assessed until the station begins operating. Therefore,
before the first refueling outage, Texas Utilities will develop
and implement a surveillance program to quantify SPDS
availability.

2.2 SPDS DISPLAYS

except
common

Four different types of displays are included in the SPDS.
These are Top Level, ERG Summary, 30-minute Trend, and Reactor Vessel
Level displays, and are discussed beluy. All of the SPDS displays

the two-hour trend graphs described below include several
display features. These common display features are in the

Critical Safety Function Monitor (CEFM) summary area and the message
area, and ar. illustrated in Figure 2,

The CSFM Summary area lists the six Critical Safety Functions which
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Main Control Board CRT

Operator's CRT

Supervisor's CRT

SPDS Console

Plant Process Computer Console
Radiation Monitoring System Console

Figure 1. Relative Lecations of the SPDS Display Units in the Control Room
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are monitored and maintained through the CPSES Emergency Response
Guidelines (ERGs) and Function Restoration Guidelines (FRGs). These
functions are listed on the display in the order of priority defined
in the ERGs. This area also includes dynmamic color- and pattern-coded
targets which graphically indicate the status of each critical safety
function. These targets are further described in Figure 3. The logic
that activates each CSFM target is identical to the logic specified in
the corresponding ERGs for monitoring the corresponding critical
safety function. The specific logic trees used in the ERCs are
duplicated on dynamic ERFCS displays that are not considered to be
part of the SPDS.

The message area that is included on all SPDS displays except the
two~hour trends includes information in three categories. One such
category is current conditions: a table is presented at the top of the
message area that lists and identifies the current values of reactor
power, auctioneered high average reactor coolant system temperature,
and startup rate. The listed value of power is displayed in units of
counts per second, detector amperes, or percent of full power, as
appropriate.

The second category of information in the message area includes
information about the occurrence of several events, and the plant's
response to some of those events. The events monitored include

reactor trip, safety injection, phase "A" containment isolation,
feedwater isolation, containmert ventilation isolation, main steam
line isolation, and phase "B" containment isolation. When anv of these
event signals are received, the name of the event appears in the
message area, along with a corresponding integer number and the date
and time that the sigral was received. This information is formatted
as shown in Figure 2. In addition, the status (complete/incomplete) of
the plant's response to the latter five events is also displayed
immediately beneath each event's name. If all of the valves that are
intended to close (or open) in response to a particular signal event
are in their proper positions, then the status of that event will be
displayed as "complete". Otherwise, the status will be displayed as
"incomplete", "complete-suspect", or "incomplete-suspect”, as
appropriate and as shown in the examples in Figure 2, The ERFCS
includes a non-SPDS displav associated with each of these five events
that liste all of the components which are not in their proper
positions and those components whose positions are unknown,

The inteyer numbers described 2bove as being associated with each
event are used to identify on the trend graphs the time at which the
events occurred, as shown In the example in Figure 10,

The third category of information that is included in the message area
includes the three computer system diagnostic messages illustrated in
Figure 2. These messages will be displayed as conditions warrant,

A box in the lower left-hand corner of every display continuously
displays current date and time. The box includes a large
black-on-beige numeral ("1" or "2") to ensure that system users
associate the presented data with the proper CPSES Unit. This box also
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identifies the current mode of operation ("OPERATION",

"HEATUP /COOLDOWN", or "COLD SHUTDOWN"). The mode is determined on the
SPDS by the logic shown in Figure 4. This logic determines not only
the message that will be displayed in the box discussed above, but
also the set of alarm and reactor trip setpoint values that will be
used to implement the alarm status conventions discussed below. If
the system cannot complete the logic shown in Figure 4 due to a loss
of input signal, the mode message will be replaced by blue asterisks
and all alarm status indications will disappear. A user may override
the logic result with a user-specified mode designation., This may be
accomplished only through the SPDS system terminal in the computer
room, and will restore alarm status indications and result in the
user-specified designation being displayed surrounded by a blue
"suspect" box.

3:2.1 Dilglnz Conventions

Display conventions employed on all SPDS displays enable system
users to readily assess data validity and alarm status. These
conventions are discussed further below.

2,2.1.1. Data Validity Conventions

The ERFCS assesses the validity of the data that are
presented on SPDS displays and distinguishes between
three states of data validity. (The algorithims used
in these assessments are discussed in section 3.4.)
"Good" data are presented in white text; "suspect”
data are presented in white text surrounded by a blue
box; and "bad" data are replaced by blue asterisks.

2.2.1.2, Alarm Status Conventions

Every SPDS display includes indications of the alarm
status of displayed parameters. On bar charts, on trend
graphe and the OPERATION top-level display, alarm limits
are indicated by small triangles positioned immediately
adjacent to the bars, as illustrated in Figure 2. These
triangles are displayed at vertical positions that
correspond to the setpoints. Yellow triangles represent
alarm setpoints and red triangles represent reactor trip
setpoints,

Additional alarm status information is provided on the
OPERATICN top level display by bar chart color
changes, While a parameter is within {its normal
operating range, its associated bar is displaved in
green, When an alarm setpoint is exceeded, the bar
turns yellow. When a reactor trip setpoint is
exceeded, the bar turns red.

Yellow and red boxes are used to indicate the alarm
status of parameters that are presented without an
associated bar chart, as on the ERC Summary displays
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START

(MODE UNKNOWN)

TAVE “\_VES

< 200°F
?

("COLD SHUTDOWN")

YES

(COPERATION")

(CHEATUP/ COOLDOWN")

TAVE: AVERAGE REACTOR COOLANT SYSTEM TEMPERATURE

Figure 4. Logic Used to Determine Operating Mode
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discussed below and illustrated in Figures 6 through 9.
When a parameter value exceeds an alarm setpoint, the
displayed value is surrounded by a yellow colored box.
When the parameter value exceeds a reactor trip
setpoint, the box turns red.

2.2.2 Top Level Displays

The SPDS includes two "top-level" displays. One enables system
users to monitor key parameters during plant operation
(including heatup and cooldown), and the other monitors
parameters of interest during cold shutdown, as discussed
below,

The OPERATION top-level display includes color-coded bar

charts with displayed values, color-coded targets, and display
values alone, in addition to the features common to all SPDS
displays, and i1s shown in Figure 2. The data validity and alarm
status conventions described above are fully implemented on
this display, and several examples of suspect data and
parameters in alarm are illustrated on Figure 2, This display
provides users a concise overview of all SPDS parameters, as
all are either directly or indirectly monitored and/or
displayed on this display. All of the parameters monitored
through this display are also included on SPDS trend graphs
(discussed below in section 2.2.4). For example, the RAD MON
target on this display will change from green to yellow if any
of four radiation monitor eignals exceed their associated alarm
setpoints; all four of those signals are included on the RAD
MON trend graph. Similarly, two "RVLIS" displays (described

in section 2.2.5) provide users with further insight to reactor
vessel level data that is monitored on this display through the
RV LVL target. Thus, thie display will alert users to adverse
trends in anv of the SPDS parameters, and the users will be
able to further investigate those trends through the trend
graphs and other SPDS displays.

The COLD SHUTDOWN display monitors the parameters that are
importent during cold shutdowr conditions, and 1s shown in
Figure 5. This display is similar in format to the trend graph
displays discussed below in that it includes bar-chart
indications of current conditions on the left side of the
display, and trend-graph indications of conditions during the
past two hours on the right side. The data validity and alarm
status indications described above are implemented on the bar
charts. The trend graphs function i{n a manner similar to
strip-chart records. Current conditions are indicated on *'.e
right, and time i{s read from left to right, The trend graph
scrolls to the left as time passes,

ERG Summarv Displays

The SPDS includes four displays that present parameters
monitored through the CPSES Emergency Response Guidelines,
The formats of these displays are presented in Figures 6
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through 9. Standard data validity and alarm status conventions
are implemented on these displays

Trend Graph Displays

The SPDS Trend Craph Displays provide the system users with
graphical indications of pre-selected, functionally related
groups of parameters. On the left-hand side of each trend graph
are presented bar-chart displays that indicate the current
values of each of the parameters presented on the display.
Alarm and reactor-trip setpoints associated with each parameter
are displayed on each bar chart by yellow and red triangles,
respectively, as per the alarm status conventions discussed
earlier (section 2,2,1.2.). Most of the trend graph groupings
include four parameters per display, but a few trend graphs
include only three parameters. On the right-hand side of each
trend graph is presented a thirty-minute plot, similar to a
strip chart record, that shows variations in each of the
parameters during the past thirty minutes. For each parameter,
the scale used on both the bar chart and the plot corresponds
to the range between the minimum and maximum engineering-unit
values for the associated input sensor. The color used to
indicate a parameter's value on a bar-chart is also used t
present its thirty-minute trend on the plot, thus enabling a

D
r
user to readily identify each trend. A typical SPDS trend grapl
4 . ar

display is shown here as Figure 10. | ameter groupings on
SPDS trend graphs are listed in Appendix 3,
Reactor Vessel Level Displavys
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this display are the same as the labels used on the RVLIS panel
on the main control board.

The other RVLIS display presents a two-hour trend-graph display
of seiected RVLIS data (Figure 12). The upper portion of

this display presents the current values of the temperatures
sensed by the uppermost two sensors in each train, and their
associated trends. This portion of the display is identical in
format to and employs the same conventions as a corresponding
portion of the COLD SHUTDOWN top-level display (Figure 5).

The lower portion of this display presents, on the left, an
indication of current upper-head conditions, using arrays of
color-coded circles identical to those on the schematic

display discussed above. A two-hour trend of sensor indications
is presented on the right side. On this trend, each sensor's
indications are represented by a bold, horizontally oriented,
color-coded bar. The bar is divided into l2-second segments;
current conditions are recorded in the right-most segments,
which scroll to the left and are replaced by new current-
condition segments every 12 seconds. The color code for the bar
segments is the same as for the circles: the bar segments are
blue if the sensor indicates "coolant", or white if the sensor
indicates "no coolant". If a sensor signal is lost, the bar
segment is displayed in black.

2.3 Human Factor Design Considerations

An interdisciplinary team of operations, control and instrumentation,
and human factors engineers were involved in the definition, creation,
and review c¢. the SPDS display formats to ensure displays were
consistent with the requirements of supplement 1 to NUREG-0737, the
functional criteria of NUREG-0696, and the general human factors
guidance of NUREG-070C. The program that developed the basic display
formats included a user evaluation at the Indian Point 2 power plant
simulator (Reference 5).

2.3.1

Features

The display formats are designed with low information
densities., Furthermore, the color scheme is designed to reduce
the visual dominanze of the static background information.
Extensive use of demarcation lines is employed to separate
classes of data or parameters. Four different colors are used
on the trend graphs for differentiation and association,

Simple display formats are provided to reinforce user
recognition of plant status. Similar data are presented in
similar formats. Vertical-bar level indications are easy to
associate with parameter values. Furthermore, the vertical-bar
format is familiar to control room operators, as the control
boards contain mainly vertical meters,
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Color codes are consistent on all SPDS displays. Red is
reserved for information related to reactor trip: red triangles
on bar charts indicate trip setpoint values, and both red boxes
around displayed values (on ERG Summzry displays and the
OPERATION display) and changing bar chart color to red(on the
Operations display only) indicate that the displayed parameter
value exceeds a trip setpoint. In the same sense, yellow is
reserved for alarm limits: yellow triangles on bar charts
indicate alarm setpoint values, and both yellow boxes around
displayed values (on ERG Summary displays and the Operation
display) and changing bar chart color to yellow (on the
Operations display only) indicate that the displayed parameter
value exceeds an alarm setpoint. Light blue is reserved for
data validity indications: on all displays, blue boxes indicate
suspect data, and blue asterisks indicate bad data.

Arrangement consistency is a key feature of the SPDS displays.
Certain data (date, time, critical safety function summary,
messages, etc.) always appear in the same areas on every
display, to Zacilitate ready identification of data cprearing
on different displays. The data or information groups are
located on the display in order of relative importance.
Generally, the grcups are ordered in a top-to-bittom and
left-to-right ranking, with the most important data at the top
or on the left of the display.

Displays are presented on high-resolution monitors. The
1024-pixel by 780-pixel CRT used in the Chromatics units
enables sharply-defined symbols, lines, and text. Thus, users
are able to readily discriminate between different display
features, and between display features and background.

Graphic Coding

Pattern and color coding techniques are extensively used on the
SPDS displays tc portray status in a graphic form for rapid
user recognition, as discussed below.

2.3.2.1 Pattern Coding

As previously mentioned, vertical bar charts were
selected as the means of presenting primary status
indications. This technique allowed for a range of
value indication in a form comprehended by the user.

Trend arrows are used on the top-level and ERG Summary
displays in conjunction with the parameter values to
provide immediate value trend direction information;
examples of trend arrows are visible on Figure 2,
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2.3.2.2 Color Coding

Color coding is used to enhance changes in status and
to add parameter differentiation and association.
Color use is consistent and restrained (only seven
colors plus a black background are used). Each of the
colors used is produced on the screen by more than one
color gun, so information will be displayed on the
screen even if a CRT color gun fails.

The use of color on the Critica' Safety Function
summary employed a structured approach. To present CSF
status information the following conventions are used:

* Red - off-normal, immediate action, loss of safety
function
* Orange - prompt action, potential loss of safety
function
* Yellow - failure or caution, loss of redundancy,
action may be needed
* Green - normal, Critical Safety Function satisfied
* Blue Asterisk - loss of indication (sensor
related); Critical Safety Function
unknown

Color usage on the trend graphs was ured for
differentiation and associa*ion to distinguish the
parameter trends on each graph and to relate each bar
level to a corresponding trend line,

Beige color is used for demarcations, titles,
graduations, static values, and text information.

White is used for dynamic values and event/message data
because of its sharp contrast value against the black
background of the displays.

Displav Access

SPDS displays are available through two different tvpes of
terminals. Primary or "operators'" CRTs are located on the lef<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>