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Cmo“na?ower&nghtCompany : SERIAL} NLS—-84-494
DEC 28 1384 » NRC TACH# 46478

Director of Nuclear Reactor Regulation

Attention: Mr. Steven A. Varga, Chief
Operating Reactors Branch No. 1 !

Division of Licensing

United States Nuclear Regulatory Commission

Washington, DC 20555

H. B. ROBINSON STEAM ELECTRIC PLANT, UNIT NO. 2
DOCKET NO. 50-261/LICENSE NO. DPR-23
CONTROL ROOM HABITABILITY, NUREG-0737, ITEM III.D.3.4

Dear Mf. Varga:
SUMMARY

Earlier correspondence (June 2, 1983 and February 7, 1984) discussed Carolina
Power & Light Company (CP&L) plans for a survey of toxic chemical shipments in
the vicinity of H. B. Robinson Steam Electric Plant, Unit No. 2 (HBR2). This
survey was performed to assess the need to provide gas detectors and
associated Technical Specifications for the Control Room.

DETAILS - : ) !

The"survey was performed by NUS Corporation. The methodology employed
consisted of a roadside survey to identify chemical shipments along South
Carolina Highway 151, the only major commercial artery within five miles of
HBR2, and contacts with state and local officials and representatives of local
industries and chemical companies. 1Identified bulk chemical shipments were
evaluated per Regulatory Guide 1.78 to determine whether toxicity limits were

. reached at the air intake plenum for the Control Room.

Chemicals identified as passing the plant in bulk shipments were gasoline,
sodium hydroxide solution, #6 crude oil, cutting oils, isopropyl alcohol,
acetone, liquid nitrogen, LNG, LPG, sulfuric acid, and petroleum naphtha. The
cutting oils and #6 crude oil are not volatile under the postulated release

" conditions and liquid nitrogen, LNG, and LPG are classified as simple

asphyxiants and need not be evaluated per Regulatory Guide 1.78. "Also,
sulfuric acid and sodium hydroxide do not reach a vapor pressure of 1 torr
until they reach a temperature of 295°F and 1362°F, respectively, and were
therefore excluded from further evaluation. Various other chemicals were
identified as being shipped locally in small quantities; a 150 1b. chlorine
gas bottle rupture was analyzed as representative of these small-quantity
shipments. The results of the evaluation are summarized below.

o 8501040144 841228 o
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_2_
Intake Control Room Toxicity
Amount Concentration Concentration Limi

Chemical Released (mg/m”) (mg/m”) (mg/m”)
Gasoline 10,000 gal. 695.4 — 3,200
‘Acetone 10,000 gal. 11,210 3,577 4,800
Isopropyl 10,000 gal. 1,569 708.3 980
Al cohol

Petroleum 10,000 gal. 752.4 - 2,000
Naphtha '

Chlorine 150 1b. f(e)* 11.94 45

* This is a function of time for an instantaneous or puff type release.

CONCLUSION

Chemicals identified as being shipped near HBR2 are found not to present a

toxic hazard to the Control Room.

Therefore, toxic gas instrumentation and

associated Technical Specifications discussed in NUREG-0737, Item III.D.3.4
are not necessary at HBR2.

Any questions your staff may have regarding this subject should be referred to
Mr. Stephen D. Floyd at (919) 836~6901.

JSK/cce

cc:

(895J8K)

Mr. J. P. O'Reilly
Mr. G. Requa (NRC)

Mr. H. Krug (NRC Resident Inspector - RNP)

Yours very truly,

D Hd

Zimmerman

S.

(NRC-RII)

R.

wi

Manager
Nuclear Licensing Section
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IMPLEMENTATION PLAN FOR HBR-2

SPDS/ERFIS

INTRODUCTION

This document describes the salient features of the system and
the plan for implementation as it is known at the time of this
writing. In the context used here, implementation refers to
the SPDS/ERFIS system as a "stand-alone" system and does not
encompass the broader aspects of control room design reviews,
EOPs, etc., involved in an "integrated" 1mp1ementat1on plan

It should be understood that for a project of this complex1ty,
many changes in system features and in 1mp1ementat1on detalls
are sure to occur as work progresses. It 1s expected that
these changes will not alter the 1mportant character1st1cs of
the system nor cause major changes 1n the 1mp1ementat1on

process, but this cannot be guaranteed.

The system is to be a near duplicate of a system'bought from

the same vendor, Science Applications International Corporation
(SAIC), for our Shearon Harris Plant. .It is to be a oomputer
based system that integrates the SPDS, ERFIS and plant process
computer functions into a single system. The 1nc1u51on of the
plant process computer function (replacement of the ex1st1ng
Westinghouse PRODAC-250 (P-250) System) w111 have a m1n1mal
effect on the schedule for 1mplementat1on of the other two
functions. The existing inputs to the P-250 will be paralleled
(through use of special connectors) to new temporary multlplexers
in a manner which will minimize, 1f not e11m1nate, any assoc1ated

......

schedule delays.

Work is to be accomplished through four separate plant mod1f1ca-
tions, three of which require a plant outage and one of those

comes after the system is fully operational..
ST TR B
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The remainder of this submittal consists of a general description

of the system and a presentation of the implementation schedule.

GENERAL SYSTEM DESCRIPTION

The Emergency Response Facility Information System (ERFIS) is

an information gathering, analysis and display system. It
acquires analog and digital inputs from fieldbsensors and
other plant systems. It monitors systems throughout the plant
and processes, displays, and logs these with the intent of
impro§ing the decision-making process in the event of an

incident, as well as supporting routine plant operation.

The ERFIS displays its information in the Control Room, Technical

Support Center, and Emergency Operations Facility. |
Data processed by the ERFIS originates from the field sensors
and is pre-processed through the Computer Products Data‘Con;
centrator prior to its transfer into the host computer. In
addition, the ERFIS may be required to receive and transmit
data to/from other computer systems outside the ERFIS. For
example, when a Meteorological Computer (MET) interface is

desired, a data link is provided between the computers.

The Safety Parameter Display System is a subset of ERFIS,
providing operational and emergency stations with the overall
status of critical safety functions. The ERFIS performs
additional functions relative to long-term monitoring of
potential post-accident parameters.: When initially operable
for SPDS support, all of the ERFIS parameters bEyohd'SPDS may

not be functional.

The ERFIS computer system consists of two mainframe CPUs. - One
CPU is referred tbo as the primary computer and the other as
the backup computer. The primary computer is responsible for
data acquisition and processing for theﬁERFIS, 'Ihe'backup

computer serves as a 'backup" to achieve the'high.avaiiabiiipy

e
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required. In the event of a failure of the primary computer,
a switchover occurs automatically to the backup computer and

the latter becomes the new Primary computer.

A more complete description is provided in the attached Systems

Overview Document.

ERFIS Hardware

The ERFIS consists of three major hardware sections:
1. Data Acquisition System Hardware.
2.  Computer System Hardware.
3. Display System Hardware;

The Data Acquisition'Hardware'includes the remote multiplexer
cabinets (1E and non-1E), fiber optic communication links .and
Data Concentrators. This hardware is provided by Computer
Products, Inc. The computer syétem hardware is configured.
around two Gould SEL Model 32/6780 computers. The display.
hardware is based around Model 2312 color graphics,dispiay‘
terminals supplied by Industrial Data Terminals (IDT).

Data Acquisition System Hardware

The Data Acquisition Hardware (Phase I) will ihitially;consist
of five remote multiplexers in the Cable Spreading Room. of the:
Robinson plant. Up to two additional remote multiplexers may
be installed during Phase IV of the upgrade. In addition,

redundant Data Concentrators are located in the Ccmputer Room.
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Each remote multiplexer consists of a multiplexer cabinet

containing:

1. The termination interface for the analog/digital
field wiring inputs or cable inputs from the exist-

ing Westinghouse P-250 I/0 cabinets.

2. The electronics for signal conditioning, scanning,

and digitizing of the input signals.

3. The communications and control equipment for each

location.

The Data Concentrator is a high performance microprocéssor
system which receives, decodes, and buffers the data collected
from up to 10 data links to remote multiplexers and makes it
available to host computers. Two Data Concentrators are _
provided for redundancy and each Data Concentrator communicates
with each remote multiplexer via a high speed fiber optic

link.

Where required, by reliability, to maintain separation between
Train "A" and Train "B" signals at a locatioh,Atwo dual -data

links are provided.
Computer'System Hardware

The Computer System consists of two Gould SEL 32/6780 computers
which are configured with an interprocessor link, dual-ported

675-MB data disk units, two 160-MB system disks (one dedicated
to each CPU), a peripheral switch and a variety of peripherals.

The system is configured to support failover to backup ﬁnits

for all critical hardware to provide maximum availability for
the ERFIS. ’ '
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The SEL 32/6780 Computer is a high-speed general purpose,
digital computer specifically designed for data acquisitibn

and real-time applications. The SEL 32/6780 consists of a
standard CPU and also contains an additional Internal Processing
Unit (IPU). The IPU has the capability to perform CPU functions
in parallel with the CPU except that it does not perform I/0

operations, system services and interrupt instructiomns.

The SEL 32/6780 has a large instruction set that includes
fixed and floating-point arithmetic instructions. A special
look-ahead feature enables the CPU to overlap instruction
execution with memory accessing. This feature reduces program
execution time. The SEL 32/6780 can be configured with up to
16 MB of physical memory.

Communication between the major elements of the SEL 32/6780 is
via the SELBUS. This bus is a 184-line bidirectional bus that
sends and receives data between the CPU, the memory subsystem}
the disc, I/0 subsystem, etc., on 32 data lines at a continuous
data rate of 26.67 million bytes per second. Twenty-four

lines are used for addressing purposes for the subsystem to
perform, read, or write operations. Both data and address
lines operate concurrently with the transfers occurring everyi

150 nanoseconds.

This equipment is to be located in the Computer Room in the
TSC/EOF Building. |

Display System Hardware

The Display Subsystem consists of 12 color graphic display

units, Model 2312, manufactured by Industrial Data Terminal. (IDT),
mounted in various consoles located in the Control Room,.

Computer Room, Technical Support Center (TSC), and the Emergency
Operations Facility (EOF) at the H. B. Robinson plant. Also
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included with the display subsystem is the communication
equipment required for the data communications from the various

locations to the computers in the Computer Room.

Three display units will be located in the Control Room, one
wall mounted, two in the operator's consoles. The wall-mounted
and one-operator console display units will share a single
switchable keyboard. Also, a hard copy unit and a character
printer will be located in the Control Room and a 600 lpm.
printer will be located in the Cable Spread Room below the
Control Room. The TSC contains four display units, two of
which share a single switchable keyboard, two character prihters,
two color hardcopy units and a video image store and copy
system (VISCS). The EOF contains four display units, two of
which share a single switchable keyboard, two character printers
and a VISC.

ERFIS Software

The ERFIS software is segregated into functional subsystems.

The subsystems are:
1? Applications Executive Subsystem.
2. Data Baée Management Subsystem.
3. Data Acquisition Subsystem.
4. Man-Machine Interface Subsystem.
5. Log Generation/Report Subsystem.

6. Software Support Services Subsystem.

7. Data Archival/Retrieval Subsystem.
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8. Applications Software Utilities Subsystem.
9. SPDS Subsystem.

10.  NSSS Subsystem including Secondary (Balance of
Plant) Calculations Subsystem.

11. Special Software Subsystem.

Brief descriptions of these subsystems are contained in the

attached Systems Overview Document.

Physical Arrangement

The CPUs and associated disc drives, tape drivés, etc., will
be located in the Computer Room in the TSC/EOF Building. The
Computer Room is in the TSC portion of this building. The
building is located at the security fence some 1,400 feet from
the Control Room - Cable Spreading Room area. During any site
event, the TSC including the Computer Room is inside the

security fence.

The data acquisition equipment will be in the Unit 2 Cable
Spreading Room and the CRTs, printers, video copiers, etc.,
will be located in the Control Room, Cable Spread Room, TSC,

EOF and Computer Room as described in the attached document.

The entire system will be powered from off-site power introduced
at the TSC/EOF area. This power will be supplied through an
uninterruptible power supply (UPS) (designed to carry the

system for 30 minutes on batteries) and backed up by a diesel

generator. A static transfer switch will also be provided as

part of the UPS system.
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II1.D.1.a

Other System Features

Several specific system features that are of possible interest
because of their relationship to system implementation are

discussed below.

SPDS Displays

The displays are arranged in a three-level hierarchy, with
each display containing the same critical safety function
indicators along the bottom of the display. Display examples
are contained in the Safety Analysis Report.

SPDS Level-One Display (Primary Display)

The SPDS Primary Display is dedicated to overall plant safety.

"It displays overall status of each critical safety function.

The following requirements apply to the SPDS Level-One Display

function:

1. A top-level display in the SPDS clearly indicates
normal operation or existence of an abnormal, unsafe,

or potentially unsafe condition.

2. This high~level display reflects the operational
mode of the plant by changes in format and alarm

criteria.

3. Any of the SPDS displays can be shown on any in the

system.

4. The SPDS Level-One Display is defined as the series
of six critical safety function indicator boxes.
These boxes provide rapid detection of abnormal

conditions in any safety function. The indicator



boxes are arranged in hierarchical fashion, with the
most important function appearing on the left and the
least important function on the right. The hierarchy

in decreasing order of importance is as follows:
a. Subcriticality.
b. Core Cooling.
c. Heat Sink.
d. RCS Intggrity.
e. Containment.
f. RCS Inventory.

Implementation of the Level-One Display requires use
of both the safety function hierarchy and the status
color hierarchy. RED functions must be responded to
- first, using the safety function hierarchy, followed
by ORANGE and YELLOW. The color hierarchy takes
precedence over the function hierarchy. For example,
a RED Heat Sink condition must be responded to |
before a ORANGE Subcriticality condition.

The indicator box for the highest priority function
with a RED_status will blink.

Once the primary display has been brought up on a
display console, the more detailed SPDS displays
(secondary displays) may be brought up and organized

in a structured set that lends itself to two-dimensional

paging.
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II.D.1.b SPDS Level-Two Displays (Secondary pisplays)
|
The SPDS Secondary Displays are dedicated to each of the
critical safety functions and display the overall status of
each safety function. The following requirements apply to the

SPDS Level-Two Display function:

1. The SPDS CRT displays any one of a set of formats
that provide more detailed information about the six

critical safety functions.

2. A corresponding second-level display containing the
appropriate variables is supplied for each critical

safety function.

3. The secondary display for each critical safety
function is a status tree, with each path through
the tree corresponding to a unique combination of
conditions that define the status of the function.
The trees show success or degree of failure of the
critical safety function, the proper action for the

operator to take, and the priority of the response.
4. The secondary display for each critical safety
function will show the current value or status of

each parameter which defines the status tree.

5. The six critical safety function indicator boxes

‘'will appear on all SPDS Level-Two displays.

These displays are based on the Westinghouse Owner's Group

status trees.

-10-
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. I1.D.1.c SPDS Level-Three Displays

Level-three displays provide detailed information about indi-

vidual parameters which comprise th§ secondary displays.

In this system, level-three displays will consist of trend plots
and x-y plots of key plant parameters tied to specific critical

safety functions. These displays are currently being developed.

The six critical safety function boxes will appear on all

level-three displays.
I1.D.2 Inputs

Inputs required for the SPDS displays are those required for
the critical safety function status information and are dis-
cussed in the Safety Analysis Report that accompanies this
. submittal. Additional inputs for the ERFIS were determined by
| ' starting with all the currently available and planned Regula-
tory Guide 1.97 parameters as the base set. Minor additions
and deletions were made to this set. Meteorological data for
support of dose-assessment activity will be input'to the

system.

The Data Acquisition Subsystem provides all of the equipment
necessary to convert the specified process I/0 signals to
digital words at the rates specified. Each cabinet connects
over fiber-optic cables to each of the two data concentrators.
Each data concentrator is cross-connected to the two host
computers through high-speed parallel interfaces. This provides
redundant data acquisition capability from the conversion

point to the host computer system.

-11-
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The initial (Phase I) installation Qill include five multiplexer
cabinets of which two (MUX-1, MUX-Z) will be classified as
1E-qualified and will contain 1E-qualified electronics housed
in a seismically qualified cabinet. One of the three cabinets
(MUX-3) will contain non-1E electronics housed in a seismically
qualified cabinet. MUX-4 and MUX-5 cabinets will contain-
non-1E equipment housed in standard electronics cabinets and
special cables will be provided to connect the input points
currently connected to the Westinghouse P-250 system to the
inputs of MUX-4 and 5. During Phase IV of the installation,
the electronics in MUX-4 and MUX-5 will be moved to the vacated
P-250 cabinets.

Isolation for 1E signals is provided by using optical isolation -
on all digital signal inputs, transformer isolation on all
analog signal inputs, with the isolation between cabinets
provided by the optical link between remotes and the associated

data concentrators.

The power supply contained in each cabinet connects to the
DALCAL card and is monitored for out-of-tolerance voltage
levels. In addition, cabinet integrity is checked with a

temperature sensor mounted in the cabinet.

Data Handling Features

The entire system is designed to provide reliable data and

high availability. Computer system availability (not accounting

for supporting systems) should exceed 0.99.

System features provided to assure reliable data include:
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Error Monitoring

Each major system employs on-line error monitoring. Error
monitoring is also provided for the backup components to
ensure their availability if a failure occurs in the on-line

system.

On-line error monitoring for the data acquisition subsystem is
provided by checking each communication between the high-speed
data concentrators (HSDC) for error (parity) and retransmitting,
if required. Thé host is also notified of errors or inactive
links, if requested. Protocol checking is performed by the
HSDC for each host/HSDC interchange. A negative acknowledgment

is returned for a failed protocol test.

The Gould/SEL 8055 disk processors provide multiple bit error
detection and correction for the disk units. Uncorrectable

errors are ;eported to the ERFIS.

For the magnetic tape units, both lateral and longitudinal
parity are checked by the tape processor during NRZI operations.
Errors are reported to the requestorp During phase-encoded
operations (1600 bpi), multiple bit error detection is provided
and correction is attempted. The error is reported to requestor

with an indication if the correction was successful.

For those serial I/O devices which require it, parity generation
and detection are provided by the eight-line async communication
multiplexer. As hardware errors are detected by the CPU or
device handlers, they are passed back to the highest level
program capable of interpreting and possibly recovering the
error. This procedure allows the user a facility to determine
the criticality of the facility. Once the nature and serious-

ness of an error has been determined, an error message, either

-13-
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warning or fatal, is issued via the an error logging facility.
The error message is printed (hardcopy) and logged onto a disk

file. Watch-dog timers are used in each CPU to support failover.

On-line diagnostics involving processor function tests and ALU
tests cause very little degradation of system performance.
On-line diagnostics involving device exercise and analysis
tests, however, could seriously interfere with normal system
activities and such tests should be executed on the backup CPU

whenever possible.

There will be little or no degradation of the Primary (on-line)
system due to execution of on-line diagnostics. On-line

diagnostics are of two types:
1. Processor function tests.
2. Device exercise and analysis tests.

Processor function tests are designed to determine the ability
of the CPU to accurately execute its installation repertoire.
This is accomplished via the system '"health monitor" on both
CPUs by performing a series of predefined calculations to
check the arithmetic logic units. This periodic task, running
at low priority, produces no significant effect on system

performance.
Data Quality

The DAS assigns a ''Data Quality Code" to each field-input and
calculated point at the time the point is processed. These
quality codes are assigned based on a series of checks/tests
performed during both input-data validation and point processing.

The assigned Data Quality Code is then stored, along with the

- =14~




Point value, in the system's Current Values Table (CVT) for
access by other applications tasks (e.g., MMIS, Data Archival/
Retrieval, Logs/Reports, etc.).

I1.D.3.c Programmer/Engineer's Console Functions
The Programmer/Engineer's Console in the Computer Room can be
used for addition or modification of point attributes, generating
new displays, modifications to the log programs, or for normal
system programming. Any changes which are made to the data
base from this terminal will be written to the printer.

I1.D.3.d Security and Access Restrictions

Three levels of security are provided on the ERFIS system:

1. "Read Only" access
2. Data base changes
3. Program logic and system changes

To implement these security levels, a key lock, keys, and
bpasswords are utilized. Each console has a key iock whose
locked/unlocked state can be sensed by the system allowing
controlled access. Monitoring of system functions is allowed
from a console in the locked state, but alterations of system
functions are not allowed. Data base changes are permitted
only when a console is unlocked and only for those point
attributes that are allowed for that particular console. The
ability to alter the system logic data tables and the data
base is only allowed through the Programmer/Engineer console

after the appropriate key and password have been entered.
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The TSC, EOF, and Control Room consoles have lockable keyboards
and a set of function keys. The TSC and EOF terminals cannot
be used to alter any system data. The TSC and EOF requests

run at a lower priority than Control Room requests so as not

to affect the overall operation of the system. The Programmer/
Engineer, through the Programmer/Engineer's console, can
establish for each console in the system those functions
permitted in the locked state and those allowed in the unlocked

state.
Historical Data Storage and Retrieval
The Data Archival/Retrieval Sybsystem supports the archival
and retrieval of both field-input points and calculated points.
The latter includes transforms, pseudo-analog and logical
points such as Boolean, AND, and OR.
Three types of data archival are supported by SAIPMS:

1. Short-Term Data Storage (Short-Term Archival).

2. Mid-Term Data Storage (Mid-Term Archival).

3. Long-Term Data Storage (Long-Term Archival).
The Point I/0 Summary List file record for each point defined
to the system contains a collection of processing control
logical bits (flags). The operator may independently specify

any point in the system to be archived on short-term or mid-term

or both. Interaction of enabling and disabling points from

archive is handled via the data based template displays supported

under the Man-Machine Interface Subsystem.
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Short-term and mid-term archive data is stored on line and
accessible to the system at any time. Short-term and mid-term
archive data is stored on two dual-ported disks concurrently.
In this fashion, the second disk is used as the backup media
for the primary computer and as the primary media for the

backup computer.
1. Short-Term Data Storage

The short-term archived data resides on disk and is
on-line accessible. Only points designated as
"Short-Term Archival" on the point I/0 Summary List
file will be archived. The most recent 1l4-hour
period is always maintained in a circular file
fashion. 1In this fashion, the design and implementa-.
tion is simplified as this file will always contain
the period defined as two hours pre-event and 12-hours
post-event. In addition to providing the most
current 14 hours of short-term data, the complexities
of expanding and contracting the file have been

eliminated.

Short-term data is to be archived at its scan or
computational frequency. Real points (analog,
pseudo-analog and real calculated) are archived at

~ their scan or cbmputational frequency. Logical
points (digital inputs, Booleans and SOEs) are not
truly archived at their scan or computational frequency,
but the data retrieval returns data values for each

sample.

All logical points flagged for short-term archival
are archived every five minutes. Only changes in
state from the last archived value are tagged and
written to the file. This is the simple compression

algorithm utilized on logical type points. The
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reason for the "archive all" associated with logical
variables is to establish a base reference point to
enable the recreation of data values during data

retrieval.

This archive data is extracted from a buffer built
by the Data Acquisition Subsystem. Once a second,
archival accesses the buffer, extracts the data tag,
data value, and data quality. The archive entries
are time tagged and stored on the short-term archival
file. Data Acquisition also buffers the SOE points
(at 100-millisecond intervals, time tagged to within
1 millisecond) for the Archival/Retrieval Subsystem
so that preservation of their changes-in-state is
ensured to be archived to the short-term archival
file.

It is important to note that the data quality codes
reflect the condition of the point data value that
was archived. That is, it denotes whether the point
data value is in alarm, in warning, return-to-normal
or normal. In this fashion, the need for alarm
transaction records on the short-term archival file
is eliminated as this requirement is inherently
supported by the design for the Archival/Retrieval
Subsystem. .

Asynchronous activities are written to a separate
data file called the Archival Transaction file. It
contains the following types of transactions:

1. Man-Machine activities.

2. CPU failover activities.
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3. Device failover activities.
4, Hardware errors.
5. Software errors.

Entries in this file are tagged with the operator
input, workstation origin, and time tag. Failover
transactions are time tagged and contain a reason
for the failover. Similar data retrieval routines

are also supplied for this file.
Mid-Term Storage

The mid-term archived data resides on disk and is on
line accessible. Only points designated as "Mid-Term
Archival" on the Point I/0 Summary List file will be
archived. The system maintains the most recent two
weeks plus 48-hour period in a circular file fashion.
In this fashion the system always supports on-line

retrieval of this data.

Mid-term data is not stored at its scan or computational
frequency. This data is reduced (compressed) by
averaging the real and calculated points over particular
time integrals. Data storage to this file is usually

at the rate of six samples/hour/point (i.e., 10-minute

averages).

All status variables flagged for mid-term archival
are archived every 10 minutes. Changes-in-state
from the last archived value are tagged to a one-second

resolution. The reason for the "archive all" associated
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with status variables is so that a base point recreation
of data values can be established for the data

retrieval routines.

In computing the averages, the worst quality of any
point data value that was used in the average is
propogated as the quality of the averaged value that

will be archived on the mid-term archival file.
Long-Term (Archival) Storage

Long-term archival data is identical to mid-term
archival data in format and archive entry contents.
The only difference is the storage media and the
time span covered. Long-term archival data is

stored on magnetic tape.

When the mid-term archival disk file is 35 percent
full or at the computer operator's discretion, the
mid-term disk file may be spooled to magnetic tape

to create a long-term archival file.

Each time a magnetic tape file is written, the
Archival Tape Management file is updated. The file
maintains a directory of the latest 50 tapes worth

of long-term data.

Long-term archival, just as short-term and mid-term,
contains point data values. There is no provision
to store any of the man-machine displays on magnetic

tape.
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III.
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Human Factors/Validation and Verification

Human-factor considerations have been applied in design of the

consoles and in the displays.

SAIC will perform validation and verification on the system
hardware and software design. The SAIC organization responsible

for this activity is independent of the system design organization.
IMPLEMENTATION SCHEDULE

The schedule for completing system installation is predicated
on performing four plant modifications. The attached bar
chart schedule illustrates the proposed approach. Outage
dates shown on the bar chart represent the best estimates we
have at this time, but as with any plant outage, are subject

to change.

Phase 1 for Plant Modification Package 807A (PMP807A) activities
are preparatory to installation of equipment in the Control
Room and Unit 2 Cable Spreading Room. Major tasks are listed
on the bar chart. This work requires a plant outage and was
scheduled to be done during the steam generator replacement
outage. This work is underway at the time of this

writing.

Phase 2 (PMP807B) involves installation of equipment in the
TSC/EOF Building and Cable Spreading Room and performing
electrical terminations on the, at this time, unenergized side

of the circuits. This work can be done while the plant is

operating.




Phase 3 (PMP807C) requires an outage, and is planned for
Refueling Outage No. 10 cufrently schéduled for the December
1985 - February 1986 time frame. The work planned for this
outage is installation of Control Room equipment required for

the SPDS functions and completion of all terminations. The

~ SPDS portion of the system would be checked out, tested and is

intended to be completely functional six months after completion

of this outage, and fully operational six months after that.

Phase 4 (PMP807D) requires an outage, and is planned for
Refueling Outage No. 11 currently scheduled for March - June,
1987 time frame. The work planned for this is not required
for SPDS system operation but includes the removal of all
P-250 equipment, except the existing Westinghouse I/0 cabinets.
These cabinets will be emptied of existing gear and used as a
permanent location for the electronics that were installed in
temporary Multiplexer Cabinets Nos. 4 and 5 to allow for
parallel operation with the P-250. The remaining Control Room
equipment will be installed during this outage. Phase 4
completes the integration of the plant operational computer
function with the ERFIS/SPDS.
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1. INTRODUCTION

The SPDS is part of CP&L's response to NUREG-0737 Supplement 1;
CP&L's commitments with regard to this NRC document were submitted to the NRC
in April 1983. The SPDS is a subunit of the H. B. Robinson Unit 2 Emergency
Response Facility Information System (ERFIS). Processing of plant parameters
by ERFIS is presented on two SPDS terminals within the main control room. The
logic and typical displays by the -SPDS are presented within this report.

The purpose of the Safety Parameter Dispiay System (SPDS) is to
assist operating personﬁel in evaluating the safety status of the plant. The
SPDS provides a continuous indication of plant parameters or derived variables
which are representative of the safety status of the plant during both normal
and emergency use. The primary function of the SPDS is to aid in the rapid
detection of abnormal operating conditions. Secondary functions include
analyzing and diagnosing the abnormality and providing an informational basis

for corrective action execution.

This report analyzes the SPDS for the H., B. Robinson Steam Electric
Plant (HBR-2) with regard to its capabilities for assessing the safety status
of the plant. The basis for selection of the parameters used by the SPDS will
be discussed and will be shown to be sufficient for assessing the status of

each critical safety function for a wide range of events.

Reference should be made to H. B. Robinson Steam Electric Plant
Updated Final Safety Analysis Report for complete design and transient

parameter conditions/setpoints/assumptions.

HBR-2 Emergency Operating Procedures will be based on Revision 1 of
the Westinghoﬁse Owners' Group Emergency'Response Guidelines. These emergency
operating procedures provide a manual, independent means of monitoring the
critical safety function status trees which are incorporated into the SPDS.
The final issue of the above guidelines (dated September 1, 1983) contains
refinements in three status trees (Core Cooling, Heat Sink, RCS Integrity).
The Core Cooling and RCS ‘Inventory Status Trees assume the NRC will approve
the Reactor Vessel Level Instrumentation System (RVLIS) prior to SPDS becoming
operational. Also, the appearance of the status trees at HBR-2 may be changed
to resemble other flow chart type emergency procedures. These changes will

not alter any conclusions or analyses contained in this document.
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2. CRITICAL SAFETY FUNCTIONS

In order to maintain a nuclear power plant in a safe condition,
there is a set of functions that must be performed. The full set of functions
that must be performed in order to fully safeguard the general public from.
possible consequences of nuclear power plant operation is commonly referred to
as the set of critical safety functions (CSFs). For a PWR, the set of

critical safety functions consists of the following:

1. Subcriticality
2. Core Cooling
3. Heat Sink

4, RCS Integrity
5. Containment Integrity

6. RCS Inventory
2.1 BARRIERS TO THE RELEASE OF RADIOACTIVITY

The functions listed above were chosen because they relate directly
to one or more plant barriers to the release of radioactivity. Satisfying
these functions will keep the barriers intact. The barriers that are provided

in every nuclear power plant installation consist, at the minimum, of

" the fuel matrix and fuel clad _
the reactor coolant system pressure boundary
containment
distance

¢C ¢ Ccvo

For the purposes of the SPDS, only the first three barriers are
considered. The "distance” barrier and portions of the general containment
barrier other than the main containment vessel are considered to be included

within the scope of the Site Emergency Plan.

These first three are direct physical barriers to the transport of
radioactive materials and together provide the required "defense in depth”.

The reactor coolant system pressure boundary blocks the transport of

radionuclides that escape through the fuel rod barriers and those that are
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produced outside of the fuel rods themselves.. Containment blocks the release
of radionuclides that pass through the reactor coolant system pressure
boundary and those few radionuclides that form outside the reactor coolant
system. In its most general form, "containment” includes the main containment
vessel, the boundaries of those systems that penetrate the main containment
vessel (the steam and feedwater systems and various auxiliary systems) and the
boundaries of the separate waste storage facilities (waste gas storage tanks,

spent fuel storage, etc.).

As long as the fuel rod, reactor coolant system pressure boundary
and containment barriers are intact in a nuclear power plant, that plant poses
no threat to the health and safety of the general public. Should one or more
of the barriers be faulted, the threat to the general public increases. If
all barriers are lost, the threat becomes significant and external emergency
actions may ‘be called for. Therefore, the goal of nuclear power plant
operation, in terms of nuclear safety, is the assuring that as many as
possible of the three primary barriers femain intact -at all times and undef

all conditions and/or circumstances that may exist.
2.2 RELATIONSHIP OF CRITICAL SAFETY FUNCTIONS TO BARRIER

The six critical safety functions can be associated with the

barriers in the following manner:

Barrier Critical Safety Function

Maintenance of SUBCRITICALITY

(minimize energy production in the fuel)

Fuel Matrix Maintenance of CORE COOLING
and (provide adequate heat removal from the fuel)
Fuel Clad

Maintenance of a HEAT SINK
(provide adequate secondary coolant for heat

removal from the fuel)
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Barrier Critical Safety Function
Control of RCS INVENTORY
(maintain enough reactor coolant for

effective heat removal.-and pressure control

Reactor Coolant Maintenance of a HEAT SINK

System Pressure (provide adequate heat removal from the RCS)
Boundary

Maintenance of RCS INTEGRITY

(prevent overpressurization of the RCS)
Control of RCS INVENTORY
(prevent flooding and loss of pressure

control)

Containment Vessel Maintenance of CONTAINMENT Integrity

(prevent failure of containment vessel)

If the critical safety functions are maintained, the barriers will

" remain intact. The SPDS provides a means of monitoring the critical safety

functions and provides guidance for restoring any function which may be
challenged. In this way, the SPDS provides an additional line of defense for-
the plant, independent of the Reactor Protection System and Engineered

Safeguards System. The manner by which the SPDS monitors the critical safety

functions is described in the following section.
2.3 MODES OF APPLICABILITY OF THE CRITICAL SAFETY FUNCTIONS

Critical Safety Function monitoring using the Status Trees assumes a Power
Operation or Startup initial condition, followed by some Reactor Protection

system actuation, to result in a subcritical reactor. Use of the trees can be
extended beyond this original intent, but with an understanding of the intent
of each tree. For example, the Heat Sink tree assumes the steam generators

are required for heat removal by steaming. If all reactor decay heat is being

removed by the RHR System, the steam generators are not required in their
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normal capacity. OSo steam generator availability is really not required to be
. satisfied. Yet the tree would indicate a steam generator in either wet layup

‘
or in dry layup to be abnormal.
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3. CRITICAL SAFETY FUNCTION STATUS TREES

In order to determine whether a critical safety function 1is
satisfied, it 1is necessary to check only a few parameters. However, these
parameters cannot be considered individually, since their significance 1is
often affected by some other parameter. For exémple, for H. B. Robinson Unit
2, the Heat Sink critical safety function is challenged if the total feedwater
flow to all steam generators falls below 300 gallons per minute. However,
this low feedwater flow is not of concern if the water volume in at least one
steam generator is at least 25 percent of narrow range indication. Therefore,
the important parameters for each function have been combined in a logical
array called a "status tree.” The combination of parameters existing at any
time defines a unique path through the tree, and also a unique "status"” of the

critical safety function.

The branch points of each tree are based on a comparison of the
parameters with a reference value indicating a safe condition. In the
previous example, the Heat Sink tree contains a branch for total feedwater -
flow relative to 300 gpm. If the total feedwater flow to all steam generators
is less than 300 gpm with level less than 25 percent in all steam generators,
the path through the tree will indicate that the Heat Sink function is
challenged. 1If feedwater flow is greater than 300 gpm, the path through the
tree will progress towards other branches where other parameters will be
checked. When each of these branches 1is resolved, the final path will

indicate success in maintaining the Heat Sink function or the mode of

impairment of this function. A more detailed description of the trees is

presented later.
3.1 PRIORITIZATION OF TREE BRANCHES

Since there are a number of parameters of importance to each
function, the trees contain several branches and paths. The end point of each
path defines a unique set of plant conditions, expressed as a combination of
current values of the parameters. Each set of conditions reflects how nearly

adequate the critical safety function is satisfied, and thus the priority of

the required response. In order to quickly inform the operator of the nature
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of the current conditions, each path is color coded. The ' color tells the
operétor immediately if the critical safety function is challenged and tells

him the relative severity of the challenge.

The SPDS presents this color-coded status in two ways. First, all
SPDS displays contain status blocks for each of the six critical safety
functions. Each block will appear on the screen in the appfopriate color
indicating the current status of that function. Thus, the operator can see at
a glance the status of all six functions. Second, on the display of each
critical safety function status tree, the path defining the current conditions
will be drawn through the tree in the appropriate color. Because each path

defines a unique set of conditions only one path is colored at any time.

The scheme of color coding used to identify the priority of the

current conditions is as follows:

GREEN - the critical safety function is satisfied; no operator

action is called for.

YELLOW - the critical safety function is not fully satisfied;

operator action may eventually be needed.

ORANGE - the critical safety function is under severe challenge;

prompt operator action is necessary.

RED - the critical safety function is challenged; immediate operator

action is required.
3.2, FUNCTION RESTORATION GUIDELINES

In addition to providing information on the current set of
conditions and their importance, the critical safety function trees provide
information which can be used as a basis for execution of corrective action.
The end point of each path in the status trees directs the operator to a

particular "function restoration procedure”. These procedures differ

‘depending upon the seriousness of the threat to the critical safety

function. The procedures direct the operator to perform various actions

designed to restore the threatened function to a satisfactory status.
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4. BASIS FOR CRITICAL SAFETY FUNCTION TREES PARAMETER SELECTION

The six critical safety function trees are shown and described in
this section. The basis for the selection of each of the parameters in the
trees will be discussed. In addition, the state (of the critical status
function) which results from following each tree path will be established. 1In
this analysis, the following letters are used in place of color coding: "R"

for RED, "0" for ORANGE, "Y" for YELLOW, and "G" for GREEN.
4.1 SUBCRITICALITY TREE

The Subcriticality Tree is shown in Figure 4.1-1. Since this tree
is gauging the reactivity state of the core, the parameters selected are those
characterizing neutron flux behavior as measured by the nuclear
instrumentation system. The basis of this tree is that the Subcriticality
Function i1is satisfied whenever the indicated core neutron level is in the
source range and core neutron level is steady or decreasing (as indicated by‘a

zero or negative startup rate).

Immediately after a reactor trip, a few minutes will elapse before
the source range instruments become energized. During this time, it 1s still
possible to satisfy the Subcriticality Function by having a sufficientlf
negative startup rate in the intermediate range. For the purboses of this
tree, the Subcriticality Function is considered satisfied if the neutromn flux
has dropped into the intermediate range with a startup rate more negative

than - 0.2 decades per minute (dpm).

The tree is arranged in a logical downward progression through the

. ranges of neutron flux instrumentation, starting with power range and

proceeding through intermediate range to source range. For power range, the
tree branches at a power level of five percent. This level is well above the
power level following reactor trip, and is considered easily readable on power
range instruments. Confirmation of a power level in excess of five percent is
a RED path status since it represents a serious challenge to the integrity of

the fuel matrix/cladding barrier.
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If power is below five percent, the flux may be at a level where the

intermediate range instruments provide the best means of tracking it. Here we

-are not concerned with the level of flux, but whether it is decreasing. If

the neutron flux in the intermediate range 1is increasing (positive startup

"rate), then it is only a matter of time before the flux level becomes

sufficiently - high to re-enter the power range. This condition is not as
serious as the RED path described above, so it is coded ORANGE, indicating
that operator action is required promptly. Notice that both the RED and
ORANGE paths direct the operator to function restoration guideline FRP-S.l.

The required actions are the same, but the degree of urgency is different.

If neutron level is in the intermediate range and the source range
instruments are not yet energized, the Subcriticality Function is considered
satisfied if the startup rate (SUR) is sufficiently negative (< -0.2 dpm).
The existence of this set of conditions implies that the core is, in fact,
subcritical. This branch is designed to allow the Subcriticality Function
block to remain GREEN following a trip, but before long-lived delayed neutron
precursors have decayed. If neutron level is in the intermediate range and
SUR is not sufficiently negative, the path is colored YELLOW. If the source”
range is energized, the reactor still may not be subcritical. If the flux is
in the source range, but increasing (positive SUR), the reactor is not
subcritical and the function 1is not satisfied. However, this does not
represent an immediate threat since the flux 1level is far below power
production levels, so this path is also coded YELLOW. 1If the flux is in the
source range and stable or decreasing (zero or negative SUR), the

Subcriticality Function is satisfied and the path is coded GREEN.

It should be noted that since this tree is designed to measure the
extent to which the core is shutdown, the Suberiticality Function cannot be
satisfied during power operation. Therefore, the SPDS software will consider
the Subcriticality Function to be GREEN when the plant is in the power
operation mode, until a reactor trip signal is generated by the Reactor
Protection System. At this time, it becomes necessary to éatisfy the

Subcriticality Function, and the SPDS will begin to monitor the tree.

(8207NLUa/cfr)
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In summary, the parameters chosen for the Subcriticality tree are
those which give an indication of the reactivity state of the core. The
function is considered satisfied if neutron flux is in the source range with a
zero or negative startup rate, OT if power is below five percent with a

startup rate less than -0.2 dpm.

4.2 CORE COOLING TREE

The Core Cooling tree is shown in Figure 4.2-1. The tree gauges the
plant's capability for removing decay heat from the core. Failure to remove
decay heat could result in failure of the fuel matrix/cladding barrier due to
fuel melting or zirconium-water reactions. Therefore, the parameters used in
this tree were selected on the basis of their ability to indicate either the
temperature or level of the water in the core. The definition of an
adequately cooled core 1is one in which the average of the five highest
operable core exit thermocouple temperatures is less than 1200°F and the RCS

water is subcooled.

A temperature of 1200°F indicateé that most liquid inventory has
been removed from the RCS and the remaining steam is being superheated by core
decay heat. This represents a severe challenge to the fuel matrix/cladding
barrier, and this branch of the Core Cooling tree is color-coded RED. If the
temperature is less than: 1200°F and RCS water is subcooled, the path is coded
GREEN since the Core Cooling Function is satisfied. If the RCS is not
subcooled, but the core exit thermocouples are below 1200°F, there is some
inventory left in the RCS so questions about reactor vessel level and reactor
coolant pump status must be answered to determine how effective this coolant

inventory will be in maintaining core cooling.

1f at least one RCP is running and sufficient coolant inventory is
present, the core can be effectively cooled, even by a two-phase mixture,
because of the forced flow. Coolant inventory is indicated by the Reactor
Vessel Level Indicating System (RVLIS). The satisfactory level of inventory
depends upon how many of the three RCPs are running. The level chosen for the
tree is the plant-specific value which corresponds to a system void fraction

of 50 percent with the current number of pumps running. If core exit
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thermocouple temperature is less than 1200°F and RCS water is not subcooled
and at least one RCP is running and sufficient coolant inventory is available,
then the core cooling function status is considered YELLOW since adequate core
cooling can be maintained. However, heat removal is being accomplished using
a two-phase mixture which is an abnormal mode of operation for a pressurized
water reactor. If the RVLIS criterion is not met, the function status is

considered ORANGE because the RCS inventory is seriously depleted.

If no RCPs are running, then the amount of available inventory
becomes much more important because of the absence of forced flow. Also, the
current core exit thermocouple temperatures are important as a measure of core
dryout by their indication of superheated steam temperatures. A core exit
temperature of 700°F indicates that the fuel has heated up enough to superheat
the cooling steam flow. The presence of the minimum coolant inventory which
is sufficient to ensure core cooling for an extended period of time is
indicated by a water level (with no void fraction) of at least 3-1/2 feet
above the bottom of the active fuel, 'Figure 4,2-1 shows how the various
combinations of temperature and level are color-coded for status, ranging from
RED for temperature greater than 700°F and level less than 3-1/2 feet to

YELLOW for the reverse situation.

In summary, the parameters chosen for the Core Cooling tree are

those which give an indication of the temperature of the water in the core or

the amount of inventory in the reactor vessel. The function is considered

saﬁisfied if the core exit thermocouples read less than- 1200°F and the RCS is

subcooled.
4.3 HEAT SINK TREE

The Heat Sink tree is shown in Figure 4.3-1. This tree gauges the
plant's ability to remove heat from the RCS, thus protecting the barrier to
release provided by the reactor coolant system pressure boundary. The
parameters used in this tree are those which indicate the ability of the steam
generators to remove heat from the RCS. The residual heat removal system
(RHR) is not considered in this tree because it must be manually aligned and
the operator would readily know if it is functioning. Prior to RHR actuation,

if all three steam generators have sufficient inventory, are receiving
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adequate feedwater flow, and are not overpressurized, then an adequate heat

s" sink exists. |

) One steam generator 1s sufficient to remove decay heat from the
RCS. The tree begins by determining whether at least one steam generator has
sufficient water level. The reference water level corresponds to a level just
inside the narrow range (including allowances), and implies that the operator
has a reliable level indication. In this case, the Heat Sink function status
can be no worse than YELLOW. If none of the steam generator levels is high
enough to be in the narrow range, the Heat Sink can still be maintained if
there is adequate feedwater flow. The flow from one motor driven auxiliary
feedwater pump is adequate for decay heat removal. If this flow is not
available and none of the steam generator levels -is in the narrow range, the
steam generator heat sink is severely challenged. This path through the tree

is color-coded RED.

If either the level requirement or the feedwater flow requirements
is met, the Heat Sink function is not severely threatened. However, in order
for the function to be satisfied, all three steam generators must be able to

‘ serve as useful heat sinks. The remaining branches of the tree determine the

pressure and level status of all steam generators.

If any steam generator pressure is greater than the highest setpoint
of any steamline safety valve; that steam generator is unable to relieve
pressﬁre. This is a threat to the Heat Sink function and the branch of the
tree is coded YELLOW. 1If any steam generator pressure 1s greater than the
lowest safety valve setpoint, the threat is not as serious but this path is

also coded YELLOW,

Given adequate steam generator pressures, the adequacy of water
levels must also be investigated. Adequate water level in the steam
generators is determined as follows. A level above the steam generator hi-hi
setpoint (level at which turbine trips and feedwater isolation occurs) 1is
considered undesirable because of excessive moisture carry-over. Also, the
possibility exists for filling the steam lines with water and relieving water
through the safety valves. If the level is too low to be in the narrow range,
there may be insufficient water to provide adequate heat removal, and the

' operator will not have a reliable ‘level indication. In either case, the

status is coded YELLOW. If all steam generator levels are between the low
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value and the hi-hi setpoint, the Heat Sink function is satisfied and the

; . status is coded GREEN.

None of the YELLOW status paths on this tree result in any extreme
or severe challenges to a barrier to radiocactivity release since they only
indicate steam generator levels out of the normal range in some steam

génerators or. potential challenges to secondary integrity.

In summary, the parameters selected for the Heat Sink tree are those
which indicate the ability of the steam generators to serve as effective heat
sinks. The function is satisfied if all steam generators pressures are below
the safety valve setpoints and all steam generator levels are in the narrow

range but lower than the hi-hi level setpoint.

4.4 RCS INTEGRITY TREE

The RCS Integrity tree is shown in Figure 4.4~1. This tree gauges

the thermal stresses on the reactor coolant system with the reactor vessel as

' the limiting component. The RCS Integrity tree is unique among all the
| critical saféty function status trees in that the reference values against
which current plant parameters are compared do not. appear explicitly at the

branch points. Rather, the reference values are lines separating entire

operating regions in pressure-temperature space, and are shown in Figure

4.4~2. The main concern of the Integrity tree is the reactor vessel wall and

its degraded material properties due to radiation embrittlement. As the
thick-walled vessel ages, it tends to lose 1its ductility, and its nil-
ductility temperature (that temperature at which it begins to exhibit brittle

behavior) increases. Operators are normally aware of the brittle fracture

concern, and are required by Technical Specifications to 1limit heatup and

cooldown rates precisely to avoid a stackup of stresses, especially the

thermal stresses, which might exceed a critical yield stress, and cause a
postulated internal flaw to grow. This flaw growth could eventually lead to
vessel failure. The concern of this status tree is for those serious
transients which produce extremely large cooldown rates, and thus extremely

,I large thermal stresses. Cooldown at the vessel wall could be caused by a
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secondary break cooling down the entire RCS, and/or the addition of cold
injection water intO'the cold legs and downcomer region of the vessel. The
final temperature reached and the cooldown rate determine the severity of the
challenge to the vessel wall. Technical specifications require that cooldown
be limited to 100°F/hour.

If the cooldown is greater than 100°F/hour, the RCS Integrity
function may be challenged. Figure 4.4-2 is a plot of the operational limits
for the reactor which applies when cooldown is greater than 100°F/hour. It is
representative of the plant-specific plot, which was developed.based on the
reactor vessel material properties and weld composition, and on the "power
history of the plant. The three lines on the plot divide the pressure-

temperature space into four regions, in which there are varying threats to
vessel due to crack initiation and growth. These lines exhibit very little
pressure dependence. The lack of significant pressure dependence implies that
the primary cause of crack initiation or growth is thermally induced stress
resulting from rapid cooldown. In the region to the left of Limit A, a crack
can initiate at constant pressure. Such a condition is a severe challenge to
the reactor vessel wall, so this region on the plot and the corresponding
branch of the tree are given a RED status. Between Limit A and temperature T,
a crack could initiate with some increase in pressure. This condition
represents a serious threat to the Integrity function, or an ORANGE status.
Between temperatures T; and T2 it is unlikely that a crack would initiate, but
the condition 1is sufficiently off-normal to warrant operator vigilance.
Therefore, this region and the corresponding branch of the tree are given a
YELLOW status. If the temperature is above T, there is no threat to the

Integrity function, despite the rapid coolddwn, hence the GREEN status.

The Integrity 1limits for cold overpressure are based on the
temperature at which the Cold Overpressure Protection System is placed in
service. If RCS pressure 1s less than the cold overpressure limit then the
function 1s satisfied, hence a GREEN status. If RCS pressure is above the
cold overpressure limit and cold leg temperature 1is above temperature TI
(i.e., the ORANGE priority boundary) then vessel integrity will not be
challenged, even with full repressurization, since the "Isothermal Wall Crack
Initiation Limit" will not be exceeded. The function is considered not

satisfied and a YELLOW priority is warranted.
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_ If the RCS pressure is greater than thé cold ovefpressure limit, and
cold leg temperature is less than Tl, then continued pressure increase could
violate the "Isothermal Wall Crack Initiation Limit" and a flaw may
initiate. Therefore prompt operator action 1is required to address a severe

challenge to the function and an ORANGE priority is warranted.

In summary, the parameters selected for the RCS Integrity tree are
those which reflect the degree of thermal stress on the reactor vessel.
Cooldown rate and the combination of RCS pressure and temperature provide this
indication.v The function cén be satisfied in several ways, but it is

desirable to have a cooldown rate lower than 100°F/hour.
4.5 CONTAINMENT TREE

The Containment tree is shown in Figure 4.5-1. The parameters used
in this. tree serve to evaluate several possible threats to containment

integrity. The function is satisfied if none of these threats are present.

The most serious threat to the containment results if pressure
inside the containment- exceeds the design pressure, which is 42 psig at H. B.
Robinson Unit 2. In this case, the threat comes not from the existing
pressure but from the possible burning of hydrogen. Typically, containment
buildings can withstand up to twice the design‘ pressure. However, if at
design pressure there were sufficient hydrogen present to cause a burn, the
sudden increase .in pressure could exceed the design pressure of the
containment. Since the Containment functioﬁ is severely threatened, this
branch of the tree is color~coded RED. The function restoration
guideline associated with this path directs the operator to check the

containment hydrogen concentration.

If containment pressure 1is below design pressure, then it is
unlikely that even with a hydrogen burn, the containment would fail from
overpressure, although significént equipment damage could result. There is
still danger if the containment pressure is above the Hi-Hi setpoint, which at
H. B. Robinson is 20 psig. A pressure this high indicates a significant
energy release into containment and requires some dperator action to evaluate

the containment atmosphere composition and pressure suppression equipment.

This branch of the tree is'gpgeQ ORANGE.
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If containment pressure is below the Hi-Hi setpoint, the tree then

‘. considers the water level in the sump. Equipment necessary for extended
\ containment cooling (or for other long-term functions)‘ located 1in the
containment should not be threatened by water in the containment. A plant-

specific reference value of water level, corresponding to the total volume of

‘the RCS, the RWST, all the accumulators, and one-half of the condensate

storage tank, is used. This volume of water is close to the maximum which

could ever be pumped into the containment, and therefore, represents a close

approach to the design flooding level. A water level above this reference

value represents a serious threat to the Containment function because of

‘ possible equipment damage, and this branch is coded ORANGE.

If containment sump level 1s below the reference value, the tree
then considers radiation in containment. While the presence of radiation does
| not bdirectly threaten containment integrity, it makes proper isolation all the
\ more important. A reference value of radiation level corresponding to the

plant-specific alert setpoint for the Containment High Range Area Monitors is
used in the tree. If radiation is above this reference value, the condition
is considered off-normal and the path is coded YELLOW. If radiation is below '
‘ the reference value, and there are no threats to the containment due to
excessive pressure or sump level, the status of the Containment function is

GREEN.

In summary, the parameters selected for the Containment tree are

those which indicate possible threats to containment integrity. The threats

considered are excessive pressure and sump level, with consideration also
given to high radiation. The function is satisfied if none of these threats

exist.

4.6 RCS INVENTORY TREE

The RCS Inventory tree is shown in Figure 4.6-1. RCS Inventory
represents a critical safety function which supports Core Cooling and RCS
Integrity. Inadequate inventory is a consideration in Core Cooling and
excessive inventory is a consideration in RCS integrity. Therefore, the RCS

‘ Inventory tree contains no branch coded more urgent than YELLOW. The
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parameters used in the tree are pressurizer level and RVLIS reading. The
‘ function is defined as satisfied if pressurizer level is between the high
level reactor trip setpoint and the low level letdown isolation setpoint, and

if the RVLIS indicates the upper head is full (i.e., no steam bubble is

present in the vessel).

As indicated in the tree, there are four paths which result in a
YELLOW condition. If the pressurizer level is high and RVLIS indicates the
upper head is full, then there is a problem of excessive inventory in the
RCS. If the pressurizer level is high and the RVLIS indicates the presence of
a bubble in the upper vessel head region, then the problem is ome of having
two separate bubbles controlling pressure in the system. If, on the other
hand, pressurizer level is low, there is a problem with inadequate . inventory
in the RCS. If pressurizer level is between the high and low setpoints, but
there is RVLIS indication of a bubble, the problem again is one of having two
steam bubbles controlling pressure. Each of these four conditions 1is

considered off-normal and coded YELLOW.

In summary, the parameters selected for the RCS Inventory tree are

‘ pressurizer level and RVLIS. They give an indication of either .exceséive
inventory, inadequate inventory, or a problem with pressure control. The

function is satisfied when pressurizer level is between the high and low

setpoints and the RVLIS indicates that the upper vessel head is full.

4.7 TREND AND X-Y PLOTS

The third level displays will provide detailed information about
individual parameters which comprise the status trees. These displays will

consist of trend plots and X-Y plots of the following key plant parameters.

A. Subcriticality

- Power Range NIS

- Intermediate Range NIS
- Source Range NIS
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B. Core Cooling (two 3rd level screens)

- Core Exit Thermocouples
- Subcooling First Screen
- RCP Status (not trended)

- RVLIS Full Range Level
- RVLIS Dynamic Head Range Level Second Screen

- RVLIS Upper Range Level
C. Heat Sink (1 screen for each steam generator)
- Narrow Range Level
— Steam Generator Pressure
- Feedwater Flow (display total feedwater flow numerically)
D. RCS Integrity _
— Integrity Curve with current low cold leg RTD plotted on the curve
- Display A, B, and C wide range cold leg RTD numerically

E. Containment

- Containment Pressure

- Containment Sump Level

- Containment Radiation (R-32A, R-32B)
F. RCS Inventory

- Pressurizer Level

- RVLIS Upper Range Level

The six critical safety function indicator boxes will appear on all SPDS Trend

and X-Y plots.
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5. SPDS CRITICAL SAFETY FUNCTION STATUS BLOCKS

Each SPDS display contains along the bottom a row of six boxes, each
bearing the name of a critical safety function. These boxes are known as the
critical safety function status blocks. The blocks change color to reflect
the color-coded status of each critical safety function, either RED, ORANGE,
YELLOW, or GREEN.

The logic for changing the color of the status blocks is based on
the critical safety function trees and validation of parameters. The SPDS
checks the current values for each parameter in the trees, compares  these’
values with the tree setpoints based upon the parameter validation scheme
described below, and determines the appropriate path through the tree. As
described in the previous section, each path through the trees represents a
unique set of plant conditions with a specified priority of response. Based
upon this priority, each path is color-coded for status. The SPDS status
block for each critical safety function will appear in the same color as the
color-coding for the current path through its tree. That is, the status color

of the tree is used in the function status block.

5.1 PARAMETER VALIDATION

In order to determine the status of each of the six critical safety
functions, the current values of the relevant parameters are checked against
the various setpoints in the critical safety func;ion trees. In many cases,
there is more than one analog signal for a given parameter. When this is the
case, normally the most conservative value is used. In some cases, an
averaged value is appropriate. If the parameter is one which is used by the
reactor protection system (RPS) or engineered safety features actuation system
(ESFAS), the values are combined in a different manner, using the RPS or ESFAS

logic. This method is described below.

In the RPS or ESFAS logic, signals are combined in an M out of N
- coincidence. For example, there are four signals for power range flux, and if

two of these signals are above the RPS power range high flux setpoint, the

reactor will trip. This is an example of two out of four coincidence. 1In the

(8207NLUa/cfr)
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SPDS Subecriticality tree, there is a branch at power range greater than five
percent. The SPDS software compares each of the four analog signals for power
range flux with the five percent power value. If two or more values are
greater than five percent power, the SPDS will consider power range to be
greater than five percent, which is a RED condition. If less than two of four
are greater than five percent, the criteria for the "power range > 5 percent”
path are not met, so the status block will have the color of the path whose

selection criteria are completely met.

The SPDS also checks for signals of bad quality. Any signals of bad
quality are discarded, and a reduced logic used. For example, if a parameter
normally has two of four logic, but one signal is of bad quality, the logic
will be reduced to two of three. Listed below is the order in which the SPDS

logic will reduce when there are bad quality signals.

of 4
of 3
of 2
of 1
0

_ = NN

If there are no signals of good quality, a value for the parameter
cannot be determined. In this case, the critical safety function will be

given a status color of WHITE, and the tree will be filled in up to the point

where the bad quality data occurs.

If a particular SPDS parameter is not included in the RPS or ESFAS,

then either the most conservative value or a straight arithmetic average of
all available signals will be used to calculate the current value. Instead of

comparing each individual signal with the tree setpoint, the most conservative
value or the average value will be used to determine the status of - the
critical safety function.

5.2 ARRANGEMENT OF STATUS BLOCKS AND PRIORITIZATION OF RESPONSE

The six critical safety function status blocks are arranged on the

SPDS displays in a hierarchical order, based directly on the barrier
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concept. The importance of the function blocks decreases from left to right

on the display.

The first ©barrier to fission procduct release 1is the fuel
matrix/cladding, the Criticai Safety Functions related to this barrier are
given the highest priority. Challenges to this barrier can come from inside
and outside the barrier. The internal challenge comes from excessive core
heat production resulting from fission power production (normal decay heat
production is considered in safeguards systems design). Core heat production
in excess of safeguard systems core heat removal capability is the most severe
challenge to the fuel'matrix/cladding barrier. If the core is at power, the
energy production represents a potential additional significant challenge to
the other barriers which may also be‘challenged for failed. Consequently,
SUBCRITICALITY is the highest priority Critical Safety Function. The external
challenges to the fuel matrix/cladding barrier come from inadequate decay heat
removal due to either inadequate reactor coolant or secondary coolant. Even
though the reactor core is shutdown, failure to remove the thermal energy from
decay heat production can rapidly lead to sufficiently high core temperatures
to fail the first barrier. CORE COOLING and HEAT SINK are the second and

third priority, respectively, Critical Safety Functions.

The second barrier to fission product release is the reactor coolant
system pressure boundary. Although challenges can again come from inside and
outside, only the internal threats are considered in prioritizing Critical
Safety Functions since only they can be addressed by the operator. Potential
internal threats due to excessive core heat production and inadequate core
heat removal are addressed through the SUBCRITICALITY, CORE COOLING and HEAT
SINK Criticai Safety Functions. The remaining internal threat to reactor
coolant system pressure boundary results from a reactor vessel pressurized
thermal shock condition. Such a challenge can result from thermal stresses
acting the reactor vessel in a low temperature reactor coolant condition.
Reactor Coolant System INTEGRITY is, therefore, the fourth priority Critical

Safety Function.

The third barrier, Containment, is analogous to the second barrier
in that only internal threats are considered in prioritizing Critical Safety

functions. CONTAINMENT is the fifth priority Critical Safety Function.
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The sixth priority Critical Safety Function 1is Reactor Coolant
INVENTORY. This Critical Safety Function is actually a subset of the CORE
COOLING Critical Safety function but is considered separately to facilitate
Status Tree construction and prioritization of challenges. This Critical
Séfety Function addresses situations wherein reactor coolant inventory is
adequate to satisfy the CORE COOLING Critical Safety Function but not within
nominal operaﬁional limits. The challenges associated with the Reactor
Coolant INVENTORY Critical Safety Function are the lowest priority of all

Critical Safety Function challenges.

The priority of operator action during an event is determined by the
hierarchy of the critical safety functions and by the color-coded status of
each function. Functions whose status blocks have been coded RED have the
highest priority, followed by ORANGE and YELLOW. The rules for operator

response are as follows:

‘ 1. If any RED terminus is encountered, the operator is required to
immediately stop any procedure in progress, and perform the

procedure required by the terminus.

2. If during the performance of any RED-condition procedure, a
RED-condition of higher priority arises, then the higher priority
condition should be addressed first, and the lower priority

RED-condition procedure suspended.

3. If any ORANGE terminus is encountered, the operator is expected to
monitor all of the remaining trees, and then, if no RED condition is
encountered, suspend any procedure 1n progress and perform the

procedure required by the ORANGE terminus.

4, If during the performance of an ORANGE-condition procedure, any
RED-condition or higher priority ORANGE-condition arises, then the
. RED or higher priority ORANGE-condition is to be addressed first,

and the original ORANGE-condition procedure suspended.
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5. Once a procedure is entered due to a RED or ORANGE condition, that

procedufe is performed to completion, unless pre-empted by some

higher priority condition.

6. A YELLOW terminus does not require immediate operator attention.
Frequently, it 1is indicative of an off-normal and/or temporary
condition which will be restored to normal status by actions already
in progress. In other cases, the YELLOW status might provide an
early indication of a developing RED or ORANGE condition. A YELLOW
might also indicate a residual off-normal condition following
completion of actions required by a procedure for a RED or ORANGE
condition. The operator is allowed to decide whether or not to

implement any YELLOW condition procedure.

7. Status tree monitoring should be continuous if any ORANGE or RED
condition is found to exist. If no condition more serious than
YELLOW is encountered monitoring frequency may be reduced to

10-20 minutes unless some significant change in plant status occurs.

For example, a RED in Core Cooling is more important that a RED in
Heat Sink, due to the hierarchy of the critical safety functions. However, a

RED in Heat Sink is more important than any ORANGE, due to the hierarchy of

the color codes. As an example of item 4, if the operator is performing the

function restoration guideline for a RED Heat Sink when the Subcriticality

block turns RED, he must leave the Heat Sink guideline and respond immediately

to the threat to Subcriticality. If Core Cooling is ORANGE when RCS Integrity

turns RED, the operator'must leave Core Cooling and respond to RCS Integrity

because any RED condition is more serious than any ORANGE condition.
5.3 STATUS BLOCKS AND PLANT SAFETY

To maintain H. B. Robinson Unit 2 plant in a safe state, it is
necessary to keep the barriers to the release of radioactive material
intact. It has been shown how the set of critical safety functions relate to
the barriers, and that satisfying the functions will maintain the integrity of

the barriers. The SPDS critical safety function status blocks provide a quick
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and easy way to determine if any of the critical safety functions are
threatened. The operator can then examine the trees for the threatened
functions, determine the nature of the threat, and be directed to the
appropriate>function restoration procedure. Since the trees provide accurate
information on the status of each function, and satisfying the functions
results in a safe plant, the SPDS provides an accurate and timely

determination of the safety status of the plant.

-31- (8207NLUa/cfr)




6. EXAMPLES OF SPDS RESPONSE TO.TRANSIENTS

It has been shown that the SPDS is designed to provide the operator
with accurate information concerning the safety status of the plant. The
function of the SPDS during six major classes of events is discussed in this
section. Emphasis is on the color of the CSF status blocks at points during
the postulated events. Operator response to threatened functions should be
accomplished based on the rules discussed in Section 5.2. Information for
this section is taken from the H. B. Robinson Unit 2 Updated FSAR, Chapter 15
(Accident Analysis).

In Chapter 15 of the Updated FSAR, six major classes of events are

discussed:

1. Increases in heat removal by the secondary system

2. Decreases in heat removal by the secondary system

3. Decreases in RCS flow rate

4o Reactivity and power distribution anomalies

5. Increase in reactor coolant inventory

6. Decrease in reactor coolant inventory
One event of each type is examined in this section.
6.1 STEAM SYSTEM PIPING FAILURE

The steam release arising from a rupture of a main steam line would

result’ in an {initial increase in steam flow which decreases during the

accident as the steam pressure falls. The energy removal from the Reactor

Coolant System (RCS) causes a reduction of reactor coolant temperature and
pressure. In the presence of a negative moderator temperature coefficient,

the cooldown results in an insertion of positive reactivity. If the most
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reactive rod cluster control assembly (RCCA) is assumed stuck in its fully
withdrawn position after reactor trip, there is an increased possibility that
the core will become critical and return to power. A return to power
following a steam line rupture is a potential problem mainly because of the
high power peaking factors which exist assuming the most reactive RCCA to be
stuck in its fully withdrawm position. The core is ultimately shut down by

the boric acid injection delivered by the Safety Injection System.

Figures 6.1-1 through 6.1-4 provide data for this event. During the

first 140 seconds, the critical safety function status codes are expected to

be:

Subcriticality - RED

Core Cooling - GREEN

Heat Sink YELLOW

RCS Integrity - GREEN

Containment GREEN, YELLOW or ORANGE
RCS Inventbry - YELLOW

Subcriticality will initially be RED. Following the steam line
rupture, the reactor will be tripped and power will initially drop below five
percent. However, the cooldown will result in a positiveAreactivity insertion
and thus a positive intermediate range startup rate. About 15 seconds into
the event reactor power enters the power range and exceeds 5 percent power.
The operator will be directed to function restoration guideline FRP-S.l1 which
calls for initiation of boration and isolation of the faulted steam line.
Boration will begin automatically due to actuation of the Safety Injection
System. As boron enters the core, the status of Subcriticality will shift
back to GREEN.

The Core‘ Cooling . function is satisfied because of the 1low RCS
temperature and adequate subcooling. Although the initial cooldown rate will
be greater than 100°F per hour, RCS Integrity will also be satisfied because
RCS temperature will remain above T2 on the Operational Limits Plot
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Heat Sink will be YELLOW because of low level in the faulted steam
generator. FRP-H.5 directs the operator to determine the cause of the 1low
. level, which is an uncontrolled steam release. ‘He is then directed to the
Loss of Secondary Coolant guideline. Containment pressure may exceed the
Hi-Hi setpoint, resulting in a ORANGE status. FRP-J.l directs the operator to
check containment isolation, containment spray system, emergency fan coolers,
and hydrogen concentration. If pressure does not exceed Hi;Hi, Containment
status may still be YELLOW due to high radiation. If the steam break is
outside the containment, containment status should be GREEN. RCS Inventory
will be YELLOW because of low pressurizer level. Automatic injection by the

Safety Injection System will restore this function.
6.2 LOSS OF NORMAL FEEDWATER

A loss of normal feedwater (from a pipe break, pump failures, valve
malfunctions, or loss of offsite AC power) results in a reduction in
capability of the secondary system to remove the heat generated in the reactor
core. If an alternative supply of feedwater were not supplied to the plant,
core residual heat following reactor trip would heat the Reactor Coolant
System water to the point whefe water relief from the pressurizer would occur,
resulting in a substantial loss of water from the RCS. Since the plant is
tripped well before the steam generator heat transfer capability is reduced,
the reactor coolant system variables never approach a departure from nucleate

‘boiling (DNB) condition.

The following events occur upon loss of normal feedwater (assuming

main feedwater pump failures or valve malfunctions).

a. As the steam pressure rises following reactor and turbine trips, the
steam generator power-operated relief valves are automatically
‘opened to the atmosphere. Steam dump to the condenser is assumed
not to be available. If the steam flow rate through the power-
operated relief valves is not available, the steam -generator self-
actuated safety valves will lift to dissipate the sensible heat of
the fuel and reactor coolant plus the résidual decay heat produced

in the reactore.
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b. As the no-load temperature is approached, the steam generator power-
operated relief valves (or the self-actuated safety valves, if the
power—operated relief wvalves are not available) are wused to
dissipate the residual decay heat and to maintain the plant at the

hot standby condition.

The reactor is protected by a trip on low-low water level in any
steam generator. The Auxiliary Feedwater System is started automatically to

provide makeup to the steam generator.

Figure 6.2-1 provides data for this event. After Reactor trip
occurs, causing an initial decrease in most parameters, RCS temperature (and
pressure) then increase until total heat generation (core decay heat plus pump

heat) decreases to the auxiliary feedwater heat removal capacity.

During this time, all critical safety functions are expected to
remain GREEN, except for Heat Sink which may initially be RED, if the loss of
normal feedwater causes all steam generator levels to decrease out of the
narrow range. FRP-H.l directs the operator to initiate auxiliary feedwater
flow, which should occur automatically. If at least one steam generator level
stays in the narrow range, the status of the Heat Sink function will be no
worse than YELLOW, due to high steam generator pressure. FRP-H.2 directs the

operator to release steam from the affected steam generators.

Subcriticality remains GREEN because once a reactor trip 1is
initiated neutron flux will drop at a normal rate into the source range. Core
Cooling is satisfied because RCS subcooling stays within range. (Subcooling
may briefly go out of range, resulting in a YELLOW status.) RCS Integrity is
satisfied because there is no rapid cooldown and temperature stays above the
T, setpoint. Release of steam from the steam generators is not expected to
affect the Containment function, and RCS Inventory is satisfied because
pressurizer level stays between the setpoints and no bubble is expected to
form in the vessel head. (Towards the end of the time line, pressurizer level

may increase above the high level setpoint, resulting in a YELLOW status.)
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6.3 COMPLETE LOSS OF FORCED REACTOR COOLANT FLOW

A complete loss of forced reactor coolant flow may result from a
simultaneous loss of electrical supplies to all reactor coolant pumps. If the
reactor is at power at the time of the accident, the immediate effect of loss
of forced reactor coolant flow is a rapid increase in the reactor coolant
temperature. This increase could result in DNB with subsequent fuel damage if

the reactor were not tripped promptly.

Reactor trip will occur on either low voltage on reactor coolant

pump power supply bus, or on pump circuit breaker opening, or on low reactor

j coolant loop flow. An underfrequency condition will trip the Reactor Coolant

Pump circuit breakers which in turn trips the reactors.

It is assumed that the reactor is tripped sufficiently fast to
ensure that the ability of the reactor coolant to remove heat from the fuel is
not greatly reduced. Thus, the average fuel and clad temperatures do not

increase significantly above their respective initial values.

’ Because a fast trip is assumed, Subcriticality should remain
GREEN. Core Cooling may go to YELLOW, or ORANGE, depending on how high the
RCS temperature goes and whether RCS subcooling decreases below the tree
setpoint. The conditions for Core Cooling going RED (e.g., core exit TCs
greater than 1200°F) éré‘not expected to occur. Since this event does not
involve a rapid cooldown, RCS Integrity will stay GREEN. The increase in RCS
temperature wi}l result in high steam generator pressures, SO Heat Sink may go

to YELLOW. Containment and RCS Inventory status should remain GREEN.
6.4 UNCONTROLLED ROD CLUSTER CONTROL ASSEMBLY BANK WITHDRAWAL AT POWER

Uncontrolled RCCA bank withdrawal at power results in an increase in
the core heat flux. Since the heat extraction from the steam generator lags
behind the core powep”genera;ion until the steam generator pressure reaches
the power-operated relief or safety vaive éétboiﬁi; there is a net increase in
the reactor coolant temperature. Unless terminated by manual or automatic

‘ action, the power mismatch and resultant reactor coolant temperature rise

could eventually result in DNB. Therefore, in order to avert damage to the
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' fuel clad, the Reactor Protection System is designed to terminate any such

transient before the DNBR falls below the analysis limit.

The automatic features of the Reactor Protection System which

prevent core damage following the postulated accident include the following:

a. Power range neutron.flux instrumentation actuates a reactor trip if
two out of four channels exceed an overpower setpoint.

b. Reactor trip is actuated if any two out of three A T channels exceed
an overtemperature A T setpoint. This setpoint is automatically
varied with power distribution, Treactor coolant temperature and
pressure to protect against DNB.

C. Reactor trip is actuated if any two out of three A T channels exceed
an overpower A T setpoint. This setpoint is automatically varied
with power distribution to ensure that the allowable fuel power
rating is not exceeded.

d. A high pressurizer pressure reactor trip activated from any two oult
of three pressure channels, which is set at a fixed point. This

‘ pressure is less than the set pressure for the pressurizer safety

valves.

For this event, all critical safety functions are expected to remain
GREEN. The high neutron flux and overtemperature A T trips occur before core
"heat flux and RCS temperature can increase significantly, for a wide range of
possible reactivity insertion rates. The reactor is tripped sufficiently fast
to ensure that the ability of the reactor coolant to remove heat from the fuel

rods is not reduced.

6.5 DELETED

-42- . (8207NLUa/cfr)




6.6 LARGE LOSS OF COOLANT ACCIDENT

A loss-of-coolant accident (LOCA) is the result of a pipe rupture of
the Reactor Coolant System (RCS) pressure boundary. A major pipe break (large
break) is defined as a rupture with a total cross sectional area equal to or
greater than 1.0 ftz. Should a major break occur, depressurization of the RCS

results in a pressure decrease in the pressurizer. The reactor trip signal

subsequently occurs when the pressurizer low pressure trip setpoint is
reached. A safety injection actuation signal 1is generated when the
appropriate setpoint (high containment pressure) 1is reached. These

countermeasures limit the consequences of the accident in two ways:

a. Reactor trip and borated water injection complement void formation
in causing rapid reduction of power to a residual 1level

corresponding to fission product decay heat.

b. Injection of borated water provides for heat transfer from the core

and prevents excessive clad temperatures.

Before the break occurs, the unit is in an equilibrium condition,
i.e., the heat generated in the core is being removed via the secondary
system. During blowdown, heat from fission product decay, hot internals and
the vessel continues to be transferred to the reactor coolant. At the
beginning of the blowdown phase, the entire RCS contains subcooled liquid
which transfers heat from the core by forced convection with some fully
developed nucleate boiling. Thereafter, the core heat transfer is unstable
with both nucleate boiling and film boiling occurring. As the core becomes
uncovered, both turbulent and laminar forced convection and radiation are

considered as core heat transfer mechanisms,

The heat transfer between the Reactor Coolant System and the
secondary system may be in either direction depending on the relative
temperatures. In the case of continued heat addition to the secondary,
secondary system -pressure increases, and the main steam safety valves may
actuate to 1limit the pressure. Make-up water to the secondary side is
automatically provided by the Auxiliary Feedwater System. -The safety

injection actuation signal isolates the steam generators from normal feedwater
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flow and initiates emergency flow from the Auxiliary Feedwater System. The

secondary flow aids in the reduction of reactor coolant system pressure.

When the Reactor Coolant System depressurizes to 600 psia, the
accumulators begin to inject borated water into the reactor coolant loops.
Since the loss of off-site power is assumed, the reactor coolant pumps are
assumed to trip at the inception of the accident. The effects of pump

coastdown are included in the blowdown analysis.

The blowdown phase of the transient ends with the RCS pressure

(initially assumed at 2250 psia) falls to a value approaching that of the

containment atmosphere. Prior to or at the end of the blowdown, some amount

of injection water begins to enter the reactor vessel lower plenum. At this
time (called end of bypass) refill of the reactor vessel lower plenum
begins. Refill is complete when emergency core cooling water has filled the
lower plenum of the reactor vessel which is bounded by the bottom of the fuel

rods (called bottom of core recovery time).

The reflood phase of the transient is defined as the time period
lasting from the end of refill until the reactor vessel has been filled with
water to the extent that the core temperature rise has been terminated. From

the later stage of blowdown and the beginning of reflood, the safety injection

accumulator tanks rapidly discharge borated cooling water into the RCS,'

contributing to the filling of the reactor vessel downcomer. The downcomer
-water elevation head provides the driving force required for the reflooding of
the reactor core. The RHR (low head) and charging (high head) pumps aid the
filling of the downcomer and subsequently supply water to maintain a full

downcomer and complete the reflooding process.

Continued operation of the ECCS pumps supplies water during long-
term cooling. Core temperatures have been reduced to long-term steady state
levels associated with dissipation of residual heat generation. After the
water level of the refueling water storage tank (RWST) reaches a minimum
allowable value, coolant for long-term cooling of the core is obtained by
switching from the injection mode to the cold leg recirculation mode of
operation in which spilled borated water is drawn from the containment sumps
by the pumps and returned to the RCS cold legs. The Conﬁainment Spray System

continues to operate to further reduce containment pressure. Approximately 24
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hoqrs after initiation of the LOCA, the ECCS is realigned to supply water to
the RCS hot legs in order to control the boric acid concentration in the

reactor vessel.

Figures 6.6-1 through 6.6-4 . provide data for a large LOCA. The

expected critical safety function status codes are:

Subcriticality — GREEN or YELLOW

Core Cooling - RED or ORANGE

Heat Sink - YELLOW

RCS Integrity - Dependent on mixing.
Containment — ORANGE

RCS Inventory - YELLOW

Following the blowdown phase of LOCA, the reactor will be shutdown,
with or without the control rods, due to the absence of moderating water.
During the reflood phase as borated water is injected, the reactor will remain
shutdown by the combination of control rods and boron. However, with the
addition of a moderator (water) to the core, there may be periods of increase

in subcritical neutron multiplication, resulting in a YELLOW status.

Core Cooling may be RED because core exit temperatures might exceed
1200°F during the early stages of the LOCA. On Figure 4.2-1 this corresponds
to the top path of the status tree. The status may also be RED if offsite
power is assumed lost, with conditions corresponding to the second path of the
tree. These conditions -;re low subcooling, mno reactor coolant pumps
operating, core exit temperature greater than 700°F, and low reactor vessel
level. Continued injection will Ilower temperature and increase level,

resulting in ORANGE and eventually YELLOW status.
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The RCS Integrity status tree is concerned only with
overpressurization or rapid cooldown of the RCS. Incomplete mixing of the
cold injected water with the hot water in the RCS, particularly with no
reactor coolant pumps running, may result in cold leg temperatures indicating
a challenge to reactor vessel integrity. The priority system (core cooling
highér than vessel integrity) will prevent the initiation of action to insure
vessel integrity until adequate core cooling is assumed. Thus, the priority

system prevents premature integrity actions such as securing Safety Injection.

Secondary system pressure may increase to the safety valve setpoints
during blowdown. This would cause the Heat Sink status to become YELLOW.
Containment status will be ORANGE due to pressure exceeding the Hi-Hi
setpoint. From Figure 6.6-4, it can be seen that pressure will not exceed the
H. B. Robinson Unit 2 design pressure of 42 psig, so the status will not

become RED. RCS Inventory status will be YELLOW due to low pressurizer level.

The function restoration procedures to which the operator will be
directed deal mainly with initiation of systems which should be automatically
actuated by the Engineered Safety Features Actuation System, e.g., the Safety
Injection System and Containment Spray. Other tasks include making sure the
accumulator isolation valves are open, re-aligning the SIS to cold leg
recirculation when the RWST water level becomes low, switching over to RHR

heat removal, and checking containment hydrogen concentration.
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CHAPTER 1

INTRODUCTION

This daocument® pravides a high—level descrigtion af the Emergency

Response Faciiity Information System (ERFIS) to be
develaoped/deliversed by Science ‘Applications International
Corporation (SAiC) for the Carolina Power and Light Company’s
(CPYL) H. B. Robinson Steam Electric Plent - Unit 2. The
system reflects the hardware/software specifications and
requirements as described in CP%L‘s Functional Specification
Document No. L2-E-022 and SAIC’s Technical Proposal Nao.

1-314-71-84G-01.

i.1 ERFIS SYSTEM OVERVIEW

The ERFIE is a realtime data collection, moritoring. and display

system. The sy=tem acquires da%ta inputs fram various plant
subsystems/instr.amentation. These inputs are then processed and
made availabls for interactive dizplay and hardcapy

logging/reporting.

Analog and digital inputs to the ERFIZ originate from the
axisting Westinohouse P25C I/0 cabina%s and various field
sensors located {(hroughout the plant. The "raw—data" inputs are
first scannad and pre-processed by tha ENFIS Data Acquisition
Subsystem (DAS: fvont—end hardware, and 2r2 ther routed to the
EZFFIS host computer for processing. Pata inputs from the
Meteorological DNata Tower are acquired by the ERFIS host
computer via an inter—-computer data communization link.

The ERFIE hast computer system validates fthe paint data inputs,
and pe<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>