“VAgLAT:C OF POTENTIAL REACTOR VESSEL OVERPRESSURIZATICHN

Purpose

The purpcse of this evaluation is tc examine the system design and
operation for susceptatbility to coverpressurizatiocn events during
start-up and shutdown and to determine the pressure response of th
Reactor Coolant System (RCS) to potential events which cause pressure
increases.

Events Evaluated

The events examined in this evaluation were:

a.

2.

Errcneous actuation of the High Pressure Injecticn (HPI) System.

Erroneous opening of the core flood tank discharge valve.
Erronecus additicn of nitrogen tc the pressurizer.

Makeup control valve (makeup to the RCS) fails full open.
All pressurizer heaters erronecusly energized.

Temporary loss of the Decay Heat Removal System's capability to remove
decay heat from the RCS.

Thermal expansion cf RCS after starting an RC pump due to stored thermal
energy in the steam generator.

Results of Event Evaluation

LS

-
.-

Zeneral

For events which cause the RCS pressure tc increase, the pressure

1l increase significantly faster in a "sclid water" system th
will in a systom with a steam cr gas space. The RCS always operates
with a steam or gas space in the pressurizer; noc cperaticns involve
a "soclid water" conditicn, other than system hydrctest.

Considering the modest rate of pressure rise (because of non-solid
pressurizer) from the events and the high level alarms in the pressurizer
that would normally alert the operator, it is reasonable to expect the
cperator to terminate the event prior tc reaching an cverpressurizaticn
condition., However, without operator action, the pilot actuated relief
valve lﬂcated on the pressurizer will terminate any pressure increase.

A dual setpoint is utilized for tais valve tc provide overpressure
protec*icn during startup and shutdown ccnditions. The lower setpoint
is enabled by actuaticn of a switch in the control rcom. Characteristics

of this valve at the lower setpoint are:

Cpen Setpcint $50 PSIG '488 526
Close Setpecint SC0 PSIG -
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3.1 General - continued

Steam capacity at 550 PSIG 25,985 1b/hr
Equivalent liquid insurge

volume rate into pressurizer 2,650 GPM
Liquid capacity @ 550 PSIG 500 GPM
Nitrogen capacity @ 550 PSIG 32,420 1bv/hr

Equivalent liquid insurge
volume rate into pressurizer 2,350 GPM

All events involving insurge tc the pressurizer were evaluated with th
pressurizer and makeup tank water levels initially at high levels. For
the pressurizer, a water level at the hizh hizh level alarm setpoint was
used. The relationship of this level to the cther pressurizer water
level setpoints is:

0"<L0Q" Level Indicating range
315" High high level alarm
260" Eigh level alarm
220" Normal level
200" Low level alarm
80" Low level interlock (heater cut-out)
and alarm

or the mekeup tank, which is the normal suction source for the makeup/
HPI pump, a water level at the high level alarm setpcint was used. The
relationship of this level to the cther makeup tank level setpoints is:

0"=100" Level Indicating range
86" Higzh level alarm
73" Normal level
55" Low level alarm

The initial pressurizer level used for the event doces nct affect the peak
pressure reached; it only affects the rate of pressure increase,

3.2 Erronecus Actuation of the HPI System

This event is not credible because the circuit breakers for the
clcsed HP injecticn motor operated valves are "racked out” during

the plant cocldown prior to startup of the Decay Heat Remcocval Cystem.
These valves are MU-V16A, B, C, & D on SAR Figure %-3., Startup of the
Decay Heat Removal System occurs at an RCS temperature of 250°F,

3.3 Erronecus Opening of the Core Flood Tank Discharge Valve
This event is not credible because this vrlve is closed and the ci
breaker for the motcr operator is "racked cut" during the plant coo
down tefore the RCS pressure i3 decreased to €00 PSIG.
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Erronecus Addition of Nitrogen %o the Pressurizer

It is not credible that this event can overpressurize the RCS. Nitrogen
is added to the pressurizer during plant cocldown at an RCS pressure of
50 PSIG or less, The nitrogen scurce is two banks of six btottles each.
With the pressurizer water level at the High High level alarm setpoint
and pressure at 50 PSIG, erronecus addition of the contents ¢f all
twelve bottles to the pressurizer would cniy increase the pressure to
195 PSIG.

Makeup Contrcl Valve (makeup tc the RCS) Fails Full Cpen

This valve is MU-V17 on SAR Figure 9-3 and is autcmatically controlled
by the pressurizer level ccntrcller. The pressure respcnse of the RCE

to this event is shown on Figure 1. If it is assumed that the cperatcr
dces nct take action to terminate the event during the pressure increase,
the peak RCS pressire is limited to 550 PSIG by the pressurizer pilot
actuated relief valve. Initial conditions used for the analysis were:

a. 315" pressurizer water level (higzh high alarm setpcint)

b. 86" makeup tank water level (high level alarm)

¢. 32" GPM total seal injection flow to RC pumps (automatically controlled)
d, LS" GPM letd wn flow from RCS tc makeup tank

e. no spray intoc pressurizer (normally there would be)

Figure cne depicts two pressure response curves. One is for an initial
RC3 pressure of 275 PSIG. This is the RCS pressure at which the Decay
Heat Removal System is started up during plant cccldown or at which the
RC pumps are started during plant heatup. Pressurizer water level would
normally be about 220" instead of the 215" used in the analysis. The
higher level used in the analysis increases the rate of pressure rirce.
The cther pressure response curve on Figure 1 is for an initial RCS
pressure of 100 PSIG. This is about the lowest RCE pressure at which
the Makeup Syr“em would be in operation.

Relief through the pressurizer relief valve will be terminated by
cperator action (stop makeup pump or clcse makeup line isclation

valve MU-V18) or without cperator action when the makeup tank water
volume is exhausted. Peak insurge rate into the pressurizer is 2i5 GPM..
In addition to the alarms shcwn on Figure 1, other alarms and indications
which would alert and aid the operator in evaluating the event are:

a. Pressurizer high level alarm(s)
(with initial level below high high setpoint which would te normal).

b. Highe: ‘han normal makeup line flcw rate indicaticn

¢. Lower than normal makeup pump discharge pressure

d. PFull open indicating light for makeup valve

e. Hizh temperature alarzm for relief valve discharye line (afte
relief valve relieves)

f. Higher than normal RCS pressure indizaticn

2. Higher than normal pressurizer level indication
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ALl Pressurizer Heaters Erronecusly Energized

The pressure response cf the RCS to this event is shown cn Figure 2.
I it is assumed that the operator does not take action to terminate
the event during the pressure increase, the peak RCS pressure is
limited to S50 PSIG by the pressurizer pilot actuated relief valve,
An initial pressurizer water level of 50 inches (10 inches above low)
level heater cut-cut interlock) was used because the lower water level
results in the fastest pressure increase, Even with the low level,
the pressure increase is very slcw. The pressurizer water level will
not change during this event as it is being autcmatically controlled.
The heaters are generating 1625 lbs of steam per hour in the 50C to
S50 PSIG range. In addition tc the alarms shown on Figure 2, other
alarms and indicaticns which would alert and aid the operator in
evaluating the event are:

a. Higher than normal RCS pressure indication.

b. Higher than normal letdcwn flow rate indication to makeup
tank (due to increasing RCS pressurizer)

¢. Higher than ncrmal makeup line flow rate indication due to
increasing letdown flow rate,

d, High temperature alarm for relief valve discharge line (after
relief valve relieves)

e. The "On" indicating lights "1it" for all pressurizer heater
banks

Relief through the pressurizer relief valve will be terminated by
operator action (de-energize heaters). Withcut cperator action,
the heaters will be de-energized when the pressurizer water level
drops to the heater cut-out interlock set point. Since pressurizer
water level is on autcmatie ccntrcl, water is transferred auto-
matically from the makeup tank to the RCE to replace that which is
lost through the relief valve, For an initial makeup tank level at
the high alarm setpoint, it would take six (6) hours to empty the
makeup tank and thus result in pressurizer water level decreasing
to the heater "cut-cut" setpoint.

Temporary lLoss of Decay Heat Remcval Systems Capability to Remove
Decay Heat From the RCS

The pressure response of the RCS to this event is shown cn Figure 3.
If it is assumed that the cperator dces not taxe acticn to terminate
the event during the pressure increase, the peak RCS pressure is
limited to 550 PSIG by the pressurizer pilct actuated relief valve,
Loss of decay heat removal capability could cnly be caused by lcoss
of flow in the Decay Heat Removal System or in the cooling water
system serving the Decay Heat Removal System. Less of flow in
either system would immediately actuate low flow alarm(s), thus
alerting the operator. Relief thrcugh the precsurizer relief valve
will be terminated by cperator actiocn restorirg the decay heat removal
function. Insurge rate intc the pressurizer is 38 GPM in tre 500 to
€50 PSIC pressure range. Conditicns used in this pressur response
yvsi
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continued

a. Event occurs during cocldown after startup of Decay Heat
Removal System and shutdown ¢. steam generators

b. Pressurizer level at 315 inches, normally it would be near
220 inches

¢. Cooldow.. tc the Decay Heat Removal System "cut-in" temperature
at 100 F/Hr, this produces maximum decay heat generaticn rate

d. All decay heat abscrted by reactor coclant, nc heat abscrbed
by the metal components or by the steam generators. Actually,
these are heat absorbing sinks

e. 32 GPM total seal injeccion flow to RC pumps (autcmatically

controlled)

45 GPM initisl letdown frem RCS to makeup tank

. Nc spray intc pressurizer

L ]

=

Start of an RC Pump with Stored Thermal Enerzy in OTSG Secondary

Several postulated situaticns have bteen examined which may leacd to
primary fluid expansion due to energy abscrption from hot CTSG
secondary water after start of an RC pump. The twc types of
situations which lead to pcssible RCS pressurizaticp have been

identified as fcllows:

Type A. Filling of OTSG secondary side with hot water
with subsequent start of an RC pump, and

Type B. Restart of an RC pump during heatup following a
period of stagnant (no flow) conditicms.

3.8.1 Start of an RC Pump Under Type A Condition

Figure number i presents results of RCS pressure versus time for
the worst case Type A (see above) condition. Initial conditions
for this transient are a result of filling ¢f the steam generators
with feedwater at L20F, This temperature is a result of the failure
of the feedwater heating controls causing auxiliary steam flow to
the heaters to produce a feedwater temperature in excess cf the
allowable value cf 225 F for OTSG fill operaticns. The temperature
of the feedwater in the OTSC secondary side following the filling
operaticn reaches a temperature of 2L0 F as dces the primary water
contained in the RCS at elevations greater than the lower CISG
tubesheet. This is a result of the heating of OTSG tubes and
primary water during CTSG filling where heated primary water
circulates to a limited extent through the RCE., At the end of

the filling cperaticn, the RCS water lccated belcw the 01SG

lover tubesheet remains at the initial value of 1iCF.

The primary system pressure versus time as shown in Figure 4 is
based on an initial pressurizer level at the maximum value of the
high-high level alarm for a 177 FA plant. The initial pressuri
level is normally kept much lower to minimize the heating requil
ments for raising the pressurizer temperature and pressure in
prepars*ion for starting an RC pump. The initial pressure is 200 PSIG,
the normal pressure required prior to starting an RC pump. No credit
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continued

has been taken for pressurizer level contrcl., The pressurizer
level increased during the transient by 30 inches; the level
would have tc rise an additicnal TO inches before enterinz the
upper head,

Cther conditions of primery and secondary temperatures which may
exist prior tc starting of an RC pump have been evaluated and are
bounded by the results of Figure 4, 7lhese ccnditicns include the
situation where the feedwater temperature entering the CTSG's
during f£illing cperatiocns is at the ncrmal maximum value of 2257
but the operator fills the steam generatcrs teycnd the maxim
allowable level and completely fills the steam generators. In
addition, the results presented here bound the case where the
initial RCS temperature is SOF before filling the steam generatcrs.

Start of ar RC Pump Under Type B Conditicn

Figure number 5 presents results of RCS pressure versus time for
the Type B corditicnr (see above). Initial cconditions for this
transient are a result of the accumulatisn cf punp seal injecticn
and makeup inject’on water in the RC ccld leg piping during stagnant
(no flow) conditisns. Although the cperator is required %o
initiate a cooldnwn of the RCE if RC pumpe are inoperable and RC
temperature >2507 (Plant Limit and Precautions), the assumpticn
is made that the cperator fails to do so while allcwiag makeup
and seal injection water temperature to drop to S50F, which is
below the minimum value of RC temperature less 12CF. The cold
water is assumed to accumulate in the RC ccld leg piping without
mixing with hot RC water. The RC pump is started following a
periocd of one hour of stagrant (no flow) conditicns in the RC
Systen.

The primary system pressure versus time as shown in Figure 5 is
based on an initial pressurizer level at the maximum value of the
hizh-high level alarm for a 177 FA plant. The initial pressure is
L850 PSIG which is apprcximately midway between the Tech Spec and
RC pump NPSH pressure limits at 275F. No credit has been taken
for pressurizer level ccntrecl. The decrease in pressure at
approximately 2 minutes is a result of het RC primary fluid
entering a steam generator which has been cocled by the passage

of the slug of low ;emperatu.e RC fluid (the mixing of RC fluid
and heat transfer through the OTSG tubing brings the RC fluid to

a constant temperature and prcduces a net contraction of the

£1uid and a decrease in system pressure at final egquilibrium
conditions). The pressurizer level increases during the transient
by 13 inches; the level would have to rise an addlticnel 87 inches
before entering the upper head.

The preceding evaluaticn and ana.jsis demcnstrates that the reactor vessel is
protected from overpressurization during events which cause increasing pressure.
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