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The purpose of this document Is to provide a written safety analysis
for the Crystal River Unit 3 (CR-3) SPDS. This analysis describes the
basls on which the selected parameters are sufficlent to assess the safety
status of the plant with respect to flve required functions of the SPDS
for a wide range of events. This analysis Is In response to a requirement
for such a document In Sectlion 4.2 of NUREG-0737, Supplement 1, "Requlirements
for Emergency Responss Capabl|ity" (Generic Letter 82-33), dated

December 17, 1982.

The CR-3 SPDS conslists of two color video monltors (CRTs) with assoclated
control panels. This system, located In the control room, allows the
control room personnel to select from a set of pre-programmed displays
and also to select certain Information for display depending on the status
of the plant. The displays, thelr format, and the parameters monitored
are based on two major Inputs: (1) NRC requirements for SPDS functions
and (2) compatiblilty to ATOG concepts and requlrements.

This document summarizes the NRC requirements for SPDS functions and
how the CR-3 SPDS can be used to assess those functions. "Alert" signals
to control ro = personnel al!ox them to assess the reactivity control,
radloactivity control and contalnment condltions functions. Pressure-
temperature Information on P-T displays allows control room ~ersonnel
to monltor for abnormal symptoms regarding subcooling and heat transfer
for the reactor core cooling and heat transfer from the primary system
function. Thls same pressure-temperature !nformation allows the control
roam personnel to monitor agalnst key pressure-temperature |imits for
the reactor coolant system Integrity function.

The events analyzed for the ATOG program are the basis for the CR-3 SPDS.
They Include a wide range of events of low to moderate frequency of occurr-
ence. They are representative events which provide all the necessary
symptoms for which the SPDS and the ATOG are designed to mon|tor and
control. The key parameters chosen for the CR-3 SPDS to meet the above

I



requirements are summarized In Table 2.1. of this report. Based on the
Information provided In this report, It Is demonstrated that the CR-3

SPDS provides control room personnel with sufficlent iInformation to enable
them to determine the safety status of the plant for a2 wide range of
abnormal and emergency conditions. In addition, It Is demonstrated that
the CR-3 SPDS provides sufficlent Information to be used In conjunction
with ATOG-type procedures to detect abnormal symptoms and to allow corrective
actlons necessary to restore the control function or mitigate the consequenc-
es of transients and accidents In a rapld and rel lable manner.



1.0 INTRODUCT ION

l.1. Purpose

The purpose of this report Is to provide a wrltten safety analysis for
the Crystal River Unit 3 (CR-3) Safety Parameter DIsplay System (SPDS)
for describing the basis on which the selected parameters are suffliclent
to assess the safety status of the plant for a wide range of events which
Include symptoms of severe accldents.

This report will summarize the NRC requlirements for an SPDS and wl!l|
demonstrate that the CR-3 SPDS meets those NRC requirements. In addltion
to these NRC requirements, andfhcr basis for the CR-3 SPDS Is the Ba&W
Owners Group Abnormal Transient Operating Guldelines (ATOG) program.
This report wlll summarize that program, particularly the events analyzed,
and demonstrate the compatibllity of the CR-3 SPDS with ATOG. Flinally,
this report will Identify the parameters selected for the CR-3 SPDS and
the method of thelr presentation 1o control room personnel.

This report Is In response to the requlrement for such a document as
contained In Sectlon 4.2 of NUREG-0737, Supplement 1, "Requirements for
Emergency Response Capabl!|Ity™ (Generlic Letter No. 82-33), dated
December 17, 1982.

1.2, Background

As a result of the TMI-2 accldent, the NRC Issued an actlion plan for
Items to be addressed In order to correct or Improve the regulation and
operation of nuclear facllities. That plan was provided In NUREG-0660,
"NRC Actlon Plan Developed 2s a Result of the TMI-2 Accldent", dated
May 1980. In the area of operational safety, It was concluded In every
major study of the accident that Insufficlent attention had been glven
to ensuring compatibility between control room personnel and the systems
they are required to operate. The varlety and quantity of Information
displayed In the control room can often be overwheiming, especlally during
translent operations or an accident. |t has been determined that a conclse
display of those parameters necessary to assess the safety status of
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the plant would significantly ald control room personnel In determining
plant status and dlagnosing acclidents. Item 2 of Task i.D of NUREG-0660
establ Ished the requirements for a plant safety parameter display console
to be Installed In the control room.

In November 1980, the NRC |ssued NUREG-0737, "Clarification of TMI Action
Plan Requirements.™ Concerning the requicements for a plant safsty parasmeter
display console, the NRC stated that Issuance of NUREG-0696, "Functlonal
Criterla for Emergency Response Facll|itles" would provide those requirements
for an SPDS. NUREG-0696 was Issued In February 1981. In December 1982,
NUREG-0737, Supp!ement 1, "Requirements for Emergency Response Capabl!l!lty
(Generic Letter No. 82-33)" was Issued. NUREG-0737, Supplement 1, describes
the NRC requirements for SPDS. The CR-3 SPDS wll| be designed to those
requirements. Section 5 of NUREG-0696 provides guldance for the design

of the SFDS Including Its purpose, location, size, display conslderations
and design criterla, such as conformance to Regulatory Gulde 1.97 for

the parameters chosen. These guldelines serve as a basls for the design
requlrements for the CR-3 SPDS.

The purpose of the CR-3 SPDS Is to assist the control room personnel

during abnormal and emergency conditlons In the evaluation of the safety
status of the plant and assessing whether abnormal cond!tions warrant
corrective actions, tc avold a degraded core. Located In the control

room, the SPDS will be continuously avallable during all modes of plant
operation Including cold or refueling shutdown, heatup and cooldown opera-
tions, normal power operations, as well as abnormal or emergency condltlons.
The CR-3 SPDS video monitors are not selsmically quallfled and thus,

the SPDS may not be avallable after certaln selsmic events. Plant parameters
which Indicate very abnormal condltions such as |nadequate core coollng
(I1CC) shall also be dispiayed. The CR-3 SPDS I|s designed to use a minimum
number of displays and selected parameters, yet It will be able to concisely
present tn the operator Information concerning the safety status of the
following functions as required by NUREG-0737 and NUREG-0696:



(1) Reactivity control

(2) Reactor core cool ing and heat removal fram the primary system

(3) Reactor coolant system Integrity

(4) Radloactivity control

(5) Contalnment condltions.
Finally, the CR-3 SPDS Is designed to be compatible with the control
roam personnel's training and experlence In normal and abnormal or emergency
operation. Florida Power Corporation (FPC) Is a member of the BAW Owners
Group Operator Support Subcomm|ttee which has worked to develop a program
to respond to Item |.C.1 of NUREG-0737, "“Guldance for the Evaluation
and Develupment of Procedures for Translents and Accldents"™. That program
resulted In the development of the Abnormal Transient Operating Guldel Ines
(ATOG) which employs the concept of symptcm-orlented rather than event-orient-
ed procedures for handl Ing abnormal or emergency conditions. The design
of the displays for the CR-3 SPDS has Incorporated the basic concepts
of ATOG In order to present sufficlent Information to control room personnel
for monitoring +ho status of the plant during norma!, transient and abnormal
condltions, dlagnosing symptoms and taking corrective actions to achieve
stable plant conditions.

The CR-3 SPDS Is designed to serve as an ald to the control roam personnel
and can be used by them to quickly focus on certain key parameters.
However, the SPDS should not be used as the exclusive source of Information
to determine p'ant status or to monitor control actions. Other Instrumenta-
tion avallable In the control room should also be used by control room
personnel to determine plant status.

The CR-3 SPDS wlll be located In the control room. The CR-3 SPDS wlill
provide Information to control rcom personnel via selectable displays
and wll| asutomatically display alert signals. The selectabie displays
Include the Low-Range Pressure-Temperature (P-T) display, ATOG P-T display,
Inadequate Core Cool Ing (ICC) dlsplay, two "normal™ power operation displays
and a four page alphanumeric display of several key parameters and safety
systems actuation status. Control room personnel can select any avallable
1-3



dlsplay by a single pushbutton on the SPDS ~ontrol panel. |f control
room personnel have se!ected elther the Low-Range P-T display or the
ATOG P-T displays, they can add any of several P-T |Imit curves to the
base display by a single pushbutton for each |imit curve. This feature
allows the control room personnel to be able to monitor the plant status
versus those P-T |Imits applicable to the current plant conditlions or
expected plant evolutions such as plant cooldown to cold shutdown condl-
tions. Each control panel also contalns toggle switches which allows
control room personnel to select elther Loop A or Loop B parameters for
display on elther CRT and to select spare parameter Inputs. There Is
a feature to the CR-3 SPDS which allows the control room personnel to
monitor the history of the RCS pressure-temperature rolaﬂonship. Using
a single pushbut*on, control room personnel can demand or erase the history
trace of the RCS pressure-temperature relationship. Finally, control
room personnel can select the I[ncore thermocouple temperature (average
of the five highest thermocouples) to be displayed Instead of T-hot on
the two P-T dlsplays.

The two "normal™ power operation dlsplays, "Normal™ and "Flux/Imbalance"
can be used by the control room personnel during normal operations to
monltor plant condltions against the Reactor Protection System (RFS)
F-T and Flux/Flow/Imbalance |Imits. The Low-Range P-T and ATOG P-T displays
can be monlitored by control room personnel during heatup, cooldown and
normal operations and also during transients and accidents. The ATOG
P-T display will be autcmatically displayed for each RCS loop upon recelpt
of a reactor trip signal. This feature prevents control room personnel
from having to manually switch @ these displays In the first several
seconds following the reactor trip, freeing them to perform their Immediate
post-trip actions. The ICC display can be monitored by control rocm
personnel during conditlons of RCS saturation or superheat. The six "alert"
signals wlll automatically flash on any selected display If conditions
warrant. The four page Alphanumeric display can be used by control room

personne! tc obtaln addltional supporting Information to the above displays

and alerts.
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A detalled description of the CR-3 SPDS hardware, displays, alerts, and
Input signals can be found in the document "CR-3 Safety Parameter Display
System Functional Description™, Dwg. #1147047. Algorithms for the display
curve |Imits can be found In the document, "Crystal River Unit 3 Safety
Parameter Display System (SPDS) Displays™, Doc. ID #51-1121942, dated
June 1984,

The SPDS displays have been Human Factors englineered to the extent that
they present the necessary Information to control room perscnnel In a
manner which would allow them to carry out the requlired actions for abnormal
trunslent operations described In ATOG. This includes displays which
have a simple, uncluttered format that can be called up by a single push
button command. The displays are continuously updated and allow control
room personnel to track trends for key variables. Additional iInformation
Is presented to control room personnel In order for them to assess the
status of the plant with respect to the flve critical safety functions.
This Information Is presented In the form of Alerts In order that they
not Interfere to a signiflicant extent with basic pressure-temperature
displays required by ATOG. Further explanation cf these features |s
found In Section 2.0.




2.0 SPDS FUNCTIONS/PARAMETERS MON I TORED

Sectlon 1.2 describes the purpose of the SPDS. In order to meet that
purpose, the SPDS must be designed to provide Information to control
room personnel for all modes of normal operation fram refueling to power
operation. |t must also be designed to provide key Information to control
room personnel during abnormal and emergency condltions so that they
can assess the safety status of the plant. In particular, It must provide
sufficlent Information to allow control room personnel to assess the
safety status of the plant with respect to flve major functions.

Each of the flve safety status functions Identifled Is Section 1.2 Is
discussed In detall below. Each section will Include a brlef description
of what the safety function Is followed by a discussion of how Information
concerning the safety function Is provided to control room personnel
by the CR-3 SPDS. |In addition to the speciflic displays and alerts which
are described In these discussions, It Is Important to note that a four-page
Alphanumeric display Is avallable to provide support Information to the
other displays and alerts.

The complete |Ist of parameters required tc monitor the flive SPDS safety
functions Is provided In Table 2.1. Also Included In this table are
the signal Input string, range, the function It monitors, the means of
presentation (display or alert signal) plus 2 summary dlscussion. In
addition to these parameters, there are many additional parameters avallable
on the Alphanumeric display to ald control roam personnel In controlling
the plant.

2.1. Reactivity Contral

The flirst function Is reactivity control. Following a reactor trip,
or when condltlons warrant a reactor trip, control room personnel need
to know that the control rods have all Inserted and that the reactor
s subcritical. If not, they must begin taking required actlions to achleve
reactor subcriticallty.



On the CR-3 SPDS, the reactivity control function [s monitored by a "React|v-
ity® alert loglc. The parameters monitored for this alert are control
rod group In=lImit position, source range nuclear instrumentation flux
level and reactor trip signal. These parameters are sufficlent for
monitoring the reactivity control function since they provide the necessary
Information to control room personnel that control rods have Inserted
upon reactor trip and that the reactor Is subcritical at all times other
than when the reactor |s already critical or where a planned reactor
startup |s underway. '

2.2. Reactor Core Coolling and Heat Removal from the Primary Jystem

The second functlon Is reactor core coolling and heat removal from the
primary system. This function will be discussed as two separate functions.
During all modes of operation and following reactor trip, control room
personne! must have Information to determine the thermal-hydraullc state
of the reactor coolant. |f the reactor coolant Is In a |lIquid state
and subcooled, control room personnel are assured that reactor coolant
s avaiiable and capable of removing heat fram the reactor core and transferr-
Ing It to the steam generators. |f subcooling Is lost, these capabl|ities
are In doubt and control room personnel can begin taking actions to restore
subcool Ing.

On the CR-3 SPD5, the reactor core coolling function Is monitored in four
ways. During normal operation, this functlion Is monitored by the display
of the RCS pressure-temperature status points with respect to the RPS
pressure-temperature |Imits which Inherently Insures that the RCS Is
In a subcooled state since tie RCS would have to pass through these trip
parameters before subcooled margin Is lost. During post-trip operations,
this function Is monitored by the display of the RCS P-T status w!th
respect to "expected” post-trip pressure and temperature |Iimits as well
as the saturation |Ine and the subcooled margin |Imit which accounts
for possible errors for the pressure and temperature Instrument strings.
This Information Is avallable to control room personnel on the ATOG Display.
During Inadequate core cooling operations, this function Is monitored
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by the display of the RCS AT status with respect to saturation and two
fuel cladding temperature |Imits. This Information Is avallable to
control room personnel on the ICC Display. Durling cooldown operations,
this function Is monitored on the Low-Range P-T Display !n I|lke manner
to the post-trip operations discussed above.

In each of these sltuations, the perameters to be monitored are RCS pressure,
RCS hot leg temperature (T-hot), RCS cold leg temperature (T-cold), and
average Incore thermocouple temperature. When displayed agalnst saturation
and subcooled margin, these are the only parameters that are recesasry
to determine the state of the RCS for monitoring the reactor core coolling
function In these four situations.

In addition to reactor core cool Ing, heat removal from the primary system
must be monitored. Control roam personnel must have I[nformation which
allows them to monltor the heat transfer coupling between the reactor
coolant syster and the steam generators. Control room personnel can
then begln taking corrective actions to restore that coupling If Iinadequate
heat transfer |s occurring. |f excessive heat transfer Is occurring,
control room personnel can begin taking actions to restore the balance
between the heat source (reactor core) and heat sink (steam generators).

On the CR-3 SPDS, the heat removal from the primary system function [s
monitored by the ATOG P-T Display and the "EFW Alert"™. The RCS pressure-temp-~
erature status Is dlisplayed as & point and the steam generator saturation
temperature based on Its pressure Is displayed as a vertical |ine.
Filve parameters (RCS pressure, T-hot, T-cold, average Incore thermocoupl e
temperature and steam generator pressure), provide the symptams of Inadequate
or excesslve heat transfer and allow ver!fication of natural clrculation
by control room personnel. The CR-3 SPDS also provides bar charts for
steam generator startup and operate range level Indication to ald In
a2 more rapld recognition of the problem and the "EFW Alert" which warns
control room personnel that a signal from the Emergency Feedwater Instrument-
atlon and Control (EFIC) system Is present to Initlate EFW.
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2.3, Reactor Coolant System Integrity

The third function Is reactor coolant system Integrity. DOuring all modes
of normal operation and during transients and accldents, control room
personnel must be able to monitor the status of the reactor coolant system
pressure-temperature relationship against several Important pressure
and pressure-temperature |imits to ensure the Integrity of the reactor
coolant system agalnst overpressurlization, pressurized thermal shock
or reactor vessel NDT. If |Imits are being approached or exceeded,
control room personnel should begin taking actions required to re-establlsh
an acceptable state. Also, there are a number of pressure, temperature,
and pressure-temperature |Imits Important to normal operation. Control
room personne! must have the necessary Information to determine the status
of the plant with respect to these |Imits and control the plant within
these |Imits,

On the CR-3 SPDS, the reactor coolant system Integrlity function Is monitored
using the following parameters: RCS pressure, T-hot and T-cold. These
parameters are dlsplayed as P-T status points agalinst the fol lowing appllic=
able RCS P-T or pressure |Imits: RCS design pressure, DHRS design pressure,
thermal shock |Imlt, heatup NDT and cooldown NDT |Imits. Operation of
the plant within these |Imits will satisfy the reactor coolant system
Integrity function.

2.4, Badloactivity Control
The fourth function Is radloactivity control. DOuring all modes of normal

operation and especially during accldent conditions, control roam personnel
must be warned of the presence of high radicactivity In the plant and
monitor release paths to determine the extent of radlicactivity releases
from the plant. They can then take necessary actions fo prevent or minimize
such releases.

On the CR-3 SPDS, the radloactivity control function I|s monitored by

the "Radloactivity Alert". The parameters to be monitored by this alert

are the fourteen (14) radlation monitors Identifled In Table 2.1. These
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monltors were chosen because they monlitor the major radlation release
paths from the plant or because they provide specific Information to
ald control room personnel In determining the event or Identifyling the
location of the radlation leak. More specific Information on these radiation
monitors Is found In the "Discussion" column of Table 2.1.

2.5, Contalnment Condlitions

The final functlion I|s contalmment condltions. The last fission product
barrier to the environment I|s the reactor bullding. Control roam personnel
must know the status of the reactor bullding In order to take necessary
actlons to ensure or restore Its Integrity during accldent conditlions.

On the CR-3 SPDS, the contalnment condltions functlion I|s monitored by
three sets of alert loglc. They are "Reactor Bullding Pressure Alert",
"Radlation Alert®™, and "Englineered Safeguards Actuation Alert". Reactor
bullding pressure and radlation are the two parameters which glve the
first Indlication of a major acclident, such as a LOCA or steam |Ine break,
Inslde contalnment. The "Reactor Bullding Pressure Alert" warns of
increasing pressure In the R8 | advance of RB Isolation. The "Radlation
Alert" contalns Inputs fram thres radlation monitors located In the RS
dome, RB purge duct and R8 vent duct. If the "Radlation Alert" |s present,
control rocm personnel can request the appllicable page of the Al phanumeric
display to determine If one of the RB monitors Is causing the alert.
I the "Englneered Safeguards Actuation Alert" I[s present, control room
personnel can page the Alphanumeric display to determine [f the RB Isolation
signal Is causing the alert.



TABLE 2.1

PARAMETERS REQUIRED TO MONITOR THE FIVE SPDS SAFETY FUNCTIONS

DISPLAY OR
—— PORANETER SISNAL [WPYT BANGE FUNCTION®®-®" ALERT"®-2" N < E—

1. T-Cold ALB WR RCSA-TT2,-TT4 50 to 650°F $:8s B3 2.3, 2.2, 2.4, Plotted and displayed with RCS pressure
RCSB-T12,-T74 2.9, 2.1% on P-T displays to sonitor plant
status against NDT, thersal shock,
fuel cospression and RCP-NPSH lieits,
and to provide sysptoas of excessive
or inadequate heat transfer when
used with S6 saturation tesperature.

2. T-Hot ALB WR RCAA-TT) -TTH 120 to 920°F .2, 33 2edy 3.2, 2.4, See discussion of T-Cold AkB. In
RCAB-TTL,-TT 2.11 addition, it is displayed against

subcooling msargin and saturation
lisits for sysptoss of inadeguate
core cooling. It is also used with
Incore Thersocouple Teaperature
as an indication of natural circul-
ation.

3. RCS P-essure ALE WR RCIA-PT3I, RC-158FT 0 to 2500 psig $. 2, 5.3 2.3, 2.2, 33, See discussion of T-Cold A & B.
RCIB-PT3, RC-1S9FT 2.9: 2.9 2.1 Also plotted with incore Therso-
couple Tesperature to sonitor natural
ciruclation or superheated conditions
during ICC.

§. RCS Pressure ALD RC-131-PT, 0 to 500 psag el B3 2.5; 3.9, T.% Used #5 RCS Pressure signal during

Low Range RC-131-PT1, 0 to 690 psag low RCS Pressure operation.
RC-147PT, RC-148F 1)
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FukAanL TER

in core Thersocouple
Tesperature l(calcu-
lated average ot 5
highest readings from
15 T/Cs)

O1S6E 0p. Range

07156 SU Range ALB

OTS6 Pressure ALBR

Jotiel INEUL
IN-vBn, obf

~uIN, 13F, -09%,
1239, ~NJE, ~63,

~0TN, -0SD, -0 F
-950

SFIA-LAR 172
SPLB-LAN 12

SkIA LTS
SPIp-LI4/S

SFeA-FT 1172
SPeB-PT 1/2

TABLE

huNLE

CEATTITE R 3

" to 1onl

u toe 250 an,

0 to 1200 psag

2.1 (CONT D)

FUNCILON -0

DISFLAY OR
ALERT‘P-2"

2.1, 2.2, 2.3

2.1, 2.2, 2.3
2.4

2.1, 2.2, 2.3

e DISCUSS LW

Average value plotted with RCS

Pressure on ICC curve during ICC
conditions and can be plotted with

RCS Pressure on other P-T curves.

(See discussion of RCS Pressure,

wR) .

Displayed on P-T displays prisarily
for 1maediate detection of sxcessive
feedwater and loss of feedwater
events.

See discussion on 0756 Dp. Range
ALB. SU Range savy be usaful in
S6 tube rupture identification,

Used as input  to S6 saturation
tesperature on Post-Trip ATOS display.
Used to display syaptoas of excessive
heat transfer and inadequate heat
transfer when used wmith T-Cold.



1o,

FRRAMETER

Socurce Fange NI AL\B

All kods IN

Reactor Tripped

Fadiation Monitors

a. RE Doame

b. KE Furge Duct

. Aux, Fuel Handling
Duct

~

d. kb vent Duct

STENAL INFUT

Ni-01, Nl-02

(Later)

Rx Fateh Fnl

kRG-19

kma- |

FMA-2

UL U R

TABLE O,

. RANGE _

le""' to 19® cps

No/Yes

No/yes

S to 519 E/ine

17 to 1ne CFH

fo to 1u* CFN

1o to 10o* CFR

FUNCTION!"-°"

i.

2-8

DISFLAY OR

2.4, 2.3

~
.
w

~

o2y 2.4, 2.5,

"
-
=3

L
-
-

L&)
>

e LASEUSSION

Used in conjunction with reactor

trip signal and CRG positions to

alert the control roos operator

to high or unexpected neutron count

rate. .

See discussion of source range NI
ALB.

See discussion of suorce range NI

ALR.  In addition, this signal alse
initiates the autosatic display
the Post-Trip ATOG display for loops

ALB on the two CRTs and the RPS
actuation alert.

All the radiation sonitors are used
to monitor potential sajor release
paths. In addition, the individual
sonitors are used to:
4. Help discriminate between major
LOCA and Steas Line Break.
b. Provides early indication of
vent systea radioactivity and
possible unplanned release.
t. Same a b,

d. Provides early indication of
RCS leabage.



— PARMMETER

Condenser Vacuus
Fuesp Discharge

. Rain Steas Line

Main Steas Line
Hain Steaes Line

. Main Steas Line
. Frimary Coolant

. Plant Discharge

fursine building
Contral Kooa Vent

Contral kooe

13. Reactor Building

SIGNAL INPUT

LLL B BN

UL I

FNL- e
NG~
ANG- 28
AL -1

kL -2

kNl -7
EMA-5

LL IS

BS90-FT, 6591 -PT

TABLE 2.1 (CONT D)

. RANGE EUNCYION®" 2"

10 to 10* (PN

1o % to 10" aR/hr

v * to 1u” ak/hr
1% to 107 alk/hr
10 % to 107 eR/hr
10 to 10% (PR
10 to 1v* CFN
1o to I1v* (FN
15 to 10% (FN

10 % to 10 al/hr

U to JBu psia 1.5

2-9

DISPLAY DR
ALERT ®-°)

2.4,2.7

e DISCUSSION

Provides indication of steas
generator tube leakage.

Will i1dentidy affected steas
generator when a tube leak i
present,

Saee as ¢,

Saee as .

Provides early indication of
fuel cladding farlures.
Provides early indication of
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effluent discharge flow path.
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Provides indication of degrading
control rooe environaent prior
to sctuations occurring.

Same as o,

Used 1n Reactor Building
Pressure alert to warn the
operator of high pressure
conditions as & result of
LOCA or steas leak.
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2.4, 2.0 The 18 ES channels are sonitored
such that 2 out of 3 tripped in
any of the . groups will cause alert
signal to warn the contrel rooce
operator of ES actuation.

2.4, 2.9

Used in the EFN Actuation Alert

to warn the operator that the EFIC

signal to initiate EFN 18

Display or Alert

Low Range P-T Display

ATOG P-T Dasplay

Inadequate Core Cooling (ICC) Display
Alphanuseric Display

Reactivaty Alert

Radration Alert

Reactor Buriding Pressure Alert
Engineered Satequards Actuation Alert
Emergency Fesdwater Actuation Alert
Reactor Trip (RPS Actuation) Alert
Noraal Display
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3.0 APPLICABLE EVENTS

3.1, Introduction
In part, the CP-5 SPDS Is based on ATOG. Control room personnel must

be provided with certalin key parameters which they can monitor In conjunction
with the ATOG-based emergency operating procedures. The key parameters
are those necessary for the ldentification of the three basic heat transfer
symptoms (lack of subcooling, Inadequate heat tranfer or overheating,
and excessive heat tfransfer or overcooling) and the speclal case of steam
generator (SG) tube rupture. Once controi room personnel Identify one
or more of these symptams, they can begin taking action to regain the
control functions which are not being controiled. The control functions
assoclated -l-ﬁ\ these symptoms are RC Inventory, RC pressure, SG Inventory,
and SG pressure control.

The key parameters which are necessary for the Identiflcation of these
four symptoms are also those necessary to assess the safety status of
the plant with respect to two of the flve required SPDS functions: reactor
core cooling and heat transfer from the primary system and reactor coolant
system Integrity which were discussed In Section 2.0. Additional parameters
are provided In order to assess the safety status of the plant with respect
to the remalning three required SPDS functions: reactivity control,
radloactivity control and containment conditlons. Expected control room
personnel actions to verlfy that all control rods have Inserted and that
measured neutron flux levels are decreasing are tho basls for the two
parameters necessary for the "Reactivity Alert®. Expected control room
personnel actlons to monitor Reactor Bullding pressure and radlation
monltors are the basls for the parameters necessary for the "Reactor
Bullding Pressure” and "Radlation™ alerts. Expected control roam personnel
actions to determine an event and to monltor key radlation release paths
during accldent assessment are the bases for the selectior. of the fourteen
(14) Radlation Monitors used In the "Radliation Alert"”,

In order to better understand the bases for the parameter selection for
the CR-3 SPDS, It Is Important to understand the events that were analyzed
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for developing the ATOG guldel Ines.

The ATOG guldel Ines have been written to cover a very large number of
atnormal translent scenarios. This Is an Inherent benefit of a symptom-
oriented approach to operation. However, specl!fic accident evenrs need
to be analyzed In-depth to demonstrate that they can be handled using
a symptom-orlented aspproach. These tfransients can Include classic single
Initlating events as well as additional single or multiple fallures.

For the ATOG development program, six Inltiating events were I[dentifled
and analyzed In detall. The six Inltiating events selected were:

1. Excessive feedwater

2. Loss of maln feedwater (LOFW)

3. Steam generator tube rupture (SGTR)

4, Loss of offsite power (LOOP)

5. Small steam |eak

6. Small break |loss of coolant accldent (SBLOCA).

These six events were chosen as representative translents, each of which
would provide one or more of the basic symptoms on which ATOG Is based.
Additionally, four speclific criteria were used In selecting these six
events:
1. Moderate frequency events In which operator action |s expected
(LOFW, Excessive FW, LOOP).
2. Low probablllity events that can be confusing and difficult to
recognize and mitigate (SGTR, SBLOCA).
3. The events cover a very large spectrum of conditions In the
RCS (overheating, overcooling, loss of Inventory, loss of subcool-
Ing).
4. Time exists for the operator to recognize and do something about
the accldent or event; therefore, guldelines are appropriate.
This would necessarlly exclude |large, rapld design basis events
as such a large break LOCA.



For each of the six Initlating events chosen, a detalled event tree was
developed to ldentify a maln success path and major fallure paths. Analyses
using the TRAP code were performed on the maln success path and most
single fallure paths for the ATOG base plant, ANO-1, The ANO-1 plant
design, equipment, pertinent plant setpoints, etc. were then compared
to CR-3., Translent Information Documents (TIDs) were then developed
for use to modify the ANO-1 ATOG guldelines to fit CR-3. Those documents
appiicable to CR-3 are References 10 through 16. Additional analyses
have been performed for the Steam Generator Tube Rupture event. Those
analyses are documented In Reference 17. The LOCA events analyses and
recommendations were derived l|largely from those efforts which produced
the "Smal| Break Operating Guldelines". ’

A brief summary of each of the six Initiating events Is prov'ded below.
Detalled discusslons of these events are found In the Part || - VoI, 2
of Reference 5 and Reference 17. Those discussions Include actual operating
events which have occurred.

X.2. Excesslve Feedwater Event

The excessive feedwater e/ent was analyzed for two cases. For the first
case, the excessive feedwater additlon was terminated by the ICS after
reactor frip. The event was analyzed to >200 seconds at which time the
RCS had stablllzed In a hot shutdown condition. For the second case,
the excessive feedwater addition to one SG was terminated by control
room personnel approximately 5.5 minutes after event Initiation. Prior
to termination of feedwater, the overfed SG has fllled, the pressurizer
has emptied due to RCS contractlon, subcooling margin has been lost and
ESAS has started HP! and EFW. In addition to terminating main feedwater,
control rocm personnel must make three significant control actions during
such an event. The first Is to trip all operating RCPs on |loss of subcooling
margin. The second Is to throttle EFk to obtain a gradual Increase In
SG level to prevent worsening the overcooling. The third Is to throttie
HP! once subcoollng margin I|s restored. |t should be noted that once
the Emergency Feedwater Initlation and Control (EFIC) system [s Implemented
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at CR-3, control room personnel will only have to verlfy that main feedwater
has been termirated and that emergency feedwater flow Is belng controlled
properly to achieve the desired SG level.

The pressure-temperature relationship response of the primary and secondary
systems displayed on the CR-3 ATOG P-T Display will provide control room
personnel the symptam of excessive heat ftransfer. In add!tion, the two
SG level bar charts wlll Indlcate the excessive feedwater addlition,
This Information will key control room personnel to take the required
actions to terminate maln feedwater and to take the three addltional
control actlons. :

3.3, loss of Maln Feedwater Event

The second event analyzed was the loss of main feedwater (LOFW) event.
This event was Inltlated by a trip of both maln feedwater pumps from
1008 FP wlth anticlpatory reactor trip occurring. In Its early stages,
this translent wl!ll look almost ldentical to a "normal"™ reactor trip.
Control room personnel should be able to Identify LOFW by Indication
of maln feedwater pumps tripped or zero main feedwater flow rate at the
feedwater control station, or raplidly falling SG levels on the SPDS display
or exlisting control room Instrumentation. The only significant control
room personnel action s to verlfy that EFW starts and Is providing flow
t+o the SGs. If not, they should take manual control of EFW. This event
was 2iso run with a number of fallures ont to approximately 10 minutes
after reactor trip.

The first fallure Is fallure of EFW to start., Based on the pressure-tempera-
ture relationship response displayed on the SPDS display, control room
personnel should recognize the symptom of [nadequate primary to secondary
heat transfer and take correctlive actlons to restore heat transfer.
The second fallure |s EFW overfeed. Control room personnel should recognize
the symptom of excess/ve primary to secondary heat transfer and take
corrective actions to throttle EFW. As was previously noted, once EFIC
has been Implemented at CR-3, control room personnel should only have
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to verlfy that EFW has Inlitiated and Is being controlled to achieve the
desired SG level. The third fallure I|s steam leakage from a stuck open
SG steam safety valve or an open turbine bypass valve. Control room
personnel should recognize the symptom of excessive primary to secondary
heat transfer, and by following plant procedures, they should Identify
the steam |eak and take corrective actions.

The pressure~temperature relationship response of the primary and secondary
systems displayed cn the CR-3 ATOG P-T Display and the two SG level bar
charts will provide control room personnel the symptom of Inadequate
heat transfer. This Information should key control room personnel to
take the requlired actions.

3.4, Steam Generator Tube Rupture (SGTR) Event
A steam generator tube rupture (SGTR) Is a loss of coolant accldent (LOCA)

through the secondary plant. It Is an event which can contaminate the
secondary plant and can lead to radliation releases it steam from the
affected SG Is released to the atmosphere. For these reasons, It Is
Important that control rocm personnel Identlfy the event and the affected
SG quickly.

The analysls performed for ATOG began with a SGTR occurring at 1008 FP,
The Initlal primary to secondary |eak rate was for a double-ended rupture
of a single tube (approximately 400 gpm). In the first several minutes,
control roam personnel wili see RCS pressure and pressurlzer |level decreas-
Ing. They will also recelve steam |Ilne and condenser alr elector off
gas radlation alarms. Because the |eak rate exceeds the MU system capabll-
Ity, control room personnel must quickly take action to Increase makeup
flow or manually actuate HP' and terminate |etdown flow In order to stablllze
the RCS. Once the RCS pressure and pressurizer |evel are stable, the
resctor can be shutdown In a controlled manner. The controlled shutdown
of the reactor should prevent |Ifting the SG steam safety valves. Once
the reactor |s shutdown, control roam personnel can cooldown and depressurlize
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the RCS while malintaining minimum subcooled margin In order to minimize
the primary to secondary |eak rate.

However, I|f control room personne!l take no action to Increase makeup
and because the leak rate exceeds MU system capabliliity, the reactor will
trip on low pressure. Following the reactor trip, subcooling margin
Is lost, requiring control roam personnel to trip all operating RCPs.
ESAS will actuate on low RCS pressure starting HP| and EFW. At approximately
11 minutes Into the transient, the pressurizer wlll empty and the RCS
will become saturated. In the next 4 to 5 minutes, control room personnel
will throttle EFW to prevent overcooling. After EFIC Implementation,
they will verlfy proper EFW control. They will also throttie HPI to
stabl|ize RCS pressure and pressurizer level following the re-establ!shment
of subcocling margin. Once the plant has been stablllized with core decay
heat being removed by the SGs vlia natural clrculation, control roam personnel
can restart RCPs and Inltiate plant cooldown and depressurlzation. Durling
the cooldown, control room personnel should maintaln a minimum subcooling
margin to keep RCS pressure and the primary to seccndary leak rate low.

Secondary system radiation alarms In conjunction with the pressure-tempera-
ture relationship response of the primary and secondary systems plus
the SG level bar charts on the CR-3 ATOG P-T Display will provide Information
to control room personnel to I!dentify the SGTR event and the affected
$G. They can then begin to take required actions to mitigate the consequenc-
es of this event.

3.5, loss of Offsite Power (LOOP)
The analysis for this event begins at 1008 FP with the plant separation

fram the grid. During the reactor and turbine runback, the reactor trips

on high pressure. The dlesel generators start on detection of undervoltage

on the englineered safeguard buses and begin loading within approximately

10 seconds. Secondary steam pressure I|s controlled by the steam safeties
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or atmospher!c dump valves. Since the RCPs have tripped, natural circulation
will be established and EFW wl!ll start feeding to establlish level In
the S56s. That level I|s reached approximately 8 minutes after grid separation
occurs, and the RCS should be stablllzed at normal hot shutdown conditlons.
After EFIC Implementaion, the EFW flow will be autcmatically contreolled
to wstablish natural clrculation level setpoint.

Addl“lonal anaiyses were performed for a total oss of all power except
station batterles. For a short perlod of tlme, the plant can be controlled
at hot shutdown using EFW to the SGs to provide a heat sink. If volds
begin to form In the RCS and natural clirculation Is Interrupted, control
room personnel should flll the SGs to the required level o astab! Ish
the core bolling/S6 condensing mode for decay heat removal. EFIC wiil
automatical'y conirol S6 levels to the LOCA setpoint once controi room
personnel selects that mode.

Every effort must be made tc get the dlesel generators started. Since
the pressurizer heaters and ma<eup pumps have lost power, control room
personnel have no control of primary pressure or Inventory. The plant
cannot be cooled down because waisr cannot be added to make up for RCS
contraction durlng cooldown.

The pressure-temperature relationship response of the primary and secondary
systems displayed on the CR-3 ATOG P-T Display wiil provide control room
personnel Information on the adequacy of natural circulation and the
symptom of [nadequate heat transfer If natural clrculation Is Interrupted.

3.6, Small Steam Leak
The event analyzed was a fallure of the turbine bypass system. This

fallure results In a steam leak equlve'ent to approximately 158 of full

power steam flow and occurs with an assumed maximum decay heat. In this

event, the reactor trips on high flux In about 9 seconds following full

opening of the turbine bypass system valves. The turbine frips and ICS

runs back maln feedwater. The turbine bypass valves on one SG remaln
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open. Approximately three minutes Into the transient, the pressurizer
drains due to excessive RCS contraction. ESAS Initlates due to low RCS
pressure and s arts HP! and EFW. As RCS pressure and pressurizer |evel
are restored, control roam personnel begin throttiing HPI. Approximately
5 minutes Into the transient, control room personnel Identify the affected
SG based on symptoms of excessive heat transfer and decreasing steam
pressure In the affected SG and allow It to boll dry. At approximately
8 minutes, control roam personnel stop HPI, realign to normal makeup/!letdown
mode and use the atmospheric dump valves on the unaffected SG to stablllize
the RCS.

Larger leaks, less decay heat or subsequent fallures may cause a fransient
severe enough to cause loss of subcooling margin and possibly RCS sature-
tion. Control room personnel must follow thelr procedures for |oss of
subcool Ing margin. The steam |eak may also be Inside the reactor bullding
(RB). If so, It Is |lkely that an ESAS trip on high RB pressure wlll
occur.

Steam leaks and other simllar events wlll| exhiblt the symptom of excessive
heat transfer on the CR-3 ATOG P-T Display. Control room personnel can
begin taking the required actions to mitigate the consequences of this
event.

4.1. loss of Coolant Accldent
The loss of coolant sccident (LOCA) Is a complex and dlfflcult accldent

to handle for the following reasons:

1. A wlde range of leak sizes |s possible from small breaks In
Instrument | Ines to large breaks In the RCS plping,

2. A wide range of breask locations Is possible and the RCS response
can depend on break |ocation,

3. Abnormal system condl/tion such as RCS saturation, Interrupted
natural clrculation, etc. may be a natural consequence of the
event,
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4, Steam generator heat removal may be degraded,

5. Hot standby condltlions may not be a safe, stable condition,

6. The reactor bdullding environment w!l| degrade due to !ricreased
prassure, temperature, humidlty, and radlation.

LOCAs can be categorized by slze. Large break LOCAs resuit from a major
fallure In the primary system pressure boundary which deprussurizes the
RCS rapldly and aimost completely. Since *his Is a design Sasis event
for which extensive unalysls Is performed In the FSAR, |t was not anclyzed
for ATOG. Small break LOCAs are less severe than |arge breaks. The
RCS depressurization |s much slower due to *he |ower mass flowrate out
the break. The Emergency Core CoollIng System (ECCS) should maintalin
adequate core cooling throughout the ‘frunsient. For small breaks, control
room personne!l pleys a vital role In minimizing the consequences of the
accldent. Small leaks are events where the loss of reactor coolant Is
within the capaclity of the ncrmal makeup system.

The primary obJectives during a LOCA aore to malintain core cooling, to
cocldown and depressurize the RCS, and to estsdlish a stable, long-term
coolIng mode. Core cooling Is maintalned by the proper operation of
the ECCS which control room personnel verlfy. In addition, they should
make sure that the reactor bullding cooling Is functioning properly and
that long-term cooling I|s established once the RCS Is cooled down and
depressur(zed.

In order to determine actions required by control room personnel to monltor,
verify or perform ranually, and to Identify the expected RCS and system
translent response, flve small break LOCAs were analyzed as part of the
deveiopment of the Small Break Operating Guldellines and were trans!ated
Into the ATOG guidel Ines. The flve events analyzed were the following:

1. Small breaks that are large enocugh to depressurize the RCS below
secondary system pressure wlth feedwater avallable.
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2. Small breaks which stabllize at approximately the secondary
system pressure with feedwater svallable.

3. Small breaks which may repressurize the RCS In a saturated condition
with feedwater avallable.

4., Small breaks wlthout primary to secondary heat transfer.

5. Small breaks within the pressurlzer steam space.

These events were analyzed In sufficlent detall to generate symptoms
for ldentifylng the type of break as well as distinguishing a LOCA from
other events, especlially overcool Ing events.

Reactor Bullding Pressure and Radlation alerts on the CR-3 SPDS In conjunc-
tlon wlith the pressure-temperature relationship response of the primary
and secondary systems on the CR-3 ATOG P-T Display will provide the Informa-
tlon necessary for control room personnel to Identify a LOCA event.
They can then begin to take the actions required by their procedures
to control the plant and mitigate the consequences of the event.

Additlonal analyses have been performed In order to generate the subcooling
margin |Imits to be displayed on the two SPDS P-T displays and to generate
the inadequate core cooling !Imits to be displayed on the SPDS ICC display.
Those !Imits and alogrithms are prcvided In Reference 8. Additional
IImits such as RCP NPSH, heatup and cooldown NDT, DHRS, and fue! compression
were already avallable and no further analyses were performed. These
Ilmits and algorithms are also provided In Reference 8 and are available
on the CR-3 SPDS RA-T dlisplays.
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4.0 CONCLUSIONS

The Crystal River Unit 3 SPDS has been designed to provide control roam
personnel with sufficlent key Information to enable them to determine
the safety status of the plant with respect to the flve required functions
discussed In Sectlon 2.0. The CR-3 SPDS has also been designed to provide
sufficlent Information In a display format based on and compatible with
the symptom-orlented guldelines developed In ATOG as discussed In Section
3.0. With this key Information and concise display format, control room
personnel at CR-3 can monitor plant status, detect key symptoms of abnormal
plant response and take corrective actions necessary to restore control
function or mitigate the consequences of transients and accldents In
a rapld and rel lable manner.
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