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PART 1 : NE G FOR SMALL BREAKS

SYMPTOMS AND INDICATIONS (IMMEDIATE INDICATIONS

P » aeMee st awBeaviis

Excessive reactor cooliant svstez (RCS) makeup*
Decreasing RCS pressure

Reactor trip

Decreasing pressurizer

ESFAS actuation®

Low makeup tank level®*

Additional criteria during heatup and coocldecwmn*®

RCS temperature increasing, minimum letdown and pressurizer level
decreasing.

With a cooldown of < 170°F/'hr ané cannot maintain level in zmakeup

tank.
2.0 IMMEDIATE ACTIONS
el 1f the ESFAS has been initiated automatically because of low RC

L

pressure, immediately secure all RC pumps.

2s2 Verify control room indications support the alarms received, verify
automatic actions, and carry out standard post-trip actioms.

2.3 Balance high-pressure injection (HPI) flow between injection lines
when HPI is initiated.

2.4 Verify that appropriate once-through steam generator (07SG) level
{s maintained by feedwater control (low level limit with RC pumps
operating, emergency level without RC pumps operating’.

<3 Monitor system pressure and temperature. 1f saturatec conditions
occur, initiate HPI.

2.6 1f ESFAS has been bypassed due to heatup or cocldown, initiate
safery ipiection.

CAUTION: 1If SOOF gubcooling criteria is met, throttle HPI flow
per Step 3.4. 1If RCS is not 50°F subcooled, continue
full safety injection until 50°F subcooling is attainec.

*May not occur on all small breaks.

DATE: 12-3-80 rr AGE &
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3. PRECACTIONS
Jed 1f the ESFAS has been initiateé on low RC presure, termina:tior of
C pump operation taxes precedence over all other immediate actions.

NOTE: 1If ESFAS has been actusted on high RB pressure, then
monitor RC pressure and trip RC pumps once pressur
decreases below the ESFAS low pressure sezpoint.

3.2 1f ISFAS has been ini:tiated, the RC pump's tripped, and the RCS
determined to be at least S50°F gsubcoc'ed, the operator should
establish as quickly as possible if the cause for the depressuri-
zatiorn is due to either a LOCA or non=LOCA (overcooling) event.
Proceed to Sten 4.4 for non-LOCA events.

NOTE: With no RCPs running, the degree of subcooling is determined
by averaging the five highest incore thermocouple temperature
readings.

3.3 If .he HP! system has actuate! because of low pressure conditions,
it sust remain in operation until one of the following criteria is
satisfied:

1. The LPI system is in operation and flowing at a rate in excess
of 1000 GPM* in each line and the situation has been stable
for 20 minutes.

or

2+ All hot and cold leg temperatures are 3t least 50°F below the
saturation temperature for the existing RCS pressure

and

the action is necessary to prevent the indicated pressurizer
level from going off-scale high.

NOTE: 1If 50°F subcooling cannot be maintained, the HPI shall
| be reactivated.

NOTE: The degree of subcooling bevond 50°F and the length of
time HPI is in operation shall be limited bv the pressure
temperature considerations for the vessel integrity (see
Section 3.4).

*For Arkansas Nuclear One use 2630 GPM to either injection line.

©
>
.
m
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3.4.2.1

3.4.2.2

3.5

3.6

3.7
3.7.1
3.7-2

3.7.3

Pressure 'Temperature considerations for vessel integritv are dependent
Al

on whezher or not RC pumps are operating as follows:

1f RC pumps are operating, and “he reactor coclant is > 50°F
subcooied, the reactor vessel downcomer pressurc/:cspc;}:ure (P=T)
combination shall be kep:t within the normal NDT limits of technical
specifications.

NOTZ: With one or more RC pumps operating use any cold leg
RTD as an indication of reactor vessel downcomer
temperature.

If NO RC pumps are operating, the RC pressure/temperature combination
shall be kept within the no forced flow region of Figure 1.

NOTE: With NO RC pumps operating, the RC temperature shall
be determined by averagining the five highes: incore
thermocouple temperature readings.

When the reactor coolant is > 50°F subcocled, continually reduce the
HPI flow rate to maintain the P/T limits of Figure l.

NOTE: Maintaining the reactor coolant 50°F subcooled takes precedence
over the Brittle Fraccure Limit of Figure l.

As soon as RC pressure/temperature is below the maximuzm limit of t
DHRS, star:t the DHRS and maintain the RC pressure/temperature within
the limits of the DHRS.

NOTE: Until the HPI flow i{s terminated, the temperature must
be kept wirhin the NO Forczed Flow regiun of Figure 1.

Pressurizer level may be increasing due to RCS reaching saturatec
conditions or a break on top of the pressurizer.

If high activity is detected in a steax generator, isolate the
leaking generator. It is recommended that both steam zenmerators
not be isclated.

Other indications which can confirm the existence of a LOCA:

RC drain tank (quench tank) pressure (rupture disk may be blown).

Increasing reactor building sump level.

Increasing reactor building temperature.

1 PAGE
12=3-80 o
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3070w Increasing reactor building pressure.
3.7.5 Increasing radiazion monitor readings inside containment.
376 Reaztor coolant systez temperature becoming saturated relative to

the RCS pressure.
3.747 Hot leg temperature eguals Or exceecs pressurizer temperature.
3.7.8 Increase in the excore neutron detector indications.

NOTE: In conjunction with the indications ia 3.10.1, this could
be an indication of inadequate core cooling.

3.8 HPI cooling requirements could deplete the borated water storage tank,
and initiazion of LPI flow from the reactor building sump to the HPI
pumps would be required.

3.9 Alternate instrument channels should be checked as available to
confire key parameter readings (i.e., systex temperatures, pressures
and pressurizer level).

3.10 Mazintain a temperature versus time plot and a corresponding
temperature pressure plot on a saturation diagram. Using hot leg
RTD's and highest incore thermocouple reading, these plots will zake
it possible to track the plant's condition through plant cooldown.

3.10.1 1f either of the following indications of inadequate core cooling
exist, go to Section 4.5.

1. Hot leg RTD's read superheated for the existing RCS pressure.

2. Incore thermocouple temperature reads supcrﬁca:od for the
existing RCS pressure.

3..0.2 1f primary temperature and pressure is decreasing along the satura-
tion curve then subcooled conditions will be established. This will
be indicated by primary system pressure no longer following the
saturation curve, as primary system temperature decreases. When this
occurs, primary syvstem pressure should be controlled by adjusting HPI
flow, to maintain SO°F subcooling. The degree of subcooling beyond
50°F shall be controlled within the limits defined in Section 3.&.

3.11 Component cooling water (CCW) and seal injection should be maintained
to the RC pumps to insure continued service or the ability to restart
the pumps at a later time.

-
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deased roal limits and precautions appiy for RC pusp operation.
3edled 1f the RC pumps are tripped for any reason, seal injection should

be maintained tc ensure long ter= seal integricty.

&l FOLLOWUP ACTIONS
A | ldentification and Earlv Control
Gelel = HPI has initiasted decause of lowv pressure, consrcl HPI in

accordance with Steps 3.3 & l.e.

4.1.2 IZ doth HPI trains have not actuated on ESFAS signal, star: second

-

T train if possible. Balance HPI {flows.

&s1.3 3{ R” pressure decreases continuously, verify that core flo9¢ tanks
(CFTs) aad lew pressure injection (LPI) have actuated as needed,
and balance LPI.

“ilee 1f cause for cocldown/depressurization is deterzined 2o be due o
a non=LOCA overcooling event and the RCS is at least 50°F sudcocled

then proceed o Section <.«.

41453 stempt to locate and isolate leak if possible., Letdown was isolated
in Step 2.2, Other isclatable leaks are PORV (close bdlock valve) and
between valves in sprayv line (close spray and bdlock valve).

boled Detarmine availability of reactor coolant pumps (RCPs) and =ain and
auxiliary feedwmter systems. If feediwater is not available, 3o to
4.2s 1f feedwater is availadle, go to &.3.

b2 Actions if Feedwater is not Available
4e2.1 Throughout the following steps maintain maximum HFL flow per Step 3.4

and restore feedwater as soon as possible.

4ele2 1€ the subcocling margin is adeguate and RCPs are operating, go to
one pump. If RCPs are not operating, go to Step 4.1.3 below.
4.2.3 If RCS pressure increases, open PORY and leave open.

NOTE: 1If the PORV cannot be actuated, the safeties will relieve
pressure.
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4.3.3

4e3eb

“.3.‘.1

When feeswater is recovered, restore O0TSC levels in a controlled
manner. Close PORV or block valve, if possible. Proceed o Ster
&.3.2.

1f no RCPs are operating, open PORV, maintain HPI flow.

NOTE: 1f the PORV cannot be actuated, the safeties will reliasve
pressure.

When feedwater flow is restored, raise OTSC levels to 934 on the
operate range, close PORV or block valve, if possibdle.

NUTE: OTSC level should be monitored periodically during the fill
process. Levels > 955 on the operating range must be avoided
to preclude feedwater carryover to the steamlines.

Verify natural circulation in the RCS by observing:

Cold leg temperature is saturation temperature of secondary side
pressure within spproximately 5 minutes.

Primary 4 T (THOT=TCOLD) becomes constant.
Go te Stlp ‘030‘010

Actions with Feedwater Available to One or Both Generators

intair one RC? running per loop (stop other RCPs). 1If no RCPs
operating (due to a loss of offsite power or due to manual securement
per Section 2.0), go to Step 4.3.4 below.

Allow KCS pressure to stabilize.

Establish and maintain OTSC cooling by ad usting steaz pressure via
turbine bvpass and/or atmospheric dumps. Cooldown at 100°F per hour
tc achieve an RC pressure of 250 psig. Refer to Precaution 3.10 for
development ~f temperature and pressure plots. Isolate core flood
tanks when SOOF subcooling is attained and RC pressure is less than
700 PSIG. Go into LPI cooling per Appendix A.

1f RCPs are not operating:

Establish and control OTSG level to 95% on the operate range. Verify
the conditions in Step 4.2.7.

NOTE: OTSG levels greater than 955 on the operating
range must be avoided to preclude feedwater carry~
over into the steamlines.

DATE :
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Sede=ea =< RS pressure is decreasing, wait until it stabtilizes or begins
increasing. 1If it begins increasing, g0 to Step &.3.4.4.
e 304.3 Proceec wicth a controlled cooldcwn at 100°F/hr by controlling steam

generator secondary side pressure. Monitor RC pressures and
temperatures cduring coocldown and proceed as indicated below:

4. 3.4.3.1 L K pressure continues to decrease, following secondary side
pressure decreases and with primary systex temperatures indizating

saturated conditions, continue cooldown until an RC pressure of 130
psi is reached, and proceed to Step A.4 of Appendix A.

4.3.5.3.2 If K pressure stops decreasing in response to secondary side
pressure decrease and reactor svstem beiomes subcocled, check to
see that the following conditions are both satisZied:

A) All hot and cold leg temperatures are below the saturation
temperature for the existing RCS pressure.

and

B) The hot and cold ley temperatures are decreasing in response
t0 steax generator secondary temperature decrease.

If these conditions are satisfied and remain satisfied, zontinue
cooldowr to achieve an RCS temperature (cold leg) of 280°F, and
proceed to Step A.l of Appendix A.

NOTE: 1f the conditions above are met below 700 PSIG, the core
£lood tanks should be isclated.

6.3.4.3.3 Start a reactor coolant pump, if the primary system is 50°F sub-
cooied in both hot and cold legs and primary system pressure is
above 30 PSIC. 1f the 50°F subcooling margin is ever lost,
immediately trip RCPs. 1f forced circulation is achieved, proceed
to Step 4.3.

be3.6.3.4 1f RC pressure stops decreasing and the conditions of 4.3.4.3.2 are
not mer or cease to be met or if RC pressure begins to increase,
then proceed to Step 4.3.4.4 delow.

4.3.4.4 Restore RCP flow (one per loop) when possible per the instructions
below. If RC pumps cannot be cperated and pressure is increasing,
BC to St.p 6-3-“06-

4.3.4,.4,1 If pre sure is increasing, starting a pump is permissible at RC
pressure greater than 1600 PSIGC.

DATE: 12«3=80 “‘-’Elf
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4.4.3

1f reactor coolan: systex pressure exceeds sieax generator seconc-
ary pressure by 600 PSIC or more "bump" one reactor coolant pucp
for a period of approximately 10 seconds (preferadly in operabdle
steaz generator loop). Allow reactor coolant systexz pressure o
stabilize. Continue cooldown. If reactor coolant systez pressure
again exceeds secondary pressure by 500 psi, walit at ieas: 15
minutes and repeat the pump "bump". Bump alternate pumps s¢ that
no pump is bumped more than ouce in an hour. This mav be repea:ted,
with an interval of 135 minutes, up to 5 times. After the fii:h
"bump'', allow the reactor coclani pump to continue in operation.

1f pressure has stabilized for greater than one hour, secondary
pressure is less than 100 PSIG and primary pressure is greater than
250 PSIG, bump a pump, wai: 30 minutes, and start an alternate
pump.

1f forced flow is established, go to Step &4.3.3.

1f a reactor coolant pump cannot be operated and reactor coolant
svstez pressure reaches 2300 PSIG, open pressurizer PORV to reduce
reactor coolant systez pressure. Reclose PORV when RCS pressure
falls to 100 psi adove the secondary pressure. Repeat if neces-
sary. 1f PORV is not operable, pressurizer safety valves will
relieve overpressure.

Maintain RC pressure as indicated in 4.3.4.6 LI pressure increases.
Maintain this cooling mode until in RC pump is startec or steas
generator cooling is established is indicated by establishing con-
ditions described in 4.3.4.3.1 or 4.3.4.3.2. When this occurs,
proceed as directed in those stepi. Go to Step 4.3.2 if forced
flow is established.

Non=LOCA Overcooling Transient with Feedwater Available

Immediately restart a RC pump in each loop if the RCS is 50°r
subcooled.

Control steam pressure via turbine bypass or atmospheric dump
valves to stabilize or control plant heatup.

NOTE: Considerable HPI may have been added to the RCS. There-
fore, to prevent RCS from going solid, the above action
. may be necessary.

As long as the RCS is maintained 50°F subcooled, throttle HPI/MU
and letdown flow to maintain pressurizer level at » 100 inches.

PAGE
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G.b6.5

4.5.1

“.5.1.1

4.5.1.2

‘.5.1.3

‘.5‘1.“

‘.s.l.s

4.5.1.6

“ s':

ln. 503

Using turbine bvpass valves and feedwater system, conirol steac
generators as needed to limit plant heatup until RC pressure
control can be re-established with the pressurizer.

NOTE: Cold RCS water may have been added to the pressurizer;
therefore, a period of time may elapse before normal
RC pressure control can be established with the pressurizer
heaters.

Once pressure control is re-established, use normal heatup/cooldown
procedure to establish desired plant conditions.

Actions for Inadequate Core Cooling

Immediaze steps for inadequate core cooling

NOTE: 1If RC pumps are running, do not trip pumps. This supercedes
instrucctions in Section I.1l.

Verify HPI/LPI systems are functioning properly with maximus flow.

Star: makeup pump(s), if possible, to increase injection f{low.

Verify steam generator level is being controlled at 955 on operate
range.

CAUTION: Reference leg boiling could give false level indication.

Depressurize operative steam generator(s) to establish a 100°F/hr
decrease in secondary saturation temperature.

Ensure core flood tank isolation valves are open.

1f reactor coolant system pressure increases to 2300 PSIC open
pressurizer PORV to reduce reactor coolant system pressure. Re=-
close PORV when RCS falls to 100 PSIC above the secondary pressure.
Repeat if necessary. If PORV is not operable, pressurizer safetv
valves will relieve pressure.

Proceed immediately to 4.5.2.

When the indicated incore thermocouple temperatures or hot leg RTD
temperatures are superheated for the existing RCS pressure, opera-
tor action shall be based on conditions determined from Figure 3,
by a sample of the highest incore thermocouple temperature readings
to determine the core exit thermocouple temperature.

NOTE: More than one thermocouple temperature reading should be
used (for example use the average of 5).

when the incore thermocouple temperature has been determined per
Section 4.5.2, go to the section indicated below.

DATE:
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incore Thermocouple Temperature Sectien
Incore Tc < Saturation Lol.®
Curve 1 < Incore Tc < Curve 2 Figure 3 “.5.4
Incore Tc > Curve I Figure 3 &.3.5

be5.4

6s5+:4.1

4.5.64.2

‘.5."3

4.5.404

4e5.4.5

4.5.400

4.5.5

NOTE: The incore thermocouple temperature readings shall be
continuously monitored. 1f the temperature is beltween
saturation and Curve ! Figure 3, only the preceeding
actions will be taken until the indicated incore thermo-
couple temperatures return to saturation temperature for
the existing RCS pressure or the tempera.ure increases
to Curve | Figure 3.

t

-

Actions for curve 1 < Incore Tc < Curve I Figure 3.

1f RC punps are not operating, star: cone pump per loop (if
possible). This instruction supersedes previous ianstructions o
trip RC pumps.

NOTE: Do not bypass normal interlocks.

Depressurizer operative steam gererator(s) as rapidly as possible o
400 PSIC or as far as necessary to achieve a 100°F decrease in
secondary saturation temperature.

Open the PORV, as necessary, to maintain RCS pressure within SC psi
of steam generator secondary side pressure.

NOTE: If steam generator depressurization was not possible,
open PORV and leave open.

Immediately continue plant cooldown by maintaining 100°F/hr .
Decrease in secondary saturation temperature :o achieve 150 PSIC RCS
pressure.

CAUTION: If auxiliary feed pump is supplied by main steam, do
not decrease pressure below thal pressure necessary
for auxiliary feed pump operation.

-~

1f the average incore thermocouple temperature increases to Curve 2
Figure 3 proceed immediately to Section 4.5.5.
"

When RCS pressure reaches 150 PSIG, go to Appendix "A

Actions for Incore Tc > Curve 2 Figure 3

12-3-80 [ PAGE 13
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£e5.5:.2

‘“'5.5.3

A.s's.‘

‘0505.‘.1

4.5.5.4.2
‘.5.5‘“.3

“e5.5.4.4

6.5.5.4.5

‘.5.5-"6

be5.5.4.7

1f possibie, start all RC pumps. Starting interlocks should be
defeated if necessarv.

NOTE: 1In order to minimize the possibility of a fire due to
bypassing some interlocks, the following precautions should
be observed: !) Do not defeat the overload trip circuit ané
2) 1f CON is not restored to the motor within 30 minutes,
trip the RC pump. It shculd be recognized that starzing the
RC pumps without cooling and/or injection water will probabdly
fail the pump seals and may cause the pump sha tc break.
However, some core cooling will be provided prior to
destruction of the pump. Breakage of the pump shaf:t will not
cause conseguential damage outside of the pump.

"

o

Depressurize the operative steam generator(s) as gquickly as possidle
to atmospheric pressure.

CAUTION: 1If auxiliary feed pump is supplied by main steam, do
not decrease pressure below that pressure necessary for
auxiliary feed pump operation.

Open the pressurizer PORV and leave open.

NOTE: The RCS will depressurize and the LPl system should restore
core cooling.

When incore thermocouple temperatures return to the saturation
temperature for the existing RCS pressure; and the LPI systex is
delivering flow, proceed as follows:

Close the pressurizer PORV; reopen if RCS pressure increases above
150 psIG.

Decrease to twec (2) RC pump operation (one per loop).

Isolate the core flood tanks.

Maintain steam generator pressure at atmospheric or as low as
possible if maintaining auxiliarv feed pump in operation off of main
steam.

Control HPI per 3.3.

Monitor BUST level as lo=-lo level limits are approached, align LPI
svstem for suction from RB sump. Close the LPI BWST suction valves.

NOTE: 1If HPI is required per 3.3, align LPI and HPI in piggyback
mode. Close HPI suction valves to BWST.

Ge to Appendix "aA".

m
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A'l.l

Adlab

A.l.3

A.l.b6

A.1.7

SR s T BT FAAT TRn
APPENDIX A = LPI COOLING

terzine if primary coolant is a: least 50°F subcocled. If no:, go
to Step A.3.

Star: LPI pumps. 1f both pumps are operable, go to Step A.Z. For
one LPI punp operable maintain OTSC coocling and proceed as follows.
The operable LPI pump will be used to maintain system inventory.
Obtain primary system condi:ions of < 280°F and < 250 PSIG.

Align the discharge of the operable LPI pump to the suctions of the
HPI pumps and take suction from the BWST. If the BWST is at the low
level alarm, align LPI suction from the RB sump and shut suction
from BWST.

tart the operable LPI pump specified above. The HPI-LPIl svstems
will now be in "piggy back" and HPI flow is maintaining system
pressure.

Go to single RC pump operation.

When the second LPI pump is available, align it in the decav heat
mode and commence decay heat removal. (Decav hea: systez flow
greater than 1000 GPM)*. Secure remaining RC puzmp when decay hea:
recoval is established.

CAUTION: Verify that adequate NPSH exists for the decay hea:
puzp in the DH removal mode. If inadequate, transier
to LPI wmode.

Reduce reactor coolant pressure to 150 PSIG by throttling HPI flow.
Control RC temperature using the decay heat systexz cooler bypass to
maintain system pressure at least 50 psi above saturation pressure,
to assure that NPSH requirements for the decay heat pump aie main~
tained.

Secure the HPI pump and shift the LPI pump supplying it to the LPI
injection mode.

Reduce reactor coolant temperature to 100°F by comtrolling the decay
heat system cooler bypass.

NOTE: 1f one of the LPl/decay neat pumps is lost, return to OTSG
cooling using natural circulation or one reactor coolant pump. Go
to A.l.l,

*For Arkansas Nuclear ! use 263C GPM.
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AO:':
Aelsld

As :"‘

A.l.5

A.:UG

A.2.7

A.2.8

A.3
A's.‘.

A.3.2

A.3.:

Acs

Asbll

Cooldown on Two LPl Pumos

b 4

Maintain R.—S Tessure at < -5\: PSIC and reduce RCS texperature o
[ ¥ . '
.8» .

s
4]

Align one LPI pump the decay heat removal mode.

f two are operating.

e

Secure one RC pump

Star: the decay heat pump in the decav heat removal mode, anc when

decay heat system flow is greater than 1000 GPM*, secure the run-
ning RC pump.

Reduce RC pressure to 150 PSIC by throttling HPI flow. Conmtrol RC
texperature to maintain at least 50 psi margin to saturation
pressure.

Start the second LPI pump in the LPI injection mode. Secure HPI
pump.

Shift LPI suction from the BWST to the reactor building sump when
lo=lo level limits are approached.

Reduce reactor coolant temperature to 100°F by controlling the decay
heat system cooler bypass.

NOTE: 1f one of the LPI/decay heat pumps is lost, retura to O0TSG
cooling using natural circulation or one RC pump. Go to
A'I'l.

Cool Down RC Svstex at Saturation

Maintain RC pressure at < 250 PSIG.

Align one LPI pump to suction of the HPI pumps and the suction o
the reactor building sump. (Shut BWST suction valve for this pump.)

When the BWST level reaches the lo-lc level limits, start the LPI
pump and shu: the HPI pump suction from the BWST.

When primary system temperature becomes subcooled b at least SO°F,
go to A.l.l. .

Cooldown without Reactor Coolant Pumps

RCS initial conditions are: pressure 150 psi, temperature at satura-
tion.

Align low pressure injection system {~¢ suction from reactor
building sump and place into service.

*For Ar.ansas Nuclear ] use 2630 GPM.
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Av=.3 Balance LPI injection and conirol RC temperature with decayv hea:
coolie’ ..
Acood Isolate core flood tanks.
Avels Go to Step A.l.l and follow the procedure given there, ignoring the
iastructions relating tc RC pump operation.
DATE: 12-3-80 PAGE 17
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PART II: SMALL BREAK PHENOMENA = DESCRIPTION OF PLANT BEHAVIOF

INTRODUCTION

A loss-of-coolant accident is a condition in which ligquid inventory
is lost from the reactor coolant svstem. Due to the loss of mass
froc the reactor coolant svstem, the most significant short-ters
svaptor of a loss~of=-coolant accident is an unconsrolled reduction
in the reactor coolant system pressure. 1he reactor protection
svsten is designed to trip the reactor on low pressure. This should
occur before the reactor coolant svstem reaches saturation comdi=
~ions. The existence of saturated conditions within the reactor
systez is the principal longer-terz indication of a LOCA and re-
guires special consideration in the development of operating
procedures.

Following a reactor trip, it is necessary to remuve decav hea: from
the reactor core to prevent damage. However, so long as the reactor
core is kept covered with cooling water, core damage will be avoid-
ed. The ECCS systems are designed to respond automatically to low
reactor coolant pressure conditions and take the inizial actions to
protect the reactor core. They are sized to provide sufficient
vater to keep the reactor core covered even with a single failure in
the ECCS systems. Subsecuent operator actions are reguired ultimate~-
1y to place the plant in a long-terz cooling mode. The overa.l
objective of the automatic emergency core cooling svstem and the
followup operator actions is to keep the reactor core coole.

A detailed discussion of the small break LOCA phenomenalogy is pre=
sented in this section. This discussion represents Part II of the
operating procedure guidelines for the development of detailed
operating procedures. Part I presents the more detailed
step-by-step guidelines.

The response of the primary system to a small break will greatly
depend on break size, its location in the system, operation of the
reactor coolant pumps, the number of ECCS trains functioning, and
the availability of secondary side cooling. RCS pressure and pres-
surizer level histories for various combinations of parameters are
presented in order to indicate the wide range of svstex behavior
which can occur for small LOCA's.

IMPACT OF RC PUMP OPERATION ON A SMALL LOCA

With the RC pumps operat.ig during a small break, the stear and
water will remain mixed during the transient. This will result in
liquid being discharged out the break continuouslv. Thus, the fluid
in rhe RCS can evolve to a high void fraction as shown in Figure le
“he marimum void fraction that the system evolves to, and the time

DATE:
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it occurs, is dependent on the break size and location. Con
RC pump operation, even at high system void fractioms, will
‘& -

sufficient core flow to keep cladding temperatures within a
grees of the saturated fluid temperature.

Since the RCS can evolve to a high void fraction for certain small
breal:c .th the .7 pumps on, a RC pump trip by any means (i.e loss
\

. - »
of off;ite power, equipment failure, etc.) a: a high void fraction
during, the small break transien: may lead to inadequate core cool~-
ing. That is, {f vthe RC pumps trip at a time period when the sysiex

void fraction is greater than approximately 705, a core heatup will
occur because the amount cf water lef:t in the RCS would not bde
sufficient to keep the core covered. The cladding temperature would
increase until core cooling is re—-established by the ECC systems.
For certain break sizes and times of RC pump trip, acceptable peak
cladding temperatures during the event could not be assured and the
core could be damaged. Thus, promp: operator actionm to trip the RC
pumps upon receipt of a low pressure ESFAS signal is required in
order to ensure that adequate core cor'‘ng is provided. Fcllowing
the RC pump trip, the small break transient will evolve as descrided
iz the subseguent sections.

SMALL BREAKS WITE AUXILIARY FEEDWATER

There are four basic classes of break response for small breaks with
auxiliary feedwater. These are:

1. LOCA large enough to depressurize the reactor coclant systiez.
2. LOCA which scabilizes a: approximately secondary side pressure.
3. LOCA which may repressurize in a saturated conditionm.

4. Spall LOCA which stabilizes at a primary system pressure
greater than secondary system ;ressure.

The svstem transients for these breaks are depicted in Figure I.

LOCA Large Enough to Depressurize Reactor Cocolant Svste:x

Curves 1 and 2 of Figure 2 show the response of RCS pressure o
breaks that are large enough in combination with the ECCS to pres-
furize the system to a stable low pressure. ECCS injection easily
exceeds core boil-off and ensures core cooling. Curves 1 and 2 of
Figure 3 show the pressurizer level transient. Rapidly falling
pressure causes the hot legs to saturate gquickly. Cold leg tempera-
ture reaches saturation somewhat later as RC pumps coast down or the
RCS depressurizes below the secondary side saturation pressure.

ince these breaks are capable of depressurizing the RCS without aid
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¢f the steaz generatorss, ther are essentially unaffected by the
availabilicy of suxiliary feedwmter. Upon receipt of i0W pressure
ESFAS signal, the operator must trip all RC pumps and gify that

2

4 ve
all ESFTAS actions have been completed. The operafor zust alsc
balance HPI flows such t lo aili ®BP
injection nozzles even if only e
should also balanze LIP flows, should the svstez de actuated
ensure flow through both lines. The operator needs oo
further aczions to b. '2g the svstex 2o a safe shutéd > § 4
Rapid depressurization .  %ne s.eax generaIors woul (34
accelezate RCS depressurization. It is, however, mc: ne.essary.
Restarzing of the RC pu=ps is not desirable for this class of

s 4 4 % s 1%
« 1§ aval.adt.ie ThTough

OL ()
o

i

W

long=ter® croling will require the operator %o shift the 21 pump
suction to : he reactor building suszp.

LICA which Stabilizes at Apcroxisately Secondary Side Pressure

Curve 3 of Figure 2 shows the pressure transient for a dreak wnich
is too small in cogbinaticn with the operating HPI to depressurize
the RCS. The steax generators are, therefore, necessary to rezcve a
pertion of sore decay heat. Although the systez pressure will ini-
tially stabilize near the secondary side pressure, RCS pressure say
eventually begin falling as the decay heat level de:reases. Curve 3
of FTigure 3 shows pressurize  level behavicr. The hot leg tempera-
ture quizkly equalizes :c ¢ saturated temaperature of the seconsary
side and controls primary systex pressure at satursiics. Lhe ¢
leg temperature may resain slightly subcooled. If the HPI relil
and repressurizes the RCS, the hot legs can become subcocled. The
immediaste operator actios is to trip the RC pumps upon receipt of
the low pressure ESFAS signal and then verify ESFAS funciioms. The
operator must then balance HPI in order to easure fliow through each
high pressure injection line.

Followup action by the operator is to raise the emergency feedwarer
level toc 95% on the operating range and check for es: a.;; ned
natural circulation. This is done by gradually depressurizing
stecan generators. If this test fails, intermicztent -a::.“, of a RC
puzmp should be performed as soon as cone is availadle. Continued
depressurization of the steaxz generators with natural circulation
leads to cooling and depressurization of the RCS. The operator’s
goal is to depressurize the RCS to a pressure that emables the ECCS
o exceed core boil=off, possibly refill the RCS, and %o ultismately

establish long-terz cooling.

-
-

LOCA which mav Repressurize in a Saturated Condition

Curve & of Figure I shows the behavicr of a small breax that is too
szall, i2 combination with the HPI, to depressurize the priszary
svstes. Although steaz generator feedwater is availadle, the loss
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of primary svstem coclaat and the resultant RCS voidimg will
evensually lead to interruptior of natural circulation. Tuis is
fuilowed by gradual repressurization of the primary system. I Is
possible that the primary system could repressurize as high as the
pressurizer safety valve setpoint before the pressure stabilizes.
This is shown by the dashed line in Curve 4. Once enough laveniory
has been lost from the primarv system to allow direct steax concen-
sation in the regions of the s"eaz zenerators contacting secondary
side ccolant, the primary systum is forced to depressurize tc tne
saturation pressure of tne secondary side.

L

Since the cocling capabilities of the secondary side are needed O
sontinue to remove decay heat, RCS pressure will not fall bdelow that
on the secondary side. HPI flow is sufficient =o replace the inven-
tory lost to boiling in the core, and condensation in the steacz
generators removes decay heat energy. The RCS is in a stabdle
shermal condition and it will remain there until the operator takes
further action. The pressurizer level response is characterized by
Curve 3 of Figure 3 during the depressurization, and Curve < of
Figure 3 during the temporary repressurizat.on phase. The dashed

ine indicates the level behavior if pressure is forced up to the
pressurizer safety valve setpoimt. During this transient, hot leg
temperature will rapidly approach saturation with the initial systex
depressurization, and it will remain saturated duri the whole
sransient. Cold leg temperature will approach saturatiyn as circula-
tion is lost, but may remain slightly subcooled during the repres-
surization phase of the transient. Later RCS depressurization could
cause the cold leg temperatures to reach saturation. Subsequent
refilling of the primary system by the HFI might cause temporary
interruption of steam condemsation in the steaz generator as the
primary side level rises above the seconcary side level. 1If the
depressurization capahility of the break and the HPI is iasufficient
to offset decay heat, ithe primary system will once more repressur-~
ize. This decreases HP. flow and increases loss through the bdreax
until enough RCS coclant is lost to once more allow direct steaz
condensation in the steam genmerator. This cyclic behavior will stop
once the HPI and break can balance decay heat or the operator takes
some action.

The operator's immediate action is to trip the RC puamps upon receipt
of the low pressure ESFAS signal and verify the completion of all
ESFAS functions. The operator should then balance HPI flow.
Following that, he should raise the steam generzlor level to 95% of
the operating range and check for natural circulation. If ic is
positive, he should depressurize the steaxm generators, cool and
depressurize the primary system, and atteapl to refill it and estab-
lish long=-term cooling. If the system fails to go into natural
circulation, he siould open the PORV long enough to bring and held
the RCS near th. secondarv side pressure. Once natursl circulation
is established or a RC pump can be bumped, he will be able to con-
tinue depressuri:ing the RCS with the steam gen2rators and establish
long=-term cocling.

=

p
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Sma.l LOCA which Stabilizes at P > Pgec

Curve 5 of Figure 2 shows the behavior of the RCS pressure to a break
for which high pressure injection is being supplied and exceeds the
leak flow before the pressurizer has emptied. The primary systex re-
mains subcooled and natural circulation to the steam generator removes
core decay heat. The pressurizer never expties ané continues to con-
trol primary system pressure. The operator needs to trip the RC pumps
anc ensure that ESFAS actions have occurred. Throttiing of HPI is
permitted only after RCS subcooling of 50°F has been established, the
pressurizer has refilled, and natural or forced circulation has been
verified. A restart of the RC pumps under these conditions is
desirable for plant control.

Small Breaks in Pressurizer

The system pressure transient for a small break in the pressurizer
will behave in a manner similar to that previously discussed. The
initial depressurization, however, will be more rapid as the initial
inventory loss is entirelv stean.

The pressurizer level response for these accidents will initially
behave like a verv small break without auxiliary feedwater. The
initial rise in pressurizer level shown in Figure & will occur due to
the pressure reduction in the pressurizer and an insurge of coolant
into the pressurizer from the RCS. Once the reactor trips, system
contraction causes a decreasing level ian the pressurizer. Flashing
will ultimately occur in the hot leg piping and cause an insurge into
the pressurizer. This ultimately fills the pressurizer. For the
remainder of the transient, the pressurizer will remain full. Toward
the later stages of the transient, the pressurizer may contain a
two=-phase mixture and the indicated level will show that the pres-
surizer is only partially full. Except for closing the PORV block
valve, operator actions and system response are the same for these
breaks as for similar breaks in the loops.

SMALL BREAKS WITHOUT AUXILIARY FEEDWATER

There are three basic claries of break response for small breaks
without auxiliary feedwa.er. These are:

1. Those breaks capable of relieving all decay heat via tlie break.

2. Breaks that relieve decav heat Qi:h both the HPI injection and
via the break.

3. Breaks which do not automatically actuate the HPI and result in
system repressurization.

The system pressure transients for these breaks are depicted in Figure
S'

12-3-80 [VP‘GE 22
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[ § wOCA's lLacee Snough t¢ Depressurize Reactor Coclant Svster
Class 1 (Curve 1 of Figure 5), RC syvstez pressure decreases szocihly
throughout the transient. For the larger breaks in this class, CFT
actustion and LPI injection will probably occur. For the smaller
breaks of this class only, CFT actuation will occur. Auxiliary
feedwater injection is not necessary for the short=-tera stabilization

of these breaks. The pressurizer level for this transient rapidly
.

falls off scale. Operator action and planmt response are similar o
those described for this class of breaks with a feedwater supplv.

be2 LOCA's Which Reach a Semi-Stabilized State

-

For Class 2 (Curve 2 of Figure 5) breaks, the RC pressure will rapi
reach the low pressure ESFAS zrip signal (about two 0 three minute
With the BPI's on, a slow systez depressurization will be establishec
coincident with the decrease in core decay heat. N¢ CFT actuation is
expected. Auxiliary feedwater is not necessary for the short-terz
stabilization of these breaks. The pressurizer level for this tran-
sient rapidly falls off scale.

-

L &
M

3w oty

The operator needs to trip the RC pumps upon the low pressure ESTAS
signal, verify completion of all ESFAS functions, and try to establish
secondary side cooling. Balancing of the HPFI must alsc be ricrmed.
1f steam generator feedwater cannct be obtained and RCS pressure is
increasing, the operator should open the PORV and provide all the HPI
and makeup capability possible. The goal is to depressurize and cool
the core with the ECCS, the PORV, and the break. If secondary side
cooling is again established, the operator should verify natural
circulation, and if unavailable, bump a RC pump to complete RCS
cooldown with the steam generators. At this point, the PORV can de
closed, the systez refilled, and long-term cooling established.

4.3 Small LOCA's Which do not Actuate the ESFAS

Automatic ESFAS actuation will not occur for Class 3 (Curve 23 of
Figure 5) breaks. Once the SC secondary side inventory is boiled ¢
systez repressurization will occur as the break is not capable of

&£z
“ny

removing all the decay heat being gemerated in the cor Svstex
repressurization to the PORV or the pressurizer safety ves will

occur for smaller breaks in this class. For the "zero" creak case,
repressurization to the PORV will occur in the first five minutes.
Operator action is required within the first 20 minutes to ensure core
coverage throughout the transient. For the 177-FA lowered-loop
plants, this action can be either manual actuation of the auxiliary

feedwater system or the HPI system.

DATE : 12-3-80 ; PAGE 23
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The es:tablishment of auxiliary feedwater will rapidly depressurize the
RCS to the ESFAS actuation pressure, and systexm pressure will stabi-
lize at either the secondary side SG pressure or at a pressure wnere
the HPI equals the leak rate. Upon receipt of the low pressure EISFAS
signal, the operator aust trip the RC pumps.

For the Class 3 breaks, pressurizer level response will be as shown in
Figure 6. The minimum refill time for the pressurizer is that for the
"zero" break and is shown in Figure 6. After initially drawing i{aven-
tory from the pressurizer, the svstem repressurization will cause the
pressurizer level to increase, possibly to full pressurizer level.
Once the operator action to restore auxiliary feedwater has been
taken, the system depressurization will resul:t and cause an oulsurge
from the pressurizer. Complete loss of pressurizer level may result.
For the smaller breaks in Class 3 which result in a systex repressuri-
zation following the actuation of the HPI system, pressurizer level

4

yill increase and then stabilize.

Without auxiliary feedwater, both the hot and cold leg temperatures
will saturate early in the transient and, for the Class 1 and 2
breaks, will remain saturated. For the Class 3 breaks, once auxiliary
feedwater is established, the cold leg temperatures will rapidly de-
crease o approximately the saturation temperature correspoanding to
the SC sccondary side pressure and will remain there throughout the
remainder of the traxsient. Hot leg temperatures will remain

saturated throughout t'e event.

The operator needs tr manually initiate all ESFAS actions, balance HPI
flow, and atteampt to restore secondary side cooling. In the meantinme,
he should actuate the makeup pump and open the PORV in order to cool
the core and limit the RCS repressurization. Once feedwater is
available, he can close the PORV and continue the RCS cooldown and
depressurization with the steaz generators. If natural circulation
has not been established, he can bump a RC pump o cause forced circu-
lation. The goal is to depressurize to where the ECCS can refill the
RCS and guarantee long-term cooling.

Small Breaks in Pressurizer

See the writeup for small breaks in pressurizer with feedwater.

Small breaks in the pressu’izer will differ from those in the loops in
the same manner as those yreviously described in the section address-
ing small breaks in the pressurizer with auxiljarv feed. .

TRANSIENTS WITH T..ITIAL RESPONSE SIMILAR TO A SMALL BREAK

Several :transients give initial alarms similar to small breaks. These
transients will be distinguished by additional alarms and indications
or subsequent system response.

DATE:
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reasec Ieelwaier
sure decreases
But steaz line

Overcooling transients such as steac .ine breaks, 2
flow, and steax generator overiill can cause RCS ;:e
with low=-pressure reactor trip and ESFAS actuationm.
breaks actuate low steam pressure ..arms for the affected stean
generator, and steaz generator overfills resul: in high steaz gene-
rator level indications. The overcooling tr nsien.s ill repressurize
the primary systez because of HPI actuation, and will return tc &
subcooled condition during :eprcssuriza::on The immediate actio
for both overcooling and small break transients are the same, in-
cluding tripping of the RC pumps.

’r -

ns

The operator will recognize overcooling events during repressuri-
zation, if not cooner, anéd is instructed to throttle HPI and restar:
the RC pumps, .f subcooled conditions are established, by the small
break operati g iastructicas.

A loss-of-feedwiter transient will result in a high reactor systex
pressure alarm >ut does not give an ESFAS actuation alarm.

A loss of intefrated control system power transient starts with a
high RC pressucre trip. After the reactor trip, this becomes an
overcooling transient and will give low reactor systez pressure and
possible ESFAS actuation. Steam generator levels remain high and ¢
system becomes subcooled during repressurization.

he

ne

-
<t
ite

Design features of the BaW NSS provide automatic protection during
early part cf small break transients, thereby providing adequate ¢
for small breaks to be identified and appropriate action taken tc
protect the systex. The only prompt manual operator action required
is %o trip the RC pumps once the low pressure ESFAS signal is reached.

6.0 TRANSIENTS THAT MIGHT INITIATE A LOCA

There are no anticipated transients that might initiate a LOCA since
the PORV has. been reset to a higher pressure and will not actuate
during anticipated transients such as loss of main feedwater, turbine
trip, or loss of offsite power.

However, if the PORV should 1ift and fail toc reset, thers are a nusder
of indicationg which differentiate this transient from the anticipated
transients idéentified above. These include:

o ESFAS actuation E
o Quench tank pressure/temperature/level alarms
o Saturated primary system o Rising pressurizer level

These additional signals will identify to the operator that in
addition to the anticipated transient, a LOCA has occurred. In the
unlikely event that small breaks other than a zalfunctioning PORV
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occur after a transient, they can be idenzif nitiall creas-
iag RCS pressure and convergence to saturati tions in the
reactor coolan%. Small break repressurization, if it occurs, will
follow saturation conditions. By remaining aware of whether

reactor coolant remains subcooled or becomes saturated after
sients, the operator is able to recognize when a small dreak ha
occurred.

RPI THROTTLING

Maintaining adequate core cooling is the mcst important concern
during a small break LOCA. This requires keeping the core covered
with subcocled reactor coolant. Becruse of instrument errors, it is
necessary to maintain a 50°F subcooling margin to saturaticn. sring
forced flow (RCPs cn) the amount of subcooling can be determined by
the hot and ccld leg RTDs. However, with NO forced flow, the core
exit thermocouples must be used to determine the amount of subcooling.
During a small break LOCA, sufficient HPI flow is necessary to assure
adequate core cooling. Therefore it is critical that ®PI flow is .ot
throttled unless the reactor coolant is greater than 50cF subcooled.
Beyond SO°F subcooled, certain cases require throttling of HPI flow ¢
ivoid exceeding other limits. These cases are A. O ensure reactor
‘ressel integrity, B. preven: pressurizer level from going off-scale
high, and C. allow termination of HPI flow once LPI coolins is
assurec. Each of these cases is discussed in detail as follows:

A. Reactor Vessel Integritvy

The RCS pressure/temperature combination amust be kep:t within cer-
tain limits to assure reactor vessel inleg~ .y. These limits are
dependent on whether there is l. Forced Flow, or I. NO Forced
flow:

1. Forced Flow

As long as the reactor coolant pumps (RCPs) are running, the
RCS pressure and temperature must be kept within the norzal
technical specification NDT limits (Region I & II of Figure
1). With RCPs running, any cold Leg RID can be used to
determine the temperature for comparison tc the NDT limit.

Also, while the initial temperature drop will be determined by

the size of the break, as soon as temperature control is
achieved the rate of cooldown should be limited to < 100°F/hr.

2. No Forced Flow

1f the RCPs are NOT running, the RC pressure/temperature com-
bination must be kcp: within the No Forced Flow region of
Figure 1, (Region II). The "Interim Brittle Fracture Limit"
of Figure 1 is based on an analysis of thermal shock to the

DATE:
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reactor vessel wall, With nc RCPs running, cold ¥l water rouléd
enter the downcomer ané s:veas down the reactsor vesse. wall with
relatively little mixin, with the vent valve flow. The Tesul:ing
therzal shock o the reacss sse. wall coulid exceed the drizcil

ure is not rec

fracture limit {f the RCS pres uced below an allow-
adle va;uc within & certain amount of time. Recen: ana.vses in-
dicate that throttling the HPI flow zo maintain the "Interia
Br;::.e Fracture Limiz" of "3"re i will seet the required pressure
linits. The "Interis Brittie Fracture Lizi:" of Figure . is based
& several comservative assumptions, consequensly, ssmall viclations
of this limit are more tolerable than sizilar violations of the 50€
subcooling margia. However, if the "Interiz Britzle Fractur

“izit" is exceeded, the RCS pressure should be reduced o regain
the no forced flow operating region as gquickly as possible.

Several actions are important to ensure that the brittle fracture
iimit is not exceeded during a small break LOCA. These include a.)
continmuvous monitoring of thermocouple temperatures, b.. =aintaiuing
RCS pressure control snd, ¢.) restoring natural circulation if pos-
sibles

a) Monitoring Thermocouple Temperatures

With no RCPs running, the average of the five highest thermo-
couple temperature readings should be used to de ermine the RC
temperature for Figure 1. This will assure tha: the 50°F sub-
cooling margin is maintained and that the bdrittle fracture limi:

is not exceedecd.

b) RCS Pressure Contreol

With no RCPs ruaning, throttling the HPI flow is the best
thod for gradually reducing RCS pressure. Also, without
primary to secondary heat transfer, the rate of cooldown is
dependent on HPI coocling througn the break (cpening the PORV is
necessary only if the break is so small cthat RCS pressure
begins increasing). The_ efore, careful and consistent thrott-
ing of HPI flcw {s the only av; lable means o ensure that =h
RC pressure/texperature combination re mains within the no force

ed flow cperating region of ?13urc 1.

c) Restoring Natural Circulation

If RCPs are tripped, natural c.rcu‘atio1 should be obtained tc
provide some HPI mixing as well as providing good heat transfer
from the primary to secondary cooclant. With natural circula-
tion, the cold RPI water will nmix with cold leg flow and reduce
the thermal shock to the resctor vessel. However, the RC
pressure/temperature should still be maintained within the no
forced flow operating region of Figure 1. Natural circulation

L
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is verified by (1) cold leg temperature is saturation temperature
of secondary side pressure and (2) primary &7 (Tyor = Tgold’
becomes constant at 50°F. The brittle fracture concern is
eliminated enctirely when RCPs are running and RCS P/T is main-
tained within Tech Spec NDT limitzs. Therefore, as soon as 50°F
subcooling is obtained in the RCS, a RCP should be restarted.
Then the reactor vessel downcomer pressure/temperature should be

kept within the normal NDT limits.

B. Prevent Pressurizer Level From Going 0ff-Scale Hignh

Provided that the RCS is at least 50°F subcooled, HPI flow should
be throttled {f necessary o prevent the indicated pressurizer
level from going off-scale high. Under these conditioms, the
primary system is solid. Continued HPl flow at full capacity may
result in a solid pressurizer and would result in a lifting of the
PORV and/or the pressurizer code safety valves. This may in turn
lead to a LOCA. Thus, HPI flow should be throttled to maintainm &
stable inventory in the RCS. However, if the 50oF subcoolin
cannot be maintained, the I shall be immecdiately reactivated.

Cs Termination of HPI Flow Once LPI Cooling is Assured

For certain small breaks, system depressurization will resul: in
LP! actuation. Since the LPI {s designed to provide injection at a
greater capacity than the HPI, termination of the HPI is allowed.
However, this action should only be taken if the flow rate through
each line is at leas: 1000 gpa* and the situation has been stable
for 20 minutes. The 20-minute time delay is included to ensure
that the svstem will not repressurize and result in a loss of the
LPI fluid. In the event of a core flooding line break, the LPI
fluid entering the broken core flooding line will not reach the
vessel. Thus, in order to ensure that fluid is continually being
injected to.the RV for all breaks, the LPI must be providing £luid
through both lines. The 1000 gpm is equivalent to the flow from
two HPI pumps and ensure that upon termination of the HPI pumps,
adequate flow is being delivered to the RV.

*For Arkansas Nuclear One use 2630 GPM to either injection line.
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FIGURE 2
PRESSURE VS TIME-SMALL BREAKS WITH AUXILIARY FEZDNATIR
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APPENDIX A
AR
INADEQUATE CORE COOLING - DESCRIPTION OF PLANT BEHAVIOR

INTRODUCTION
LAl

"

Following a loss-of-coolant accident (LOCA) in which the reac
trips, it is necessary 2o remove the decay heat from the reacior core

to prevent damage. Core heat removal is accomplished dy supplying cool=
ing water o the core. The water which is available for core cooling

is a portion of the initial reactor coolant systez (RCS) water inven-
tory plus any water injected by the emergency core cooling svstex
(ECCS). The heat added :o the cooling water is removed via the steax
generator and,/or the break.

]

(S A

As long as the reactor core is kept covered with a mixture of water and
steam, core damage will be avoided. If the supply of cooling water o
the core is decreased or interrupted, a lower zixture level in the core
will result. If the upper por:zions of the core becomes uncovered, cool-
ing for those regions will be by forced convectiion to superheated steam
which is a low heat transfer regime. Continued operation in the steanm
cooling mode will resul: in elevated core temperatures and subsequent
core damage.

LOSS OF RCS INVENTORY WITE REACTOR COOLANT PUMPS OPERATING

¥ith the RC pumps operating during a small break, the steaz and water
will remair mixed during the transient. This will result in ligquid
being discharged out the break continuously. Thus, the fluid in the
RCS can evolve to a high void fraction. The void fraction of the RCS
indicates the ratio of the volume of steam in the RCS to the total
volume of the RCS.

ince the RCS can evolve to - high void fraction for certain small
breaks with the RC pumps on, a RC pump trip by any means (i.e., loss of
cffsite power, equipment failure, etc.) at a high void fraction during

rhe small break :ransient may lead to inadequate core cooling. That
18, if the RC pumps trip at a time period when the system void fraction
is greater than approximately 70X, a core heatup will occur because the
amount of water left in the RCS would not be sufficient to keep the
core covered. The cladding temperature would increase until core cool-
ing is re-established by the ECC systems. .For certain break sizes and

times of RC pump trip, acceptable peak cladding temperatures during the
event could not be assured and the core could be damaged. Thus, prompt
operator action to trip the RC pumps upon receipt of a low pressure
ESFAS signal is required in order to ensure that adequate core cooling

is provided. Following the RC pump trip, the small break transient
concerns about inadequate core cooling will be the same as describec in
the previous section.

DATE:

12-3-80 r“ AGE 15




BABCOCK & WILCOX [
NUCLEAR POWER GENERATON DIVISION

TECHNICAL DOCUMENT % T4=112250100

3.0

If the RC pumps can not be tripped by the operator, the zontinued
forced circulation of £fluid throughout the RC3 will keep the core
cooled. However, if little or no ECCS is being provided to the RCS,
the fluid in the RCS will eventually become pure steaz due %o the
continued energy addition to the fluid provided bv the core decav hea:.
Under these circumstances, an inadequate core cooling situation will
exist. Since the heat removal process under forced circulation is
better than the steam cooling mode described below for the pumps off
situation, the operator actions and indications described in the
subseguent section are sufficient for inadequate core cooling with the
RC pumps operating.

LOSS OF RCS INVENTORY WITHOLUT REACTOR COOLANT PUMPS QPERATING

Without the RC pumps operating, the cooling of the core is accomplished
by keeping the core covered with 2 steam-water mixture. As the fluid
in the core is heated, some of it or all of it may be turned to stean.
If insufficient cooling water is available to maintain the steaz-water
aixture covering the core, the core exit fluid temperatures will begin
to deviate from the saturation temperature corresponding to the
pressure of the RCS. One immediate indication that inadequate core
cooling may exist in the core is that the temperature of the core exi:
thermocouples and hot leg RTD's are superheated. At this condition
inadequate core cooling is evident as the core will be rtially
uncovered. However, the degree of uncovery is not severe enough t©
cause core damage. This condition is not expected to occur but is not,
by itself, a cause for extreme action. 1f the ECCS svstexms are
functioning normally, the temperatures should return to saturation
without any actions bevond those outlined for & small break. For
incore thermocouple temperature indicating superheated conditions, the
operator should (a) verify emergency cooling water is being injected
through all HPI nozzles into the RCS, (b) initiate any additional
sources of cooling water available such as the standby zakeup pump, (c)
verify the steam generator level is being maintained at the emergency
level (d) if steam generator level is not at 95% of opera:zing range
raise level tc the 955 level, (e) if the desired steam generator level
cannot be achieved, actuate any additional available sources of feed-
water such as startup auxiliary feedwater pump, (£) estadblish 100°F/ar
cooldown of RCS via steam generator pressure comtrol, (g) open core
£looding line isolation valves if previously isolated, and (h) if RC
pressure increases to 2300 psig open the precsurizer PORV to reduce RC
pressure and reclose PORV when RC pressure falls to 100 psi above the
secondary pressure. These actions are directed toward depressurization
of the RCS to a pressure at which the ECCS water input exceeds core
steaz generation. The alignment of other sources of cocling water is
the recognition that the injection of the HPI systez alone is not
sufficient to exceed core boil off.

~
~
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1f the incore thermocouple indications reach Curve #1 on Figure 3 in
Part I, the peak fuel cladding temperature has reached approximately
1400°F. Above this temperature level there is a potential for cladding
rupture. Also, the zircaloy cladding water reaction will begin to adéd
a significant amount of heat to the fuel cladding thereby greatly
increasing the possibility of core structural damage unless adequate
core cooling i{s restored. Non-condensible gas formation will i{acrease
rapidly from this level of fuel clad temperature.

For incore thermocouple temperature indications at or exceeding Curve
#1 on Figure 3 in Part 1, the operator should (a) start one RC pump in
each loop, (b) depressurize the steam generator as rapidly as possible
to 400 psig or as far as necessary to achieve a 100°F decrease in satu~
ration temperature, (c) immediately continue the plart cooldown by main-
taining a 100°F/hr decrease in secondary saturation temperature to
achieve 150 psig RC pressure, (d) opun the pressurizer pilot operated
relief valve (PORV), as necessary, to relieve RCS pressure and vent
non-condensible gases. The operator action in starting tne RC pumps
will provide forced flow core cooling and will reduce the fuel cladding
temperatures. The rapid depressurization of the steam generators will
help to depressurize the primary system to the point where the core
flooding tanks will actuate. Stopping the depressurization at 400 psig
(or at a reduction in saturation temperature of 100°F) will maintain
the tube to shell temperature difference within the 100°F design limit.
The continued cooldown to 150 psig will reduce the primary system pres-
sure to the point where the Low Pressure Injection Svystem can supply
cooling. The opening of the PORV will alsc help to depressurize the
primary system. The PORV should be closed when the primary pressur: is
wvithin 50 psi of the secondary pressure and then should only be used as
necessary to maintain the primary system pressure at no greater tnan 50
psi above the secondary system pressure. This method of operation will
minimize the loss of water from the primary system through the PORV.

If the incore thermocouple readings reach Curve #2 on Figure 3 in Part
1, the peak cladding temperature is approximately at the 1800°F level.
This is a very sevious condition. t this level of clad temperature,
significant amounts of non-condensible gas are being generated and core
damage mav be unavoidable. Extreme measures are required by the opera-
tor to prevent major core damage. The goal of these actioms is to
depressurize the RCS to a level where the core flooding tanks will
fully discharge and the LPI system can be actuated thus providing
prompt core recovery. The operator should (a) depressurize the stean
generators as rapidly as possible, (b) start the remaining RC pumps and
(¢) open the PORV and leave it open.
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For a very ssall or non~LO0CA even:, the core decay hea: removal is
accomplished via the steaz generators. I1f that heat removal is
decreased or lost, the natural circulation of fluid within the RIS mavy
be reduced or stopped. The loss of natural circulation for core cool-
ing will eventually boil off the remaining water inventory in the core
and lead to inadegquate core cooling and eievated core tezperature.
Indications of loss of steas genera:or hea: sink include (a) a low
ievel in the steaz generator with low steaz pressure, (o) ¢t
indicators in hot legs show saturated temperatures, (c) increasiag RCS
pressure. The operatsr should try tc establish emergency feedwater as
quickly as possible and immediately actuate the HPI swvstez to Testiore
natural circulation aad RCS heat removal. I1f sguxiliary feedwater is
not available and there is ac break in the RCE, the svstem will re-
pressurize and decay heat will be removed by cpening the PORV and
maximizing HPI addizion.
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